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LOCKING CERVICAL SCREW AND METHODS OF USE THEREOF

BACKGROUND OF THE INVENTION
[0001] This invention relates to a locking mechanism for a screw and associated methods of
its use. More particularly, this invention relates to a bone screw and a bone plate wherein the
bone screw is locked into place and methods of use thereof. Even more particularly, this

invention relates to a bone screw and an associated cervical plate and methods of their use.

[0002] The spine is formed of a series of bones called vertebrae. There are 33 vertebrae,
which are grouped as cervical, thoracic, lumbar, sacral, and coccygeal vertebrae, according to the
regions of the spine they occupy. A typical vertebra consists of two essential parts, an anterior
segment or body, and a posterior part, or vertebral or neural arch. These two parts enclose a
foramen, the vertebral foramen. Together, the vertebral foramen of the vertebrae form a canal for
the protection of the spinal cord. The vertebral arch consists of a pair of pedicles and a pair of

laminae.

[0003] Various techniques and systems have been developed for correcting spinal injuries
and/or degenerative spinal processes. Spinal correction frequently requires stabilizing a portion of
the spine to facilitate fusing portions of the spine or other correction methodologies. Medical
correction of this type is frequently employed for many spinal conditions, such as, for example,
degenerative disc disease, scoliosis, spinal stenosis, or the like. Frequently, these corrections also
require the use of implants, such as, bone grafts. Stabilizing the spine allows bone growth

between vertebral bodies such that a portion of the spine is fused into a solitary unit.

[0004] Several techniques and systems have been developed for correcting and stabilizing the
spine and facilitating fusion at various levels of the spine. In one type of system, arod is disposed
longitudinally along the length of the spine in the region of concern. The rod is arranged
according to the anatomy and the correction desired. In this system, the rod is aligned along the
spine and engages various vertebrae along its length. The rod engages, or more typically, a pair of
parallel rods engage the spine using fixation elements, such as anchors, attached to vertebral
bodies by a bone screw that is inserted into the pedicle and penetrates into the body of the

vertebra.
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[0005] In another technique, a bone plate is attached to a plurality of cervical vertebrae by a
number of bone screws. A significant problem associated with the use of cervical plates is the
loosening of the bone screws over time due to normal movement of the patient. A number of
designs have been proposed to secure the bone screws in an apparatus and prevent their loosening

over time.

[0006] One such prior technique involves the use of a pair of cervical plates. A first cervical
plate is attached to the vertebrae with bone screws and then a second plate is overlaid on top of
the first plate and the heads of the bone screws and secured in place by a second set of screws,

thereby preventing or at least delaying the loosening of the bone screws.

[0007] A variety of other designs have been proposed for a locking mechanism for a bone
screw. Many of these require the use of a locking washer or collar that is secured within an
aperture of the bone plate through which the bone screw passes. These typically require multiple

parts that are assembled during surgery with multiple tools.

[0008] Anatomy and correction frequently require aligning of correcting rods, plates or
screws at various angles along the length of the portion of correction. In order to provide this
alignment, polyaxial screws/anchors have been developed. Many variations of bone screw and
fixation systems exist on the market today. However, prior systems have been limited in the

amount of angulation permitted relative to the place of attachment to the spine.

[0009] Therefore, there is a need for a bone screw assembly that permits a wide range of
angulation relative to the place of attachment to the spine while providing an effective and secure

lock of the screw and plate in the desired position.
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SUMMARY OF INVENTION

[0010] It is, therefore, an aspect of the present invention to provide a screw assembly that
requires the use of only one tool for insertion and securing of a screw in a plate adapted to receive

the screw.

[0011] It is another aspect of the present invention to provide a bone screw and plate that

provides for polyaxial orientation of the screw relative to the plate.

[0012] It is still another aspect of the present invention to provide a cervical plate system that
provides for polyaxial orientation of one or more bone screws while securing the bone screws in

a simple manner.

[0013] It is yet another aspect of the present invention to provide a method of securing a

cervical plate to the cervical region of the spine.

