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Bone screW assembhes 1nclude long1tud1nal connectmg 

Related U_s_ Application Data members that provide for dynamic stabilization, some 
including non-uniform portions that are con?gured to ?ex, 

(63) Continuation-in-part of application No, 10/958,743, contract or expand. Composite longitudinal connecting 
?led on Oct. 5, 2004, Which is a continuation-in-part 
of application No. 10/409,935, ?led on Apr. 9, 2003, 
noW Pat. No. 6,964,666. 
Continuation-in-part of application No. 10/818,555, 
?led on Apr. 5, 2004, Which is a continuation-in-part 
of application No. 10/464,633, ?led on Jun. 18, 2003, 
noW Pat. No. 6,716,214. 

members include longitudinal segments made from di?cerent 
materials having di?cerent ?exibilities. Polyaxial bone screW 
assemblies include change-out receivers for cooperating 
With replacement longitudinal connecting members having a 
di?cerent ?exibility. Bone screW shanks for cooperating With 
one or more open receivers include treatment or coating to 
provide biologically active interface With bone. 
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DYNAMIC STABILIZATION MEDICAL IMPLANT 
ASSEMBLIES AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/722,300 ?led Sep. 30, 2005. This 
application is also a continuation-in-part of US. patent 
application Ser. No. 10/958,743 ?led Oct. 5, 2004, Which is 
a continuation-in-part of US. patent application, Ser. No. 
10/409,935 ?led Apr. 9, 2003, now US. Pat. No. 6,964,666. 
This application is also a continuation-in-part of US. patent 
application Ser. No. 10/818,555, ?led Apr. 5, 2004, Which is 
a continuation of US. patent application Ser. No. 10/464, 
633 ?led Jun. 18, 2003, now US. Pat. No. 6,716,214. This 
application is also a continuation-in-part of US. patent 
application Ser. No. 10/996,349 ?led Nov. 23, 2004. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to apparatuses and 
methods for use in performing spinal surgery and, in par 
ticular, to structural members for use in spinal surgery 
including dynamic stabilization longitudinal connecting 
members and cooperating polyaxial bone screW assemblies 
providing protected motion in a non-fusion procedure. Cer 
tain ?exible elongate connecting members or rods used in 
methods according to the invention have a substantially 
uniform shape, While other longitudinal connecting mem 
bers according to the invention have ?exible non-uniform 
portions With varied cross-section that preserve spinal 
motion, providing for ?exure and/ or compression and exten 
sion, in a dynamic stabilization method and structure. Bone 
screWs according to the invention have a receiver for cap 
turing and clamping a longitudinal connecting member that 
can sWivel about a shank of the bone screW, alloWing the 
receiver to be positioned in any of a number of angular 
con?gurations relative to the shank. Receivers according to 
the invention also include a change out feature, alloWing for 
removal of a ?exible longitudinal connecting member and 
cooperating receiver Without removing the threaded shank 
that has been implanted into bone, and then replacing the 
receiver With a second receiver for accommodating a more 
rigid longitudinal connecting member of a different size. 

[0003] Many spinal surgery procedures require securing 
various implants to bone and especially to vertebrae along 
the spine. For example, elongate longitudinal connecting 
members are often required that extend along a portion of 
the spine to provide support to vertebrae that have been 
damaged or Weakened due to injury, disease or the like. Such 
longitudinal connecting members must be supported by 
certain vertebra and support other vertebra. The most com 
mon mechanism for providing such structure is to implant 
bone screWs into certain bones Which then in turn support 
the longitudinal connecting member or are supported by the 
longitudinal connecting member. Bone screWs typically 
have a shank that is threaded and adapted to be implanted 
into a vertebral body of a vertebrae. Such bone screWs also 
include a receiver designed to extend beyond the vertebrae 
and include a channel for receiving a longitudinal connect 
ing member or other elongate member. The receiver may be 
open, sWiveling With respect to the shank, providing ease in 
placement of the longitudinal connecting member Within the 
receiver channel prior to clamping of the longitudinal con 
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necting member Within the channel and locking the longi 
tudinal connecting member With respect to the receiver and 
the shank in a particular desired angle With respect to the 
shank, utilizing a closure member that also is inserted in the 
receiver channel. 

