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EXPANDING SPINAL ANCHOR

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. application
Ser. No. 13/086,972 filed Apr. 14, 2011, which is incorpo-
rated by reference herein in its entirety for all purposes.

FIELD OF THE INVENTION

[0002] The disclosure is directed to a device for securely
attaching a spinal construct to vertebrae and, in particular, to
bone screws and anchors for bone screws.

BACKGROUND OF THE DISCLOSURE

[0003] Misalignment of the vertebrae in the lumbar region
of'the spine can result in chronic pain and other complications
due to abnormal motion of the vertebrae, as well as nerve
compression by the misaligned vertebrae. Misalignment can
result from a number of different conditions, such as, e.g.,
osteoporosis, scoliosis, degeneration or herniation of a spinal
disc, tumor, or vertebral fracture.

[0004] Misalignment of vertebrae can be corrected with a
spinal fusion. In this procedure, two or more vertebrae are
joined together, preventing any misalignment or abnormal
motion. The vertebrae are fused by placing bone grafts
between the vertebrae and allowing them to grow together.
The fusion process may take 6-12 months. During this time,
the vertebrae must be held motionless relative to one another
or the fusion will be unsuccessful.

[0005] To hold the vertebrae motionless, they may be
joined together by a metal rod that is attached to screws
placed into each vertebra. The typical screw path is through a
pedicle and into the vertebral body. The pedicle and outer
portion of the vertebral body are composed of cortical bone,
providing a solid support for the proximal two-thirds of the
bone screw. The interior of the vertebral body, however, is
composed of cancellous bone, which does not provide as
strong of a support for the distal one-third of the bone screw.
[0006] Poor support in the cancellous portion of the verte-
bral body may contribute to toggling or migration of the bone
screw. Toggling or migration may be caused by powerful in
vivo forces applied to the metal rod joining the vertebrae.
These biomechanical forces are the result of normal move-
ment, but the rod must provide resistance against them for the
fusion to be successful.

[0007] Additional factors, including patient age and
osteoporosis, may negatively affect the interface between the
screw and the bone. Expansion of the screw path through the
pedicle, which may be caused by factors such as screw strip-
page or revision due to misalignment, may also weaken the
bone-screw interface. A poor quality bone-screw interface
may lead to pullout of the screw, as well as toggling or
migration.

[0008] Accordingly, there is a need for bone screws that
provide an enhanced bone-screw interface, especially in the
cancellous region of the vertebral body. The enhanced inter-
face reduces incidents of pullout and toggling.

SUMMARY OF THE INVENTION

[0009] The disclosure meets the foregoing need and uses
expanding screws to increase the surface area in which the
bone screw contacts the bone, which results in a significant
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increase in the strength of the construct and other advantages
apparent from the discussion herein.

[0010] An anchor for a pedicle screw having an anchor
body comprising a proximal end, a proximal portion, a distal
portion, and a distal end, and a through-hole through the
anchor body from the proximal end to the distal end. The
through-hole defines a long axis of the anchor, and is provided
with undersized female threads in the proximal portion and a
reduced inner diameter in the distal portion. The reduced
inner diameter causes expansion of at least the distal portion
of'the anchor body when a screw is inserted into the through-
hole. The anchor is further provided with a plurality of ridges
on an exterior surface of the anchor body, the ridges config-
ured to reduce the likelihood of pullout when the anchor is
inserted into a vertebra and a screw is inserted into the
through-hole.

[0011] Additional features, advantages, and embodiments
of the disclosure may be set forth or apparent from consider-
ation of the following detailed description, drawings, and
claims. Moreover, it is to be understood that both the forego-
ing summary of the disclosure and the following detailed
description are exemplary and intended to provide further
explanation without limiting the scope of the disclosure as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included to
provide a further understanding of the disclosure, are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the disclosure and together with the detailed
description serve to explain the principles of the disclosure.
No attempt is made to show structural details of the disclosure
in more detail than may be necessary for a fundamental
understanding of the disclosure and the various ways in which
it may be practiced. In the drawings:

[0013] FIG. 1 shows a cutaway view of an expanding
anchor for a pedicle screw, according to an aspect of the
disclosure;

[0014] FIGS.2A and 2B show a first side view and a second
side view, respectively, of the expanding anchor in FIG. 1;

