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(57) Abstract: A semi-constrained screw and a 
cervical plate assembly that engages to a cervical 
area of the human vertebrae system are disclosed. 
The semi-constrained screw and cervical plate as­
sembly includes a cervical plate and one or more 
semi-constrained bone screws. Each semi-con­
strained bone screw includes an elongated shank, 
which is mechanically and releasably coupled to a 
head portion. The head portion includes one or 
more threaded segments which define one or 
more slits therebetween. As the semi-constrained 
bone screw is driven through the screw opening 
in the cervical plate and into the bone, the head 
portion allows poly-axial movement of the shank 
relative to the head portion.
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SEMI-CONSTRAINED SCREW AND SPINAL PLATE ASSEMBLY 

CROSS-REFERENCE TO RELATED APPLICATIONS

|0()01] This application claims priority to, and the benefit of, U.S. Provisional Patent 

Application No. 61/105,067, filed October 14, 2008, the entire contents of which are 

incorporated herein by reference.

BACKGROUND

Technical Field

10002] The present disclosure relates to a spinal plate assembly and, more particularly, to 

a semi-constrained screw and spinal plate assembly.

Background of Related Art

10003| The human spinal column is a highly complex structure. It includes more than 

twenty discrete bones, known as vertebrae, coupled sequentially to one another to house and 

protect critical elements of the nervous system. The cervical portion of the spine, which 

comprises the top of the spine up to the base of the skull, includes the first seven vertebrae.

10004] For many reasons, such as aging and trauma, the intervertebral discs may begin to

deteriorate and weaken, potentially resulting in chronic pain, degenerative disc disease, or 

even tearing of the disc. Ultimately, the disc may deteriorate or weaken to the point of 

tearing and herniation, in which the inner portions of the disc protrude through the tear. A 

herniated disc may press against, or pinch, the spinal nerves, thereby causing radiating pain, 

numbness, tingling, and/or diminished strength or range of motion.

|0005] Many treatments are available to remedy these conditions, including surgical 

procedures in which one or more damaged intervertebral discs are removed and replaced with 

a prosthetic. However, should the prosthetic protrude from the adjacent vertebrae and 

thereby contact the surrounding nerves or tissues, the patient may experience additional



WO 2010/045355 PCT/US2009/060673

discomfort. In procedures for remedying this problem, a spinal plate assembly having one or

more apertures and one or more bone screws is affixed to the vertebrae and oriented to inhibit

such protrusion.

|0006] A common problem associated with the use of such a spinal plate assembly is the 

tendency of the bone screws to "back out" or pull away or otherwise withdraw from the bone 

into which they are mounted. This problem occurs, primarily, due to the normal torsional and 

bending motions of the body and spine. As the screws become loose and pull away or 

withdraw from the bone, the heads of the screws can rise above the surface of the plate 

assembly, which results is pain and discomfort for the patient or possibly the separation of the 

spinal plate from one or more vertebrae.

SUMMARY

|0007] A bone plate assembly for attachment to the vertebrae of the spinal column 

including a bone plate and one or more semi-constrained screw assemblies are disclosed. 

The bone plate has at least one opening. The semi-constrained screw assembly includes a 

removable screw head and a screw shank. The removable screw head and the screw shank 

each define a longitudinal axis. The removable screw head has a plurality of thread 

segments, which include one or more slits along at least a portion of the length thereof. The 

screw shank has a proximal end and a distal end. The proximal end is configured to operably 

couple to the removable screw head. Further, the distal end is configured to operably couple 

to a bone structure. The semi-constrained screw assembly is configured to be operably 

coupled into the opening of the bone plate, such that the removable screw head locks to the 

bone plate, while the screw shank is movable about the longitudinal axis of the removable 

screw head.

2
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BRIEF DESCRIPTION OF THE DRAWINGS

|0008] Embodiments of the presently disclosed spinal plate and screw assembly are 

described herein with reference to the accompanying drawings, wherein:

(0009] FIG. 1A is a perspective view of a cervical plate system according to an 

embodiment of the present disclosure having a semi-constrained screw assembly mounted 

therethrough;

|0010] FIG. 1B is a side cross-sectional view, taken along section line A-A, of the 

cervical plate system of FIG. 1 A;

[0011] FIG. 1C is a top plan view of the cervical plate system of FIG. 1 A;

[0012] FIG. 1D is an exploded perspective view, with parts separated, of the cervical

plate system of FIG. 1A;

[0013( FIG. IE is a perspective view of another embodiment of a cervical plate in 

accordance with the present disclosure;

[0014] FIG. 2A is a perspective view of the semi-constrained screw assembly shown in 

FIG. 1A;

[0015] FIG. 2B is a side elevational view of the semi-constrained screw assembly of FIG. 

