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includes a compression member (130, 230) having a conical inner surface
(136, 236) and a locking member (140) having an outer surface (142, 242)
adapted to mate with the conical inner surface (136, 236) of the compres-
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PEDICLE SCREW ASSSEMBLY AND METHOD OF ASSEMBLY

Cross Reference to Related Application

[0001] This application is related and claims priority to U.S. provisional patent
application number 61/390,000 filed on October 5, 2010, the entirety of which is hereby

incorporated by reference.

Technical Field

[0002] This invention relates generally to the field of surgical implants, and more

specifically, to the field of spine fixation devices and assemblies.

Background of the Invention

[0003] Spinal fixation assemblies may be used to align and/or fix a desired
relationship between adjacent vertebrae. Such assemblies generally include a connecting rod
that is attached to a plurality of vertebral bodies by an anchoring device which may include
hooks, bolts, wires, or screws. The connecting rod can have a predetermined shape or contour
that has been designed according to the properties of the target implantation site, and once
installed, the rod secures the plurality of vertebral bodies in a specific spatial relationship to

allow bone fusion to occur.

[0004] Spinal rods can be anchored to various anatomic aspects of the vertebral
bodies, but because of the size and contour variances seen in the spine, a variety of anchoring
devices have been developed and are commercially available. Pedicle screw assemblies are
an example of an anchoring device and typically include a bone screw that has a threaded
shank and a head portion that is connected in some manner to a receiving element. The
receiving element may include a portion that is usually in the form of a U-shaped slot that
accepts a connecting rod. A threaded set-screw or cap may be used to lock the rod into the

receiving element that is coupled to the bone screw.

[0005] In order to clinically address the vertebral size and anatomic differences seen
within the various portions of the spinal column, pedicle screw systems that are used
currently frequently incorporate designs that require complex assembly steps which increase
the cost of manufacturing and difficulty with intraoperative assembly. In addition, current
pedicle screw system designs typically require a high tightening torque to achieve an
adequate lock on the bone screw implants. As a result of the high tightening torque force

requirements, larger implant profiles may be necessary to withstand the resultant loads and
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cause disruption or fracture at the screw-bone interface. Further, a continuing unsolved
problem exists with previous pedicle screw designs with the splaying or separation of
receiving element or housing when a top screw or threaded member is threaded into or
engaged with the housing to apply an adequate load to the rod that is being held within the

housing.

[0006] Accordingly, there remains a need for a pedicle screw assembly that is bottom
loading to allow for adequate fixation of the rod to the receiving element while not disrupting
the bone-bone screw interface during implantation or splaying of the receiving element when

set screw securement occurs.

Summary of the Invention

[0007] Advancement of the state of pedicle screw assemblies is believed desirable.
This disclosed embodiment is designed to allow for adequate securement of an elongated
member to a receiving housing without compromising the bone-bone screw interface that
may occur when a high torque is placed onto the set screw during intraoperative assembly.
Further, the disclosed pedicle screw assembly utilizes a novel receiving housing/locking
member/collet and compression member arrangement that reduces the splaying forces that
are intrinsic with a set screw on elongated member locking interface. The reduction in
splaying forces, even at high torque loads, allows the receiving housing to be constructed

with a lower outside profile.

[0008] The invention provides, in one aspect a pedicle screw assembly that includes
a bone fastener having a head at a proximal end and a threaded portion that extends between
the proximal end and a distal end. The assembly may also include a compression member
having a cylindrical outer surface and a conical inner surface. The assembly may further
include a locking member having an outer surface adapted to mate with the conical inner
surface of the compression member and a receiving housing that has a central bore extending
from a proximal end to a distal end with the distal end having a first opening sized to receive
the head of the bone fastener and the proximal end having a second opening sized to receive

the locking member and the compression member.

[0009] Another embodiment of the invention is a method of assembling the pedicle
screw system. The method may include the step of proximally inserting the locking member
into the central bore of the receiving housing. The method may also include the step of

inserting the head of a bone fastener through a distal opening of the central bore of the
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receiving housing to operationally couple with the locking member. A further step may be
seating the locking member in a distal portion of the central bore that is proximate to the
distal opening. The method may also include the steps of proximally inserting a compression
member into the central bore of the receiving member and then positioning the internal
conical surface of the compression member adjacent to an external conical surface of the

locking member.

[0010] Further additional features and benefits will become apparent from the
attached drawings and following descriptions of the present invention. Other embodiments
and aspects of the invention are described in detail herein and are considered a part of the

claimed invention.

