US 2008O132951A1

(19)

United States

(12) Patent Application Publication (10) Pub. No.: US 2008/0132951 A1
Reiley et al.

(54)

(76)

(43) Pub. Date:

PROSTHESES SYSTEMS AND METHODS
FOR REPLACEMENT OF NATURAL FACET
JOINTS WITH ARTIFICIAL FACET JOINT
SURFACES

Mark A. Reiley, Piedmont, CA
(US); Robert M. Scribner, Niwot,
CO (US); Lawrence R. Jones,
Conifer, CO (US); David Stinson,
Woodinville, WA (US)
Correspondence Address:

Pat. No. 6,811,567, which is a continuation-in-part of
application No. 09/693,272, filed on Oct. 20, 2000,
now Pat. No. 6,610,091.

(60) Provisional application No. 60/160,891, filed on Oct.
22, 1999.

Inventors:

SHAY GLENNILLP

2755 CAMPUS DRIVE, SUITE 210
SAN MATEO, CA 94403

Jun. 5, 2008

Publication Classification

(51) Int. Cl.
A6B 7/58
A6IF 2/44
A6B 7/56

(2006.01)
(2006.01)
(2006.01)

(52) U.S. Cl. ....................... 606/247; 623/17.11: 606/300
(57)

ABSTRACT

Cephalad and caudal vertebral facet joint prostheses and
methods of use are provided. A pair of fixation elements are
adapted to be secured within a vertebra in an orientation that

(21) Appl. No.:

11/948,963

(22) Filed:

Nov.30, 2007

best assures a secure and durable attachment to cortical and/

Related U.S. Application Data
(63) Continuation of application No. 10/974,009, filed on
Oct. 25, 2004, which is a continuation-in-part of appli
cation No. 10/158,563, filed on May 30, 2002, now
Pat. No. 6,974,478, which is a continuation-in-part of
application No. 10/067,137, filed on Feb. 4, 2002, now

or cancellous bone. Artificial facet joint Surfaces are mounted
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support. The artificial facet joint structure may be carried by
an arm. The artificial facet joint structure is adapted for articu
lation with a complementary natural or artificial facet joint
structure. Bilateral prostheses may by coupled by a brace to
further secure and stabilize the prostheses.
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PROSTHESES SYSTEMS AND METHODS
FOR REPLACEMENT OF NATURAL FACET
JOINTS WITH ARTIFICIAL FACET JOINT
SURFACES
CROSS-REFERENCE

0001. This application is a continuation of U.S. patent
application Ser. No. 10/974,009, filed Oct. 25, 2004 which is
a continuation-in-part of U.S. patent application Ser. No.
10/158,563, filed May 30, 2002, entitled “Prostheses, Sys
tems and Methods for Replacement of Natural Facet Joints
with Artificial Facet Joint Surfaces, which is a continuation

in-part of U.S. patent application Ser. No. 10/067,137, filed
Feb. 4, 2002, (now U.S. Pat. No. 6,811,567) entitled “Facet
Arthroplasty Devices and Methods,” which is a continuation
in-part of U.S. patent application Ser. No. 09/693,272, filed
Oct. 20, 2000, (now U.S. Pat. No. 6,610,091) entitled “Facet
Arthroplasty Devices and Methods,” which claims the benefit
of Provisional Patent Application Ser. No. 60/160,891, filed
Oct. 22, 1999, and entitled “Facet Arthroplasty Devices and
Methods, all of which are incorporated herein by reference.
FIELD OF THE INVENTION

0002 This invention relates to prostheses for treating vari
ous types of spinal pathologies, as well as to methods of
treating spinal pathologies.
BACKGROUND OF THE INVENTION

I. Vertebral Anatomy
0003. As FIG. 1 shows, the human spinal column 10 is
comprised of a series of thirty-three stacked vertebrae 12
divided into five regions. The cervical region includes seven
vertebrae 12, known as C1-C7. The thoracic region includes
twelve vertebrae 12, known as T1-T12. The lumbar region
contains five vertebrae 12, known as T1-T5. The sacral region
is comprised of five vertebrae 12, known as S1-S5. The coc
cygeal region contains four vertebrae 12, known as Col-Co4.
0004 FIG. 2 shows a normal human lumbar vertebra 12.
Although the lumbar vertebrae 12 vary somewhat according
to location, they share many features common to most verte
brae 12. Each vertebra 12 includes a vertebral body 14. Two
short bones, the pedicles 16, extend backward from each side
of the vertebral body 14 to form a vertebral arch 18.
0005. At the posterior end of each pedicle 16 the vertebral
arch 18 flares out into broad plates of bone known as the
laminae 20. The laminae 20 fuse with each other to form a

spinous process 22. The spinous process 22 serves for muscle
and ligamentous attachment. A Smooth transition from the
pedicles 16 into the laminae 20 is interrupted by the formation
of a series of processes.
0006 Two transverse processes 24 thrust out laterally on
each side from the junction of the pedicle 16 with the lamina
20. The transverse processes 24 serve as levers for the attach
ment of muscles to the vertebrae 12. Four articular processes,
two superior 26 and two inferior 28, also rise from the junc
tions of the pedicles 16 and the laminae 20. The Superior
articular processes 26 are sharp oval plates of bone rising
upward on each side from the union of the pedicle 16 with the
lamina 20. The inferior processes 28 are oval plates of bone
that jut downward on each side.
0007. The superior and inferior articular processes 26 and
28 each have a natural bony structure known as a facet. The
superior articular facet 30 faces upward, while the inferior

Jun. 5, 2008

articular facet 31 faces downward. As FIG. 3 shows, when

adjacent vertebrae 12 are aligned, the facets 30 and 31,
capped with a smooth articular cartilage, interlock to form a
facet joint 32, also known as a Zygapopysial joint.
0008. The facet joint 32 is composed of a superior facet
and an inferior facet. The Superior facet is formed by the
vertebral level below the joint 32, and the inferior facet is
formed by the vertebral level above the joint 32. For example,
in the L4-L5 facet joint, the superior facet of the joint is
formed by bony structure on the L-5 vertebra (e.g., a superior
articular Surface and Supporting bone on the L-5 vertebra),
and the inferior facet of the joint is formed by bony structure
on the L-4 vertebra (e.g., an inferior articular Surface and
Supporting bone on the L-4 vertebra).
0009. As also shown in FIG. 3, an intervertebral disc 34
between each pair of vertebrae 12 permits gliding movement
between vertebrae 12. Thus, the structure and alignment of
the vertebrae 12 permit a range of movement of the vertebrae
12 relative to each other.

II. Facet Joint Dysfunction
0010 Back pain, particularly in the “small of the back', or
lumbosacral (L4-S1) region, is a common ailment. In many
cases, the pain severely limits a person’s functional ability
and quality of life. Such pain can result from a variety of
spinal pathologies.
0011. Through disease or injury, the laminae, spinous pro
cess, articular processes, or facets of one or more vertebral
bodies can become damaged, such that the vertebrae no
longer articulate or properly align with each other. This can
result in an undesired anatomy, loss of mobility, and pain or
discomfort.

