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POLYAXIAL ADJUSTMENT OF FACET JOINT 
PROSTHESES 

FIELD OF THE INVENTION 

[0001] This invention relates to prostheses, systems, and 
methods for treating various types of spinal pathologies, and 
in particular relates to attachment of prostheses to spinal 
vertebrae. 

BACKGROUND OF THE INVENTION 

[0002] The human spinal column 10, as shoWn in FIG. 1, 
is comprised of a series of thirty-three stacked vertebrae 12 
divided into ?ve regions. The cervical region includes seven 
vertebrae, knoWn as C1-C7. The thoracic region includes 
tWelve vertebrae, knoWn as T1-T12. The lumbar region 
contains ?ve vertebrae, knoWn as L1-L5. The sacral region 
is comprised of ?ve vertebrae, knoWn as 51-55, While the 
coccygeal region contains four vertebrae, knoWn as C01 
C04. 

[0003] FIG. 2 depicts a superior plan vieW of a normal 
human lumbar vertebra 12. Although human lumbar verte 
brae vary someWhat according to location, they share many 
common features. 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. 

[0004] At the posterior end of each pedicle 16, the verte 
bral 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 to the laminae 20 is interrupted by the 
formation of a series of processes. 

[0005] 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 of the vertebrae, While the 
inferior processes 28 are oval plates of bone that jut doWn 
Ward on each side. 

[0006] 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 
articular facet 31 (see FIG. 3) faces doWnWard. 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 Zygapophyseal joint. 

[0007] 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 half of the 
joint 32 is formed by bony structure on the L5 vertebra (i.e., 
a superior articular surface and supporting bone 26 on the L5 
vertebra), and the inferior half of the joint 32 is formed by 
bony structure on the L4 vertebra (i.e., an inferior articular 
surface and supporting bone 28 on the L4 vertebra). 
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[0008] An intervertebral disc 34 betWeen each adjacent 
vertebrae 12 permits gliding movement betWeen the verte 
brae 12. The structure and alignment of the vertebrae 12 thus 
permit a range of movement of the vertebrae 12 relative to 
each other. 

[0009] 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. 
[0010] Through disease or injury, the laminae, spinous 
process, articular processes, or facets of one or more verte 

bral 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. 

[0011] 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 “pinched” nerves, 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. 

[0012] One type of conventional treatment of facet joint 
pathology is spinal stabiliZation, also knoWn as interverte 
bral stabiliZation. Intervertebral stabiliZation prevents rela 
tive motion betWeen the vertebrae. By preventing move 
ment, pain can be reduced. Stabilization can be 
accomplished by various methods. 

[0013] One method of stabiliZation is spinal fusion. 
Another method of stabiliZation is ?Xation of any number of 
vertebrae to stabiliZe and prevent movement of the verte 
brae. 

[0014] Another type of conventional treatment is decom 
pressive laminectomy. This procedure involves eXcision of 
the laminae to relieve compression of nerves. 

[0015] These traditional treatments are subject to a variety 
of limitations and varying success rates. None of the 
described treatments, hoWever, puts the spine in proper 
alignment or returns the spine to a desired anatomy. In 
addition, stabiliZation techniques, by holding the vertebrae 
in a ?Xed position, permanently limit a person’s mobility. 

[0016] There is, therefore, a need for prostheses, systems, 
and methods that overcome the problems and disadvantages 
associated With current strategies and designs in various 
treatments for spine pathologies, and, particularly, a need for 
spinal prostheses With attachment mechanisms that facilitate 
positioning of the prostheses When attached to the vertebrae. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides prostheses, sys 
tems, and methods designed to replace natural facet joints 
and possibly 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, using polyaXial attachment mechanisms for 
securing the prostheses to the vertebrae. The prostheses, 
systems, and methods help establish a desired anatomy to a 
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spine and return a desired range of mobility to an individual. 
The prostheses, systems, and methods also help lessen or 
alleviate spinal pain by relieving the source nerve compres 
sion or impingement. 

