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(57) ABSTRACT 

A spinal fixation apparatus is configured with a pair of 
endpieces and an intermediate compressible portion. The 
compressible portion may comprise a pair of mating sliders 
comprising toothed arms attached to the endpieces. A gear 
engages the toothed arms. When the gear is rotated, the 
sliders bring the endpieces together, compressing the appa 
ratuS. 

  



Patent Application Publication Dec. 13, 2007 Sheet 1 of 12 US 2007/028801.0 A1 

27 

2 

  



Patent Application Publication Dec. 13, 2007 Sheet 2 of 12 US 2007/028801.0 A1 

26 

A762 

  



Patent Application Publication Dec. 13, 2007 Sheet 3 of 12 US 2007/028801.0 A1 

  



US 2007/028801.0 A1 Patent Application Publication Dec. 13, 2007 Sheet 4 of 12 

E. 

|S 
¿NNS 6% 

  

  

  





US 2007/028801.0 A1 Patent Application Publication Dec. 13, 2007 Sheet 6 of 12 

  

  





Patent Application Publication Dec. 13, 2007 Sheet 8 of 12 US 2007/028801.0 A1 

  



Patent Application Publication Dec. 13, 2007 Sheet 9 of 12 US 2007/028801.0 A1 

  



Patent Application Publication Dec. 13, 2007 Sheet 10 of 12 US 2007/028801.0 A1 

  



Patent Application Publication Dec. 13, 2007 Sheet 11 of 12 US 2007/028801.0 A1 

C III N 
  





US 2007/02880 10 A1 

COMPRESSIBLE FXATION APPARATUS FOR 
SPINAL SURGERY 

PRIORITY INFORMATION 

0001. This application is a continuation of related U.S. 
Application Ser. No. 10/628,079, filed Jul. 24, 2003, which 
claims priority to U.S. Provisional Application No. 60/398, 
623, filed on Jul. 24, 2002. The disclosures of the above 
identified applications are hereby incorporated by reference 
in their entireties. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to the field 
of medical equipment, specifically to a device for use in 
spinal Surgery Such as a diskectomy and spinal fusion. 
0004 2. Description of the Related Art 
0005 Anterior cervical diskectomy and corpectomy have 
been utilized for the treatment of cervical radiculopathy, 
myelopathy, and myeloradiculopathy for over 50 years. The 
traditional methods for treatment of the single level and 
two-level decompressions have been the Cloward technique 
and the Smith-Robinson technique. Both techniques typi 
cally involve removing the disk and a portion of the end 
plate and inserting a graft. In the Cloward technique, a 
circular bone dowel of autologous or allograft bone is 
inserted into the defect in order to fuse the two adjacent 
vertebrae. In the Smith-Robinson technique, a horseshoe 
shaped graft is taken either from the patient’s iliac crest or 
from allograft bone and inserted in the interspace. 
0006 The literature over the years shows that such 
fusions have a relatively poor success rate without stabili 
zation with plate fixation. Some of the reasons for failure 
include pesudarthrosis, poor fixation (improper placement of 
the screws), improper placement of the graft, poor fixation 
of the graft, poor preparation of the cartilaginous end plates, 
and improper placement of the plate. As fusions, and espe 
cially multi-level fissions become more common, the need 
to improve the fusion rate in these Surgeries is becoming 
more pronounced. 

SUMMARY OF THE INVENTION 

0007. In one embodiment, the invention comprises an 
apparatus for the enhancement of fusion of at least two 
adjacent vertebrae comprising at least a Superior and an 
inferior endpiece, wherein the Superior endpiece is adapted 
to be affixed to a superior vertebral body, and the inferior 
endpiece is adapted to be affixed to an inferior vertebral 
body. The apparatus farther comprises a compressible por 
tion located between the superior and inferior endpieces. 
The compressible portion may comprise a sliding mecha 
1S. 