0012 For example, the vertebral facet joints can be dam
aged by either traumatic injury or by various disease pro
cesses. These disease processes include osteoarthritis, anky
losing spondylolysis, and degenerative spondylolisthesis.
The damage to the facet joints often results in pressure on
nerves, also called a "pinched nerve, or nerve compression
or impingement. The result is pain, misaligned anatomy, and
a corresponding loss of mobility. Pressure on nerves can also
occur without facet joint pathology, e.g., a herniated disc.
0013. One type of conventional treatment of facet joint
pathology is spinal stabilization, also known as intervertebral
stabilization. Intervertebral stabilization prevents relative
motion between the vertebrae. By preventing movement, pain
can be reduced. Stabilization can be accomplished by various
methods.

0014. One method of stabilization is spinal fusion.
Another method of stabilization is fixation of any number of
vertebrae to stabilize and prevent movement of the vertebrae.
0015. Another type of conventional treatment is decom
pressive laminectomy. This procedure involves excision of
the laminae and/or soft tissues of the spine to relieve com
pression of nerves.
0016. These traditional treatments are subject to a variety
of limitations and varying Success rates. Furthermore, none of
the described treatments puts the spine in proper alignment or
return the spine to a desired anatomy. In addition, stabiliza
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tion techniques, by holding the vertebrae in a fixed position,
permanently limit a person’s mobility.
SUMMARY OF THE INVENTION

0017. There is a need for prostheses, systems, and meth
ods that overcome the problems and disadvantages associated
with current strategies and designs in various treatments for
spine pathologies.
0018. The invention provides prostheses, systems, and
methods designed to replace natural facet joints and/or part of
the lamina at virtually all spinal levels including L1-L2.
L2-L3, L3-L4, L4-L5, L5-S1, T11-T12, and T12-L1. The

prostheses, systems, and methods can restore a desired
anatomy to a spine and give back to an individual a desired
range of mobility. The prostheses, systems, and methods also
can lessen or alleviate spinal pain by relieving the Source
nerve compression or impingement.
0019 For the sake of description, the prostheses that
embody features of the invention will be called either "ceph
alad' or “caudal with relation to the portion of a given
natural facet joint they replace. As previously described, a
given natural facet joint has a Superior facet and an inferior
facet. In anatomical terms, the Superior facet of the joint is
formed by the vertebral level below the joint (which can thus
be called the caudal portion of the facet joint, i.e., because it
is near the feet). The inferior facet of the joint is formed by the
vertebral level above the joint (which can thus be called the
cephalad portion of the facet joint, i.e., because it is near the
head). Thus, a prosthesis that, in use, replaces the caudal
portion of a facet joint (i.e., the superior facet) will be called
a "caudal prosthesis. Likewise, a prosthesis that, in use,
replaces the cephalad portion of a facet joint (i.e., the inferior
facet) will be called a "cephalad' prosthesis.
0020. One aspect of the invention provides a facet joint
prosthesis to replace, on a vertebral body, a caudal portion of
a natural facet joint (e.g., a Superior articular Surface and
supporting bone structure on the vertebral body). A pair of
fixation elements are adapted to be secured within the verte
bral body in an orientation that best assures a secure and
durable attachment to cortical and/or cancellous bone. Arti

ficial facet joint structures mounted on the fixation elements.
In one embodiment, the artificial facet joint structure is
mounted on the fixation element by use of a support. The
artificial facet joint structures articulate with a complemen
tary natural or artificial facet joint structure. The artificial
facet joint structures may by coupled by a brace to further
secure and stabilize the prosthesis.
0021. This aspect of the invention also provides a method
of replacing, on a vertebral body, a caudal portion of a natural
facet joint. The method removes a caudal portion of the natu
ral facet joint from the vertebral body. Right and left fixation
elements are secured within the vertebral body, e.g., to right
and leftpedicles respectively. An artificial facetjoint structure
is mounted on each fixation elements. A brace may be
coupled to each of the artificial facet joint structures to stabi
lize the prosthesis.
0022. Another aspect of the invention provides a facet
joint prosthesis to replace, on a vertebral body, a cephalad
portion of a natural facet joint (e.g., an inferior articular
Surface and Supporting bone structure on the vertebral body).
A pair of fixation elements are adapted to be secured within
the vertebral body in an orientation that best assures a secure
and durable attachment to cortical and/or cancellous bone. In

a preferred embodiment, arms are adapted to be mounted on
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the fixation elements (e.g., using a brace and/or Support). The
arms carry an artificial facet joint structure for articulation
with a complementary natural or artificial facet joint struc
ture. The arms may by coupled by a brace to further secure
and stabilize the prosthesis.
0023 This aspect of the invention also provides a method
of replacing, on a vertebral body, a cephalad portion of a
natural facet joint. The method removes a cephalad portion of
the natural facetjoint from the vertebral body. In one embodi
ment, right and left fixation elements are secured within the
vertebral body, e.g., to the right and left pedicles respectively.
A Support is mounted on each fixation element. A brace
carrying right and left arms (carrying the artificial facet joint
structures) is coupled to the Supports.
0024. In an alternative embodiment, right and left fixation
elements are secured within the vertebral body, e.g., to the
right and left pedicles respectively. A Support is mounted on
each fixation element. An arm, carrying an artificial facetjoint
structure, is mounted on each Support. A brace may be
coupled to each of the arms to stabilize the prosthesis.
0025. Another aspect of the invention provides a facet
joint prosthesis to replace, on a vertebral body, a caudal
portion of a natural facet joint, including: a Support compo
nent adapted to span a portion of the vertebral body and to
Support prosthetic caudal facet elements; and a pair of pros
thetic caudal facet elements adjustable relative to the support
component and adapted to replace the caudal portion of the
natural facet joint.
0026. Yet another aspect of the invention provides a pros
thesis for replacing a natural spinal facet joint including: a
pair of prosthetic caudal facet elements configured to replace
the caudal portion of the natural facet joint; and a modular
cephalad prosthesis configured to articulate with the caudal
facet elements, the modular cephalad prosthesis comprising a
pair of arms, a pair of Supports, and a brace extending
between the arms and the Supports, each of the Supports
having an articulating portion adapted to articulate with the
caudal facet elements.

0027 Still another aspect of the invention provides a pros
thesis for replacing a natural spinal facet joint comprising: a
modular caudal prosthesis comprising a pair of prosthetic
caudal facet elements configured to replace the caudal portion
of the natural facet joint and a caudal brace extending
between the caudal facet elements; and a modular cephalad
prosthesis configured to articulate with the caudal facet ele
ments, the modular cephalad prosthesis comprising a pair of
arms, a pair of Supports, and a cephalad brace extending
between the arms and the Supports, each of the Supports
having an articulating portion adapted to articulate with the
caudal facet elements.

0028. Other features and advantages of the inventions are
set forth in the following Description and Drawings, as well
as in the appended Claims.
INCORPORATION BY REFERENCE

0029 All publications and patent applications mentioned
in this specification are herein incorporated by reference to
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the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.
BRIEF DESCRIPTION OF THE DRAWINGS

0030 FIG. 1 is a lateral elevation view of a normal human
spinal column.
0031 FIG. 2 is a superior view of a normal human lumbar
vertebra.