[0014] In general, the present invention provides a bone screw assembly that includes a bone
screw having a shaft portion and a head portion. The shaft portion bears threads oriented in a
first direction. The head portion has an internal bore, which has a first portion and a second
portion. The second portion is adapted to engage a driver and the second portion has a diameter
less than the diameter of the first portion. The surface of the first portion of the bore bears
threads oriented in a second direction which is opposite that of the first direction. The bone
screw assembly also includes a set screw adapted to engage the surface of the first portion of the
bore and having a set screw bore adapted to engage the driver. The assembly also includes a
collar adapted to engage the head portion and having a collar bore with a minimum diameter that
is less than the maximum diameter of the set screw. The bone screw assembly may additionally
include a bone plate, such as a cervical plate, having one or more apertures adapted to receive a

bone screw.

[0015] The bone screw assembly may have a head portion that extends away from the shaft

portion in a generally arcuate manner around the entire circumference of the head portion,
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forming an arcuate section. An outer surface of the collar abuts the arcuate section and has a
generally arcuate configuration that complements and continues the arcuate configuration of the
arcuate section. One or more apertures have an inner surface that forms an arcuate seat.
Optionally, the arcuate section may additionally comprise one or more projections on the surface
of the arcuate section, configured to prevent the bone screw from rotating beyond a

predetermined point.

[0016] The bone screw assembly is arranged such that the bone screw is capable of rotating
in a cone of up to about 5, 10 or even 20 degrees around a perpendicular orientation relative to
the plate. To aid in such a freedom of rotation, a lower edge of the one or more apertures may be

chamfered.

[0017] The bone screw assembly includes a collar that is adapted to be able to flex inwardly
in response to radial pressure when the set screw is fully engaged in the first portion of the
internal bore of the head portion of the bone screw. This allows the assembled bone screw, set
screw and collar to be inserted into a plate aperture, where the minimum diameter of the aperture
is slightly smaller than the maximum diameter of the collar. The collar flexes inwardly as the
screws and collar pass the point of minimum diameter in the plate, but once past this point, the
collar then relaxes back into a relaxed position. The collar may also comprise slits that extend
from the collar bore and partially through the collar to aid in the ability of the collar to flex in
response to radial pressure. The collar and the bone screw it engages are fixed in place when the
set screw is partially removed from the first portion of the internal bore of the head portion of the
bone screw, such that the set screw contacts the collar, keeping the collar from flexing inwardly.
For the bone screw to be able to loosen, the assembled bone screw, set screw and collar would
need to pass the point of minimum diameter in the reverse direction as described above.
However, with the set screw preventing the collar from flexing inwardly, this is not possible, as
the collar maintains a maximum diameter that is greater than the minimum diameter of the plate
aperture. In one example, the set screw does not cause the collar to spread outwardly but rather
prevents the collar from flexing inwardly. In another example, the collar and the head portion of
the bone screw each comprise a flange and a groove adjacent the flange, and wherein flange of
the head portion of the bone screw engages the groove of the collar and the flange of the collar

engages the groove of the head portion of the bone screw.
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[0018] It will be appreciated that the screw assembly does not rely on plastic deformation of
any component to secure the one or more screws. Therefore, the screws can be removed,
relocated and reused, even after a screw has been previously locked in place, since none of the

components have been permanently deformed when locked into place.

[0019] The present invention also provides a method for attaching a bone plate to one or
more bones. The method includes providing a bone screw assembly and a bone plate as provided
above. The bone screw assembly comprises a bone screw having a shaft portion and a head
portion, the shaft portion bearing threads oriented in a first direction, and the head portion having
an internal bore with a first portion and a second portion. The second portion of the bore space is
adapted to engage a driver and has a diameter less than the diameter of the first portion. The
surface of the first portion of the bore space bears threads oriented in a second direction which is
opposite that of the first direction. A set screw adapted to engage the surface of the first portion
and having a bore adapted to engage the driver is also provided. A collar adapted to engage the
head portion and having a bore with a diameter that is less than the diameter of the set screw is

likewise provided. The bone plate includes one or more apertures.