2A;

(0016] FIG. 2C is a top plan view of the semi-constrained screw assembly of FIG. 2A;

[0017] FIG. 2D is an exploded side view of the semi-constrained screw assembly of FIG. 

2A;

[0018] FIG. 2E is a side cross-sectional view of a removable screw head of the semi­

constrained screw assembly of FIG. 2A;

[00191 FIG. 3A is a perspective view of another embodiment of a semi-constrained screw 

assembly for use with the cervical plate system of FIG. 1A according to an embodiment of 

the present disclosure;

3
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|0020| FIG. 3B is a side elcvational view of the semi-constrained screw assembly of FIG.

3A; and

(0021] FIG. 3C is an exploded side view of the semi-constrained screw assembly of FIG. 

3A.

DETAILED DESCRIPTION

100221 Various embodiments of the presently disclosed semi-constrained screw and 

cervical plate assembly will now be described in detail with reference to the drawings, 

wherein like reference numerals identify similar or identical elements. In the drawings and in 

the description that follows, the term “proximal,” will refer to the end of a device or system 

that is closest to the operator, while the term “distal” will refer to the end of the device or 

system that is farthest from the operator. In addition, the term “cephalad” is used in this 

application to indicate a direction toward a patient’s head, whereas the term “caudad” 

indicates a direction toward the patient’s feet. Further still, for the purposes of this 

application, the term “medial” indicates a direction toward the middle of the body of the 

patient, whilst the term “lateral” indicates a direction toward a side of the body of the patient 

(i.e., away from the middle of the body of the patient). The term “posterior” indicates a 

direction toward the patient’s back, and the term “anterior” indicates a direction toward the 

patient’s front. In the following description, well-known functions or constructions are not 

described in detail to avoid obscuring the present disclosure in unnecessary detail.

|0023) Referring initially to FIGS. 1 A-l D, a semi-constrained screw and cervical plate 

assembly 10 for engagement to a cervical area of the human vertebrae system is shown 

according to the present disclosure. The semi-constrained screw and cervical plate assembly 

10 includes a cervical plate 100 and one or more semi-constrained bone screws 200. The 

cervical plate 100 and the semi-constrained bone screws 200 will be discussed in detail 

below.

4
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[0024J Referring now to FIG. 1D, cervical plate 100 is shown having a first end section 

102a, a middle section 102b, and a second section 102c. Cervical plate 100 is shown in an 

extended state, wherein gaps 104a, 104b are defined between the adjacent plate sections 

102a, 102b, and 102c. The cervical plate 100 may also be adjusted to be in a collapsed state 

(not shown), such that plate sections 102a, 102b, and 102c are substantially close together 

and gaps 104a and 104b are substantially closed.

[0025J Each of plate sections 102a, 102b, and 102c of the cervical plate 100 may be 

manufactured from commercially pure titanium. In addition, cervical plate 100 may be 

available in different configurations (e.g., size, type of metal used, etc.) and may be anodized 

into different colors (e.g., green, blue, purple, etc.) to indicate the specific configuration of 

the plate member to the user.

[0026] As shown in FIG. 1 A, each of plate sections 102a, 102b, and 102c have a radius of 

curvature along its longitudinal axis and a radius of curvature (e.g., 1.5 inches) along its 

lateral axis such that the cervical plate 100 as a whole conforms to adjacent vertebral bodies 

of a patient's spine.

[0027[ The cervical plate 100 has a top surface and a bottom surface defining the 

thickness of the cervical plate 100. In addition, cervical plate 100 includes a plurality of 

screw openings 110 and one or more guide openings 120, wherein the screw openings 110 

and one or more guide openings 120 extend through the thickness of the cervical plate 100. 

The one or more guide openings 120 are positioned along the central longitudinal axis of the 

cervical plate 100. Each of the screw openings 110 has an annular sidewall 112 extending 

downwards from the top surface of the cervical plate 100. A lip 114 is located in each screw 

opening 110 in proximity to the bottom surface of the cervical plate assembly 100. The lip 

114 is configured for engaging a scmi-constrained screw 200, 300 (FIGS. 2A and 3 A) such 

that rotating the screw 200, 300 causes the threads of an independent locking head 212, 312 

5
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of the respective screw 200, 300 to engage the lip 114. The independent locking head 212, 

312 includes threads thereon such that each screw 200, 300 is secured in the screw opening 

110 and resists backing out of the screw opening 110 as will be discussed in detail 

hereinafter. At the same time, a distal end of screw assembly 200, 300 remains pivotable, 

while a proximal end of screw assembly 200, 300 is constrained within the cervical plate 100. 

