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OCCPITAL FXATION SYSTEMAND 
METHOD OF USE 

REFERENCE TO PRIORITY DOCUMENT 

0001. This application is a continuation of co-pending 
U.S. patent application Ser. No. 1 1/153.258, filed Jun. 14, 
2005, entitled “Occipital Fixation System and Method of 
Use.” which claims the benefit of priority under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application Ser. No. 
60/579,531, entitled “An Occipital Fixation System and 
Method of Use', filed Jun. 14, 2004 and U.S. Provisional 
Patent Application Ser. No. 60/659,675 entitled “An 
Occipito-Cervical Fixation System and Method of Use', filed 
Mar. 7, 2005. Priority of the aforementioned filing dates are 
hereby claimed and the disclosures are hereby incorporated 
by reference in their entirety. 

BACKGROUND 

0002 The present disclosure relates to bone fixation sys 
tems, components thereof, and methods of implant place 
ment. These systems are used to adjust, align and maintain the 
spatial relationship(s) of adjacent bones or bony fragments 
after Surgical reconstruction of skeletal segments. More spe 
cifically, but not exclusively, the present disclosure relates to 
devices that fixate the skull onto the cervical spine. 
0003. Whether for degenerative disease, traumatic disrup 

tion, infection or neoplastic invasion, Surgical reconstructions 
of the bony skeleton are common procedures in current medi 
cal practice. Regardless of anatomical region or the specifics 
of the reconstructive procedure, many Surgeons employ an 
implantable bone fixation device to adjust, align and maintain 
the spatial relationship(s) of adjacent bones or bony frag 
ments during postoperative healing. These devices are usu 
ally attached to bone using screws, cables or similar fasteners 
and act to share the load and Support the bone as healing 
progresses. 
0004. The region of articulation between the base of the 
skull and the upper cervical spine is known as the cranio 
Vertebral junction. This critical intersection houses and pro 
tects the upper aspect of the spinal cord as it emerges from the 
lower end of the brainstem. Instability of this region can lead 
to severe spinal cord injury with devastating neurological 
deficits and death. In order to avoid neurological injury in 
patients with cranio-vertebral instability, surgical fixation of 
the hyper-mobile region is performed. Unfortunately, this 
procedure is technically demanding and the shortcomings of 
available fixation devices add to the challenge. 

SUMMARY 

0005. The shortcomings of occipito-cervical fixation 
devices include: 
0006 a) The fixation device is anchored onto the sub 
occipital bone in the midline and/or on either side of midline. 
While bone screws, cables, hooks, clamps and other fasteners 
have been used, bone screws are used most commonly. In 
attachment onto the Sub-occipital bone, the screws are placed 
into the underlying bone perpendicular to the bone surface. 
Unfortunately, this trajectory is in line with the rotational 
forces acting upon the cranium and Screws placed in this way 
experience maximum load. Further, perpendicular screw 
placement provides sub-optimal resistance to pull-out since 
the screws do not capture a wedge of bone as they would with 
non-perpendicular placement. Lastly, this trajectory is not in 
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line with the Surgeon's line of vision increasing the technical 
difficulty of screw placement and the likelihood of poor posi 
tioning. 
0007 b) Extensive contouring is often required so that the 
fixation device can conform to the complex and tortuous 
anatomy of this region. The contouring is done at the time of 
Surgery and this step increases the length of the operation. 
Intra-operative contouring of orthopedic devices is imprecise 
and devices that are shaped in this way are less likely to 
conform well to the regional anatomy. This is especially true 
in regions of tortuous anatomy. Lastly, the contouring process 
will introduce a variety of curves and stress-risers into the 
device that may weaken key components. These factors will 
collectively increase the likelihood of device failure. 
0008. In view of the proceeding, it would be desirable to 
design an improved cranio-vertebral fixation device and 
placement protocol. An improved device desirably provides 
Superior bone fixation at this critical region while greatly 
increasing the ease of use and the reliability of the implanta 
tion process. 
0009 Disclosed is a device that attaches onto the skull. 
Bone screws are placed through the device and into the under 
lying bone at an angle that is not perpendicular to the bone 
surface or at a variety of different angles. Where the screws 
are placed at a non-perpendicular angle to bone, they can be 
longer than those screws placed at a right angle. It also means 
that a wedge of bone is interposed between the screw tip and 
the bone surface and this wedge would have to be dislodged 
before the screw can be avulsed from the bone. These factors 
increase screw resistance to pull-out in a manner independent 
of Screw design. Lastly, screw trajectory can now be placed 
within the Surgeon's line of vision, thereby making the screw 
placement technically easier and more precise. 
0010. An interconnecting member, such as a rod, is used to 
connect the occipital attachment to the cervical attachment 
(s). Whereas current art connects these attachments using a 
rod or plate that requires contouring, the disclosed device 
uses a multi-axial connector that is freely positionable. This 
connection allows placement of the inter-connecting rods/ 
plates without contouring and permits rapid and precise 
device implantation without placement of stress risers within 
the implanted device. Several embodiments of the connector 
are shown and described below. 
0011. The fixation systems described herein provide ease 
of use, reliable bone fixation, and optimal biomechanical 
advantage. The systems also maximize the likelihood of 
proper device placement and expedite the operative proce 
dure. 
0012. In one aspect, there is described a skull-spine con 
nection device, comprising a connector connecting a skull 
connection device to a spine connection device, wherein the 
connector permits multi-axial, relative movement between 
the skull connection device and the spine connection device, 
and wherein the connector is configured to lock the skull 
connection device and spine connection device in a predeter 
mined orientation relative to one another. 

