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ABSTRACT 

Cephalad and caudal vertebral facet joint prostheses and 
methods of use are provided. The cephalad prostheses are 
adapted and con?gured to be attached to a lamina portion of 
a vertebra Without blocking a pedicle portion of the cephalad 
vertebra. 
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PROSTHESES, TOOLS AND METHODS FOR 
REPLACEMENT OF NATURAL FACET JOINTS 
WITH ARTIFICIAL FACET JOINT SURFACES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of pending US. 
application Ser. No. 10/438,294, ?led May 14, 2003, and 
entitled “Prostheses, Tools and Methods for Replacement of 
Natural Facet Joints With Arti?cial Facet Joint Surfaces.” 
This application is incorporated by reference as if fully set 
forth herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to prostheses for treating 
various types of spinal pathologies, as Well as to methods of 
treating spinal pathologies. 

BACKGROUND OF THE INVENTION 

[0003] 
[0004] As FIG. 1 shoWs, the human spinal column 10 is 
comprised of a series of thirty-three stacked vertebrae 12 
divided into ?ve 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 ?ve vertebrae 12, knoWn as L1-L5. The sacral 
region is comprised of ?ve vertebrae 12, knoWn as S1-S5. 
The coccygeal region contains four vertebrae 12, knoWn as 
Co1-Co4. 

I. Vertebral Anatomy 

[0005] 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 
vertebrae 12. Each vertebra 12 includes a vertebral body 14 
and posterior elements as folloWs: 

[0006] TWo short bones, the pedicles 16, extend backWard 
from each side of the vertebral body 14 to form a vertebral 
arch 18. At the posterior end of each pedicle 16 the vertebral 
arch 18 ?ares 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. 

[0007] 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 
attachment of muscles to the vertebrae 12. Four articular 
processes, tWo superior 26 and tWo inferior 28, also rise 
from the junctions 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 extend in an inferior direction on each side. 

[0008] 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 or superiorly, While 
the inferior articular facet 31 faces doWnWard. As FIG. 3 
shoWs, When adjacent (i.e., cephalad and caudal) vertebrae 
12 are aligned, the facets 30 and '31, capped With a smooth 

Jul. 19, 2007 

articular cartilage, interlock to form a facet joint 32, also 
knoWn as a Zygapophysial joint. 

[0009] The facet joint 32 is composed of a superior half 
and an inferior half. The superior half is formed by the 
vertebral level beloW the joint 32, and the inferior half is 
formed by the vertebral level above the joint 32. For 
example, in the L4-L5 facet joint, the superior portion 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 portion 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). 

[0010] As also shoWn in FIG. 3, an intervertebral disc 34 
betWeen each pair of vertebrae 12 permits relative move 
ment betWeen vertebrae 12. Thus, the structure and align 
ment of the vertebrae 12 permit a range of movement of the 
vertebrae 12 relative to each other. 

[0011] 
[0012] 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. 

II. Facet Joint Dysfunction 

[0013] Through disease or injury, the laminae, spinous 
process, articular processes, or facets of one or more verte 
brae can become damaged, such that the vertebrae no longer 
articulate or properly align With each other. This can result 
in an undesired anatomy, pain or discomfort, and loss of 
mobility. 

[0014] For example, the vertebral facet joints can be 
damaged by either traumatic injury or by various disease 
processes. These disease processes include osteoarthritis, 
ankylosing spondylolysis, and degenerative spondylolisthe 
sis. The damage to the facet joints often results in pressure 
on nerves, also called a “pinched” nerve, or nerve compres 
sion 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. 

[0015] One type of conventional treatment of facet joint 
pathology is spinal stabiliZation, also knoWn as interverte 
bral stabilization. Interver‘tebral stabiliZation prevents rela 
tive motion betWeen the vertebrae. By preventing move 
ment, pain can be reduced. Stabilization can be 
accomplished by various methods. 

[0016] One method of stabiliZation is posterior spinal 
fusion. Another method of stabiliZation is anterior spinal 
fusion, ?xation of any number of vertebrae to stabiliZe and 
prevent movement of the vertebrae. 

[0017] Another type of conventional treatment is decom 
pressive laminectomy. This procedure involves excision of 
the laminae to relieve compression of nerves. 

[0018] 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 align 
ment or return the spine to a desired anatomy. In addition, 
stabiliZation techniques, by holding the vertebrae in a ?xed 
position, permanently limit the relative motion of the ver 
tebrae, altering spine biomechanics. 
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SUMMARY OF THE INVENTION 

[0019] There is a need for prostheses, installation tools, 
and methods that overcome the problems and disadvantages 
associated With current strategies and designs in various 
treatments for spine pathologies. 

