
US 20060195192A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2006/0195192 A1 

Gordon et al. (43) Pub. Date: Aug. 31, 2006 

(54) ARTIFICIAL FUNCTIONAL SPINAL UNIT (52) US. Cl. ......................................... .. 623/1715; 606/61 
ASSEMBLIES 

(75) Inventors: Charles Gordon, Tyler, TX (US); 
Corey Harbold, Tyler, TX (US) (57) ABSTRACT 

Correspondence Address: 
MEYERTONS, HOOD, KIVLIN, KOWERT & An arti?cial functional spinal unit is provided comprising, 
GOE TZEL: P-C- generally, an expandable arti?cial intervertebral implant that 
700 LAVACA’ SUITE 800 can be placed via a posterior surgical approach and used in 
AUSTIN’ TX 78701 (Us) conjunction With one or more arti?cial facet joints to provide 

(73) AssigneeZ FleXusPine, Inc_ an anatomically correct range of motion. Expandable arti 
?cial intervertebral implants in both lordotic and non-lor 

(21) App1_No,; 11/343,933 dotic designs are disclosed, as Well as lordotic and non 
lordotic expandable cages for both PLIF (posterior lumber 

(22) Filed? Jan- 31: 2006 interbody fusion) and TLIF (transforaminal lumbar inter 

Related U-s- Application Data Eody fusion) procedures. The expandable implants may 
ave var1ous shapes, such as round, square, rectangular, 

(63) Continuation of application No. 10/634,950, ?led on banana'ShaPed’ kidney'ShaPed’ or other Similar Shapes' By 
Aug 5, 2003' virtue of their posteriorly implanted approach, the disclosed 

arti?cial FSU’s alloW for posterior decompression of the 
PubliC?tiOIl ClaSSi?CatiOIl neural elements, reconstruction of all or part of the natural 

(51) Int_ CL functional spinal unit, restoration and maintenance of lor 
A61F 2/44 (200601) dosis, maintenance of motion, and restoration and mainte 
A61B 17/70 (2006.01) nance of disc space height. 

90 

91 

- A 85 A 

000000 000 
.0Y0f0f0f 00.0.0? 



Patent Application Publication Aug. 31, 2006 Sheet 1 0f 17 US 2006/0195192 A1 

FIG. 1 

1-2- 2 

21 25 

17 lg 20 16 

‘~21 

15 r_~_._4 

r13 

FIG. 2 



Patent Application Publication Aug. 31, 2006 Sheet 2 0f 17 US 2006/0195192 A1 

550 

FIG. 3A 

///44// 

J50 

i4 

55 

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

FIG. 3B 

////////////////4_ 
61 





Patent Application Publication Aug. 31, 2006 Sheet 4 0f 17 US 2006/0195192 A1 

FIG. 5A 

FIG. 5B 





Patent Application Publication Aug. 31, 2006 Sheet 6 0f 17 US 2006/0195192 A1 

/80 

FIG. 6C 

FIG. 6D 



19 

Patent Application Publication Aug. 31, 2006 Sheet 7 0f 17 US 2006/0195192 A1 

1 2 

J 

17 70 

(20 ~\\\\\\\\\\\\\\\\\\\\\\m J 
1 8 

FIG. 7A 

1 2 

19 A’ \ 

20 Q 70 
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \\\ ' 

\-18 

FIG. 7B 



Patent Application Publication Aug. 31, 2006 Sheet 8 0f 17 US 2006/0195192 A1 

301031 ‘10201032036010! 

. . . . . _ . . - - - . - - - - - - . . . _ . . _ _ v 

-~\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\ . 

v v v ' - 



Patent Application Publication Aug. 31, 2006 Sheet 9 0f 17 US 2006/0195192 A1 

“54 103 135 
w?itiii: ’ :ijiiihm 

102 

100 101 

FIG. 9A 
1114 113 1185 

“it: 1 33:11 

112 

111 
117 

-F/G.9B 
118 

~115 

112 

FIG. 90 



Patent Application Publication Aug. 31, 2006 Sheet 10 0f 17 US 2006/0195192 A1 

208 218 

(218 (203 ( Q 

Oi T r C 206 C 207 205 

201 202 

FIG. 10 



Patent Application Publication Aug. 31, 2006 Sheet 11 0f 17 US 2006/0195192 A1 

"lllllllllllllllllg'u 

FIG. 11 



Patent Application Publication Aug. 31, 2006 Sheet 12 0f 17 US 2006/0195192 A1 

306 302 

310 

FIG. 12A 

310 306 

4| 0 3 
vo'o'o'o'v 
09030? i . 

