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FIG. 1

(57) Abstract: A bone screw including a main body portion having a proximal end and a distal end. An external threaded surface
and an internal threaded surface are formed on the main body portion. The external threaded surface intersects the internal threaded
surface proximate a lower surface of the external threaded surface and a lower surface of the internal threaded surface. A plurality of
bone growth apertures is defined on the surface of the main body portion where the external threaded surface and the internal
threaded surface are not located. The bone growth apertures comprise between about 10 percent and about 60 percent of the surface
of the main body portion.
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BONE SCREW

REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Provisional Application Number
61/495,212, which was filed on June 9, 2011, the contents of which are incorporated herein

by reference.

FIELD OF THE INVENTION
[0002] The invention relates generally to a device for joining together bones. More

particularly, the invention relates to a bone screw.

BACKGROUND OF THE INVENTION

[0003] There are various times at which it is desired to hold bones within a human or
animal body in a fixed position with respect to each other. One such situation where it is
desired to hold bones together is when performing a sacroiliac fusion. Another situation
where it is desirable to hold bones together is after a fracture.

[0004] In both of the prececiing situations, a screw or other fixation device may be
inserted into the two separate bone pieces. The screw thereby holds the bones in a stationary
position until bone grows therebetween to thereby fuse the bone pieces together. Such bone
growth thereby supplements the strength provided by the bone screw to prevent the bones
from moving.

[0005] Various bone screws have been developed for use in conjunction with holding
bones together. One such bone screw is disclosed in Ray et al., U.S. Patent No. 4,961,740.
The Ray bone screw has a threaded outer surface and an opening formed in a center portion

thereof. The opening is adapted to receive bone growth inducing material. The Ray bone
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screw is particularly adapted for use in conjunction with maintaining adjacent vertebrae in a

stationary position with respect to each other as part of a spinal fusion surgical procedure.

SUMMARY OF THE INVENTION

[0006] An embodiment of the invention is directed to a bone screw that includes a
main body portion having a proximal end and a distal end. An external threaded surface and
an internal threaded surface are formed on the main body portion. The external threaded
surface intersects the internal threaded surface proximate a lower surface of the external
threaded surface and a lower surface of the internal threaded surface. A plurality of bone
growth apertures is defined on a surface of the main body portion where the external threaded
surface and the internal threaded surface are not located. The bone growth apertures occupy
between about 10 percent and about 60 percent of the surface of the main body portion.
[0007] Another embodiment of the invention is directed to a bone screw that includes
a main body portion having a first threaded region on at least a portion of an outer surface
thereof. The main body portion has a first end and a second end. A central bore is formed in
the main body portion and extends along an axis of the main body portion. At least‘3 side
bores are formed in the main body portion. The side bores intersect the main body portion
and the first threaded region.

[0008] Another embodiment of the invention is directed to a bone fixation kit that
includes a bone screw and an insertion key. The bone screw includes a main body portion
having a proximal end and a distal end. An external threaded surface and an internal
threaded surface are formed on the main body portion.

[0009] The external threaded surface intersects the infemal threaded surface
proximate a lower surface of the external threaded surface and a lower surface of the internal

threaded surface. A plurality of bone growth apertures is defined on a surface of the main
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body portion where the external threaded surface and the internal threaded surface are not
located. The bone growth apertures compose between about 10 percent and about 60 percent
of the surface of the main body portion. The insertion key is engageable with the internal
threaded surface.

[0010] Still another embodiment of the invention is directed to a method of securing
at least two bones to each other. An aperture is formed that extends between a first bone and
a second bone. A bone screw is provided that includes a main body portion having a
proximal end and a distal end. An external threaded surface and an internal threaded surface
are formed on the main body portion.

[0011] The external threaded surface intersects the internal threaded surface
proximate a lower surface of the external threaded surface and a lower surface of the internal
threaded surface. A plurality of bone growth apertures is defined on a surface of the main
body portion where the external threaded surface and the internal threaded surface are not
located.

[0012] The bone growth apertures comprise between about 10 percent and about 60
percent of the surface of the main body portion. An insertion key is positioned at least
partially in engagement with the internal threaded surface. The insertion key is rotated to

cause the bone screw to be screwed into the first bone and the second bone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings are included to provide a further understanding
of embodiments and are incorporated in and constitute a part of this specification. The
drawings illustrate embodiments and together with the description serve to explain principles
of embodiments. Other embodiments and many of the intended advantages of embodiments

will be readily appreciated as they become better understood by reference to the following
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detailed description. The elements of the drawings are not necessarily to scale relative to
each other. Like reference numerals designate corresponding similar parts.
[0014] Fig. 1 is a perspective view of a bone screw according to an embodiment of

the invention.

[0015] Fig. 2 is a side view of the bone screw of Fig. 1.

[0016] Fig. 3 is an end view of the bone screw of Fig. 1.

[0017] Fig. 4 is a sectional view of the bone screw taken along a line 4—4 in Fig. 3.
[0018] Fig. 5 is a perspective view of a bone screw according to another embodiment

of the invention.