[0020] The bone screw, set screw and collar are assembled with the set screw fully inserted
into the first portion of the internal bore and with the collar engaged with the head portion of the
bone screw. The assembled bone screw, set screw and collar are inserted as a single piece through
an aperture of the bone plate and a driver is inserted through the collar bore to engage the set
screw bore and the second portion of the internal bore. The driver is rotated in a first direction to
drive the bone screw into the bone until the assembled bone screw, set screw and collar contact
the bone plate. Rotation of the driver is continued, driving the bone screw until the driving force
causes the collar to flex inwardly, allowing the assembled bone screw, set screw and collar to
pass into the aperture of the bone plate. The collar may have one or more slits extending from the
collar bore into and partially through the collar to facilitate inward flexing in response to radial
pressure. When fully seated and not subject to radial pressure, the collar expands and is flush
with the interior aperture of the plate. The driver is then partially removed from the bone screw,
such that the driver only contacts the set screw at the set screw bore. Rotation of the driver in the

first direction is continued to retract the set screw through the collar bore until the set screw
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contacts the collar, thereby preventing the collar from flexing inwardly and locking the bone
screw, the set screw and the collar to the bone plate. In one example, the bone plate is a cervical

plate and the one or more bones are cervical vertebrae.

[0021] In another example, the head portion extends away from the shaft portion in a
generally arcuate manner around the entire circumference of head portion, forming an arcuate
section. An outer surface of the collar abuts the arcuate section and has a generally arcuate
configuration that complements and continues the arcuate configuration of the arcuate section.
The one or more apertures have an inside surface that forms an arcuate seat. In such an example,
the bone screw is capable of rotating in a cone of up to about 5, 10 or even 20 degrees around a
perpendicular orientation relative to the plate, depending on the thickness of the plate and other
structural considerations. The arcuate section may additionally comprise one or more projections
on the surface of the arcuate section, wherein the projections are configured to prevent the bone

screw from rotating beyond a predetermined point.

[0022] In one particular example, the collar and the head portion of the bone screw each
comprise a flange and a groove adjacent the flange. The flange of the head portion of the bone
screw engages the groove of the collar and the flange of the collar engages the groove of the head

portion of the bone screw.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0023] Fig. 1 is a plan view of a screw system including a bone screw and a bone plate

according to the present invention.

[0024] Fig. 2A is an exploded plan view of a bone screw, set screw and collar of the present

invention.

[0025] Fig. 2B is a partial, cross-sectional view of a bone screw according to the present

invention.
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[0026] Fig. 2C is a cross-sectional view of a set screw adapted to be used in the present
invention.
[0027] Fig. 2D is a cross-sectional view of a collar adapted to engage the bone screw of the

present invention.

[0028] Figure 3 is a cross-sectional view of a bone screw assembly inserted into a bone plate

in an unlocked condition; and

[0029] Figure 4 is a cross sectional view of a bone screw assembly inserted into and secured

in a bone plate in a locked condition.

PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION

[0030] The present invention is directed toward a screw system and an associated plate that
provides polyaxial orientation of the one or more screws secured to the plate. The following
examples should not be viewed as limiting the scope of the invention. The claims will serve to

define the inventions.

[0031] In one embodiment, shown in Figs. 1, 2A and 2B, the cervical plate with screw
system 10 comprises a screw 12 having a shaft portion 14 and a head portion 16. Shaft portion 14
contains threads 15 that are oriented in a first direction. That is, the threads located on shaft
portion may be either right-handed or left-handed. Screw 12 is configured to be inserted through
a first aperture 20 in plate 18. First aperture 20 is configured such that head portion 16 contacts
the side wall 60 of aperture 20, which forms an arcuate seat for screw 12 as described more fully

below.