Semi-constrained screw assemblies 200 and 300 will be discussed in detail further below. 

(0028] Referring now to FIG. 1E, another embodiment of a cervical plate is shown, 

which is generally depicted as 100’. Essentially, cervical plate 100’ has the same features of 

cervical plate 100, however, cervical plate 100’ has a uniform body 102' that is configured in 

a one-piece configuration. Similarly to cervical plate 100, cervical plate 100’ has a top 

surface and a bottom surface defining the thickness of the cervical plate 100’. In addition, 

cervical plate 100’ includes a plurality of screw openings 110 and one or more guide 

openings 120, wherein the screw openings 110 and one or more guide openings 120 extend 

through the thickness of body 102’ of cervical plate 100’. The one or more guide openings 

120 are positioned along the central longitudinal axis of the cervical plate 100’. Each of the 

screw openings 110 has an annular sidewall 112 extending downwards from the top surface 

of body 102’. A lip 114 is located in each screw opening 110 in proximity to the bottom 

surface of the cervical plate assembly 100’. Similarly to cervical plate 100, lip 114 of 

cervical plate 100’ is configured for engaging a semi-constrained screw 200, 300 (FIGS. 2A 

and 3A) such that rotating the screw 200, 300 causes the threads of an independent locking 

head 212,312 of the respective screw 200, 300 to engage the lip 114.

[0029] Referring now to FIGS. 2A-2E, the semi-constrained screw assembly 200 

according to the present disclosure will now be discussed. Screw assembly 200 is configured 

for use with both cervical plates 100 and 100’, as discussed above. Screw assembly 200 

includes an elongated shank 202, which is mechanically coupled to a removable tapered 

6
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locking screw head 212. Shank 202 includes a neck portion 208 having an external flange 

206 disposed at a proximal end 204 of shank 202 and a pointed tip portion 222 at a distal end 

223 of the shank 202. The shank 202 has a uniform outer diameter and a first continuous 

helical thread 210 formed thereon for threaded insertion into bone. A second continuous 

helical thread 224 is formed on the independent head portion 212 for engaging lips 114 of 

screw plate 100. The pitch of the first thread 210 is greater than the pitch of the second 

thread 224. Each of the first and second threads 210, 224 has a substantially uniform pitch. 

[0030] Referring now to FIGS. 2B-2E, removable head portion 212 includes one or more 

threaded segments 218 which have one or more slits 220 therebetween. The slits 220 run 

longitudinally through second threads 224 of threaded segments 218 and extend proximally 

from a distal end of head portion 212. Each threaded segment 218 also includes an inner 

flange 240 on an inner cavity 215 of head portion 212 to enable securement of the proximal 

end 204 of shank 202 with the head portion 212.

[0031 ] In use, the distal end of removable head portion 212 is mechanically coupled onto 

the proximal end 204 of shank 202, whereby slits 220 operate to allow threaded segments 218 

to expand outwardly at the distal end of head portion 212. Subsequently, the threaded 

segments 218 contract inwardly, to mechanically couple head portion 212 to the proximal end 

204 of shank 202. More specifically, inner flanges 240 of tapered head portion 212 cam on 

the rounded proximal end of shank 202 until inner flanges 240 reach external flange portion 

206 of shank 202 such that inner flanges 240 mechanically lock and seat onto neck portion 

208. The independent head portion 212 configuration allows poly-axial movement of the 

shank 202 relative to the independent head portion 212 when the shank 202 and head portion 

212 are mechanically coupled, as shown in FIG. 2B. As shown in FIGS. 2D and 2E, head 

portion 212 has a central longitudinal axis A. When semi-constraincd screw assembly 200 is 

assembled, the shank 202 is pivotable and rotatable relative to the longitudinal axis A. In

7
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particular, the longitudinal axis X' of the shank 202 is pivotable with respect to the

longitudinal axis A of the head portion 212 such that an acute angle may be defined

therebetween. As shown in FIG. 2D, the longitudinal axis X‘ of the shank 202 is coaxially

aligned with the longitudinal axis A of the head portion 212.