Brief Description of the Drawings

[0011] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other objects, features and advantages of the invention are apparent from the following

detailed description taken in conjunction with the accompanying drawings in which:

[0012] FIG. 1 is an exploded view of one embodiment of a pedicle screw assembly, in

accordance with an aspect of the present invention;

[0013] FIG. 2 is a side view of the pedicle screw assembly of FIG. 1, in accordance

with an aspect of the present invention;

[0014] FIG. 3 is a lateral view of the pedicle screw assembly of FIG. 1, in accordance

with an aspect of the present invention;

[0015] FIG. 4 is a top, perspective view of the pedicle screw assembly of FIG. 1, in

accordance with an aspect of the present invention;

[0016] FIG. 5 is a cross-sectional view of the pedicle screw assembly of FIG. 1, in

accordance with an aspect of the present invention;

[0017] FIG. 6 is an exploded view of an alternative embodiment of a pedicle screw

assembly, in accordance with an aspect of the present invention;

[0018] FIG. 7 is a side view of the pedicle screw assembly of FIG. 6, in accordance

with an aspect of the present invention;

[0019] FIG. 8 is a lateral view of the pedicle screw assembly of FIG. 6, in accordance

with an aspect of the present invention;
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[0020] FIG. 9 is a top, perspective view of the pedicle screw assembly of FIG. 6, in

accordance with an aspect of the present invention;

[0021] FIG. 10 is a cross-sectional view of the pedicle screw assembly of FIG. 6, in

accordance with an aspect of the present invention;

[0022] FIG. 11A is an enlarged sectional view of a receiving housing of the pedicle

screw assembly of FIG. 1, in accordance with an aspect of the present invention;

[0023] FIG. 11B is an enlarged sectional view of the receiving housing of the pedicle

screw assembly of FIG. 6, in accordance with an aspect of the present invention;

[0024] FIG. 12A is an enlarged sectional view of a compression member of the

pedicle screw assembly of FIG. 1, in accordance with an aspect of the present invention;

[0025] FIG. 12B is an enlarged sectional view of the locking member of the pedicle

screw assembly of FIG. 1, in accordance with an aspect of the present invention;

[0026] FIG. 13A is an enlarged sectional view of a compression member of the

pedicle screw assembly of FIG. 6, in accordance with an aspect of the present invention;

[0027] FIG. 13B is an enlarged sectional view of the locking member of the pedicle

screw assembly of FIG. 6, in accordance with an aspect of the present invention; and

[0028] FIG. 14 is a flow chart showing the method of assembly of the pedicle screw

system, in accordance with an aspect of the present invention.

Detailed Description for Carrving out the Invention

[0029] For the purposes of promoting an understanding of the principles of the
pedicle screw assembly, reference will now be made to the embodiments, or examples,
illustrated in the drawings that have been attached hereto and specific language will be used
to describe these. It will nevertheless be understood that no limitation of the scope of the
invention is thereby intended. Any alterations and further modifications in the described
embodiments, and any further applications of the principles of the invention as described
herein are contemplated as would normally occur to one skilled in the art to which the pedicle

screw assembly invention relates.

[0030] In this detailed description and the following claims, the words proximal,

distal, anterior, posterior, medial, lateral, superior and inferior are defined by their standard
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usage for indicating a particular part of a surgical implant according to the relative
disposition of the surgical implant or directional terms of reference. For example, “proximal”
means the portion of the surgical implant positioned nearest the torso while “distal” indicates
the part of the surgical implant farthest from the torso. As for directional terms, “anterior” is
a direction towards the front side of the body, “posterior” means a direction towards the back
of the body, “medial” means towards the midline of the body, “lateral” is a direction towards
the sides or away from the midline of the body, “superior” means a direction above, and
“inferior” means a direction below another object or structure. In addition, for the purposes
of this disclosure when referencing the components and the assembly, the term “proximal”
may also mean the portion of the component or assembly that is closest or nearest an
insertion instrument. The term “distal” may mean the portion of the component or assembly

that is farthest away from the insertion instrument.

[0031] Generally stated, disclosed herein is a pedicle screw assembly for use to
secure an elongated member, for example a rod, to adjacent vertebral bodies. The pedicle
screw assembly typically has a set screw or retaining member, an elongated member, a
compression member, a locking member, a receiving housing and a bone fastener, which may
be in the form of a bone screw. Also, described herein is a method of assembly of the pedicle
screw system, which includes the bottom or distally loading of the bone fastener into the
central bore of a receiving housing. The invention or assembly will generally be referred to
herein as a “pedicle screw assembly,” a “pedicle screw system,” or simply an “assembly” or

“a system” for ease of discussion.

[0032] FIG. 1 shows the general arrangement of a pedicle screw assembly 100 in
accordance with an aspect of the present invention. Assembly 100 includes, generally, a set
screw or retaining member 110, an elongated member 120, a compression member 130 and
locking member 140 and receiving housing 150 and a bone fastener 170. As seen in FIGS. 1
and 2, set screw 110 is generally cylindrical in shape and includes a top surface 111 that may
have an internal drive feature 112 which may be hex or hex lobe in shape to mate with a
corresponding insertion or driver tool. As see in FIG. 1, set screw 110 has screw threads 113
disposed on its outer surface that match the internal thread pattern of receiving housing 150.
Typically, because of the large torsional loads that may be applied to set screw 110, standard
buttress threads may be used, although other thread patterns may also be used depending up
on the clinical application of the assembly. Set screw 110 also may include a bottom surface

114 that will contact elongated member 120 when tightened. Set screw 110 applies a
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compressive force that is transmitted through assembly 100 to secure bone fastener 170 in a
specific position. Bottom surface 114 is seen as being planar, although other geometric
configurations may be utilized to maximize force transmission and eliminate point loading at

the bottom surface-clongated member interface.

