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TITLE OF THE INVENTION
LOCKING MECHANISM WITH TWO-PIECE WASHER

FIELD OF THE INVENTION
[0001] The present invention relates generally to prostheses for treatihg spinal
pathologies, and more specifically to spinal fixation assemblies including an anchor
for holding a fixation device and a stabilization rod.

BACKGROUND OF THE INVENTION

[0002] Various methods of spinal immobilization have been used in the treatment
of spinal instability and displacement. The most common treatment for spinal
stabilization is immobilization of the joint by surgical fusion, or arthrodesis. This has
been known for almost a century. In many cases, however, pseudoarthrosis occurs,
particularly in cases involving fusion across the lumbosacral articulation and when
more than two vertebrae are fused together. Early in the century, post operative
external immobilization, such as through the use of splints and casts, was the favored
method of spinal fixation. As surgical techniques became more sophisticated,
various new methods of internal and external fixation were developed.

[0003] Internal fixation refers to therapeutic methods of stabilization . that are
wholly internal to the patient and include commonly known devices such.as bone
plates, screws, rods and pins. External fixation, in contrast, involves at least some
portion of the stabilization device being located external to the patients' body. As
surgical technologies and procedures became more advanced and the likelihood of
infection decreased, internal fixation eventually became the favored method of
immobilization since it is less restrictive on the patient.

[0004] Internal fixatioh of the spine may be used to treat a variety of disorders
including kyphosis, sponﬂylolisthesis and rotation, segmental instability, suc.h as disc
degeneration and/or frabture caused by disease, trauma, congenital defects and
tumor diseases. One of ihe main challenges associated with internal spinal fixation is

securing the fixation device to the spine without damaging the spinal cord. The
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pedicles of a vertebra are commonly used for fixation as they generally offer an area
that is strong enough to hold the fixation device in place even when thé patient
suffers from degenerative instability such as osteoporosis.

[0005] Current fixation devices and hardware systems used internally for spinal
fixation in modern surgiéal procedures are generally designed to meet one or more
criteria, such as: providiﬁg rigidity as is indicated, generally along the long axis of the
patient's spine; accommodating a broad variation in the size and shape of the spinal
member with which it is used; having the capability of handling the stresses and
strains to which the devices will be subjected resulting from movement of the spine;
and providing easy surgical access during both implantation and removal of the
implant. :

[0006] The present invention includes novel fixation devices and methods of

fixation the relative positions of a rod and fixation device.

BRIEF SUMMARY OF THE INVENTION _
[0007] According to an aspect of the invention, a locking mechanism includes a
body having a bottom portion and a side portion, the side portion being configured to
receive a rod; a fixation device extending at least partially through a hole in the
bottom portion of the body; and a rod seat between the rod and the fixation device,
the rod seat having a top portion configured to interact with the rod and a bottom
portion configured to receive part of the fixation device; wherein the rod seat is
configured to separate into two pieces when the rod exerts force on the top portion of
the rod seat and the fixation device limits movement of the rod seat toward the
bottom portion of the body. |
[0008] The locking mechanism may further include a locking element on the side
of the rod opposite the rod seat, wherein engaging the locking element céuses the
locking element to exert force on the rod and further causes the rod to exert force on
the rod seat. [n addition, the amount of force exerted on the rod by the locking
element sufficient to cause the rod seat to separate into two pieces may range from

approximately 50 Ibs to approximately 2500 Ibs.
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[0009] The top portion of the rod seat may include a taper and wherein ‘the force
exerted by the rod on the top portion of the rod seat causes the taper to widen.
Moreover, the rod seatfmay be thinnest from top to bottom at approximately the
midline of the taper.

[0010] The rod seatialso may be configured to separate at a predetermined
location, which may be Jocated approximately at a central axis of the rod seat and
approximately parallel to a major axis of the rod. In addition, the predetermined
location may mechanically weakened compared to the remainder of the rod seat,
such as by being thinned, notched, grooved, scored or perforated.

[0011] Once separated, the pieces of the rod seat of the locking mechanism may
be substantially mirror images of one another. In addition, the two pieces of the rod
seat may each be configured to exert force on the fixation device directed at an angle
that is off axis from the central axis of the body by up to approximately 45 degrees.
in one embodiment, the angie ranges from about 10 degrees to about 30 degrees.
[0012] Also according to an aspect of the invention, the bottom portion of the rod
seat may include at least two internal steps, each having an edge configured to
engage the fixation device. At least one of the steps may be noncontinuous. In
addition, the edge of one of the internal steps may define an opening in the bottom
portion of the rod seat. . |

[0013] Also according to an aspect of the invention, the bottom portion of;the body
may include at least oné lip configured to engage the fixation device, which may be
noncontinuous.