0013. In another aspect, there is described a skull attach 
ment device, comprising a skull attachment member config 
ured to be attached to a skull; a rod fixation assembly config 
ured to attach a rod to the skull attachment member, 
comprising an inner saddle member having a ledge config 
ured to engage a lower region of the skull attachment member 
and an extension that extends upwardly through an aperture in 
the skull attachment member, the extension having a slot 
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sized to receive the rod; an outer saddle member that concen 
trically fits over the inner saddle member on an upper region 
of the skull attachment member, the outer saddle member 
having a slot that aligns with the slot on the outer Saddle 
member and that receives the rod; and a locking member that 
engages the inner saddle member above the rod when the rod 
is positioned in the slots, wherein the locking member pro 
vides a force to the rod to secure the rod in the slots. 
0014. In another aspect, there is described a fastening but 
ton for fastening a device to a bone, comprising a base having 
an engagement Surface for engaging a surface of the bone; 
and a post extending outwardly from the base, an outer Sur 
face of the post configured to engage an edge of a hole in the 
bone, wherein the post is positioned in an off-center location 
relative to the base. 
0015. In another aspect, there is described a skull fixation 
assembly, comprising a first bone screw having a shank that 
extends along an axis, the shank configured to be lodged into 
a skull, and a skull attachment device having a first borehole 
for receiving the shank of the bone screw, wherein the bone 
screw can be mounted in the first hole in a multi-axial con 
figuration Such that the axis of the shank can enter the skull at 
a variety of angles. 
0016. The details of one or more embodiments are set 
forth in the accompanying drawings and the description 
below. Other features, objects, and advantages will be appar 
ent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0017 FIG. 1 shows a perspective view of an occipito 
cervical fixation system in an assembled State. 
0018 FIG. 2 shows a perspective view of a portion of the 
occipito-cervical fixation system in an exploded State. 
0019 FIGS. 3A and 3B show top and bottom perspective 
views, respectively, of an occipital attachment of the system. 
0020 FIG. 4 shows exemplary steps for manufacturing the 
occipital attachment. 
0021 FIG. 5A shows a schematic view of a bone structure 
attached to two occipital attachments. 
0022 FIG. 5B schematically shows an occipital attach 
ment attached to the Sub-occipital bone. 
0023 FIG. 6A shows the occipital attachment coupled to 
bone screws via a coupler. 
0024 FIG. 6B shows the occipital attachment coupled 
directly to additional bone screws. 
0025 FIG.6C shows a bottom view of the occipital attach 
ment with a cross-screw configuration. 
0026 FIG. 6D shows a top view of the occipital attach 
ment with rod fixation assemblies positioned medial of bone 
SCCWS. 

0027 FIG. 7 shows an enlarged view of the rod fixation 
assembly. 
0028 FIGS. 8A and 8B shows a perspective and a side 
view of an inner saddle member of the rod fixation assembly. 
0029 FIGS. 9A and 9B shows a perspective and a side 
view of an outer saddle member of the rod fixation assembly. 
0030 FIG. 10 shows a cross-sectional view of the rod 
fixation assembly in an assembled State and attached to the 
occipital rod and the occipital attachment. 
0031 FIG.11 shows an alternative embodiment of the rod 
fixation assembly. 
0032 FIGS. 12-14 show embodiments of the occipital 
attachment wherein one or more of the bone screws engage 
with and lock into the occipital attachment. 
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0033 FIG. 15A shows an embodiment of the system that 
includes one or more button attachments 
0034 FIG. 15B shows a keyhole-shaped hole that is 
formed in a bone structure for coupling to a conventional 
button attachment. 
0035 FIG. 16 show the system that includes one or more 
button attachments attached to the occipital attachment. 
0036 FIG. 17A shows another embodiment of the button 
attachments. 
0037 FIG. 17B shows a plan view of an offset button 
attachment anchored to a bone structure via a hole formed in 
the bone structure. 
0038 FIG. 17C shows a cross-sectional side view of the 
button attachment positioned above the hole in the bone struc 
ture prior to insertion. 
0039 FIG. 17D shows a cross-sectional side view of the 
button attachment after insertion through the hole and 
anchored to the bone structure. 
0040 FIG. 18 shows a perspective view of a first embodi 
ment of a multi-axial occipito-cervical connection system. 
0041 FIG. 19 shows a perspective, exploded view of the 