[0033] As seen in FIGS. 1-5, assembly 100 may include an elongated member 120
that has a length that spans over the vertebral bodies to which the assembly 100 is secured.
Elongated member 120 is shown as a rod that may be fabricated from generally accepted bio-
inert materials including but not limited to stainless steel, titanium, cobalt chromium, shape
memory metal and other bio-compatible metal alloys. Also, elongated member 120 may be
fabricated from certain bio-inert polymers and composites, including but not limited to
carbon fiber composites to provide flexibility within the construct. Elongated member 120
may also be in the form of a cable or other similar cylindrical structure. Although eclongated
member 120 is seen to have a circular cross-sectional geometry, other geometries may be
utilized so long as the diameter or cross-section is sized to fit with the U-shaped channel 160

(see FIG. 2) of receiving housing 150.

[0034] FIGS. 1 and 12A show compression member 130 has being generally
cylindrical in nature, with a through hole 131 at the center. Through hole 131 would permit
the use of a drive or removal instrument to pass through compressive member 130 and
interface directly with bone fastener 170. Compression member 130 also includes an upper
or top surface 132 that will contact the bottom aspect of elongated member 120 when
assembly 100 is constructed. Top surface 132 is seen in FIGS. 1 and 12A as being planar. It
is further contemplated that, although not shown, top surface 132 may include a depression to
form an arcuate surface that will result in more surface contact between compression
member 130 and elongated member 120 when assembly is loaded by set screw 110. The
sectional view seen in FIGS. 5 and 12A show that the lower or bottom surface 133 of
compression member 130 as being generally planar. The planar orientation facilitates the

seating of compression member 130 within the central bore 151 of receiving housing 150.

[0035] Also seen in FIG. 12A is the conical inner surface 136 of compression
member 130. Conical inner surface 136 includes a draft angle that corresponds to the taper
angle of the conical outer surface 142 of locking member 140. Conical inner surface 136 is
designed and configured to interact and engage with conical outer surface 142 of locking
member 140 to facilitate the load transfer between these two elements when a compressive

force is applied by the tightening of set screw 110 during the assembly process. The taper
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angles of conical inner surface 136 and conical outer surface 142 allow for surface contact
between the two elements when seated relative to each other and diminish potential point

loading.

[0036] Compression member 130 also has a smooth cylindrical outer surface 134 that
assists the assembly process as compression member 130 is inserted into central bore 151
proximally and is initially positioned within the intermediate portion 157 of receiving
housing 150. FIG 12A also shows a chamfer or relief 137 at the distal end of compression
member 130. Chamfer 137 facilitates the passage of compression member 130 over the
retention mechanism 159 located on the inner surface 158 of intermediate portion 157 of
receiving housing 150. (See FIG. 11A) The functionality of retention mechanism 159 will be

discussed in more detail below.

[0037] FIGS. 1, 5 and 12B show locking member 140 which functions to encapsulate
and hold the spherical head 171 of bone fastener 170 when a compressive load is applied to
compression member 130. As seen in FIG. 12B, the inner surface 141 of locking member 140
is spherically shaped relative to the central axis of assembly 100. Spherical inner surface 141
is configured to mate with the corresponding spherical head 171 of bone fastener 170. One
skilled in the art would appreciate that many shape variations could be used (e.g. cylindrical
and conical) both for the head of bone fastener 170, and the inner surface of locking member
140. In order to operate properly, if a different shape is used in the assembly, the inner

surface of locking member 140 will need to match the head shape of bone fastener 170.

[0038] The outer surface 142 of locking member 140 in the proximal portion 143 is
conically shaped to match the conically shaped inner surface 136 of compression member
130 when the two components are mated together. Conical outer surface 142 tapers out from
the top aspect to the bottom aspect of locking member 140, such that the top edge of conical

outer surface 142 is smaller in diameter than the bottom edge of conical outer surface 142.

