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(57) ABSTRACT 

A Surgical implant device that controls the relative movement 
between a first bone or tissue portion and a second bone or 
tissue portion. The device has a first connector member con 
nected for movement with the first bone or tissue portion and 
a second connector member connected for movement with 
the second bone or tissue portion. A biasing member pivotally 
connects the first connector member to the second connector 
member and resists the relative rotation between the first 
connector member and the second connector member. 
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1. 

CONNECTOR 

RELATED APPLICATIONS 

This application claims priority to and incorporates herein 
by reference, in its entirety, U.S. Provisional Patent Applica 
tion Ser. No. 60/889,164, filed Feb. 9, 2007. 

BACKGROUND 

A device or system may be implanted into a patient to 
provide or enhance stability and quality of motion of the 
patient. For example, bone implants and systems are used for, 
among other purposes, control and stabilization of the poste 
rior lumbar spine. In the case of spinal degeneration, for 
example of a disc or a vertebra, the spine may be unstable, and 
excess motion may be possible. In Such a case, it is known to 
use a bone implant or system to stabilize the spine while still 
allowing some controlled motion, or more importantly qual 
ity of motion. 

Typical spinal systems include pedicle Screws that attach to 
adjacent vertebrae; rigid or semi-rigid rods or plates that 
extend between the screws of adjacent vertebrae; and connec 
tors for connecting the rods or plates with the screws. Some 
systems are designed not to allow for any relative movement 
between vertebrae. Other systems allow for some relative 
movement between vertebrae, such as via pivotal connectors 
and/or flexible rods or plates, in an attempt to allow some 
controlled movement of the spine while still stabilizing the 
spine. 

SUMMARY 

The present application describes various embodiments of 
a device for controlling the relative motion between two 
objects. The device may include a first connector member, a 
second connector member, and a biasing member that con 
trols the relative movement between the first connector mem 
ber and the second connector member. The device is not to be 
limited to the embodiment(s) shown or described, as they are 
merely illustrative examples. Thus, the device may be used 
elsewhere than in the spine, for example, in other orthopedic 
applications, to connect tissue portions, such as osseous tis 
Sue or soft tissue. The application is also directed to a method 
of use for the device. 

Additional features and advantages of the device will be set 
forth in part in the description that follows, and in part will be 
obvious from the description, or may be learned by practice of 
the device. The features and advantages of the device will be 
realized and attained by means of the elements and combina 
tions particularly pointed out in the appended claims. It is to 
be understood that both the foregoing general description and 
the following detailed description are exemplary and 
explanatory only and are not restrictive of the device, as 
claimed. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
several embodiments of the device, and together with the 
description, serve to explain the principles of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, which are incorporated in 
and constitute a part of the specification, embodiments of the 
device are illustrated, which, together with a general descrip 
tion of the device given above, and the detailed description 
given below, serve to exemplify embodiments of the device: 
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2 
FIG. 1 is an exemplary graph that depicts the motion curves 

of an intact normal spine and an abnormal or degenerative 
spine outfitted with various types of rod/connector spinal 
stabilization systems; 

FIG. 2 is a schematic view of a connector according to an 
embodiment of the invention; 

FIG. 3 is a perspective view of a connector according to an 
embodiment of the invention, wherein the connector is 
assembled and mounted to a screw; 

FIG. 4 is an exploded view of the connector shown in FIG. 
3: 

FIG. 5 is a exploded cross sectional view of the connector 
shown in FIG. 3; 

FIG. 6 is a top view of the connector shown in FIG. 3, 
wherein the connector is assembled and mounted to a screw; 

FIG. 7 is a cross sectional view of the connector shown in 
FIG.3, wherein the connector is assembled and mounted to a 
Screw; 

FIG. 8 is a front view of the connector shown in FIG. 3, 
wherein the connector is assembled and mounted to a screw; 

FIG. 9 is a perspective view of a connector according to 
another embodiment of the invention, wherein the connector 
is assembled and mounted to a screw; 

FIG.10 is an exploded view of the connector shown in FIG. 
9; 

FIG. 11 is a exploded cross sectional view of the connector 
shown in FIG. 9; 

FIG. 12 is a top view of the connector shown in FIG. 9. 
wherein the connector is assembled and mounted to a screw; 

FIG. 13 is a cross sectional view of the connector shown in 
FIG.9, wherein the connector is assembled and mounted to a 
Screw; 

FIG. 14 is a front view of the connector shown in FIG. 9, 
wherein the connector is assembled and mounted to a screw; 

FIG. 15 is a perspective view of a connector according to 
another embodiment of the invention, wherein the connector 
is assembled and mounted to a screw; 

FIG.16 is an exploded view of the connector shown in FIG. 
15: 

FIG. 17 is a top view of the connector shown in FIG. 15, 
wherein the connector is assembled and mounted to a screw; 

FIG. 18 is a cross sectional view of the connector shown in 
FIG. 15, wherein the connector is assembled and mounted to 
a Screw; 

FIG. 19 is a front view of the connector shown in FIG. 15, 
wherein the connector is assembled and mounted to a screw; 

FIG. 20 is a perspective view of a connector according to 
another embodiment of the invention, wherein the connector 
is assembled and mounted to a screw; 

FIG.21 is an exploded view of the connector shown in FIG. 
20; 

FIG.22 is a exploded cross sectional view of the connector 
shown in FIG. 20; 

FIG. 23 is a top view of the connector shown in FIG. 20. 
wherein the connector is assembled and mounted to a screw; 

FIG.24 is a cross sectional view of the connector shown in 
FIG. 20, wherein the connector is assembled and mounted to 
a Screw; 
FIG.25 is a front view of the connector shown in FIG. 20, 

wherein the connector is assembled and mounted to a screw; 
FIG. 26 is a perspective view the connector shown in FIG. 

20; and 
FIG. 27 is a perspective view of a stop of the connector 

shown in FIG. 20. 

DETAILED DESCRIPTION 

The present application discloses a device used for control 
ling motion. The embodiments of the invention illustrate the 
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use of the device in a spinal stabilization and motion preser 
Vation system that restricts certain types of motion in an 
otherwise abnormal or degenerative spine while allowing 
other types of motion so that the spinal segment is stabilized 
but not fused. Quantity of motion refers to the range of motion 
of the spine while quality of motion refers to the characteris 
tics of a rotating vertebra, such as the kinematics. 