0032 FIG. 3 is a lateral elevation view of a vertebral
lumbar facet joint.
0033 FIG. 4 is an exploded perspective view of cephalad
and caudal prostheses for replacing, respectively, the inferior
and Superior halves of a natural facet joint.
0034 FIG. 5 is an assembled perspective view of the pros
theses shown in FIG. 4

0035 FIG. 6 is a posterior perspective view of the natural
left and right facet joints between two lumbar vertebrae.
0036 FIG. 7 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 6, showing one embodiment of a
Surgical removal of the spinous process and natural inferior
processes and related bony structure of the Superior vertebra
and the Surgical removal of the natural Superior processes and
related bony structure of the inferior vertebra.
0037 FIG. 8 is a posterior perspective view of the lumbar
vertebrae shown in FIGS. 6 and 7, after removal of the inferior

and Superior halves of the natural facet joints, illustrating the
mounting of the left and right Support components of the
cephalad prosthesis for replacing the inferior halves of the
natural facet joints that have been removed onto fixation
elements secured within the superior vertebra.
0038 FIG.9 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 8, illustrating the placement of the
transverse rod and left and right cephaladarm components of
the cephalad prosthesis onto the superior vertebra for replac
ing the inferior halves of the natural facetjoints that have been
removed.

0039 FIG. 10 is a posterior perspective view of the lumbar
vertebrae shown in FIG.9, illustrating the mounting of caudal
prostheses for replacing the Superior halves of the natural
facet joint that have been removed onto fixation elements
secured within the inferior vertebra.

0040 FIG. 11 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 10, illustrating the fixation of the
cephalad artificial facetjoint structures in an articulating con
figuration with the caudal artificial facet joint structures.
0041 FIG. 12 is an exploded perspective view of an alter
native embodiment of cephalad and caudal prostheses for
replacing, respectively, the inferior and Superior halves of a
natural facet joint.
0042 FIG. 13 is an assembled perspective view of the
prostheses shown in FIG. 12.
0043 FIG. 14 is a posterior perspective view of the lumbar
vertebrae shown in FIGS. 6 and 7, after removal of the inferior

and Superior halves of the natural facet joints, illustrating the
placement of fixation elements of the cephalad prosthesis
within the superior vertebra.
0044 FIG. 15 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 14, illustrating the mounting of the
left and right cephalad Support components of the cephalad
prosthesis onto the cephalad fixation elements.
0045 FIG.16 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 15, illustrating the mounting of the
left and right caudal Support components of the caudal pros

Jun. 5, 2008

thesis onto the caudal fixation elements that have been
secured with the inferior vertebra.

0046 FIG. 17 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 16, illustrating the mounting of the
arm components of the cephalad prosthesis onto the Support
components of the cephalad prosthesis.
0047 FIG. 18 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 14, illustrating the mounting of the
left and right cephalad Support components of the cephalad
prosthesis onto the cephalad fixation elements.
0048 FIG. 19 is a perspective view of an alternative
embodiment of the cephalad prosthesis fixation element
shown in FIG. 1, illustrating the body of the fixation element
being of a stem configuration.
0049 FIG. 20 is a perspective view of another alternative
embodiment of the caudal prosthesis fixation element shown
in FIG.1, illustrating the body of the fixation element being of
a stem configuration.
0050 FIG. 21 is an exploded perspective view of an alter
native embodiment of cephalad and caudal prostheses for
replacing, respectively, the inferior and Superior halves of a
natural facet joint.
0051 FIG. 22 is an assembled perspective view of the
prostheses shown in FIG. 21.
0052 FIG. 23 is a posterior perspective view of the lumbar
vertebrae shown in FIGS. 6 and 7, after removal of the inferior

and Superior halves of the natural facet joints, illustrating the
fixation of the cephalad and caudal prostheses shown in FIG.
21 on the vertebrae.

0053 FIG. 24 is an exploded perspective view of an alter
native embodiment of cephalad and caudal prostheses for
replacing, respectively, the inferior and Superior halves of a
natural facet joint, illustrating the arm of the cephalad pros
thesis including a female fitting and the artificial facet joint
structure of the cephalad prosthesis including a complemen
tary male fitting.
0054 FIG. 25 is an alternative embodiment of the ceph
alad prosthesis shown in FIG. 24, illustrating multiple attach
ment sites on the arm for attachment of the artificial facetjoint
Structure.

0055 FIG. 26 is an alternative embodiment of the ceph
alad prosthesis shown in FIG. 24, illustrating the arm includ
ing a male fitting and the artificial facet joint structure includ
ing a female fitting.
0056 FIG. 27 is an alternative embodiment of the ceph
alad prosthesis shown in FIG. 26, and illustrating the artificial
facetjoint structure having a fitting elongated relative to FIG.
26.

0057 FIG. 28 is an assembled perspective view of the
cephalad and caudal prostheses shown in FIG. 24.
0058 FIG. 29 is posterior perspective view of the lumbar
vertebrae shown in FIG. 8, illustrating a bore reamed in a
pedicle of the inferior vertebra.
0059 FIG.30 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 29, illustrating the placement of a
caudal sleeve, with a Support mounted on the sleeve, within
the bore.

0060 FIG.31 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 30, illustrating the mounting of a
caudal arm, carrying an artificial facet joint structure, on the
caudal sleeve.

0061 FIG.32 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 31, illustrating a bore reamed in the
complementary pedicle of the superior vertebra.
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0062 FIG.33 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 32, illustrating the placement of a
cephalad sleeve, with a Support and arm mounted on the

succession of entirely artificial facet joint structures between
two vertebral bodies 14 or along a length of the spinal column

sleeve, within the bore.

A. The Cephalad Prosthesis
(0074 The cephalad 36 prosthesis shown in FIGS. 4 and 5
is so designated because it provides one or more artificial
facet joint structures 40 for repair/replacement of the inferior
facet of a natural facet joint 32. The prosthesis 36 allows for
the removal of injured, diseased and/or deteriorating natural
inferior articular Surfaces 28 and Supporting bony structure on
the vertebra 12 above the facet joint 32. The artificial struc
tures 40 serve to replace the natural inferior processes 28 and
supporting bone of the vertebral body 14, which have been
desirably removed prior to mounting the prosthesis 36 on the
vertebral body 14, as will be described in greater detail later.
(0075. The artificial facetjoint structures 40 articulate with
the superior facet of the facet joint 32. The superior facet can
comprise the natural superior portions of the facet joint 32
(i.e., the natural Superior articular Surfaces 26 and Supporting
bony structure on the vertebral body 14 below the facet joint
32). Desirably, however, the superior facet comprises an arti
ficial facetjoint structure 42 formed by a caudal joint replace
ment prosthesis 38.
0076. The cephalad prosthesis 36 is a modular unit com
prising a pair offixation elements 44 (left and right), a pair of
Supports 46 (left and right), a pair of arms 48 (left and right),
and a brace 50. The modular unit allows assembly of the
components in situ on a vertebra. The cephalad prosthesis 36
may beformed of a material commonly used in the prosthetic
arts including, but not limited to, polyethylene, rubber, tita
nium, chromecobalt, Surgical steel, bony in-growth sintering,
sintered glass, artificial bone, ceramics, or a combination

0063 FIG.34 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 33, illustrating the mounting on an
artificial facet joint structure on the cephalad arm.
0064 FIG.35 is a posterior perspective view of the lumbar
vertebrae shown in FIG. 34, illustrating the use of a pedicle
screw to secure the mounting of the cephalad Support and
a.