0008. In another embodiment, the invention comprises a 
method of enhancing fusion between vertebral bodies com 
prising accessing a spinal portion, affixing respective end 
pieces to Superior and inferior vertebral bodies, adjusting the 
distance between the endpieces into a compressed position, 
and locking the apparatus in the compressed position. 
0009. In another embodiment, the invention comprises a 
method of manufacturing an apparatus for the enhancement 
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of fusion between at least two adjacent vertebrae comprising 
attaching a compressible coupling to a Superior and an 
inferior endpiece, wherein the superior and inferior end 
pieces are adapted to be affixed to a Superior and an inferior 
vertebral body, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is an illustration of a compressible spinal 
fixation device according to one embodiment of the inven 
tion. 

0011 FIG. 2 is an illustration of a specific embodiment of 
a compressible portion of a spinal fixation device. 

0012 FIG. 3 is an illustration of another embodiment of 
a compressible fixation device. 
0013 FIG. 4 is a cross sectional view along line A-A of 
the device of FIG. 3. 

0014 FIG. 5A is a perspective illustration of one embodi 
ment of a compressible spinal fixation device. 
0015 FIG. 5B is a cross-sectional view of the compress 
ible device of FIG. 1A, taken along line A-A of FIG. 5A. 
0016 FIG. 5C is a cross-sectional view of the compress 
ible device of FIG. 1A, taken along line B-B of FIG. 5A. 
0017 FIGS. 6A-D illustrate one embodiment of the end 
piece of the device of FIGS. 5A-C. 
0018 FIGS. 7A-D illustrate one embodiment of the hous 
ing of the device of FIGS. 5A-C. 
0.019 FIGS. 8A-G illustrate one embodiment of a slider 
of the device of FIGS 5A-C. 

0020 FIG. 9 is a perspective illustration of an additional 
embodiment of a compressible spinal fixation device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0021 Embodiments of the invention will now be 
described with reference to the accompanying Figures, 
wherein like numerals refer to like elements throughout. The 
terminology used in the description presented herein is not 
intended to be interpreted in any limited or restrictive 
manner, simply because it is being utilized in conjunction 
with a detailed description of certain specific embodiments 
of the invention. Furthermore, embodiments of the invention 
may include several novel features, no single one of which 
is solely responsible for its desirable attributes or which is 
essential to practicing the inventions herein described. 
0022. The fixation plate described herein differs from 
existing plates by allowing compression of the graft, and 
fixation of the plate in the vertebral bodies. Compression of 
the graft will improve fixation and reduce failure rates. 
According to Wolff's law, bone that is under compression 
will fuse. Currently, plates are placed without compression. 
This practice may create a permanent distraction component 
which could ultimately result in failure for osteointegration. 
On the other hand, the compressible plates described herein 
allow compliance with Wolff's law, thereby significantly 
improving the chances of Successful fusion. Thus, the com 
pressible fixation plate described herein offers important 
advantages over present-day plate fixation. These plates are 



US 2007/02880 10 A1 

especially useful for cervical spinal Surgery, but can be used 
on all portions of the spine with appropriate sizing. 
0023. One embodiment of a compressible spinal fixation 
plate is illustrated in FIG. 1. As illustrated in this Figure, a 
spinal fixation apparatus in accordance with this embodi 
ment includes superior and inferior endpieces 10, 12 which 
advantageously include Some form of fixation structures 
Such as screw holes for attachment to respective upper and 
lower vertebral bodies. Located intermediate to the end 
pieces is a compressible portion 20. In operation, the end 
pieces may be affixed to respective upper and lower verte 
bral bodies, with one or more disk spaces positioned in 
between. After installation, the compressible portion 20 is 
compressed Such that the two endpieces are forced toward 
one another, compressing the intermediate disk spaces in the 
process. This in turn compresses any graft that has been 
placed within the disk space(s), and improves the fusion 
process. 