[0019] Fig. 6 is a side view of the bone screw of Fig. 5.

[0020] Fig. 7 is an end view of the bone screw of Fig. 5.

[0021] Fig. 8 is a sectional view of the bone screw taken along a line 8—38 in Fig. 6.
[0022] Fig. 9 is a perspective view of a bone screw according to another embodiment

of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] An embodiment of the invention is directed to a bone screw as illustrated at 10
in Figs 1-4. The bone screw 10 is adapted for use in a variety of applications in joining
together bones within a human or animal body. One such suitable use for the bone screw 10
is for use in joining together the sacrum and the ilium in conjunction with a sacroiliac fusion
surgical procedure.

[0024] The bone screw 10 has a generally elongated configuration with a
substantially cylindrical outer surface. A length of the bone screw 10 may be selected based
upon the type of surgical procedure in which the bone screw 10 in intended to be used. In
certain embodiments, the bone screw 10 has a length of up to about 100 millimeters. In other

embodiments, the bone screw 10 has a length of about 50 millimeters.
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[0025] Similarly, an outer diameter of the bone screw 10 may be selected based upon
the type of surgical procedure in which the bone screw 10 in intended to be used. In certain
embodiments, the bone screw 10 may have a diameter of up to about 50 millimeters. In other
embodiments, the outer diameter of the bone screw 10 is about 12.5 millimeters.

[0026] The bone screw 10 may include an external threaded surface 20 that extends
over at least a portion of an outer surface thereof. The external threaded surface 20 enables
the bone screw 10 to engeige the bone through which the bone screw 10 is extended.

[0027] The external threaded surface 20 may be configured so that the external
threaded surface 20 is tapered to a distal edge thereof. Forming the external threaded surface
20 with the tapered configuration enables the distal edge to cut into bone that is adjacent to
the bone screw 10 as the bone screw 10 is screwed into the bone.

[0028] In certain embodiments, the thread 22 extends up to about 20 times around the
bone screw 10. In other embodiments, the thread 22 extends between about 5 and 10 times
around the bone screw 10.

[0029] The threads 22 should have sufficient depth so that the threads 22 are able to
engage the bone to thereby prevent the bone screw 10 from sliding with respect to the bone
after the bone screw 10 has been screwed into the bone. In certain embodiments, the depth of
the threads 22 is between about 2 millimeters and about 5 millimeters.

[0030] The pitch of the threads 22 on the bone screw 10 may be selected to provide a
reasonable rate at which the bone screw 10 may be screwed into the bone. In certain
embodiments, the threads 22 may be oriented on the bone screw 10 at a pitch of up to about 5
millimeters. In other embodiments, the thread pitch may be about 2.5 millimeters.

[0031] A central bore 40 is formed in the bone screw 10. The central bore 40 may be

oriented about a central bore axis that is substantially aligned with a central axis of the bone
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screw 10. The central bore 40 may extend substantially between a proximal end 26 and a
distal end 28 of the bone screw 10.

[0032] In certain embodiments, the central bore 40 has a diameter of between about 3
millimeters and about 10 millimeters. In other embodiments, the central bore 40 has a
diameter of about 5 millimeters.

[0033] In certain embodiments, the central bore 40 may have an inner diameter that is
substantially consistent between the proximal end 26 and the distal end 28. In other
embodiments, the inner diameter of the central bore 40 may vary at different locations of the
bone screw 10. In one such embodiment, the inner diameter of the central bore 40 is greater
proximate the proximal end 26 than proximate the distal end 28.

[0034] An internal threaded surface 38 is formed on at least a portion of the central
bore 40. In certain embodiments, the internal threaded surface 38 extends substantially
between the proximal end 26 and the distal end 28.

[0035] The external threaded surface 20 may engage the internal threaded surface 38
proximate lower surfaces of the external threaded surface 20 and the internal threaded surface
38.

[0036] Increasing the amount of times that the external threaded surface 20 and the
internal threaded surface 38 intersect increases a strength of the bone screw 10. Similarly,
increasing the width of the lower surfaces of the external threaded surface 20 and the internal
threaded surface 38 increases a strength of the bone screw 10.

[0037] A plurality of bone growth apeértures 58 are defined in the bone screw 10
where neither the external threaded surface 20 and the internal threaded surface 38 are
located. Increasing the percentage of the bone screw 10 that is composed of the bone growth

apertures 58 enhances the ability of bone to grow through the bone screw 10. However,
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increasing the percentage of the bone screw 10 composed of the bone growth apertures 58
decreases the strength of the bone screw 10.

[0038] In certain embodiments, the bone growth apertures 58 may compose between
about 10 percent and about 60 percent of the bone screw 10. In other embodiments, the bone
growth apertures 58 compose between about 20 percent and about 40 percent of the bone
screw 10.

[0039] While it is possible for the internal threaded surface 38 and the external
threaded surface 20 to each be formed with a similar pitch, in certain embodiments, the
internal threaded surface 38 may have a pitch that is different than the pitch of the external
threaded Surface 20.