first embodiment of the multi-axial occipito-cervical connec 
tion system. 
0042 FIG. 20 shows a cross-sectional view of the multi 
axial connector in an assembled State and coupled to the 
occipital rod and the cervical rod. 
0043 FIGS. 21-25 show additional embodiments of the 
multi-axial connector. 
0044 FIGS. 26-27 show other embodiments wherein the 
occipital rods are replaced with elongated plate members. 
0045 FIG. 28 shows yet another embodiment wherein the 
occipital rods and the occipital attachment are collectively 
replaced by a u-shaped plate. 
0046. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0047 FIG. 1 shows a perspective view of an occipito 
cervical fixation system 100 in an assembled state. FIG. 2 
shows a perspective view of a portion of the occipito-cervical 
fixation system 100 in an exploded state. The system 100 
generally includes an occipital attachment 105, at least one 
rod fixation assembly 110, at least one skull or occipital 
interconnecting member comprised of a rod 115, at least one 
spine or cervical interconnecting member comprised of a rod 
120, and at least one multi-axial connector 125. The system 
100 further includes one or more bone fasteners, such as bone 
screws 130, that couple to the occipital attachment 105. 
0048. The system 100 is used to interconnect the skull to a 
portion of the cervical spine. In this regard, the system 
includes an occipital interconnecting member that connects 
to the skull and a cervical interconnecting member that con 
nects to the spine. In this regard, the occipital interconnecting 
member is typically attached to the skull using one or more 
bone screws and/or an occipital attachment, such as the type 
described herein. The cervical interconnecting member is 
typically attached to the spine using one or more bone screws. 
The interconnecting members can comprise a wide variety of 
structures, including elongated rods or plates that extend 
along an axis, as described in detail below. 
0049 Occipital Attachment 
0050. The occipital attachment 105 is configured to be 
attached to the skull, such as to the occipital bone of the skull. 
FIGS. 3A and 3B show top and bottom perspective views, 
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respectively, of the occipital attachment 105, which includes 
a central body 305 and a pair of curvilinear extensions 310 
that extend outwardly from the central body 305. In an 
embodiment, the extensions 310 are substantially “U” 
shaped, although the extensions can have a variety of other 
shapes. The central body 305 includes one or more boreholes 
312 for receiving the bone screws 130 (shown in FIGS. 1 and 
2). Each borehole 312 is configured such that the respective 
bone screw is received therein in a poly-axial configuration. 
Thus, the axis of the shank of the bone screw 130 can be 
varied to enter the Sub-occipital and/or occipital bone at any 
of a variety of angles. The head of the bone screw and the 
borehole can have different structures to facilitate the poly 
axial configuration. 
0051. In one embodiment, the axis of each borehole 312 is 
angled at a trajectory that facilitates the bone screw entering 
the bone at angle other than 90 degrees with respect to the 
surface of the bone. For example, the trajectory of the bore 
hole can be angled relative to the surface of the bone in which 
the screw is placed. Alternately, the borehole trajectory can be 
90 degrees relative to the surface of the bone with a poly-axial 
screw configuration that permits the bone screw to enter the 
bone at any of a range of angles. 
0052 Each extension 310 extends outwardly from the cen 

