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& the bone screw (10) includes a shank () having a threaded proximal portion (12) and a distal portion (14) with a major diameter (d1)

N (hat is less than a minor diameter (D2) of the threaded proximal portion(12). A transitional region (16) of decreasing diameter can
be disposed between the threaded proximal portion (12) and the distal portion(14), and a driver receiving element (18) is preferably
disposed on a proximal end (12a) of the bone screw (10). In use, the proximal portion (12) and distal portions (14) of the bone screw
(10) are adapted to engage two segments of bone, and to create a distraction force between the two segments of bone.
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DISTRACTION SCREW
FIELD OF THE INVENTION
5 The present invention relates to a bone screw for distracting two segments of

bone, and in particular to an implantable bone screw for use in spinal surgery to expand

the spinal canal.

BACKGROUND OF THE INVENTION

10 U.S. Pat. No. 6,358,254 to Anderson, the disclosure of which is incorporated by
reference, describes spinal stenosis as a condition that inflicts millions of people with
back and leg pain due to compression of spinal nerves. Severe cases often require
surgery to relieve nerve compression and lessen the back and leg pain. A spinal
laminectomy is the traditional operation performed to treat spinal stenosis. In this

15 operation, the posterior aspects of the spinal column are removed to “unroof” the spinal
canal and relieve the pressure on the nerves. Specifically, the spinous processes, lamina
and portions of the facet joints are excised to relieve the nerve root compression.

Although a spinal laminectomy is often successful in relieving pressure on the

nerves of the spinal canal, several disadvantages can be associated with the

20 laminectomy. First, the laminectomy removes important sites of back muscle
attachment which may lead to back muscle dysfunction and pain. Second, the
laminectomy exposes the nerve sac which may cause scar tissue to form around the
nerves, leading to recurrent pain. Third, the laminectomy can destabilize the spine
resulting in a forward slippage of one vertebra on another, which can cause recurrent

25 pain and deformity. Fourth, the laminectomy requires a large surgical exposure and
significant blood loss, making the laminectomy less favorable for older patients.
Finally, spinal stenosis can recur following the laminectomy, requiring revision surgery.

Laminectomy risks have led surgeons to seek an alternative for patients with

severe spinal stenosis. Some surgeons have used multiple laminotomies to treat spinal

30 stenosis. Laminotomies involve removing bone and soft tissue from the posterior aspect

of the spine making “windows” into the spinal canal over areas of nerve compression.

Multiple laminotomies remove less tissue than the laminectomy, resulting in less

scarring, vertebral instability, and blood loss. However, laminotomies also have
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associated disadvantages. Laminotomies may not adequately relieve nerve compression
and therefore the pain may not be fully abated. Moreover, laminotomies are more
difficult to correctly perform than the laminectomy, and they still expose the nerves

5 causing nerve scarring. Patients receiving multiple laminotomies also often have
recurrent spinal stenosis requiring revision surgery.

For the foregoing reasons, there is a need for improved methods and devices for
relieving the symptoms of spinal stenosis without the drawbacks of currently available
techniques. More particularly, simple, safe, effective, and permanent methods and

10 devices are needed to expand the spinal canal to relieve the pressure on the spinal

nerves.

SUMMARY OF THE INVENTION
The present invention provides a simple, safe implantable bone screw and

15 method for distracting two segments of bone, and preferably for expanding the spinal
canal area to provide additional space for the spinal nerves, relieving pressure on the
spinal nerves. In one embodiment, the bone screw includes a shank having a threaded
proximal portion and a distal portion with a major diameter that is less than a minor
diameter of the threaded proximal portion. The proximal and distal portions of the

20 shank are configured to create a distraction force therebetween when inserted mto two
segments of bone.

