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(57) ABSTRACT 

A connector for a spinal alignment system includes a base, a 
hook, a guide aperture, and a locking portion. The base 
includes a channel extending therethrough to receive a ?xa 
tion rod. The hook extends from the base. The guide aperture 
is adapted to receive a bone fastener and the locking portion is 
adapted to engage the bone fastener. The guide aperture 
extends through one of the base and the hook and the locking 
portion is located in the other of the base and the hook. The 
locking portion is coaxial With the guide aperture such that the 
guide aperture guides a shaft of the bone fastener into align 
ment With the locking portion When the bone fastener is 
received by the guide aperture. The bone fastener cooperates 
With the base and hook to form a tension band construct that 
resists opposing forces acting on the construct. A rod locking 
fastener engages the channel and the ?xation rod to secure the 
?xation rod in the channel. The rod locking fastener and the 
base include mating surfaces that cooperate With each other to 
resist the force exerted by the ?xation rod onto the rod locking 
fastener When the ?xation rod is secured in the channel. 
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CONNECTOR FOR ATTACHING AN 
ALIGNMENT ROD TO A BONE STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The invention relates generally to a spinal alignment 
system for treating spinal deformities and/or injuries and, 
more particularly, to securing a spinal alignment system to a 
spinal column. 
[0003] 2. Description of the Related Art 
[0004] Deformities of the spine and injuries to the spine 
have long been treated by surgical intervention. In treating 
deformities and injuries to the spine, the goal is to return the 
spine, to the extent possible, back to a normal curvature 
and/ or hold it in a desired position. Several surgical interven 
tion techniques and devices have been proposed for the treat 
ment of injuries to and deformities of the spine. 
[0005] Some of these surgical techniques use a hook and 
rod system to hold the spine in a desired position. In such 
systems, the rod can be placed along the outside of the curved 
spine, that is on the convex side, and can be attached to the 
vertebrae of the spine by hooks as illustrated in FIG. 1. 
Because the rod is applying a generally compressive force 
along the spine to urge it into the desired position, this can be 
referred to as the compressive mode. Alternatively, a rod 
placed on the inside of the curved spine, that is on the concave 
side, Would apply a generally tensile force along the spine to 
urge it into the desired position, Which can be referred to as 
the distraction mode. 
[0006] The device shoWn in FIG. 1 is an example of one of 
the ?rst such systems referred to as a Harrington Instrumen 
tation in the compression mode. With this device the rod is 
threaded (threads not shoWn) and can be straight or bent into 
a curvature that Will place the spine in the desired position. 
Each hook is threaded onto the rod and secured to the rod by 
nuts and is frictionally seated on each vertebra. After all the 
hooks have been frictionally seated on the vertebrae and 
secured to the rod, the excess rod can be cut off. In the 
compression mode, the middle of the rod is pushing the spine 
to the desired position and the ends of the rod are pulling the 
spine to the desired position. This pulling force at the ends of 
the rod can be of such magnitude that the hook and rod system 
can fail. Depending upon the force, the hooks can pull or slip 
off because the hooks are open ended. Regardless, the desired 
position of the spine can be lost. Hook pull off and failure is 
not limited to the compression mode, it is also a problem in 
the distraction mode for this type of system. In addition, the 
ratcheted rods in the distraction mode could break at the 
ratchet points, again causing system failure. 
[0007] To overcome problems With hooks pulling off the 
vertebrae, some devices attempted to secure the rod to the 
vertebrae With a screW screWed into the bone material instead 
of using a hook. The screW, hoWever, is under perpendicular 
tension by the rod, thus, the pull on the screW is straight out of 
the bone along the screW’s axis. With this construction, the 
screW is held in the bone only by the strength of its threads. 
Moreover, because the bone of the vertebrae is mostly can 
cellous and is relatively Weak, it is not a preferred bone type 
for thread ?xation. The Weaker bone material is more likely to 
fail than the screW. As a result, the screWs that are subject to 
the pulling forces described above can experience pull out 
and failure. 
[0008] To avoid screW pull out due to bone failure, larger 
bone screWs and larger threads have been used. But these 
larger features can disrupt too much of the vertebrae and 
cause the vertebrae to fracture, independent of screW pull out. 
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Failures such as these can prevent further repair of the spinal 
column disorder unless there is additional surgery. 
[0009] In a modi?cation of the screW and rod system, the 
screWs pass through plates that have slots or holes so that the 
screW can be oriented relative to the rod at an angle other than 
perpendicular to the rod. The slots or holes are con?gured to 
permit the angle of the screW relative to the rod to be selected 
from a range of angles. This modi?ed orientation of the screW 
can reduce the load that the threads must support. HoWever, 
the screW is still subject to failure by pull out and the threads 
can still cause the vertebra to fracture. 
[0010] This effort to overcome problems experienced With 
screWs led to a hook being used in combination With a screW. 
See, for example, U.S. Pat. No. 5,584,832. But use of both a 
hook and a screW does not eliminate the problems associated 
With each. The hook can still experience slippage and the 
screW can still experience pull out. In these devices, a hook 
frictionally engages the vertebra and a bone screW is passed 
into bone as Well. Although these devices can provide for a 
more reliable mounting of the rod onto the spinal column over 
other devices, these devices, as stated above, cannot eliminate 
hook slippage and bone screW pull out. Also, this combination 
device requires a greater number of components for implan 
tation as compared to the hook and rod systems and the bone 
screW systems discussed above. 
[0011] In an effort to overcome problems experienced With 
screW pull out, a nut can be threaded on the far end of the 
screW. But nuts used on the far side of the screW in the spine 
are dif?cult to place and to hold until secure. The nut must be 
held blind on the side aWay from the incision. The screW 
needs to center in the nut, Which requires palpation by the 
surgeon. The screW can be sharp, tearing gloves, exposing 
skin or even cutting the surgeon. Also, for the nut to relieve the 
screW threads from being the sole resistance force to pull out, 
the nut must be suf?ciently tight against the bone, Which is 
dif?cult to achieve by hand (Without a holding device so that 
the nut does not spin While tightening is occurring). The use 
of a nut With the screW can be a dif?cult, cumbersome and 
time consuming procedure at best. 
[0012] Furthermore, When using screWs in spinal systems 
Where the screW penetrates the vertebrae, With or Without the 
use of a nut or hook, the screWs must be accurately positioned 
on the vertebrae. This requires the use of some type of a jig or 
gauge or both. This holding device presets the target location 
for the screW to assure that the screWs are precisely and 
accurately placed. A gauge is also used to measure the dis 
tance the screW should span, thus, avoiding over penetration 
beyond and into unintended tissues, and avoiding under pen 
etration, Which Would mean feWer threads to resist pull out. 
[0013] Accordingly, What is needed is an arrangement for 
securing a ?xation rod of a spinal alignment system to the 
vertebra that is easy to install, yet is reliable and durable. 

