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TITLE OF THE INVENTION

MULTI-PLANAR, TAPER LOCK SCREW

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to orthopedic surgery, and in particular to

devices and prosthesis for stabilizing and fixing the bones and joints of the body.

Particularly, the present invention relates to a multi-planar, taper lock screw for

securing a spinal rod to a vertebra, wherein the screw can be easily inserted into a

vertebra and connect to a spinal rod that can be connected to other vertebrae not on

the same plane and can provide a structural configuration that facilitates ease of

insertion or removal of the screw as desired. More particularly, the present

invention relates to a novel multi-planar, taper lock screw having a proximal flange

that is easily accessible to facilitate the connection of a complementarity

configured gripping tool for improved ease of locking and unlocking of the screw

when desired.

Background of the Technology

It is a common surgical requirement to stabilize and fix bones and bone

fragments in a particular spatial relationship to correct the location of skeletal

components due to injury or disease. This can be accomplished by using a number

of bone pins, anchors, or screws placed in bones across a discontinuity in the bone

or b.one fragments, such as a fracture, or adjacent vertebrae, or a joint, connected

by a rod to maintain a predetermined spatial location of the bones or bone



fragments. In some cases the use of these devices may be permanently implanted

in the subject. In other cases, the devices may be implanted only as a temporary

means of stabilizing or fixing the bones or bone fragments, with subsequent

removal when no longer needed. It is also common that device implants that were

intended to be permanent may require subsequent procedures or revisions as the

dynamics of the subject's condition warrant. For these reasons, it is desirable that

an implanted device be provided, which can be easily locked and unlocked as

desired by the surgeon.

Spinal fixation apparatuses are widely employed in surgical processes for

correcting spinal injuries and diseases. These apparatuses commonly employ

longitudinal link rods secured to the bone such as vertebrae by spinal bone fixation

fasteners such as pedicle screws, hooks and others.

Many conventional devices for locking a spinal rod to a fixation hook or

screw do not offer the needed variability to allow the spinal rod to be easily

connected to adjacent vertebrae, which are not aligned on the same plane. Some

effort has been made to provide a multi-planar screw; however, even for devices

that have attempted to address the issue of securing rods to differently aligned

vertebrae, there remains the problem of providing such a multi-planar screw that

can also be easily locked and unlocked.

To meet the problem of securely connecting adjacent vertebrae, not on a

common plane a requirement exists to provide a multi-planar, taper lock screw that

can be easily inserted and easily removed from the vertebral bone as desired. It is

also desirable that such a screw be configured so that it can be locked into position

in relation to the bone and the spinal rod without the need to exert any additional



torque to the device or force on the patient. Additionally, such a multi-planar

screw that can be used without the need for an additional locking piece, such as a

set screw or the need to thread a locking device into place would be desirable.

Conventional efforts to meet this need have fallen short in that no spinal

screw has been provided that adapts the spinal rod to the multi-planar environment

of the spine while providing a screw head configuration that presents ease of

locking and unlocking the rod to the screw.

Thus a need exists for a multi-planar, taper lock screw that also provides a

screw head configuration that is easily grasped by a complementary tool used by an

operator for locking and unlocking the rod and screw.

SUMMARY OF THE INVENTION

The multi-planar taper lock screw having a proximal flange provides a

novel multi-planar screw for connection of a spinal rod to a first vertebra wherein

the head of the screw is easily connected to a rod that can also be connected to an

adjacent vertebra not in the same plane as the first vertebra and, due to a novel

configuration of the head, can also be easily grasped by an operator using a

complementary grasping tool to remove the screw when desired.

Also provided is a novel multi-planar taper lock screw configured to be

easily connected to the vertebra and then connected to a spinal rod without the

additional application of torque.

Also provided is a novel multi-planar taper lock screw configured to have a

slidable outer housing over an inner housing containing a spherically configured,

pivotable screw head and a removable spinal rod wherein the outer housing can be



selectivelypositioned to fully lock the screw head and the spinal rod in position

within the inner housing.