0065 FIG. 36 is an exploded perspective view of a pair of
cephalad prostheses joined by a transverse brace.
0066 FIG. 37 is an exploded perspective view of a pair of
caudal prostheses joined by a transverse brace.
0067 FIG.38 is a posterior perspective view of the lumbar
vertebrae shown in FIG.35, illustrating bilateral cephalad and
caudal prostheses fixed on the vertebrae using a pair of braces.
0068 FIG. 39 is a sectional view of a bore within bone,
and illustrating the placement of mesh material and a sleeve
within the bore.

0069. The invention may be embodied in several forms
without departing from its spirit or essential characteristics.
The scope of the invention is defined in the appended claims,
rather than in the specific description preceding them. All
embodiments that fall within the meaning and range of
equivalency of the claims are therefore intended to be
embraced by the claims.
DETAILED DESCRIPTION OF THE INVENTION

0070 Although the disclosure hereof is detailed and exact
to enable those skilled in the art to practice the invention, the
physical embodiments herein disclosed merely exemplify the
invention that may be embodied in other specific structures.
While the preferred embodiment has been described, the
details may be changed without departing from the invention,
which is defined by the claims.

10.

thereof.

0077. The left and right fixation elements 44 are fixed to
the left and right pedicles 16 respectively, in a position that
desirably best assures their fixation to cortical and/or cancel
lous bone. In the illustrated embodiment, the fixation ele

ments 44 take the form of pedicle screws or nails. The fixation
elements 44 are adapted to extend into the right and left
pedicles 16 of the vertebral body and serve to anchor the
prosthesis 36 in place in an orientation that best assures a
secure and durable attachment to bone.

I. Vertebral Prostheses

0071 FIGS. 4 and 5 illustrate prostheses for replacing the
superior and inferior portions of natural facet joints 32 (See
also FIG. 3). The prostheses are desirably fixed to vertebral
bodies 14 following the surgical removal of the respective
natural facet joint portions from the vertebral bodies 14.
0072 The cephalad 36 prosthesis is sized and configured
for replacement of the natural inferior facet of a facet joint 32
following removal of the natural inferior facet of the facet
joint 32. The caudal prostheses 38 are sized and configured
for replacement of the natural superior facet of a facet joint 32
following removal of the natural superior facet of the facet
joint 32.
0073. As best shown in FIG. 11, the prostheses 36 and 38
are desirably used in articulated association between a given
pair of vertebral bodies 14. As FIG. 11 shows, the caudal and
cephalad prostheses 36 and 38 forman articulated system that
permits total (Superior and inferior) facet joint replacement of
one or more natural facet joints 32. The system can provide a

0078. The supports 46 each carry at least one opening 52
sized and configured to accommodate passage of a fixation
element 44 to permit mounting of a Support 46 on the fixation
element 44. The supports 46 are thereby placed on the verte
bra 12 in a position dictated by the placement and orientation
of the fixation elements 44.

007.9 The supports 46 also each have an opening 54 to
permit passage of the brace 50. In the illustrated embodiment,
the brace 50 takes the form of a transverse rod. Similar to the

46 Supports, the left and right cephalad arms 48 have openings
56 to permit passage of the brace 50. The brace 50 is sized to
extend across the laminae 20 of a vertebral body 14 and passes
through the Support openings 54 and the arm openings 56 to
hold the supports 46 and arms 48 to thereby stabilize the
prosthesis 36.
0080 Each arm 48 carries an artificial facet joint structure
40 for repairing/replacing the inferior facet of a natural facet
joint 32. The position of the arms 48 may be adjusted along
the brace 50 to bring the artificial facet joint structures 40 of
the cephalad prosthesis 36 in articulating configuration with
the natural superior facet of the facet joint 32 or an artificial
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facet joint structure 42 formed by a caudal joint replacement
prosthesis 38. The arms 48 can then be secured by locking
pins 58 or other suitable mechanism in a desired position.
B. The Caudal Prosthesis

I0081. The caudal prostheses 38 shown in FIGS. 4 and 5 are
so designated because they create artificial facet joint struc
tures 42 for the superior facet of a natural facet joint 32. The
caudal prostheses 38 allow for the removal of injured, dis
eased and/or deteriorating natural Superior articular Surfaces
26 and supporting bony structure on the vertebral body 14
below the facet joint 32. The artificial structures 42 serve to
replace the natural Superior processes 26 and Supporting bone
of the vertebral body 14, which have been desirably removed
prior to mounting the prosthesis 38 on the vertebral body 14.
This aspect will be described in greater detail later.
0082 In use, the artificial facet joint structure 42 articu
lates with the inferior facet of the facet joint 32. The inferior
facet can comprise the natural inferior portions of the facet
joint 32 (i.e., the natural inferior articular surfaces 28 and
supporting bony structure on the vertebral body 14 above the
facet joint 32). Desirably, however, the inferior facet com
prises an artificial facet joint structure 40 formed by a ceph
aladjoint replacement prosthesis 36, as previously described.
0083. Each prosthesis 38 comprises an artificial facetjoint
structure 42 and a fixation element 62. Desirably, as FIGS. 4
and 5 illustrate, a pair of fixation elements 62 (right and left)
and a pair of artificial facet joint structures 42 (right and left)
are provided to permit bilateral facet joint replacement. The
left and right fixation elements 62 are fixed to the left and right
pedicles 16 respectively, in a position that best assures their
fixation to cortical and/or cancellous bone. In the illustrated

embodiment, the fixation elements 62 take the form of pedicle
screws or nails. The fixation elements 62 are adapted to
extend into the right and left pedicles 16 of the vertebral body
14 and serve to anchor the prostheses 38 in place in an orien
tation that best assures a secure and durable attachment to
bone.

0084 Each artificial facetjoint structure 42 has at least one
opening 64 sized and configured to accommodate passage of
a fixation element 62 to permit mounting of the artificial facet
joint structure 42 on a fixation element 62. The artificial facet
joint structures 42 are thereby placed on the vertebra 12 in a
position dictated by the placement and orientation of the
fixation elements 62.

0085. The artificial facet joint structures 42 articulate with
the natural inferior facet portion of the facet joint 32 or an
artificial facet joint structure 40 formed by a cephaladjoint
replacement prosthesis 36, as previously described.
I0086. The caudal prostheses 38 may be formed of a mate
rial commonly used in the prosthetic arts including, but not
limited to, polyethylene, rubber, titanium, chrome cobalt,
Surgical steel, bony in-growth sintering, sintered glass, arti
ficial bone, ceramics, or a combination thereof.

C. Artificial Facet Structure Configuration
0087. In the prostheses 36 and 38, each artificial facetjoint
structure 40 and 42 creates a bearing Surface having a con
figuration that facilitates articulation with the bearing Surface
of another artificial facetjoint structure 40 or 42. The particu
lar geometry for the bearing Surface configuration for a given
artificial facet joint structure 40 and 42 can vary. It can, for
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example, be concave, convex, or flat. It may also include a
hybrid of curved and flat bearing Surface designs, i.e., Minis
cal, hinge, etc.
I0088. The radii of two articulating bearing surface con
figurations are desirably selected and matched, taking into
account the material from which the surfaces are formed, to

minimize contact stress during articulation. The features of
the two bearing surfaces (as well as the various other features
of the facet joint structures) may also be chosen, if desired, to
duplicate the natural articulation of the natural facet joint.
Alternatively, the features of the two bearing surfaces (as well
as the various other features of the facet joint structures) can
be chosen to permit the treated motion segment to experience
a lesser or greater degree of articulation than that allowed by
the natural motion segment.
I0089. For example, in the embodiment illustrated in FIG.
4, the cephalad prosthesis 36 includes artificial facet struc
tures 40 employing generally convex surfaces 66, forming
hemisphere-like artificial facet joint structures. In this
arrangement, the caudal prostheses 38 include artificial facet
structures 42 employing generally complementary concave
Surfaces 68, forming socket-like artificial facet joint struc
tures that articulate with the hemisphere-like artificial facet
joint structures. It should be appreciated that the articulating
surfaces 40 and 42 can be reversed, with the artificial facet

structures 40 of the cephalad prosthesis 36 employing gener
ally socket-like surfaces, and the artificial facet structures 42
of the caudal prostheses 38 employing generally hemisphere
like Surfaces.