[0040] In certain embodiments, the internal threaded surface 38 has a pitch that is
greater than a pitch of the external threaded surface 20. Forming the internal threaded surface
38 with a pitch that is greater than the pitch of the external threaded surface 20 may increase
the points of contact between the internal threaded surface 38 and the external threaded
surface 20. Such a configuration may enhance the strength of the bone screw 10.

[0041] In certain embodiments, the internal threaded surface 38 may be formed with a
pitch that enables there to be three thread starts proximate the proximal end 26 thereof, as
illustrated in Fig. 3. The three thread starts may be spaced at an approximately equal distance
from each other around the inner surface of the bone screw 10.

[0042] A distal edge of the internal threaded surface 38 may be substantially flat and
side surfaces of the internal threaded surface 38 may be oriented generally transverse to the
distal edge. Forming the internal threaded surface 38 with this configuration facilitates
screwing an insertion device (not shown) into the bone screw 10.

[0043] The insertion device may have an external threaded surface on at least a

portion thereof, which is shaped generally complementarily to the internal threaded surface
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38. Once the insertion device is screwed into the central bore 40, continued rotation of the
insertion device causes the bone screw 10 to be screwed into the bone.

[0044] Once the bone screw 10 is screwed a desired distance into the bone, the
insertion device may be rotated in a direction that is opposite direction that was used to screw
the bone screw 10 into the bone. This rotation causes the insertion device to be unscrewed
with respect to the bone screw 1‘0 until the insertion device may be separated from the bone
screw 10.

[0045] The proximal end 26 of the bone screw 10 may include a head portion 60.
The head portion 60 may extend over a relatively small portion of the length of the bone
screw 10, as compared to the length of the bone screw 10 over which the external threaded
surface 20 extends.

[0046] In certain embodiments, the head portion 60 may have a length of between
about 5 millimeters and about 20 millimeters. In other embodiments, the head portion 60
may have a length of about 5 millimeters.

[0047] The head portion 60 may have a diameter that is greater than a diameter of the
external threaded surface 20. Forming the head portion 60 with a diameter that is greater
than a diameter of the external threaded surface 20 causes the bone screw 10 to resiét bé:'mg
screwed into the bone once the bone screw 10 is inserted sufficiently into the bone so that the
bone contacts the head portion 60.

[0048] In certain embodiments, the head portion 60 may have an outer diameter of
between about 10 millimeters and about 20 millimeters. In other embodiments, the outer
diameter of the head portion 60 is about 15 millimeters.

[0049] An outer surface of the head portion 60 may be substantially smooth to resist
the potential of the head portion 60 snagging or otherwise engaging other objects as the bone

screw 10 is screwed into the bone.
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[0050] Because of the direction of the internal threaded surface 38, it is not possible
to use the internal threaded surface 38 in conjunction with unscrewing the bone screw 10
from the bone. If it is envisioned that it may be necessary to unscrew the bone screw 10 from
the bone, the head portion 60 may include a bone screw removal mechanism on at least a
portion of a surface thereof.

[0051] | In certain embodiments, the bone screw removal mechanism may include a
non-circular region on the head portion 60. The non-circular region may be substantially flat
or may include a recess. This non-circular region may be engaged by a removal device (not
shown) that extends over at least a portion of head portion 60. Once the removal device
engages the head portion 60, rotation of the removal device causes the bone screw 10 to be
unscrewed from the bone.

[0052] One suitable technique that may be used for fabricating the bone screw 10 is to
machine a solid piece of metal into a desired shape. This technique lends itself to forming a
cylindrical bore through the bone screw 10 such as using a drill and then using a tap to form
the internal threaded surface 38. It is also possible to fabricate the bone screw 10 from a
variety of other materials. Such other materials should be biocompatible. Examples of such
other materials include polymeric materials.

[0053] Bone growth through the bone screw 10 may also be increased by placing a
bone-growth inducing material in the central bore 40. Examples of bone-growth inducing
materials include bone chips, bone substitutes and bone activating material. The bone-growth
inducing material may be placed into the central bore 40 after the bone screw 10 has been
screwed into the bone.

[005414] A retaining device may be placed adjacent to at least one of the proximal end
26 and the distal end 28 of the bone screw 10 to retain the bone-growth inducing material

within the central bore 40. An example of one suitable retaining device is a mesh.
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[0055]5] Another embodiment of the invention is directed to a bone screw as illustrated
at 110 in-Figs 5-8. The bone screw 110 is adapted for use in a variety of applications in
joining together bones within a human or animal body. One such suitable use for the bone
screw 110 is for use in joining together the sacrum and the ilium in conjunction with a
sacroiliac fusion surgical procedure.

[0056] The bone screw 110 has a generally elongated configuration with a
substantially cylindrical outer surface. A length of the bone screw 110 may be selected based
upon the type of surgical procedure in which the bone screw 110 in intended to be used. In
certain embodiments, the bone screw 110 has a length of up to about 100 millimeters. In
other embodiments, the bone screw 110 has a length of about 50 millimeters.