For example, the graph shown in FIG. 1 depicts the motion 
curves of an intact normal spine and an abnormal or degen 
erative spine outfitted with either a rigid or dynamic spinal 
stabilization system. FIG. 1 illustrates that the use of a 
dynamic spinal stabilization system, for example a dynamic 
rod and dynamic connector Such as the embodiments of the 
invention illustrated and described herein, allows for a more 
normal range of motion than the use of a conventional rigid 
spinal stabilization system. 
The y-axis of the graph shown in FIG. 1 represents the 

displacement (degree of flexion/extension bending) and the 
X-axis represents the moment (Nm) acting on the vertebral 
junction. Positive moment values represent flexion (bending 
forward) while negative moment values represent extension 
(bending backward). Thus, the moment acting on the verte 
bral junction increases as a person bends forward (flexion) 
from a neutral position and decreases as the person returns to 
the neutral position. Similarly, the moment acting on the 
Vertebral junction increases as a person bends backward (ex 
tension) from a neutral position and decreases as the person 
returns to the neutral position. The total range of motion may 
be calculated from the total displacement between the top and 
bottom of the motion curve. 
As shown in the graph of FIG. 1, the range of motion of an 

abnormal or degenerative spine outfitted with a dynamic spi 
nal stabilization system allows for almost as much flexion 
range of motion as a normal intact spine. Further, an abnormal 
or degenerative spine outfitted with a dynamic spinal stabili 
Zation system allows for an overall greater range of motion 
than an abnormal or degenerative spine outfitted with a rigid 
spinal Stabilization system. As such, the use of a dynamic 
spinal stabilizations system, for example a dynamic rod and 
dynamic connector Such as the embodiments of the invention 
illustrated and described herein, allows for a more normal 
quantity and quality of motion than the use of a conventional 
rigid spinal stabilization system. 

Although the embodiments of the invention illustrate the 
use of the device in a spinal stabilization and motion preser 
vation system, the device may be used to control the relative 
motion between a variety of tissue portions in the body and is 
not limited to posterior spinal applications. For example, the 
device may be used in anterior spinal applications or non 
spinal applications, such as controlling the relative motion 
between two bones, such as the pelvis and the femur. In spinal 
applications, the device may attach to any Suitable anatomical 
feature of a vertebral body, such as for example, the pedicle, 
lamina, spinous process, or transverse process. Tissue por 
tions, however, are not limited to bone or osseous tissue. 
Tissue portions may also include soft tissue Such as, but not 
limited to, cartilage or ligaments. 

While the embodiments illustrated and described herein 
are presented in the context of a pivotal connector for con 
trolling the relative motion between two objects having a 
connector housing (or first connector member), an inner 
member (or second connector member), and a biasing mem 
ber controlling the relative movement between the connector 
housing and the inner member, those skilled in the art will 
readily appreciate that the device may be used and configured 
in other ways. For example, the biasing member may be a 
separate component of the connector. In certain embodi 
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4 
ments, the biasing member and the inner member are made 
from a unitary construction. In other embodiments, the bias 
ing member and the connector housing are made from a 
unitary construction. In still other embodiments, the biasing 
member, connector housing, and inner member are made 
from a unitary construction. Further, the connector may have 
a stop to limit the relative movement between the connector 
housing and the inner member. 

While various aspects and concepts of the device are 
described and illustrated herein as embodied in combination 
in the embodiments, these various aspects and concepts may 
be realized in many alternative embodiments, either individu 
ally or in various combinations and Sub-combinations 
thereof. Unless expressly excluded herein all such combina 
tions and sub-combinations are intended to be within the 
scope of the device. Still further, while various alternative 
embodiments as to the various aspects and features of the 
device. Such as alternative materials, structures, configura 
tions, methods, devices, and so on may be described herein, 
Such descriptions are not intended to be a complete orexhaus 
tive list of available alternative embodiments, whether pres 
ently known or identified herein as conventional or standard 
or later developed. Those skilled in the art may readily adopt 
one or more of the aspects, concepts or features of the device 
into additional embodiments within the scope of the device 
even if such embodiments are not expressly disclosed herein. 
Additionally, even though some features, concepts or aspects 
of the device may be described herein as being a preferred 
arrangement or method. Such description is not intended to 
suggest that such feature is required or necessary unless 
expressly so stated. Still further, exemplary or representative 
values and ranges may be included to assist in understanding 
the device however, such values and ranges are not to be 
construed in a limiting sense and are intended to be critical 
values or ranges only if so expressly stated. 

It should be noted that for the purposes of this application, 
the terms attach (attached), connect (connected), and mount 
(mounted) are not limited to direct attachment, connection, or 
mounting but also include indirect attachment, connection, or 
mounting with intermediate parts, components, or assemblies 
being located between the two parts being attached, con 
nected, or mounted to one another. In addition, the terms 
attach (attached), connect (connected), and mount (mounted) 
may include two parts integrally formed or unitarily con 
structed. 

It should also be noted that for the purposes of this appli 
cation, the term implant (implantable, implanted, etc.) or 
Surgical implant device is not limited to those devices 
implanted into a bone tissue or Soft tissue and completely 
covered by the skin, but also includes devices implanted into 
a bone tissue or soft tissue and projecting through the skin. 

Referring now to the drawings, FIG. 2 is a schematic of a 
connector 1 according to an embodiment of the invention. 
Three components of the connector 1 are shown in FIG. 2, the 
connector housing 2, or first connector member, the biasing 
member 3, and the inner member 4, or second connector 
member. The connector housing 2 of the connector 1 attaches 
to an anchoring device 6. The anchoring device 6 attaches to 
a first bone portion in the body. The inner member 4 of the 
connector 1 attaches to a rod or plate 5. The rod or plate 5 
generally attaches to an anchoring device attached to a second 
bone portion of the body. The biasing member 3 controls the 
relative movement between the connector housing 2 and the 
inner member 4 by resisting movement of the parts away from 
a neutral/unloaded or starting position, and biasing the parts 
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back to the neutral/unloaded or starting position. This resis 
tance is provided for movement in both directions of relative 
rotation. 
When the first bone portion moves, force from the first 

bone portion is transmitted to the anchoring device 6. The 
force on the anchoring device 6 is transmitted to the connector 
housing 2 of the connector 1. The connector housing 2 pivots 
relative to the inner member 4. Thus, the connector housing 2 
pivots relative to the rod or plate 5, which is fixed to the inner 
member 4, allowing the first bone portion to move relative to 
the second bone portion. 

