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(.12) and an implant engaging element (14). The bone engaging element
(32) includes a first portion (.16) formed of a first material and a second
portion (18) formed of a second material and extending at least partially
along a length of the first portion (16), and with the second portion (1 S)
of the bone engaging element ( 12) positioned between the first portion
(16) and adjacent bone tissue when the bone engaging element (12) is en-
gaged with the bone to provide an interface with the adjacent bone tissue.
In one embodiment; the first portion (16) of the bone engaging element
(12) exhibits a first level of rigidity and the second portion (18) exhibits a
second level of rigidity less than the .first level of rigidily. In another em-
bodiment, the bone engaging element (12) includes external threads (20),
with the second portion (18) of the bone engaging element (12) defining
at least a portion of the external threads (20).
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BONE ANCHORS AND METHODS OF FORMING THE SAME

FIELD OF THE INVENTION

The present invention relates generslly to the field of bone anchors, and more
particularly refates to bone anchors having portions that exhibif different performance
characteristics and methods of forming the same.

0
BACKGROUND

Various types of bone anchors are vsed 1o engage implants and other devices o
bone. In the spinal field, bone anchors are commonly used to attach rods, plates, and other
ivpes of stahilization devices and implants to one or wore vertebras. Such bone anchors

15 inctude, for example, screws, bolts, pins, nails, hooks, clamps, staples and other types of
anchor devices contigured to be anchored in or 1o bong,

Rone anchors are typically formed of a single, biocompatible material. As a result,
various potlions of the bone anchor exhibil similar performance characteristics. For
example, bone anchors may be formed of rigid materigls, such as titanintm or stamless

20 steel, While the use of such rigid materials provides sufficient strength and load carrying
capabilities to avoid fractures or breakage, the interface between the bone anchor and the
surrounding bone is non-fexible and unyielding, which tends lo decrease bone growth
around the bone anchor. Alternativetv, bone anchors may be formed of semi-rigid

materials, such as polvmeric malerials. While the use of such semi-rigid materials

2]
N

provides a flexible or vielding interface between the bone anchor and the swrrounding
bone, which tends to increase bone growth around the bone anchor, the strength and load
carrying capabilities of the bone anchor are reduced, thereby increasing the risk of fracture
or breakage.

Additionally, in some spplications, it may be desirable to provide one or more
30 postions of the bone anchor with different performance chargoteristics, such as, for
example, varying strength, rigidity, porosity, absorption rafe, degradation vate, ete. To
achieve this result, bone anchors may include multiple pisces or components formed of
diffevent materisls, with the pieces or components assembled together to form the hone

anchor. However, bone anchors that are sssembled from multiple pieces or components
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tend 1o result in increased fabrication and assembly costs. Additionally, the components
of an assembled bone anchor are subject to {oosening and/or separation.
Thus, there remains a need for improved bone anchors having portions that exhibit

different performance characteristics and nmeethods of forming the same. The present

S

invention satisfies this need and provides other benefiis and advantages in a novel and

unobvions manner,

SUMMARY
The present invention relates generally to bone anchors having portions that exhibit
10 ditferent performance characteristics and methods of forming lhe same. While the actual
nature of the invention covered herein can only be determined with reference 1o the claims
appended hereto, certain forms of the invention that are characteristic of the preferred
embodiments disclosed herein are deseribed briefly as follows.
In one form of the present invention, a bone anchor is provided inclading a hone
13 engaging element structured for engagement with bone, and an implant engaging elemant
structured for coupling with an implant 0 anchor the implant 1o the bone. The bone
engaging element inclades « first portion formed of a first material and a second portion
formed of a second material different from the first material and extending at least
partially along a length of the first portion, and with the second portion of the bone
0 engaging slement positioned betweern the first portion and adjacent bone tissue when the
bone engaging clement is engaged with the bone to provide an interface with the sdjacent
bone tissue,
In another form of the present invention, g bone anchor is provided nchuding a

bone engaging element strnctured for engagement with bone, and an implant engaging

3
L

element structured for coupling with an inyplant to anchor the implant to the hone. The
bone engaging element includes a core portion exhibiting a first level of rigidity and a
bone interface portion extending at least partially along alength of the core portion to
provide a baffer between the core portion and adjacent bone tissue when the bone
engaging element is engaged with the bone, and with the bone interface portion exhibiting
30 asecond level of rigidity fess than the first level of rigidity exhibited by the core portion.
In another form of the present invention, a bone auchor is provided including a
shank element having a Jength and defining external threads configured for engagement

within an opening in bone, and an implant engaging element siructared for coupling with
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an implant 1o anchor the implant to the bone, The shank element includes 3 core portion
formed of'a first a material and a bone interface portion formed of a second material that is
less rigid than the first material, with the bone interface portion extending along a length

of the core portion and about a periphery of the core portion, and with the bone interface

U

potiion defining at least a portion of the extemal threads of the shank clement,

In another form of the present invention, a method is provided for forming a bone
anchor, including providing a bone engaging element for anchoring 1o bone and an
implant engaging element for coupling with an implant, forming a first portion of the bone
engaging element from a first material with the first portion exhibiting a first level of
10 rigidity, forming a second portion of the bone engaging element from a second material

with the second portion exhibiting a second level of rigidity less than the first level of
rigidity, the second portion of the bone engaging element extending along a length of the
first portion and providing an interface between the first portion and adjacent bone when
the bone engaging elemen! is engaged to boue.

13 In another form of the present invention, a methad is provided for forming a bone
anchor, including providing a bone engaging etement for anchoring to bone and an
implant engaging element for coupling with an implant, forming a first portion of the bone
engaging element from: & first matorial, forming a second porion of the hone engaging
element from a second material different from the first material, with the forming of the

20 second portion of the bone engaging element comprising molding the second material

about a periphery of the fivst portion and along a length of the first portion to provide an

inlerface belween the first portion and adjacent bone when the bone engaging clement is
engaged with the bone.

It is one object of the present invention to provide improved bone anchors having

e}
Lh

portions that exhibii different performance characieristics and methods of forming the same.
Further objects, features, advantages, benefits, and aspects of the present invertion will

becone apparent from fhe drawings and description contained herein,

BRIEF DESCRIPTION OF THE DRAWINGS
30 FIG. 115 an elevational side view of a bone anchor according 1o one form of the
present invention.

FIG. 2 is a cross sectional view of the bone anchor shown in FIG. L
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FIG. 3 is a cross sectional view of a bone anchor according to an alierngtive
embodiment of the invention.
FIG. 4 is an efevational side view of a bone anchor according to another form of

the present invention.

(V3

FIG. 3 is a cross sectional view of the bone anchor shown in FIG, 4,
FIG. 6 is a cross sectional view of a bone anchor according to an altemative
embodiment of the invention.
FIG. 7 is an elevational side view of a bone anchor according 1o another form of
the present invention.
10 FIG. 8 15 a cross sections] view of the boue anchor shown in FIG. 7,
FIG. 9 is an elevational side view of a bone anchor according to another form of
the present invention,
FIG. 18 18 a cross sectional view of the bone anchor shown in FIG. 9.
FIG. 11 is an elevational side view of a hone anchor according to another form of
15 the present invertion.
FIG. 12 is a cross sectional view of the bone anchor shown in FIG. 11
FIG. 13 is an elevational side view of a bone anchor according to another form of
Ihe present invention,
FIG. 14 is a cross sectional view of the bone anchor shown in FIG. 13,
20
DESCRIPTION OF THE PREFERRED EMBODIMENTS
For the purposes of promoting sn understanding of the principles of the invention,
reference will now be made 1o the embodiments illustrated in the drawings and specific

language will be used to describe the same. K will nevertheless be understood that no

3
ik

limitation of the scope of the invention is hereby intended, and that alterations and forther
modifications to the illustrated devices and/or farther applications of the principles of the
invention as illustrated herein are contemplated as would normally occur to one skilled in the
arl to which the invention relates.

Referting to FIGS. 1 and 2, shown therein is a bone anchor 10 aceording to one form
30 of the present invention. The bone anchor 10 extends along a longitudinal axis L and
generally includes a bone engaging portion 12 conligured for anchoring in of 1o bone, and an
implant engaging portion 14 configured for engaging an implant. The bone engaging portion

12 includes a distal region 12a and a proximal region 1256, with the implant engaging portion
Foy = LHEMAE



WO 2007/101267 PCT/US2007/063020

iR

14 extending from the proximal region 12b. In the Hlustrated embodiment, the bone anchor
10 is a bone screw, with the bone engaging portion 12 comprising an at least partially threaded
shank configured for threading engagement within bone, and the implant engaging portion 14

comprising a screw head adapted for operative engagement with an fmplant. However, in

th

other embodiments, the bone anchor 10 can take on other contigurations, such as, for example,

bolls, pins, nails, hooks, clamps, staples and other types of anchor devices capable of being

anchored in or to bone. Further delails regarding the bone engaging portion 12 and the

implant engaging portion 14 of the bone anchor 10 will be discussed below,

In one embodiment of the invention, the bone engaging poriion 12 of the bone

10 anchor 10 is anchored wilhin boue, and the implani engaging poriion 14 is posilioned
outside of the bone. However, in other embodimenis, the bone engaging portion 12 may
be at least partially engaged to an exterior portion of the bone, such as is the case, for
example, with bone anchors having a hook-type or clamp-iype configusation. In other
embodiments of the Invention, the implant engaging portion 14 may be postlioned

13 partiaily within or entirely within the bone. The bone anchor 10 may be used 1o engage
orthopedic implant to bone, and more specifically g spinal implant to vertebral bone.
Howaever, it should be undersiood that the bone anchor 10 may be used in association with
other types of implants outside ol the orthopedic field or the spinal field. In the ilhestrated
eimbodiments of the tnvention, the bone anchor 10 is configured 1o couple an elongate

0 support member, such as, for example, a spinal rod or a spinal plale, to one or more

vertebrag. However, it should be understood that the bone anchor 10 may also be nsed to

couple other types of spingl implants or devices lo bone, such as, for example, wires,

cables, tethers, sutures, connectors, interveriebral implants, intravertebral implants, or

other types of spinal implants or load canying devices that would oceur to one of ordinary

4

skill in the agt.