[0015] FIG. 3 shows a top view of the expanding anchor in
FIG. 1,
[0016] FIG. 4 shows a cutaway view of the expanding

anchor in FIG. 1 with a partially inserted pedicle screw;
[0017] FIG. 5 shows a cutaway view of an expanding screw
according to an additional aspect of the disclosure;

[0018] FIG. 6A shows the expanding screw of FIG. 5 with-
out expansion;
[0019] FIG. 6B shows the expanding screw of FIG. 5 with

expansion in the distal region;

[0020] FIG. 7 shows acutaway view of an expanding screw,
without any expansion, according to a further aspect of the
disclosure; and

[0021] FIG. 8 shows the expanding screw of FIG. 7 with
expansion in the distal region.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0022] The embodiments of the disclosure and the various
features and advantageous details thereof are explained more
fully with reference to the non-limiting embodiments and
examples that are described and/or illustrated in the accom-
panying drawings and detailed in the following description. It
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should be noted that the features illustrated in the drawings
are not necessarily drawn to scale, and features of one
embodiment may be employed with other embodiments as
the skilled artisan would recognize, even if not explicitly
stated herein. Descriptions of well-known components and
processing techniques may be omitted so as to not unneces-
sarily obscure the embodiments of the disclosure. The
examples used herein are intended merely to facilitate an
understanding of ways in which the disclosure may be prac-
ticed and to further enable those of skill in the art to practice
the embodiments of the disclosure. Accordingly, the
examples and embodiments herein should not be construed as
limiting the scope of the disclosure, which is defined solely by
the appended claims and applicable law. Moreover, it is noted
that like reference numerals represent similar parts through-
out the several views of the drawings.

[0023] The interface between pedicle screws and the verte-
brae is critical for posterior spinal fusion constructs. As
patients age, osteoporosis and other factors decrease the
potential stability of the bone-screw interface, particularly in
the cancellous region of the vertebral body. In general, as the
surface area in which the screw contacts the bone is increased,
so is the strength of the construct.

[0024] One aspect of the disclosure provides a way to
locally increase the surface contact area of the bone-screw
interface in the region of greatest need, inside the cancellous
vertebral body. This aspect also provides a means by which
pedicle screws can be revised, due to misplacement, screw
strippage, etc. without increasing the diameter of the screw
path through the pedicle.

[0025] FIG. 1 shows a cutaway view of an expanding
anchor for a pedicle screw, according to an aspect of the
disclosure. The anchor 100 may be inserted into the pedicle,
and a pedicle screw 150 may be inserted into a through-hole
104 in the anchor 100, as shown in FIG. 4. The through-hole
104 may define a long axis of the anchor. The anchor 100 may
be constructed from any suitable material, such as, e.g., poly-
ether ether ketone (PEEK). The anchor 100 may contain a
thread form 101 to accept the pedicle screw 150, and the
thread 101 may be undersized with respect to the pedicle
screw 150. As the pedicle screw 150 advances, it may expand
the anchor 100, as well as dig into the anchor 100. Conse-
quently, the construct stability may be dispersed over two
interfaces: the interface between the pedicle screw 150 and
the anchor 100, and the interface between the anchor 100 and
vertebral body (not shown).

[0026] The anchor 100 may be a cylinder machined with
one or more of the following distinct features, which may
serve to increase the strength of pedicle screw constructs and
moreover reduce screw pullout, migration, and/or toggling.
The cylinder may be constructed or formed from any suitable
material, such as, e.g., polyether ether ketone (PEEK), Tan-
dium Aluminum Vandium (TAV).

[0027] The proximal half of the anchor 100 that accepts the
pedicle screw 150 may contain undersized threads 101 of the
same pitch as the bone screw. The undersized threads 101
may increase the stability of the screw-anchor interface. In
addition, the undersized threads 101 may provide for some
degree of expansion within the pedicle path. In another
embodiment, the proximal half of the anchor 100 may have
mating threads that do not allow for expansion proximally or
distally.

[0028] The distal half of the anchor 100, and more particu-
larly the distal third of the anchor 100, may contain a reduced
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inner diameter 102. This reduced, stepped, or narrowed inner
diameter 102 may create a dimensional interference between
anchor 100 and pedicle screw 150 such that it forces the outer
diameter of the anchor to increase by predetermined amount.
The location of the reduced inner diameter 102 may cause
significantly greater expansion in the distal one-third of the
anchor 100, which corresponds to the cancellous region of the
vertebral body.