[0004] Historically, it has been common to fuse adjacent 
vertebrae that are placed in ?xed relation by the installation 
therealong of bone screWs or other bone anchors and coop 
erating longitudinal connecting members or other elongate 
members. Fusion results in the permanent immobilization of 
one or more of the intervertebral joints. Because the anchor 
ing of bone screWs, hooks and other types of anchors 
directly to a vertebra can result in signi?cant forces being 
placed on the vertebra, and such forces may ultimately result 
in the loosening of the bone screW or other anchor from the 
vertebra, fusion alloWs for the groWth and development of a 
bone counterpart to the longitudinal connecting member that 
can maintain the spine in the desired position even if the 
implants ultimately fail or are removed. Because fusion has 
been a desired component of spinal stabilization procedures, 
longitudinal connecting members have been designed that 
are of a material, size and shape to largely resist ?exure, 
extension and compression, and thus substantially immobi 
lize the portion of the spine that is to be fused. Thus, 
longitudinal connecting members are typically uniform 
along an entire length thereof, and usually made from a 
single or integral piece of material having a uniform diam 
eter of a size to provide substantially rigid support. 

[0005] Fusion, hoWever, has some undesirable side effects. 
One apparent side effect is the immobilization of a portion 
of the spine. Furthermore, although fusion may result in a 
strengthened portion of the spine, it also has been linked to 
more rapid degeneration and even hyper mobility of spinal 
motion segments that are adjacent to the portion of the spine 
being fused, reducing or eliminating the ability of such 
spinal joints to move in a more normal relation to one 
another. In certain instances, fusion has also failed to pro 
vide pain relief. 

[0006] An alternative to fusion and the use of rigid lon 
gitudinal connecting members or other rigid structure has 
been a “soft” stabilization approach in Which a ?exible C- or 
U-shaped member or coil is utilized as a spring member 
?xed betWeen a pair of pedicle screWs in an attempt to 
create, as much as possible, a normal loading pattern 
betWeen the vertebrae, both in ?exion and extension. Such 
devices alloW for some natural movement or ?ex. HoWever, 
such devices may be undesirable as they extend upWardly 
and outWardly from the bone screW or anchor, creating an 
implant With a pro?le much larger than those using a 
traditional cylindrical longitudinal connecting member. 
Larger pro?le implants are almost alWays undesirable for 
placement in a human body and may limit the Working space 
afforded to the surgeon during an implant procedure. 

[0007] Another concern that arises When more ?exible 
structure is utilized in a spinal medical implant is that of 
adequate fatigue strength or endurance limit. The concept of 
strength may be de?ned as the highest stress a material can 
Withstand before it completely fails to perform structurally. 
Typically, the concept of strength takes into account the 
in?uence of a force upon a cross-sectional area of a material 
that ultimately causes a material to fail. Speci?cally, fatigue 
strength has been de?ned as the repeated loading and 
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unloading of a speci?c stress on a material structure until it 
fails. Fatigue strength can be tensile, compression, shear, 
bending, or a combination of these. The dynamic conditions 
associated With spinal movement therefore provide quite a 
challenge for the design of elongate structural members that 
exhibit an adequate fatigue strength to provide stabiliZation 
and protected motion of the spine, Without fusion, and alloW 
for some natural movement of the portion of the spine being 
reinforced by the elongate structural member. 

SUMMARY OF THE INVENTION 

[0008] Dynamic medical implant assemblies and methods 
according to the invention include various longitudinal 
connecting members. One such member has ?rst, second 
and third integral and substantially coaxial portions. The ?rst 
and second portions are substantially uniform and are siZed 
and shaped to be receivable in an open receiver of a bone 
attachment structure. The third portion is non-uniform and is 
disposed betWeen the ?rst and second portions. In one 
embodiment, the third portion includes ?rst and second 
substantially parallel axially spaced sides and a plurality of 
curved strips, each curved strip being integral With both the 
?rst side and the second side at either end thereof. The third, 
non-uniform portion therefore being both compressible and 
expandable in an axial direction. The third portion is holloW 
and appears substantially spheroidal When in an extended 
orientation. 

[0009] Another longitudinal connecting member of the 
invention includes ?rst, second and third integral portions, 
the ?rst portion being substantially uniform and having a 
?rst diameter, the second portion being substantially uni 
form and having a second diameter and the third portion 
being solid and disposed betWeen the ?rst and second 
portions. The ?rst and second portions are illustrated herein 
as being cylindrical in form With equal diameters. The third 
portion has a ?rst Width de?ned by a ?rst longitudinal 
cross-section and a second Width de?ned by a second 
cross-section disposed perpendicular to the ?rst longitudinal 
cross-section. In the illustrated embodiments, the ?rst Width 
of the non-uniform portion is larger than the diameters of the 
?rst and second portions and the second Width is smaller 
than the diameters of the ?rst and second portions. 