tral body 305 and each defines an aperture 315 that can 
receive at least one rod fixation assembly 110. (The rod fixa 
tion assembly 110 is shown in FIGS. 1 and 2 and described in 
more detail below.) In one embodiment, the extensions 310 
have a curvilinear, rod-like configuration with a flat top Sur 
face 320, a flat bottom surface 325, an outer side surface 330, 
and an elongated indentation 335 on an inner surface. It 
should be appreciated that the extensions 310 are not required 
to have the rod-like configuration shown in the drawings. 
0053 As shown in FIG. 4, each extension 310 can be 
manufactured from a cylindrical rod 410 that is machined to 
have flat Surfaces and an internal indentation and then con 
toured into the final “U” shape or into any desired shape. The 
extensions 310 are then attached to the central body 305 to 
form the occipital attachment 105 shown in FIGS. 3A and 3B. 
Alternately, the occipital attachment 105 can be manufac 
tured as a unitary device with the illustrated shapes rather than 
separately manufacturing and then attaching the central 
member and extensions. 
0054. It should be appreciated that other types of occipital 
attachments can be used with the system 100. 
0055 Bone Screw Configuration 
0056. As mentioned, the occipital attachment 105 is 
attached to the skull using the bone screws 130 (shown in 
FIG. 1), which have a head portion that engages the occipital 
attachment 105 and a shank portion that engages the skull. 
The boreholes 305 are configured such that the bone screws 
130 are polyaxial in that the axis of the bone screw can be 
varied to approach and enter the bone at a variety of angles. In 
one embodiment, the boreholes extend along an axis that is 
angled at a non-perpendicular angle relative to a horizontal 
plane of the occipital attachment 105. However, the boreholes 
are not required to extend along an axis that is angled at a 
non-perpendicular angle relative to a horizontal plane of the 
occipital attachment 105. The poly-axial bone screw configu 
ration provides a more secure attachment with the underlying 
bone than if the bone screws were required to enter the bone 
at a fixed angle, such as at a 90 degree angle. This also permits 
both bone screws to enter the bone in non-parallel trajectories 
and in trajectories that are non-perpendicular to the bone 
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Surface, although a perpendicular trajectory can be used. The 
poly-axial configuration also permits the screws to enter the 
bone along a trajectory that coincides with the Surgeon's line 
of sight and facilitates installment of the occipital attachment. 
0057 This is described in more detail with reference to 
FIG. 5A, which shows a schematic view of a bone structure 
505 attached to two occipital attachments, including the 
occipital attachment 105 with a poly-axial bone screw 130 
and an occipital attachment 510 having a fixed-angled bone 
screw 515 that enters the bone at a right angle. The “angle' is 
the angle between an outer surface 517 of the bone structure 
505 and a longitudinal axis of the bone screw, such as the 
longitudinal axis A of bone screw 130. The non-perpendicu 
lar angled configuration of the bone screw 130 permits the 
bone screw 130 to have a longer bone-contact length than the 
perpendicular bone screw 515. Because the bone screw 130 
enters the bone at a non-perpendicular angle, there is addi 
tional contact area between the bone screw 130 and the bone 
structure 505, thereby providing a more secure attachment. 
Thus, since the screws are not placed perpendicular to bone, 
longer bone screws may be used for any given bone thickness. 
As mentioned, the entry angle of the bone screw 130 can be 
varied due to the poly-axial configuration of the bone screw. 
The borehole itself can have a trajectory that facilitates a 
particular entry angle into the bone. 
0.058 Moreover, a wedge-shaped region 520 of bone is 
interposed between a distal tip 525 of the screw 130 and the 
bone surface 517. The wedge-shaped region 520 would have 
to be dislodged before the angled screw 130 can be avulsed 
from the occipital bone. These two factors work synergisti 
cally to significantly increase screw resistance to pull-out in a 
manner independent of screw design. 
0059 An additional advantage of the poly-axial bone 
screw configuration is described with reference to FIG. 5B, 
which schematically shows an occipital attachment 105 
attached to the sub-occipital bone 610. The axial trajectory of 
a poly-axial bone screw is represented by the arrow labeled 
'A'. This bone screw enters the bone at a downward angle 
(relative to FIG. 5B) that is non-perpendicular to the bone. 
The axial trajectory of a bone screw that enters the bone at a 
right angle is represented by the arrow labeled “B” in FIG. 
5B. In addition, the surgeon's typical lines of vision during 
surgery are also shown and labeled C in FIG. 5B. The bone 
screw with the trajectory A is more inline with the surgeon's 
line of vision than the bone screw with the trajectory B. This 
makes the procedure technically easier and decreases the 
likelihood of incorrect screw placement. It should be appre 
ciated that where the occipital attachment includes more than 
one bone screw, the trajectory of the placed screws are not 
necessarily parallel to one another. This provides a “crossed 
screw' configuration and forms an additional wedge of bone 
between the screw shafts, wherein the wedges must be dis 
lodged for screw pull-out, thereby further strengthening the 
fixation of the occipital attachment to the bone. 
0060. With reference to FIGS. 6A and 6B, one or more 
additional bone screws 135 can be inserted through the aper 
ture 315 and coupled to the occipital attachment 105. The 
additional bone screws 135 engage the extensions 310 rather 
than the central member 305 of the occipital attachment 105. 
As shown in FIG. 6A, each screw can be positioned through 
a collapsible adapter 602 that is sized and shaped to receive 
the bone screw 135 and to engage the u-shaped extensions 
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310. Alternately, the bone screws 135 can directly engage the 
extensions 310 through the aperture 315, as shown in FIG. 
6B. 
0061. The additional bone screws can be oriented such that 
the axes of the additional bone screws are positioned perpen 
dicular to the bone surface or at an angle that is different than 
the axes of the bone screws 130 in the central body 305. This 
permits the bone screws 130 in the central body 305 to have a 
first trajectory with the bone surface, while the bone screws 
135 through the aperture 315 have a different trajectory with 
the bone surface. Indeed, it should be appreciated that the 
poly-axial configuration of the bone screws permits the bone 
screws 130 and 135 to all have different trajectories through 
the bone such that none of the screws are aligned on a parallel 
trajectory or only some of the screws are aligned on a parallel 
trajectory. 
0062 FIG. 6C illustrates how the bone screws 130 central 
body 305 and the bone screws 135 through the apertures 315 
can have different trajectories to provide a “crossed screw’ 
configuration that can significantly increase pull-out strength 
and reduce the likelihood of screw loosening and device 
migration. While a particular screw configuration is shown, 
the cross-screw configuration can be achieved by using Vari 
ous combinations of screw trajectories for the screws. For 
example, the screws 130 in the central body 305 can have a 
perpendicular trajectory through the bone while the screws 
135 through the aperture 315 are a non-perpendicular trajec 
tory through the bone. 
0063. As shown in FIGS. 6B and 6D, the rod-fixation 
assemblies 110 can be positioned at various locations along 
the aperture 315 relative to the bone screws 135 in the aper 
ture 315. That is, the rod fixation assemblies 110 are movable 
to various locations within the aperture 315. Thus, the bone 
screws 135 can be positioned through the apertures 315 
between the rod fixation assemblies 110 and the central body 
305 (medial to the rod fixation assembly 110, as shown in 
FIG. 6B), or on the other side of the rod fixation assembly 110 
(lateral to the rod fixation assembles 110, as shown in FIG. 
6D.) The lateral positions of the bone screws provides great 
stability to the system shown in FIG. 6D. 
0064 Rod Fixation Assembly 
0065 FIG. 7 shows an enlarged view of the rod fixation 
assembly 110, which removably secures the occipital rod 115 
to the occipital attachment 105. As mentioned, the system 100 
includes one or more rod fixation assemblies 110 that at least 
partially fit within the apertures 315 in the occipital attach 
ment 105 and that couple the occipital rod 115 to the occipital 
attachment 105. With reference to FIGS. 2 and 7, the rod 
fixation assemblies 110 each include an outer saddle member 
705, an inner saddle member 710, and a locking nut 715. 
0066 FIGS. 8A and 8B shows a perspective and side 
views of the inner saddle member 710 of the rod fixation 
assembly 110. The inner saddle member 710 includes a cylin 
drical extension 805 that extends upwardly from a base hav 
ing an annular ledge 810. The extension 805 is sized to fit 
through the aperture 315 in the occipital attachment 105, 
although the ledge 810 has a transverse dimension that is 
larger than the dimension of the aperture 315. The transverse 
dimension of the ledge 810 is sized to sit within the indenta 
tion 335 (shown in FIG. 3B) on the inner surface of the 
occipital attachment 105. 
0067. A slot 815 is formed within the extension 805 for 
receiving the occipital rod 115. Threads 820 are disposed in 
an inner aspect of the extension 805 for mating with corre 
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sponding threads of the nut 715. In addition, at least one 
protrusion 825 is located on an exterior surface of the exten 
sion 805. The protrusion(s) 825 mate with corresponding 
indentation(s) in the outer saddle member 705, as described 
more fully below. 
0068 FIGS. 9A and 9B shows perspective and side views 
of the outer saddle member 705 of the rod fixation assembly 
110. The outer saddle member 705 includes a cylindrical wall 
905 having a slot 910 extending therethrough. At least one 
indentation 915 is disposed on an inner surface of the wall 905 
and is positioned to mate with the protrusion 825 of the inner 
saddle member 710 when the inner saddle member 710 and 
the outer saddle member 705 are coupled to one another. 
0069 FIG. 10 shows a cross-sectional view of the rod 
fixation assembly 110 in an assembled state and attached to 
the occipital rod 115 and the occipital attachment 105. The 
inner saddle member 710 is co-axially positioned within the 
outer saddle member 705 with the occipital attachment 105 
positioned therebetween. The locking nut 715 is positioned 
within the inner saddle member 710 such that the threads on 
the nut engage the threads in the inner saddle member 710. 
The locking nut 715 secures the occipital rod 115 in place. 
With the locking nut 715 seated, the occipital rod 115 is held 
in place by three contact surfaces A, B, and C. The bottom of 
the opening slot within the inner saddle member 710 is lower 
than the corresponding opening slot within the outer Saddle 
member 705 such that the lower surface of the occipital rod 
115 contacts the outer saddle member at surfaces A and B. 
The upper surface of the occipital rod 115 contacts the lower 
surface of the locking nut 715 along surface C. 
0070 FIG. 11 shows an alternative embodiment of the rod 
fixation assembly 110 wherein the inner saddle member 710 
includes a plurality of segments or portions. The cylindrical 
extension 805 and the ledge 810 comprise two separate pieces 
that mate together to collectively form the inner saddle mem 
ber 710. Using this design, the aperture 315 of the occipital 
attachment 105 can be made smaller than that needed to 
accommodate inner saddle member 710. 
0071. The disclosed rod fixation assembly is of great util 