The biasing member 3 resists the relative movement 
between the connector housing 2 and the rod or plate 5. The 
biasing member 3 provides an increasing resistance to rela 
tive movement between the inner member 4 and the connector 
housing 2, as the parts move farther. Thus, the biasing mem 
ber 3 provides an increasing resistance to pivotal movement 
of the anchoring device 6 relative to the rod or plate 5. 
The force applied by the biasing member 3 may increase 

Sufficiently to act as a stop to limit Such movement. In addi 
tion, portions of the inner member 4 or connector housing 2 
may act as a stop to limit the pivotal movement of the anchor 
ing device 6 relative to the rod or plate 5. 
When the force on the anchoring device 6 from the first 

bone portion stabilizes or decreases, the return force of the 
biasing member 3 acts on the inner member 4 to help bias the 
parts of the connector 1 back to the starting position. 

FIGS. 3-8 illustrate a connector 10 according to an embodi 
ment of the invention. The connector 10 shown in FIG. 3 is 
adapted to work with a bone screw 20 in a vertebra shown 
schematically at 22, and with a member, Such as a plate or rod, 
that extends to and connects with another vertebra (not 
shown) or with another bone tissue or soft tissue portion. The 
screw 20 (FIG. 3) is a bone screw, or pedicle screw, having a 
threaded portion 24 centered on an axis 26 of the screw. The 
screw 20 (FIG. 3), as illustrated, has a flange 28 at the outer 
end of the threaded portion 24. The flange 28 has wrenching 
flats for receipt of a tool. Such as a spanner or wrench, to grip 
the screw 20 and drive it into the bone 22. Alternatively, the 
screw may have a different configuration for helping to drive 
the screw into the bone 22, for example, a screw head with a 
hex Socket. 

The screw 20 also includes a mounting portion 30 for 
mounting or Supporting a connector housing 40, or first con 
nector member (FIG. 4). In the illustrated embodiment, the 
mounting portion 30 has a smooth, cylindrical outer Surface 
32 centered on the screw axis 26. In other configurations, the 
mounting portion 30 could have a different shape or surface, 
Such as a threaded configuration or a frusta-conical outer 
surface. An aperture 34 (FIG. 4) having an interior threaded 
portion extends into the mounting portion 32. A fastener 52 
having a threaded portion and a head communicates with the 
interior threaded portion of the aperture 34 to secure the 
connector housing 40 to the screw 20, blocking rotation of the 
housing about the screw axis 26. As shown, the fastener 52 
has a screw head with a hex socket. 

The connector housing 40 (FIG. 4) of the connector 10 may 
be formed as one piece. The connector housing 40 has a 
mounting sleeve or mounting portion 42 that is received on 
the mounting portion 30 of the screw 20. The mounting por 
tion 42 of the connector housing 40 Supports the connector 
housing on the screw 20 for pivotal movement relative to the 
screw about the screw axis 26, before the connector housing 
is tightened down on the screw. As shown, the mounting 
portion 42 has an elongated aperture 70 with interior grooves 
72 that allow the mounting portion 42 of the connector hous 
ing 40 to hold the mounting portion 30 of the screw 20, 
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6 
preventing rotation of the connector housing relative to the 
screw. As noted above, in other configurations, the mounting 
portion of the screw could have a different shape or surface 
that still allows for the connector housing to be positioned 
relative to the screw before being tightened down. Further, the 
mounting portion of the connector housing may also have a 
different shape or Surface, such as a threaded configuration or 
a more rounded aperture. 
A biasing member Support portion 44 of the connector 

housing 40 is movable with the mounting portion 42 and 
extends outward from the mounting portion 42 (FIG. 4). The 
biasing member Support portion 44 has a chamber 46 cen 
tered on a pivot axis 48 of the connector 10. In the illustrated 
embodiment, the chamber 46 is cylindrical. In addition, the 
biasing member Support portion 44 has two projections 50. 
The two projections 50, or teeth, extend outward from the 
edge of the chamber 46, in a direction away from the mount 
ing portion 42 of the connector housing 40. However, in 
certain embodiments, the biasing member Support portion 44 
may have more or less projections. 
The biasing member Support portion 44 of the connector 

housing 40 also has a shaft 74 centered on the pivotaxis 48 of 
the connector 10 (FIG. 4). The shaft 74 communicates with a 
bore 96 (FIG. 5) of a biasing member portion 88 of an inner 
member 60 of the connector 10 (described below). The shaft 
74 supports an end 90 of the biasing member portion 88 
inserted into the chamber 46 of the connector housing 40. As 
shown, the shaft 74 is a stepped shaft having the narrow 
portion at the end farthest from the connector housing 40. 
A cap 76 covers the narrow end of the stepped shaft 74 and 

helps support the biasing member portion 88 of the inner 
member 60. The cap 76 may also rotate relative to the shaft 74 
as the connector housing 40 pivots relative to the inner mem 
ber 60. 
The inner member 60, or second connector member, of the 

connector 10 is generally cylindrical and has two portions, a 
rod support portion 62 and the biasing member 88 portion 
(FIG. 4). The biasing member portion 88 is closely received in 
the chamber 46 of the connector housing 40. In the illustrated 
embodiment, the end 90 of the biasing member portion 88 is 
inserted in the chamber 46 of the connector housing 40 and 
welded, such as by laser welding. However, the end 90 of the 
biasing member portion 88 may be connected to the connec 
tor housing 40 by any Suitable means known in the art, such as 
with a threaded connection, setscrew, press fit, or adhesive. 
A bore 64 extends radially through the rod support portion 