[0039] As seen in FIG. 12B, a circumferential flange 145 is positioned at the distal

portion 144. Flange 145 may interface or engage with the bottom of the first opening or distal
opening 154 in receiving housing 150. Flange 145 may also function to keep locking member
140 from falling through first opening 154 and out of central bore 151. Locking member 140
is generally anticipated to be a single component with material removed in multiple locations
to permit elastic deformability, either expandability or compressibility. More specifically, as

seen in FIGS. 1 and 12B, proximal portion 143 includes several vertically oriented slots 146
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that allow for the elastic expansion of spherical inner surface 141 when spherical head 171 is
advanced into locking member 140 from a distal or bottom direction. One skilled in the art
will appreciate that such expansion of locking member 140 may be accomplished by other
mechanical means through other various oriented relief placement, as well as by fabricating
locking member 140 out of a tough and elastically deformable material. The expandability of
proximal portion 143 and spherical inner surface 141 allows locking member 140 to receive a
larger diameter bone fastener head than the non-expanded sized spherical inner surface 141.
Having the ability to expand will facilitate maximum surface contact between spherical inner

surface 141 and spherical head 171 following placement within locking member 140.

[0040] As seen in FIGS. 2 and 3, receiving housing 150 has a generally tulip-like
shaped outer profile with at least two horizontally oriented bosses 163 extending away from
the outer surface 162. Bosses 163 are oriented to facilitate the connection of an insertion

instrument that may be using during an open or minimally invasive surgical procedure.

[0041] FIGS. 5 and 11A are sectional views of receiving housing 150 and show
central bore 151 extending throughout, from the proximal end 152 to the distal end 153. First
opening or distal opening 154 is a hole that is located at the bottom or distal end 153 of
receiving housing 150 and is sized to receive spherical head 171 when assembly 100 is being
constructed. A second opening or proximal opening 155 is located at proximal end 152 and is
configured to receive locking member 140, compression member 130, eclongated member 120
and set screw 110. Oriented perpendicular to central bore 150 is transverse U-shaped channel
160 that extends from one side of receiving housing 150 to the opposite side. U-shaped
channel 160 is configured to receive elongated member 120 during the assembly of system
100.

[0042] Also shown in FIGS. 5 and 11A, threads 156 are located on the inner surface
of central bore 151 in proximal end 152. Threads 156 are the same as the corresponding
threads 113 of set screw 110, which for example purposes are shown to be buttress threads.
Threads 156 extend for a limited length within central bore 151 to avoid interference with
inserted elongated member 120 following seating at the base of U-shaped channel 160.
Intermediate portion 157 extends between proximal end 152 and distal end 153 and typically
has a smooth inner surface 158 to facilitate the placement of compression member 130 and
locking member 140 along central bore 151. Disposed on inner surface 158 is retention
mechanism 159 that is shown in FIG. 11A for example purposes to be a circumferential

ramped barb or projection. Other shaped circumferential projections or incremental tabs may
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be used as well. Retention mechanism 159 functions to keep compression member 130
positioned in distal end 153 of receiving housing 150 when low or no compressive loads are
being applied by set screw 110. In operation, locking member 140 is advanced first through
second opening or proximal opening 155 into central bore 151 to a position in distal end 153.
Compression member 130 typically has a larger outer diameter than locking member 140 is
then placed into central bore 151 through second opening 155 and advanced into intermediate
portion 157. Chamfer 137 facilitates the passage of compression member 130 over retention
mechanism 159 to a position below or more distal to retention mechanism 159. The
projection or ridge that comprises retention mechanism 159 extends towards the center of
central bore 151 and acts to keep compression member 130 below retention mechanism 159
because the larger diameter of compression member 130 cannot move past the narrower

diameter that has been created by retention mechanism 159.

[0043] As seen in FIG. 11A, the diameter of central bore 151 decreases distally to
create a circumferential ledge or shelf 161 proximate to first opening or distal opening 154.
Ledge 162 engages flange 145 of locking member 140 to securely seat locking member 140
at distal end 153. Seating locking member 140 will prevent locking member 140 from

expanding and releasing spherical head 171 once positioned adjacent spherical inner surface
141.

[0044] FIG. 1 further shows bone fastener 170 before insertion into first or distal
opening 154 of receiving housing 150. For example purposes, bone fastener 170 is shown as
a bone screw, although one skilled in the art will appreciate that many different types of bone
fasteners may be used, including but not limited to pins, rods and hooks. Bone fastener 170
has a proximal end 173 and a distal end 174 with an intermediate threaded portion 172.
Threaded portion 172 typically will have cancellous threads to maximize bone thread contact
to increase pullout strength. Distal end 174 may also include a self-tapping tip to facilitate
insertion into the bone. Bone fastener 170 also includes a spherical head 171 that extends
from proximal end 173. Included within spherical head 171 may be a female or internal drive
opening 175 that receives a tip of a screw driver or like insertion tool. The configuration of
internal drive opening 175 may be for example, a hex or hex lobe. Spherical head 171 also
has a spherical outer surface 177. Surface 177 will typically be textured or roughened in
some manner, including have a blast finish or slight circumferential ridges. The surface
texturing assists with the securement of spherical head 171 within locking member 140

following placement of spherical surface 177 in contact with spherical inner surface 141 of
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locking member 140. As a result of the alignment of spherical head 171 within locking
member 140, bone fastener 170 does not interact or come in contact with receiving housing
150 or elongated member 120 in any manner. As noted above, it is contemplated that other
shaped heads for bone fastener 170 may be used for certain clinical situations. These shapes
could include a cylinder, conical, oval, and tubular. In the event that an alternative shape is
used for the head of bone fastener 170, the inner surface of locking member 140 will need to
match the alternative shape in order to maximize surface contact and securement between

locking member 140 and bone fastener 170.