[0014] According to another aspect of the invention, a method for IoCking the
relative positions of a fixation device and a rod includes placing a fixation device
through a hole in the top of a body of the locking mechanism; placing a rod seat
having a top portion and a bottom portion through the hole in the top portion of a
body of a locking mechahism, wherein the rod seat is configured to separate into two
pieces when force is applied to the top portion of the rod seat and movemént of the
rod seat is restricted; pla:cing a rod in a side portion of the body such that thé rod and
the fixation device are oin opposite sides of the rod seat; and urging the rdd toward
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the bottom of the body such that the rod applies force to the top portion of the rod
seat and the fixation device restricts movement of the rod seat toward the bottom of
the body, thereby causing the rod seat to separate into two pieces; wherein each of
the two pieces engage part of the fixation device. :

[0015] The method may further include further urging the rod toward the bottom of
the body following the separation of the rod seat into two pieces, which may result in
increasing the engagement between the pieces of the rod seat and the fixation
device. In addition, thé ability of the locking mechanism to maintain the rod and
fixation mechanism in locked positions may be enhanced following the separation of
the rod seat and further urging of the rod toward the bottom of the body.

[0016] In addition, urging the rod toward the bottom of the body may include
engaging a locking element on the side of the rod opposite the rod seat. Urging the
rod toward the bottom of the body may also include exerting from approximately 50
Ibs to approximately 2500 Ibs of force on the rod. .

[0017] Also according to an aspect of the invention, at least one lip at a bottom
portion of the body may restrict the movement of the fixation device toward the
bottom of the body, théreby restricting the movement of the rod seat toward the
bottom of the body durin'g the application of force by the rod to the top portion of the
rod seat.

[0018] According to ahother aspect of the invention, a rod seat for use in a locking
mechanism configured to lock the relative positions of a rod and a fixation device
includes a top portion having a taper configured to receive part of the rod; a bottom
portion configured to receive part of the fixation device; wherein the rod seat is
configured to separate into two pieces when the rod exerts from approximatély 50 Ibs
to approximately 2500 Ibs of force on the top portion of the rod seat and thé fixation
device limits movement of the rod seat away from the rod; and wherein locking of the
relative positions of the rod and the fixation device is enhanced following the
separation of the rod seat into two pieces.

[0019] The two pieceé of the rod seat may each be configured to exert force on
the fixation device directed at an angle that is off axis from the central axis of the
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body by up to approximately 45 degrees. In one embodiment, the angle ranges from
about 10 degrees to about 30 degrees. v

[0020] The features ovf the present invention will be apparent with refererice to the
following description and attached drawings. In the description and drawings,
particular embodiments of the invention have been disclosed in detail as being
indicative of some of the ways in which the principles of the invention may be
employed, but it is understood that the invention is not limited correspondingly in
scope. Rather, the invention includes all changes, modifications and equivalents
coming within the spirit and terms of the claims appended hereto.

[0021] Features that are described and/or illustrated with respect to one
embodiment may be used in the same way or in a similar way in one or more other
embodiments and/or in combination with or instead of the features of the other

embodiments.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0022] Figure 1 is an exploded perspective view of a locking mechanis_m with a
fixation device and a rod;
[0023] Figure 2Ais a :cross-sectional view of the locking mechanism of Fig. 1 in an
unlocked position; ;
[0024]  Figure 2B is a cross-sectional view of the locking mechanism of Figs. 1 and
2A in a locked position;
[0025] Figures 3A-D are views of the rod seat of the locking mechanism of
Figures 1 and 2A-B; _
[0026] Figure 4 is a cross-sectional view of a locking mechanism having a washer
between the rod and fixation device in a locked position; ,
[0027] Figures 5A-B are top and bottom perspective views of the washer of Figure
4
[0028] Figure 6 is a flow chart illustrating a novel method of fixing the position of a

rod with respect to a fixation device; and
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[0029] Figure 7 is a flow chart illustrating another novel method of fixing the
position of a rod with respect to a fixation device.

DETAILED DESCRIPTION OF THE INVENTION
[0030] The invention felates to novel locking mechanisms and methods for locking
the relative positions of a rod and a fixation device. The locking mechanisms provide
improved locking between a rod and the head of a fixation device, such as a screw.
The various locking mechanisms disclosed herein include either a rod seat or a
washer disposed between the rod and the fixation device.
[0031] Turning initially to Figures 1 and 2A-B, Figure 1 shows an exploded
perspective view of a locking mechanism, and Figures 2A-B show cross sectional
views of the locking mechanism of Figure 1 in unlocked and locked positions. The
locking mechanism 100 is configured to engage and lock the position of a fixation
device 104 with respect to the position of a rod 106. The locking mechanism 100
includes a body 102, a rod seat 110, and a locking element 112.
[0032] When the Iock:ing mechanisms of the present invention are used for spinal
fixation, “above” or “top” means posterior with respect to the patient and “below” or
“bottom” means anterior with respect to the patient. Thus, the bottom portion 114 of
the body 102 is anterior With respect to the patient and the rod 106 is received by the
body 102 as the rod 106'is moved in a posterior to anterior direction.
[0033] The body 102 ;includes a bottom portion 114 that includes a hole 118. The
fixation device 104 passes partially through the hole 118. Preferably, the hdle 118 is
large enough to allow the shaft 142 of the fixation device 104 to pass through but not
large enough to allow the bottom portion 148 of the head 140 of the fixation device
104 to pass thrdugh. Thus, the hole 118 is preferably dimensioned to prefvent the
fixation device 104 from exiting the body 102.
[0034] The fixation device 104 is preferably inserted through the top of ;the body
102 prior to insertion of the rod seat 110 and rod 106. The rod seat 110 is then
preferably inserted through the top of the body 102 so that the bottom porti¢n 125 of
the rod seat 110 is positioned for interaction with the top portion 146 of the head 140
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of the fixation device. As will be understood by those skilled in the art, thei' rod seat
110 may be wider than the opening in the top of the body 102. In 'such an
embodiment, a tool may be used to increase the size of the opening in the top of the
body 102 prior to inserting the rod seat 110. :