[0020] The invention provides prostheses, installation 
tools, and methods designed to replace natural facet joints at 
virtually all spinal levels including Ll-L2, L2-L3, L3-L4, 
L4-L5, LS-Sl, T-ll-Tl2, and Tl2-Ll. The prostheses, 
installation tools, and methods can restore a desired anatomy 
to a spine and give back to an individual a desired range of 
relative vertebral motion. The prostheses, installation tools, 
and methods also can lessen or alleviate spinal pain by 
relieving the source of nerve compression or impingement. 

[0021] For the sake of description, the prostheses that 
embody features of the invention Will be called either 
“cephalad” 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 half and an inferior 
half. In anatomical terms, the superior half 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 half 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 half) Will be called 
a “caudal” prosthesis. Likewise, a prosthesis that, in use, 
replaces the cephalad portion of a facet joint (i.e., the 
inferior half) Will be called a “cephalad” prosthesis. 

[0022] One aspect of the invention provides a cephalad 
facet joint prosthesis to replace a cephalad portion of a 
natural facet joint (e.g., an inferior articular surface and its 
supporting bone structure on the posterior elements of the 
vertebra) in the posterior elements of a vertebra. According 
to this aspect of the invention, the prosthesis includes an 
arti?cial facet joint element adapted and con?gured to 
replace a cephalad portion of the natural facet joint and a 
?xation element extending from the arti?cial facet joint 
element, the ?xation element being adapted and con?gured 
to be inserted through a lamina portion of a vertebra to af?x 
the arti?cial facet joint element to the vertebra, preferably 
Without blocking access to a pedicle portion of the vertebra. 
The ?xation element may also extend through a second 
lamina portion of the vertebra, such as by traversing the 
midline of the vertebra through or adjacent to the spinous 
process. In one embodiment, after installation the cephalad 
bearing element is disposed betWeen a caudal facet joint 
bearing surface and a portion of the vertebra, such as a 
lamina portion. 

[0023] This aspect of the invention also provides a method 
of implanting an arti?cial cephalad facet joint prosthesis on 
a vertebra and/or the posterior elements of a vertebra. 
According to this method, a ?xation element is inserted 
through a lamina portion of the vertebra, and a cephalad 
facet joint bearing surface is placed in a position to form a 
cephalad portion of a facet joint. An arti?cial facet joint 
element is attached to a distal end of the ?xation element 
either after or prior to insertion of the ?xation element. The 
?xation element preferably does not block access to a 
pedicle portion of the vertebra. The ?xation element may 
also extend through a second lamina portion of the vertebra, 
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such as by traversing the midline of the vertebra through or 
adjacent to the spinous process. In one embodiment, the 
placing step includes disposing the arti?cial facet joint 
bearing surface betWeen a caudal facet joint bearing surface 
and a portion of the vertebra, such as a lamina portion. The 
method may also include the steps of using a guide to de?ne 
an insertion path for the ?xation element and forming a 
passage through the lamina corresponding to the insertion 
path. 

[0024] Another aspect of the invention provides a pros 
thesis to replace a cephalad portion of a natural facet joint on 
a vertebra. In this aspect of the invention the prosthesis 
includes an arti?cial facet joint element adapted and con 
?gured to replace a cephalad portion of the natural facet 
joint; and a ?xation element adapted and con?gured to af?x 
the arti?cial facet joint element to the vertebra Without 
blocking access to a pedicle portion of the vertebra. In one 
embodiment, after installation the cephalad bearing element 
is disposed betWeen a caudal facet joint bearing surface and 
a portion of the vertebra, such as a lamina portion. 

[0025] This aspect of the invention also provides a method 
for implanting a cephalad facet joint prosthesis to replace a 
removed cephalad portion of a natural facet joint on a 
vertebra. The method includes the steps of aligning the 
cephalad facet joint prosthesis With a caudal facet joint 
bearing surface; and attaching the cephalad facet joint 
prosthesis to the vertebra Without blocking a pedicle portion 
of the vertebra. The attaching step of the method may also 
include disposing the cephalad facet joint prosthesis 
betWeen the caudal facet joint bearing surface and a portion 
of the vertebra. The attaching step may also include the step 
of inserting a ?xation element through a portion of the 
vertebra, such as the lamina. In this case, the method may 
include the steps of de?ning an insertion path in the vertebra 
prior to the inserting step and forming a passage in the 
vertebra corresponding to the insertion path. A guide may be 
used to direct the location and orientation of the insertion 
path. 