[0045] FIGS. 6-10, 11B, 13A and 13B further show an alternative embodiment of the
pedicle screw assembly. Many of the structural elements included in the alternative
embodiment mirror the functionality of the structural elements disclosed above, although

different reference numbers have been used to identify these elements.

[0046] FIG. 6 shows the general arrangement of an alternative embodiment of a
pedicle screw assembly 200 in accordance with an aspect of the present invention. Assembly
200 includes, generally, a set screw or retaining member 210, a compression member 230, a
locking member 240, a receiving housing 250 and a bone fastener 270. As seen in FIGS. 6
and 9, set screw 210 is generally cylindrical in shape and includes a top surface 211 that may
have internal drive feature 212 which for example purposes may be hex or hex lobe in shape
to mate with a corresponding insertion or driver tool. Also seen in FIG. 6, set screw 210 has
screw threads 213 disposed on its outer surface that match the internal thread pattern of
receiving housing 250. Typically, because of the large torsional loads that may be applied to
set screw 210 standard buttress threads may be used, although other thread patterns are
contemplated depending on the clinical application of the assembly 200. Set screw 210 also
may include a bottom surface 214 that will contact an elongated member when tightened. Set
screw 210 applies a compressive force that is transmitted through assembly 200 to secure
bone fastener 270 in a specific position. Bottom surface 214 is seen as being planar, although
other geometric configurations may be utilized to maximize force transmission and eliminate

point loading at the bottom surface-clongated member interface.

[0047] It should be understood that assembly 200 will include an elongated member
similar to element 120 as seen in FIGS. 1-5 above. For the sake of clarity in showing
assembly 200, elongated member has not been included in FIGS. 6-10, although it is
understood that an elongated member will be an element of assembly 200 and will have the

same functional and structural characteristics as described for elongated member 120 above.

-10 -
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[0048] FIGS. 6 and 13A show compression member 230 has being generally
cylindrical in nature, with a through hole 231 at the center. Through hole 231 would permit
the use of a drive or removal instrument to pass through compressive member 230 and
interface directly with bone fastener 270.  As shown in FIG. 6, hole 231 has central
projecting features that may be used to engage a driver that is used to rotate compression
member 230 during insertion into receiving housing 250. Compression member 230 also
includes an upper or top surface 232 that will contact the bottom aspect of an elongated
member when assembly 200 is constructed. Top surface 232 is seen in FIGS. 6 and 13A as
being planar. It is further contemplated that, although not shown, top surface 232 may include
a depression to form an arcuate surface that will result in more surface contact between
compression member 230 and an elongated member when assembly 200 is loaded by set
screw 210. The sectional view seen in FIGS. 10 and 13A show that the lower or bottom
surface 233 of compression member 230 as being generally planar. The planar orientation
facilitates the seating of compression member 230 within the central bore 251 of receiving

housing 250.

[0049] Also seen in FIG. 13A is the conical inner surface 236 of compression
member 230. Conical inner surface 236 includes a draft angle that corresponds to the taper
angle of the outer surface 242 of locking member 240. Conical inner surface 236 is designed
and configured to interact and engage with conical outer surface 242 of locking member to
facilitate the load transfer between these two elements when a compressive force is applied
by the tightening of set screw 210 during the assembly process. The taper angles of conical
inner surface 236 and conical outer surface 242 allow for surface contact between the two

elements when seated relative to each other and diminish potential point loading.

[0050] Compression member 230 has a cylindrical outer surface 234 that includes
threads 235. Compression member 230 is initially threaded through the threads 256 located in
the proximal end 252 of receiving housing 250. After compression member 230 is threaded
past threads 256, compression member is advanced into the intermediate portion 257 of
receiving housing 250 that includes a retention mechanism 259. Retention mechanism 259 is
positioned on the inner surface 258 of intermediate portion 257 of receiving housing 250.
(See FIG. 11B) . For example purposes, retention mechanism 259 is shown in the form of at
least one corresponding thread onto which compression member 230 may be threaded. The

purpose and functionality of retention member 259 will be discussed in more detail below.
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[0051] FIGS. 6, 10 and 13B show locking member 240, which functions to
encapsulate and hold the spherical head 271 of bone fastener 270 when a compressive load is
applied to compression member 230. As seen in FIG. 13B, the inner surface 241 of locking
member 240 is for example purposes, spherically shaped relative to the central axis of
assembly 200. Spherical inner surface 241 is configured to mate with the corresponding
spherical head 271 of bone fastener 270. As noted above, both inner surface 241 and head
271 may also have alternative shapes to address certain clinical situations in which assembly
200 is used. The outer surface 242 of locking member 240 in the proximal portion 243 is
conically shaped to match the conically shaped inner surface 236 of compression member
230 when the two components are mated together. Conical outer surface 242 tapers out from
the top aspect to the bottom aspect of locking member 240, such that the top edge of conical

outer surface 242 is smaller in diameter than the bottom edge of conical outer surface 242.