308 303 304 311 

FIG. 12B 

310 

312 303 304 

FIG. 12C 





Patent Application Publication Aug. 31, 2006 Sheet 14 0f 17 US 2006/0195192 A1 

430 /' 44° 

Lr—(777777W7777777777';)— 
r ( 404 F 414 

420 

413 
400 

FIG. 13A 

FIG. 13B 



US 2006/0195192 Al 

FIG. 14A 

Patent Application Publication Aug. 31, 2006 Sheet 15 0f 17 

460-“ 

FIG. 14B 



Patent Application Publication Aug. 31, 2006 Sheet 16 0f 17 US 2006/0195192 A1 

520 

506 I1‘ 50 IN l 

520 514 ‘1 
FIG. 15A 528 

500 1 

1 
\ 525 

1’ /\/-H\\ W540 510w 513 §_\\ 

v J/ 

FIG. 15B 



Patent Application Publication Aug. 31, 2006 Sheet 17 0f 17 US 2006/0195192 A1 

._..-.-—__ 

"" ______________ __ 
" , , - — ' < - _ __ 

_ _ . - _ __ 

625 

m 650 

/~— 274 — ' 

637 

FIG. 16A 

j 700 

I" 635 

“\- 650 

637 

FIG. 16B 



US 2006/0195192 A1 

ARTIFICIAL FUNCTIONAL SPINAL UNIT 
ASSEMBLIES 

PRIORITY CLAIM 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/634,950 entitled “ARTIFICIAL 
FUNCTIONAL SPINAL UNIT ASSEMBLIES” ?led on 
Aug. 5, 2003, the disclosure of Which is hereby incorporated 
by reference. 

BACKGROUND 

[0002] 
[0003] The present invention generally relates to func 
tional spinal implant assemblies for insertion into the inter 
vertebral space betWeen adjacent vertebral bones and recon 
struction of the posterior elements to provide stability, 
?exibility and proper biomechanical motion. More speci? 
cally, the present invention relates to arti?cial functional 
spinal units comprising an expandable arti?cial interverte 
bral implant that can be inserted via a posterior surgical 
approach and used in conjunction With one or more arti?cial 
facet joints to provide a more anatomically correct range of 
motion. 

[0004] 2. Description of Related Art 

1. Field of the Invention 

[0005] The human spine is a complex mechanical struc 
ture composed of alternating bony vertebrae and ?brocarti 
laginous discs that are connected by strong ligaments and 
supported by musculature that extends from the skull to the 
pelvis and provides axial support to the body. The interver 
tebral discs primarily serve as a mechanical cushion betWeen 
adjacent vertebral segments of the spinal column and gen 
erally comprise three basic components: the nucleus pulpo 
sus, the anulus ?brosis, and tWo vertebral end plates. The 
end plates are made of thin cartilage overlying a thin layer 
of hard cortical bone that attaches to the spongy, cancellous 
bone of the vertebral body. The anulus ?brosis forms the 
disc’ s perimeter and is a tough outer ring that binds adjacent 
vertebrae together. The vertebrae generally comprise a ver 
tebral foramen bounded by the anterior vertebral body and 
the neural arch, Which consists of tWo pedicles and tWo 
laminae that are united posteriorly. The spinous and trans 
verse processes protrude from the neural arch. The superior 
and inferior articular facets lie at the root of the transverse 
process. The term “functional spinal unit” (“FSU”) refers to 
the entire motion segment: the anterior disc and the posterior 
facet joints, along With the supporting ligaments and con 
nective tissues. 

[0006] The spine as a Whole is a highly ?exible structure 
capable of a high degree of curvature and tWist in nearly 
every direction. HoWever, genetic or developmental irregu 
larities, trauma, chronic stress, and degenerative Wear can 
result in spinal pathologies for Which surgical intervention 
may be necessary. 

[0007] It is common practice to remove a spinal disc in 
cases of spinal disc deterioration, disease or spinal injury. 
The discs sometimes become diseased or damaged such that 
the intervertebral separation is reduced. Such events cause 
the height of the disc nucleus to decrease, Which in turn 
causes the anulus to buckle in areas Where the laminated 
plies are loosely bonded. As the overlapping laminated plies 
of the anulus begin to buckle and separate, either circum 
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ferential or radial anular tears may occur. Such disruption to 
the natural intervertebral separation produces pain, Which 
can be alleviated by removal of the disc and maintenance of 
the natural separation distance. In cases of chronic back pain 
resulting from a degenerated or herniated disc, removal of 
the disc becomes medically necessary. 