As mdicated above, in one embodiment of the nvention, the bone auchor 10 comprises
a boue screw including an at least parti 'ﬁh threaded shank portion 12 adapted {or threading
engagement within bone, and a screw head portion 14 adapted for operative engagement with
an implant. In one aspect of the invention, the bone anchor 10 1s formed of af least two
30 different materials that exhibit different performance characteristics. In the flustrated
emtbodiment, the bone engaging portion or threaded shank 12 is formed of two different
materials. However, it should be understood thal the bone engaging portion or threaded shank

12 may slternatively be formed of three of more different materials that exhibit different
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performance characteristics, Additionally, in other embodiments of the invention, the implant
engaging postion or serew head 14 may be formed of a material different from that of the bone
engaging portion 12, andfor may be formed of at least two dilferent materials, Inone

ambodiment of the invention, the materials from which the bone anchor 10 is formed exhibit

S

different Jevels of rigidity, stiffiness or strength. However, in other embodinents, the

matesialy from which the bone anchor 14 is formed may be provided with other features thal

exhibit dilfererd performance characteristics, such as, for example, differing hardness,
porosity, absorption or degradation rate, deformmability, elasticily, fatipue resistance or load
carrying capability.

10 As shown most elesrly in FIG, 2, the threaded shank 12 includes in a core portion
or imer layer 16 and a bone inferface portion or outer laver 18 which provides a buffer
between the core portion 16 and adjacent bone. In the illustrated embodimeny, the core
portion 16 extends generafly along the longitadinal axis L. and the bone interface portion
exiends peripherally about the core portion 16, However, it should be understood that the

13 bone interface portion 18 need not necessarily estend entirely about the outer periphery of
the core portion 16, but may instead extend partially about or may be positioned laterally
adjacent the core portion 16, Additionally, in the itlustrated embodiment, the bone
interface porhion 18 extends slong substantially the enlive tength of the core poriion 16,
from the distal end 22 of the bone engaging portion {2 1o a location proximate the implaut

20 engaging portion 14, However, as will be tustrated and described below, the bone
interface portion 18 may altematively extend along other axial regions of the core portion
16, and may extend slong multiple axial regions of the core portion 16 in an intermitient or
offset manner.

In one aspect of the invention, the cotre portion 16 is Tormed of s first material, and

5 Ihe boue nlerface portion 18 is formed of a second wmaterial that exhibils a higher level of
rigidity or stiffuess compared 1o the first material. Additionally, the core portion 16 may
be formed of a first material, with the bone interface portion 18 formed of 3 second
matesial that exhibits a higher level of flexibility compared to the first material. In one
embodiment, the first and second materigals from which the core porion 16 and the bone

30 interfaces portion 18 are respectively formed comprise different materials. However, in

othgr embodiments, the first and second materials may comprise the same material, but

provided in a manner sech that the cove portion 16 and the bone interfaces portion 18

exhibit different degress of rigidily, stiffness or strength.
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In a further aspect of the vention, the first and second materials from which the
core portion 16 and the bone interfaces portion 18 are respectively formed may exhibit
other perfornance characleristics that differ from one another. For example, the core

portion 16 may be formed of a first material, and the bone interface portion 18 mav be

U

formed of a second material that is softer compared (o that of the first material 10 provide

additional flexibility/pliability. Additionally, the core portion 16 may be formed of a first

material, and the bone interface portion 18 may be formed of a second material hat has a

higher level of porosity compared to that of the first material to promote bone ingrowth or

fusion. Further, the core portion 16 may be formad of a first matesial, and the bone

10 interface portion 18 may be formed of 8 second material thai exhibits s higher rate of
absorption or degradation compared to that of the first material such thai the bone
interface portion 18 may be gradually replaced with bone over a period of time.

The maierials used to formy the core portion 16 and the bone interface portion 18

are preferably selected to be biologically and/or pharmacologically compalible and to

13 exhibif minimal toxicity. both individually and when integrated together. 1n one
entbodinent, the core portion 16 is formed of g substantially rigid material, sach as, for
example, a melallic material incloding titaniom, Htanium alloys, stainless steel or stainless
steel alloys. However, other metallic materials are also contemplated, including melal
atlovs such as chrome-cobalt alloys or shape-memory allovs. Additionatly, the core

N poriion 16 mayv be formed of other types of substantially righd materials, such as, for
example, ceramic materialy, composite materials, certain poly mer materials, or bone or
bone substitute materials. Tn avother embodiment, the bone interface portion 18 is formed
of g semi-rigid or flexible/pliable material, such as, for example, 2 non-metallic material,
incteding polymeric malerials such as PEEK (polyetheretherketone) or a PEEK composite,

25 shape-memory polynier materials, or other polymer nualerials or polvmer composites.
Additionally, the bone interface portion 18 may be formed of other types of semi~rigid or
flexible/pliable matesials, such as, for example, hydroxyapatite, composiie materials, bone
or bone substitule materials, or metallic materials which exhibit a relatively higher level of
flexsbility or elasticity compeared to the material from which the core porlion 16 is formed,

30 inchuding, for example, shape~-memory alloy materials, Hianiom or titaium alloys,

stainless steel or stainless steel allovs, aluminum or aluminum alioys, or chrome-cobalt

aflovs.

As should be appreciated, forming the core portion 16 of a first sabstantially rigid
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material provides sufficient sirength and foad canying capabilities to the bone achor 10
to reduce the risk of fractuve or breakage. The implant engaging portion or screw head 14
is also preferably Tormed of a substantially rigid material to provide sellicient strength and
load carrving capabilities to support the implant. As should also be appreciated, forming
the bone interf{ace portion 18 of a second material that is {ess rigid than the first material
provides a more {lexibledpliable interface or buffer laves between the bone engaging
pottion 12 and the surrounding bone, which in lumn fends to increase bone growth around
the bone engaging portion 12, Addittionally, forming the bone interface portion 18 of a
secord matevial that is less rigid than the first material may also improve the load-shating
capabilities of the bone snchor 10 o more evenly and uniformly fransfer loads between
ilre bone engaging portion 12 and adjacent bone. In summary, fornnng the bone anchor 10
of at least two different materials minimizes the rigk of fracture or weakage of the bone
engaging portion 12, while af the same time facilitating bone growth about the bone
engaging portion 12 and Improving load transfer between the bone anchor and the adjacent
bone. Accordingty, the bone anchor 10 is provided with a substantially rigid portion 16
that provides strength and rigidity, which is complemented by a less rigid portion 18 that
provides a more flexible/pliable inlerface with adjacent bone to facilitate bone growth and
improve load~-sharing capabilities.

in the iflustrated embodiment of the bone anchor 19, the bone engaging portion
12 includes bone anchoring elements 20 which are configured 10 engage bone, particuiarly
vertebral bone, and more particularly cancellous verlebral bone. In one embodiment of the
invention, the bone anchoring elements 20 are confligured as a helical thread. Howaever, it
should be understood that other types and configuration of bone anchoring elements are
also contenyplated as falling with the scope of the present invention, including, for
example, mulliple thread-like elements which are formed by circumferentially, radially or
axially interrupting a single thread, various types of raised projections extending about the
outer periphery of the bone engaging portion 12 along a generally helical path, various
types of grooves or recesses extending about the outer periphesy of the bone engaging
portion 12 along a generally helical path, ralchet elements that allow for relatively
uninhibited insertion into bone in a first direction but which resist movement in an
opposite second direction, spikes, aunular or circular ridges, teeth, suwrface roughening, or

any other type bone anchoring elerent that would ocecur 1o one of ordinary skill in the art.
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In a specific embodiment, the bone engaging portion 12 includes g single lead
thread 20 that has a uniform pitch and a uniform outer thread diameter and inner root
diameter. However, in other embodiments, the bone engaging porlion 12 may include a

multi-lead thread, a variable thread pitch, a tapered outer thread diameter and/or a tapered

¥ 3

inner root diameter. Additionatly, the external threads 20 are iflustrated as having

telatively fat outer edges and inchode angled upper and lower thread surfaces that each

extend in a direction obligue to the longitudinal axis L. However, olher types and

configurations of threads are also conteraplated as falling within the scope of the present

invention, including threads having pointed or rounded outer edges and/or thread

10 configurations wherein one or bolh of the upper and lower thread surfaces are rounded or
extend in a direction subsiantially normal to the longitudinal axis L.