ity. It permits rapid and precise placement of interconnecting 
rods without the extensive contouring required in current art. 
It minimizes the introduction of stress risers that are neces 
sarily formed by rod contouring and that can weaken the 
interconnecting rod. It also allows the connection of the cer 
Vical and occipital attachments without pre-load and avoids 
the placement of un-wanted pull-out forces onto the attach 
ment anchors (screws, etc.). These factors will collectively 
provide a construct of greater strength and stability. More 
over, since the risk of infection and other peri-operative mor 
bidity is directly related to the length of operation, and 
because the assembly simplifies and expedites the operative 
procedure, the overall operative risk to the patient is reduced. 
(0072 Locking Bone Screws 
0073. In the previously described embodiments, such as 
shown in FIGS. 1 and 2, the bone screws 130 are freely 
positioned in the bore holes 310 of the central body 305 of the 
occipital attachment 105. That is, the bone screws 130 freely 
pass through the bore holes 310 and engage the underlying 
bone structure but do not lock into the central body 305. In 
another embodiment, shown in FIGS. 12-14, one or more of 
the bone screws comprise locking screws 1210 that engage 
with and lock into the central body 305. 
0074. With reference to FIG. 12, in one embodiment the 
locking bone screws 1210 include a set of threads 1215 that 



US 2010/01 21384 A1 

engage corresponding threads located in the bore holes 312 of 
the central body 305. Thus, as the bone screws 1210 are 
driven into the underlying bone, the threads 1215 engage with 
and lock with the threads in the boreholes 312 of the central 
body 305. 
0075 FIGS. 13 and 14 show another embodiment of lock 
ing bone screws 1210 that lockingly engage a locking com 
ponent 1310 positioned in the central body 305. The locking 
component 1310 can be used to retain and lock the locking 
screws 1210 after they are fully seated in the bone and the 
central body 305. In the illustrated embodiment, the locking 
component 1310 includes a cam-shaped head that can be 
positioned between an unlocked position (shown in FIG. 13) 
and a locked position (shown in FIG. 14). In the locked 
position, the head of the locking component 1310 lockingly 
engages the locking screws 1210 to prevent the screws from 
being removed from the bone. In the unlocked position, the 
locking component 1310 is disengaged from the locking 
screws 1210 such that the screws can be loosened and 
removed from the bone. The cam-shaped locking component 
is rotated to move it between the locked and unlocked posi 
tions. 

0076. It should be appreciated that there are numerous 
known mechanisms through which the screws can be locked 
to a central body 305 after engaging the underlying bone. 
These include, but are not limited to, the methods and devices 
described in U.S. Pat. Nos. D440,311S, D449,692S, 5,364, 
399, 5,549,612, 5,578,034, 5,676,666, 5,681,311, 5,735,853, 
5,954,722, 6,039,740, 6,152,927, 6,224,602, 6,235,034, 
6,331,179, 6,454,769, 6,599,290, 6,602,255, 6,602,256, 
6,626,907, 6,652,525, 6,663,632, and 6,695,846. This is not 
an exhaustive listing and many other screw retention methods 
have been developed and illustrated. It is understood that one 
of ordinary skill in the art can apply the locking screw mecha 
nisms of the aforementioned patent documents to the device 
disclosed in this application. 
0077 Button Attachments 
0078 FIG. 15A shows an embodiment of the system 100 
that includes one or more button attachments 1510 having a 
base 1515 and attached to an upwardly-extending post 1520 
centrally positioned on the base 1515. The button attachment 
1510 may be placed through a burr hole into the sub-occipital 
skull and provide an additional method of fixation for the 
occipital attachment 105. The base 1515 engages the skull 
and the posts 1520 engage the occipital attachment 105 using 
one or more couplers 1530. The couplers 1530 are sized to 
engage the extensions 310 of the occipital attachment 105 and 
are secure to the posts 1520 using a locking component. Such 
as a nut 1525. 