[0057] Similarly, a diameter of the bone screw 110 may be selected based upon the
type of surgical procedure in which the bone screw 110 in intended to be used. In certain
embodiments, the bone screw 110 may have a diameter of up to about 50 millimeters. In
other embodiments, the bone screw 110 has a diameter of about 12.5 millimeters.

[0058] The bone screw 110 may include an external threaded surface 120 that extends
over at least a portion of an outer surface thereof. The external threaded surface 120 enables
the bone screw 110 to engage the bone through which the bone screw 110 is extended.

[0059] In certain embodiments, the thread 122 extends up to about 20 times around
the bone screw 110. In other embodiments, the thread 122 extends between about 5 and 10
times around the bone screw 110.

[0060] The threads 122 should have sufficient depth so that the threads 122 are able
to engage the bone to thereby prevent the bone screw 110 from sliding with respect to the
bone after the bone screw 110 has been screwed into the bone. In certain embodiments, the

depth of the threads 122 is between about 2 millimeters and about 5 millimeters.
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[0061] The pitch of the threads 122 on the bone screw 110 may be selected to provide
a reasonable rate at which the bone screw 110 may be screwed into the bone. In certain
embodiments, the threads 122 may be oriented on the bone screw 110 at a pitch of up to
about 5 millimeters. In other embodiments, the thread pitch may be about 2.5 millimeters.
[0062] An interior of the bone screw 110 may serve at least two functions. The first
function is to provide a recess into which a portion of a bone screw insertion key may be
inserted for screwing the bone screw 110 into the bone. The second function is to provide a
sufficient amount of open space through which bone may grow.

[0063] The two preceding functions must be balanced so that the bone screw 110 has
sufficient strength to be screwed into the bones and the bone screw 110 has sufficient
strength to maintain the bones in a stationary position during the early stage of the bone
growth process while the bone screw 110 has sufficiently large open areas for bone growth.
[0064] One suitable technique that may be used for fabricating the bone screw 110 is
to machine a solid piece of metal into a desired shape. This technique lends itself to forming
cylindrical bores through the bone screw 110 such as using a drill. It is also possible to
fabricate the bone screw 110 from a variety of other materials. Such other materials should
be biocompatible. Examples of such other materials include polymeric materials.

[0065] In one such configuration, there is a central bore 140 formed therein. The
central bore 140 may be oriented about a central bore axis that is substantially aligned with a
central axis of the bone sbrew 110.

[0066] In certain embodiments, the central bore 140 has a diameter of between about
3 millimeters and about 110 millimeters. In other embodiments, the central bore 140 has a
diameter of about 5 millimeters.

[0067] To increase the regions in the bone screw 110 where bone can grow, it may be

possible to form at least one side bore 142 that is oriented proximate an edge of the central
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bore 140. In certain embodiments, there are between about 4 and 10 side bores 142 placed
around the central bore 140. In other embodiments, there are about 6 side bores 142 placed
around the central bore 140.

[0068] In certain embodiments, the side bores 142 have a diameter of between about
0.5 millimeters and about 5 millimeters. In other embodiments, the side bores 142 have a
diameter of between about 1 millimeter and about 2 millimeters.

[0069] The side bores 142 may be positioned to intersect the central bore 140. The
side bores 142 thereby increase the area encompassed by the central bore 140. The side bores
142 may also be positioned to intersect the threads 122 proximate the grooves defined
between adjacent threads 122. The side bores 142 may have a combined area that is between
about 30 and 60 percent of the area of the central bore 140.

[0070] In certain embodiments, the side bores 142 intersect more than about 30
percent of an outer edge of the central bore 140. In other embodiments, the side bores 142
intersect more than about 50 percent of the outer edge of the central bore 140.

[0071] The side bores 142 and the central bore 140 thereby define a plurality of
elongated members 144 that extend between the first end and the second end of the bone
screw 110. These elongated members 144 engage the lower surfaces of the threads 122 to
thereby maintain the threads 122 in a stationary position with respect to each other.

[0072] The elongated members 144 may have a generally trapezoidal shape with a
profile that is substantially consistent along the length of the bone screw 110. This generally
trapezoidal shape is a function of the shape of the central bore 140, the side bores 142 and the
grooves between each of the threads 122.

[0073] While positioning the side bores 142 so that the side bores 142 intersect the

threads 122 increases the space for the bone to grow around the bone screw 110, forming the
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side bores 142 in such a configuration could weaken the threads 122 and thereby lead to
breakage of the threads 122.

[0074] To ensure that the bone screw 110 retains sufficient strength, the side bores
142 should extend into the threads 122 less than about 50% of the height of the threads 22. In
other embodiments, the side bores 142 extend into the threads 122 to a distance of between
about 20% and 30% of the height of the threads 122.