0024. It will be appreciated that a variety of implemen 
tations of a compressible region 20 may be implemented. 
FIG. 2 illustrates a spinal fixation device that incorporates a 
specific embodiment of the compressible region 20 of FIG. 
1. In this embodiment, the upper endpiece 30 includes a pair 
of arms 32, 34, to form a generally U-shaped body. The 
lower endpiece 31 also includes a pair of arms 36, 38 to form 
a generally U-shaped body. The respective arm pairs face 
each other and mate in a slidable fashion forming a structure 
with a pair of outer arms 34, 36 which surround and slide 
along a pair of inner arms 32, 38. 
0.025 The inwardly directed faces of the inner arms 32, 
38 include teeth 40, 42 respectively. These teeth mate with 
the teeth of a central gear 44. Thus, when the gear 44 is 
rotated counter-clockwise, the endpieces 30, 31 are drawn 
toward each other in the direction of arrows 46, 48. This 
reduces the overall length of the device by compressing this 
middle region of the apparatus, and accordingly compresses 
any intermediate disk space as described above. 
0026 FIG. 3 illustrates an embodiment similar to that 
shown in FIG. 2. In this embodiment, the gear 44 is captured 
within a two piece housing 47, 49 that captures the arms and 
gear in the central region of the device. The housings can be 
held together with screws from the rear, for example. In 
Some embodiments, a hole for a set screw (not shown, but 
see also FIG. 5) is placed through the housing pieces 47, 49. 
Such that when the set screw is installed, the gear is 
prevented from rotating, thereby locking the device in the 
compressed position after the gear is rotated to set the 
overall compressed device length after installation. 
0027 FIG. 3 also illustrates an alternative configuration 
for the attachment of the arm segments 32, 34, 36, 38 to the 
endpieces 30, 31. In the embodiment of FIG. 2, the end 
pieces are integral with the arm segments. In the embodi 
ment of FIG. 3, however, the endpieces 30, 31 contain an 
opening 41 which engages a hooked flange 43 provided as 
part of a separate slider piece that incorporates the arm 
segments. With this design, the endpieces can be attached to 
their respective vertebral bodies first, and the central com 
impressible region can be attached to them after endpiece 
installation. It will be appreciated that other boding mecha 
nisms between endpieces and slider pieces may be provided 
Such as Screws, rivets, etc. 
0028. For multi-level fusions, the device in FIG. 3 can be 
modified such that the lower housing portion 47 includes 
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flanges and ports for bone screws such that the housing 
portion 47 can be affixed to an intermediate vertebral body. 
Multi-level fusions can also be accommodated by hooking a 
second slider piece into one of the openings 41 in one of the 
end pieces. This would then engage with another slider 
above or below such that three endpieces (an upper, lower 
and intermediate) are joined by a pair of adjacent compress 
ible segments. In this case, the intermediate endpiece would 
have two sliders engaged in its central opening 41. Alter 
natively, separate fixing plates may be attached to the slider 
arms themselves. 

0029 FIG. 4 is a cross section along line A-A of the 
device shown in FIG. 3. In this embodiment, the sides of the 
arm segments are angled or beveled to provide a mating 
surface that resists relative vertical displacement of the arms 
with respect to one another. In some advantageous embodi 
ments, the bevel angle (0) of the arm segments where they 
contact the housing 47 is different from the bevel angle (100 
) of the arm segments where they contact each other. This 
facilitates capture of the arms within the housing and to each 
other. In one specific embodiment the angle 0 is about 30 
degrees and the angle (p is about 25 degrees. 

0030. A more detailed illustration of one specific embodi 
ment of a compressible plate 50 is illustrated in FIG. 5A. In 
this embodiment, the apparatus 50 comprises two endpieces 
52A-B, wherein each endpiece 52A-B is configured for 
attachment to a vertebral body with bone screws, for 
example, via a plurality of apertures 54. Ports 58A-B in the 
endpieces 52A-B link the endpieces 52A-B to a sliding 
compression mechanism 56, wherein the sliding mechanism 
56 is designed to compress the vertebral bodies to which the 
endpieces 52A-B are attached. 
0031. The sliding compression mechanism 56 comprises 
a first slider 62 and a second slider 64 each having an 
approximately U-shaped geometry, wherein at least one arm 
of each slider 62, 64 has a plurality of teeth 66 for engaging 
a gear (not shown). In the embodiment shown, each slider 
62, 64 has a flange 68 configured to engage the port 58A-B 
on the endpiece 52A-B. In an alternative embodiment, the 
sliders may be integral to the endpieces. The arms of the 
slider pieces 62.64 are configured to slide over each other 
within the housing 70. Shown are first and second sliders 62, 
64 designed so that each slider has a toothed arm and a 
non-toothed arm, wherein the toothed and non-toothed arms 
are parallel to each other. In the embodiment shown, the first 
and second sliders 62, 64, are configured such that the 
toothed arm of first slider 62 slides over the non-toothed arm 
of second slider 64, and the toothed arm of the second slider 
64 slides over the non-toothed arm of first slider piece 62. 