0079 Pursuant to a conventional button-attachment pro 
cedure, a “keyhole' shaped hole slightly larger than the base 
1515 of the button is made in the bone. The hole is “keyhole” 
shaped in that the hole has a circular portion 1550 and a slot 
portion 1555 that extends outwardly from the circular por 
tion, as shown in FIG. 15B. The base 1515 of the button 
attachment 1510 is placed through the circular portion 1550 
of the hole and the post 1520 is slidalong the slot portion 1555 
such that the central post 1520 extends through the slot 1555 
with the base 1515 being too large to fit through the slot 
thereby “locking the button within the slot. The nut 1525 is 
then engaged with the post 1520 such that the occipital attach 
ment 105 is secured to the button 1510 using the coupler 
1530, as shown in FIG. 16. In this way, the head 1515 of the 
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button attachment 1510 lies beneath the inner table of the 
skull and acts as a clamp around the full thickness of the 
Sub-occipital bone. 
0080 FIG. 17A shows another embodiment of the button 
attachments 1510 wherein the posts 1520 are positioned off 
center of the base 1515. That is, the posts 1520 are attached to 
the base 1515 at a location that is distanced from the center 
point of the base 1515. In the illustrated embodiment, the post 
1520 is located at the periphery of the base 1515 at a maxi 
mum distance from the centerpoint of the base 1515. How 
ever, it should be appreciated that the posts 1520 can be 
positioned at a variety of locations off-center of the base. 
0081. The use of the button attachments 1510 with the 
off-center post is now described with reference to FIGS. 
17B-17D. FIG. 17B shows a plan view of the button attach 
ment 1510 anchored to a bone structure B via a hole H formed 
in the bone structure B. For clarity of illustration, the base 
1515 is shown in phantom lines. FIG. 17C shows a cross 
sectional side view of the button attachment 1510 positioned 
above the hole H in the bone structure B prior to insertion. 
FIG. 17D shows a cross-sectional side view of the button 
attachment 1510 after insertion through the hole H and 
anchored to the bone structure B. 