[0052] A circumferential groove or notch 245 is seen in FIG. 13B in the distal portion
244. Groove 245 will engage with a corresponding distal flange 261 positioned proximate to
the first or distal opening 254 of receiving housing 250. Groove 245 in combination with
flange 261 will likely function to keep locking member 240 from falling through first opening
254 and out of central bore 251. Locking member 240 is generally anticipated to be a single
component with material removed in multiple locations to permit elastic deformability, which
may be expandability or compressibility. More specifically, as seen in FIGS. 6 and 13B,
proximal portion 243 includes a plurality of vertically oriented slots 246 that allow for the
elastic expansion of spherical inner surface 241 when spherical head 271 is advanced into
locking member 240 from a distal or bottom to proximal or top direction. One skilled in the
art will appreciate that such expansion of locking member 240 may be accomplished by other
mechanical means through other various oriented relief placement, as well as by fabricating
locking member 240 out of a tough and elastically deformable material. The deformability of
proximal portion 243 and spherical inner surface 241 allows locking member 240 to receive a
larger diameter head than the non-expanded sized spherical inner surface 241. Having the
ability to expand will facilitate maximum surface contact between spherical inner surface 241

and spherical head 271 following placement within locking member 240.

[0053] As seen in FIGS. 7 and 8, receiving housing 250 has a generally tulip-like
shaped outer profile with at least two horizontally oriented bosses 263 extending away from
the outer surface 262. Bosses 263 are oriented to facilitate the connection of an insertion

instrument that may be using during an open or minimally invasive surgical procedure.
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[0054] FIGS. 10 and 11B are sectional views of receiving housing 250 and show
central bore 251 extending from the proximal end 252 to the distal end 253. First or distal
opening 254 is a hole that is located at the bottom or distal end 253 and is generally sized to
receive spherical head 271 when assembly 200 is being constructed. A second or proximal
opening 255 is located at proximal end 252 and is configured to receive locking member 240,
compression member 230, an elongated member and set screw 210. Oriented perpendicular
to central bore 250 is transverse U-shaped channel 260 that extends from one outer side of
receiving housing 250 to the opposite outer side. U-shaped channel 260 is configured to

receive the elongated member.

[0055] Also shown in FIGS. 10 and 11B are threads 256 which are located on the
inner surface of central bore 251 in proximal end 252. Threads 256 are the same as the
corresponding threads 213 of set screw 210, which for example purposes are shown to be
buttress threads. Threads 256 extend for a limited length within central bore 251 to avoid
possible interference with the inserted elongated member after it has been seated at the base
of U-shaped channel 260. Intermediate portion 257 extends between proximal end 252 and
distal end 253 and has a smooth inner surface 258 to facilitate the placement of compression
member 230 and locking member 240 within central bore 251. Disposed on inner surface 258
is retention mechanism 259 that is shown in FIG. 11B, for example purposes, to be a single
thread. Retention mechanism 259 will function to keep compression member 230 positioned
in distal end 253 of receiving housing 250 when low or no compressive loads are being
applied by set screw 210. In operation, locking member 240 is advanced first through second
opening 255 and into central bore 251 before moving to a position in distal end 253.
Compression member 230 typically has a larger threaded outer diameter than locking
member 240 is then threaded through threads 256 and advanced into intermediate portion
257. Compression member 230 is then threaded over retention mechanism 259 to a position
below or more distal to retention mechanism 259. The thread(s) that comprise retention

mechanism 259 inhibits compression member 230 from moving above retention member 259.

[0056] As seen in FIG. 11B, a centrally protruding circumferential distal flange 261 is
located proximate to first or distal opening 254. Flange 261 engages with external groove
245 of locking member 240 to securely seat locking member 240 at distal end 253 of

receiving housing 250.