[0032] Plate 18 may also contain one or more second apertures 22. In the case of plate 18
being used as a cervical plate, second apertures 22 permit the surgeon to view or monitor
structures lying beneath the plate 18. Alternatively, second apertures 22 may be also used as a
location of a more traditional bone screw or graft screw (for example, when a PEEK

(polyetheretherketone) implant is placed in the disc space for fusion purposes or any other bone
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graft material is used for fusion) know in the art. To this end, second apertures 22 may include
one or more chamfers 23 on the upper edge of second apertures 22 to at least partially
accommodate a bone screw head. The peripheral edge 13 of plate 18 may also be chamfered to

prevent the cervical plate 18 from damaging or irritating tissues surrounding the plate 18.

[0033] Plate 18 may be described as being generally flat. However, a predetermined amount
of curvature may be present to conform to anatomical requirements. Plate 18 is shown in Figure 1
as having 6 apertures in a pattern of 3 sets of connected pairs of apertures. However, any number

or pattern of apertures may be present, depending on the requirements of a particular application.

[0034] Head portion 16 of screw 12 is configured with an internal bore 24. Bore 24 has a first
upper portion 26 and a second, lower portion 28. Lower portion 28 has a width or diameter that is
less than the width or diameter of upper portion 26. Lower portion 28 of bore 24 may be
configured to accept a driver such as a hexagonal driver, a star-shaped driver or a similar tool.
The inner surface of upper portion 26 of bore 24 contains threads 30 having an opposite
orientation from threads 15 of shaft portion14. That is, if the threads 15 of shaft portion 14 have
a right-handed orientation, then the threads 30 of upper bore portion 26 have a left-handed
orientation. Conversely, if the threads 15 of shaft portion 14 are left-handed in orientation, then

the threads 30 of upper bore portion 26 are right-handed in orientation.

[0035] Head portion 16 extends away from shaft portion 14 in a generally arcuate manner
around the entire circumference of head portion 16 forming arcuate section 36. Head portion 16
also has a top flange 38 separated from arcuate section 36 by a first head section groove 40. As
with arcuate section 36, both top flange 38 and head portion groove 40 extend uninterrupted
around the circumference of head portion 16. Top flange 38 is defined by the upper surface 17 of
head portion 16 and by a lower flange surface 19. Head section groove 40 is defined by lower

flange surface 19 and arcuate section upper surface 37.

[0036] As illustrated in Figs. 2A-2C, a generally cylindrical set screw 32 is adapted to engage
upper portion 26 of bore 24. Set screw 32 contains threads 34 on its outer surface that are adapted
to engage upper bore portion threads 30. Threads 34 may also comprise a lip 31 or similar

structure to engage collar 42 upon partial withdrawal of set screw 32, as more fully described
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below. Threads 34 may be of any configuration or shape so as to secure set screw 32 firmly
within screw 12, for example, by configuring the thread to include a major and a minor thread,
each having a diameter designed to hold the set screw in place in screw 12. The height of set
screw 32 may generally correspond to the height of upper bore portion 26 such that when set
screw 32 is fully engaged within upper portion 26 of bore 24, an upper surface 35 of set screw 32
is flush with or only slightly protrudes or slightly recedes from an upper surface 17 of head
portion 16. Set screw 32 also contains a bore 33 through the axis of the set screw and having a
substantially similar configuration as that of lower portion 28 of bore 24 so as to allow bore 33

and lower portion 28 of bore 24 to be engaged by the same driver or similar tool.

[0037] A collar 42, shown in Figs. 1, 2A, 2D, and 3 is adapted to engage head portion 16. In
one example, collar 42 is generally cylindrical with a bore 43 through the center of the cylindrical
shape. In another example, collar 42 is C-shaped. Collar 42 may optionally also have slits 41 that
extend from collar bore 43 but do not penetrate through the entirety of collar 42. Slits 41 provide
increased flexibility of collar 42, as explained more fully below. Regardless of any of these
variations, collar 42 contains a first top flange 44 defined by a top collar surface 46 and a bottom
surface 48 of first collar flange 44. Collar 42 also contains a second bottom flange 50, which is
defined by a bottom collar surface 52 and a top surface of second collar flange 54. First top
flange 44 of collar 42 is separated from second bottom flange 50 of collar 42 by collar groove 56.
Additionally, collar groove 56 and top flange 38 of head portion 16 are adapted to engage each
other. Likewise, head portion groove 40 and second collar flange 50 are adapted to engage each
other. Outer surface 58 of collar 42 has a generally arcuate configuration that abuts arcuate
section 36 and continues the arcuate configuration of arcuate section 36 to create a partially

hemispherical combined outer surface of arcuate section 36 and outer surface 58.