62 of the inner member 60 and is adapted to receive a rod 66 
therethrough (FIG. 4). The bore 64 defines a rod axis 68 of the 
connector 10. In the illustrated embodiment, the inner mem 
ber 60 has set screw threads 92 for securing the rod 66 in the 
bore 64 of the inner member 60 to prevent the rod 66 from 
rotating or moving axially within the inner member 60. How 
ever, the rod 66 may be secured in the bore 64 by any suitable 
means known in the art, Such as with a cotter pin or press fit. 
The biasing member 88 of the inner member 60 resists the 

rotation of the connector housing 40 relative to the inner 
member 60 and helps to bias the parts of the connector 10 
back to a starting position. As illustrated, the biasing member 
88 and the inner member 60 are a unitary construction. The 
biasing member 88 is formed from a spiral cut in the inner 
member 60 between the end 90 and the rod support portion 
62. However, other types of biasing members may be used, 
Such as for example an elastic connection or torsion bar. 
Further, in other embodiments (not shown), the connector 
housing and the biasing member area unitary construction. In 
these embodiments, the biasing member may be formed from 
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a spiral cut in a portion of the connector housing extending 
outward from the mounting portion. 
The biasing member 88 also has a bore 96 (FIG. 5). As 

shown, the bore 96 is centered on the pivot axis 48 and 
extends generally from the end 90 to the rod support portion 
62 of the inner member 60. The size and shape of the bore 96 
affect the biasing members resistance. In general, a larger 
bore provides less resistance while a smaller bore provides 
greater resistance. In certain embodiments, however, the bias 
ing member does not have a bore. 
The connector 10 further includes an outer member 80. In 

certain embodiments, the outer member 80 is optional. In 
addition, the outer member 80 and the inner member 60 may 
be a unitary construction. As illustrated, the outer member 80 
has a chamber 86 centered on the pivotaxis 48 of the connec 
tor 10. The chamber 86 is cylindrical and receives the rod 
support portion 62 of the inner member 60. Similar to the 
inner member 60, a bore 84 extends radially through the outer 
member 80 and is adapted to receive the rod 66 (FIG. 3) 
therethrough. The bore 84 is centered on the rod axis 68 of the 
connector 10. 

Further, the outer member 80 has an aperture 98 for secur 
ing the outer member 80 to the inner member 60. In the 
illustrated embodiment, the aperture 98 is generally aligned 
with the setscrew threads 92 of the inner member 60. A 
setscrew, inserted through the aperture 98 and into the inner 
member 60, prevents the outer member 80 from rotating or 
moving axially relative to the inner member 60. However, the 
outer member 80 may be secured to the inner member 60 by 
any suitable means known in the art, such as with a cotter pin 
or press fit. 
As illustrated, the outer member 80 has two projections 54. 

The two projections 54, or teeth, extend from the edge of the 
chamber 86 in a direction toward the connector housing 40. 
However, in certain embodiments, the outer member 80 may 
have more or less projections. In the illustrated embodiment, 
the projections 54 of the outer member 80 are adapted such 
that they loosely mate with the projections 50 of the connector 
housing 40 (FIG. 3). As a result, the projections 50 of the 
connector housing 40 will interfere with the projections 54 of 
the outer member 80 as the connector housing 40 rotates 
relative to the outer member 80. This interference of the 
projections 50, 54 creates a stop to the relative movement 
between the connector housing 40 and the inner member 60. 
The range of rotation of the connector housing 40 relative to 
the inner member 60 will vary depending on various factors. 
For example, the number, size, and shape of the projections 
50, 54 may vary such that the spacing between the projections 
50, 54 changes, creating different ranges of rotation. Further, 
one or both sets of projections 50, 54 may include a different 
material. Such as an elastic material, that “cushions' the inter 
ference of the projections 50, 54. 
As stated earlier, Some embodiments do not include the 

outer member. Removal of the outer member decreases the 
overall size of the connector in applications where decreased 
size is beneficial. In these embodiments, the connector hous 
ing 40 and the inner member 60 may not have external pro 
jections that interfere to create a stop to the relative movement 
between the connector housing and the inner member, such as 
external projections 50, 54 in FIG. 4. Instead, the force 
applied by the biasing member 88 may increase sufficiently to 
act as a stop to limit such movement. Further, in certain 
embodiments, a stop may be internal to the connector, for 
example the embodiment of the invention depicted in FIGS. 
20-27. In other embodiments of the invention, an internal first 
stop, such as a projection or groove, within the bore 96 of the 
biasing member 88 may interfere with an internal second stop 
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8 
on the shaft 74 of the biasing member support portion 44. This 
interference may create a stop to the relative movement 
between the connector housing 40 and the inner member 60. 

In the illustrated embodiment, a set of bands 78 act as soft 
stops to cushion the interference of the projections 50, 54 
(FIG. 4). As shown, the bands 78 seat in channels 94 (FIG. 5) 
along the interior of the projections 54 of the outer member 
80, trapping the bands between the inner member 60 and the 
outer member. As the connector housing 40 pivots relative to 
the outer member 80, the ends 12 of the bands 78 are pinched 
between the projections 54 of the outer member and the 
projections 50 of the connector housing, creating a soft stop. 
The bands 78 may be made of any suitable implantable mate 
rial that “cushions' the interference of the projections 50,54, 
Such as polyurethane. 
As illustrated, the connector housing 40, inner member 60, 

and outer member 80 are made from titanium or a titanium 
alloy. However, some or all of the connector 10 components 
may be made from a variety of materials that are suitable for 
mammalian implantation, Such as for example, but not lim 
ited to, polyethylene or polyurethane. Further, the screw 20 
and the rod 66 may be made from a variety of materials that 
are suitable for mammalian implantation, such as titanium or 
a titanium alloy. 
As described below, the biasing member 88 of the inner 

member 60 provides resistance to relative rotation between 
the inner member and the connector housing 40, resisting 
movement of the parts away from a neutral/unloaded or start 
ing position, and biasing the parts back to the neutral/un 
loaded or starting position. This resistance is provided for 
movement in both directions of relative rotation, as shown by 
the arrows 82 and 84 in FIG. 8. 