[0035] The body 102 éalso includes a side portion 120 that is configured to receive
the rod 106, such as by way of a channel 124 that enables placement of the rod 106
by either sliding the rod 106 through the side portion 120 of the body or by?inserting
the rod 106 into the channel 124 through the top portion of the body 102. The rod
seat 110 is preferably inserted into the body 102 prior to insertion of the rod 106 such
that the rod seat 110 is eventually positioned between the rod 106 and the head 140
of the fixation device 104.

[0036] The locking mechanism 100 may also include a locking element 112 that is
configured to engage the body 102 and the rod 106 so as to force the rod 106 toward
the fixation device 104. The locking element 112 and body 102 may be, for example,
slidably engageable, rotatably engageable and/or snapably engageable.
Accordingly, the body 102 may include threads 122 for engaging the locking element
112. In addition, while Figures 1, 2A-B and 4 show internal threads, _it will be
understood by those of ordinary sKill in the art that the threads may also be external
threads and the locking element 112 may surround the body 102 during engagement.
Preferably, the locking element 112 is a set screw, which may be either internally or
externally threaded to engage either an externally or internally threaded body 102.
[0037] Each of the body 102, the rod seat 110, the locking element 112, the
fixation device 104 and the rod 106 may be made from a variety of materials known
in the art and preferably is made from a biocompatible material when the locking
mechanism 100 is used for bone fixation. Such materials include, but are not limited
to, titanium, titanium alloys (e.g. titanium/aluminum/vanadium (Ti/Al/V) alloys), cobalt-
chromium alloys, stainless steel, ceramics (alumina ceramic, zirconia ceranjic, yttria
zirconia ceramic, etc.), high strength polymers (e.g. PEEK, PEKK, etc.),;pyrolytic
carbon, tantalum, carbon composite materials and combinations thereof, which may

include mechanically compatible mixtures of the above materials. Such materials are
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commonly used in bone fixation and the like. Preferably, the materials are rigid and
in one embodiment, the body 102, fixation device 104, rod 106, rod seat 110 and
locking element 112 are all made from Ti/AINV alloys, such as Ti/6Al/4V ELI. -

[0038] While one of ekill in the art will recognize that fixation devices 104 other
than a screw can be used without departing from the scope of the present invention,
a screw is shown and described to illustrate the engagement of the fixation device
104 and the body 102, as well as the method for locking the relative posifions of a
fixation device 104 and a rod 106. Furthermore, various types of screws may be
used. Preferably, however, the fixation device 104 has an at least partially spherical
head 140.

[0039] The size of the body 102 may be similar to that of known devices. For
example, the height of body 102 may range from about 0.4 inch to about 1 inch.
Also, the width of body 102 may range from about 0.25 inch to about 1 inch.

[0040] The bottom portion 114 of the body 102 may be tapered and may have a
socket 116 and a hole 118. Because the general shape of the type of body 102
illustrated in Figures 1, 2A-B and 4 somewhat resembles a tulip flower, the type of
body 102 is often referred to as a “tulip” by those skilled in the art. The socket 116 is
preferably sized to accept the head 140 of the fixation device 104, such as;a screw.
The hole 118 is preferably located at the bottom portion 114 of the body 102.

[0041] Turning next to Figures 3A-D, various views of an embodiment of the rod
seat 110 of the present invention are illustrated. The rod seat 110 has a top portion
123 for interacting with the rod 106 and a bottom portion 125 for interacting with the
fixation device 104. The'rod seat 110 may be configured to at least partially surround
the head 140 of the fixation device 104. The rod seat 110 may also include a top
hole 132 and a bottom hole 126 to provide access to the head 140 of the fixation
device 104 from the top of the body 102. Thus, a driver or similar device may be
used to engage the head 140 of the fixation device 104 via the rod seat 110. In this
manner, the fixation device 104 can be tightened using a driver or the like without
fixing the position of the fixation device 104 with respect to the body 102 andg rod 106.
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[0042] The rod seat:110 may serve multiple functions, such as aiding in the
alignment of the rod 106, creating a contact surface for the rod 106, exertihg forces
on the head 140 that have both vertical and lateral components, and preventing
linear compressive forces from being transferred from the rod 106 to the top of the
head 140.