0082. With reference to FIG. 17C, the button attachment 
1510 is first positioned above the hole H that was previously 
formed in the bone structure B. Note that the hole H is not 
required to have a keyhole shape, although a keyhole shape 
can be used if desired. The base 1515 of the button attachment 
1510 is then moved into or through the hole H and is slid 
laterally until the post 1520 abuts the bony edge of the hole, as 
shown in FIG. 17D. Thus, the base of the button attachment 
1510 is inserted through the hole and moved laterally such 
that a side of the post 1520 abuts the bony edge of the hole. 
I0083. As best shown in FIG. 17D, an upper surface of the 
base 1515 contacts an underside of the bone structure B in a 
manner that provides sufficient contact therebetween such 
that the base 1515 anchors in a hook-like manner to the bone 
structure B. The base 1515 desirably has a transverse dimen 
sion that is less than the transverse dimension of the hole H to 
permit the base to be inserted through the hole. Moreover, the 
base desirably has a transverse offset length L (shown in FIG. 
17D) that is offset from the post 1520 wherein the transverse 
offset length L provides the base 1515 with a size or contact 
area sufficient to anchor to the bone structure. It should be 
appreciated that the base 1515 can have a wide variety of 
shapes that permit the base 1515 to anchor to the underside of 
the bone structure. 
0084. Multi-Axial Connectors 
I0085. There is now described a multi-axial occipito-cer 
vical connection system that enables the occipital rod 115 to 
be coupled to the cervical rod 120 in a manner that permits 
multi-axial, relative movement between the two rods about a 
predetermined location, such as the heads of the rods. The 
system includes a locking mechanism that can be actuated to 
lock the relative positions of the rods. As mentioned, the rods 
can provide an interconnection between an attachment(s) on 
the skull (such as the occipital attachment) and an attachment 
(s) to the spine (Such as spine screw(s)). It should be appre 
ciated that various other interconnecting members can be 
used in place of the rods, some of which are described below. 
I0086 FIG. 18 shows a perspective view of a first embodi 
ment of a multi-axial occipito-cervical connection system 
1810 that includes the multi-axial connector 125, the occipital 
rod 115, and the cervical rod 120. The multi-axial connector 
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125 permits the distal ends of the occipital rod 115 and the 
cervical rod 120 to mate with respective occipital and cervical 
attachments without having to contour the rods, as described 
in detail below. Advantageously, the multi-axial connector 
125 connects the occipital rod 115 to the cervical rod 120 in 
Such a way that the two rods can be adjusted over multiples 
axes relative to each other. 
I0087 FIG. 19 shows an exploded view of the multi-axial 
connector 125, which includes a main housing 1910 that 
couples to a head 1915 located on a proximal end of each of 
the rods 115 and 120. The multi-axial connector 125 further 
includes a locking member 1920 that can be positioned at 
least partially within the housing 1910. The locking member 
1920 preferably interacts with a pair of caps 1925 that each 
interact with a respective head 1915 of the rods 115, 120 to 
lock the position of the rods relative to one another, as 
described below. An actuator member 1930 adjustably 
engages the housing 1910 (via a channel 1935 in the housing 
1910) and the locking member 1920 (via a bore 2030 in the 
locking member 1920) to control locking of the orientation of 
the rods 115, 120, as described in more detail below. 
0088 FIG. 20 shows a cross-sectional view of the multi 
axial connector 125 in an assembled state and coupled to the 
occipital rod 115 and the cervical rod 120. In the illustrated 
embodiment, the housing 1910 has a central portion with an 
internal, wedge-shaped cavity 2010 that receives the locking 
member 1910. The locking member 1910 has a complemen 
tary wedge-shape that fits within the cavity 2010. Lateral 
portions of the housing 1910 each include a bore 2015 that 
forms an opening 2020 in the housing 1910. 
I0089. The spherical head 1915 of each rod is sized to fit 
within a corresponding bore 2015. The opening 2020 for each 
bore 2015 is smaller than the maximum transversedimension 
of the corresponding head 1915 but greater than the trans 
verse dimension of the rod attached to the head 1915. Thus, 
the head 1915 cannot slide through the opening 2020 
although the rod is Small enough to slide through the opening 
2020. When the head 1915 of a rod is positioned within a 
corresponding bore 2015 as shown in FIG. 19, the smaller 
opening prevents the head 1915 from sliding out of the hous 
ing 1910 through the opening 2020. 
0090. With reference still to FIG. 20, a cap 1925 sits atop 
the head 1915 of each rod. Each cap 1925 has an abutment 
surface 2025 that extends at least partially into the cavity 
2010. The locking element 1920 sits within the cavity 2010 
such that a locking caps 1925 is interposed between the lock 
ing element 1920 and a respective head 1915 of a rod. Alter 
nately, the cap(s0 1925 may be eliminated altogether and the 
side arms of the housing 1910 made sufficiently shallow so 
that a portion of the heads 1915 sits within the cavity 2010. In 
this way, the locking element makes direct contact with the 
heads 1915. The locking element 1920 includes an internally 
threaded, mid-line bore 2030 that aligns with the channel 
1935 of the housing 1910 when the locking element 1920 is 
positioned within the cavity 2010. In an alternative embodi 
ment, the caps 1925 are not present and the heads 1915 
directly contact the locking element 1920. This allows the 
size of the housing 1910. 
0091. In the embodiment shown in FIG. 20, the actuator 
member 1930 comprises a screw having a threaded post 2035 
and a screw head 2040. The threaded post 2035 is sized and 
shaped to engage the threaded bore 2030 in the locking ele 
ment 1920. The head 2040 of the actuator member 1930 can 
include a coupling structure, Such as, for example, a hexago 
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nal cavity, that is configured to receive a complimentary 
driver, Such as, for example, an Allen-style wrench, for rotat 
ing and driving the actuator member 1930 into the locking 
element 1920. 
0092. The mechanism for adjusting and locking the rods 
using the multi-axial connector 125 is now described. After 
the distal end of each rod is fixed to either the occipital or 
cervical attachment(s), the actuator 1930 comprised of the 
screw is tightened into the locking element 1920. The tight 
ening of the actuator 1930 draws the locking element 1920 
deeper into the wedge-shaped cavity 2010 in the housing 
1910, as exhibited by the arrows 2050 in FIG. 20. As the 
locking element 1920 advances deeper into the cavity 2010, it 
contacts the curvilinear abutment surface 2025 of each cap 
1925 and drives the caps 1925 further into the bores 2015. The 
caps 1925 exert a force F on the heads 1915 of the rods. The 
force F causes the spherical heads 1915 to sit tightly within 
the respective bores 2015 and immobilizes the spherical head 
1915 of each rod within the respective bore in the housing 
1920. In this way, the position of the rods 115 and 120 and/or 
bore 2015 are locked. The heads of the rods and the abutment 
surface 2025 of the caps 1925 may be further textured or 
ridged in order to increase the frictional contact between them 
and thereby increase the holding power of the device. 
0093 FIG. 21 shows another embodiment of the multi 
axial connector 125 in which a barrel nut 2110 is positioned 
inside a bore 2115 the locking member 1920. The barrel nut 
2110 has a threaded bore 2120 that is sized to receive a 
complementary-threaded post 2035 of the actuator member 
1930 for tightening the locking member 1920 within the 
housing 1910. 
0094. It should be appreciated that various other mecha 
nisms can be used to lock the position of the rods. For 
example, FIG. 22 shows an embodiment of the multi-axial 
connector 125 wherein the locking member 1920 has a 
threaded post 2210 that protrudes out of the housing 1910. 
The actuator member 1930 comprises a threaded nut 2215 
that engages the post 2210. The nut 2215 is tightened to pull 
the locking member 1920 deeper into the cavity of the hous 
ing 1910 and lock the position of the rods 115, 120. 
(0095 FIG.23 shows yet another embodiment of the multi 
axial connector, wherein the multi-axial connector 2310 is 
integrated into the distal end of one of the rods. The multi 
axial connector 2310 is shown integrated into the rod 120, 
although it should be appreciated that it can be integrated into 
either rod 115 or 120. In this embodiment, the multi-axial 
connector 2310 comprises a cup member 2315 having an 
internal cavity 2320 sized to receive the head 1915 of the rod 
115. A locking member comprised of a threaded nut 2320 has 
aborehole 2325that is sized to receive the rod 115 but Smaller 
than the head 1915 of the rod 115. The head 1915 can be 
secured in the cup 2315 and tightened therein by tightening 
the nut 2320 with the rod in a desired orientation. 