Specifically, when the spine is flexed or extended, the ver 
tebra 22 moves relative to the rod 66 for example, in a first 
direction as shown by the arrow 82 in FIG.8. Force from the 
vertebra 22 is transmitted to the screw 20. The force on the 
screw 20 is transmitted to the connector housing 40. The 
connector housing 40 pivots relative to the rod Support por 
tion 62 of the inner member 60, about the pivotaxis 48. Thus, 
the connector housing 40 pivots relative to the rod 66, which 
is fixed to the inner member 60. 
The biasing member 88 resists the relative movement 

between the connector housing 40 and the rod 66, about the 
axis 48, in the first direction shown by the arrow 82. The 
biasing member 88 provides an increasing resistance to rela 
tive movement between the inner member 60 and the connec 
tor housing 40, as the parts move farther. Thus, the biasing 
member 88 provides an increasing resistance to pivotal move 
ment of the screw 20 relative to the rod 66. 
The force applied by the biasing member 88 may increase 

Sufficiently to act as a stop to limit Such movement. As stated 
earlier, the interference of the projections 50, 54 may also act 
as a stop to limit the pivotal movement of the screw 20 relative 
to the rod 66. Finally, the bands 78 may act as soft stop to 
cushion the interference of the projections 50, 54. 
When the force on the screw 20 from the patient stabilizes 

or decreases, the return force of the biasing member 88 acts on 
the inner member 60 to help bias the parts of the connector 10 
back to the starting position, in the direction indicated by the 
arrow 84 in FIG. 8. Further, a return force provided by the 
bands 78 may act on the projections 50, 54 to help bias the 
parts of the connector 10 back to the starting position. 
The connector 10 may be configured to allow any desired 

range of movement within the physical constraints of the 
connector and associated devices. As one example, the con 
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nector 10 may be configured to allow for up to 2 or 3 degrees 
of movement in either direction from the starting or neutral/ 
unloaded position. 

The amount of resistance and return force provided by the 
connector 10 may be adjusted by removing the inner member 
60 and replacing it with an inner member having a stiffer or 
softer biasing member. The connector 10 as shown may also 
be interchanged with another connector of the same or a 
different type, simply by removing the fastener52 and pulling 
the connector housing 40 axially off the screw 20. 

FIGS. 9-14 illustrate another embodiment of the invention 
similar to the embodiment depicted in FIGS. 3-8. The con 
nector 110 shown in FIG. 9 is adapted to work with a bone 
screw 120 in a vertebra shown schematically at 122, and with 
a member, Such as a plate or rod, that extends to and connects 
with another vertebra (not shown) or with another bone tissue 
or soft tissue portion. 
The screw 120 (FIG.9) is a bone screw, or pedicle screw, 

having a first threaded portion 124 centered on an axis 126 of 
the screw. The screw 120 (FIG. 10), as illustrated, has a flange 
128 at the outer end of the first threaded portion 124. The 
flange 128 has wrenching flats for receipt of a tool. Such as a 
spanner or wrench, to grip the screw 120 and drive it into the 
bone 122. The screw 120 also includes a mounting portion 
130 for mounting or Supporting a connector housing 140, or 
first connector member (FIG. 10). In the illustrated embodi 
ment, the mounting portion 130 has a Smooth frusta-conical 
outer surface 132 centered on the screw axis 126. A second 
threaded portion 134 (FIG. 11) of the screw 120 extends 
outward from the mounting portion 132. A nut 152 is screwed 
on the second threaded portion 134 of the screw 120 to secure 
the connector housing 140 to the screw, blocking rotation of 
the connector housing about the screw axis 126. 

The connector housing 140 (FIG. 10) of the connector 110 
has a mounting sleeve or mounting portion 142 that is 
received on the mounting portion 130 of the screw 120. The 
mounting portion 142 of the connector housing 140 Supports 
the connector housing on the screw 120 for pivotal movement 
relative to the screw about the screw axis 126, before the 
connector housing is tightened down on the screw. A biasing 
member support portion 144 of the connector housing 140 is 
movable with the mounting portion 142 and extends outward 
from the mounting portion 142 (FIG. 10). The biasing mem 
ber support portion 144 has a chamber 146 centered on a pivot 
axis 148 of the connector 110. In the illustrated embodiment, 
the chamber 146 is cylindrical. In addition, the biasing mem 
ber support portion 144 has two projections 150. The two 
projections 150, or teeth, extend outward from the edge of the 
chamber 146, in a direction away from the mounting portion 
142 of the connector housing 140. 
The connector 110 further includes an inner member 160, 

or second connector member. In the illustrated embodiment, 
the inner member 160 is generally cylindrical and has a rod 
support portion 162 and a biasing member 188. The biasing 
member 188 is closely received in the chamber 146 of the 
connector housing 140. In the illustrated embodiment, an end 
190 of the biasing member 188 is inserted in the chamber 146 
of the connector housing 140 and welded, for example Such as 
laser welding. 
Abore 164 extends radially through the rod support portion 

162 of the inner member 160 and is adapted to receive a rod 
166 (FIG. 10) therethrough. The bore 164 defines a rod axis 
168 of the connector 110. In the illustrated embodiment, the 
inner member 160 has set screw threads 192 for securing the 
rod 166 in the bore 164 of the inner member 160 to prevent the 
rod 166 from rotating or moving axially within the inner 
member 160. 
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The biasing member 188 of the inner member 160 resists 

the rotation of the connector housing 140 relative to the inner 
member 160 and helps to bias the parts of the connector 110 
back to a starting position. As illustrated, the biasing member 
188 and the inner member 160 are a unitary construction. The 
biasing member 188 is formed from a spiral cut in the inner 
member 160 between the end 190 and the rod support portion 
162. The biasing member 188 also has a bore 196. As shown, 
the bore 196 is centered on the pivot axis 148 and extends 
generally from the end 190 to the rod support portion 162 of 
the inner member 160. 
The connector 110 further includes an outer member 180. 

As illustrated, the outer member 180 has a chamber 186 
centered on the pivot axis 148 of the connector 110. The 
chamber 186 is cylindrical and receives the rod support por 
tion 162 of the inner member 160. Similar to the inner mem 
ber 160, a bore 184 extends radially through the outer mem 
ber 180 and is adapted to receive the rod 66 (FIG. 10) 
therethrough. The bore 184 is centered on the rod axis 168 of 
the connector 110. Further, the outer member 180 has an 
aperture 198 for securing the outer member 180 to the inner 
member 160. In the illustrated embodiment, the aperture 198 
is generally aligned with the setscrew threads 192 of the inner 
member 160. A setscrew, inserted through the aperture 198 
and into the inner member 160, prevents the outer member 
180 from rotating or moving axially relative to the inner 
member 160. 
As illustrated, the outer member 180 has two projections 

154. The two projections 154, or teeth, extend from the edge 
of the chamber 186 in a direction toward the connector hous 
ing 140. In the illustrated embodiment, the projections 154 of 
the outer member 180 are adapted such that they loosely mate 
with the projections 150 of the connector housing 140 (FIG. 
9). As a result, the projections 150 of the connector housing 
140 will interfere with the projections 154 of the outer mem 
ber 180 as the connector housing 140 rotates relative to the 
outer member 180. This interference of the projections 150, 
154 creates a stop to the relative movement between the 
connector housing 140 and the inner member 160. 