In one embodiment of the invention, the implant engaging portion 14 is intepral
with the bone engaging portion 12 to define a unitary bone anchor 1. More specifically,
the screw head 14 and the core portion 16 of the threaded shank 12 are formed as a single-

13 piece, and the bone interface portion 18 is integrated with the core portion 16 in a manner
which provides an intepral, unitary bone anchor 10, However, in other embodiments, the
screw head 14 and ihe core porlion 16 may be formed as sepasate componerts and coupled
1o one another by any suitable sttachment or connection technique, such as, for example,
by welding, bonding, fusing, fastening, pinning, or by suv other technigue or process that

20 wonld ocour to one of ordinary skill in the art. Similacly, the bone interface portion 18 and
the core portion 16 mayv be formed as separate components which are subsequently
coupied or assembled together by any suitable atfachment or connection technique,

In another aspect of the invention, the core portion 16 and the bone interllice
postion I8 are inlegrally formed fo define a unitary olement. In 1 specific embodiment, the

5 bone taterface portion 18 is molded wilh the core portion 16, such as, for example, by
injection molding, overmolding, or other molding techniques or processes that would
oecur 1o one of ordinary skill in the art. F should be understood that such motding
techuiques and processes may be used in association with nop-metallic materials such as
polymaers {via plastie injection molding), or in sssociation with metallic materials {via

3 metal injection molding). The core portion 16 may be treated or roughened to provide

securs engagement between the bone interface portion 18 and the core portion 16. In

other embodiments of the invention, the core portion 16 and the bone interface portion 18

may be integrated with one ancther via olher suitable techniques or processes, such as, for
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example, by casting, melting, welding, bonding, fusing, plating, coating, spraving, forging,
drawing, extruding, adhesion, fastening, pinning or by any other technique or process that
would oceur to one of ordinary skill in the art. Tn one embodiment, the core portion 16

aud the bone interface portion 18 are integrated to define a unitary element, but are not

St

joined at an alomic level. However, in other embodiments, the core portion 16 and the
bone interface portion 18 may be joined at an atomic level lo define a unitary, single-piece
element.
In a further aspect of the invention, the cove portion 16 does not define external
threads, Instead, the extemal threads 20 are entirgly defined by the bone interface portion
10 18. In one specific embodiment, the bone interface porlion 18, including the exterual
ihreads 20, may be formed about the core portion 16 via an injection molding technigue,
thereby eliminating the additional step of machining or cutting the external threads 20 into
the bone interface portion 18, However, In another ambodiment, the booe interface
portion 18 may be formed about the core porfion 16 via an overmolding lechnique, with

15 the external threads 20 being formed into a solid overmolding via machining, cutting,
rolling, deforming, or any other suitable fechnique or process for forming extemal thweads.
In slfernative embodimenis, full or partial threads may be formed slong the core portion
14, with the bone inierface portion 18 overlsid or applied over full or partial threads
defined by the core portion 16,

it In the Hustrated embodiment of the bone anchor 10, the distal end 22 of the bone
engaging portion 12 is tapered and defines a rounded tip. However, in another
embodiment, the distsl end 22 may define a pointed tip to facilitate penetration inlo bone.
In still another enbodiment, the distal end 22 wayv define a blunt or substantially flat end
surface which may be provided with cutting elements, such as catting leeth, o facilitate

5 eniry into bone. In a further embodiment, the distal region 12a of the bone engaging
portion 12 may be provided with one or move cutting edges or flutes (not shown) to
provide the bone anchor 10 with self~cutting or self-tapping capabilities. In vet another
embodiment, the bone serew 10 may be provided with an axial passage or cannplation
opening {not shown) extending either partially or enlirely through the bone engaging

30 portion 12, and may be further provided with trangverse passages that communicate with

ihe axial passage to define fenestration openings. The cannulation opening may be sized

lo receive an elongate member, such as a guide wire, to guide the bone anchor into a

desired location adjacent the surgical site, andfor fo guide other components into
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enpagement with the bone anchor. Additionally, the cannulation and fenestration
openings may be used to deliver material, such as, for example, bone cement, through the
bone engaging portion 12 and into areas of the bone axially or laterally adjacent the distal
region 12a or laterally adjacent other portions of the bone engaging portion 12,

In the iliustrated embodiment of the bone anchor 10, the implant engaging portion of
screw head 14 is configured for engagement with a spinal rod {not shown). In one specific
embodiment, the screw head 14 defines a passage 30 sized o receive a spinal rod therein, with
a fastener or setscrew (ot shown) extending through the screw head 14 and into engagement
with the spinal rod 1o capture and secure the spinal rod within the passage 30, In another
specific embodiment, the screw head 14 includes a pair of spaced apart arms 32a, 32b defining
an open end 34 which provide the passage 30 with a top-loading, U-shaped configuration,
with the fastener or setscrew engaged with intemnal threads 36 extending along the spaced
apart arms 323, 32b. Further details regarding bone screws having configurations similar to
the configuration of the bone snchor 10 are {lustrated and deseribed, for example, in US,
Patent No. 6,783,527 1o Drewry et al., the contents of which are incorporated hergin by
reference.

In other embodiments of the invention, (he screw head 14 may be configured a3 an
wnthreaded siem or shafl, with the spingl rod coupled to the serew head via a conneclor or
coupling mechandsm that inchedes a connector body defining a first passage for recaiving
the stens portion of the screw head, and a second passage for receiving the spinal rod. One
or move fastenars or sel sorews raay be threaded through corresponding openings in the
connector body to secure the connector body to the stem portion of the bone screw and 1o
the spingl rod. Further details regarding bone screw configurations and g conngctor or
coupling mechanisms suitable for use in association with the present invention are
iflustrated and described, for example, in 1.8, Patent No. 5,643,263 to Simonson or U.S,
Patent No. 5,947,967 to Barker, the contents of each patent reference hereby incorporated
herein by reference,

Referring to FIG. 3 shown therein is a bone anchor 5 according to another form of the
present invenlion. The bone anchor 50 has g configaration simitar lo that of the bone anchor
10 itustrated and described above, extending along a longitudinal axis L and generally
including a bone engaging portion 53 configurad for anchoring in or to bone, and an implant
engaging postion 34 configured for engaging an implant, The bone engaging portion 52

inctudes a dislal region 52a and a proximal region 52b, with the implant engaging portion 54
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extending from the proximal region 52b. In the tllustrated embodiment, the bone anchor 30 is
a bone screw, with the bone engaging portion 52 comprising a screw shank defining external
threads 66 that are configured o engage bone, snd with the implant engaging poriion 54

comprising & screw head adapted for engagement with an implant. However, as indicated

U

above, other (ypes and configurations of bone anchors are also contemplated as falling within
the scope of the present invention.
Unlike the bone anchor 10, which includes a bone engaging portion 12 (hat is fixed ai
a predetermined angle relative to the implant engaging portion 14, the bone sachor 50 is of the
mudti-gxiad type so as 1o allow relative pivolal or rotational movement between the bone
10 engaging portion 52 and the implant engaging portion 34, More specifically, the bone
engaging portion 52 1s permitted to be selectively pivoted or rotated relative to the implant
engaging portion 34 along multiple planes, or possibly along a single plane. Although the
bone anchor 30 is Hustrated and deseribed as having a pasticalar conliguration, it should be
undesstood that other types and configurations of multi-axial anchors are slso contermplated
13 for use in association with the present invention,

Similar to the bone anchor 10, the bone engaging portion 52 of the bone anchor 30 is
formed of at least two different materials that exhibit different performance characlenistics. In
one embodiment, the bone engaging portion 32 includes a core portion or mer laver 36 and
bone interface portion or cuter laver 5§ which provides a buffer between the core portion 36

Py and adjacent bone. 1n one embodiment, the core portion 36 is formed of 2 first material, and
the bone interface portion 58 is formed of a second material that is less rigid or stiff compared
to the frst material, and/or which exhibils other performance cheracteristics that differ from
that of the first material. 1n the lustrated embodiment, the bore engaging portion 32 of the

bene anchor 50 inchudes a rounded or spherical-shaped head 57 extending from the core

o3
ih

portion 56, the function of which will be discussed below,

The bone engaging portion 52 includes & distal end 62 that is tapered and defines a
rounded tip. However, in another embodiment, the distal end 62 may define 2 pointed tip 1o
facilitate penetration into bone, or may define a blunl or substantially flat end surface which
may be provided with coiting elements, such ss culting teeth, fo facilitale entry inio bone. The
3t distal region 52a of the bone engaging portion 52 may also be provided with one or more
cutting edges or flutes (not shown) 1o provide the bone anchor 30 with selfcutting or self-
lapping capabilities. In vet another embodiment, the bone screw 50 may be provided with an

axial passage or cannulation opening {not shown) extending either partially or entirely through
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the bone engaging portion 52, and may be further provided with transverse passages that
communicate with the axial passage to define fenesiration openings.