In another embodiment, the distal portion of the bone screw can include a thread
formed thereon which preferably has a pitch that is less than a pitch of the thread on the
threaded proximal portion. The thread on the threaded proximal portion can, however,

25 have a pitch that varies along a length of the proximal portion. By way of a non-limiting
example, the pitch of the thread can gradually and progressively decrease from the
proximal portion of the screw to the distal portion of the screw. While the distal portion
of the bone screw is preferably threaded, it can have a variety of other configurations.
By way of non-limiting example, the distal portion of the shank can be removably mated

30 to the proximal portion, and the proximal portion can be adapted to mate to the distal
portion such that at least a portion of the distal portion expands upon engagement by the
proximal portion. In another embodiment, a major diameter of the distal portion can

decrease in a proximal-to-distal direction. By way of non-limiting example, the distal
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portion can have a stepped diameter such that the diameter incrementally decreases in a
proximal-to-distal direction. Alternatively, or in addition, the distal pOrtion can include
at least one surface feature formed thereon and adapted to engage bone.

In yet another embodiment, a bone screw is provided having a shank with a
proximal portion having at least one thread formed thereon. The thread(s) has a first
pitch in a proximal region of the proximal portion and a second pitch in a distal region of
the proximal portion. The shank also includes a distal portion having at least one thread
formed thereon with a third pitch. The second pitch is proximate in size to the third
pitch and is distinct in size from the first pitch.

The present invention also provides a method of expanding the spinal canal using
a bone screw having a shank including proximal and distal portions that are configured
to create a distraction force therebetween when inserted into two portions of bone. The
method includes the steps of forming a hole in the pedicle of a vertebrae, cutting the
pedicle to form two bone portions, and advancing the bone screw into the hole, wherein
the proximal and distal portions of the bone screw expand the distance between the two

bone portions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the following detailed

description taken in conjunction with the accompanying drawings, in which:

FIG. 1A is a perspective view of a bone screw according to one embodiment of

the present invention;

FIG. 1B is a cross-sectional view of the bone screw shown in FIG. 1A taken

across line 2-2;

FIG. 1C is a perspective view of the bone screw shown in FIG. 1A having self-
tapping threads formed thereon in accordance with another embodiment of the present

invention;
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F1G. 2 is a perspective view of another embodiment of a bone screw in

accordance with the present invention;

FIG. 3 is a perspective view of another embodiment of a bone screw having a

distal portion with a stepped configuration;

F1G. 4 1s a perspective view of an expandable bone screw in accordance with

another embodiment of the present invention;

FIG. 5 is a perspective view of yet another embodiment of a bone screw in

accordance with the present invention;

FIG. 6A illustrates a top view of a prepared vertebral body with dual diameter

holes drilled in the pedicles for receiving a bone screw;

F1G. 6B illustrates the distal threads of two bone screws engaging the anterior
portion of the vertebral body after the proximal threads have engaged the posterior

portion;

FIG. 6C illustrates the expansion of the spinal canal between the gaps in the

pedicles as both threaded portions of the bone screws are engaged in bone; and

FIG. 6D shows the bone screws fully seated and the spinal canal in its expanded

state.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a bone screw for distracting two pieces of bone,
and more preferably for expanding a spinal canal. In general, the bone screw includes a
shank having a proximal and distal portions that are adapted to engage two segments of
bone, and to create a distraction force between the two segments of bone. The bone

screw 1s particularly advantageous in that it is easy to use, it maintains normal anatomic
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structures and muscle attachments, and it can be efficiently implanted, thereby reducing
the time and expense necessary to perform spinal surgery.

FIGS. 1A-1C illustrate one embodiment of a bone screw 10 in accordance with
the present invention. As shown, the bone screw 10 includes a shank having a proximal
portion 12 with at least one thread 13 formed thereon, a distal portion 14, and a
transitional region 16, optionally of decreasing diameter, disposed between the threaded
proximal portion 12 and the distal portion 14. The overall size of the bone screw 10 can
vary depending on the intended use, but it preferably has a size that allows the bone
screw 10 to be implanted through a pedicle of a vertebra. In an exemplary embodiment,
where the bone screw 10 is used in spinal applications, the bone screw 10 has a length I
that is in the range of about § mm to 100 mm.