SUMMARY OF THE INVENTION 

[0014] The invention solves the problems and/or over 
comes the draWbacks and disadvantages of the prior art by 
minimiZing the adverse effects of the tensile and compression 
forces acting on the various securements of the spinal align 
ment system. In particular, the invention accomplishes this by 
providing a connector for a spinal alignment system includ 
ing a base, a hook, a guide aperture, and a locking portion. The 
base includes a channel extending therethrough to receive a 
?xation rod. The hook extends from the base. The guide 
aperture is adapted to receive a bone fastener and the locking 
portion is adapted to engage the bone fastener. The guide 
aperture extends through one of the base member and the 
hook member and the locking portion is located in the other of 
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the base and the hook. The locking portion is coaxial With the 
guide aperture such that the guide aperture guides a shaft of 
the bone fastener into alignment With the locking portion 
When the bone fastener is received by the guide aperture. 
[0015] There is also provided a rod locking fastener for 
securing a rod in a channel of a connector of a spinal align 
ment instrument, the rod locking fastener including a thread 
to engage the connector, an end to frictionally engage the rod 
and secure the rod to the connector, and a tool engagement 
portion adapted to receive a tool that drives the rod locking 
fastener into and out of engagement With the rod. The thread 
includes a ?rst side extending from an adjacent root portion at 
a ?rst acute angle. The end is adjacent to the thread. 
[0016] There is also provided a spinal alignment system 
including a connector adapted to engage a vertebra of a 
human spinal column, a bone fastener, a ?xation rod, and rod 
locking fastener. The connector includes a base having a 
channel, a hook extending from the base, a guide aperture 
extending through one of the base member and the hook 
member, and a locking portion being located in another one of 
the base member and the hook member, the locking portion 
being coaxial With the guide aperture. The bone fastener 
includes a head and a shaft extending from the head. The 
guide aperture cooperates With the shaft to guide the bone 
fastener through the vertebra in alignment With the locking 
portion When the bone fastener is inserted into the guide 
aperture. The locking portion engages the shaft after the bone 
fastener is inserted into the vertebra. The rod locking fastener 
cooperates With the channel to secure the ?xation rod to the 
connector When the ?xation rod is received in the channel. 
[0017] In another aspect of the spinal alignment system, the 
system comprises a tension band. In particular, When the bone 
fastener is tightened in the locking portion, the bone fastener 
is placed in tension and the connector is placed in compres 
sion. As such, the bone fastener and the connector cooperate 
to de?ne the tension band that distributes a force exerted by 
the ?xation rod throughout the connector and the bone fas 
tener. 