Also provided is a novel multi-planar taper lock screw configured to have a

slidable outer housing over an inner housing containing a spherically configured,

pivotable screw head and a removable spinal rod wherein the outer housing can be

selectively positioned to fully lock the screw head and the spinal rod in position

within the inner housing or can be selectively positioned to lock only the screw

head in position while permitting a sliding and rotating motion of the spinal rod

about its long axis within the inner housing.

Also provided is a kit that can include at least two of the novel multi-planar

taper lock screws, at least one rod device, and surgical instruments having a

configuration complementary to the configuration of the head of the novel screw

and configured to facilitate grasping of the screw head for locking and unlocking of

the rod.

Also provided is a method of using the novel multi-planar taper screw

wherein the surgical procedure employed, in comparison to conventional methods,

is quickly accomplished for locking or unlocking of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present invention will become

apparent to one skilled in the art to which the present invention relates upon

consideration of the following description of the invention with reference to the

accompanying drawings, wherein:



FIG. 1 shows a side view of a surgical rod using the present invention to

connect in sequence to three adjacent bone structures of the spine, each bone

structure being aligned with a different plane;

FIG. 2 shows a perspective view of a surgical rod connected to three screws

according to the present invention.;

FIG. 3A shows a side view of the screw according to the present invention,

the screw being configured in a closed position; that is with a surgical rod secured

and locked in the screw body;

FIG. 3B shows a side view of the screw according to the present invention,

the screw being configured in an open position, that is with a surgical rod in place

within the screw but not secured thereto;

FIG. 4A shows a cross-sectional view of the body portion of the screw of

the present invention in a closed position, that is with a surgical rod secured and

locked in the screw body,

FIG. 4B shows a cross-sectional view of the body portion of the screw of

the present invention in an open position, that is with a surgical rod in place within

the screw body but not secured thereto.

DETAILED DESCRIPTION OF THE INVENTION

Detailed embodiments of the present invention are disclosed herein;

however, it is understood that the following description is provided as being

exemplary of the invention, which may be embodied in various forms without

departing from the scope of the claimed invention. Thus, the specific structural



and functional details provided in the description are non-limiting, but serve

merely as a basis for the invention defined by the claims provided herewith.

As shown in FIGS. 1-4B, a novel multi-planar tapered lock screw 10 is so

configured so as to facilitate ease of insertion of the screw 10 into bone and

connection to surgical devices such as spinal rods as well as facilitating easy

locking and unlocking as desired. FIG. 1 illustrates a portion of the lumbar spine

with an example of a unilateral orthopedic fixation assembly that includes a

connecting rod 12 and three screws 10 according to the present invention. In the

example shown, the connecting rod 12 is a spinal rod having a generally circular

cross section; however, it is within the concept of the invention to secure

connecting rods of any suitable cross-sectional configuration required for the need

at hand.

As best shown in FIGS. 2, 3A-B, and 4A-B, the multi-planar tapered

locking screw 10 of the present invention includes a screw shaft 14, which defines

an external helical thread 16 for penetrating cancellous bone through the

application of torque. The upper portion of the screw shaft 14 terminates in a

screw head 18, that is generally spherical in part and at its uppermost surface 20

defines a screw head recess 22, which has a recess surface configuration that is

complementary to the shape of a tightening and/or loosening tool. Without

departing from the concept of the present invention, the screw head recess 22 can

also be configured as a protrusion rather than a recess provided that the protrusion

has a surface that is complementary for gripping attachment to a tool for tightening

and/or loosening and provided that the height of the protrusion above the



uppermost surface 20 of the screw head 18 is not such that it obstructs or interferes

with any of the functions of the screw 10.