0032). In the embodiment shown in FIG. 5A, housing 70 
comprises a gear hole 72 for operation of the sliding 
mechanism 56. Before or after installing the device, a gear 
is inserted into hole 72 so as to engage the teeth 66 of each 
sliderpiece. The gear is rotated with a tool, causing the slider 
arms to move relative to one another, thereby pulling the 
endpieces 52A-B towards each other, and compressing the 
bone graft. A hole 74 for a set screw is also provided in this 
embodiment. When tightened, the set screw clamps the 
housing over the mated arms of the sliders 62, 64, securing 
the device in the compressed position. In this embodiment, 
the gear can be removed and the apparatus will remain fixed 
in the compressed position. In either this or the embodiments 
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previously described, a ratcheting mechanism may also be 
installed in conjunction with the gear. In this embodiment, as 
gear turning engages the ratchet, the device will stay in the 
compressed position Such that prior to installing the set 
screw, or if the Surgeon wants to loosen the set screw, the 
device won't expand back to an elongated position. 
0033 FIG. 5B is a cross-sectional view of cervical plate 
50 taken along line A-A of FIG. 5A. In this embodiment the 
sliders 62, 64 each has flange 68 at one end of the parallel 
arms. Flanges 68 extend through ports 58A-B of endpieces 
54A-B. The arms of sliders 62, 64 are shown with lips that 
extend around the bottom face of apertures 58A-B. This 
design facilitates attachment of the whole compression 
mechanism 56 to endpieces 52A-B. Housing 70 is shown 
with gear hole 72 providing an opening through housing 70 
to expose the teeth 66 of the slider piece, making teeth 66 
available for engagement with a gear (not shown). 
0034 FIG. 5C is a cross-sectional view of cervical plate 
50 taken along line B-B of FIG. 5A. Toothed arm of first 
slider 62 is shown extended over non-toothed arm of second 
slider 64. The teeth 66 of first slider are exposed in gear hole 
72. Parallel to the toothed arm of first slider piece 62 is 
shown the toothed arm of second slider piece 64. The 
toothed and non-toothed arms fit together in approximately 
the same shape of two Ls wherein the long ends of each L 
rest against each other, and horizontally within housing 70. 
The shorter ends of each L are parallel to each other and are 
on opposite sides of the long ends of each L. The shorter 
ends comprise the outer edge of the non-toothed arm, and 
the inner, toothed-edge of the toothed arm of the mating 
arms. The inner edge of each slider comprises teeth 66. Teeth 
66 face inwards towards the other arm of the same slider 
piece, and are exposed in gear hole 72. The outer edge of 
each slider runs along the inside wall of housing 70. 
0035 FIGS. 6A-6D, illustrate in more detail the end 
pieces 52A-B. FIG. 6A is a perspective view of the end plate 
52, showing apertures 54, and port 58. As shown in FIG. 6B, 
endpieces 52A-B may be contoured around apertures 54. 
FIG. 6C is a cross section of FIG. 6B taken along line A-A. 
In this embodiment the top face round apertures 54 slope 
down towards the center of the circle, providing a conve 
nient mechanism to house the head of a bone screw (not 
shown). FIG. 6D is a cross section of FIG. 6B taken along 
line B-B. This drawing further illustrates the angle of the top 
face of apertures 54 designed to accommodate the head of 
the fastening device. 
0036 FIGS. 7A-7D illustrate in more detail the housing 
70 of the embodiment shown in FIG. 5A. 7A is a perspective 
view of housing 70. Hollows extend along parallel to each 
other through housing 70. Each hollow is configured to 
accommodate a pair of mating arms of first and second 
sliders 62, 64. Separating the two hollows is lock mecha 
nism, Such as a set crew mounting hole, 74 and gear hole 72. 
Apart from the hollows to accommodate the arms of sliders 
62, 64, the aperture 74 configured to house a lock, and gear 
hole 72, the housing may be one integral solid part. The top 
face of housing 70 slopes inwards around the opening of 
lock mechanism 74, providing a convenient mechanism to 
house a locking device, such as a screw (not shown). 
0037 FIG. 7B is a top plan view of housing 70. As seen 
in this figure, the opening in the top face of housing 70 
comprising the top face gear hole 72 is larger than the 
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opening in the bottom face of housing 70 comprising the 
bottom face of gear hole 72. FIG. 7C is a cross-sectional 
view of FIG. 7B, taken along line A-A, along the diameter 
of gear hole 74. FIG. 7C shows the openings in the top face 
and bottom face of housing 70 comprising gear hole 72. FIG. 
7D is a cross-sectional view of housing 70 taken along line 
B-B. 