[0038] The assembly of screw 12 with collar 42 and set screw 32 in plate 18 may be
described with reference to Figs. 1, 3 and 4. Aperture 20 may have an inside surface that is
adapted to engage screw 12. In this example, the adaptation may be described as forming an
arcuate seat 60. When inserted into first aperture 20, collar 42 and arcuate section 36 of head
portion 16 cooperate to engage arcuate seat 60 together to form a continuous arcuate surface. In
use, this continuous arcuate surface allows bone screw 12, together with collar 42, to rotate

within aperture 20 in either or both of two dimensions. In one example, screw 12 can rotate
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within a cone of up to about 5, 10, 15 or even 20 degrees around a perpendicular orientation
relative to plate 18. To facilitate rotation of screw 12 within first aperture 20, a lower edge 21of
aperture 20 may be chamfered. Arcuate section 36 of head portion 16 may also have one or more
projections 39 extending from the surface of arcuate section 36. These projections can act as
“stops” to prevent screw 12 from rotating beyond a desired point. For example, projections 39
may prevent screw 12 from rotating to a point at which screw 12 is no longer secured in aperture

20.

[0039] Collar 42 has a resilient bias outward and is configured such that, when fully seated in
arcuate seat 60 of aperture 20, top flange 38 of head portion 16 only partially fills collar groove
56 and bottom collar flange 50 only partially occupies head portion groove 40. Stated differently,
a gap exists between collar 42 and head portion 16 at both collar groove 56 and head portion
groove 40 when the collar 42 and screw 12 are inserted into aperture 20. However, because of the
resilient nature of collar 42, in response to radial pressure, at least a portion or even substantially
all of collar 42 may be caused to flex inwardly, lessening or even eliminating the gaps between
collar 42 and head portion16. The presence of optional slits 41 may facilitate such a flexing

inwardly of collar 42.

[0040] At least a portion of top collar flange 44 extends inwardly to an extent sufficient to
contact set screw 32 when set screw 32 is not fully engaged in upper portion 26 of bore 24. Stated
differently, collar bore 43 has a minimum diameter that is less than the outside diameter of set
screw 32.Top collar flange 44 may have an angled configuration such that its configuration
complements the threads of set screw 32. In examples where a lip 31 is present in threads 34 of

set screw 32, flange 42 may be configured to engage lip 31.

[0041] In one example, aperture 20 is 5.9 mm in diameter at the surface of plate 18.
However, the assembled screw 12, set screw 32 and collar 42 have a maximum diameter of 6
mm. Therefore, once fully secured, screw 12 can not loosen from plate 18 without outside

intervention.