10032] Bone screw 200 further includes a distal portion 230 that extends proximally from 

the pointed tip portion 222. In one embodiment, distal portion 230 may be configured such 

that bone screw 200 is a “self-starting” or “self drilling” bone screw. In other embodiments, 

distal portion 230 may be configured such that bone screw 200 is a “self-tapping” bone 

screw. In either embodiment, distal portion 230 includes first and second sidewalls 232, 234 

that define a flute section 236. As shown in FIG. 2A by way of example, the first and second 

sidewalls 232, 234 of the flute section 236 extend from the pointed tip portion 222 to a crest 

235 of thread 210 near the distal end of shank 202. The first sidewall 232 is planar and is 

aligned along a central longitudinal axis X’ of the bone screw 200 such that first sidewall 232 

is coplanar with the central longitudinal axis X’. As shown in FIG. 2A by way of example, 

the second sidewall 234 further includes a planar portion 234a that is parallel to the central 

longitudinal axis X’ and an arcuate portion 234b that extends proximally from the planar 

portion 234a. The arcuate portion 234b is cut along a radius of curvature, as shown in FIG. 

2A. Preferably, semi-constrained bone screws 200 are constructed of a material which is 

harder than the material of the lips 114 of cervical plates 100 and 100’. For example, the 

bone screw 200 may be made of titanium alloy (e.g., Ti-6A 1-4V) with the lips 114 of cervical 

plates 100 and 100’ made of a softer compatible material, such as a softer titanium material. 

[0033] In use, screw 200 is driven through the screw opening in cervical plates 100 and 

100’ and into the bone. A screwdriver (not shown) having a square tip section and a hex 

shaped section slightly behind the square tip may be used to drive the semi-constrained screw 

200 into cervical plates 100 and 100’ and into the bone. The square tip of the screwdriver

8
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seats in square recess 270a of the proximal end 204 of the screw shank 202 (as shown in FIG. 

2C). The hex shaped section of the screwdriver square tip seats in the hex-shaped opening 

270b of the removable screw head 212 (as shown in FIG. 2C). In this manner, the 

screwdriver simultaneously drives both the screw shank 202 and the removable screw head 

212. The screw shank 202 is driven into bone underlying cervical plates 100 and 100’ until 

the second threads 224 on the screw head 212 engage the lip 114 of cervical plates 100 and 

100’ within the screw opening 110 of cervical plates 100 and 100’. It is envisioned that, the 

proximal end 214 of the screw head 212 is flush with the top side of cervical plates 100 and 

100’. In this arrangement, bone screw 200 is advanced (i.e., rotated in a clock-wise direction) 

through any one of screw openings 110 of cervical plates 100 and 100’ such that distal 

portion 230 of shank 202 engages vertebral bone for threadingly advancing thread 210 of 

shank 202 therein. Since the titanium of lips 114 is softer than the titanium alloy of the bone 

screw 200, as bone screw 200 is advanced through screw opening 110, threads 224 of 

threaded segments 218 engage the corresponding lip 110 to deform the lip 114 and secure 

bone screw assembly 200 in the corresponding screw opening 110 such that bone screw 

assembly 200 resists backing out of the screw opening 110. Further, head portion 212 of 

bone screw 200 is dimensioned to engage lips 110 to prevent further advancement of bone 

screw 200 toward vertebral bone. This type of screw locking arrangement is disclosed and 

shown in U.S. Patent No. 6,322,562 to Wolter, the entire contents of which arc hereby 

incorporated by reference herein.

(0034] As threads 220 of the screw head 212 engage the lip 114, screw shank 202 varies 

in angular orientations with respect to the axis of the screw opening 110. As screw shank 202 

is driven into bone and the screw head 212 locked to cervical plates 100 and 100’, the screw 

shank 202 remains free to articulate relative to the screw head 212 and, hence, the cervical 

plates 100 and 100’.

9
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|0035] Referring now to FIGS. 3A-3C, the semi-constrained screw assembly 300 

according to the present disclosure will now be discussed. As described above with reference 

to bone screw 200, bone screw 300 is configured for use both with cervical plates 100 and 

100* in the same manner as described hereinabove. Bone screw 300 includes a shank 302, a 

neck portion 308 extending between the shank 302 and a flange portion 306 disposed at a 

proximal end 304 of neck portion 308, an independent tapered head portion 312, and a 

pointed tip portion 322 at a distal end 323 of the shank 302. The shank 302 has a uniform 

outer diameter and a first continuous helical thread 310 formed thereon for threaded insertion 

into bone. A second continuous helical thread 323 is formed on the independent head portion 

for engaging lips 114 of cervical plates 100 and 100*. The pitch of the first thread 310 is 

greater than the pitch of the second thread 324. Each of the first and second threads 310, 

324a has a substantially uniform pitch.