The proximal portion 12 of the bone screw 10 can have a variety of
configurations, shapes, and size. As previously stated, the proximal portion 12
preferably includes at least one thread 13 formed thereon. In an exemplary embodiment,
the thread 13 extends from the proximal end 12a, or from a point adjacent to the
proximal end 12a, and it terminates at or adjacent to the transition region 16. The start
of the thread 13 at the distal end 12b of the proximal portion 12 can optionally be seif-
tapping to facilitate engagement between the proximal portion 12 and bone. By way of
non-limiting example, FIG. 1C illustrates bone screw 100 having a self-tapping feature 3
formed in thread 13 at the distal end 12b of the proximal portion 12.

Referring back to FIG. 1B, the thread 13 on the proximal portion 12 includes
proximal- and distal-facing flanks 13a, 13b which extend between a root 13¢ and a crest
13d. Each flank 13a, 13b can vary in shape and size, and each flank 13a, 13b can extend
at a variety of angles o,, 0y, With respect to the longitudinal axis L. By way of non-
limiting example, the flanks 13a, 13b can converge toward one another, as shown, or in
other embodiments (not shown) they can be parallel to one another, or can diverge from
one another at different angles. The crest 13d of the thread 13 can also have a variety of
shapes and can be, for example, pointed to form a sharp edge, or it can be beveled, as
shown. Exemplary thread forms include square threads, buttress threads, cancellous

bone threads, cortical bone threads, or some combination of these.



10

15

20

25

30

CA 02535342 2006-02-09

WO 2005/018684 PCT/US2004/024123

-6 -

In the exemplary embodiment illustrated in FIGS. 1A-1C, the size, shape, and
pitch of the thread remains constant along at least a substantial length of the proximal
portion 12. In other embodiments, however, the size, shape, and pitch of the thread may
be varied along at least a portion of the length of the proximal portion 12. As shown in
FIG. 1A, the proximal portion 12 has a minor diameter D, measured from the root 13c
of the thread 13 and a major diameter D, measured from the crest 13d of the thread 13.
The thread 13 can also have a pitch P; that remains substantially constant along a
substantial length of the proximal portion 12, such that the thread 13 has uniform
spacing along the axis L between each thread form. In an exemplary embodiment,
where the bone screw 10 is used in spinal applications, the minor diameter D, of
proximal portion 12 is in the range of about 2 mm to 9 mm, the major diameter D is in
the range of about 3 mm to 12 mm, and the pitch P; of the thread 13 is in the range of
about 1 to 12.

Still referring to FIGS. 1A-1C, the distal portion 14 of the bone screw 10 can
also have a variety of configurations. In an exemplary embodiment, the distal portion 14
includes a thread 15 formed thereon having proximal- and distal-facing flanks 15a, 15b
that extend between a root 15¢ and a crest 15d. The shape, size, and pitch of the thread
15 along the distal portion 14 can vary, as previously described with respect to thread 13
formed on the proximal portion 12. In one embodiment, the distal portion 14 has a
minor diameter d,, measured from the root 15¢ of the thread 15 and a major diameter di,
measured from the crest 15d of the thread 15. The major diaméfer d; of the distal
portion 14 is preferably less than the major diameter D of the proximal portion 12. This
is particularly advantageous in that it prevents the distal portion 14 from creating a bone
tunnel larger than the proximal portion 12, thereby allowing the proximal portion 12 to
engage bone which the distal portion 14 has already passed through. The thread 15 on
the distal portion 14 also may have a pitch P; that is smaller than the pitch P; of the
proximal thread 13. This allows the proximal portion 12 of the bone screw to advance
more quickly into bone than the distal portion 14, thereby creating a distraction force
between the proximal and distal portions 12, 14. By way of non-limiting example, the
thread 13 on the proximal portion 12 can have a pitch P; that is twice the pitch P, of the
thread 15 on the distal portion 14. As a result, the proximal portion 12 will advance into

bone twice as fast as the distal portion 14 advances. In an exemplary embodiment,
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where the bone screw 10 is used in spinal applications, the minor diameter d, of distal

portion 14 is in the range of about 1 mm to 8§ mm, the major diameter d; is in the range

of about 3 mm to 10 mm, and the pitch P, of the thread 15 is in the range of about 0 to
5 10. ,

Although the proximal portion 12 and the distal portion 14 of the exemplary
embodiment illustrated in FIGS. 1A-1C each include a single thread, a person skilled in
the art will appreciate that the proximal portion 12 and the distal portion 14 may include
any number of threads of varying or uniform size, shape, and pitch.