[0075] Since the height of the thread 122 that is intersected by the side bore 142
affects a strength of the bone screw 110 similar to the number of side bores 142 formed in the
bone screw 110, these elements should be balanced to ensure that the bone screw 110 has
sufficient strength to not deform while being screwed into the patient’s bone as well as after
being inserted into the patient before the bone has the opportunity to grow around and
through the bone screw 110.

[0076] In certain embodiments, the outer edge of the threads 122 may have a
consistent diameter along a significant portion of the length of the bone screw 110.
Proximate at least one of the ends of the bone screw 110, the outer edge of the threads 122
may have a slightly narrower diameter to enhance the ability to start screwing the bone screw
110 into the patient’s bone.

[0077] The bone screw 110 is illustrated as being symmetrical with two similarly
shaped threaded regions 120 proximate opposite ends thereof. Such a configuration is suited
for a variety of applications. One such suitable application for this configuration of the bone
screw 110 is for sacroiliac fusion.

[0078] It is also possible to form the bone screw 110 with different configurations as
well as different numbers of threaded regions 120 so that the bone screw 110 may be suited
for different épplication. It is also possible to position the threaded regions 120 on the bone

screw 110 in an asymmetrical configuration.
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[0079] The bone screw 110 may include a region 148 that does not include any
threads 122, as illustrated in Figs. 5-6. This non-threaded region 148 may be positioned
proximate an intermediate location on the bone screw 110. The position on the non-threaded
region 148 on the bone screw 110 may correspond to a position of the interface between the
first bone and the second bone after the bone screw 110 has been inserted.

[0080] An inventive aspect of the bone screw 110 relates to a process of holding at
least two bones together so that the bones do not move with respect to each other such as
when a single bone has been fractured into at least two pieces.

[0081] While the bone screw 110 holds the at least two bones together, it is typically
desirable to supplement the strength of the bone screw by encouraging bone growth between
the at least two bone pieces. Such bone growth causes the at least two bones to fuse together.
[0082] The more area that is encompassed by the bone growth, the stronger the fusion
between the at least two bones. Accordingly, the more surface area of the ane screw 110
that is encompassed by the bone growth apertures 146, the stronger the fusion between the at
least two bones.

[0083] The bone growth apertures 146 extend from the outer surface of the bone
screw 110 to the central bore 140. The bone growth apertures 146 may have a profile that is
generally in the shape of a parallelogram that is defined on two sides by adjacent threads 122
and on two sides by the elongated members 144.

[0084] In certain embodiments, the bone growth apertures 146 occupy between about
20 percent and about 60 percent of the outer surface of the bone screw 110. In other
embodiments, the bone growth apertures 146 occupy between about 30 percent and about 50
percent of the outer surface of the bone screw 110.

[0085] However, increasing the percentage of the surface area of the bone screw 110

encompassed by the bone growth apertures 146 can negatively impact the structural strength
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of the bone screw 110. Such decrease in the strength of the bone screw 110 may be offset by
the support provided to the bone screw 110 by the insertion key that is inserted into the bone
screw 110 prior to screwing the bone screw 110 into the at least two bones.

[0086] Bone growth through the bone screw 110 may also be increased by placing a
bone-growth inducing .material in the central bore 140. Examples of bone-growth inducing
materials include bone chips, bone substitutes and bone activating material. The bone-growth
inducing material may be placed into the central bore 140 after the bone screw 110 has been
screwed into the bone.

[0087] A retaining device may be placed adjacent to at least one of the proximal end
and the distal end of the bone screw 110 to retain the bone-growth inducing material within
the central bore 140. An example of one suitable retaining device is a mesh.

[0088] The insertion key may include a handle portion and a key portion that extends
from the handle portion. The handle portion is suitable for being gripped by a person using
the insertion key. In one such configuration, the handle portion may be configured similar to
a handle on a conventional screwdriver. In other embodiments, the handle portion may be
oriented at least partially transverse to the key portion. This transverse orientation may
increase the torque that may be applied to the bone screw 110 using the insertion key.

[0089] The key portion is adapted for being at least partially extended into at least one
of the central bore 140 and the side bores 142. In certain embodiments, the key portion has a
profile that generally conforms to a profile of the central bore 140. Contact between the key
portion and the central bore 140 thereby causes the key portion to enhance the strength of the
bone screw 110, which reduces the potential of the bone screw 110 being deformed as the
bone screw 110 is being screwed into the at least one bone.

[0090] The key portion may have a hexagonal profile when there are 6 side bores 142

formed in the bone screw 110. The sides of the hexagon may be positioned adjacent to the
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surfaces of the bone screw 110 that are between each of the side bores 142. The corners of
the hexagon may at least partially extend into the side bores 142. This configuration
substantially prevents the insertion key from rotating with respect to the bone screw 110.
[0091] In certain embodiments, the key portion has a length that is at least as long as
the length of the bone screw 110. If the key portion has a length that is greater than a length
of the bone screw 110, a stop may be provided on the key portion to prevent a distal end of
the key portion from being extended beyond a distal end of the bone screw 110.