As best shown in FIG. 1, the screw 10 of the present invention is capable of

connecting a connecting rod. 12 to multiple vertebrae, which are aligned in the

spinal column on different planes due to the natural curvature of the spine, by the

use of a dual layered screw housing 24 that includes an outer housing 26 and an

inner housing 28. The outer housing 26 is configured such that at least a portion of

the inner surface 30 of the outer housing 26 is capable of selectively sliding over a

portion of the outer surface 32 of the inner housing 28 in an upward and downward

direction along the longitudinal axis of the screw 10. The configuration of both the

outer housing 26 and the inner housing 28 are complementary in that when the

outer housing is slid downward in relation to the inner housing at least one outer

housing internal compression contact surface 34 is brought to bear against at least a

portion of the outer wall 36 of the inner housing 28 and by that compressive force

causes the inner housing 28 to in turn to mechanically transmit that compressive

force inward toward the central longitudinal axis of the screw 10.

A screw head articulation recess 38 is defined in the interior of the lower

portion 40 of the inner housing 28. The interior surface 42 of the articulation

recess 38 has a complementary surface configuration to the generally spherical

shape of the screw head 18 so as to facilitate multi-planar rotational articulation of

the screw head 18 within the recess 38. The lower most portion of the inner

housing 28 defines a screw shaft exit portal 44, that is sized small enough retain the

spherical screw head 18 within the recess 38 but is large enough to allow multi¬

directional movement of the screw shaft that extends exterior to the inner housing



28. The recess 38 can include a recess upper edge 46 that is configured to

selectively exert a locking compressive force against the screw head 18. A recess

lower edge 48 can also be provided for the same purpose. It is also within the

scope of the present invention that all or portions of the interior wall of the recess

38 can selectively provide the compressive force against the screw head 18 that is

sufficient to hold the screw head in a locked position.

The upper portion of the inner housing 28 defines an inner housing

connecting rod slot 50 that is sized and configured to permit a connecting rod 12 to

be placed transversely within the upper portion of the inner housing 28. An outer

housing connecting rod slot 52 can be provided that is in common alignment with

the inner housing connecting rod slot but is not necessarily of exactly the same

measurement as the inner housing slot 50. The inner housing connecting rod slot

50 can define at least one compression contact surface 54 that when forced into

compressive contact with a connecting rod 12 present in the slot 50, the contact

surface can serve to securely hold the rod 12 in its relative position to the inner

housing 28. Preferably the inner housing connecting rod slot 50 is provided with

an opposing upper compression contact surface 56 and an opposing lower

compression contact surface 58, which together can selectively be forced against

the connecting rod 12 so as to secure and releasably lock it in place within the inner

housing 28.

Preliminary to operation of the screw 10, the outer housing 26 should be

positioned in the open position; that is it should be slid downward relative to the

inner housing 28. The screw shaft 14 can then be driven into the cancellous bone

by providing torsional force via a tool configured to mate with and grip the screw



head recess 22. After the screw shaft 14 is positioned within the bone and the

driving tool removed from the screw 10, a connecting rod 12 can be positioned

transversely along the common course of and within the inner housing connecting

rod slot 50 and the outer housing connecting rod slot 52. Upon completion of all

manipulation of the connecting rod 12 that may be required to articulate the screw

head 18 within the inner housing recess 38 and the connecting rod 12 within the

inner housing connecting rod slot 50, the outer housing 26 can be grasped by the

operator using a complementarity configured grasping tool that when activated

slides the outer housing 26 upward circumferentially over the outer surface of the

inner housing 28 from the open or unlocked position to the closed or locked

position, as best shown in FIGS. 3A and 4A. Similarly, the operator can use a

complementarity configured unlocking tool to grasp the inner housing 28 and

slidably move the outer housing downward along the outer surface of the inner

housing 28 from a closed or locked position to an open or unlocked position, as

best shown in FIGS. 3B and 4B. The screw 10 can be provided with an inner

housing access slot 60 defined through the wall of the outer housing 26, which

provides access for the unlocking tool that is designed to make grasping contact

with an inner housing tool receptor 61 to facilitate quickly unlocking the screw 10

and permit movement of the screw head 18 within the articulation recess 38 and

removal of the connecting rod 12 from the inner housing connecting rod slot 50.

