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EXTENSION READY SPINAL SUPPORTY SYSTEMS

RELATED APPLICATIONS

This patent application claims the benefit of U8, Provisional Patent Application No.
82/500,820 filed on May 3, 2017, and U8, Provisional Patent Application No, 62/500,719,
also filed May 3, 2017, the disclosures of which are hereby incorporated by reference in their
entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates to spinal support systems and more particularly o a

spinal support systems and method that are extensible,
BACKGROUND OF THE DISCLOSURE

implementation of various spinal surgical technigues often require the use of spinal
support rods that are anchored to the vertebrae through the use of pedicle screws to provide
stabilization of the spine during healing or correction.  Examples include maintaining
adizcent vertebras stationary so that bone growth tissue can bridge the vertebrae in & spinal
fusion process., Another exampie is the use of spinal support rods to apply a coercive force to
the spine for corrective purposes {e.g., correction of scoliosis).

Such spinal support systems {vpically utilize pedicle screws and spinal rods disposed
in rod receplacies. The rod receptacles typically define diametrically oppose slots, with the
spinal rod extending throngh the slots. The formation of the slots further define opposed wall
segments that extend proximally on lateral sides of the spinal rod. The apinal rod is typically
held within the slots with a sei screw that threadably engages the wall segments. Over time,
creep stresses may cause the wall segments to deflect radially cutward and away from the set
sorew, with an accompanying decrease the clamping force of the set screw against the spinal
rod. This can canse loosening of the assembly and slippage of the resident spinal rod within
the spinal rod receptacle. In some instances, torgue reguirements, particularly where the
spinal rods are subject to high tension forces, can cause the set serew to slip within the spinal
rod receptacle during implaniation,

In some cases, surgery is later required to treat other vertebrae of the same patient.
“HExtension” systems have been developed which enable additional spinal support yods to be
coupled to existing spinal rods or pedicle screws of the previous surgery, thereby reducing
surgical trauma and recovery times, Such an extension system is found, for example, at U.S
Patent Application Publication No. 2016/0242817 to Abbasi entitied “Spinal Rod Support
Structure with Clamp,” owned by the owner of the current application, the contents of which
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are incorporaied by rveference herein except for patent claims and express definitions
contained therein.

The present apptication identifies shoricomings and Hwitstions in the art of spinal rod
extension systerns and provides improvements to remedy such shortcomings and limitations.

SUMMARY OF THE DISCLOSURE

Yarious embodiments of the present disclosure provides an “extension veady” spinal
support sysiem that enables the exiension to be accomplished with minimal disturbance to an
existing spinal support structure io which the exiension system is coupled. In some
embodiments, existing connections between the existing spinal support rod and pedicle
serews can remain intact while extension rod receptacles are mounted directly o the cxisting
base rod receptacies. In some embodiments, the extension receptacle may be pelyaxial with
respect to the base receptacle. In other embodiments, the exiension receptacle is provided
with a low profile (e, shortened axial projection length from the base rod receptacle)
relative to the polvaxial embodiment by eliminating polyaxial structure between the base
receptacle and the extension receptacle and the additional axial lengths associated therewith
and providing a monoaxial siruciure that rotates about but does not pitch relative 1o extension
BX1S,

In varicus embodirsents of the disclosure, a spinal support system 18 disclosed where
a unitary reinforcement cap threadably engages both the internal and the external surfaces of
the wall segments of the rod receptacie. By doubling the number of threads that are engaged,
additional strength and structural bntegrity are realized over standard set serew arrangements,
Also, because of the unitary constroction, wherein an internal set screw portion and an
external skirt portion are integral to the reinforcement cap, lateral movement between the set
serew portion and the skirt portion is limited,

in some smbodiments, the unitary reinforcement cap does not threadably engage the
external surface, but instead stidingly engages the external surface to provide support fo the
rod recepiacle. Accordingly, such embodiments do not require the presence of threads on the
external surface of the rod receptacle, and can be confignred for a retrofit of conventional rod
receptacies.

Tn some enbodiments, the threads are of a canted cantilever consiruetion, wherein the
interfaces of threadably engaged components are tailored to generate veaction forve vectors
that prevent slippage at the interfaces.