10 The distal portion 14 of the bone screw 10 further includes an apex 14b formed
at the distal-most end of the screw 10. The apex 14b can have a variety of
configurations, and by way of non-limiting example, the apex 14b can be in the form of
a cone-type or gimlet-type tip. As shown in FIG. 1A, the apex 14b of the screw 10 is in
the form of a cone-type type, wherein the thread 15 terminates at a position proximal to

15 the distal tip 14b and the core of the screw 10 is formed into a solid, cone-like structure.
With a gimlet tip, the thread(s) extend to and merge at the distal tip of the screw. A
person skilled in the art will appreciate that either tip can be used, or alternatively the
apex 14b can have a variety of other configurations. The apex 14b, as well as the
remainder of the screw 10, can also optionally be configured into a self-tapping and/or

20 self-drilling bone screw to avoid the need to tap the bone screw and/or pre-drilled a hole
in the bone. By way of non-limiting example, FIG. 1C illustrates a self-tapping feature
5 formed in thread 15 near the distal end 14b of the distal portion 14, and another self-
tapping feature 7 formed in the apex 14b. A person skilled in the art will appreciate that
a variety of self-tapping and/or self-drilling features can be used.

25 As previously stated, the bone screw 10 can also include a transition region 16
extending between the proximal and distal portions 12, 14. The transition region 16 is
preferably an unthreaded area of the shank having a diameter that decreases from the
proximal portion 12 of the screw 10 to the distal portion 14 of the screw 10. As shown
in FIG. 1B, the transition region 16 has a proximal diameter d, that is greater than a

30 distal diameter dy, and the surface of the transition region 16 extending therebetween
along the length /; of the transition region 16 is preferably sloped. The sloped transition
region 16 provides improved performance and allows for ease of manufacture of a screw

having differing diameters and pitches. While a sloped transition region 16 is shown,
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the transition region 16 can have virtually any configuration, shape, and size, such as,

for example, a stepped or non-tapered configuration. In an exemplary embodiment (not

shown), the length /; of the transition region 16 is as small as possible to ensure that the
5 proximal thread 13 will engage, rather than strip, bone.

In order to facilitate implantation of the bone screw 10, a driver receiving
element 18 (FIG. 1B) can be formed on or attached to the proximal end 12a of the screw
10 for mating with a driver tool (not shown) for driving the bone screw 10 into bone.
The driver receiving element 18 can have a variety of configurations, but in an

10 exemplary embodiment the driver receiving element 18 is in the form of a socket formed
in the proximal-most end 12a of the proximal portion 12. The socket 18 can have
virtually any shape and size, and can be, for example, a hexagonal-shaped socket for
receiving a hexagonally-shaped driver member. Alternatively, the proximal portion 12
can include a hexagonal-shaped head formed thereon for fitting with a hexagonal shaped

15 socket in a driver tool. A person skilled in the art will appreciate that a variety of driver
receiving elements can be used, and/or the proximal end 12a of the bone screw 10 can
have virtually any other configuration. In other embodiments, the bone screw 10 can
optionally be cannulated, e.g., include a lumen extending therethrough, for receiving a
guide wire.

20 FIGS. 2-5 illustrate additional embodiments of bone screws according to the
present invention. For reference purposes, like reference numbers are used to refer to
like parts. A person skilled in the art will appreciate that a bone screw in accordance
with the present invention can include any combination of features described and/or
shown herein, as well as other features known in the art. The bone screw of the present

25 Invention is not intended to be limited to the particular embodiments illustrated.

F1G. 2 illustrates one embodiment of a bone screw 100 in which the proximal
portion 112 includes one or more threads formed thereon and having varying thread
forms to help achieve fixation of the screw with the bone before and/or during
distraction. In particular, as shown, the bone screw 100 includes a proximal portion 112