[0043] In addition, the rod seat 110 also preferably includes a taper 134 for
receiving the rod 106. Preferably, the midline of the taper 134 is alignedf; with the
central axis 101 of the body 102 to facilitate alignment of the rod 106 within the body
102. In this manner, the taper 134 facilitates placement of the rod 106 within the
body 102 such that the center of the rod 106 is generally aligned with the central axis
101 of the body 102. Moreover, the rod seat 110 may also be wider lengthwise than
widthwise, or wider widthwise than lengthwise, to cause the rod seat 106 to resist
rotation inside the body 102, which in turn may facilitate alignment of the rod 106
within the body 102.

[0044] In addition, the taper 134 may include multiple curved surfaces.on each
side of the rod seat 110. The multiple curved surfaces may create engagement
surfaces for rods of vairying diameter. For exampie, the rod seat 110; may be
configured to engage rods ranging from about 3 mm to about 7 mm in diameter. The
diameter of the rod 106 may determine which of the curved surfaces of the taper 134
contacts the rod 106. ln;addition, a rod 106 may aiso contact the taper 134 such that
the rod 106 is in contact with more than curved surface. ;

[0045] The rod seat 110 includes a bottom hole 126 that is sized to accept part of
the top portion 146 of the head 140 of the fixation device 104. The rod seat.1 10 may
also include internal steps 128a and 128b. The internal steps 128a and 128b each
have an edge 130a and 130b, respectively for contacting the surface of the top
portion 146 of the head 140 of the fixation mechanism 104 during engagement. In
addition, the edge 130a may define the opening 126 of the rod seat 110 and both
edge 130a and edge 130b may define generally circular openings. ,

[0046] The body 102'includes a channel 124 in the side portion 120 for receiving
the rod 106 or other stabilization element, such as a dynamic stabilizationjelement.
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While a channel 124 is breferred for receiving the rod 1086, it will be understood by
those skilled in the art that an aperture in the side portion 120 could also receive the
rod 106, though a body 102 with an aperture may be more cumbersome to deploy
during surgery as a surgeon would have to place the rod 106 through the aperture
instead of placing the rod 106 in the channel 124. Using a channel 124 to receive
the rod 106 may provideggreater flexibility for a surgeon. _

[0047] It is desirable to retain the rod 106 within the channel 124 after placement.
Accordingly, the side portion 120 of the body 102 also includes threads 122
configured to engage locking element 112, which is preferably a set screw. :Although
internal threads 122 are illustrated, the threads 122 may be either internal or external
to the body 102 depending on the configuration of the body 102 and the locking
element 112, '

[0048] The locking element 112 is thus engaged with the threads 122 of the side
portion 120 of the body 102 to keep the rod 106 within the channel 124. It should be
understood, however, that the locking element 112 need not engage the body 102
via threaded engagement. The locking element 112 and the body 102 may be
slidably engageable, rotatably engageable, and/or snapably engageable.' In the
embodiments disclosed in Figures 1, 2A-B and 4, the locking element 112 and the
body 102 are rotatably engageable. To fix the rod 106 with respect to the fixation
device 104, the locking element 112 preferably is tightened down to apply force to
the rod 106 in order to engage and lock the rod 106 and fixation device 104. |

[0049] More specificélly, the tightening of the locking element 112 causés linear
compression of the Iocking element 112 onto the rod 106, which in turn causes the
rod 106 to exert force oﬁ the top portion 123 of the rod seat 110, which in turn forces
the fixation device 104 toward the bottom portion 114 of the body 102. Thus, as the
rod 106 is forced downward, such as by tightening of the locking element. 112, the
rod seat 110 and head;140 combination is forced downward into the socket 116,
which preferably includes alip 117. As shown, the lip 117 is tapered and breferably
has an edge. Moreover, the lip 117 may be noncontinuous around the perimeter of
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the body 102 such that only portions of the perimeter of the body 102 include the lip
117. j

[0050] Accordingly, the lower portion 148 of the head 140 is caused to cdntact the
lip 117, and preferably, the edge of the lip, thereby preventing the head 140 of the
fixation device 104 from moving through the hole 118. As the locking element 112 is
further tightened, the rod 106 is forced more tightly against the top portion 123 of the
rod seat 110. At the same time, the lip 117 prevents further movement of the fixation
device 104 toward the bottom 114 of the body 102. Accordingly, the fixation device
104 limits movement of the rod seat 110 toward the bottom portion 114 of the body
112.