T the lustraied smbodiment of the bone anchor 50, the inplant engaging portion
or screw head 34 is configured for engagement with a spinal rod (ot shown). In one
embodiment, the screw head 54 defines a passage 60 sized to receive a spinal rod therein,
with a fastener or setscrew (not shown) extending through the screw head 54 and into
engagement with the spinal rod o capiure and secure the spinal rod within the passage 60.
Int another specific embodiment, the screw head 54 includes a pair of spaced apart arms
62a, 62b defining an open end 64 which provide the passage 60 with a top-foading, U-
shaped configuration, and with a fastener or setscrew (not shown) engaged wilh the
internal threads 66 along the spaced apatt arms 624, 626 to captwre the spinal rod within
the passage 60

Furthermore, the screw head 54 includes & receplacie 63 that preferably has &
rounded or spherical-shaped configuralion so ag to receive the sphericat-shaped head 57 of
the bone engaging portion 52 therein. The receptacie 68 and the spherical-shaped head 57
cooperate with one another to allow the bone engaging portion 32 to be selectively pivoted
or rotated refative to the ioplant engaging portion 54 along multiple planes or about
multiple axes. As should be appreciaied, a locking member or crown 70 1s positioned atop
the spherical-shaped head 57 such that as the spinal rod {not shown) is displaced through
the U-shaped passage 60 via a set screw {not shown} and into engagement with the crown
70, the crown 70 is compressed Ughtly against ihe spherical-shaped head 57 to fock the
bone engsging portion 32 at ¢ select angular erientation relative to the implant engaging
portion 54, Further details regarding one type of multi-axial screw suitable for use in
association with the present invention age Hiustrated and described, for example, in LLS.
Patent No. 5,797,911 to Sherman et al., lhe contents of which are hereby incorporated
herein by reference.

Referring to FIGS. 4 and 5 shown thergin is a bone anchor 107 according 1o another
form of the present invention. The bone anchor 107 has a condiguration similar (o that of the
bone anchor 10 Hustrated snd described above. Accordingly, common elements between the
bone anchor 10 and the bone anchor 107 are indicated using the same reference numbers. The
bone anchor 10 extends along a longitudinal axis L and generally includes a bone engaging
postion 12° configured for anchoring in of to bone, and an implant engaging portion 14

configured for engaging an implant, The bone engaging portion 127 includes g distal region
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122" and a proxinual region 1207, with the implant engaging portion 14 extending from the
proximal region 120, In the illustrated embodiment, the bone anchor 10 is a bone screw,
with the bone engaging portion 12° comprising 8 screw shank defining external lhweads 20°
that are configured to engage bone, and with the implant engaging portion 14 comprising a
screw head adapted for engagement with an implant. However, as indicated above, other
types and configurations of bone anchors are also contemplated as falling within the scope of
the present invention,

Simitar 1o the bone anchor 10, the bone engaging portion 12° of the bone anchor 107 is
formed of at least two different materials that exhibit different performance characteristics. In
one embodimerd, the bone engaging portion 127 inchudes a core portion or inner fayer 16" and
a bone interface portion or outer faver 18" which provides a buffer between the core portion
16" aned adjacent bone. Like the bone anchor 10, the core portion 16” is formed of a first
material, and the bone interface portion 137 18 formed of a second material that is less rigid or
st compared 1o the fivst material and/or which exhibits other performance characterisiics that
differ from: that of the first matexial. However, unlike the bone anchor 10, where the bone
interface portion 18 has a depth which extends inwardly beyond the inner rool diameter of the
external threads 20, the bone interface portion 18" of the bone anchor 187 has a depth which
extends to a point just short of the inner root diameier of the external threads 207, In other
words, while the external threads 207 are defined almost entirely by the bone interface portion
18, the inner portion of the screw shank 12° starling at the inner root diameter of the threads
2tY is defined by the core portion 167, T the illustrated embodiment of the bone anchor 107,
the distal end 227 of the bone engaging portion 12 is defined by ihe core portion 167,
However, in other emtbodiments, the bone interface portion 18” may extend either partiaily or
entirely sboat the distal end 227,

Fa an alternabive embodiment of the invention, the bone anchor 107 may be configured
such that the core portion 16 extends cutwardly bevond the inner root diameter of the threads
20 30 as to define a base portion of the threads 207, witls the outer portion of the threads 2¢°
being defined by the bone interface postion 187, In a further embodiment of the invention, the
bore anchor 10" may he configured such that the projeciing region of the threads 20° is
defined by the core portion 16°, while the recessed region of the threads 207 is defined by the
bone iterface portion 18°. In other words, the bone anchor 107 may be configured such the
outer end portions or tips of the threads 207 are defined by the core portion 167, while the

imer grooves or froughs of the {hreads 207 (including the inner root digmeter) are defined by
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the bone inlerface portion 187, Other embodiments of the invention are also conlemplated
where various portions of the external threads 20 may be defined by the core portion 167,
while the remaining portious of the threads 207 are defined by the boue nterface portion 187,

Referring to FIG. 6 shown therein is a bone anchor 107" according to vet another formn

S

of the present invention. The bone anchor 107 has a conliguration similar to that of the bone
anchors 10 illustrated and described above. Accordingly, common elements between the bone
anchor 10 and the bone anchor 1077 are indicated vsing the same reference numbers. The
bone anchor 107" extends along a longitadinal axis L and generally includes a bone engaging
pottion 127 configured for anchoring in or to bone, and an tmplant engaging portion 14
10 configured for engaging an implant, The bone engaging porfion 1277 includes a distal region
128" and a proximal region 12b7, with the implant engaging portion 14 exiending from ihe
proximal region 12b™. In the illustrated embodiment, the bone anchor 107 is a bone screw,
with the bone engaging portion 1277 comprising a screw shank defining extemat threads 207
that ave conligured to engage bone, and with the implant engaging portion 14 comprising &
13 serew head adapted for engagement with av implant. However, as indicated above, other
' tvpes and configurations of bone anchors are also contemplated as falling within the scope of
the present invention.
Stinilar to the bone anchor 16, the bone engaging portion 1277 of the bone anchor 107
is formed of at least two different materials that exhibit different performance characteristics.
0 n one embodiment, the bone engaging portion 1277 includes a core portion or inner faver 167
and a bone interface portion or outer layer 187 which provides a buffer between the core
portion 167" and adjacent bone. Like the bone anchor 10, the core portion 167" is formed of &
first material, and the bone interfice portion 187 Is formed of 3 second nwterial that is less

rigid or st comparad 1o the first material and/or which exhibits other performance

3
kv

characteristics that differ from that of the first material. However, unlike the bone anchor 10,
where the core portion 16 is configured to have g substantially smooth cuter surface, the core
portion 1677 of the bone anchor 107 defines a racess or trough 174 that extends about the core
portion 16™ along a generally helical path, with the remainder of the outer periphery of the
core poriion 1677 being delined by a helical ridge or plalean 17h. Accordingly, the core

30 portion 16" is provided with an outer profile that substantially comresponds to the outer profile
of the external threads 207" delined by the bone interface portion 187", In ihe ilusirated
embodiment of the bone anchor 107, the helical recess 1 7 extending about the core porfion

167" is generally aligned with the helical recess defined by the threads 207", and with the
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helical ridge 17b generally aligned with the owter helical portion of the threads 207,
However, in other embodiments, the helical recess 17a extending about the core portion 16™
may be axially offset relative lo ihe helicsl recess defined by the threads 207, For example,

the helical recess 17a may be generslly aligned with the outer helical portion of the threads

S

207", Other suitable arrangements are also contemplated. Additionally, in the fllustrated
embodiment of the bone anchor 107, the distal end 227 of the bone engaging portion 1277 i
defined by the core porlion 167, However, in other embodiments, the bone interface portion
1877 may estend either partially or entively about the distal end 227,
Referring to FIGS. 7 and 8 shown therein is a bone anchor 100 according to another
10 forny of the present invention. The bone anchor 100 has a configuralion stmilar to that of the
bone anchor 10 illusirated and degeribed above. Specifically, the bone anchor 100 extends
atong alongitudinal axis L and generally includes a bone engaging portion 112 configured for
anchoring in or to bone, and an implant engaging portion 114 configured for engaging an
implant. The bone engaging portion 112 inclodes s distal region 112a and a proximal region
15 112b, with the implant engaging portion 114 extending from the prosimal region 112b. In the
itlustrated embodiment, the bone anchor 100 is a bone screw, with the bone enpaging portion
112 comprising a screw shank defining external threads 120 that are configured to engage
bone, and with the fmplant engaging portion 114 comprising a screw head adapted for
engagement with an implant. However, as indicated above, other types and configurations of
0 houne anchors are also contemplated as falling withins the scope of the present invention.
Similar to the bone anchor 10, the bone engaging portion 112 of the bone anchor HIO
is Tormed of at feast fwo difTerent materials that exhibit different performancs characferistics.
In one embodiment, the bone engaging portion 112 includes a coreg portion or inper layver 116

and & bone interface portion or outer laver 118 which provides a bufter between the cote

3
(v

portion 116 and adjacent bone. Like the bone anchor 10, the core portion 11615 formed of a
fivst material, and the bone interface portion 118 is formed of a second material that is less
rigid or stifl compared to the {irst material andfor which exhibits other performance
characteristics that differ from that of the first material. However, uniike the bone anchor 10
where the bone interface portion 18 extends slong subslantially the entive length of the core
30 portion 16, the bone interface portion 118 extends along only a portion of the length of the
core portion 116, Specitically, the bone interface portion 118 extends along the distal region
112a of the bone engaging portion 112, with the proximal region 112b defined by the core

postion 116 interfacing directly with the bone. In the tlustrated embodiment of the bone
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anchor 100, the bone interface portion 118 extends along the entire distal region 1123 of the
bone engaging portion 112, including the distal end 122.