30 having proximal and distal regions 112a, 112b that have thread(s) 113a, 113b with
different pitches. The thread(s) 113a, 113b in each region 112a, 112b can be formed
from a single thread that extends along the entire length of the proximal portion 112, or

alternatively the proximal portion 112 can include any number of threads, such as first
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and second threads formed in the proximal and distal regions 112a, 112b, respectively.
As shown in FIG. 2, the thread 113b in the distal region 112b of the proximal portion
112, has a reduced pitch, such that the pitch of the thread 113a in the proximal region
112a of the proximal portion 112 is greater than the pitch of the thread 113b in the distal
region 112b of the proximal portion 112. In an exemplary embodiment, the pitch of the
thread 113b in the distal region 112b is equal to the pitch of a thread 15 formed on the

distal portion 14 of the screw, as will be discussed in more detail below. The thread
form in the distal region 112b of the proximal portion 112 can also vary, and in an
exemplary embodiment the thread 113b is intermittently disposed on the proximal
portion 112, and it is at least partially barbed, such that the proximal-facing flank 1s
substantially planar and the distal-facing flank is curved. The configuration of the
embodiment shown in FIG. 2 is particularly advantageous in that it allows the thread
113b in the distal region 112b of the proximal portion 112 to engage the bone before a
distraction force is created between the proximal and distal portions 112, 114, which will
also be discussed in more detail below. Moreover, the barbed shape of the thread 113b
will help inhibit back-out of the bone screw 100 upon insertion into bone.

FIG. 3 illustrates a bone screw 300 having a distal portion 314 with a diameter
that decreases in a proximal-to-distal direction. The wedge-shaped distal portion 314 of
the screw 300 can optionally include one or more surface features 317 formed thereon to
engage the bone and to prevent back-out of the screw 300 once implanted. While the
surface features can have virtually any configuration, FIG. 3 illustrates a wedge-shaped
distal portion 314 having a stepped-configuration where it includes several annular
ridges 317 formed thereon and adapted to engage bone. The annular ridges 317
preferably have a decreasing circumference from the distal end 314b to the proximal end
314a of the bone screw 300.

Another bone screw 400 is shown in FIG. 4 having a distal portion 414 that is
adapted to be expanded upon implantation. In particular, the bone screw 400 includes a
proximal portion 412 having an extension member 416 extending distally therefrom, and
a distal portion 414 that is adapted to receive the extension member 416. The extension
member 416 of the proximal portion 412 can have virtually any shape, size, and
configuration, but it should be adapted, upon insertion into the distal portion 414, to

expand the distal portion 414. The distal portion 414 likewise can have virtually any
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shape, size, and configuration, but it should be adapted to expand upon receipt of the
extension member 416 such that the distal portion 414 engages the bone tunnel. In an
exemplary embodiment, the distal portion 414 includes at least one slot 430 extending
along a portion thereof to allow the distal portion 414 to expand. In a further
embodiment, the extension member 416 can be threaded (not shown) to mate with
corresponding threads formed within the distal portion 414. While the distal portion 414
can be formed from a separate piece, the distal portion 414 can optionally be temporarily
attached to the proximal portion 412 to facilitate implantation of the bone screw 300. A
person skilled in the art will appreciate that the bone screw can have a variety of other
configurations.

FIG. 5 illustrates yet another embodiment of a bone screw 500 having a single
thread 513 formed thereon having a pitch that gradually decreases from the proximal end
500a to the distal end 500b of the screw 500. The actual shape and size of the screw
shank can vary, but preferably both the major and minor diameters of the shank are
tapered from a proximal end 500a to a distal end 500b. In use, the decreasing pitch of

the thread 513 will produce the same effect as bone screw 10 described with respect to

- FIGS. 1A and 1B.

The bone screws of the present invention can be used in a variety of medical
procedures to distract two segments of bone, but in an exemplary embodiment the bone
screws are used to expand the spinal canal. FIGS. 6A-6D illustrate bone screw 10 in
use. As shown in FIG. 6A, the pedicle of a vertebrae 600 is cut on both sides of the
spinous process to form two gaps 602, 604. Two channels 606, 608 can also optionally
be drilled in a posterior to anterior direction through the transverse process and into the
pedicle for receiving a bone screw 10. Each channel 606, 608 preferably has a dual
diameter for receiving the corresponding proximal and distal portions 12, 14 of the bone
screw 10. More particularly, the posterior section of each channel 606, 608 preferably
has a larger circumference than the anterior section of each channel 606, 608. Drill bits
having different sizes can be used to achieve a dual diameter channel.