[0026] Another aspect of the invention provides a facet 
joint prosthesis to replace, on a vertebra, a caudal portion of 
a natural facet joint (e.g., a superior articular surface and 
supporting bone structure on the vertebra). The prosthesis 
includes an arti?cial facet joint element With a vertebra 
contacting surface and a caudal bearing surface, the caudal 
bearing surface being adapted and con?gured to replace a 
caudal portion of a natural facet joint and to be substantially 
entirely posterior of a contact portion of the vertebra When 
the vertebra contacting surface contacts the contact portion. 
The prosthesis also includes a ?xation element extending 
from the arti?cial facet joint element, the ?xation element 
being adapted and con?gured to be inserted into the vertebra 
to af?x the prosthesis to the vertebra. 

[0027] Another aspect of the invention provides a pros 
thesis for replacing a caudal portion and a cephalad portion 
of a natural facet joint of cephalad and caudal vertebrae of 
a spine motion segment. The prosthesis includes an arti?cial 
cephalad facet joint element adapted and con?gured to 
replace a cephalad portion of the natural facet joint, the 
arti?cial cephalad facet joint element having a cephalad 
bearing surface; a cephalad ?xation element, the cephalad 
?xation element being adapted and con?gured to be inserted 
through a lamina portion of a vertebra to af?x the arti?cial 
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cephalad facet joint element to the cephalad vertebra; and an 
arti?cial caudal facet-joint element adapted and con?gured 
to replace a caudal portion of the natural facet joint, the 
arti?cial caudal facet joint element including a caudal bear 
ing surface adapted and con?gured to mate With the ceph 
alad bearing surface. 

[0028] Yet another aspect of the invention provides a 
method for implanting a facet joint prosthesis to replace 
removed cephalad and caudal portions of a natural facet 
joint of cephalad and caudal vertebrae. The method includes 
the steps of: af?xing an arti?cial caudal facet joint element 
to the caudal vertebra; inserting a cephalad ?xation element 
through a lamina portion of the cephalad vertebra; and 
placing an arti?cial cephalad facet joint bearing surface in a 
position to form a cephalad portion of a facet joint. The 
method may also include attaching an arti?cial cephalad 
facet joint element comprising the cephalad facet joint 
bearing surface to an end of the ?xation element either prior 
to or after the inserting step. In one embodiment, the ?xation 
element does not block access to a pedicle portion of the 
cephalad vertebra. The cephalad ?xation element may also 
extend through a second lamina portion of the cephalad 
vertebra, such as by traversing the midline of the cephalad 
vertebra through or adjacent to the spinous process. The 
placing step may also include the step of disposing the 
arti?cial cephalad facet joint bearing surface betWeen the 
arti?cial caudal facet joint element and a portion of the 
cephalad vertebra. An installation ?xture may be used to 
align the caudal and cephalad elements, although the pros 
thesis may also be installed Without using an installation 
?xture. The method may also include the step of using a 
guide to de?ne an insertion path for the cephalad ?xation 
element, although the prosthesis may also be installed With 
out using a guide. 

[0029] Another aspect of the invention provides a pros 
thesis to replace a caudal portion and a cephalad portion of 
a natural facet joint of cephalad and caudal vertebrae. The 
prosthesis may include an arti?cial cephalad facet joint 
element adapted and con?gured to replace a cephalad por 
tion of the natural facet joint, With the arti?cial cephalad 
facet joint element including a cephalad bearing surface; a 
cephalad ?xation element adapted and con?gured to af?x the 
arti?cial cephalad facet joint element to the cephalad ver 
tebra Without blocking access to a pedicle portion of the 
cephalad vertebra; and an arti?cial caudal facet joint element 
adapted and con?gured to replace a caudal portion of the 
natural facet joint, the arti?cial caudal facet joint element 
including a caudal bearing surface adapted and con?gured to 
mate With the cephalad bearing surface. In one embodiment, 
after installation the cephalad facet joint bearing surface is 
disposed betWeen a caudal facet joint bearing surface and a 
portion of the vertebra, such as a lamina portion. In one 
embodiment, the cephalad bearing surface and the caudal 
bearing surface each has a Width along its respective trans 
verse axis, With the cephalad bearing surface Width being 
shorter than the caudal bearing surface Width. The arti?cial 
caudal facet joint element may also include a vertebra 
contacting surface, With the entire caudal bearing surface 
being adapted and con?gured to be posterior of a contact 
portion of the caudal vertebra When the vertebra contacting 
surface contacts the contact portion. 