[0018] In yet another aspect of the spinal alignment system, 
the rod locking fastener and the base include complimentary 
mating surfaces that are con?gured to resist the force exerted 
by the ?xation rod onto the rod locking fastener When the 
?xation rod is secured in the channel. 
[0019] There is also provided a fastener for securing a ?rst 
component of an implant to a second component of the 
implant. The fastener includes a body extending along an axis 
and a thread disposed on and extending for a length along the 
body. The body has a ?rst end and a second end opposing the 
?rst end. The thread includes an engagement portion and a 
root portion adjacent to and extending alongside the engage 
ment portion. The engagement portion has a ?rst face and a 
second face generally opposing the ?rst face, Wherein a ?rst 
segment of the length of the thread has the ?rst face disposed 
at an acute angle to an adjacent root portion. 
[0020] Additional features, advantages, and embodiments 
of the invention may be set forth or apparent from consider 
ation of the folloWing detailed description, draWings, and 
claims. Moreover, it is to be understood that both the forego 
ing summary of the invention and the folloWing detailed 
description are exemplary and intended to provide further 
explanation Without limiting the scope of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The accompanying draWings, Which are included to 
provide further understanding of the invention and are incor 
porated herein and constitute part of this speci?cation, illus 
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trate an embodiment of the invention, and, together With the 
general description given above and the detailed description 
given beloW, serve to explain the features of the invention. 
[0022] FIG. 1 is a posterior vieW of a human spinal column 
With a conventional Harrington Instrumentation (compres 
sion) spinal alignment system installed on the human spinal 
column. 
[0023] FIG. 2 is an anterior vieW of a human spinal column 
With a ?rst embodiment of a spinal alignment system accord 
ing to the present invention installed thereon. 
[0024] FIG. 3 is a perspective vieW of a portion of the spinal 
alignment system of FIG. 2. 
[0025] FIGS. 4A and 4B are schematic vieWs shoWing vari 
ous alternative arrangements of the spinal alignment system 
in accordance With the principles of the invention. 
[0026] FIG. 5 is an exploded perspective vieW of the por 
tion of the spinal alignment system shoWn in FIG. 3 and 
shoWing a different direction of vieW from that in FIG. 3. 
[0027] FIG. 5A is an enlarged partial cross-sectional vieW 
taken along line 5A-5A of FIG. 5. 
[0028] FIGS. 6A-6F are perspective vieWs of alternate 
embodiments of the components of the spinal alignment sys 
tem according to the present invention. 
[0029] FIG. 7 is a perspective vieW of an alternate embodi 
ment of a connector of a spinal alignment system according to 
the present invention. 
[0030] FIG. 7A is a plan vieW of the connector of FIG. 7. 
[0031] FIG. 8 is an exploded perspective vieW of another 
alternate embodiment of a connector of a spinal alignment 
system according to the present invention. 
[0032] FIG. 8A is a plan vieW of the connector of FIG. 8. 
[0033] FIG. 9 is a side vieW of the spinal alignment system 
of FIG. 3 With the spinal column and the bone fastener omit 
ted for clarity. 
[0034] FIG. 10 is a cross-sectional vieW taken along line 
10-10 ofFIG. 9. 
[0035] FIG. 11 is an enlarged vieW ofArea 11 of FIG. 10 
shoWing a ?rst embodiment of the rod locking fastener thread 
con?guration according to the present invention. 
[0036] FIGS.11A and 11B are enlarged vieWs ofArea 11 of 
FIG. 10 shoWing alternate embodiments of the rod locking 
fastener thread con?guration according to the present inven 
tion. 
[0037] FIGS. 12A-12D are partial cut-aWay perspective 
vieWs of alternate embodiments of thread con?gurations of a 
rod locking fastener according to the present invention. 
[0038] FIG. 13 is an exploded perspective vieW of another 
embodiment of a connector and a rod locking fastener of a 
spinal alignment system according to the present invention. 
[0039] FIG. 13A is an enlarged partial cross-sectional vieW 
taken along line 13A-13A of FIG. 13. 
[0040] FIG. 14 is a perspective vieW of another embodi 
ment of a connector of a spinal alignment system according to 
the present invention. 
[0041] FIG. 15 is a perspective vieW of a another embodi 
ment of a connector and a ?xation rod of a spinal alignment 
system according to the present invention. 
[0042] FIG. 16 is a side vieW of an alternate embodiment of 
a bone fastener according to the present invention. 
[0043] FIG. 17 is a perspective vieW of another embodi 
ment of a connector according to the present invention With 
the connector being adapted for use With the bone fastener in 
FIG. 16. 

[0044] 
FIG. 17. 

FIG. 17A is an enlarged detail vieW ofa portion of 




