[0018] For the sake of description herein, the prostheses 
that embody features of the invention are identi?ed as either 
“cephalad” or “caudal” With relation to the portion of a given 
natural facet joint they replace. As previously described, a 
natural facet joint, such as facet joint 32 (FIG. 3), 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 because it is closer to the feet of the 
person. The inferior half of the facet joint is formed by the 
vertebral level above the joint, Which can thus be called the 
“cephalad” portion of the facet joint because it is closer to 
the head of the person. Thus, a prosthesis that, in use, 
replaces the caudal portion of a natural 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 
natural facet joint (i.e., the inferior half) Will be called a 
“cephalad” prosthesis. 
[0019] In one aspect, the present invention provides a 
facet joint prosthesis including an arti?cial facet joint ele 
ment connected to a ?xation element by a polyaxially 
adjustable connection. In some embodiments the polyaxially 
adjustable connection is adapted and con?gured to permit 
the arti?cial facet joint element to be rotated With respect to 
the ?xation element around more than one axis in order to 
tailor the prosthesis to the needs of the patient. The polyaxi 
ally adjustable connection may be further adapted and 
con?gured to permit the position of the arti?cial facet joint 
element to be continuously adjustable Within an adjustability 
range With respect to the ?xation element and may include 
a limit stop. 

[0020] In various embodiments the arti?cial facet joint 
element is adapted to be movable medially, laterally, supe 
riorly and/or inferiorly With respect to the ?xation element. 
In some embodiments the polyaxially adjustable connection 
may be adapted and con?gured to permit the arti?cial facet 
joint element to be moved With respect to the ?xation 
element after installation of the facet joint prosthesis in a 
patient. The invention may also include a fastener adapted 
and con?gured to prevent movement betWeen the arti?cial 
facet joint element and the ?xation element. 

[0021] The arti?cial facet joint element in some embodi 
ments may include a cephalad facet joint bearing surface and 
a cephalad facet joint bearing surface support. The cephalad 
facet joint bearing surface and the cephalad facet joint 
bearing surface support may be adapted and con?gured to be 
disposed laterally from a midline, or approximately at a 
midline, of a vertebra When the facet joint prosthesis is 
installed in a patient. 

[0022] In some other embodiments the arti?cial facet joint 
element may include a caudal facet joint bearing surface and 
a caudal facet joint bearing surface support. The caudal facet 
joint bearing surface and the caudal facet joint bearing 
surface support may be adapted and con?gured to be dis 
posed laterally from a midline of a vertebra When the facet 
joint prosthesis is installed in a patient. 

[0023] The facet joint prosthesis may also include a lon 
gitudinally adjustable connection betWeen the arti?cial facet 
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joint element and the ?xation element. For example, in 
embodiments Where the arti?cial facet joint element 
includes a facet joint bearing surface and a facet joint 
bearing surface support, the facet joint bearing surface 
support may be adapted and con?gured to be longitudinally 
movable With respect to the ?xation element. The facet joint 
prosthesis may also include a fastener adapted and con?g 
ured to prevent relative movement betWeen the facet joint 
bearing surface support and the ?xation element. The facet 
joint bearing surface support may also be further adapted 
and con?gured to be rotatable about a support longitudinal 
axis. 

[0024] In some embodiments the polyaxially adjustable 
connection may include a facet joint element connection 
surface and a ?xation element connection surface, With the 
facet joint element connection surface and ?xation element 
connection surface being adapted and con?gured to be 
movable With respect to each other. In some embodiments 
the polyaxially adjustable connection may include a base 
member attached to the arti?cial facet joint element and 
movable With respect to the ?xation element, and the base 
member may be further adapted and con?gured to be 
movable With respect to the arti?cial facet joint element. 

[0025] Another aspect of the invention is a facet joint 
prosthesis including ?rst and second arti?cial facet joint 
elements; a ?xation element; and a polyaxially adjustable 
connection betWeen at least one of the ?rst or second facet 
joint elements and the ?xation element. In some embodi 
ments the ?rst arti?cial facet joint element may include an 
arti?cial cephalad facet joint element, and the second arti 
?cial facet joint element may include an arti?cial caudal 
facet joint element. The ?xation element may be a cephalad 
?xation element, and the polyaxially adjustable connection 
may include a cephalad polyaxially adjustable connection, 
With the facet joint prosthesis further including a caudal 
?xation element and a caudal polyaxially adjustable con 
nection, betWeen the arti?cial caudal facet joint bearing 
element and the caudal ?xation element. In some embodi 
ments the arti?cial cephalad facet joint element includes a 
cephalad bearing surface and a cephalad bearing surface 
support, and in some embodiments the arti?cial caudal facet 
joint element comprises a caudal bearing surface and a 
caudal bearing surface support. 