[0008] In some cases, the damaged disc may be replaced 
With a disc prosthesis intended to duplicate the function of 
the natural spinal disc. US. Pat. No. 4,863,477 discloses a 
resilient spinal disc prosthesis intended to replace the resil 
iency ofa natural human spinal disc. US. Pat. No. 5,192,326 
teaches a prosthetic nucleus for replacing just the nucleus 
portion of a human spinal disc. 

[0009] In other cases it is desired to fuse the adjacent 
vertebrae together after removal of the disc, sometimes 
referred to as “intervertebral fusion” or “interbody fusion.” 

[0010] Many techniques and instruments have been 
devised to perform intervertebral fusion. There is common 
agreement that the strongest intervertebral fusion is the 
interbody (betWeen the lumbar bodies) fusion, Which may be 
augmented by a posterior or facet fusion. In cases of 
intervertebral fusion, either structural bone or an interbody 
fusion cage ?lled With morseliZed bone is placed centrally 
Within the space Where the spinal disc once resided. Multiple 
cages or bony grafts may be used Within that space. 

[0011] Such practices are characterized by certain disad 
vantages, most important of Which is the actual morbidity of 
the procedure itself. Placement of rigid cages or structural 
grafts in the interbody space either requires an anterior 
surgical approach, Which carries certain unavoidable risks to 
the viscous structures overlying the spine (intestines, major 
blood vessels, and the ureter), or they may be accomplished 
from a posterior surgical approach, thereby requiring sig 
ni?cant traction on the overlying nerve roots. The interval 
betWeen the exiting and traversing nerve roots is limited to 
a feW millimeters and does not alloW for safe passage of 
large intervertebral devices, as may be accomplished from 
the anterior approach. Alternatively, the anterior approach 
does not alloW for inspection of the nerve roots, is not 
suitable alone for cases in Which the posterior elements are 
not competent, and most importantly, the anterior approach 
is associated With very high morbidity and risk Where there 
has been previous anterior surgery. 

[0012] Another signi?cant draWback to fusion surgery in 
general is that adjacent vertebral segments shoW accelerated 
deterioration after a successful fusion has been performed at 
any level. The spine is by de?nition stilfer after the fusion 
procedure, and the natural body mechanics place increased 
stress on levels proximal to the fused segment. Other draW 
backs include the possibility of “?at back syndrome” in 
Which there is a disruption in the natural curvature of the 
spine. The vertebrae in the loWer lumbar region of the spine 
reside in an arch referred as having a sagittal alignment. The 
sagittal alignment is compromised When adjacent vertebral 
bodies that Were once angled toWard each other on their 
posterior side become fused in a dilferent, less angled 
orientation relative to one another. Finally, there is alWays 
the risk that the fusion attempt may fail, leading to pseudoar 
throsis, an often painful condition that may lead to device 
failure and further surgery. 

[0013] Conventional interbody fusion cages generally 
comprise a tubular metal body having an external surface 



US 2006/0195192 A1 

threading. They are inserted transverse to the axis of the 
spine, into preformed cylindrical holes at the junction of 
adjacent vertebral bodies. TWo cages are generally inserted 
side by side With the external threading tapping into the 
loWer surface of the vertebral bone above, and the upper 
surface of the vertebral bone beloW. The cages include holes 
through Which the adjacent bones are to groW. Additional 
materials, for example auto genous bone graft materials, may 
be inserted into the holloW interior of the cage to incite or 
accelerate the groWth of the bone into the cage. End caps are 
often utiliZed to hold the bone graft material Within the cage. 

[0014] These cages of the prior art have enjoyed medical 
success in promoting fusion and grossly approximating 
proper disc height. As previously discussed, hoWever, cages 
that Would be placed from the safer posterior route Would be 
limited in siZe by the interval betWeen the nerve roots. It 
Would therefore, be a considerable advance in the art to 
provide a fusion implant assembly Which could be expanded 
from Within the intervertebral space, thereby minimiZing 
potential trauma to the nerve roots and yet still providing the 
ability to restore disc space height. 

[0015] Ultimately though, it is important to note that the 
fusion of the adjacent bones is an incomplete solution to the 
underlying pathology as it does not cure the ailment, but 
rather simply masks the pathology under a stabiliZing bridge 
of bone. This bone fusion limits the overall ?exibility of the 
spinal column and arti?cially constrains the normal motion 
of the patient. This constraint can cause collateral injury to 
the patient’s spine as additional stresses of motion, normally 
borne by the noW-fused joint, are transferred onto the nearby 
facet joints and intervertebral discs. Thus, it Would be an 
even greater advance in the art to provide an implant 
assembly that does not promote fusion, but instead closely 
mimics the biomechanical action of the natural disc carti 
lage, thereby permitting continued normal motion and stress 
distribution. 