10036] Removable head portion 312 includes one or more threaded segments 318, which 

have one or more slots 320 therebetween. The slots 320 run longitudinally through second 

threads 324 of threaded segments 318 and extend proximally from a distal end of head 

portion 312. Each threaded segment 318 also includes an inner flange 340 on an inner cavity 

315 of head portion 312 to enable securement of the proximal end 304 of shank 302.

[0037] In use, the distal end of removable head portion 312 is mechanically coupled onto

the proximal end 304 of shank 302, whereby slots 320 operate to allow threaded segments 

318 to expand outwardly at the distal end of head portion 312. Subsequently, the threaded 

segments contract inwardly, to mechanically couple head portion 312 to the proximal end 304 

of shank 302. More specifically, inner flanges 340 of tapered head portion 312 cam on the 

rounded proximal end of shank 302 until inner flanges 340 reach external flange portion 306 

of shank 302 such that inner flanges 340 mechanically lock into neck portion 308.

10
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|0038j A plurality of splines 305 are disposed along neck portion 308 and generally 

extend between a proximal end of first thread 310 and the longitudinal thickness of flange 

portion 306 and proximal end 304. Each slot 320 is configured to align with and receive a 

corresponding spline 305 to facilitate the mechanical coupling of head portion 312 to the 

proximal end 304 of shank 302. The independent head portion 312 configuration allows bi­

axial movement (e.g., Y-Z axis shown in FIG. 3 A) of the shank 302 relative to the 

independent head portion 312 when the shank 302 and head portion 312 are mechanically 

coupled, as shown in FIG. 3B. In this manner, shank 302 is configured to move in an axial 

motion only where splines 305 engage with the corresponding slots 320, thus limiting 

movement only in a Y direction and a Z direction. Thus, the shank 302 has a predetermined 

amount of pivotable movement relative to a longitudinal axis B of head portion 312 and is 

inhibited from rotating about longitudinal axis B in contrast to semi-constrained screw 

assembly 200. To facilitate expanding of the distal end 316 of head portion 312, one or more 

slits (not shown) may be defined longitudinally through second thread 324 (i.e., parallel to 

slots 320). As head portion 312 is engaged by a screw driver (not shown) to cause rotation of 

bone screw 300 in a clock-wise and/or counter clock-wisc direction, the slots 320 defined 

through second thread 324 lockably engage corresponding splines 305 disposed along neck 

portion 308 to cause shank 302 to correspondingly rotate with head portion 312.

(0039] Bone screw 300 further includes a distal portion 330 that extends proximally from 

the pointed tip portion 322. In one embodiment, distal portion 330 may be configured such 

that bone screw 300 is a “self-starting” or “self drilling” bone screw. In other embodiments, 

distal portion 330 may be configured such that bone screw 300 is a “self-tapping” bone 

screw. In either embodiment, distal portion 330 includes first and second sidewalls 332, 334 

that define a flute section 336. As shown in FIG. 3B by way of example, the first and second 

sidewalls 332, 334 of the flute section 336 extend from the pointed tip portion 322 to a crest

it
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11 335 of thread 310 near the distal end of shank 302. The first sidewall 332 is planar and is 

aligned along a central longitudinal axis X" of the bone screw 300 such that first sidewall 332 

is coplanar with the central longitudinal axis X". As shown in FIG. 3A by way of example, 

the second sidewall 334 further includes a planar portion 334a that is parallel to the central 

longitudinal axis X" and an arcuate portion 334b that extends proximally from the planar 

portion 334a. The arcuate portion 334b is cut along a radius of curvature, as shown in FIG.

3 A. Bone screws 300 are constructed ofa material which is harder than the material of the lips 

114 of cervical plates 100 and 100'. For example, the bone screw assembly 300 may be made 

of titanium alloy (e.g., T1-6A1-4V) with the lips 114 of cervical plates 100 and 100' made of a 

softer compatible material, such as a softer titanium material. Similarly to bone screw 

assembly 200, as described above, bone screw assembly 300 is configured to lock into the lip 

114 of cervical plates 100 and 100'. Thus, semi-constrained screw assembly 300 is prevented 

from backing out during normal use.