[0029] Pullout resistance of the screw-anchor interface
may be increased by the dimensional interference created by
the undersized, tapped threads 101 and the reduced inner
diameter 102. In addition, the pedicle screw 150 may be
forced to cut slightly into the anchor 100, further increasing
the frictional connection therebetween and pullout resistance.
[0030] FIGS.2A and 2B show a first side view and a second
side view, respectively, of the expanding anchor in FIG. 1.
Expansion of anchor 100 may be aided by four cuts 110, 111
at 90° that run parallel to the axis of the anchor 100. Two cuts
110 may run proximally from the distal end, while two cuts
111 may run distally from the proximal end. The orientation
of'the axial cuts 110, 111 may result in proximal expansion, as
well as significantly increased expansion in the distal one-
third of the anchor. Such expansion may reduce both con-
struct pullout and construct migration or “toggling.”” Other
expansion constructions are contemplated and are within the
spirit and scope of the disclosure. For instance, slits are only
provided on the distal %3 of the anchor so that expansion only
occurs in that area.

[0031] As the pedicle screw 150 causes the outside diam-
eter of the anchor 100 to increase, circumferential ridges 103
on the outside of the anchor may be forced into the surround-
ing bone. These ridges 103 are cut in a way as to provide
maximum frictional force between the anchor 100 and when
the anchor is subjected to a force in a direction opposite of
insertion.

[0032] FIG. 3 shows a top view of the expanding anchor in
FIG. 1. The anchor 100 may include flats 120 on the proximal
portion to engage an instrument (not shown) that prevents
rotation of the anchor. Other shapes are contemplated to
provide the same functionality without departing from the
spirit and scope of the disclosure. The anchor 100 may alter-
nately or additionally include a lip 121 that prevents the
anchor from moving forward into the vertebra as the pedicle
screw 150 is inserted.

[0033] FIG. 4 shows a cutaway view of the expanding
anchor in FIG. 1 with a partially inserted pedicle screw 150.
FIG. 4 also shows a driver 160, which may be used to insert
pedicle screw 150 into anchor 100. Pullout resistance of the
anchor-bone interface may be increased by the dimensional
interference created by the undersized, tapped threads 101;
the reduced inner diameter 102; and the outer ridges 103. As
the inner diameter is increased, the ridges 103 may be forced
into the bone, thereby reducing the possibility of back-out.
[0034] The anchor 100 and associated surgical procedure
may be compatible with minimally invasive surgical tech-
niques, rather than the open surgical techniques that have
traditionally characterized spinal fusion procedures. The
anchor 100 may be used as an adjunct to pedicle screws in
cases of poor bone quality, as well as in cases of screw
revision, regardless of the bone quality.

[0035] As noted above, the interface between pedicle
screws and the vertebrae is critical for the stability of poste-
rior spinal fusion constructs. As patients age, osteoporosis
and other factors decrease the potential stability of the bone-
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screw interface, particularly in the cancellous region of the
vertebral body. In general, as the surface area in which the
screw contacts the bone is increased, so is the strength or the
construct.

[0036] An additional aspect of the disclosure provides a
way to locally increase the surface contact area of the bone-
screw interface in the region of greatest need, inside the
cancellous vertebral body. This may be achieved by mechani-
cally increasing the diameter of the screw in the distal one-
third of the screw after the screw has been inserted into the
vertebral body in a collapsed position.

[0037] Screws constructed according to this aspect of the
invention may increase the distal diameter of the screw via
mechanical actuation. Furthermore, such screws may have a
poly-axial design and include components that are compat-
ible with other poly-axial designs and systems, such as, e.g.,
a tulip, a clamp, a wedge, and a bone screw with threads.

[0038] FIG. 5 shows a cutaway view of an expanding screw
according to an additional aspect of the disclosure. The bone
screw 200 may have two components: a central shaft 210 with
standard male threads 211 and an outer body 250 with bone
threads 251. The outer body component 250 may also provide
the screw head 252 and standard female threads 253. The
screw head 252 may interface with the tulip assembly (not
shown), provide a driver portion for interfacing with a driver
(not shown), or both. Mating threads 211, 253 located on the
central shaft 210 and the outer body 250 may allow for rela-
tive translation between the two. While a driver (not shown)
holds the outer body 250 in position, the shaft 210 may be
threaded down into the outer body 250. The shaft 210 may, in
turn, contact a reduced, stepped, or narrowed inner diameter
254 of the outer body 250. This contact may cause a dimen-
sional interference between the central shaft 210 and the outer
body 250. The screw 250 diameter may expand by an amount
equal to the dimensional interference between the shaft 210
and outer body 250 as the center shaft 210 “forces” the outer
body 250 to expand radially. Axial cuts 255 and circumfer-
ential cuts 256 in the outer body 250 may allow for expansion
to occur in the distal region. These axial and circumferential
cuts 255, 256 may be aligned with the smaller inner diameter
254 of the outer body 250.