10
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[0042] The screw system 10 may be used in a method of securing a plate to a substrate, such
as securing bone plate such as a cervical plate to one or more bones such as cervical vertebrae, as
follows. A screw 12, set screw 32, and collar 42 are assembled with the set screw fully inserted
into upper portion 26 of bore 24 of screw 12 and with collar 42 engaged to head portion 16 of
screw 12 such that second bottom collar flange engages head portion groove 40 and top flange 38
of head portion 16 engages collar groove 56. The assembled screw 12, set screw 32 and collar 42
are inserted as a single piece through aperture 20 of plate 18. A driver such as a star-driver or
hexagonal driver mentioned above is inserted through collar bore 43 to engage set screw bore 33
and lower portion 28 of bore 24. The driver is used to drive the screw 12 into the substrate (for
example, a bone) until the assembled screw 12, set screw 32 and collar 42 contact plate 18. As
the driving force continues, collar 42 flexes inwardly, allowing the assembled screw 12, set screw
32 and collar 42 to pass into aperture 20 of plate 18. Once seated in aperture 20, collar 42 is no
longer forced to flex inwardly and therefore returns to its original configuration, forming a
continuous arcuate surface with arcuate section 36 of head portion 16 of screw 12 (see Fig. 3).
This continuous arcuate surface is capable of permitting the assembled screw 12, set screw 32
and collar 42 to rotate in one or both of two dimensions. Once the assembled screw 12, set screw
32 and collar 42 are fully inserted into the substrate, the driver is partially removed, such that it
only contacts the set screw 32 at set screw bore 33 and no longer contacts lower portion 28 of
bore 24. The rotation of the driver is then continued. Because the set screw threads 34 have an
opposite orientation as threads 15 of screw 12, as mentioned above, continuing rotation of the
driver in the same direction as previously results in set screw 32 being partially retracted through
collar bore 43. However, as also mentioned above, collar bore 43 has a smaller minimum
diameter than set screw 32. Also, set screw 32 may include a lip 31 that engages a surface of top
collar flange 42. Therefore, when set screw 32 engages top collar flange 44, it immobilizes top
collar flange 44 in place, preventing collar 42 from flexing inwardly (Fig. 4). By preventing
collar 42 from flexing inwardly, the assembled screw 12, set screw 32 and collar 42 are locked
into place. Additionally, where set screw 32 includes a lip 31 that engages bottom surface 48 of
collar flange 44, the set screw may also be secured in place in bore 24, thereby preventing the set

screw from being removed from the assembled screw 12, set screw 32 and collar 42.

11
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[0043] This provides a surgeon with a method for attaching a cervical plate using only one
driver tool, simplifying and consequently shortening the time required to perform the procedure.
While the above descriptions have been provided with reference to a cervical plate, other medical

and even non-medical applications are also contemplated for the screw assembly provided herein.

[0044] Based upon the foregoing disclosure, it should now be apparent that the screw
assembly will carry out the aspects set forth hereinabove. It is, therefore, to be understood that
any variations evident fall within the scope of the claimed invention and thus, the selection of
specific component elements can be determined without departing from the spirit of the invention

herein disclosed and described.

12
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CLAIMS
We claim:
1. A bone screw assembly comprising:

a bone screw having a shaft portion and a head portion, the shaft portion bearing
threads oriented in a first direction, and the head portion having an internal bore, the
internal bore having a first portion and a second portion,

wherein the second portion is adapted to engage a driver and the second portion
has a diameter less than the diameter of the first portion, and

wherein the surface of the first portion bears threads oriented in a second
direction which is opposite that of the first direction;

a set screw adapted to engage the surface of the first portion and having a bore
adapted to engage the driver; and

a collar adapted to engage the head portion and having a bore with a minimum

diameter that is less than the maximum diameter of the set screw.

2. The bone screw assembly of claim 1, additionally comprising a bone plate, the bone plate

having one or more apertures adapted to receive a bone screw.

3. The bone screw assembly of claim 2, wherein the head portion extends away from the shaft
portion in a generally arcuate manner around the entire circumference of head portion
forming an arcuate section, and wherein an outer surface of the collar abuts the arcuate
section has a generally arcuate configuration that complements and continues the arcuate
configuration of the arcuate section, and further wherein the one or more apertures have an

inside surface that forms an arcuate seat.

4. The bone screw assembly of claim 3, wherein the bone screw is capable of rotating in a

cone of up to about 20 degrees around a perpendicular orientation relative to the plate.

5. The bone screw assembly of claim 3, wherein a lower edge of the one or more apertures is

chamfered.

13
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10.

11.

12.

13.

The bone screw assembly of claim 3, wherein the arcuate section additionally comprises
one or more projections on the surface of the arcuate section, wherein the
projections are configured to prevent the bone screw from rotating beyond a

predetermined point.

The bone screw assembly of claim 2, wherein the collar is adapted to flex inwardly in

response to radial pressure as the collar passes through an aperture.