0096 FIG. 24 shows yet another embodiment of the multi 
axial connector wherein at least one of the rods utilizes a 
collapsible head 2410. The head 2410 has a threaded bore 
2415 that receives a screw 2418. The collapsible head 2410 
can be pushed into the bore 2015 in the housing 1910. Once 
inside the bore 2015, the threaded screw 2418 mates with and 
expands the head 2410 rendering the head un-collapsible 
such that the head 2410 is retained in the housing 1910. 
Alternatively, one side of the bore may be cut away as illus 
trated in FIG. 25. The diameter of the cut opening 2510 is 
greater than that of a neck 2515 but less than that of the head 
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2520 of the rod, permitting the placement and retention of the 
head 2520 within the bore in the housing 1910. 
0097 Method of Use 
0098. In use, the occipital attachment 105 is placed at the 
posterior aspect of the skull and centered over the midline of 
the underlying bone. The device is preferably, but not neces 
sarily anchored into the Sub-occipital skull. 
0099. The occipital attachment 105 attaches to the occipi 

tal bone or sub-occipital bone of the skull using the bone 
screws 130 (shown in FIG. 1), which are placed through the 
bore holes 312 within central body 305 and into the midline of 
the underlying bone. The bone screws 130 follow the angled 
trajectory of the bore holes 312 and attach to the underlying 
bone in a trajectory that is not perpendicular to the bone 
Surface. As mentioned, additional bone screws, button attach 
ments or other fasteners (cables, etc) may be placed into the 
central body 305 through the apertures 315 to provide addi 
tional fixation. The screws can be placed in a cross-screw 
configuration to enhance the attachment of the occipital 
attachment with the skull. 
0100 Each rod is cut to appropriate length. On each side of 
the occipital attachment 105, an occipital rod 115 is attached 
to the occipital attachment 105 via the rod fixation assembly 
110 (shown in FIG.1). The cervical rods 120 are then attached 
to at least a portion of the cervical spine 2115 using one or 
more cervical attachments in a well-known manner. The cer 
vical rod 120 is preferably locked into the cervical attachment 
(s) first. Subsequently, the occipital rod 115 is locked into the 
rod fixation assembly 110 of the occipital attachment 105. 
0101 The multi-axial connector 125 couples the occipital 
rod 115 to the cervical rod 120. After the rods have been 
attached as described above, the multi-axial connector 
between the two rods is then locked. While the preferred order 
of lock deployment is illustrated, the locks may be deployed 
in any order that the Surgeon prefers. Once all connection 
points are tight, the construct is rigid. Advantageously, the 
multi-axial connector 125 permits multi-axial movement of 
the rods 115, 120 relative to one another about the center of 
the respective heads that are attached to the multi-axial con 
nector over a defined distance. The relative positions and 
orientations of the rods can be adjusted and then locked in the 
desired orientation and position. Advantageously, this does 
away with the need in prior art devices to contour the inter 
connecting rod between the skull and the spine. 

Additional Embodiments 

0102 FIG. 26 shows another embodiment wherein the 
occipital rods 115 are replaced with elongated plate members 
2610 and attached to the cervical rods 120 via any embodi 
ments of the multi-axial connectors 125. The plate members 
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2610 are elongated and include one or more apertures that are 
sized to receive attachment devices, such as screws 130, for 
attaching the plate members 2610 to the skull. Other types of 
attachment devices. Such as buttons, can be used to attach the 
plate members 2610 to the skull. The embodiment shown in 
FIG. 26 eliminate the need for the occipital attachment 105 
shown in FIG. 1 as the plate members 2610 attach directly to 
the skull. 
(0103 FIG. 27 shows another embodiment wherein the 
occipital attachment 105 is used in combination with the plate 
members 2610 and with the cervical rods 120. it should be 
appreciated that in any of the embodiments, the cervical rods 
120 can also be replaced with plate members that are attached 
to a portion of the spine. 
0104 FIG. 28 shows yet another embodiment wherein the 
occipital rods 115 and the occipital attachment 105 are col 
lectively replaced by a skull connector comprising a “U”- 
shaped plate 2810 having a central member 2815 that is 
similar to the central member 305 of the occipital attachment 
105. The central member 2815 can differ in thickness from 
the u-shaped plate 2810 or it can be of similar or same thick 
ness. The central member 2815 has boreholes for receiving 
bone screws, wherein the boreholes can be perpendicular or 
non-perpendicular (or a combination thereof) relative to a 
horizontal, as described above. The “U”-shaped plate 2810 
has a plurality of apertures that can receive additional attach 
ment members. Such as screws or buttons, for providing addi 
tional points for plate fixation to underlying bone. In any of 
the embodiments described herein, other attachment mem 
bers, such as cables, etc, can also be used. 
0105. A number of embodiments have been described. 
Nevertheless, it will be understood that various modifications 
may be made without departing from the spirit and scope of 
the claims. Accordingly, other embodiments are within the 
Scope of the following claims. 
What is claimed is: 
1. A fastening button for fastening a device to a bone, 

comprising: 
a base having an engagement Surface for engaging a Sur 

face of the bone having a hole; and 
a post extending outwardly from the base, an outer Surface 

of the post configured to engage an edge of the hole in 
the bone, wherein the post is positioned in an off-center 
location relative to the base. 

2. The fastening button of claim 1, wherein the base is 
circular. 

3. The fastening button of claim 1, wherein the post is 
threaded and is configured to mate with threaded nuts for 
coupling the fastening button to a skull attachment device. 
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