[0051] The socket 116 is configured for locking engagement of the fixation device
104. In order to facilitate locking engagement, the surface of the socket 116 may
include a rough or knurled surface and/or a surface fixation mechanism, such as
ridges, grooves, bumps, pips, or the like to increase the coefficient of friction of the
surface. In addition, the head 140 may have rough or knurled surfaces and/or
surface fixation mechanisms, such as ridges, grooves, bumps, pips, or the like to
increase the coefficient bf friction of the surfaces. For example, the surfaces may
roughened by blasting, for example, with titanium oxide, glass beads or other suitable
blasting material. One of skill in the art will understand that other surface treatments
may also be used on the}surfaces of the socket 116 and the head 140.

[0052] Referring to Figures 2A-B and 3A-D, the rod seat 110 is preferably
configured to separate into two pieces 110a and 110b when the rod 106 exérts force
on the top portion 123'of the rod seat 110 and the fixation device 104 restricts
movement of the rod seat 110 toward the bottom portion 114 of the body 112. The
two pieces 110a and 11Qb of the rod seat 110 may be substantially mirror images of
each other. For example, piece 110b may be substantially a mirror imagei of piece
110a. The force exerted on the rod seat 110 by the rod 106 sufficient to cause the
rod seat 110 to separate into two pieces 110a and 110b may rahge from
approximately 50 Ibs to approximately 2500 Ibs. The rod seat 110 may also be
configured to separate at a predetermined location, such as location 136. In one |
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embodiment, the predetérmined location 136 is approximately at a central axis of the
rod seat 110 and paral|e'l to a major axis of the rod 106. To facilitate separation, the
predetermined location 136 of the rod seat 110 may be mechanically weakened
compared to the remainder of the rod seat 110. For example, the predetermined
location 136 may be at least one of: thinned, grooved, scored or perforated.

[0053] In addition, the top portion 123 of the rod seat 110 may include a taper 132
for receiving the rod 106. The taper 132 may function to center the rod 106 with
respect to the rod seat 110 or body 102. Preferably, the midline of the taper 132 is
approximately at a central axis of the rod seat 110 and parallel to a major axis of the
rod 106, which may be the site of the predetermined location 136. As such, the rod
seat 110 may be thinnest from top to bottom at approximately the center of the taper
132. '

[0054] The taper 132 may also facilitate separation of the rod seat 110 into two
pieces 110a and 110b because the rod 106 causes the taper 132 to widen as the rod
106 is forced down on the top portion 123 of the rod seat 110 and into the taper 132.
For example, the force that is applied by the rod 106 to the top portion 123 of the rod
seat 110 may have a resultant force on each side of the tape 132 of the rod ;seat 110
that has a downward and an outward component. Thus, when the rod Seat 110
separates into two pieces 110a and 110b, further urging of the rod 106 to'ward the
bottom portion 114 of the body 102 causes the pieces 110a and 110b to further
separate and move outWard toward the until the movement of the pieces 110a and
110b is restricted by the ;side of the body 102. The further urging of the rod 106 may
increase the engagement between the fixation device 104 and the pieces 110a and
110b of the rod seat 110. In addition, the pieces 110a and 110b may impact a
downwardly tapered inner wall section of the body 102 such that the pieces 110a and
110b are directed toward the head 140 of the fixation device 104 at an angle offset
from the major axis 101 of the body 102., such as angle 6. _

[0055] The rod seat 110, and consequently the separate pieces 110a énd 110b
may include one or more internal steps, each having an edge configured to engage
the fixation device 104. As shown, the rod seat 110 includes two internal steps 128a
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and 128b. Each of the internal steps 128a and 128b may be contiﬁuous or
noncontinuous around the perimeter of the rod seat 110. Figures 3C-D illustrate an
exemplary configuration_:having noncontinuous steps 128a and 128b. In- addition,
internal step 128b may define an opening in the bottom portion 125 of the rod seat
110. Each of the internal steps 128a and 128b may have an edge, 130a and 130b
respectively, that is brought into contact with the fixation device 104, and more
specifically, with the top:vportion 146 of the head 140 of the fixation device 104. At
the same time, the lip 117 may be brought into contact with the bottom portion 148 of
the head 140 of the fixation device 104. Thus, the position of the rod 106 is fixed
with respect to the position of the fixation device 104. In addition, the ability of the
locking mechanism 100 to maintain the rod 106 and fixation mechanism 104 in
locked positions may be enhanced following the separation of the rod seati 110 and
further urging the rod 106 toward the bottom portion 114 of the body 102.

[0056] [n one embodiment, the edges 130a and 130b of the internal steps 128a
and 128b of each of the separate pieces 110a and 110b of the rod seat 110 apply
force to the top portion 146 of the head 140 of the fixation device 104 in a direction
that is not parallel to the central axis 101 of the body 102. For example, the edges
130a and 130b may exert force F on the fixation device 104 at an angle 0 offset from
the central axis 101 of the body 102. The force applied by edge 130a of piece 110a
and the force applied by the edge 130a of piece 110b may be offset from the central
axis 101 by approximately the same angle, such as angle 8. Similarly, the force
applied by edge 130b of piece 110a and the force applied by the edge 130b of piece
110b may be offset from the central axis 101 by approximately the sarhe angle.
Moreover, the two pieces 110a and 110b of the rod seat 110 may each be configured
to exert force on the fixation device 104 directed at an angle 6 that is off axis from the
central axis 101 of the body 102 by up to approximately 45 degrees. In one
embodiment, the angle 6 ranges from about 10 degrees to about 30 degrees.