[0030] This aspect of the invention also includes a method 
for implanting a facet joint prosthesis to replace removed 
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cephalad and caudal portions of a natural facet joint of 
cephalad and caudal vertebrae. The method includes the 
steps of af?xing an arti?cial caudal facet joint element to the 
caudal vertebra; and af?xing an arti?cial cephalad facet joint 
element to the cephalad vertebra in alignment With the 
arti?cial caudal facet joint element and Without blocking 
access to a pedicle portion of the cephalad vertebra. The 
second af?xing step may also include the step of disposing 
the arti?cial cephalad facet joint element betWeen the arti 
?cial caudal facet joint element and a portion of the cephalad 
vertebra. An installation ?xture may be used to align the 
caudal and cephalad element, although the prosthesis may 
also be installed Without using an installation ?xture. The 
method may also include the step of using a guide to de?ne 
an insertion path for the cephalad ?xation element, although 
the prosthesis may also be installed Without using a guide. 

[0031] Other features and advantages of the inventions are 
set forth in the folloWing description and draWings, as Well 
as in the appended claims. 

DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a lateral elevation vieW of a normal 
human spinal column; 

[0033] FIG. 2 is a superior vieW of a normal human 
lumbar vertebra; 

[0034] FIG. 3 is a lateral elevation vieW of a vertebral 
lumbar facet joint; 

[0035] FIG. 4 is a posterior vieW of an arti?cial facet joint 
prosthesis installed in a patient according to one embodi 
ment of this invention; 

[0036] FIG. 5 is a left side vieW ofthe embodiment ofFIG. 
4, as installed in a patient; 

[0037] FIG. 6 is yet another vieW of the embodiment of 
FIG. 4, as installed in a patient; 

[0038] FIG. 7A is a cross-sectional vieW of a cephalad 
bearing element and ?xation element according to the 
embodiment of FIG. 4; 

[0039] FIG. 7B is a posterior vieW of a pair of arti?cial 
cephalad and caudal facet joint prostheses according to one 
embodiment of this invention; 

[0040] FIG. 7C is a top vieW ofa pair ofarti?cial cephalad 
and caudal facet joint prostheses in the embodiment of FIG. 
7A; 

[0041] FIG. 7D is a left vieW ofa pair of arti?cial cephalad 
and caudal facet joint prostheses in the embodiment of FIG. 
7A; 

[0042] FIG. 7E is a bottom vieW of a pair of arti?cial 
cephalad and caudal facet joint prostheses in the embodi 
ment of FIG. 7A; 

[0043] FIG. 7F is an anterior vieW of a pair of arti?cial 
cephalad and caudal facet joint prostheses in the embodi 
ment of FIG. 7A; 

[0044] FIG. 8A is a perspective vieW of an installation 
?xture according to one embodiment of this invention; 

[0045] FIG. 8B is a top vieW of the installation ?xture of 
FIG. 8A; 
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[0046] FIG. 8C is a side vieW of the installation ?xture of 
FIG. 8A; 

[0047] FIG. 8D is a back vieW of the installation ?xture of 
FIG. 8A; 

[0048] FIG. 9 is an exploded vieW of the installation 
?xture of FIG. 8 along With a pair of caudal facet bearing 
elements and a pair of cephalad facet bearing elements 
according to one embodiment of the invention; 

[0049] FIGS. 10A-D are vieWs ofa guide tool according 
to one embodiment of the invention; 

[0050] FIG. 11 is a posterior vieW of the installation ?xture 
of FIGS. 8 and 9 to Which a pair of caudal facet bearing 
elements and a pair of cephalad bearing elements have been 
attached and With the caudal bearing elements attached to 
the patient; 

[0051] FIG. 12 is a left side vieW of the installation ?xture 
and bearing elements of FIG. 11 With the caudal bearing 
elements attached to the patient; 

[0052] FIG. 13 is a perspective vieW of the installation 
?xture and bearing elements of FIGS. 11 and 12 shoWing a 
guide tool according to one embodiment of this invention; 

[0053] FIG. 14 is a perspective vieW of the installation 
?xture and bearing elements of FIGS. 11 and 12 shoWing the 
use of a drill bit With the guide tool according to one 
embodiment of this invention. 

[0054] The invention may be embodied in several forms 
Without departing from its spirit or essential characteristics. 
The scope of the invention is de?ned in the appended claims, 
rather than in the speci?c 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 

[0055] 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 speci?c structure. While the preferred embodiment has 
been described, the details may be changed Without depart 
ing from the invention, Which is de?ned by the claims. 