[0057] FIG. 6 further shows bone fastener 270 before insertion into first opening 254

of receiving housing 250. For example purposes, bone fastener 270 is shown as a bone screw,
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although one skilled in the art will appreciate that many different types of bone fasteners may
be used, including but not limited to pins, rods and hooks. Bone fastener 270 has a proximal
end 273 and a distal end 274 with an intermediate threaded portion 272. Threaded portion
272 typically will have cancellous threads. Distal end 274 may also include a self-tapping tip
to facilitate insertion into the bone. Bone fastener 270 also includes a spherical head 271 that
extends from proximal end 273. Included within spherical head 271 may be a female or
internal drive opening 275 that receives a tip of a screw driver or like insertion tool. The
configuration of internal drive opening 275 may be for example purposes, a hex or hex lobe.
Spherical head 271 also has a spherical outer surface 277. Surface 277 will typically be
textured or roughened in some manner, including have a blast finish or slight circumferential
ridges. The surface texturing assists with the securement of spherical head 271 within
locking member 240 following placement of spherical surface 277 in contact with spherical
inner surface 241 of locking member 240. As a result of the alignment of spherical head 271
within locking member 240, bone fastener 270 does not interact or come in contact with
receiving housing 250 or the elongated member in any manner. As discussed above, alternate
shapes may be used for both the head of bone fastener 270 and the inner surface of locking
member 240. These shapes may be cylindrical, oval, conical, and tubular and may be used
for certain clinical situations. It would be understood by one skilled in the art that if an
alternative shape was used, both the head and inner surface of the respective bone fastener

270 and locking member 240 would need to match each other.

[0058] As further shown in FIG. 10, bone fastener 270 may also have a central bore
276 that extends from proximal end 273 to distal end 274. Cannulation 276 is typically sized
to accommodate guide wires and pins that may be used to facilitate insertion of bone fastener

270 in the target bone.

[0059] Generally, the pedicle screw assembly 100, 200 may be fabricated from well
known biocompatible materials including metals, composites and polymers. Further, various
parts of the assembly, including but not limited to, receiving housing 150, 250 set screw 110,
210 bone fastener 170, 270 may have grown nanosurfaces or applied nanocoatings which are
configured to facilitate bone growth and/or reduce the colonization of bacteria or adjacent
tissue inflammation. Such nanosurfaces or nanocoatings may have varying surface

roughness, surface configurations and sized particles to accomplish these functionalities.

[0060] A method of assembly 500 for the disclosed pedicle screw system is shown in

FIG. 14. The method of assembly 500 results in reduced manufacturing costs, reduced in vivo
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locking torque requirements which in turn reduces the torsional stresses on the bone-bone
screw implant site and provides for reduced component size profiles, resulting in a decrease

in adjacent soft tissue complications.

[0061] The method of assembly 500 includes the step 501 of advancing locking
member 140, 240 through proximal end 152, 252 of central bore 151, 251 and into distal end
153, 253 of receiving housing 150, 250. The method 500 may include the step 502 of
inserting spherical head 171, 271 of the bone fastener 170, 270 through first or distal opening
154, 254 of receiving housing 150, 250 and advancing bone fastener 170, 270 into central
bore 151, 251 far enough to couple spherical head 171, 271 with spherical inner surface 141,
241 of the locking member 140, 240. The method 500 may also include the step 503 of
seating locking member 140, 240 in distal end 153, 253 proximate to first opening 154, 254
to prevent locking member 140, 240 from expanding and releasing the spherical head 171,
271.

[0062] The method of assembly 500 may further include the step 504 of inserting
compression member 130, 230 proximally through second or proximal opening 155, 255 of
receiving housing 150, 250 and lowering compression member 130, 230 through central bore
151, 251 to a location below retention mechanism 159, 259. Compression member 130, 230
may then be positioned above conical outer surface 142, 242 of locking member 140, 240.
With the bone fastener relationship with the locking member maintained, method 500 may
further still include the step 505 of pushing compression member 130, 230 distally in central
bore 151, 251 of receiving housing 150, 250 such that conical outer surface 142, 242 of
locking member 140, 240 is now adjacent to conical internal surface 136, 236 of the

compression member 130, 230.

[0063] The method may also include the step 506 of inserting elongated member 120
into U-shaped transverse channel 160, 260. A next step 507 may be to thread set screw 110
into second opening 155, 255 of receiving housing 150, 250 and securing elongated member
120 in place by applying a compression load through elongated member 120 and continuing
through to compression member 130, 230. The compressive load is then transferred onto
locking member 140, 240 and spherical inner surface 141, 241 which results in the
securement of the position of spherical head 171, 271 of bone fastener 170, 270. Because of
the fixed position of locking member 140, 240 to compression member 130, 230 with the
captured spherical head 171, 271 of bone fastener 170, 270, the surgeon will be able to make
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final positional adjustments prior to the final tightening of set screw 110, 210 onto the

inserted elongated member 120.

[0064] Although the preferred embodiments have been depicted and described in
detail herein, it will be apparent to those skilled in the relevant art that various modifications,
additions and substitutions can be made without departing from its essence and therefore

these are to be considered to be within the scope of the following claims.
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Claims
1. A pedicle screw assembly, comprising:

a bone fastener having a head at a proximal end and a threaded portion extending

between the proximal end and a distal end;
a compression member having a cylindrical outer surface and a conical inner surface;

a locking member having an outer surface adapted to mate with the conical inner

surface of the compression member; and

a receiving housing having a central bore extending from a proximal end to a distal
end, wherein the distal end comprises a first opening sized to receive the head of the bone
fastener and the proximal end comprises a second opening sized to receive the locking

member and the compression member.