SUMMARY 

[0016] Accordingly, an arti?cial functional spinal unit 
(FSU) is provided comprising, generally, an expandable 
arti?cial intervertebral implant that can be placed via a 
posterior surgical approach and used in conjunction With one 
or more arti?cial facet joints to provide an anatomically 
correct range of motion. Expandable arti?cial intervertebral 
implants in both lordotic and non-lordotic designs are dis 
closed, as Well as lordotic and non-lordotic expandable 
cages for both PLIF (posterior lumber interbody fusion) and 
TLIF (transforaminal lumbar interbody fusion) procedures. 
The expandable implants may have various shapes, such as 
round, square, rectangular, banana-shaped, kidney-shaped, 
or other similar shapes. By virtue of their posteriorly 
implanted approach, the disclosed arti?cial FSU’s alloW for 
posterior decompression of the neural elements, reconstruc 
tion of all or part of the natural functional spinal unit, 
restoration and maintenance of lordosis, maintenance of 
motion, and restoration and maintenance of disc space 
height. 

[0017] The posterior implantation of an interbody device 
provides critical bene?ts over other anterior implanted 
devices. Placement of posterior devices that maintain mobil 
ity in the spine have been limited due to the relatively small 
opening that can be afforded posteriorly betWeen the exiting 
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and transversing nerve roots. Additionally, placement of 
posterior interbody devices requires the removal of one or 
both facet joints, further destabiliZing the spine. Thus con 
ventional posteriorly placed interbody devices have been 
generally limited to interbody fusion devices. 

[0018] Since a properly functioning natural FSU relies on 
intact posterior elements (facet joints) and since it is nec 
essary to remove these elements to place a posterior inter 
body device, a tWo-step procedure is disclosed that alloWs 
for placement of an expandable intervertebral implant and 
replacement of one or both facets that are necessarily 
removed during the surgical procedure. The expansile nature 
of the disclosed devices alloW for restoration of disc height 
once inside the vertebral interspace. The expandable devices 
are collapsed prior to placement and then expanded once 
properly inserted in the intervertebral space. During the 
process of expansion, the endplates of the natural interver 
tebral disc, Which essentially remain intact after removal or 
partial removal of the remaining natural disc elements, are 
compressed against the device, Which thereby facilitates 
bony end groWth onto the surface of the arti?cial implant. 
Once the interbody device is in place and expanded, the 
posterior element is reconstructed With the disclosed pedicle 
screW and rod system, Which can also be used to distract the 
disk space While inserting the arti?cial implant. Once the 
interbody device is in place and expanded, the posterior 
element is further compressed, again promoting bony end 
groWth into the arti?cial implant. This posterior compres 
sion alloWs for anterior ?exion but replaces the limiting 
element of the facet and interspinous ligament and thereby 
limits ?exion to some degree, and in doing so maintains 
stability for the anteriorly located interbody device. 

[0019] The posterior approach avoids the potential risks 
and morbidity of the anterior approach, Which requires 
mobilization of the vascular structures, the ureter, and 
exposes the boWels to risk. Also, the anterior approach does 
not offer the surgeon an opportunity to vieW the posterior 
neural elements and thereby does not afford an opportunity 
for decompression of those elements. Once an anterior 
exposure had been utiliZed a revision procedure is quite 
risky and carries signi?cant morbidity. 

[0020] The arti?cial FSU generally comprises an expand 
able intervertebral implant and one or more arti?cial facet 
joints. The expandable intervertebral implant generally com 
prises a pair of spaced apart plate members, each With a 
vertebral body contact surface. The general shape of the 
plate members may be round, square, rectangular, banana 
shaped, kidney shaped, or some other similar shape, depend 
ing on the desired vertebral implantation site. Because the 
arti?cial intervertebral implant is to be positioned betWeen 
the facing surfaces of adjacent vertebral bodies, the plate 
members are arranged in a substantially parallel planar 
alignment (or slightly o?fset relative to one another in 
accordance With proper lordotic angulation) With the verte 
bral body contact surfaces facing aWay from one another. 
The plate members are to mate With the vertebral bodies so 
as to not rotate relative thereto, but rather to permit the spinal 
segments to axially compress and bend relative to one 
another in manners that mimic the natural motion of the 
spinal segment. This natural motion is permitted by the 
performance of an expandable joint insert, Which is disposed 
betWeen the plate members. The securing of the plate 
members to the vertebral bone is achieved through the use 
