Similar to the connector 10 depicted in FIGS. 3-8, the 
biasing member 188 of the connector 110 provides resistance 
to relative rotation between the inner member 160 and the 
connector housing 140, resisting movement of the parts away 
from a neutral/unloaded or starting position, and biasing the 
parts back to the neutral/unloaded or starting position. This 
resistance is provided for movement in both directions of 
relative rotation, as shown by the arrows 182 and 184 in FIG. 
14. The connector 110 may be configured to allow any desired 
range of movement within the physical constraints of the 
connector and associated devices. 

FIGS. 15-19 depict a connector 210 according to another 
embodiment of the device. Similar to the connector 110 
shown in FIGS. 9-14, the connector 210 shown in FIG. 15 is 
adapted to work with a bone screw 220 in a vertebra shown 
schematically at 222, and with a member, Such as a plate or 
rod, that extends to and is connected with another vertebra 
(not shown) or with other bone tissue or soft tissue portion. 
The connector 210 includes a connector housing 240 (FIG. 

16), or first connector member, that may be formed as one 
piece. The connector housing 240 has a mounting sleeve or 
mounting portion 242 that is received on the mounting por 
tion 230 of the screw 220. The mounting portion 242 of the 
connector housing 240 Supports the connector housing on the 
screw 220 for pivotal movement relative to the screw about 
the screw axis 226, before the connector housing is tightened 
down on the Screw. In other configurations, the mounting 
portion of the screw could have a different shape or surface, 
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Such as a threaded configuration, that still allows for the 
connector housing to be positioned relative to the screw 
before being tightened down. Further, the mounting portion 
of the connector housing may also have a different shape or 
Surface, such as a threaded configuration. 5 
A rod Support portion 244 of the connector housing 240 is 

movable with the mounting portion 242 and extends outward 
from the mounting portion. The rod Support portion 244 has a 
cylindrical chamber 246 centered on a pivot axis 248 of the 
connector. The connector housing 240 also has a biasing 10 
member housing portion 250 that is disposed outward of the 
rod Support portion 244. In other embodiments, the biasing 
member housing portion of the connector housing could be 
located inward of the rod support portion. A nut 252 is 
screwed on the second threaded portion 234 of the screw 220 15 
to secure the connector housing 240 to the screw, blocking 
rotation of the connector housing about the Screw axis 226. 
The connector 210 further includes an inner member 260, 

or second connector member. The inner member 260 is a 
generally cylindrical member that has a cylindrical rod Sup- 20 
port portion 262 closely received in the chamber 246 of the 
connector housing 240. The inner member 260 is thus Sup 
ported in the connector housing 240, for rotation relative to 
the connector housing, about the pivotaxis 248. 
Abore 264 extends radially through the rod support portion 25 

262 of the inner member 260 and is adapted to receive a rod 
266 therethrough. The bore 264 defines a rod axis 268 of the 
connector 210. 

Abiasing member receiving portion 270 of the inner mem 
ber 260 extends outward from the rod support portion 262. 30 
The biasing member receiving portion 270 has an opening 
272 for receiving the inner end 274 of a biasing member 276 
(FIG. 16), as described below. The inner member 260 may 
have setscrew threads or other means (not shown) for secur 
ing the rod 266 in the bore 264 of the inner member 260 to 35 
prevent the rod from rotating or moving axially within the 
inner member. 
The connector 210 further includes a biasing member 276 

that as illustrated is a coiled/torsional biasing member made 
of wire, although other types of biasing members may be 40 
used. Such as for example a coiled metal band or elastic 
connection. The outer end 278 (FIG.16) of the biasing mem 
ber 276 is fixed in the biasing member housing portion 250 of 
the connector housing 240. The biasing member housing 
portion 250 may be closed by welding of a plate 280 (FIG. 15) 45 
and/or crimping the end portion of the housing. The inner end 
274 (FIG. 16) of the biasing member 276 is fixed in the 
opening 272 in the biasing member receiving portion 270 of 
the inner member 260. The biasing member 276 thus acts 
between the connector housing 240 and the inner member 50 
260. In other embodiments, the biasing member could be 
configured differently—for example, the biasing member 
could be a metal biasing member embedded in or coated with 
an elastomeric material. In still other embodiments, discussed 
below, a second biasing member may be provided. 55 
As described below, the biasing member 276 provides 

resistance to relative rotation between the inner member 260 
and the connector housing 240, resisting movement of the 
parts away from a neutral/unloaded or starting position, and 
biasing the parts back to the neutral/unloaded or starting 60 
position. This resistance is provided for movement in both 
directions of relative rotation, as shown by the arrows 282 and 
284 in FIG. 19. 

Specifically, when the spine is flexed or extended, the ver 
tebra 222 moves relative to the rod 266 for example, in a 65 
first direction as shown by the arrow 282 in FIG. 19. Force 
from the vertebra 222 is transmitted to the screw 220. The 

12 
force on the screw 220 is transmitted to the connector housing 
240. The connector housing 240 pivots relative to the inner 
member 260, about the pivot axis 248. Thus, the connector 
housing 240 pivots relative to the rod 266, which is fixed to the 
inner member 260. 
The biasing member 276 resists the relative movement 

between the connector housing and the rod, about the axis 
248, in the first direction shown by the arrow 282. The biasing 
member 276 provides an increasing resistance to relative 
movement between the inner member 260 and the connector 
housing 240, as the parts move farther. Thus, the biasing 
member 276 provides an increasing resistance to pivotal 
movement of the screw 220 relative to the rod 266. 
The force applied by the biasing member 276 may increase 

Sufficiently to act as a stop to limit Such movement. Alterna 
tively, an edge portion 284 (FIG. 16) of the rod support 
portion 244 of the connector housing 240 can act as a hard 
stop to definitively limit movement. 
When the force on the screw 220 from the patient stabilizes 

or decreases, the return force of the biasing member 276 acts 
on the inner member 260 to help bias the parts of the connec 
tor 210 back to the starting position, in the direction indicated 
by the arrow 284 in FIG. 19. 
The connector 210 may be configured to allow any desired 

range of movement within the physical constraints of the 
connector and associated devices. As one example, the con 
nector 210 may be configured to allow for tip to 2 or 3 degrees 
of movement in either direction from the starting or neutral/ 
unloaded position. 
The amount of resistance and return force provided by the 

connector 210 may be adjusted by removing the biasing 
member 276 and replacing it with a stiffer or softer biasing 
member. This adjustment is facilitated by the fact that the 
biasing member housing portion 250 of the connector hous 
ing 240 is located outward of the rod 266 and thus readily 
accessible. In addition, the connector 210 as shown may be 
interchanged with another connector of the same or a differ 
ent type, simply by removing the nut 252 and pulling the 
connector housing 240 axially off the screw 220. 