Alternatively, the bone interTace poriion 118 nuy exiend along olher axial regions of
the bone engaging portion 112, In other entbodiments, the bone interface portion 118 may
extend along two or more axial regions of the bone engaging portion 112, including
configurations where the bone interface portion 118 extends along the distal region 112a and
the proximal region 1125 of the bone engaging portion 112, with an inlermediate region of the
bore engaging portion 112 defined by the core portion 116 interfacing directly with the bone.
In still other embodiments, the bone interface portion 118 may extend along a central region
of the bone engaging portion 112, with distal snd proximal regions 112a, 112b of the bone
engaging portion 112 defined by the core portion 116 interfacing directly with the hone.

As indicated above with regard to the bone anchor 10, forming the core portion
116 of a first substantiafly rigid msterial provides sufficient strength and load carrying
capabilities to the bone anchor 100, and parlicularly the boune engaging portion 112, 10
reduce the risk of fracture or breakage. The implant engaging portion or screw head 114 s
also preferably formed of a substontistly rigid material to provide suffictent strength and
Joad carrying capabilities to support the implant. As also indicated above, forming the
bone futerface portion 118 of a second malerial that s less rigid lhan the first material
provides a more flexible/plisble interface or buffer laver between the bone engaging
portion 112 and the surrounding bone, which in turn tends to increass bone growth around
the bone engaging portion 112, and which may also inerease the load-sharing capabilities
of the bone anchor 100 to more evenly or uniformly transfer loads belween the bone
engaging portion 112 and adjacent bone.

Additionally, as should be appreciated, the axternal fhreads 120 along the proximal
region 112b of lhe bone engaging portion 112 (adjacent the screw head 114) are defined
by the substantially rigid core portion 116, whereas the extemal threads 120 along the
distal region 112a are defined by the less rigid and more flexible/pliable bone interface
portion 118. Such a configuration provides rigid threads 120 adiacent the location where
the bone engaging poriion 112 exiis the bone, thereby providing a more solid and stable fil
with the surrotnding hone at this location, which in turn tends to reduce the tendency of
the bone engaging portion 112 to loosen and back owt from the bone. Additionally,
providing rigid threads 120 adiacent the location where the bone engaging postion 112

exits the bone provides additional sirength in the region of the bone anchor 100 which
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typically experiences relatively high Iateral or torsional loading and stresses, thereby
{ending to reduce the risks associated with fracture or breakage.
T lhe fllustraied embodiment of the bone anchor 108, the screw head 114 s
configured for engagement with a spinal rod (not shown). Specifically, the screw head
3 114 defines a passage 130 sized to recetve a spinal rod therein, and includes g pair of
spaced aparl arms 132a, 132b defining an open end 134 which provide the passage 130
with a top-loading, U-shaped configuralion, and with a fastener or setscrew {not shown)
threadingly engaged with internal threads 136 formed along the spaced apart arms 132a,
132b and engaging the spinal rod to capture and secure fhe spinal rod within the passage
10 130, However, it should be understood that other configurations of the implant engaging
portion 114 are also contemplated as falling within the scope of the present invention. In
the lustrated embodiment of the bone anchor 100, the distal end 122 of the bone
engaging portion 112 is tapered and defines a rounded tip. However, in other
ambodiments. the distal end 122 may define & pointed lip to facilitate pencivation inte
15 bone, or may define a blunt or substantially flat end surface which may be provided with
cutting efements, such as cutting testh, to facilitate entry into bone, In other embodiment,
ihe distal region 112a of the bone engaging portion 112 may be provided with one or more
cutting edges or Rutes (not shown) to provide the bone snchor 100 with self-catting or
self-tapping capabilities, and/or may be provided with a full or partial cannulation opening
0 aud ransverse fenestration openings.

Referring to FIGS. 9 and 10, shown therein is a bone anchor 200 according to another
form of the present invention. The bone snchor 200 has g configuration similar {o that of the
bone anchors 10 and 100 iHlustrated and described above, extending along alongitudinal axis
L and generally including a bone engaging portion 212 and av implant engaging portion 214,

5 with the bone engaging portion 212 having a distal region 212a and a proximal region 212b.
and with the implant engaging portion 214 extending from the proximal region 212b. In the
illustrated embodiment, the bone anchor 200 is 1 bone screw, with the bone engaging pottion
212 comgprising a scvew shank defining external threads 220 that ave configured to engage
bone, and with the implant engaging portion 214 comprising a screw head adapted for

30 engagement with an implant. However, as indicated above, other types and configurations of
bone anchors are also contemplated as falling within the scope of the present invention.

Simitar to the bone anchors 10 and 100, the bone engaging portion 213 of the bone

anchor 200 is formed of st logst two different materigls that exhibit different performance
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characteristics. In one embodiment, the bone engaging portion 212 includes a core portion or
inner layer 216 and a bone interface portion or outer laver 218 which provides a butier
between the core portion 216 and adjacent bone, with the core portion 216 formed of a first

material, and the bone interface portion 218 formed of a second material that is fess nigid or

S

stiff compared 10 the first material andior which exhibits other performance characteristics that

differ from that of the first material. However, unlike the bone anchors 10 and 100, the bone

inlerface portion 218 extends along only the proximal region 212b of the bone engaging

portion 212, with the distal region 212a defined by the core portion 216 interfacing directly

with the borte. I one embodiment, the bone interface portion 218 extends slong the entire

10 proximal repion 212b of the bone engaging portion 1o a location proximate the implant
engaging portion 214,

As indicated above with regard to the bone anchors 10 and 100, forming the core
potiion 216 of a first sabstantially rigid material provides sulficient strength and load
carrving capabilities to the bone anchor 200, and particularly the boue engaging portion

13 212, to reduce the risk of fracture or breakage. The implant engaging portion or screw
head 214 is also preferably fornied of a substantially rigid material to provide sufficient
strength and load carrying capabilities to support the implant. As also indicated above,
forming the bong interface portion 218 of a second malerial that is less rigid than the first
material provides a more flexible/pliable interfiace or buifer layer between the bone

a0 engaging portion 212 and the surrounding bone, which in tum tends fo increase bone

growth around the bone engaging portion 212, and which may also increase the load-
sharing capabilities of the bone anchor 200 to more evenly or uniformly transfer loads
between the bone engaging portion 212 and adjacent bone,

Additionally, as should be appreciated, the extemal threads 220 along the distal

3
h

region 21 2a of the bone engaging portion 212 are defined by the sebstantially rigid core
potiion 216, whereas the external threads 220 along the proximal region 212b are defined
by 1l less rigid and more flexible/pliable bone interfice portion 218. Such a
configurstion provides sdditional strength and rigidity adjacent the distal end portion 322
to withstand refatively high foads and stresses which may be realized during initial

30 penetration of the bone engaging portion 212 into bone, and particulatly the outer cortical
bone fayer which is relatively tougher/harder than the inner cancellous bone, thereby
tending to reduce the risks associated with fracture or breakage. This configuration is

particularly beneficial in embodiments where the bone anchor 200 is provided wilh seli-
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cutting or self-tapping capabilities, including embodiments wherein ong or more cutting
edges or fiutes (not shown) are formed on the bone engaging portion 212 adjacent the
distal end 222. As should be appreciated, the forces and stresses exerted onlo the distal
end 222 of the bone engaging portion 212 can be particularly high during the formation of
the opening in bone andfor during the cutting of internal threads in bone.