2. The pedicle screw assembly of claim 1, wherein the head of the bone fastener

has a generally spherical shape.

3. The pedicle screw assembly of claim 1, wherein the compression member
further comprises a top surface and a bottom surface, the top surface being at least one of

planar and concave and the bottom surface being planar.

4. The pedicle screw assembly of claim 1, wherein the outer surface of the

compression member is smooth.

5. The pedicle screw assembly of claim 1, wherein the outer surface of the

compression member is threaded.

6. The pedicle screw assembly of claim 2, wherein the locking member further
comprises an inner surface, the inner surface is configured to articulate with the generally

spherical shape of the head.

7. The pedicle screw assembly of claim 1, wherein the outer surface of the
locking member has a proximal portion and a distal portion, the proximal portion being

conically shaped.

8. The pedicle screw assembly of claim 7, wherein the distal portion of the

locking member is cylindrical and further comprises at least a groove and a flange.

9. The pedicle screw assembly of claim 1, wherein the locking member is

deformable.
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10.  The pedicle screw assembly of claim 7, wherein the proximal portion of the
locking member further comprises a plurality of vertical slots, the slots extending from the
outer surface to the inner surface and being disposed around an outer circumference of the

proximal portion.

11.  The pedicle screw assembly of claim 1, wherein the proximal end of the

receiving housing has threads.

12.  The pedicle screw assembly of claim 1, wherein the central bore of the
receiving housing further comprises an intermediate portion extending between the proximal

end and the distal end.

13.  The pedicle screw assembly of claim 12, wherein the intermediate portion has

a cylindrical inner surface.

14.  The pedicle screw assembly of claim 13, wherein the intermediate portion

further comprises a retention mechanism.

15.  The pedicle screw assembly of claim 14, wherein the retention mechanism
comprises at least one of a thread and a barb disposed on the cylindrical inner surface of the

intermediate portion.

16.  The pedicle screw assembly of claim 1, wherein the first opening of the

receiving housing is smaller than the central bore.

17.  The pedicle screw assembly of claim 1, wherein the first opening of the

receiving housing is smaller than the compression member and the locking member.

18.  The pedicle screw assembly of claim 1, wherein the locking member is
configured to couple to the receiving housing adjacent to the first opening to maintain the
position of the locking member within the receiving housing upon compression of the locking

member.

19.  The pedicle screw assembly of claim 1, further comprising a set screw having
a threaded portion and a head portion, wherein the threaded portion has the same threads as

the proximal portion of the receiving housing.

20.  The pedicle screw assembly of claim 5, wherein the compression member has

the same threads as the proximal end of the receiving housing.
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21.  The pedicle screw assembly of claim 1, wherein the receiving housing further
comprises a plurality of hubs, the plurality of hubs extending substantially perpendicular

from an outside surface of the receiving housing.

22.  The pedicle screw assembly of claim 1, wherein the head of the bone fastener

has at least one of a cylindrical, conical, tubular and oval shape.
23. A pedicle screw assembly, comprising:

a bone fastener having a head at a proximal end and a threaded portion extending

between the proximal end and a distal end;
a compression member having a cylindrical outer surface and a conical inner surface;

a locking member having an outer surface adapted to mate with the conical inner

surface of the compression member;
an elongated member;

a set screw having a threaded portion and a head portion having an internal drive

opening; and

a receiving housing having a central bore extending from a threaded proximal end to a
distal end and a U-shaped cavity positioned perpendicular to the central bore and configured
to receive that elongated member, wherein the distal end comprises a first opening sized to
receive the head of the bone fastener and the proximal end comprises a second opening sized
to receive the locking member and the compression member, the set screw is threadingly
engaged to the threaded proximal end to apply a compressive load to the elongated member,
whereby the compressive load is transmitted onto the compressive member and locking

member to fix the bone fastener in a position relative to the receiving housing.
24. A method of assembly of a pedicle screw system, comprising:
proximally inserting a locking member into a central bore of a receiving housing;

inserting a head of a bone fastener through a distal opening of the central bore of the

receiving housing to operationally couple with the locking member;

seating the locking member in a distal portion of the central bore proximate to the

distal opening;

proximally inserting a compression member into the central bore of the receiving

member; and
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positioning an internal conical surface of the compression member adjacent to an

external conical surface of the locking member.

25.  The method of claim 24, wherein the compression member detachably
engages a retention mechanism disposed on an inner wall of the central bore to securely

retain the compression member in the distal portion of the central bore.

26.  The method of claim 24, wherein an elongated member is inserted into a u-
shaped transverse channel in the receiving housing to contact a top surface of the

compression member.

27.  The method of claim 24, wherein a retaining member is coupled to a proximal
portion of the central bore to apply a compressive force to the elongated member to secure

the bone fastener position within the distal opening of the receiving housing.

* ok k ok ok
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