In another embodiment, more than one biasing member is 
provided. Specifically, a first biasing member 276 (FIG. 18) is 
provided that provides resistance to rotation between the 
screw and the rod in a first direction. A second biasing mem 
ber, shown in phantom at 276a in FIG. 18, is provided that 
provides resistance to rotation between the screw and the rod 
in the opposite direction. The engagement of the ends of the 
biasing members 276 and 276a, with the inner member 260 
and with the biasing member housing 250, is configured so 
that each one of the biasing members provides resistance in 
only one direction of rotation, not both directions of rotation. 
Such a configuration may be used, for example, if the force 
curve of Such biasing members is more predictable in one 
direction than the other. 
As illustrated, the connector housing 240, inner member 

260, biasing member 276, and plate 280 are made from tita 
nium or a titanium alloy. However, some or all of the connec 
tor 210 components may be made from a variety of materials 
that are suitable for mammalian implantation, such as for 
example, but not limited to, polyethylene or polyurethane. 
Further, the screw 220 and the rod 266 may be made from a 
variety of materials that are suitable for mammalian implan 
tation, Such as titanium or a titanium alloy. 

FIGS. 20-27 illustrate another embodiment of the inven 
tion similar to the embodiment depicted in FIGS. 3-8. The 
connector 310 shown in FIG. 20 is adapted to work with a 
bone screw 320 in a vertebra shown schematically at 322, and 
with a member, Such as a plate or rod, that extends to and 
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connects with another vertebra (not shown) or with another 
bone tissue or soft tissue portion. The exemplary screw 320 
depicted in FIGS. 20-25 has a first threaded portion 324 
centered on an axis 326 of the screw, a flange 328 at the outer 
end of the first threaded portion 324, and a mounting portion 
330 for mounting or supporting a first connector member 340 
(FIG. 21). In the illustrated embodiment, the mounting por 
tion 330 has a smooth, cylindrical outer surface 332 centered 
on the screw axis 326. A fastener 352 communicates with a 
second threaded portion 334 of the screw 320 to secure the 
first connector member 340 to the screw, blocking rotation of 
the member about the screw axis 326. 

The connector 310 further comprises a biasing member 
388 and a second connector member 360. As illustrated, the 
first connector member 340, the biasing member 388, and the 
second connector member 360 of the connector 310 are made 
as a unitary construction. The first connector member 340 
(FIG. 21) has a mounting sleeve or mounting portion 342 that 
is received on the mounting portion 330 of the screw 320. The 
mounting portion 342 of the first connector member 340 
supports the first connector member on the screw 320 for 
pivotal movement relative to the screw about the screw axis 
326, before the first connector member is tightened down on 
the screw. 

The second connector member 360 of the connector 310 
has a bore 364 that extends radially through the second con 
nector member and is adapted to receive a rod 366 (FIG. 21) 
therethrough. The bore 364 defines a rod axis 368 of the 
connector 310. In the illustrated embodiment, the second 
connector member 360 has set screw threads 392 for securing 
the rod 366 to the second connector member 360 to prevent 
the rod 366 from rotating or moving axially within the second 
connector member 360. 
The biasing member 388 resists the rotation of the first 

connector member 340 relative to the second connector mem 
ber 360 and helps to bias the parts of the connector 310 back 
to a starting position. As illustrated, the biasing member 388 
is formed from a spiral cut between the first connector mem 
ber 340 and the second connector member 360. The biasing 
member 388 and the second connector member 360 also have 
a chamber 396. As shown, the chamber 396 is centered on a 
pivot axis 348 and extends generally from the first connector 
member 340 through the biasing member 388 and the second 
connector member 360. 
As illustrated, the connector 310 comprises a stop 380 

(FIG. 21) that limits the relative movement between the first 
connector member 340 and the second connector member 
360. The stop 380 is cylindrical in shape and communicates 
with the chamber 396. The first connector member 340 has a 
shaft 374 centered on the pivotaxis 348 of the connector 310 
(FIG. 26) that extends into the chamber 396. As shown, the 
shaft 374 comprises a hexagonal outer Surface and commu 
nicates with abore 376 in the stop 380 (FIG. 27). The bore 376 
of the stop 380 has a corresponding hexagonal inner Surface 
that closely mates with the hexagonal outer surface of the 
shaft 374 to prevent the stop from rotating relative to the shaft 
374 of the first connector member 340. However, the outer 
Surface of the shaft 374 and the inner Surface of the bore 376 
may be any Suitable non-circular shape known in the art 
capable of preventing the stop 380 from rotating relative to 
the shaft of the first connector member 340. 

Similar to the bore 364 of the second connector member 
360, a bore 384 extends radially through the stop 380. The 
bore 384 of the stop 380 is centered on the rod axis 368 of the 
connector 310 and allows the rod 366 to pass therethough. As 
shown, the diameter of the bore 384 of the stop 380 is slightly 
larger than the diameter of the bore 364 of the second con 
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nector member 360. As such, the rod 366 interferes with an 
edge portion of the bore 384 to limit the movement of the first 
connector member 340 relative to the second connector mem 
ber 360 (see FIG. 24). Further, the stop 380 has an aperture 
398 that allows access for the setscrew of second connector 
member 360 to Secure the rod 366 in the bore 364 of the 
second connector member (see FIG. 24). 
The range of rotation of the first connector member 340 

relative to the second connector member 360 will vary 
depending on various factors. For example, the size and shape 
of the bore 384 of the stop 380 may vary creating different 
ranges of rotation. Further, the edge of the bore 384 may 
include a different material. Such as an elastic material, that 
“cushions' the interference of the rod 366. 
As illustrated, the first connector member 340, second 

connector member 360, biasing member 388, and stop 380 
are made from titanium or a titanium alloy. However, some or 
all of the connector 310 components may be made from a 
variety of materials that are suitable for mammalian implan 
tation, Such as for example, but not limited to, polyethylene or 
polyurethane. Further, the screw 320 and the rod 366 may be 
made from a variety of materials that are suitable for mam 
malian implantation, such as titanium or a titanium alloy. 