[0026] Under this aspect of the invention the ?rst and 
second arti?cial facet joint elements may also include ?rst 
and second arti?cial cephalad facet joint elements, respec 
tively. The ?xation element may be a ?rst cephalad ?xation 
element and the polyaxially adjustable connection may 
include a ?rst cephalad polyaxially adjustable connection, 
With the facet joint prosthesis further including a second 
cephalad ?xation element and a second cephalad polyaxially 
adjustable connection betWeen the second arti?cial cephalad 
facet joint element and the second cephalad ?xation ele 
ment. In some embodiments the ?rst and second arti?cial 
cephalad facet joint elements may include ?rst and second 
cephalad bearing surfaces, respectively. In some embodi 
ments the ?rst and second arti?cial facet joint elements may 
include ?rst and second support arms, respectively, and at 
least one cephalad bearing surface supported by at least one 
of the ?rst and second support arms. In those embodiments 
the cephalad bearing surface may be disposed approximately 
at a midline of a vertebra When the prosthesis is installed in 
a patient, and the prosthesis may also include an arti?cial 
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caudal facet joint element comprising a caudal bearing 
surface adapted and con?gured to mate With the cephalad 
bearing surface. The cephalad bearing surface may also be 
adapted to rotate about the support arm or arms by Which it 
is supported. 

[0027] Also according to this aspect of the invention the 
polyaxially adjustable connection may be adapted and con 
?gured to permit at least one of the arti?cial facet joint 
elements to be rotated With respect to the ?xation element 
around more than one axis. The polyaxially adjustable 
connection may also be further adapted and con?gured to 
permit the position of at least one of the arti?cial facet joint 
elements to be continuously adjustable Within an adjustabil 
ity range With respect to the ?xation element and may 
include a limit stop. The polyaxially adjustable connection 
may also be adapted and con?gured to permit at least one of 
the arti?cial facet joint elements to be moved With respect to 
the ?xation element after installation of the facet joint 
prosthesis in a patient. In some embodiments the facet joint 
prosthesis further includes a fastener adapted and con?gured 
to prevent relative movement betWeen at least one of the 
arti?cial facet joint elements and the ?xation element. 

[0028] Also according to this aspect of the invention the 
facet joint prosthesis may further include a longitudinally 
adjustable connection betWeen at least one of the arti?cial 
facet joint elements and the ?xation element. In some 
embodiments, at least one of the arti?cial facet joint ele 
ments includes a facet joint bearing surface and a facet joint 
bearing surface support, With the facet joint bearing surface 
support being adapted and con?gured to be longitudinally 
movable With respect to the ?xation element. The facet joint 
prosthesis may further include a fastener adapted and con 
?gured to prevent relative movement betWeen the facet joint 
bearing surface support and the ?xation element. In some 
embodiments the facet joint bearing surface support may be 
further adapted and con?gured to be rotatable about a 
support longitudinal axis. 

[0029] Further according to this aspect of the invention the 
polyaxially adjustable connection may include a facet joint 
element connection surface and a ?xation element connec 
tion surface, With the facet joint element connection surface 
and ?xation element connection surface being adapted and 
con?gured to be movable With respect to each other. The 
polyaxially adjustable connection may include a base mem 
ber attached to at least one of the arti?cial facet joint 
elements and movable With respect to the ?xation element, 
With the base member possibly being further adapted and 
con?gured to be movable With respect to at least one of the 
arti?cial facet joint elements. 

[0030] Yet another aspect of the invention provides a facet 
joint prosthesis including ?rst and second ?xation elements; 
an arti?cial facet joint bearing surface (such as a cephalad 
bearing surface) adapted and con?gured to be disposed 
approximately at a midline of a vertebra When the facet joint 
prosthesis is installed in a patient; and ?rst and second 
polyaxially adjustable connections betWeen the facet joint 
bearing surface and the ?rst and second ?xation elements, 
respectively. In some embodiments the ?rst and second 
polyaxially adjustable connections may each be adapted and 
con?gured to permit the ?rst and second ?xation elements to 
be rotated With respect to the arti?cial facet joint bearing 
surface around more than one axis. The facet joint prosthesis 
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may also further include ?rst and second fasteners adapted 
and con?gured to prevent relative movement betWeen the 
arti?cial facet joint bearing surface and the ?rst and second 
?xation elements, respectively. 