[0039] FIG. 6A shows the expanding screw of FIG. 5 with-
out expansion, and FIG. 6B shows the expanding screw of
FIG. 5 with expansion in the distal region. A bone screw 200,
constructed according to the current aspect, may permit full
expansion of the screw along the distal one-third of the screw,
which may compress cancellous bone in the vertebral body
and reduce or prevent fracture of the pedicle. In addition,
bone screw 200 may be fully collapsible, which may permit
full revision without disrupting the pedicle path any more so
than is done during insertion of the screw. Bone screw 200
may expand enough to significantly increase the pullout
force, and it may expand so as to prevent or reduce toggling or
migration when subjected to in vivo biomechanical forces.
Finally, the expansion of bone screw 200 may increase the
purchase ofthe screw in the bone without negatively affecting
the initial purchase, i.e. before actuation.

[0040] As noted above, the interface between pedicle
screws and the vertebrae is critical for the stability of poste-
rior spinal fusion constructs. As patients age, osteoporosis
and other factors decrease the potential stability of the bone-
screw interface, particularly in the cancellous region of the
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vertebral body. In general, as the surface area in which the
screw contacts the bone is increased, so is the strength or the
construct.

[0041] A further aspect of the disclosure provides a way to
locally increase the surface contact area of the bone-screw
interface in the region of greatest need, inside the cancellous
vertebral body. This may be achieved by mechanically
increasing the diameter of the screw in the distal one-third of
the screw after the screw has been inserted into the vertebral
body in a collapsed position.

[0042] Screws constructed according to this aspect of the
invention may increase the distal diameter of the screw via
mechanical actuation. Furthermore, such screws may have a
poly-axial design and include components that are compat-
ible with other poly-axial designs and systems, such as, e.g.,
a tulip, a clamp, a wedge, and a bone screw with threads.

[0043] FIG. 7 shows acutaway view of an expanding screw,
without any expansion, according to a further aspect of the
disclosure, and FIG. 8 shows the expanding screw of FIG. 7
with expansion in the distal region. The bone screw 300 may
include two components 310, 350. Each component may have
bone threads 311, 351, as well as specifically designed mating
threads 312, 352 (male and female, respectively) having the
same pitch and lead as the bone threads 311, 351. Component
310 may provide distal bone threads 311 and a smaller diam-
eter shaft that carries the male portion 312 of the mating
threads. Component 350 may provide the proximal bone
threads 351 and screw head 353. The screw head 353 may
interface with the tulip assembly (not shown), provide a driver
portion for interfacing with a driver (not shown), or both.
Component 350 may also contain a through-hole that pro-
vides the female portion 352 of the mating threads.

[0044] Inuse, component 350 may be threaded onto com-
ponent 310 to as shown in FIG. 7. Then, the assembly 300
may be inserted into the vertebral body by a means of dual
driver design (not shown) that prevents either component
from moving relative to the other. Once fully inserted, com-
ponent 310 may be held in place by a driver, while component
350 may be threaded farther down the shaft of component 310
as shown in FIG. 8. The inner diameter of the through-hole in
component 350 may contact the threads (larger diameter) of
component 310. As a result, the diameter of component 350
may be forced outward. This increase in diameter may be
aided by cuts running parallel to the screw axis (not shown).

[0045] The inner threads 352 may have the same pitch and
lead as the “outer” bone threads 311. When component 350 is
threaded down, the bone threads 311 on the outside of com-
ponent 310 may not be wiped away as the diameter increases.
The threads 352 in the expanding region of component 350
may cut into the bone, creating enhanced fixation within the
vertebral body.