Similar to the connector 10 depicted in FIGS. 3-8, the 
biasing member 388 of the connector 310 provides resistance 
to relative rotation between the second connector member 
360 and the first connector member 340, resisting movement 
of the parts away from a neutral/unloaded or starting position, 
and biasing the parts back to the neutral/unloaded or starting 
position. This resistance is provided for movement in both 
directions of relative rotation, as shown by the arrows 382 and 
384 in FIG. 25. Further, the force applied by the biasing 
member 388 may increase sufficiently to act as a stop to limit 
such movement. As stated earlier, the interference of the bore 
384 of the stop 380 and the rod 366 may also act as a stop to 
limit the pivotal movement of the screw 320, which is 
attached to the first connector member 340, relative to the rod 
366. 
The connector 310 may be configured to allow any desired 

range of movement within the physical constraints of the 
connector and associated devices. As one example, the con 
nector 310 may be configured to allow for up to 2 or 3 degrees 
of movement in either direction from the starting or neutral/ 
unloaded position. 
The embodiments of the device described herein advanta 

geously provide a reduction in bone-screw forces by enabling 
relative pivotal movement between the bone and the rod to 
provide a desired quality of motion. The pivotal connectors 
can help to stabilize the spine by resisting translational forces. 
The pivotal connectors can be customizable by offering bias 
ing members of different stiffness, thus providing different 
degrees of motion preservation and load sharing. In addition, 
the biasing members may be fully enclosed, and as a result are 
not exposed to or interfering with any body Substances when 
implanted. 
The device has been described with reference to the pre 

ferred embodiments. Modification and alterations will occur 
to others upon a reading and understanding of this specifica 
tion. It is intended to include all such modifications and 
alterations insofar as they come within the scope of the 
appended claims or the equivalents thereof. 

It is claimed: 
1. A Surgical implant device that controls the relative move 

ment between a first tissue portion and a second tissue por 
tion, comprising: 

a first connector member adapted to be connected for 
movement with the first tissue portion; 
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a second connector member adapted to be connected for 
movement with the second tissue portion; 

a biasing member pivotally connecting the first connector 
member to the second connector member, the biasing 
member centered on a pivotal axis; and 

wherein the biasing member resists the relative rotation 
between the first connector member and the second con 
nector member; 

wherein the first connector member further comprises a 
mounting portion having an aperture for connecting the 
first connector member to an anchoring device and the 
Second connector member further comprises a mounting 
portion having an aperture for connecting the second 
connector member to a rod, wherein the rod is disposed 
substantially perpendicular to the pivotal axis; and 

wherein the biasing member is coupled to the second mem 
ber and disposed within the first connector member, and 
wherein a stop coupled to the second connector member 
is disposed about the biasing member. 

2. The device of claim 1, wherein the anchoring device is a 
pedicle screw. 

3. The device of claim 1, wherein the resistance to the 
movement of the first connector member relative to the sec 
ond connector member increases as the first connector mem 
ber rotates relative to the second connector member from an 
unloaded position. 

4. The device of claim 1, wherein the stop limits the move 
ment of the first connector member relative to the second 
connector member. 

5. The device of claim 1, wherein the biasing member is a 
spring. 

6. The device of claim 1, wherein the second connector 
member and the biasing member are a unitary construction 
and an end of the biasing member is connected to the first 
connector member. 

7. The device of claim 6, wherein the end of the biasing 
member is welded in a chamber of the first connector mem 
ber. 

8. The device of claim 6, wherein the end of the biasing 
member is press fit in a chamber of the first connector mem 
ber. 

9. The device of claim 6, wherein the biasing member is 
formed by spiral cutting a portion of the second connector 
member. 

10. The device of claim 6, wherein the second connector 
member comprises an outer member. 

11. The device of claim 10, wherein the first connector 
member is rotatable relative to the outer member. 

12. The device of claim 10, wherein the stop is coupled to 
the outer member. 

10 

15 

25 

30 

35 

40 

45 

16 
13. The device of claim 12, wherein the stop comprises at 

least one projection of the outer member and at least one 
projection of the first connector member. 

14. The device of claim 1, wherein the first connector 
member, the biasing member, and the second connector mem 
ber are a unitary construction. 

15. The device of claim 14, wherein the biasing member is 
formed by spiral cutting a portion of the device between the 
first connector member and the second connector member. 

16. The device of claim 1, wherein the stop is internal to the 
device and comprises a bore, wherein an edge of the bore 
interferes with a rod connected to the second connector mem 
ber. 

17. The device of claim 1, wherein the device comprises at 
least one elastic band that resists the movement of the first 
connector member relative to the second connector member. 

18. A surgical implant device that controls the relative 
movement between a first tissue portion and a second tissue 
portion, comprising: 

a first connector member adapted to be connected for 
movement with the first tissue portion: 

a second connector member adapted to be connected for 
movement with the second tissue portion: 

a biasing member pivotally connecting the first connector 
member to the second connector member, the biasing 
member centered on a pivotal axis; and 

wherein the biasing member resists the relative rotation 
between the first connector member and the second con 
nector member; 

wherein the first connector member further comprises a 
mounting portion having an aperture for connecting the 
first connector member to an anchoring device and the 
second connector member further comprises a mounting 
portion having an aperture for connecting the second 
connector member to a rod, wherein the rod is disposed 
Substantially perpendicular to the pivotal axis; 

wherein the first connector member, the biasing member, 
and the second connector member are a unitary con 
struction, wherein the biasing member is formed by 
spiral cutting a portion of the device between the first 
connector member and the second connector member; 
and 

wherein the device comprises a stop limiting the movement 
of the first connector member relative to the second 
connector member, and wherein the stop is internal to 
the device and comprises a bore, wherein an edge of the 
bore interferes with a rod connected to the second con 
nector member. 