[0092] In another embodiment, the key portion includes a plurality of extensipns that
each extend from the handle portion. The extensions may have an outer profile that at least
partially conforms to a surface of the side bores 142. The extensions are mounted in a
spaced-apart configuration so that one of the extensions may be extended into each of the
side bores 142.

[0093] Another technique for fabricating the bone screw 110 is to form the first
‘threaded region and the second threaded region that each only include a thread having a
desired depth, pitch and number of revolutions.

[0094] Thereafter, at least one elongated member is positioned adjacent to the lower
surface of the threads and being oriented parallel to but offset from a central axis of the first
threaded region and the second threaded region. The elongated member is then attached to at
least a portion of the threads.

[0095] Increasing the number of elongated members increases the strength of the
bone screw. In certain embodiments, there are 6 elongated members positioned in a spaced-
apart orientation around the inner surface of the threads 122. The configuration may thereby
be similar to the configuration illustrated in Figs. 5-8 where the elongated members 144 are
defined by the central bore 140 and the plurality of side bores 142 formed in the main body

portion.
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[0096] A variety of techniques may be used for attaching the elongated members to
the threads 122. An example of one suitable technique that may be used for attaching the
elongated members to the threads 122 is welding.

[0097] Rotation of the tool causes the bone screw 110 to rotate with respect to the
bone such that the bone screw 110 can be screwed into the bone. This process is continued
until the bone screw 110 is inserted to a desired extent into the bone. In certain
embodiments, once the bone screw 110 is fully inserted into the bone, the proximal and distal
ends of the bone screw 110 are recessed within the bone.

[0098] In certain embodiments, prior to insertion of the bone screw 110 into the bone,
an aperture may be formed in the bone. The aperture may have a diameter that is greater than
a diameter of the bone screw 110 proximate the grooves and that is less than a diameter of the
bone screw 110 proximate the upper end of the lands. One suitable technique for forming the
aperture in the bone is a drill bit.

[0099] In another embodiment of the invention, which is illustrated in Fig. 9, the bone
screw 210 has a non-circular core portion 212 and a thread portion 214 extending therefrom.
The core portion 212 may be formed with a variety of different shapes using the concepts of
the invention. An example of several suitable shapes for the non-circular core portion 212 is
a triangle, square, pentagon, hexagon, heptagon and octagon.

[0100] One difference between the bone screw having a circular core and a non-
circular core is that a distance between an upper edge of the thread and a lower edge of the
thread is generally consistent for the bone screw with the circular core while this distance
varies with the bone screw having the non-circular core.

[0101] The non-circular core portion 212 may reduce the potential of the bone screw
210 rotating with respect to the adjacent bone after insertion because bone would grow into

the flat regions defined by the non-circular core portion 212.
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[0102] The thread portion 214 may include a tapered configuration in which a width
of the thread portion 214 is greater proximate the intersection of the thread portion 214 and
the core portion 212 than proximate an end of the thread portion 214 that is furthest away
from the core portion 212. Forming the thread portion 214 with this configuration enhances
the ability of the thread portion 214 to cut into the bone as the bone screw 210 is screwed into
the bone.

[0103] The thread portion 214 may be formed with a height that is sufficiently great
so that the thread portion 214 cuts into the bone to reduce the potential of the bone screw 210
becoming disengaged from the bone such as by rotating out or sliding out. On the other
hand, the height of the thread portion 214 should not be too large because that would increase
the difficulty associated with screwing the bone screw 210 into the bone.

[0104] The thread portion 214 should be formed with a pitch that is relatively flat
such that there is either one or two starts. While using such a configuration may increase the
number of rotations needed to insert the bone screw 210 into the bone, this configuration
would reduce the potential of the bone screw 210 rotating in a reverse direction after insertion
to cause the bone screw 210 to back out of the bone.

[0105] A distal end of the bone screw 210 may be formed with a taper to facilitate
alignment of the bone screw 210 with an aperture formed in the bone. In certain
configurations, it is not necessary for the bone screw to start an aperture in the bone because
in many situations, the aperture is drilled prior to the process of screwing the bone screw 210
into the bone.

[0106] The bone screw 210 may have a head portion 216 at a proximal end thereof.
The head portion 216 may have a diameter that is greater than a diameter of at least one of
the core portion 212 and the thread portion 214. The head portion 216 may thereby assist

with preventing over-insertion of the bone screw 210 by engaging the bone that is adjacent to
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the bone screw 210 during the insertion process. In certain embodiments, an outer surface of
the head portion 216 may be relatively smooth.

[0107] The bone screw 210 may inélude a mechanism that facilitates rotation of the
bone screw 210 during the insertion process. An example of one such mechanism that may
be used is a recess 218 formed in the proximal end of the bone screw 210 such as being
formed in the head portion 216.

[0108] | In one such embodiment, the recess 218 has a non-circular configuration. For
example, the recess 218 may have a hexagonal shape. The recess is adapted for engagement
by an insertion tool (not shown) that is used to rotate the bone screw 210 during the insertion
process.