[0031] The facet joint prosthesis according to this aspect 
of the invention may also include ?rst and second longitu 
dinally adjustable connections betWeen the arti?cial facet 
joint bearing surface and the ?rst and second ?xation 
elements, respectively. In some embodiments the facet joint 
prosthesis may include a ?rst support arm disposed betWeen 
the ?rst ?xation element and the arti?cial facet joint bearing 
surface and a second support arm disposed betWeen the 
second ?xation element and the arti?cial facet joint bearing 
surface, With the ?rst and second support arms each being 
adapted and con?gured to support the arti?cial facet joint 
bearing surface and to be longitudinally movable With 
respect to the ?rst and second ?xation elements, respec 
tively. The facet joint prosthesis may also further include 
?rst and second fasteners each adapted and con?gured to 
prevent relative movement betWeen the facet joint bearing 
surface support and the ?xation element. In some embodi 
ments, the ?rst support arm may be further adapted and 
con?gured to be rotatable about a ?rst support arm longi 
tudinal axis and the second support arm is further adapted 
and con?gured to be rotatable about a second support arm 
longitudinal axis. The ?rst and second support arms may be 
tWo separate pieces, or they may be one integral piece. In 
some embodiments, third and fourth polyaxially adjustable 
connections betWeen the facet joint bearing surface and the 
?rst and second ?xation elements, respectively, may be 
employed. 
[0032] Yet another aspect of the invention provides a facet 
joint prosthesis including an arti?cial facet joint bearing 
surface supported by ?rst and second support arms adapted 
and con?gured to dispose the arti?cial facet joint bearing 
surface approximately at a midline of a vertebra When the 
facet joint prosthesis is installed in a patient; and ?rst and 
second ?xation elements adapted and con?gured to attach 
the ?rst and second support arms, respectively, to a vertebra. 
The ?rst and second support arms and the arti?cial facet 
joint bearing surface may be one integral piece. In some 
embodiments the facet joint prosthesis further includes ?rst 
and second polyaxially adjustable connections betWeen the 
?rst and second arms and the ?rst and second ?xation 
elements, respectively. In some embodiments, third and 
fourth polyaxially adjustable connections betWeen the facet 
joint bearing surface and the ?rst and second ?xation 
elements, respectively, may be employed. 

[0033] Another aspect of the invention provides a method 
of installing an arti?cial facet joint prosthesis, Where the 
prosthesis includes a facet joint element and a ?xation 
element, the method including the steps of attaching the 
prosthesis to a vertebra With the ?xation element; and 
adjusting positions of the facet joint element and the ?xation 
element to a relative orientation. The adjusting step could 
include the step of moving the facet joint element medially, 
laterally, superiorly and/or inferiorly With respect to the 
?xation element. In some embodiments the attaching step is 
performed prior to the adjusting step, and in some embodi 
ments the attaching step is performed after the adjusting 
step. 

[0034] In some embodiments the adjusting step includes 
rotating the facet joint element With respect to the ?xation 
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element around more than one axis. The method may also 
include the step of preventing further rotation of the facet 
joint element after the rotating step. 

[0035] In embodiments of the method Where the facet joint 
element includes a facet joint bearing surface, the adjusting 
step may include the step of positioning the facet joint 
bearing surface laterally from a vertebra midline or approxi 
mately at a vertebra midline, and may include the step of 
positioning the facet joint bearing surface to face caudad or 
to face cephalad. 

[0036] The adjusting step may also include the step of 
moving the facet joint element longitudinally With respect to 
the ?xation element. In some embodiments the method may 
also include the step of preventing further longitudinal 
movement of the facet joint element after the moving step. 
The adjusting step may also include the step of rotating the 
facet joint element about a facet joint element longitudinal 
axis. 