The outer housing is provided with a receiving element 62 for the

operator's tool, the receiving element 62 being formed by a outward extension of

the upper portion of the outer surface of the outer housing 26. Preferably, the

receiving element is a proximally located annular flange 62, which is formed as a



generally radial extension from the upper third portion of the outside surface of the

outer housing 26. More preferably, the annular flange 62 radially extends from a

more elevated and therefore more operator accessible position from the upper

quarter of the outer housing 26. Even more preferably, the annular flange 62 can

extend from the upper fifth or less of the outer housing so long as the structural

integrity of the flange connection to the outer housing during use is maintained. By

way of example, if the outer housing has a height of approximately .400 inches, the

lower lip of the flange would be approximately 0.76 inches from the top surface of

the outer housing. This elevated position of the annular flange 62 provides a

distinct advantage to the operator by positioning the annular flange 62 so as to not

interfering with or obscure the surgeon's view of the anatomical structures at the

surgical site or the surgeons access and ease of operation of the device during the

insertion, locking and unlocking of the screw 10. As best shown in FIGS. 2, 3A-B,

and 4A-B, the annular flange can be configured as a descending tapered lip around

at least a part of the circumference of the upper portion of the outer housing. It is

within the concept of the present invention that the annular flange 62 can have any

functionally effective configuration provided it is proximally connected or

integrally formed at the upper portion of the outer housing 26 and preferably

formed within the upper third of the vertical length of the outer housing. The

receiving element 26 can include an annular gripping groove 63, which is

preferably located directly beneath the annular flange 62, which is best shown in

FIGS. 2, 3A-B, and 4A-B. Similar to the annular flange 62 , the annular gripping

groove is present along at least a portion of the outer surface of the outer housing

26.



It is within the concept of the invention to selectively position the outer

housing 26 along the surface of the inner housing 28 such that the compressive

force exerted by the outer housing 26 on the inner housing 28 is such that a partial

lock position can be attained; that is, by a limited sliding movement of the outer

housing 26, compressive pressure will be exerted only on the articulation recess

and the screw head 18 contained therein while the connecting rod 12 will remain

free to slide transversely within the inner housing connecting rod slot 50. Using

this partial lock of the screw 10, the operator can first position the screw 10 relative

to the bone into which the screw shaft 14 has been attached and then manipulate

the connecting rod 12 within the screw 10 to optimize its position before sliding

the outer housing 26 into a full locked position on the inner housing 28. As best

shown in FIGS. 3A and 4A, when the outer housing 26 is slid upward along the

outer surface 32 of the inner housing 28 such that the screw 10 is in a fully locked

or closed position, the uppermost extent of the outer housing 26 and the annular

flange 62 are in a general alignment with the uppermost extent of the inner

housing 28. hi addition, with screw 10 in the fully locked position the top of

connecting rod 12 also si generally aligned with the uppermost extent of outer

housing 26, the uppermost extend of inner housing 28 and the proximal flange are

all generally aligned. As can be seen in FIGS. 3A and 4A, this provides a screw in

a locked position in which there is substantially not profile above the connecting

rod. This feature advantageously reduces the structure of the screw above the rod

which might otherwise contact adjacent anatomical structures and cause pain or

discomfort. The degree of this general alignment of the uppermost parts of the

outer housing 26 and the inner housing 28 when the screw 10 is fully locked is



demonstrated by comparison to the position of the uppermost parts of the outer

housing 26 and inner housing 28 in the unlocked position, which is best shown in

FIGS. 3B and 4B.