In the lustrated embodiment of the bone anchor 200, the screw head 214 18
configured for engagement with a spinal rod (not shown). Specifically, (he screw head
214 defines » passage 230 sized 1o receive a spinal rod therein, and includes a pair of
spaced apatt arms 232a, 232b defining an open end 234 which provide the passage 230
with a lop-foading, U-shaped configuration, and with a fagtener or sefscrew (not shown)
threadingty engaged with internal threads 236 formed along the spaced apart arms 232a,
232b and engaging the spinal rod to capture and securs the spinal rod within the passage
230. However, it should be understood that ofher configurations of the implant engaging
portion 214 are also contemplated as falling wilhin the scope of the present invention. In
the {llustrated embodiment of the bone anchor 200, the distal end 222 of the bone
engaging portion 212 is tapered and defines a rounded tip. However, in other
ersbodiments, the distal end 222 may define a pointed tip o facilitate penetration into
bone, or may define a blunl or substantially flat end surface which may be provided with
cutting elements, such as cutting teeth, to facilitate entry info bone. In other embodiment,
the distal region 212a of the bone engaging portion 212 may be provided with a full or
partial cannulation opening and transverse fenestration openings,

Referring to FIGS. 11 and 12, shown therein is 8 bone anchor 300 according to another
form of the present invention. The bone anchor 300 has a configuration similar to that of the
bone anchors 100 and 200 Hustrated and described above, extending along a longiudingl axis
L and generally including a bone engaging portion 312 and an implant engaging poriion 314,
with the borte engaging portion 312 having a distal region 312, a proximal region 31Zb and »
intermediate or central region 312¢, and with the implant engaging portion 314 extending
from the proximal region 312b, In the ilhustrated smbodiment, the bone anchor 300 is a booe
serew, with the bone engaging portion 312 compriging a serew shank defining external threads
320 that are configured to engage bous, and with the implant engaging portion 314 comprising
a serew head adapted for engagement with an implant. However, as indicated above, ofher
tvpes and configurations of bone anchors are also conteruplated as falling within the scope of

Ihe present invention.
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Similar 10 the bone anchors 100 and 200, the bone engaging portion 312 of the bone
anchor 300 is formed of at least fwo different materials that exhibit different performance
charscterigtics. In one embodiment, the bone engaging porlion 312 includes a core portion ot
inner laver 316 and a bone Bnterface portion or outer laver 318 which provides a buffer
between the core portion 316 and adjacent bone, with the core portion 316 formed of a first
material, and the bone intexface portion 313 formed of a second material that is less rigid or
stiff compared Lo the first material and/or which exhibits other performance characteristics that
differ from that of the first material.

However, unlike the bone anchors 100 and 200, the bone interface portion 318 extends
along the distal and proximal regions 312a and 312b of the bone engaging povtion 312, with
the intermediate or ceniral region 313¢ defined by the core portion 316 interfacing directly
with the bone. In one embodiment, the bone interface portion 318 extends along the entire
distal region 312a of the bone engaging portion, inclading the distal end 322, and along the
enlire proximal region 312b of lhe bone engaging portion o g Jocalion proximate the implant
engaging portion 314, In an alternative embodiment of the invention, the bone interface
portion 318 may be provided along the intermediate or central region 312¢ of the bone
engaging portion, with the distal and proximal regions 312a and 312b being defined by the
core portion 316 such that the distal and proximal regions 312a and 312b interlace directly
with bone.

 should be understood that other embodiments of the invention ave also contemplated
whersin one, two or three or more axial regions of the bone engaging portion 312 may be
defined by the bone inlerface portion 318, and with one, two or three or more axial regions of
the bone engaging portion 312 being defined by the core portion 316 which interface directly
with bone. Additionally, in one embodiment of the invention, axial regions of the bone
engaging postion 312 defined by the bone interface portion 318 may be provided in an
alternating manuer relative 1o axial regions defined by the core portion 316, Furthermore, it
should alse be understood that other enbodinients of the invention are also contemplated
whereit one, two or three or more longitedinally-extending regions of the bone engaging
portion 312 may be defined by the bone interface portion 318, with one, two or fhiree or more
longitudinally-extending regions of the bone engaging portion 312 being defined by the core
porfion 316 which interface directly with bone. The longitudinally-extending regions defined
by the bone interface portion 318 may be provided in an aliemating manner relative o the

longiladinally-extending regions defined by the core postion 316,
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As indicated above with repard 1o the bone anchors 100 and 200, fornying the core
postion 316 of a first substantially rigid material provides sufficient strength and load
carsying capahitities to the bene anchor 300, and particularly the bone engaging portion

312, to reduce the risk of Fracture or breakage. The implant engaging poriion or screw

(%3

head 314 is also preferably formed of a substantiafly rigid material to provide sufticient

strength and Joad carrving capabilities to support the implant. As alse indicated above,

forming the bone inlerface portion 318 of a second material that i Tess rigid than the st

material provides & more flexible/pliable interface or buffer layer between the bone

engaging portion 312 and the surrounding bone, which in turn tends to increase bone

10 growlh sround the bone engaging portion 312, and which may also increase the load-
sharing capabilities of the bone anchor 300 to more evenly or uniformly transfer loads
between the bone engaging portion 312 and adjacent bone. In one embodiment of the
invention, the axial regions of the bone engaging portion 312 defining the bone interface
portion 318 (e.g., the distal and proximal regions 312a, 312b) are formed of the same

13 material. However, in other embodiments of the invention, the axial regions of the bone
engaging portion 312 defining the bone interface portion 318 may be formed of different
materials,

o the lhustraied embodiment of the bone anchor 300, the screw head 314 i

configured for engagement with a spinal rod (not shown}. Specifically, the screw head

0 314 defines & passage 330 sized to receive a spinal rod thersin, and includes a pair of
spaced aparl arms 3324, 332b defining av open end 334 which provide the passage 330
with & top-loading, U-shaped conSguration, and with s fastener or setscrew (not shown)
threadingly engaged with internal threads 336 formed along the spaced apart anms 3323,
332b and engaging the spinal rod to capture and secure the spinal rod within the passage

35 330, However, it should be understeod that other configurations of the implant engaging
portion 314 are also contemplated as fafling within the scope of the present invention. In
the iliustrated embodiment of the bone anchor 300, the distal end 322 of the bone
engaging portion 312 is fapered and defines a sounded tip. However, in other
embodiments, the distal end 322 may define a pointed lip fo facilitale pesetralion into

30 bore. or may defing a blunt or substantially Hat end surface which may be provided with

cutting elements, such as cutting teeth, to facilitate sntry into bons. I other embodiment,

the distal region 3124 of the bone engaging portion 312 may be provided with a full or

partial canmmulation opening and transverse fevestrstion openings.
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Refersing to FIGS. 13 and 14, shown therein is 3 bone anchor 400 according to another
form of the present invention. The bong anchor 400 extends along a Iongitudinal axis L and
generally includes a bone engaging portion 412 configured for anchoring in or fo bone, and an

implant engaging portion 414 configured for engaging an implant. 1n the illustrated

U

embodiment, the bone anchor 400 is 3 boue screw, with the bone engaging poriion 412
comprising a threaded shank and the implant engaging portion 414 comprising a screw head
adapted for engagement with an implant. However, in other embodiments, the bone auchor
400 can take on other configurations, such as, for examptle, bolis, pins, nails, hooks, clamps,
staptes and other types of anchor devices capable of being anchored to bone.

10 The bone engaging portion 412 is configured similar {o the bone engaging portion
12 of the bone anchor 10 illustrated and described above, and includes a distal regton 4122
and a proximal region 412b, with the implant engaging portion 414 extending from the
proximal region 412b. Adduionatly, similar to the bone anchor 10, the bone engaging
portion 412 of the bone snchor 400 i3 formed of at least lwo different materials that

13 exhibit different performance characteristics. In one embodiment, the bone engaging
portion 412 includes a core portion or inner layer 416 and a bone interface portion or outer
laver 418 which provides a buffer between the core portion 416 and adjacent bone. The
core portion 416 is formed of a first material, and the bone interface porlion 418 is formed
of a second materinl that is fess rigid or stiff compared to the first material andfor which

0 exhibits other performance characteristics that differ from that of the first matesial.

Additionally, Hke the bone anchor 10, the bone interface portion 418 extends along

substantially the entire length of the core portion 416, from the distal end 422 to » localion

proximate the implant engaging portion 414, However, as illustrated and described above,

the bone interface portion 418 may alternatively extend along other axial regions of the

]
h

core portion 416, and may exiend along multiple axial regions of the core portion 416 in
an offset or intermidtent manner.

As indicated above with regard to the bone anchor 10, forming the core poriion
416 of a first substantially rigid material provides sufftcient strength and load canying
capabilities to the bone anchor 400, and parliculatly the bone engaging portion 412, 1o
30 reduce the risk of fracture or breakage. The implant engaging portion or screw head 414 is
also preferably formed of 3 substantially rigid material to provide sufficient sirength and
Joad carrying capabilities 1o support the implant. As also indicated above, forming the

bone interface portion 418 of a second malerigl that s less rigid than the first material
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provides a more flexible/pliable interface or buffer layer between the bone engaging
postion 412 and the surrounding bone, which in turn tends to increase bone growth around
ihe boue engaging portion 412, and which may also increase the load-sharing capabilities
of the bone anchor 400 1o more evenly or uniformly transfer loads between the bone
engaging portion 412 and adiacent bone. As should be appreciated, forming the bone
anchor 400 of at least two different materials in the manner described above minimizes the
risk of fracture or breakage of the bone engaging portion 412, while also facilitating bone
growth about the bone engaging portion 412 and trausferring of loads from the bone
engaging portion 412 to adjacent bone. In summary, the bone anchor 400 includes a
substantially rigid portion 416 that provides sufficient strength and rigidity, and is
complemented by aless rigid portion 418 that provides a more flexiblepliable interface
with adjacent bone to facititate bone growth and load-sharing capabilities,
In the iflustrated embodiment of the bone anchor 404, (he bone engaging porilon