0090 Alternatively, a Miniscal bearing design could be
employed, utilizing a conformal curved surface as one artifi
cial facet joint structure 40 or 42, with the bearing side of the
opposed artificial facet joint structure 40 or 42 having an
essentially flat Surface. A hemiarthroplasty design could also
alternatively be employed, in which one surface of the oppos
ing Surfaces does not incorporate the use of an artificial facet
joint structure 40 or 42.
0091. In another arrangement, one surface of an artificial
facet joint structure 40 or 42 can have bearing articulation on
both sides of the component and have opposing articulation
with a receiving artificial facet joint structure 40 or 42 having
opposing mating bearing Surfaces.
0092. A variety of materials are suitable for the artificial
facetjoint structures. 40 and 42. Ceramic or ceramic in oppo
sition with a chrome alloy can be used. Suitable stainless
steel, including 3161, or titanium alloys, with or without the
use of Surface hardening and overlay, or hard Surface coat
ings, including Zirconia and alumina, can also be employed.
The metal Surfaces can be made from cast, wrought, hot
forged, or powder-metal consolidated sintered materials. Any
of these metals or combination of metals and ceramics can be

used in articulation with each other. Biocompatible polymers,
e.g., polyethylene, can also be used in articulation with the
metals, ceramic, and Surface-hardened metals just described.
Ultra High Molecular Weight Polyethylene can further be
gamma-irradiated, as-molded or as-machined.
0093. The radii of articulating artificial facet joint struc
tures 40 and 42 are desirably closely matched to provide
contact stress values less than a given threshold value. The
desired contact stress value changes with the material
employed.
0094 For example, the contact stress value for metal-to
metal bearing combinations is desirably less than about
25,000 psi, and preferably less than 12,000 psi. For polymer
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Surfaces bearing against a metal, ceramic, or surface-hard
ened metal counterbearing Surface, the contact stress value is
desirably less than 10,000 psi, and preferably less than 5,000

32 into the pedicle 16, to reach the geometry shown in FIG. 8,
which is desirably suitable for receiving the caudal prosthesis

pS1.

0101. With reference to FIG. 8, a cephalad support 46 is
mounted on each of the cephalad fixation elements 44 and the
fixation elements 44 are then placed in a desired position on
the pedicles 16 (with one fixation element 44 on each of the
right and left pedicles 16) and screwed securely into the
superior vertebral body 14.
0102. As FIG. 9 illustrates, the cephalad arms 48 are then
placed medial to the left and right supports 46. The brace 50
is then passed through the openings 54 and 56 of the supports

0095 For a given material to achieve a desired contact
stress value less than the threshold value, the appropriate radii
is desirably chosen. Thus, the desired radii may change as
material changes.
D. Total Facet Replacement Using the Cephalad and Caudal
Prostheses

0.096 FIG. 6 shows a normal natural human vertebral facet
joint 32, e.g., L4-L5. In some cases of disease or trauma, it
may be desirable to remove the superior and inferior facets of
the natural facet joint 32 and replace them respectively with
the caudal prostheses 38 and the cephalad prosthesis 36.
0097 FIGS. 6 and 7 show the exposed spinous process 22,
lamina 20, and facet joint 32 of the L4-L5 joint. In this
embodiment, a portion of the inferior lamina 20 and the
inferior facet of the natural facet joint 32 (e.g., the articulated
inferior processes 28 and its supporting bone of the vertebral
body 14 above the facet joint 32) are removed. The lamina 20
is cut for a wide decompressive laminectomy along a decom
pressive superior-to-inferior resection line on both sides of
the vertebral body 14. The removed natural anatomy is
replaced with the cephalad prosthesis 36. The Superior facet
of the natural facet joint 32 (e.g., the articulated Superior
process 26 and its supporting bone of the targeted vertebral
body 14) is also removed. Desirably, the mamillary process,
the accessory process, a portion of the transverse process, and
a portion of the pedicle is removed by being rongeured or
reamed. The removed natural anatomy is replaced with the
caudal prosthesis 38. The cephalad prosthesis 36, as
described above, can be installed over the lamina 20, either

before or after placement of the caudal prosthesis 38.
0098. As best shown in reference to FIG. 7, the embodi
ment of a Surgical procedure exposes the spinous process 22,
lamina 20, and facetjoints 32 at a desired level of the spine 10
using any method common to those of skill in the medical
artS.

0099. A portion of the spinous process 22 of the Superior
vertebra 12 is desirably removed, as depicted by phantom
lines in FIG. 7, using any means common in the field. The
inferior facet of the facet joint 32 is cut at or near a selected
resection line. Most of the lamina 20 is desirably preserved, as
is the facet joint capsule, which may be opened and folded
back. The facet joint capsule may be cut perpendicular to its
direction. The natural inferior facet of the facet joint 32 may
then be retracted from the superior facet. Once the inferior
and Superior facets of the facet joint are separated, the cut
inferior bone, e.g., the inferior articular process 28 and its
Supporting bone, of the upper half of the joint (e.g., the cut
inferior portion of the L4 vertebra in the L4-L5 joint) may be
removed, as also depicted by phantom lines in FIG. 7. Alter
natively, it may be possible to remove the cut inferior bone
while simultaneously separating the facet joint 32.
0100 Prominent bone of the superior facet of the natural
facet joint 32, e.g., the Superior articular process 26 and its
Supporting bone, may be also removed, as also depicted by
phantom lines in FIG. 7, using any means common in the
field. The superior facet of the natural facet joint 32 may also
be trimmed to decompress the adjacent nerve root. A reamer
or any other instrument that is useful for grinding or scraping
bone, may be used to ream the Superior facet of the facet joint

38.

46 and arms 48.

0103) The caudal artificial facetjoint structures 42 are then
mounted on the caudal fixation elements 62 and the fixation

elements 62 are then placed in a desired position on the
pedicles 16 (with one fixation element 62 on each of the right
and left pedicles 16) and screwed securely into the inferior
vertebral body, as shown in FIG. 10.
0104. With reference to FIG. 11, the cephaladarms 48 are
then positioned to bring the artificial facet joint structures 40
of the cephalad prosthesis 36 in articulating configuration
with the artificial facet joint structures 42 of the caudal pros
thesis 38. The arms 48 are then secured in the desired position
by use of locking screws 58 or other suitable mechanism.
0105. Further details of surgical procedures suitable for
installing the prostheses are described in co-pending U.S.
patent application Ser. No. 09/693,272, filed Oct. 20, 2000,
and entitled “Facet Arthroplasty Devices and Methods.”
which is incorporated herein by reference.
II. First Alternative Embodiment

1. Cephalad Prosthesis
01.06 FIGS. 12 and 13 show alternative embodiments of a
cephalad 70 and a caudal 72 vertebral prosthesis. Similar to
the previous embodiment, the cephalad prosthesis 70 is a
modular unit comprising left and right fixation elements 74.
left and right supports 76, left and right arms 78, left and right
artificial facet joint structures 79 for the superior facet of a
natural facet joint 32, and a transverse brace 80 that allows
assembly of the components in situ. Components are
mounted in situ on the fixation elements 74 that are secured to

the pedicle 16 in an orientation that provides secure fixation to
bone.