The materials used to construct the present invention are those which have

sufficient strength, resiliency, and biocompatability as is well known in the art for

such devices. Methods of manufacture of such surgical implant devices is also

well known in the art.

It is within the concept of the present invention to provide the multi-planar

taper lock screw 10 as part of a kit for use in a surgical process, the kit comprising

at least two of the screws 10 and at least some of the associated tools for using the

screws to connect a surgical rod to adjacent bones or bone fragments. In addition,

the kit can contain surgical rods, such as, for example, spinal rods. Additional

devices such as cross-connectors or links can also be included in the kit.

Each of the embodiments described above are provided for illustrative

purposes only and it is within the concept of the present invention to include

modifications and varying configurations without departing from the scope of the

invention that is limited only by the claims included herewith.



WHAT IS CLAIMED IS:

1. A novel multi-planar taper lock screw as a connecting device for

securing a connecting rod to bone, comprising:

a screw inner housing and a screw outer housing, said screw outer housing

being circumferentially disposed around at least a portion of said inner housing and

being sized and configured to be capable of slidable movement along the common

longitudinal axis of said inner housing and outer housing;

a screw comprising a threaded screw shaft and a superiorly positioned

screw head, said screw shaft being configured to facilitate penetration and

attachment to bone, said screw head being generally spherical and having a screw

head gripping surface that is configured to receive a torsional tightening or

loosening tool;

an articulation recess that is defined in the lower portion of said inner

housing, said articulation recess being of complementary size and configuration to

retain said screw head within said inner housing while allowing said screw head to

be capable of rotation within said articulation recess,

a screw shaft exit portal, which is defined by said inner housing at the

lowest portion of said articulation recess, is sized to retain said screw head within

said articulation recess while being of sufficient size to allow multi-planar

rotational articulation of the screw head and the screw shaft exiting from said

articulation recess;

an inner housing connecting rod slot defined in the upper portion of said

inner housing, said inner housing connecting rod slot being sized and configured to



allow free movement of a connecting rod into and out of said inner housing slot

and being configured such that a selected compressive force on said inner housing

can effect a releasable locking contact of said inner housing connecting rod slot

against a connecting rod contained therein;

an outer housing connecting rod slot defined in the upper portion of said

outer housing, said outer housing connecting rod slot being in alignment with said

inner housing connecting rod slot and being of a size that permits a connecting rod

to move freely within said outer housing connecting rod slot;

said inner housing and said outer housing having a generally

complementary tapered shape for the respective opposing surfaces such that as said

outer housing is slidably moved in an upward direction relative to said inner

housing, said outer housing contacts said inner housing so as to be capable of

producing a compressive force on the portion of the inner housing so contacted by

said outer housing;

wherein said compressive force is sufficient to be capable of compressing

said inner housing against said spherical screw head contained within said screw

head recess and said connecting rod contained within said inner housing

connecting rod slot so as to releasable hold said screw head and said connecting

rod in a fixed position relative to said inner housing.

2. The screw according to Claim 1, wherein said screw head gripping

surface is a recess.



3. The screw according to Claim 1, wherein said inner housing comprises

at least one screw head contact surface positioned in opposition to and adjacent to

at least a portion of said spherical screw head.

4. The screw according to Claim 3, wherein said at least one screw head

contact surface is at least one screw head upper contact surface positioned adjacent

the upper portion of said spherical screw head and at least one screw head lower

contact surface positioned adjacent to the lower portion of said spherical screw

head.

5. The screw according to Claim 1, wherein said upper portion of said

inner housing further comprises at least one connecting rod contact surface.

6. The screw according to Claim 5, wherein said at least one connecting

rod contact surface is at least one connecting rod upper contact surface positioned

adjacent the position occupied by a connecting rod transversely positioned within

said inner housing connecting rod slot and at least one connecting rod lower

contact surface positioned adjacent to the position occupied by a connecting rod

transversely positioned within said inner housing connecting rod slot.