[0056] FIGS. 4-7 shoW arti?cial cephalad and caudal facet 
joint prostheses 36 and 50 for replacing a natural facet joint 
according to one aspect of this invention. Cephalad pros 
thesis 36 has a bearing element 38 With a bearing surface 40. 
In this embodiment, bearing surface 40 has a convex shape. 
Bearing element 38 may be formed from biocompatible 
metals (such as cobalt chromium steel, surgical steels, 
titanium, titanium alloys, tantalum, tantalum alloys, alumi 
num, etc.), ceramics, polyethylene, biocompatible polymers, 
and other materials knoWn in the prosthetic arts, and bearing 
surface 40 may be formed from biocompatible metals (such 
as cobalt chromium steel, surgical steels, titanium, titanium 
alloys, tantalum, tantalum alloys, aluminum, etc.), ceramics, 
polyethylene, biocompatible polymers, and other materials 
knoWn in the prosthetic arts. 

[0057] Depending on the patient’s disease state, the con 
dition of the patient’s natural facet joint-including the facet 
joint’s strength, location and orientation-may not be accept 
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able. As shoWn in FIGS. 4-7, therefore, the natural cephalad 
and caudal facet joint surfaces have been removed to enable 
the installation of a prosthetic facet joint Without limitations 
presented by remaining portions of the natural facet joint. 

[0058] In one embodiment of the invention, ?xation ele 
ment 42 attaches cephalad prosthesis 36 to a vertebra 60 in 
an orientation and position that places bearing surface 40 in 
approximately the same location as the natural facet joint 
surface the prosthesis replaces. The prosthesis may also be 
placed in a location other than the natural facet joint location 
Without departing from the invention, such as by orienting 
the ?xation element along a different angle, by moving the 
joint cephalad or caudad, or by moving the joint medially or 
laterally. 
[0059] In the embodiment shoWn in FIGS. 4-7, ?xation 
element 42 is a screW. Other possible ?xation elements 
include headless screWs, stems, corkscreWs, Wire, staples, 
adhesives, bone cements, and other materials knoWn in the 
prosthetic arts. 

[0060] In this embodiment of the invention, the cephalad 
facet joint prosthesis attaches to a posterior element of the 
vertebra, such as one or portions of the lamina and/or the 
spinous process. For example, as shoWn in FIGS. 4-6, 
?xation element 42 may extend through a lamina portion 62 
of vertebra 60 at the base of spinous process 64, traversing 
the vertebra midline as de?ned by the spinous process 64 
and through another lamina portion 66. This orientation of 
the ?xation element is similar to that used in translaminar 
facet joint screW ?xation, as knoWn in the art. Other orien 
tations of ?xation element 42 are possible, of course, 
depending on the dictates of the speci?c vertebral anatomy 
and the desires of the clinician. For example, ?xation 
element 42 may extend through only one lamina portion, 
only through the spinous process, etc. 

[0061] Unlike other facet joint prostheses that attach to the 
pedicle, this embodiment’s use of one or more posterior 
elements of the vertebra to attach the cephalad facet joint 
prosthesis of this invention does not block access to the 
pedicle area, leaving this area free to be used to attach other 
prostheses or devices. Other embodiments of the invention 
may block the pedicle area, of course, Without departing 
from the scope or spirit of the invention. In addition, because 
of the inherent strength of the lamina, the cephalad facet 
joint prosthesis may be af?xed Without the use of bone 
cement, especially When using a bone ingroWth surface or 
trabecular metal. 

[0062] In the orientation shoWn in FIGS. 4-6 as Well as in 
some alternative embodiments, after insertion the ?xation 
element’s proximal end 43 (preferably formed to mate With 
a suitable insertion tool) and distal end 44 lie on opposite 
sides of the lamina. Bearing element 38 attaches to the distal 
end 44 of ?xation element 42 to be disposed betWeen a 
caudal facet joint bearing surface (either natural or arti?cial, 
such as the arti?cial caudal facet joint prosthesis described 
beloW) and a portion of the vertebra, such as the lamina 
portion shoWn in FIGS. 4-6. To attach bearing element 38 to 
?xation element 42 in the embodiment shoWn in FIG. 4, a 
hole 46 in bearing element 38 is formed With a Morse taper 
that mates With the distal end 44 of ?xation element 42. 
Other means of attaching bearing element 38 to ?xation 
element 42 may be used, of course, such as other Morse or 
other taper connections, machine screW threads, NPT screW 