[0057] Turning next fo Figure 4, illustrated is a cross-sectional view of another
locking mechanism 400 in a locked position. The locking mechanism 400 is
configured to engage and lock the position of a fixation device 104 with respect to the
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position of a rod 106. The locking mechanism 400 includes a body 102, a washer
410 and a locking element 112. ‘

[0058] The fixation device 104 is preferably inserted through the top of fthe body
102 prior to insertion of the washer 410 and rod 106. The washer 416 is then
preferably inserted through the top of the body 102 so that the bottom portibn 425 of
the washer 410 is positioned for interaction with the top portion 146 of the head 140
of the fixation device 104. As will be understood by those skilled in the art, the
washer 410 may be wider than the opening in the top of the body 102. Thus, to
insert the washer 410, a tool may be used to increase the size of the opening in the
top of the body 102. The rod 106 is then inserted into the body 102. The washer
110 is preferably inserted into the body 102 prior to insertion of the rod 106 such that
the washer 110 is eventually positioned between the rod 106 and the head 1>40 of the
fixation device 104.

[0059] The washer 410 may be made from a variety of materials known in the art
and preferably is made from a biocompatible material when the locking mechanism
100 is used for bone fixation. Such materials include, but are not limited to, titanium,
titanium alloys (e.g. titapium/aluminum/vanadium (Ti/Al/V) alloys), cobalt-chromium
alloys, stainless steel, céramics (alumina ceramic, zirconia ceramic, yttria zirconia
ceramic, etc.), high strength polymers (e.g. PEEK, PEKK, etc.), pyrolytic carbon,
tantalum, carbon compoéite materials and combinations thereof, which may include
mechanically compatible mixtures of the above materials. Such materials are
commonly used in bone :fixation and the like. Preferably, the materials are rigid and
in one embodiment, the washer 410 is made from Ti/Al/V alloys, such as Ti/6Al/4V
ELL :

[0060] The washer 410 may be configured to at least partially surround the head
140 of the fixation device 104. The diameter of the head 140 is preferably larger than
the hole 118 so that the head 140 cannot be removed through the hole 118 in the
bottom 114 of the body 1 02. The washer 410 may also include a top hole 132 and a
bottom hole 126 to provide access to the head 140 of the fixation device 104 from the
top of the body 102. Thus, a driver or similar device may be used to engage the
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head 140 of the fixation device 104 via the washer 110. In this manner, the fixation
device 104 can be tighténed using a driver or the like without permanently fixing the
position of the fixation device 104 with respect to the body 102 and rod 106.

[0061] Turning next to Figures 5A-B, full and cross-sectional perspective; views of
an embodiment of the washer of Figure 4 are illustrated. The washer 410 ihcludes a
bottom hole 126 that is sized to accept part of the top portion 146 of the heéd 140 of
the fixation device 104. ;The washer 410 may be generally circular disc shaped such
that cross sections of the washer 410 are generally circular. |

[0062] The washer 410 also preferably includes at least two internal steps 428a
and 428b. The internal steps 428a and 428b each have an edge 430a and 430b,
respectively for contacting the surface of the top portion 146 of the head 140 of the
fixation mechanism 104 during engagement. Each of the internal steps 428a and
428b may be continuous or noncontinuous around the perimeter of the rod seat 110,
such as shown in Figures 3C-D illustrating the rod seat 110. In addition, ihe edge
430a may define the opening 426 of the washer 410 and one or both of edges 430a
and 430b may define circular openings.

[0063] In use, the locking element 112 is engaged is tightened down to apply
force to the rod 106 in order to engage and lock the rod 106 and fixation deyice 104.
More specifically, the  tightening of the locking element 112 causes linear
compression of the rod 106 onto the washer 410, which in turn forces the fixation
device 104 toward the bottom portion 114 of the body 102. As the rod 106 is forced
downward, such as by tightening of the locking element 112, the washer 110 and
head 140 combination is forced downward into the socket 116, which preferably
includes a lip 117. As shown, the lip 117 is tapered and preferably has an edge.
Accordingly, the lower portion 148 of the head 140 is caused to contact the lip 117,
and preferably, the edge of the lip, thereby preventing the head 140 of the fixation
device 104 from moving further through the hole 118. As the locking element 112 is
further tightened, the rod 106 is forced more tightly against the top of the washer 110
and the edges 430a and 430b are brought into tighter contact with the tob portion
146 of the head 140 of the fixation device while the lip 117 is brought into tighter
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contact with the bottom portion 148 of the head 140 of the fixation device 104. Thus,
the position of the rod 106 is fixed with respect to the position of the fixatién device
104.