[0010] A further longitudinal connecting member accord 
ing to the invention has a substantially uniform cross sec 
tion, but is divided longitudinally into at least ?rst and 
second segments Wherein the ?rst segment is substantially 
more ?exible in comparison to the second section. Each 
section may be siZed and shaped to be received by at least 
a pair of bone anchors, alloWing for dynamic stabiliZation 
along one portion of the spine and rigid stabiliZation along 
a second portion of the spine by a single longitudinal 
connecting member. Such longitudinal connecting members 
may have at least a portion of the ?rst segment being 
constructed of material different from the second segment. 
Such longitudinal connecting members may include ?rst and 
second segments that are both made from a solid material. 

[0011] Dynamic medical implant assemblies according to 
the invention that provide dynamic, protected motion of the 
spine further include bone anchors, such as polyaxial bone 
screW assemblies, that may include bone screW shanks that 
are treated to provide for a roughened or textured surface, 
such as by plasma cleaning or coating. Furthermore, such 
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treatment may include coating With a material such as 
hydroxyapatite. Such treatments and coatings provide for 
bone bonding and in certain cases a bioactive interface 
betWeen the bone attachment structure and the vertebra. 

[0012] Further apparatus and methods according to the 
invention include providing a ?rst assembly for use With a 
?exible longitudinal connecting member or a longitudinal 
connecting member With ?exible portions, and also provid 
ing replacement receivers for receiving longitudinal con 
necting members of different diameters, for example, for 
implanting at a later time When a more rigid assembly may 
be required. Speci?cally, polyaxial bone screW assemblies 
are described herein that include a ?rst receiver for coop 
erating With a ?rst longitudinal connecting member, such as 
?exible, dynamic stabiliZation connecting member and also 
a second receiver for cooperating With a second longitudinal 
connecting member having a different diameter and ?ex 
ibility. Both the ?rst and second receivers are attachable and 
detachable to a bone screW shank, both prior to implantation 
and after the shank is implanted in a vertebra. Such alloWs 
for a fusionless initial attachment of the bone screW shank, 
?rst receiver and dynamic stabiliZation connecting member 
to the spine. Thereafter, if needed, during a procedure in 
Which the bone screW shank remains implanted, the ?rst 
receiver may be replaced With the second receiver and the 
dynamic stabiliZation connecting member replaced With 
another longitudinal connecting member having a different 
?exibility and a different diameter, for example, a solid rod 
having a smaller diameter, but greater rigidity. In some 
instances, it may be desirable to replace a ?rst longitudinal 
connecting member With a second, more ?exible connecting 
member having a greater or lesser diameter than the ?rst 
longitudinal member. In all such dynamic stabiliZation pro 
cedures that do not include fusion, one aspect of the inven 
tion is to provide bone screW shanks that have had surface 
treatment or coating to provide a biologically active inter 
face With the bone or at least some component of bone 
bonding on or bone ingroWth into the bone screW shank. 

OBJECTS AND ADVANTAGES OF THE 
INVENTION 

[0013] Therefore, it is an object of the present invention to 
overcome one or more of the problems With polyaxial bone 
screW assemblies described above. An object of the inven 
tion is to provide dynamic medical implant stabiliZation 
assemblies and methods for spinal surgery that include bone 
screWs having an a?inity to bone and further include con 
necting members and/or receiver members that may be 
removed and replaced to provide for the implantation of 
?exible, semi-rigid or rigid connecting members. Another 
object of the invention is to provide dynamic medical 
implant stabiliZation assemblies having longitudinal con 
necting members With portions having various con?gura 
tions for providing ?exible, dynamic stabiliZation. Addition 
ally, it is an object of the invention to provide a lightWeight, 
reduced volume, loW pro?le polyaxial bone screW and 
longitudinal connecting member assembly. Furthermore, it 
is an object of the invention to provide apparatus and 
methods that are easy to use and especially adapted for the 
intended use thereof and Wherein the tools are comparatively 
inexpensive to make and suitable for use. 

[0014] Other objects and advantages of this invention Will 
become apparent from the folloWing description taken in 






