[0109] The bone screw 210 may be fabricated from a variety of materials using the
concepts of the invention. In certain embodiments, the thread portion 214 is integrally
formed with the core portion portion 212 and is formed from the same material as the core
portion 212. In other embodiments, the thread portion 214 is formed separate from the core
portion 212 and then attached to the core portion 212. It is also possible that the thread
portion 214 may be formed from a different material than the core portion 212.

[0110] Examples of suitable materials that may be used in fabricating at least one of
the core portion 212 and the thread portion 214 include titanium, titanium alloy, ceramics,
polymers and combinations thereof.

[0111] The bone screw 210 should facilitate forming a strong bond between the bone
screw 210 and the adjacent bone. An outer surface of at least one of the core portion 212 and
the thread portion 214 may be covered with a fusion-promoting material. Examples of
suitable fusion-promoting materials are allograft bone, cortical bone, tricalcium phosphates,

hydroxyapatite, BIOCRYL™ hydroxyapatite, bioglass, polymer composites, bone-derived
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substances, demineralized bone matrix, mineralizing proteins, ossifying proteins, bone
morphogenetic proteins, genes coding for the production of bone and combinations thereof.
[0112] | Alternatively or additionally, an outer surface of at least one of the core
portion 212 and the thread portion 214 may be textured to enhance a bond between the bone
screw 210 and the adjacent bone. An example of one suitable text involves forming a
plurality of recesses in the outer surface of at least one of the core portion 212 and the thread
portion 214. The plurality of recesses may have a relatively small diameter and may cover a
relatively large proportion of the outer surface of the core portion 212 and the thread portion
214.

[0113] In the preceding detailed description, reference is made to the accompanying
drawings, which form a part hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In this regard, directional

7 4

terminology, such as “top,” “bottom,” “front,” “back,” “leading,” “trailing,” etc., is used with
reference to the orientation of the Figure(s) being described. Because components of
embodiments can be positioned in a number of different orientations, the directional
terminology is used for purposes of illustration and is in no way limiting. It is to be
understood that other embodiments may be utilized and structural or logical changes may be
made without departing from the scope of the present invention. The preceding detailed
description, therefore, is not to be taken in a limiting sense, and the scope of the present
invention is defined by the appended claims.

[0114] It is contemplated that features disclosed in this application, as well as those
described in the ébove applications incorporated by reference, can be mixed and matched to

suit particular circumstances. Various other modifications and changes will be apparent to

those of ordinary skill.
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CLAIMS

1. A bone screw comprising a main body portion having a proximal end and a distal end,
wherein an external threaded surface and an internal threaded surface are formed on the main
body portion, wherein the external threaded surface intersects the internal threaded surface
proximate a lower surface of the external threaded surface and a lower surface of the internal
threaded surface, wherein a plurality of bone growth apertures is defined on a surface of the
main body portion where the external threaded surface and the internal threaded surface are
not located and wherein the bone growth apertures comprise between about 10 percent and

about 60 percent of the surface of the main body portion.

2. The bone screw of claim 1, wherein the external threaded surface has a pitch that is

different than a pitch of the internal threaded surface.

3. The bone screw of claim 1, wherein the external threaded surface has one thread start

and wherein the internal threaded surface has at least two thread starts.

4. The bone screw of claim 1, wherein the external threaded surface and the internal

threaded surface each extend substantially between the proximal end and the distal end.

5. The bone screw of claim 1, and further comprising a head portion attached to the main
body portion proximate the proximal end, wherein the head portion has an outer diameter that

is greater than an outer diameter of the external threaded portion.
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6. The bone screw of claim 5, wherein the head portion further comprises a non-circular
region.
7. The bone screw of claim 1, wherein the external threaded surface has a pointed distal

edge and wherein the internal threaded surface has a substantially flat distal edge.

8. The bone screw of claim 1, wherein the main body portion has a central bore that
extends therethrough, wherein the central bore extends between the proximal end and the
distal end and wherein an inner diameter of the central bore is substantially the same between

the proximal end and the distal end.

9. A bone screw comprising a main body portion having a first threaded region on at
least a portion of an outer surface thereof, wherein the main body portion has a first end and a
second end, wherein a central bore is formed in the main body portion and extends along an
axis of the main body portion, wherein at least 3 side bores are formed in the main body
portion and wherein the side bores intersect the main body portion and the first threaded

region.

10.  The bone screw of claim 9, and further comprising a plurality of bone growth
apertures formed in the main body portion, wherein the bone growth apertures provide

communication between the outer surface and the central bore.

11. The bone screw of claim 10, wherein the bone growth apertures cover between about

30 percent and 60 percent of the outer surface.
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12. The bone screw of claim 9, wherein side bores have a combined area that is at least

about 30 percent of the area of the central bore.

13. The bone screw of claim 9, wherein the first threaded region comprises a thread
having a depth of between about 2 millimeters and about 5 millimeters and wherein each of
the side bores extend into the depth of the thread between about 10 percent and about 50

percent.