0038 FIGS. 8A-8D illustrate in more detail one of the 
slider pieces 62, 64. FIG. 8A is a perspective view of first 
slider piece 62. Shown is the approximate U-shape of slider 
piece, 62, comprising parallel toothed and non-toothed arms. 
Both arms are perpendicular to a back that comprises flange 
68 to facilitate attachment to the port 58A of endpiece 54. 
When first and second sliders 62, 64 are assembled together 
to form sliding compression mechanism 56, each set of 
mating arms fits within a hollow of housing 70. 
0.039 FIG. 8B is a top plan view of a sliders 62, 64. In 
this embodiment, the toothed arms of sliders 62, 64 are 
configured to accommodate the non-toothed arm of the 
mating slider underneath the toothed arm. The non-toothed 
arms of sliders. 

0040 FIG. 8C is a cross-sectional view of FIG. 8Balong 
line A-A. This view depicts the arrangement of a toothed 
arm of first slider 62 mated with a non-toothed arm of 
second slider piece 64. Shown is the arrangement of the 
arms of sliders 62, 64, described above, wherein the arms fit 
together in approximately the shape of two L's fit together. 
In this configuration, the outer edge of the toothed arm does 
not contact the housing. Rather, the edge opposite the teeth 
of the toothed arm runs along an edge of the non-toothed 
arm of second slider piece 64. 
0041 FIGS. 8E-8G illustrate in more detail an embodi 
ment of first slider piece 62. FIG. 8E is the same view of first 
slider piece 62 as FIG. 8B. FIG.8F is a cross-sectional view 
of FIG.8E taken along line C-C. In the embodiment shown, 
the junction of the arms and the backs of each slider 62, 64 
is angled. FIG.8G is a cross-sectional view of FIG. 8E taken 
along line D-D. As depicted in FIG. 8G, the junction of the 
arms and the back of the slider is angled. 
0042 An additional embodiment of a compressible plate 

is illustrated in FIG. 9, wherein a plurality of lock housings 
are provided which attach to the arms of the sliders 62, 64 
intermediate the endpieces 52A, 52B. This device may also 
be advantageous in a multi-level application where a longer 
device is needed. 