[0046] Bone screw 300, constructed according to the cur-
rent aspect, may permit full expansion of the screw along the
distal one-third of the screw, which may compress cancellous
bone in the vertebral body and reduce or prevent fracture of
the pedicle. In addition, bone screw 300 may be fully collaps-
ible, which may permit full revision without disrupting the
pedicle path any more so than is done during insertion of the
screw. Bone screw 300 may expand enough to significantly
increase the pullout force, and it may expand so as to prevent
or reduce toggling or migration when subjected to in vivo
biomechanical forces. Finally, the expansion of bone screw
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300 may increase the purchase of the screw in the bone
without negatively affecting the initial purchase, i.e. before
actuation.

[0047] Although each ofthe above-noted aspects have been
described for a specific use in vertebrae, the aspects may also
be used in other types of bone. Additionally, each of the
aspects may include constructions for use with medical tools
for insertion and removal. In this regard, the aspect may
include surfaces or drive portions for this purpose.

[0048] While the disclosure has been described in terms of
exemplary embodiments, those skilled in the art will recog-
nize that the disclosure can be practiced with modifications in
the spirit and scope of the appended claims. These examples
given above are merely illustrative and are not meant to be an
exhaustive list of all possible designs, embodiments, applica-
tions or modifications of the disclosure.

What is claimed is:

1. A bone screw comprising:

a first component comprising a proximal shaft and a distal
portion, the proximal shaft comprising male mating
threads, the distal portion comprising bone threads; and

a second component comprising an outer surface and an
inner through-hole, the outer surface comprising bone
threads, the inner through-hole comprising female mat-
ing threads configured to mate with the male mating
threads of the proximal shaft, the second component
configured to expand when the female mating threads
are threaded over the bone threads of the distal portion of
the first component.

2. The bone screw of claim 1, wherein the bone threads of
the first component are more distal than the mating threads
along the first component.

3. The bone screw of claim 1, wherein the female mating
threads of the second component have the same pitch as at
least some of the male mating threads and bone threads of the
first component.

4. The bone screw of claim 1, wherein the second compo-
nent includes a rounded screw head with a driver portion for
interfacing with a driver.

5. The bone screw of claim 1, wherein the first component
has a greater length than the second component.

6. The bone screw of claim 1, wherein the distal portion has
a greater diameter than the proximal portion of the first com-
ponent.

7. The bone screw of claim 1, wherein the female mating
threads ofthe second component have the same pitch and lead
as the bone threads of the first component.

8. The bone screw of claim 1, wherein a distal portion of the
second component expands when the second component is
threaded onto the first component.
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9. The bone screw of claim 1, wherein a distal one-third of
the second component expands when the second component
is fully threaded onto the first component.

10. The bone screw of claim 1, wherein the bone screw
consists essentially of polyether ether ketone (PEEK).

11. A bone screw comprising:

a first component comprising a proximal shaft and a distal
portion extending from the proximal shaft, the first com-
ponent comprising a first set of threads and a second set
of threads; and

a second component comprising an outer surface and an
inner through-hole, the inner through-hole comprising
mating threads configured to mate with the first set of
threads on the first component, the second component
configured to expand when the inner through-hole con-
tacts the second set of threads of the first component.

12. The bone screw of claim 11, wherein the second set of
threads is more distal than the first set of threads along the first
component.

13. The bone screw of claim 11, wherein the mating threads
of'the second component have the same pitch as at least some
of the first set of threads and the second set of threads of the
first component.

14. The bone screw of claim 11, wherein the second com-
ponent includes external bone engaging threads.

15. The bone screw of claim 11, wherein the second com-
ponent includes a rounded screw head having a driver portion
for interfacing with a driver.

16. The bone screw of claim 11, wherein the first compo-
nent has a greater length than the second component.

17. The bone screw of claim 11, wherein the second set of
threads of the first component is configured to engage bone.

18. The bone screw of claim 11, wherein the first compo-
nent includes a non-threaded section positioned between the
first set of threads and the second set of threads.

19. A bone screw comprising:

a first component comprising a proximal shaft and a distal
portion, the first component comprising a first set of
threads along a portion of the proximal shaft and a sec-
ond set of threads along a portion of the distal portion;
and

a second component comprising an outer surface and an
inner through-hole, the outer surface comprising bone
threads, the inner through-hole comprising mating
threads configured to mate with the first set of threads on
the first component, the second component configured
to expand when the inner through-hole contacts the dis-
tal portion of the first component.

20. The bone screw of claim 19, wherein the distal portion

has a greater diameter than the proximal shaft of the first
component.