[0064] Turning next to Figure 6, a flow chart illustrates a novel method of fixing the
position of a rod with respect to a fixation device. Flow begins at start block 602 from
which progression continues to process block 604 wherein a fixation device, such as
fixation device 104, is placed through a hole in a top portion of a body, such as body
102, of a locking mechanism. Progression then flows to process block 606 wherein a
rod seat, such as the rod seat 110, is placed through the hole in the top of the body.
The rod seat is configured to separate into two pieces when force is applied to the
top portion of the rod seat and movement of the rod seat is restricted. Progression
then continues to process block 608 wherein a rod, such as the rod 106, is inserted
into the side of the body such that the rod and the fixation device are on opposite
sides of the rod seat. Flow then progresses to process block 610 wherein the rod is
urged toward the bottorh portion of the body. Progression then flows to process
block 612 wherein the rod applies force to top portion of the rod seat and thé fixation
device restricts movement of the rod seat toward the bottom portion of the body,
thereby causing the rod seat to separate into two pieces. Flow then continues to
process block 614 wheréin each of the separate pieces of the rod seat engage the
fixation device. Flow then progresses to termination block 616. .

[0065] Turning next to Figure 7, a flow chart illustrates an additional nové_l method
of fixing the position of a rod with respect to a fixation device. Flow begins at start
block 702 from which progression continues to process block 704 wherein a fixation
device having a generélly spherical head, such as fixation device 104, |s placed
through a hole in a top portion of a body, such as body 102, of a locking mechanism.
Progression then flows to process block 706 wherein a washer having at ieast two
internal steps, such as the washer 410, is placed through the hole in the top of the
body. Progression then continues to process block 708 wherein a rod, such as the
rod 108, is inserted into the side of the body such that the rod and the head of the
fixation device are on opbosite sides of the washer. Flow then progresses to process
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block 710 wherein the rod is urged toward the bottom portion of the body such that
the internal steps of the washer engage the head of the fixation device. Flow then
progresses to termination block 712. '

[0066] While the present invention has been described in association with
exemplary embodiments, the described embodiments are to be considered in all
respects as illustrative and not restrictive. Such other features, aspects, vériations,
modifications, and substitution of equivalents may be made without departing from
the spirit and scope of this invention which is intended to be limited only by the scope
of the following claims. Also, it will be appreciated that features and parts illustrated
in one embodiment may be used, or may be applicable, in the same or in a similar
way in other embodiments. '

[0067] Moreoever, an'y numerical values recited herein include all values. from the
lower value to the upper value in increments of one unit provided that there is a
separation of at least 2 units between any lower value and any higher value. As an
example, if it is stated that the amount of a component or a value of a process
variable such as, for example, temperature, pressure, time and the like is, for
example, from 1 to 90, it is intended that values such as 15 to 85, 22 to 68, 43 to 51,
30 to 32 and the like, are expressly enumerated in this specification. These are only
examples of what is spebifically intended and all possible combinations of numerical
values between the lowest value and the highest value enumerated are to be

considered to be expressly stated in this application in a similar manner.
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CLAIMS
What is claimed is:

1. A locking mechanism (100) comprising:

a body (102) having a bottom portion (114) and a side portion (120), the
side portion (120) being configured to receive a rod (1086);

a fixation device (104) extending at least partially through a hole (118)
in the bottom portlon (114) of the body (102); and

a rod seat (110) between the rod (106) and the fixation device (104),
the rod seat (110) having a top portion (123) configured to interact with the
rod (106) and a bottom portion (114) configured to receive part of the fixation
device (104); |

wherein the rod seat (110) is configured to separate into two pieces
(110a-b) when the rod (106) exerts force on the top portion (123) of the rod
seat (110) and the fixation device (104) limits movement of the rod seat (110)
toward the bottom portion (114) of the body (102).

2. The locking mechanism (100) of claim 1 further comprising a locking
element (112) on the sﬁde of the rod (106) opposite the rod seat (110), wherein
engaging the locking element (112) causes the locking element (112) to exert force
on the rod (106) and further causes the rod (106) to exert force on the rod seat (110).

3. The locking mechanism (100) of claim 2 wherein the amounf of force
exerted on the rod (106) by the locking element (112) sufficient to cause the rod seat
(110) to separate into two pieces (110a-b) ranges from approximately 50 Ibs to
approximately 2500 lbs. |

4. The locking mechanism (100) of claim 1 wherein the top portion (123)
of the rod seat (110) comprises a taper (134) and wherein the force exerted by the
rod (106) on the top portion (123) of the rod seat (110) causes the taper (134) to

widen.
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5. The locking mechanism (100) of claim 4 wherein the rod seat (110) is
thinnest from top to bottom at approximately the midline of the taper (134).

6. The locking mechanism (100) of claim 1 wherein the rod seat (110) is
configured to separate at a predetermined location (136).