0043. The traditional approach to the anterior cervical 
spine may be the same for the placement of the plate 
described herein when used in a cervical application. A 
transverse or oblique incision is made on the right or left side 
of the neck. The medial border of the sternocleidomastoid is 
retracted along with the carotid sheath. The trachea and the 
esophagus are retracted to the opposite side, providing 
Surgical access down to the prevertebral fascia. Sweeping in 
a cephalad and caudal direction enables access to the ante 
rior vertebral column. This allows identification of vertebral 
bodies and disk spaces, including the disk or vertebral body 
affected by the pathology. Use of interoperative X-rays at this 
stage confirms the location of the pathology. A Surgeon then 
removes the affected disk(s) or vertebral body. If a diskec 
tomy is performed, following removal of the disk, some of 
the cartilaginous end plate may be denuded to allow better 
incorporation of bone on bone Surfaces in compression. 
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0044) Those skilled in the art of orthopedic and neuro 
Surgery can install the device described herein using stan 
dard Surgical tools. The plate may, for example, be applied 
in a similar manner in the midline of the anterior cervical 
region spanning a distance of the graft. The present inven 
tion allows the Surgeon to advantageously place the upper 
and cervical portions in the mid-substance of the vertebral 
bodies. By affixing the plate to the mid-substance of the 
vertebral bodies, the best purchase in the bone as well as 
avoidance of abutment between the plates and adjacent disks 
is achieved. This placement minimizes the possibility of 
adjacent segment disease or break out of the screws from the 
vertebral body and Subsequent loosening of the graft. In 
short, placement of the screws in the upper and lower 
cervical vertebral bodies such that the graft is now capable 
of being compressed, provides the best possible construct 
for ensuring a cervical fusion. The capability of compressing 
the graft as well as anchoring in the best bone Superior and 
inferior to the graft minimizes the risk for pseudarthrosis, 
graft migration, and/or screw dislodgment. 
0045. The foregoing description details certain embodi 
ments of the invention. It will be appreciated, however, that 
no matter how detailed the foregoing appears in text, the 
invention can be practiced in many ways. As is also stated 
above, it should be noted that the use of particular termi 
nology when describing certain features or aspects of the 
invention should not be taken to imply that the terminology 
is being re-defined herein to be restricted to including any 
specific characteristics of the features or aspects of the 
invention with which that terminology is associated. The 
scope of the invention should therefore be construed in 
accordance with the appended claims and any equivalents 
thereof. 

What is claimed is: 
1. A method of enhancing fusion of a graft in the cervical 

spine comprising: 

accessing an anterior portion of cervical vertebrae; 
affixing endpieces of a compressible fixation device to the 

vertebral bodies on either side of a graft; 
adjusting the distance between said endpieces into a 

compressed position, thereby compressing the graft; 
and 

locking the device into the compressed position. 
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2. The method of claim 1, wherein the endpieces are 
affixed to the mid-substance of the vertebral bodies. 

3. The method of claim 1, wherein said affixing comprises 
screwing the endpieces to the vertebral bodies. 

4. The method of claim 1, wherein said adjusting com 
prises rotating a gear that mates with teeth located on the 
endpieces to draw the endpieces toward each other. 

5. The method of claim 4, where said locking is achieved 
by installing a set Screw to prevent the gear from rotating. 

6. The method of claim 1, wherein said adjusting com 
prises sliding the endpieces toward each other. 

7. A method of enhancing fusion of a graft in a multilevel 
cervical vertebral fusion comprising: 

accessing an anterior cervical spinal portion; 
removing some or all of at least two cervical spinal disks 

to create a space between cervical vertebrae; 
placing at least one graft in the space created by the 

removal of some or all of the at least two cervical spinal 
disks; 

affixing respective endpieces of a compressible fixation 
device to vertebral bodies superior and inferior to the 
graft; 

affixing at least one intermediate endpiece of a compress 
ible fixation device to an intermediate vertebral body 
between said superior and inferior vertebral bodies: 

adjusting the distance between said endpieces into a 
compressed position, thereby compressing the graft: 
and 

locking the device into the compressed position. 
8. The method of claim 7, wherein the endpieces are 

affixed to the mid-substance of the vertebral bodies. 
9. The method of claim 7, wherein said affixing comprises 

screwing the endpieces to the vertebral bodies. 
10. The method of claim 7, wherein said adjusting com 

prises rotating a gear that mates with teeth located on the 
endpieces to draw the endpieces toward each other. 

11. The method of claim 10, where said locking is 
achieved by installing a set screw to prevent the gear from 
rotating. 

12. The method of claim 7, wherein said adjusting com 
prises sliding the endpieces toward each other. 
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