[0037] Other features and advantages of the invention are 
set forth in the folloWing description and draWings, as Well 
as in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a lateral elevation vieW of a normal 
human spinal column; 

[0039] FIG. 2 is a superior plan vieW of a normal human 
lumbar vertebra; 

[0040] FIG. 3 is a lateral elevation vieW of adjoining 
normal human lumbar vertebrae L4 and L5; 

[0041] FIG. 4 is a perspective vieW of one embodiment of 
a cephalad prosthesis constructed in accordance With the 
present invention for replacing the inferior half of a natural 
facet joint on a superior vertebral body; 

[0042] FIG. 5 is a top plan vieW of the cephalad prosthesis 
shoWn in FIG. 4; 

[0043] FIG. 6 is a front elevation vieW of the cephalad 
prosthesis shoWn in FIG. 4; 

[0044] FIG. 7 is a side elevation vieW of the cephalad 
prosthesis shoWn in FIG. 4; 

[0045] FIG. 8 is a front section vieW of the cephalad 
prosthesis shoWn in FIG. 4; 

[0046] FIG. 9 is an exploded perspective vieW depicting 
various components of the cephalad prosthesis shoWn in 
FIG. 4, including a set screW, a ?xing nut, an arti?cial facet 
joint structure, a ?xing insert, a base member, and a 
polyaxial screW member; 

[0047] FIGS. 10A and 10B provide a top plan vieW and 
side section vieW, respectively, of the set screW shoWn in 
FIG. 9; 

[0048] FIGS. 11A and 11B provide a top plan vieW and 
side elevation vieW, respectively, of the ?xing nut shoWn in 
FIG. 9; 

[0049] FIGS. 12A through 12D provide a top plan vieW, 
a front elevation vieW, a front section vieW, and a side 
elevation vieW, respectively, of the ?xing insert shoWn in 
FIG. 9; 
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[0050] FIGS. 13A through 13C provide a top plan vieW, 
a front elevation vieW, and a front section vieW, respectively, 
of the base member shoWn in FIG. 9; 

[0051] FIGS. 14A through 14D provide a side elevation 
vieW, a top plan vieW, a bottom plan vieW, and a side section 
vieW, respectively, of the polyaxial screW member shoWn in 
FIG. 9; 

[0052] FIG. 15 is a perspective vieW of one embodiment 
of a caudal prosthesis constructed in accordance With the 
present invention for replacing the superior half of a natural 
facet joint on an inferior vertebral body; 

[0053] FIG. 16 is a top plan vieW of the caudal prosthesis 
shoWn in FIG. 15; 

[0054] FIG. 17 is a side elevation vieW of the caudal 
prosthesis shoWn in FIG. 15; 

[0055] FIG. 18 is a front elevation vieW of the caudal 
prosthesis shoWn in FIG. 15; 

[0056] FIG. 19 is a front section vieW of the caudal 
prosthesis shoWn in FIG. 15; 

[0057] FIG. 20 is a posterior elevation vieW of tWo pairs 
of cephalad and caudal prostheses of this invention as 
installed in a patient; 

[0058] FIG. 21 is a posterior perspective vieW of the tWo 
pairs of installed cephalad and caudal prostheses of FIG. 20; 

[0059] FIG. 22 is a posterior perspective vieW of installed 
cephalad and caudal prostheses according to another 
embodiment of the invention; 

[0060] FIG. 23 is a posterior elevation vieW of the pros 
theses shoWn in FIG. 22; 

[0061] FIG. 24 is a side elevation vieW of the prostheses 
shoWn in FIGS. 22 and 23; 

[0062] FIG. 25 is a posterior elevation vieW of installed 
cephalad and caudal prostheses according to yet another 
embodiment of the invention; 

[0063] FIG. 26 is a side elevation vieW of the prostheses 
of FIG. 25; 

[0064] FIG. 27 is a perspective vieW of the prostheses of 
FIGS. 25 and 26; 

[0065] FIG. 28 is a partial sectional vieW taken along the 
line A-A shoWn in FIG. 25; 

[0066] FIG. 29 is a perspective vieW of a portion of the 
cephalad prosthesis of FIGS. 25-27; 

[0067] FIG. 30 is a partial sectional vieW taken along the 
line A-A shoWn in FIG. 29; 

[0068] FIG. 31 is a perspective vieW of the caudal pros 
thesis of FIGS. 25-27; and 

[0069] FIG. 32 is a partial sectional vieW taken along the 
line A-A shoWn in FIG. 31. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0070] Although the disclosure presented herein provides 
details to enable those skilled in the art to practice various 
embodiments of the invention, the physical embodiments 
