412 includes external threads 420 that are configured to engage bone, particularly
vertebral hone, and more particularly cancellous vertebral bone. Although the bone
anchor 400 is ilusteated as including a particular type and configuration of external
{hreads 420, it should be understood that other types and configurations of threads are also
conternplated for use n association with the bone anchor 400, Tn one embodiment, the
implant engaging portion 414 is infegral with the bone engaging portion 412 to definea
wnitary bone anchor 400. More specifically, the screw head 414 and the core portion 416
of the threaded shank 412 are fonmed as & single-piece, and the bone interface portion 418
is integrated with the core portion 416 fo provide a unitary bone snchor 400. However,
other configurations are also conternplated. In a specific embodiment, the bone interface
portion 418 is molded wilh the core portion 416, sach as, for example, by injection
molding, overmolding, or other molding techniques or processes that would oceur to one
of ordinary skill in the art. However, in other embodiments, the core portion 416 and the
bone interface portion 418 may be integrated with one another via other suitable
technigues or processes, such as, for sxample, by casting, melting, welding, bonding,
fusing, plating, coating, spraying, forging, drawing, extnding, adhesion, fastening,
pinning or by any other technique or process that would occur to ong of ordinary skill i
the art,

In a fusther smbodiment of the invention, the core portion 416 does not define

external threads. Instead, the extemal throgds 420 are entirely dafined by the bone
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interface portion 418. In one specific embodiment, the bone interface portion 418,
including the external threads 420, may be formed about the core portion 416 via an
injection molding lechnique, thereby eliminating the additional step of machining or

cutting the external threads 420 into the bone interface portion 418. However, in another

St

embodiment, the bone interface portion 418 may be formed about the core portion 416 via
an overmolding lechnigue, with the external threads 420 being lormed info asolid
overmolding via machining, cuiting or any other suifable technigue or process for forming
external threads. In allernative embodiments, full or partial threads may be Tormed along
the core portion 416, with the bone interface portion 418 overlaid or applied over the full
10 or partig] threads of the core portion 416,
tn the illustrated embodiment of the bone anchor 400, the distal end 422 of the
bone engaging portion 412 is tapered and defines & rounded tip. However, in mother
embodiment, the distal end 422 may define a pointed tip to facilitate penetration into bone.
Tns stifl another embodiment, the dislal end 422 may define a blund or substanlially flat end
15 surface which mav be provided with cutting elements, such as cutting teath, to facilitate
entry into bone. In g further embodiment, the distal region 412a of the bone engaging
portion 12 may be provided with one or more culting edges or flules {not shown) to
provide the bone anchor 400 with self-cutting or self-tapping capabilities. In yet another
embodiment, the bone screw 10 may be provided with an asial passage or canmdation
0 opening {not shown) extending either partially or entirely through the bone engaging
portion 412, and may be further provided with transverse passages that commumicate with
the axial passage to define fenestration operings. Additionally, the cannulation and
fenestration openings may be used fo deliver material, such as, for example, bone cement

thrrough the bone engaging portion 412 and into areas of the bone axially or laterally

j 3
L

adincent the distsl region 4124 or laterally adjacent other portions of lhe bone engaging
pottion 412,

In the fliustrated embodiment of the bone anchor 400, the screw head portion 414 18
configured for engapement with a spinal plate {not shown). In one specific embodiment, the
bone serew 400 includes an entarged head 430 and a stem 432 extending from the enlarged
30 head 430, In one embodiment, the enlarged head 430 inclades an at least partiatly spherical or
conical surface 434, and the stem 432 defines external threads 436, Additionally, the spinal
plate includes one or more slofs or openings cordigured to receive the threaded stem 432 of

one or more of the bone anchors 400 therethrough, with the spinal plale secured to the bone
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anchors 400 via lock nuts (not shown) that are threaded onto the stem portions 432, thereby
capturing the spinal plste between the enlarged heads 430 of the bone anchors 400 and the
lock nuts. As should be appreciated, the design of the bone anchor 400 allows the spinal plate
1o be securely coupled to bone, while still maintaining a space or gap between the spinal plate
and the ouler surface of the bone. Additionally, a surface of the spinal plate adjacent the sfots
or apenings may be provided with a number of spherical or conical shaped recesses for
receiving the at least partially spherical or conical surface 434 of Ihe enlarged head portions
430, thereby inhibiting unintended displacement of the bone anchors 400 along the length of
the slot or opening, while stiowing a degree of pivoial or rotational movement of the boue
anchor 400 relative to the spinal plate prior to tightening of the lock nuts onto the threaded
stem portions 432,

Further detatls regarding bone screws having configurations similar fo the
configuration of the bone anchor 400 ase {llustrated and described, for example, in U.S. Patent
No. 5,395,371 to Miller et al.. the contents of which are hereby incorporated herein by
reference. In still other embodiments of the invention, the screw head 414 nway be configured
without the threaded stem 432, with the spinal plate captured between the enlarged head
postion 430 and an outer surface of the bone. One such bone serew embodiment is Hustrated
and described, for example, in U.S. Patent No. 6,152,927 to Farris et al., the coatenis ol which
are hereby incorporated herein by reference. In a further embodiment of the invention, the
bone anchor 400 may be configured for variable positioning along a length of aslot or
opening i the spinal plate. One such embodiment is lustrated and deseribed, for example, in
.S, Patent No. 6,280,445 to Morrison et al., the contenis of which are hereby incorporated
herein by reference.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is 1o be considered as iHlustrative and not restrictive in
character, it being understood that only the preferred embodiments have been shown aod
described and that all changes and modifications that come within the spirit of the invention
are desired to be protected.
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WHAT I8 CLAIMED IS
IR A bone anchor, comprising:
a bone engaging element struclured for engagement with bone and ncluding:

a first portion formed of a first material;

S

a second portion formed of 2 second material different from said first
material and extending at feast partially along a length of said first portion, said second
portion of said bone engaging lement posilioned between said first portion and adjacent
bore tissue when said bone engaging element is engaged with the bone t¢ provide an
interface with the adjacent bone tissue; and
10 wherein said first material exhibiis a performance charactesisiic that differs

from that of said second material; and
an implant engaging element structured for coupling with an implant to anchor the
implant {o the bona.
2. The bone anchor of claim 1, wherein said performance charactenigtic
13 comprises rigidity; and
wherein said second portion of said bone engaging element is less rigid than said
first portion of said bone engaging element.
3. The bone anchor of claim 1, wherein said performance characteristic
comprises flexibility; and
0 wherein said second portion of said bone engaging element is more {flexible than
said first portion of said bone engaging element.
4. The bone anchor of claim 1, wherein one of said first and second malerials
comprises a metallic material, and wherein the other of said first and second materials
comprises a nop-metallic material.

j
[V

5. The bone anchor of claim 4, wherein said first matens] comprises a
metatlic material; and

wherein said second material comprises a non-metallic material.

. The bone anchor of olaim 3, whersin said second material comprises a
polymeric material.
30 7. The bone anchor of claim 1, wherein said second material comprises &
moldable material; and

wherein said second portion of said bone engaging element is molded about st least

a portion of a periphery of said frst portion of said bone engaging element {o forma
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unitary, single-plece structure.
3. The bone anchor of claim 1, wherein said first and second portions of said
bone engaging element are integrally formed lo define & unitary, single-piece slructure.

9, The bone anchor of claim 1, wherein said second portion of said hone

Jr

engaging element extends at least pariially abowt a periphery of said first portion of said

bone engaging element.

10.  ‘The bone anchor of claim 1, wherein the bone anchor is configured to gliow
selective rotational or pivotal movement of said bone engaging slement relative to said
implant engaging element,

10 11, The bone anchor of claim 1, wherein said bone engaging element
comprises a shank defining a number of bone anchoring elements, said second portion off
said bone engaging clement defining gt legst a portion of said bone anchoring elements,

12.  Tho bone anchor of claim 11, wherein said bone anchoring elements
comprise externsl threads.

13 13.  The bone anchor of claim 11, wherein said second material comprises a
moldable material, said second portion of said bone engaging element being molded about
at jeast a portion of a periphery of said first portion of said bone engaging slement to lorm
a unitary, single-piece structure, said at least a portion of said boue anchoring clements
being molded into said second portion of said bone engaging element.

a0 34, The bone anchor of claim 11, wherein said second material comprises a
moldable material, said second portion of said bone engaging element being molded about
a periphery of said {irst portion of said bona engaging element to form a unilary. single~
piece structuse, said at least a portion of said bone anchoring elements being formed into
said moltded second portion of said bone engaging element.

25 15, The bone anchor of claim 1, whergin said second portion of said bone
engaging element extends along substantially an entire length of said first portion of said
boue engaging element.

16.  The bove anchor of clairs 1, wherein said bone engaging element includes a
distal region snd s proximsl region;

30 said second portion of said bone engaging element extending along one of said

distal and proximal regions o provide a buffer between said first portion of said bone

engaging eloment and the adjacent bone tissue; and

said first portion of said bone engaging element interfacing directly with adjacent
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bone tissue along the other of said distal and proximal regions,

17.  'The bone anchor of claim 1, wherein said bone engaging element includes a
distal region, & proximal region, and an intermediate region positioned between said distal
and proximal regions;

said second portion of said bone sngaging elentent extending along said distal and
proximal regions to provide a buffer between sald first portion of said bone engaging
element and the adjacent bone tissue; and

said first portion of said bone engaging element extending along said intermediate
region and interfacing directly with adjacent bone figsus,

18, The bone anchor of claim 1, wherein said bone engaging elemenl extends
along an axis and includes multiple axial regions;

said second portion of said bone engaging element extending along at least one of
said axial regions 1o provide a buffer between said first portion of said bone engaging
clement and the adjacent bone tissue; and

said first portion of said bone engaging element extending along at least one of
said axial regions and interfacing directly with adjacent bone tissue.