0107 The left and right fixation elements 74 are fixed to
the left and right pedicles 16 respectively, in a position that
best assures their fixation to cortical and/or cancellous bone.

In the illustrated embodiment, the fixation elements 74 take

the form of pedicle screws or nails. The fixation elements 74
are adapted to extend into the right and left pedicles 16 of the
vertebral body 14 and serve to anchor the prosthesis 70 in
place in an orientation that best assures a secure and durable
attachment to bone.

0108. The fixation elements 74 have a threaded body 82
configured to screw into the pedicle 16. A spacing collar 84
may be provided to add additional length to the fixation
element 74 if necessary to assure its fixation in the vertebra
12. A nut 86 may be provided to couple with a wrench or other
tool to facilitate screwing the fixation element 74 into the
vertebra 12. An end portion 88 passes through an opening 90
in the support 76 and permits attachment of the support 76 to
be secured by nut 92 or other fixation means, e.g., by threaded
engagement.
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0109 FIG. 19 shows an alternative embodiment of a fixa
tion element 74 in which the body 82 is a stem configuration.
In this arrangement, the fixation element 74 is placed into a
hole that has been reamed into the bone and secured by
adhesive or bony in-growth material. The stem may include a
series of serrated vanes 94 to prevent rotation in bone.
0110. With reference back to FIG. 12, in the illustrated
embodiment, the support 76 takes the form of a right angle
connector. The Support 76 is sized and configured to couple
with the arm 78, e.g., by Morse taper. The arm 78 is a gener
ally cylindrical member having a first bore 96 configured,
e.g., tapered, to receive the support 76. A second bore 98
permits the arm 78 to couple with an artificial facet joint
structure 78 for repairing/replacing the inferior facet of a
natural facet joint 32, e.g., the bore 98 may be tapered to
couple with the artificial facet joint structure 78 by Morse
taper. A third bore 100 receives a fixation element 102, e.g.,
screw, to secure the arm 78 to brace 80.

0111. The transverse brace 80 comprises a right compo
nent 104 and a left component 106. An end opening 108 in
each of the components 104 and 106 receives a fixation ele
ment 102 to fix the right and left components 104 and 106 to
the right and left arms 78 respectively, e.g., by threaded
engagement. Each component 104 and 106 desirably has a
medial opening 110. The medial openings 110 are sized and
configured to overlap and permit passage of a fixation ele
ment 112, which may be secured by nut 114 or similar mecha
nism, to thereby couple the components 104 and 106 together
to form the transverse brace 80. Similar to brace 50 described

in relation to the previous embodiment, the brace 80 extends
across the laminae 20 of a vertebral body 14, providing a
width-adjustable load-bearing support that further stabilizes
the prosthesis 70.
2. Caudal Prosthesis

0112. With continued reference to FIGS. 12 and 13, the
caudal prosthesis 72 is a modular unit comprising left and
right fixation elements 118, left and right artificial facet joint
structures 120, and a transverse brace 122 that allows assem

bly of the components in situ. Components are mounted in
situ on the fixation elements 118 that are secured to the

pedicle 16 in an orientation that provides secure fixation to
bone.

0113. The left and right fixation elements 118 are fixed to
the left and right pedicles 16 respectively, in a position that
best assures their fixation to cortical and/or cancellous bone.

In the illustrated embodiment, the fixation elements 118 take

the form of pedicle screws or nails. The fixation elements 118
are adapted to extend into the right and left pedicles 16 of the
vertebral body 14 and serve to anchor the prosthesis 72 in
place in an orientation that best assures a secure and durable
attachment to bone.

0114. The fixation elements 118 have a threaded body 124
configured to screw into the pedicle 16. A nut 126 may be
provided to couple with a wrench or other tool to facilitate
screwing the fixation element 118 into the vertebra 12. An end
portion 128 is configured to couple with a Support 120, e.g.,
may be tapered to couple with the support 120 by Morse taper.
0115 FIG. 20 shows an alternative embodiment of a fixa
tion element 118 in which the body 124 is a stem configura
tion. In this arrangement, the fixation element 118 is placed
into a hole that has been reamed into the bone and secured by
adhesive or bony in-growth material. The stem may include a
series of serrated vanes 94 to prevent rotation in bone.
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0116 Turning back to FIGS. 12 and 13, each artificial
facetjoint structure 120 is sized and configured to be mounted
on a fixation element 118, e.g., has a tapered bore 130 to mate
with tapered end portion 128 of the fixation element 118. A
second bore 132 receives a fixation element 136 to secure the

artificial facet joint structure 120 to the caudal brace 122, e.g.,
by threaded engagement. The artificial facet joint structures
120 articulate with the natural inferior facet portion of the
facet joint 32 or an artificial facetjoint structure 79 formed by
a cephalad joint replacement prosthesis 70, as previously
described.

0117. In the illustrated embodiment, the brace 122 takes
the form of a transverse bar. The brace 122 desirably has right
and left end openings 134 that receive fixation elements 136
for attachment to the right and left supports 122 respectively,
e.g., by threaded engagement. The brace 122 extends across
the laminae 20 of the inferior vertebra 12 to provide a width
adjustable load-bearing support to further stabilize the caudal
prosthesis 72.

3. Total Facet Replacement Using the Cephalad and Caudal
Prostheses

0118. In a surgical procedure for total facet replacement
using the cephalad and caudal prostheses 70 and 72, the
spinous process 22 along with the inferior articular process 28
and its supporting bone, of the upper half of the joint 32 (e.g.,
the cut inferior facet of the L4 vertebra in the L4-L5 joint)
may be removed, as previously described (see FIG. 7). Promi
nent bone of the superior facet of the natural facet joint 32.
e.g., the Superior articular process 26 and its supporting bone,
may be also removed, as also previously described, using any
means common in the field (see FIG. 7).
0119. As shown in FIG. 14, a cephalad fixation element 74
is placed in a desired position on each of the right and left
pedicles 16 of the superior vertebra 12 and secured in the
vertebral body 14 by screwing the nut 86.
0.120. A cephalad support 76 is then mounted on each of
the fixation elements 74 and secured with a nut 92 or other

suitable means, as seen in FIG. 15. With reference to FIG.16,

a caudal fixation element 118 is then placed in a desired
position on each of the right and leftpedicles 16 of the inferior
vertebra 12 and secured in the vertebral body 14 by screwing
the nut 126. A caudal support 120 is then mounted on each of
the fixation elements 118, as FIG.16 also shows.

I0121 Referring now to FIG. 17, a cephalad support 76 and
a cephalad arm 78 are then mounted on each of the cephalad
fixation elements 74. The artificial facet joint structures 79 of
cephalad prosthesis 70 are then brought into articulating con
figuration with artificial facet joint structures 121 of the cau
dal prosthesis 72 and the arms 78 are secured by nuts 92 or
other Suitable mechanism.