As shown in FIG. 6B, a bone screw 10 is then inserted into each pre-drilled
channel 606, 608 in the pedicle using a driver tool (not shown). As the screw 10 is
threaded into the channel 606, 608, the distal portion 14 advances through the posterior
portion of the pedicle without engaging the bone. The screw 10 is designed such that the
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distal portion 14 passes through the posterior portion of the channel 606, 608 and the
proximal thread 13 engages the posterior portion of the channel 606, 608 first. When the
distal thread 15 reaches the anterior portion of the channel 606, 608, the thread 15 begins
to engage the anterior portion of the bone, as shown in FIG. 6C. Because the distal
thread 15 has a smaller pitch P, than the pitch P; of the proximal thread 13, the distal
portion 14 advances slower than the proximal portion 12 of the screw 10. This imparts a
distracting force between the anterior and posterior portions of the vertebrae, thereby
separating the anterior and posterior portions of the vertebrae as the screw 10 is driven
info the vertebrae. As a result, the spinal canal is expanded as shown in FIG. 6D.

The bone screw 10 of the present invention can be formed from a variety of
biologically compatible materials, or a combination of materials, including, for example,
bioabsorbable and/or non-bioabsorbable materials. Suitable materials include, for
example, osteoconductive material or cadaver bone, such as cortical bone. In an
exemplary embodiment, the threads 13, 15 along the proximal and distal portions 12, 14
are formed from cancellous bone, but they could also be formed from cortical bone
depending on the area of intended use. Other suitable materials include, for example,
metals such as stainless steel, titanium, and carbon fiber reinforced polymers or
polyethylethylketone.

In another embodiment, the bone screw 10, or a portion of the bone screw 10,
can be coated with or formed from a bone-growth promoting material. Examples of
such materials include hydroxyapatite, calcium phosphate, and other materials such as
bioactive glasses, plasmas, ceramics, porous materials, and combinations thereof. The
bone screw 10, or a portion of the bone screw 10, can also optionally or alternatively be
injected with bone growth factors, such as stem cell concentrations and/or platelet rich
substances.

A person skilled in the art will appreciate that while the implant illustrated herein
is described for use with spinal surgery, the implant can be adapted for use with a variety
of medical procedures. Accordingly, the invention is not to be limited by what has been
particularly shown and described, except as indicated by the appended claims. All
publications and references cited herein are expressly incorporated herein by reference
in their entirety.

What is claimed is:
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CLAIMS:
1. A bone screw for distracting two segments of bone, comprising a shank having a

threaded proximal portion and a distal portion, the distal portion having a major
diameter that is less than a minor diameter of the threaded proximal portion, wherein the
proximal and distal portions of the shank are contigured to create a distraction force

therebetween when inserted into two segments of bone.

2. The bone screw of claim 1, wherein the distal portion has a thread formed
thereon.
3. The bone screw of claim 1, wherein the thread on the distal portion has a pitch

that is less than a pitch of the thread on the threaded proximal portion.

4, The bone screw of claim 1, wherein the bone screw is self-tapping and/or selt-
drilling.
5. The bone screw of claim 1, wherein the thread on the threaded proximal portion

has a pitch that varies along a length of the proximal portion.

6. The bone screw of claim 1, wherein the proximal and distal portions of the shank
are removably mated to one another, and wherein the proximal portion is adapted to
mate to the distal portion such that at least a portion of the distal portion expands upon

engagement by the proximal portion.

7. The bone screw of claim 1, wherein a major diameter of the distal portion

decreases in a proximal-to-distal direction.

8. The bone screw of claim 1, wherein the distal portion has a stepped diameter

such that the diameter incrementally decreases in a proximal-to-distal direction.
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0. The bone screw of claim 1, wherein the distal portion includes at least one barb

protruding therefrom and adapted to engage bone.