§9.  The bone anchor of claim 18, wherein said axial regions defined by said
second portion of said bone engaging element are positioned in an gliernating manmer
relative o seid axial regions defined by said first portion of said bove engaging element.

30. A bone anchor, comprising:

a bone engaging element structured for engagement with bone and inclading:

acore portion exhibiting a first level of nigidity;

a bone interface portion extending at least partially along a length of said
core portion to provide a buffer between said core portion and adjacent bove tissue when
said hone engaging element is engaged with the bone, said bone inferface portion
exhibiting a second fevel of rigidity less than said fivst evel of rigidity exhibited by said
core portion; and

an inplant engaging slement structared for coupling with an implant to anchor the
implant {o the bone.

21.  The bone anchor of claim 20, wherein said core portion is forned of & first
a material, said bone infexface portion formed of a second material different from said first
material.
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22 The bone anchor of claim 21, wherein said first material comprises a
metailic material, and wherein said second material comprises a polymeric material.

2%, The hone anchor of claim 21, wherein said second material comprises a
moldable material; and

wherein said bone interface portion is molded about at least a portion of &
petiphery of said core portion to form a unitary, single-plece structure.

24, The bone anchor of claim 23, wherein said moldable material comprises a
polymeric matesial.

25, ‘The bone anchor of claim 23, wherein said bone engaging element
comprises a shank defining a number of bone anchoring elements, af least & porbion of said
bone anchoring elements being formed into said bone interface portion of said bone
engaging element.

26, The bone anchor of claim 23, wherein said bone anchoring elements
corprise exlerosl threads.

27 The bone anchor of claim 26, wherein said extemal threads are molded into
said bone interface portion of said bone engaping element.

28, The bone anchor of claim 23, wherein said bone engaging elemenl
comprises a shank defining external threads, at Teast a portion of said external threads
being formed into said bone interface portion of said bone engaging element.

20, The bone anchor of claim 28, wherein said at least a portion of said extemal
threads are molded into said bone intecface portion of said bone engaging element.

30.  The bone anchor of claim 20, wherein said bone interface portion exiends
along substantiglly an entire length of said core portion.

31, The bone anchor of claim 20, wherein said bone engaging element inclades
a distal region and a proximat region;

said bone interface portion extending along one of said distal and proximal regions
1o provide a buffer between said core potiion of said bone enguging element and the
adjacent bone tissue; and

said core portion interfacing directly with adjacent bone tissue slong the other of
said distal and proximal regions.

32, The bone anchor of elaim 20, wherein said bone engaging element includes
a distal region, a proximal region, and an intermediate region positioned between said

distal and proximsl regions.
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said boue inerface portion extending along said distal and proximal regions to
provide g buffer between said core portion and the adjecent bone tissue; and
said core portion of said hone engaging element extending along said lntermediale

region and interfacing directly with adjacent bone tissue.

S

33.  The bone anchor of claim 20, wherein said bone engaging element extends
afong an axis and includes amiliple axial regions;

said bone interface portion of said boue engaging element extending along at least
one of said axial regions o provide a buffer betwean said first portion of said bone
engaging element and the adjacent bone tissue; and
10 said first portion of said bone engaging element extending atong at leagt one of
said axial regions and interfacing directly with adjacent bone tissue.

34, The bone anchor of claim 20, wherein the bone anchor is configured o
allow selective rotational or pivotal movement of said bone engaging element relative to

said implant engaging element.

st
45

35. A bone anchor. comprising:
a shank elemtent having a fength and defining external threads configured for
engagement within an opening in bone, said shank element including:
a core portion formed of s firsl & material; and
a bone interface portion formed of a second material less rigid than said
0 first material, said bons interface portion extending along a Jength of said core portion and
about a periphery of said core portion, said bone interface portion defining af leasta
portion of said externgl threads of said shank element; and
an implant enpaging element structured for coupling with an implant 1o anchor the
implant to the bone.

4
e

36.  The bone anchor of claim 33, wherein said core portion is formed ol a
metatlic material; and

whereirt said bone interface portion is formed of a non-metallic matertal.

37.  The bone anchor of claim 36, wherein said non-metallic material comprises
a polymeric malerial.
I 38,  The bone anchor of claim 35, wherein said second material comprises a
moldable material; and

wherein said bone interface portion is molded about said core portion to forn a

unitary, single-piece struchwe.



WO 2007/101267 PCT/US2007/063020

32

39, The bone anchor of claim 35, wherein said core portion defines at least a
portion of said external threads of said shank; and
wherein said at least a portion of said external threads defined by said core portion

cooperates with said at least a portion of said external threads defined by said bone

S

interface poriion 1o form a substantially continuous threading extending along said shank
element.

30, A method of forming a bone anchor, comprising:

providing a bone engaging element for anchoring 1o bone and an implant prgaging
element for coupling with an implant;

10 forming a first poriion of the bone engaging element from a first material, the first
portion exhibiting a first level of rigidity;

forming a second portion of the bone engaging element from a second maferial, the
second portion exhibiting a second level of rigidity less than fhe fust level of rigidity, the
second portion of the hone engaging element extending along a lenglh of the firsl poriion

13 and providing an interface betwean the first portion and adjacent bone when the bone
engaging element 18 engaged 1o bone,

41,  The method of claim 40, wherein the forming of the second portion of the
bone engaging element comptises molding the second portion shout at teast a portion of
the periphery of the first portion.

0 42, The metbod of claim 41, further comprising forming bone anchoring
elements afong a length of the second portion of the bone engaging element daring the
molding.

43, The method of claim 41, further comprising forming bone anchoring
cloments along a lenglh of the second portion of the bone engaging element subsequent 1o

25 the molding.

44, The method of claim 40, wherein the second portion of the bone engaging
element extends along substarstially an entire length of the first portion of the bone

engaging element.

45 The method of claim 40, wherein the bone engaging element includes a
30 distal region and a proximml region, the second portion of the bone engaging element

extending along the proximal region to provide the interface between the first potiion and
the adjacent bone, the first portion of the bone engaging element interfacing directly with

adjncent bone slong the distal region of {he bone engaging element.
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46.  The method of claim 43, Turther comprising providing the first portion of
1he bone engaging element with cuiting features along the distal region of the bone
engaging element [o provide the bone anchor with at least one of a self-cutting capability
and & self-tapping capability.

47.  The method of clatm 40, wherein the bone engaging elementt includes a
distal region and a proximal region, the second porlion of the bone engaging element
extending slong the distal region lo provide the interface between the fivst portion and the
adjacent bone, the first portion of the bone engaging element interfacing directly with
adjacent bone along the proximal region of the bone engaging element,

48.  The method of claim 40, wherein one ol said first and second materials
comprises a metallic material, and wherein the other of the first and second matenals
comprises a non-metallic material.

49, The method of claim 48, wherein the second material comprises a
polymeric malesial; snd

wherein the forning of the second portion of the bone engaging dlement comprises
molding the polvineric material about a pariphery of the first portion of the bone engaging
element.

50. A method of forming a bone anchor, comprising:

providing & bone engaging element for anchoring to bone and an implant engaging
element for coupling with an implant;

forming a first portion of the bone engaging element from a first material;

forming a second portion of the bone engaging element from a second material
different from the first material, the forming of the second portion of the bone engaging
element corprising molding the second matesial about a periphery of the first portion and
alony a length of the first portion to provide an interface between the first portion and
adjacent bone when the boue engaging element is engaged with the hone.

51, The method of claim 50, wherein the first portion of the bone engaging element
exhibits a fivst fevel of sigidity, the second portion of the bone engaging element exhibiting a

second level of rigidity less then the first level of rigdity.

ta

2. The method of claim 50, whergin the molding comprises injection molding.
33, ‘The method of claim 32, wherein the injection molding comprises plastic
injection molding.

54, The method of claim 52, wherein lhe injection molding comprises meta
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injection molding.
35, The method of claim 50, wherein the molding comprises overmolding.
56.  The method of claim 50, further compiising fornsing bose anchoring

slements along a length of the second portion of the bone engaging element during the

‘St

molding.

57.  The method of claim 50, furlher comprising forming bone anchoring
clements afong a tength of the second portion of the bone engaging element subsequent ©
the molding.

38 The method of claim 30, further comprising forming extemal threads along
10 alength of the first porlion of e bone engaging element, the external threads of the first

portion cooperating with the external threads of the second portion to form a substantially
continuous thread exiending along the bone engaging element.
39, The method of claim 50, wherein one of said first and second mwaterials
comprises a melallic material, and wherein the other of the first and second materials
13 comprises a non-metaliic material.
60.  The method of claim 39, wherein the first material comprises a metallic

material, and wherein the second material comprises a polymeric material.
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