I0122. As seen in FIG. 18, the right cephalad brace com
ponent 104 is then fixed to the to right cephaladarm 78 and the
left cephalad brace component 106 is fixed to left cephalad
arm 78 with fixation elements 102 or other suitable mecha

nism. The left and right brace components 104 and 106 are
then secured to each other with a fixation element 112 or other

Suitable means to form a unitary cephalad transverse brace
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80. The caudal supports 120 can then be coupled with the
caudal brace 122 using fixation elements 136 or other suitable
CaS.

III. Second Alternative Embodiment

(0123 FIGS. 21-23 illustratea cephalad prosthesis 138 and
a caudal prosthesis 140 similar to the embodiments shown in
FIGS. 12 and 13, and like parts will be given like reference
numerals.

0.124. Each arm 78 of the cephalad prosthesis 138 includes
a slot 142 for receiving a brace 144. In the illustrated embodi
ment, the brace 144 takes the form of a curvilinear transverse

rod. The brace 144 is secured to the arms 78 by fixation
elements 146.

0.125 Similar to the cephalad prosthesis 138, each support
120 of the caudal prosthesis 140 has a slot 148 for receiving a
brace 150. In the illustrated embodiment, the brace 150 takes
the form of a curvilinear transverse rod. The brace 150 is

secured to the supports 120 by fixation elements 152.
0126 The prostheses 138 and 140 are secured in the ver
tebrae by Surgical procedure, as previously described (see
also FIGS. 14-18).
IV. Third Alternative Embodiment

0127 FIGS. 24-28 illustrate another embodiment of a
cephalad prosthesis 154 and a caudal prosthesis 156.

1. Cephalad Prosthesis
0128. Similar to the previous embodiments, the cephalad
prosthesis 154 is a modular unit comprising a fixation ele
ment 158, a support 160, and an arm 162 carrying an artificial
facet joint structure 176 that allow assembly of the compo
nents in situ. A pair of fixation elements 158 (right and left)
are desirably provided and sized and configured to be are
secured to the right and left pedicles 16 in an orientation that
provides secure fixation to bone. Components are mounted in
situ on the fixation elements 158 that are secured to the

pedicle 16 in an orientation that provides secure fixation to
bone.

0129. In the illustrated embodiment, each fixation element
158 takes the form of a sleeve 164 and a pedicle screw 166.
The sleeve 164 is sized and configured for insertion into a
bore 168 that has been reamed into the pedicle 16 (see also
FIG.28). The sleeve 164 provides an increased surface area of
attachment, further securing the attachment of the prosthesis
154 to bone. Desirably, the sleeve 164 includes a plurality of
Vanes 170 that resist rotation of the sleeve 164 in bone to
further secure the sleeve 164 within the vertebra 12. In one

alternative embodiment, the sleeve 164 can comprise an
expandable sleeve which expands (in a manner similar to a
wallanchor) in diameter(desirably within the bore 168) when
the screw 166 is advanced through the sleeve 164.
0130. The sleeve 164 can be secured for long-term fixation
within the bore 168 by adhesive, e.g., bone cement. Alterna
tively, the sleeve 164 could incorporate a bony in-growth
outer Surface to which the Surrounding bone could grow and
adhere. Desirably, the sleeve 164 would fit tightly within the
bore 168, with the distal section of the screw 166 anchored

within the cancellous bone, thereby securely anchoring the
sleeve mechanically while allowing the Surrounding bone to
biologically adhere to the outer surface of the sleeve. As
another alternative (as shown in FIG. 39), the sleeve 164 can
be secured by bony in-growth with a mesh material 172
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placed within the bore 168. The sleeve 164 is then placed
within the bore 168, such that it is surrounded by the mesh
material 172. The mesh material 172 can be made of titanium,

chrome, steel, or other suitable metal alloy for bony in-growth
to infiltrate. The pedicle screw 166 provides interim mechani
cal fixation until the sleeve 164 joins the bone.
I0131) A support 160 and arm 162 are integrally formed
with the sleeve 164 or otherwise securely mounted on the
sleeve 164. An opening 174 in the sleeve 164 extends through
the support 160 and serves to receive the pedicle screw 166,
e.g., by screwing the pedicle screw 166 into the sleeve 164.
The arm 162 is sized and configured to couple with an artifi
cial facet joint structure 176, e.g., by Morse taper or other
suitable mechanism that permits rotation (if desired) of the
artificial facet joint structure 176 with respect to the support
160 to enable proper orientation of the artificial facet joint
structure 176 with the caudal prosthesis 156. In the arrange
ment illustrated in FIG. 24, the artificial facet joint structure
176 includes a male fitting 178 and the arm 162 includes a
complementary female fitting 180. Alternatively, the male
fitting 178 and female fitting 180 could comprise a non
circular fitting arrangement (oval, slotted, triangular, polygo
nal, etc.) that reduces or prevents relative motion between the
fittings 178 and 180, but allows the facet joint structure 176 to
assume one of two (or more) predetermined positions.
0.132. The arm 162 can be of a fixed length. In a represen
tative embodiment, the arm 162 is approximately 1 cm in
length. As FIG. 25 shows, to accommodate individual varia
tions in anatomy and customize the prosthesis 154 to a given
individual, the arm 162 may include more than one attach
ment site 182 for the artificial facet joint structure 176 at
different distances along the arm 162. It is contemplated that
the number and position of the attachment sites 182 may vary.
0.133 FIG. 26 illustrates an alternative embodiment, in
which the arm 162 includes a male fitting 178 and the artificial
facet joint structure 176 includes a complementary female
fitting 180. FIG. 27 illustrates how the fitting 178 may be
extended to accommodate individual variations in anatomy.
For example, the fitting 178 may be provided in a series of
different lengths, e.g., 5, 6, 7, 8, 9 or 10 mm.
2. Caudal Prosthesis

I0134. Also similar to the previous embodiments, the cau
dal prosthesis 156 is a modular unit comprising a fixation
element 184, a support 186, and an artificial facet joint struc
ture 200 that allow assembly of the components in situ. A pair
of fixation elements 184 (right and left) are desirably pro
vided and sized and configured to be secured to the right and
left pedicles 16 in an orientation that provides secure fixation
to bone. Components are mounted in situ on the fixation
elements 184 that are secured to the pedicle 16 in an orienta
tion that provides secure fixation to bone.
0.135. In the illustrated embodiment, each fixation element
184 takes the form of a sleeve 190 and a pedicle screw 192,
similar to the cephalad prosthesis 154. The sleeve 190 is sized
and configured for placement within a bore 168 reamed in
bone and can be secured by adhesive or by bony in-growth, as
previously described. The sleeve 190 provides an increased
Surface area of attachment, further securing the attachment of
the prosthesis 156 to bone. Desirably, the sleeve 190 includes
a plurality of vanes 170 that resist rotation of the sleeve 190 in
bone to furthersecure the sleeve 190 within the vertebra 12, as

also previously described.
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0136. A support 186 is integrally formed with the sleeve
190 or otherwise securely mounted on the sleeve 190. An
opening 194 in the sleeve 190 extends through the support
186 and serves to receive the pedicle screw 192, e.g., by
screwing the pedicle screw 192 into the sleeve 190. The
support 186 is adapted to couple with the artificial facet joint
structure 200. For example, in the illustrated embodiment, the
support 186 carries a lip 196 which mates with a complemen
tary lip 198 on the structure 200 to couple the structure with
the support 186. The artificial facet joint structure 200 is sized
and configured to articulate with the natural inferior facet
portion of the facet joint 32 oran artificial facetjoint structure
176 carried by the cephalad prosthesis 154 (FIG. 28).
3. Total Facet Replacement Using the Cephalad and Caudal
Prostheses