[0040] In the specification the term “comprising” shall be understood to have a broad

meaning similar to the term “including” and will be understood to imply the inclusion of a 

stated integer or step or group of integers or steps but not the exclusion of any other integer or 

step or group of integers or steps. This definition also applies to variations on the term 

“comprising” such as “comprise” and “comprises.”

[0041] The reference to any prior art in this specification is not, and should not be

taken as an acknowledgement or any form of suggestion that the referenced prior art forms 

part of the common general knowledge in Australia.
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1. A bone plate assembly comprising:

a bone platedefining at least one opening extending therethrough, the at least one opening 

including an annular non-threaded sidewall and a non-threaded lip adjacent a lower surface of the 

bone plate, the lip extending inwardly from the sidewall and defining a planar surface extending 

from the sidewall towards a center of the opening; and

at least one bone screw including a shank and a head, the shank being repositionable with 

respect to the head when the head is secured in the at least one opening in the bone plate, the shank 

having a first continuous helical thread formed thereon for threaded insertion into bone, the head 

includes a second continuous helical thread formed thereon for engaging the lip to secure the head 

in the at least one opening, the head constructed of a material harder than a material of the lip of 

the at least one opening in the bone plate.

2. The bone plate assembly according to claim 1, wherein the head of the at least one bone screw 

is releasably coupled to the shank.

3. The bone plate assembly according to any one of claims 1 or 2, wherein the shank includes a 

uniform outer diameter.

4. The bone plate assembly according to any one of claims 1, 2, or 3, wherein the head includes a 

tapered configuration and the second continuous helical threadfor threaded coupling with the at 

least one opening of the bone plate.
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5. The bone plate assembly according to any one claims 1, 2, 3 or 4, wherein the head includes a 

plurality of threaded segments that define at least one slot therebetween and the at least one slot 

runs longitudinally along the head and extends proximally from a distal portion of the head.

6. The bone plate assembly according to claim 5, wherein the distal portion of the head is 

mechanically coupled onto the proximal portion of the shank, whereby the at least one slot 

operably allows the plurality of threaded segments to expand outwardly at the distal portion of the 

head.

7. The bone plate assembly according to claim 5 or claim 6, wherein the shank further includes at 

least one spline disposed on a neck of the shank.

8. The bone plate assembly according to claim 7, wherein the at least one slot is configured to align 

with and receive the corresponding at least one spline to facilitate mechanical coupling of the 

removable head to the proximal portion of the shank.

9. The bone plate assembly according to claim 7 or claim 8, wherein the at least one spline and the 

corresponding at least one slot allow bi-axial movement of the shank relative to the removable 

head when the shank and the removable head are mechanically coupled, thereby allowing the 

shank to move in an axial motion only where the at least one slot engages the corresponding at 

least one spline, thus limiting movement to a first direction and a second direction.

10. A method of securing a bone plate to bone comprising:
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providing at least one bone screw including a shank and a head, the shank being

repositionable with respect to the head when the head is secured in the at least one opening in the

bone plate;

positioning a bone plate over bone, the bone plate defining at least one opening extending 

therethrough, the at least one opening including an annular non-threaded sidewall and a non­

threaded lip adjacent a lower surface of the bone plate, the lip extending inwardly from the sidewall 

and defining a planar surface extending from the sidewall towards a center of the opening; and

driving the at least one bone screw through the at least one opening and into the bone until 

the head engages the lip of the at least one opening, the shank being secured in the bone by a first 

continuous helical thread formed thereon and the head being secured in the opening by a second 

continuous helical thread formed thereon, the head construed of a material harder than a material 

of the lip such that the head deforms the lip of the at least one opening, the shank being movable 

relative to the head and the bone plate.

11. The method according to claim 10, wherein the head of the at least one bone screw is releasably 

coupled to the shank.

12. The method according to any one of claims 10 to 11, wherein the shank includes at least one 

spline disposed on a neck of the shank and the head includes a plurality of threaded segments that 

define at least one slot therebetween, the at least one slot being configured to align with and receive 

the corresponding at least one spline to facilitate mechanical coupling of the head to the proximal 

portion of the shank, the at least one spline and the corresponding at least one slot allowing bi­

axial movement of the shank relative to the head when the shank and the head are mechanically 

coupled, thereby allowing the shank to move in an axial motion only where the at least one slot
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