7. The screw according to Claim 6, wherein said articulation recess

comprises at least one upper and one lower spherical head contact surface

positioned adjacent an upper and lower portion of said spherical screw head

respectively.

8. The screw according to Claim 7, wherein said outer housing is capable

of being slidably positioned in a full up and locked position relative to said inner

housing, wherein said outer housing is contacting said inner housing with sufficient



compressive force to force said connecting rod contact surfaces and said screw

head contact surfaces of said inner housing to contact and securely fix said

connecting rod and said screw head in their respective positions relative to said

inner housing.

9. The screw according to Claim 7, wherein said outer housing is capable

of being slidably positioned in a full down and unlocked, open position relative to

said inner housing, wherein said compressive contact between said outer housing

and said inner housing is relieved or minimized such that said connecting rod is

free to be moved within said inner housing connecting rod slot or removed from

said inner housing connecting rod slot and said screw head is free to articulate

within said articulation recess of said inner housing.

10. The screw according to Claim 7, wherein said outer housing is capable

of being slidably positioned into a fully locked position wherein said connecting

rod and said spherical head are releasably locked in a relative position to said inner

housing, and said outer housing is capable of being slidably positioned into a fully

open position wherein said connecting rod and said spherical head can freely move

relative to said inner housing, and said outer housing is capable of being slidably

positioned to intermediary or partial locked position, wherein said outer housing

exerts compressive forces on said inner housing sufficient to lock said spherical

head in position relative to said inner housing and compressive forces exerted by

said outer housing on the upper portion of said inner housing are relieved such that

movement of said connecting rod within said inner housing connecting rod slot is

possible.



11. The screw according to Claim 1, wherein at or near the upper portion

of said outer housing, said outer housing further comprises a proximally located

annular flange projecting outward from at least a portion of the circumference of

said outer housing, said annular flange being positioned and configured to be easily

accessed and grasped by a grasping tool for facilitating locking of said screw,

whereby said inner housing and said outer housing can be moved from an unlocked

position to a partially locked position allowing movement of said connecting rod

within said inner housing or can be further moved to a fully locked position

allowing no motion of said screw head or said connecting rod in relation to said

inner housing.

12. The screw according to Claim 11, wherein said annular flange is

positioned to overhang a circumferentially defined annular gripping groove, said

gripping groove being configured to facilitate grasping contact of said grasping tool

for facilitating locking of said screw.

13. The screw according to Claim 1, wherein said outer housing also

comprises opposing inner housing access slots that are defined through the

opposing walls of said outer housing, said inner housing access slot being sized

and configured to allow access for a complementarity configured unlocking tool,

grasping elements of which are sized and configured to pass through said inner

housing access slots and make grasping contact with a respective inner housing

tool receptor that is accessible through said inner housing access slots, whereby

said inner housing can be grasp by said tool and moved in relation to said outer



housing from a locked position to a partially locked position or further moved to a

fully unlocked position.

14. A method for fixing bone comprising:

providing at least two multi-planar screws according to Claim 1,

providing at least one connecting rod,

connecting said at least two multi-planar screws to adjacent bones or bone

fragments,

connecting said at least one connecting rod to each of said multi-planar

screws,

positioning said at least one connecting rod in the a selected position,

as necessary adjusting the position of said at least one connecting rod

relative to said multi-planar screw and fully locking said multi-planar screws.

15. The method of Claim 14, further comprising after the positioning step,

the additional step of sliding said outer housings of each of said at least two multi-

planar screws into a partial locked position so as to fully lock said respective screw

heads into position relative to said inner housings and adjusting said at least one

connecting rod relative to said multi-planar screw.

16. A kit for fixing bone, the kit comprising:

at least one multi-planar screw according to Claim 1, and

at least one connecting rod.

17. The kit according to Claim 14, further comprising:

at least one tool configured to facilitate insertion of connection of said

multi-planar screw and said connecting rod to bone.
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