The bone screw assembly of claim 7, wherein the collar is fixed in place when the set
screw is partially removed from the first portion of the internal bore of the head

portion of the bone screw, such that the set screw contacts the collar.

The bone screw assembly of claim 8, wherein the set screw comprises a lip which is
configured to engage a surface of the collar in such a way as to prevent passage of

the set screw though the bore of the collar.

The bone screw assembly of claim 7, wherein the collar also comprises slits that extend

from collar bore partially through the collar.

The bone screw assembly of claim 7, wherein the collar is C-shaped.

The bone screw assembly of claim 7, wherein the collar and the head portion of the bone
screw each comprise a flange and a groove adjacent the flange, and wherein flange
of the head portion of the bone screw engages the groove of the collar and the

flange of the collar engages the groove of the head portion of the bone screw.

A method for attaching a bone plate to one or more bones, the method comprising:
providing a bone screw assembly and a bone plate, wherein the bone screw assembly
comprises:

a bone screw having a shaft portion and a head portion, the shaft portion

bearing threads oriented in a first direction, and the head portion having an internal

14
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bore, the internal bore having a first portion and a second portion,
wherein the second portion is adapted to engage a driver and the second portion
has a diameter less than the diameter of the first portion, and
wherein the surface of the first portion bears threads oriented in a second
direction which is opposite that of the first direction;
a set screw adapted to engage the surface of the first portion and having a bore
adapted to engage the driver; and
a collar adapted to engage the head portion and having a bore with a diameter
that is less than the diameter of the set screw
and wherein the bone plate comprises one or more apertures having a minimum
diameter that is less than the maximum diameter of the collar;
wherein the bone screw, set screw and collar are assembled with the set screw fully inserted
into the first portion of the internal bore and with the collar engaged with the head portion of the
bone screw;
inserting an assembled bone screw, set screw and collar as a single piece through an
aperture of the bone plate;
inserting a driver through the collar bore to engage the set screw bore and the second
portion of the internal bore and rotating the driver in a first direction to drive the bone screw into
the bone, whereupon a driving force applied by the rotating of the driver causes the collar to flex
inwardly upon contact of the collar on the bone plate, allowing the assembled bone screw, set
screw and collar to pass into the aperture of the bone plate and to become seated in the aperture
of the bone plate;
partially removing the driver from the bone screw, such that the driver only contacts the set
screw at the set screw bore; continuing rotation of the driver in the first direction to retract the set
screw through the collar bore until the set screw contacts the collar, thereby preventing the collar

from flexing inwardly and locking the bone screw, the set screw and the collar to the bone plate.

14. The method of claim 13, wherein the bone plate is a cervical plate and the one or more

bones are cervical vertebrae.
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15. The method of claim 13, wherein the head portion extends away from the shaft portion in a
generally arcuate manner around the entire circumference of head portion, forming an arcuate
section, and wherein an outer surface of the collar abuts the arcuate section has a generally
arcuate configuration that complements and continues the arcuate configuration of the arcuate
section, and further wherein the one or more apertures have an inside surface that forms an

arcuate seat.

16. The method of claim 15, wherein the bone screw is capable of rotating in a cone of up to

about 20 degrees around a perpendicular orientation relative to the plate.

17. The method of claim 14, wherein the arcuate section additionally comprises one or more
projections on the surface of the arcuate section, wherein the projections are configured to

prevent the bone screw from rotating beyond a predetermined point.

18. The method of claim 13, wherein the collar additionally comprises slits that extend from the

collar bore partially through the collar.

19. The method of claim 13, wherein the collar and the head portion of the bone screw each
comprise a flange and a groove adjacent the flange, and wherein flange of the head portion of the
bone screw engages the groove of the collar and the flange of the collar engages the groove of the

head portion of the bone screw.
20. The method of claim 13, wherein the set screw comprises a lip which is configured to

engage a surface of the collar in such a way as to prevent passage of the set screw though the bore

of the collar.
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