5 10.  The bone screw of claim 1, further comprising a transitional region of decreasing

diameter disposed between the threaded proximal portion and the distal portion.

11. The bone screw of claim 10, wherein the transitional region i1s unthreaded.
10 12.  The bone screw of claim 10, wherein the transitional region is tapered.

13.  The boﬁe screw of claim 1, wherein the shank is cannulated.

14.  The bone screw of claim 1, wherein at least a portion of the screw is coated with

15 a bone growth-promoting material.

15.  The bone screw of claim 14, wherein the bone growth-promoting material is
selected from the group consisting of hydroxyapatite, calcitum phosphate, bioactive

glasses, plasmas, ceramics, porous materials, and combinations thereof.
20

16.  The bone screw of claim 1, wherein at least a portion of the screw is made from a

cortical bone graft.
!

17.  The bone screw of claim 1, further comprising a driver recelving element

25 disposed on a proximal end of the bone screw.

18.  The bone screw of claim 17, wherein the driver receiving element comprises a
hexagonally-shaped socket formed in the proximal-most end of the proximal portion of
the shank.

30
19.  The bone screw of claim 17, wherein the driver receiving element comprises a

hexagonally-shaped head formed in the proximal-most end of the proximal portion of
the shank.
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20. A bone screw comprising:
a shank having a threaded proximal portion and a threaded distal portion, the
threaded distal portion including at least one thread having a pitch that is less than a
5 pitch of a thread of the threaded proximal portion, at least a portion of the distal portion
having a major diameter that is less than a minor diameter of the threaded proximal

portion.

21. A bone screw comprising:
10 a shank having
a proximal portion having at least one thread formed thereon, the at least one
thread having a first pitch in a proximal region of the proximal portion and a second
pitch in a distal region of the proximal portion, and
a distal portion having at least one thread formed thereon, the at least one thread
15 having a third pitch;
wherein the second pitch is proximate in size to the third pitch and is distinct in

size from the first pitch.

22.  The bone screw of claim 21, wherein the third pitch is less than the first pitch.

20
23.  The bone screw of claim 21, wherein the second pitch is greater than or equal to
the third pitch and less than the first pitch.
24.  The bone screw of claim 21, wherein the at least one thread in the distal region of
25 the proximal portion is shaped to inhibit back-out of the screw when the screw is

implanted in bone.

25.  The bone screw of claim 21, wherein the at least one thread on the proximal
portion comprises a single thread extending between the proximal and distal regions of

30 the proximal portion.
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26.  The bone screw of claim 21, wherein the at least one thread on the proximal
portion comprises a first thread formed on the proximal region of the proximal portion

and a second thread formed on the distal region of the proximal portion.

27. A bone screw for distracting two segments of bone, comprising:

a shank having a thread formed thereon and extending between a proximal end
and a distal end, the thread having a pitch that gradually decreases in a proximal-to-
distal direction along a length of the shank; and

10 a driver receiving element formed on or coupled to a proximal end of the shank.

28. A method of expanding the spinal canal, comprising:
providing a bone screw having a shank including proximal and distal portions
that are configured to create a distraction force therebetween when inserted into two
15 segments of bone;
forming a hole in the pedicle of a vertebral body adjacent to the spinous process;
cutting the pedicle across the hole and adjacent to the vertebral body to form two
bone portions;
advancing the bone screw into the hole, wherein the proximal and distal portions

20 of the bone screw expand the distance between the two bone portions.

29.  The method of claim 28, wherein at least one of the proximal and distal portions

includes a thread formed thereon.

25 30.  The method of claim 28, wherein the proximal and distal portions each include a
thread formed thereon, and wherein the thread on the distal portion has a pitch that is
less than a pitch of the thread on the proximal portion.

31.  The method of claim 28, wherein the proximal portion includes a thread formed

30 thereon that has a pitch that varies along a length of the proximal portion.

32.  The method of claim 28, wherein at Ieast a portion of the bone screw is coated

with or formed from a bone growth-promoting material.
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33. The method of claim 28, wherein the bone screw further includes a driver

receiving element located on a proximal end of the proximal portion of the shank.
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