14.  The bone screw of claim 9, wherein the main body portion further comprises a second
threaded region, wherein the first threaded region is located proximate the first end and the

second threaded region is located proximate the second end.

15. The bone screw of claim 14, wherein the first threaded region and the second threaded

region each occupy at least about 30 percent of a length of the main body portion.

16.  The bone screw of claim 14, and further comprising a non-threaded region

intermediate the first threaded region and the second threaded region.

17. A bone screw comprising:
a core portion having a profile that is non-circular; and

a thread portion that extends a plurality of times around the core portion.

18.  The bone screw of claim 17, wherein the non-circular core is a triangle, square,

pentagon, hexagon, heptagon or octagon.
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19.  The bone screw of claim 17, and further comprising a head portion attached to the
main body portion proximate the proximal end, wherein the head portion has an outer

diameter that is greater than an outer diameter of the external threaded portion.

20.  The bone screw of claim 19, wherein the head portion further comprises a non-
circular region.
21.  The bone screw of claim 17, wherein the external threaded surface has a pointed distal

edge and wherein the internal threaded surface has a substantially flat distal edge.

22.  The bone screw of claim 17, wherein the main body portion has a central bore that
extends therethrough, wherein the central bore extends between the proximal end and the
distal end and wherein an inner diameter of the central bore is substantially the same between

the proximal end and the distal end.

23.  The bone screw of claim 17, and further comprising placing a fusion-promoting
material on at least a portion of a surface of at least one of the core portion and the thread

portion.

24.  The bone screw of claim 23, wherein the fusion-promoting material is allograft bone,
cortical bone, tricalcium phosphates, hydroxyapatite, BIOCRYL™ hydroxyapatite, bioglass,
polymer composites, bone-derived substances, demineralized bone matrix, mineralizing
proteins, ossifying proteins, bone morphogenetic proteins, genes coding for the production of

bone and combinations thereof.
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25.  The bone screw of claim 17, and further comprising forming a plurality of recesses in
a surface of at least one of the core portion and the thread portion, wherein the recesses are

adapted to receive bone growth.

26. A bone fixation kit comprising:

a bone screw comprising a main body portion having a proximal end and a distal end,
wherein an external threaded surface and an internal threaded surface are
formed on the main body portion, wherein the external threaded surface
intersects the internal threaded surface proximate a lower surface of the
external threaded surface and a lower surface of the internal threaded surface,
wherein a plurality of bone growth apertures is defined on a surface of the
main body portion where the external threaded surface and the internal
threaded surface are not located and wherein the bone growth apertures
comprise between about 10 percent and about 60 percent of the surface of the
main body portion; and

an insertion key that is engageable with the internal threaded surface.

27. The bone fixation kit of claim 26, wherein the external threaded surface is oriented at

a pitch that is different than a pitch of the internal threaded surface.

28.  The bone fixation of claim 26, and further comprising a head portion attached to the
main body portion proximate the proximal end, wherein the head portion has an outer

diameter that is greater than an outer diameter of the external threaded portion.
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29.  The bone fixation kit of claim 26, wherein the insertion key comprises a handle

portion and a key portion that extends from the handle portion.

30. The bone fixation kit of claim 26, wherein the insertion key conforms to at least a

portion of a central bore formed in the main body portion.

31.  The bone fixation kit of claim 26, wherein at least a portion of the insertion key that is

insertable into the central portion has an external threaded surface.

32. A method of securing at least two bones to each other, wherein the method comprises:

forming an aperture that extends between a first bone and a second bone;

providing a bone screw comprising a main body portion having a proximal end and a
distal end, wherein an external threaded surface and an internal threaded
surface are formed on the main body portion, wherein the external threaded
surface intersects the internal threaded surface proximate a lower surface of
the external threaded surface and a lower surface of the internal threaded
surface, wherein a plurality of bone growth apertures is defined on a surface of
the main body portion where the external threaded surface and the internal
threaded surface are not located and wherein the bone growth apertures
comprise between about 10 percent and about 60 percent of the surface of the
main body portion;

positioning an insertion key at least partially in engagement with the internal threaded
surface; and

rotating the insertion key to cause the bone screw to be screwed into the first bone and

the second bone.
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33. The method of claim 32, wherein the external threaded surface is oriented at a pitch

that is different than a pitch of the internal threaded surface.

34.  The method of claim 32, and further comprising a head portion attached to the main
body portion proximate the proximal end, wherein the head portion has an outer diameter that

is greater than an outer diameter of the external threaded portion.

35.  The method of claim 32, and further comprising growing bone to fuse the first bone to
the second bone, wherein the bone grows through a plurality of bone growth apertures
formed in the main body portion and wherein the bone growth apertures provide

communication between the outer surface and the central bore.

36.  The method of claim 32, wherein the insertion key comprises a handle portion and a
key portion that extends from the handle portion, wherein the insertion key conforms to at

least a portion of the internal threaded surface.
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