0.137 In a surgical procedure for total facet replacement
using the cephalad and caudal prostheses 154 and 156, some
or all of the spinous process 22, along with the inferior articu
lar process 28 and its supporting bone, of the upper half of the
joint 32 (e.g., the cut inferior facet of the L4 vertebra in the
L4-L5 joint) may be removed, as previously described (see
FIG. 7). Prominent bone of the superior facet of the natural
facet joint 32 (e.g., the Superior articular process 26 and its
Supporting bone), may be also removed, as also previously
described, using any means common in the field (see FIG. 7).
0.138. As shown in FIG. 29, a bore 168 is reamed in a
desired position in the pedicle 16 of the inferior vertebra 12 by
conventional methods. If desired, mesh material 172 promot
ing bony in-growth is placed within the bore 168, as previ
ously described (see FIG. 39). Alternatively, an adhesive
material is placed within the bore 168 or along the outside of
the caudal sleeve 190, as also previously described. The
sleeve 190, with attached support 186, is then placed within
the bore 168 and secured with a pedicle screw 192, as seen in
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passage of a fixation element 214, which may be secured by
a nut 216 and bolt 214 or similar mechanism, to thereby
couple the components 204 and 206 together to form the
transverse brace 202. The brace 202 extends across the lami

nae 20 of a vertebral body 14, providing load-bearing support
that further stabilizes the prostheses 154.
0.143 Similarly, as seen in FIG. 37, the left and right
caudal prostheses 156 may be coupled with a transverse brace
218. In the illustrated embodiment, the brace 218 takes the

form of a transverse bar. The brace 218 includes a pair of end
openings 220 (left and right) that permit passage of fixation
elements 222 to secure the brace 218 to the left and right
artificial facet joint structures 200, e.g., by threaded engage
ment. The braces 202 and 218 provide increased stability to
the prostheses 154 and 156, as previously described.
0144. In this arrangement, as shown in FIG. 38, left and
right cephalad prostheses 154 are secured within the left and
right pedicles 16, respectively, of the superior vertebra 12, as
previously described. Left and right caudal prostheses 156 are
secured within the left and right pedicles 16, respectively, of
the inferior vertebra 12, as also previously described. The
cephalad prosthesis 154 are then coupled with brace 202, and
the caudal prostheses 156 are coupled with brace 218.
(0145. It should be understood that, while the embodiments
disclosed herein generally describe the complete repair/re
placement of a pair of natural facet joints, the teachings of the
present invention could be equally applicable to the repair/
replacement of a single facet joint, or even the repair/replace
ment of a single cephalad or caudal portion of a single facet
joint, or any combination thereof.
0146 The above described embodiments of this invention
are merely descriptive of its principles and are not to be
limited. The scope of this invention instead shall be deter
mined from the scope of the following claims, including their
equivalents.

FIG. 30.

0.139. The caudal artificial facetjoint structure 200, is then
mounted on the caudal support 186, as shown in FIG. 31.
0140. As FIG. 32 illustrates, a bore 168 is reamed in a
desired position in the corresponding pedicle 16 of the Supe
rior vertebra 12. The cephalad sleeve 164, with attached sup
port 160 and arm 162 components, is placed within the bore
168 and secured by adhesive and/or bony in-growth mesh
material 172, as shown in FIG. 39.

0141 Next, with reference to FIG. 34, the cephalad artifi
cial facet joint structure 176 is mounted on the cephalad arm
162. The position of the artificial facet structure 176 is then
adjusted to assure articulation between artificial facet joint
structures 200 and 176. The arm 162 is then secured in the

desired position with a pedicle screw 166, as shown in FIG.
35.

0142. While FIGS. 29-35 illustrate unilateral facet joint
replacement, it is often desirable to perform a bilateral facet
joint replacement. In Such an arrangement, as shown in FIG.
36, the left and right cephalad prostheses 154 may be coupled
with a transverse brace 202. It is apparent that the brace 202
can be variously constructed. In the illustrated embodiment,
brace 202 includes a right component 204 and a left compo
nent 206. An end opening 208 in each of the components 204
and 206 receives a fixation element 210 to fix the right and left
components 204 and 206 to the right and left arms 162 respec
tively, e.g., by threaded engagement. Each component 204
and 206 desirably also has a medial opening 212. The medial
openings 212 are sized and configured to overlap and permit

What is claimed is:

1. An implant for stabilizing the spine, comprising:
a first member adapted to rigidly couple to a first vertebra
and having a lumen extending therethrough;
a second member adapted to movably couple to a second
vertebra, the second member being slidably disposed
through and movable relative to the first member;
wherein the first and second members are adapted to con
trol movement of first and second vertebrae coupled
thereto.

2. The implant of claim 1, wherein the first member com
prises a first lateral portion having a lumen extending there
through, a second lateral portion having a lumen extending
therethrough, and a connecting member extending between
and coupled to the first and second lateral portions.
3. The implant of claim 2, wherein the second member
comprises a first pin member slidably disposed through the
first lateral portion, and a second pin member slidably dis
posed through the second lateral portion.
4. The implant of claim 3, wherein the first pin member
includes a head formed on a first terminal end thereof and

adapted to be received within a portion of the lumen in the first
lateral portion, and wherein the second pin member includes
ahead formed on a first terminal end thereof and adapted to be
received within a portion of the lumen in the second lateral
portion.
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5. The implant of claim 4, wherein the lumens in the first
and second lateral portions each include stop formed therein
and adapted to limit slidably movement of the head of the pin
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movable with respect to the first portion and adapted to
couple to a second vertebra,
and a connecting member extending between and coupled

member.

6. The implant of claim 4, wherein a second terminal end of
each of the first and second pin members includes a spherical
member formed thereon and adapted to be rotatably coupled
to a fastening element for movably coupling the first and
second pin members to a second vertebra.
7. The implant of claim 2, wherein the connecting member
comprises an elongate bar having opposed terminal ends that
are adapted to mate to the first and second lateral portions.
8. An implant for stabilizing the spine, comprising:
a first member having a first portion adapted to rigidly
couple to a first vertebra, and a second portion slidably
movable with respect to the first portion and adapted to
couple to a second vertebra,
a second member having a first portion adapted to rigidly
couple to a first vertebra, and a second portion slidably

to the first and second members.

9. The implant of claim 8, wherein the second portion of
each of the first and second members comprises a pin member
that is slidably disposed through the first portion.
10. The implant of claim 9, wherein each pin member
includes a head that is adapted to be received within a lumen
formed in the first portion of each of the first and second
members, and wherein each lumen includes an enlarged
diameter region adapted to receive the head of the pin mem
ber.

11. The implant of claim8, wherein the first portion of each
of the first and second members includes an offset connector

formed thereon and adapted to mate to the connecting
member.