7. The locking mechanism (100) of claim 6 wherein the predetermined
location (136) is located approximately at a central axis of the rod seat (110) and
wherein the central axis of the rod seat (110) is approximately parallel to a major axis
(101) of the rod (106).

8. The locking mechanism (100) of claim 1 wherein the predetermined
location (136) is mechanically weakened compared to the remainder of the: rod seat
(110).

9. The locking mechanism (100) of claim 8 wherein the predetermined
location (136) is at least one of thinned, notched, grooved, scored or perforated.

10.  The locking mechanism (100) of claim 1 wherein one of the two pieces
(110a-b) is substantially a mirror image of the other of the two pieces (110a-b).

11.  The rod seat (110) of claim 1 wherein the two pieces (110a-b) of the rod
seat (110) are each configured to exert force on the fixation device (104) directed at
an angle that is off axis from the central axis (101) of the body (102) by up to

approximately 45 degrees.
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12.  The locking mechanism (100) of claim 1 wherein the bottom portion
(125) of the rod seat (110) comprises at least two internal steps (128a¥b), each
having an edge (130a) cbnfigured to engage the fixation device (104).

13. The Iocking mechanism (100) of claim 12 wherein the edge (130a) of
one of the internal steps (128a, 128b) defines an opening (126) in the bottom portion
(125) of the rod seat (110). :

14.  The locking mechanism (100) of claim 12 wherein at least one of the
steps (128a, 128b) is noncontinuous.

15.  The locking mechanism (100, 400) of claim 1 wherein the bottom
portion (114) of the body (102) comprises at least one lip (117) configured to engage
the fixation device (104).

16.  The locking mechanism (100) of claim 15 wherein the at least one lip

(117) is noncontinuous.

17. A method for locking the relative positions of a fixation device and a rod
comprising: |

placing a fixation device through a hole in the top of a body of the
locking mechanisrh;

placing a rod seat having a top portion and a bottom portion through the
hole in the top portion of a body of a locking mechanism, wherein the rod seat
is configured to separate into two pieces when force is applied td the top
portion of the rod seat and movement of the rod seat is restricted;

placing a rod in a side portion of the body such that the rod and the

fixation device are on opposite sides of the rod seat; and
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urging the rod toward the bottom of the body such that the rod applies
force to the top portion of the rod seat and the fixation device restricts
movement of the rod seat toward the bottom of the body, thereby causing the
rod seat to separate into two pieces; |

wherein each of the two pieces engage part of the fixation device.

18.  The method of claim 17 further comprising further urging the rod toward
the bottom of the body following the separation of the rod seat into two pieces.

19. The method of claim 18 wherein further urging the rod increases

engagement between the pieces of the rod seat and the fixation device.

20. The method of claim 18 wherein the ability of the locking mechanism to
maintain the rod and fixation mechanism in locked positions is enhanced -following
the separation of the rod seat and further urging of the rod toward the bottom of the
body.

21.  The method of claim 17 wherein urging the rod toward the bottom of the
body comprises engaging a locking element on the side of the rod opposite the rod

seat.

22. The method of claim 17 wherein urging the rod toward the bottom of
the body comprises exerting from approximately 50 Ibs to approximately 2500 Ibs of
force on the rod.

23.  The method of claim 17 wherein at least one lip at a bottom portion of
the body restricts the movement of the fixation device toward the bottom of the body,
thereby restricting the mbvement of the rod seat toward the bottom of the body during
the application of force by the rod to the top portion of the rod seat.
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24. The method of claim 17 wherein the top portion of the rod seat
comprises a taper and wherein urging the rod toward the bottom of the body
comprises causing the taper to widen.

25.  The method of claim 17 wherein the rod seat separates along;a central
axis of the rod seat that is approximately parallel to a major axis of the rod.

26. A rod seat (110) for use in a locking mechanism (100) configured to
lock the relative positions of a rod (106) and a fixation device (104), the rod seat
(110) comprising:

a top portion (123) having a taper (134) configured to receive part of the
rod (106); '

a bottom portion (125) configured to receive part of the fixation
device(104);

wherein the rod seat (110) is configured to separate into two pieces

(110a-b) when the rod (106) exerts from approximately 50 Ibs to approximately

2500 Ibs of force on the top portion (123) of the rod seat (110) and the fixation

device (104) limits movement of the rod seat (110) away from the rod (108);

and

wherein locking of the relative positions of the rod (110) and the fixation
device (104) is enhanced following the separation of the rod seat (110) into
two pieces (110a-b). |

27.  The rod seat (110) of claim 26 wherein the two pieces (110a-b) of the
rod seat (110) are each configured to exert force on the fixation device (104) directed
at an angle that is off axis from the central axis (101) of the body (102) by up to

approximately 45 degrees.
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Place a fixation device through hole in top of body
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Place through hole in top of body a rod seat configured to
separate into two pieces when force is applied to top of rod seat

¢

Place rod in side of body
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l 510

applies force to rod seat
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;

Cause the rod seat to separate into two pieces when
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612
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