Conventional spinal rod extension systems exist where extension spinal support rod
receptacles {also referred to as extension “tulips” in the parlance of the spinal support aris)
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can be mounted “pigpyback” o an existing or “base” spinal support vod receptacle.
However, conventional sysiems require that the connection between the base spinal support
rod receptacie must be disturbed or modified. For example, in some sysiems, the set sorew
securing the base spinal rod to the base receptacle mwust be removed so that the extension
receptacie can utilize the interior threads of the base receptacle. This releases the base spinal
support rod from the base receptacie, thus requiriog that the base spinal support rod be reset
before the surgeon can procesd with implantation of the extension system. Ofien, the
required structure that extends from the base receptacie is of undesirable axial length, causing
concealment 185Ues.

Another drawback of conventional rod receptacle arrangements is the separation or
“splaving” of the iulip. When a conventional set screw is seaied on the inside of a
conventional tulip, forces are generated on the tulip wall portions that force the wlip wall
sections away from each other. This separation of the tulip walls is referred to as “splaving.”

Various embodiments of the disclosure alleviate one or more of these shortcomings
and Hmitations. The disclosed embodimentis enghle extension of the spinal support structure
without need for removing the tulips or pedicle screws of the already-implanted spinal
support structure. Certain embodiments alleviaie the need to remove the set screw from the
interior threads of the base receptacle. As with conventional rod receptacles, the disclosed
base rod receptacle includes interior threads to which a set screw is coupled for securing the
base spinal support rod. Ton addition, the disclosed gystem further includes exterior threads to
which an optional extension assembly can be mounied at a later time. By utilizing the
exterior threads for mounting the extession system, the set screw that secures the base spinal
support rod to the base rod receptacle doss not have to be removed from the interior threads
of the hase rod receptacle. In this way, the base spinal support system can remain intact and
uncisturbed as the exiension sysiem is coupled therelo.

Cither embodiments involve removal of the set serew from the base receplacie, but
utilizes a reinforced, dual threaded or capped base that is stronger and more robust than
atandard set screw arrangements and prevents splaying of the tulip,

Structursily, a spinal support system is disclosed, comprising a first rod receptacie for
mounting to a pedicle screw, the first rod receptacle having a first side wall that includes a
firat interior surface and a first exterior surface. The first side wall defines a first pair of
diametrically opposed slots that extend axially along the first side wall and are open at a
proximal end of the first rod receptacle, the first interior surface defining first interior threads.

A first set serew includes threads configured to mate with the first interior threads of the first
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rod receptacie. The first exterior surface defings first exierior threads. An extension assembly
including a base portion mounted to 8 second rod receptacle, the base portion including
mounting platform and a skiri portion that extends from the mounting platform, the skirt
portion including interior threads for mating with the first exterior threads of the first red
receptacle, the second rod receptacie having & seoond side wall that includes a second interior
surface and a second exierior surface. The second exievior surface of the second rod
receptacie may include second exterior threads. The second side wall defines a second pair
of diametrically oppesed slots that extend axially along the second side wall and are open gt a
proximal end of the second rod receptacle, the second interfor surface defining second
interior threads., A second set screw includes threads configored to mate with the second
interior threads of the second rod receptacle.

The extension assombly may include a pivot member that attaches the second rod
receptacle to the base portion, the pivet member including a head portion and a shaft portion,
the shaft portion including shafi threads formed on an exterior surface thereof, the shaft
portion defining a pivet axis. In some embodiments, the second rod receptacle defines an
opening at a distal end thereof, the opening sized o sccommodate passage of the shafi
portion of the pivet member. The mounting platform of the base portion may define a center
hole for receiving the pivet member, and may inclode interior threads for mating with the
external shaft threads. In some embodiments, the center bole is a through hole.

in some embodiments, the second rod receptacle includes an internal tlange having an
interior face, the head portion of the pivot member being dimensioned to register against the
interior face of the imternal flange to secure the sevond rod receptacle to the base portion
The head portion of the pivot member may be one of a flat head and a countersink head, and
the interior face of the internal flange of the second rod receptacle may conforms o the head
portion o engble selective monoaxial rotation about the pivet axis,

In some ersbodiments, a pedicle screw coupled to g distal end portion of the first rod
receptacie.  The pedicle serew and the first rod receptacle may be configured for polyaxial
rotation of the first rod receptacle about a head of the pedicie serew. In some embodiments, 2
tock ring configured to engage a spinal support rod, the lock ring including 2 distal face that
conforms io the pedicle screw and a proximal face that includes one or more malieable
features for engaging the spinal support rod. The one or more malleable features may be
plastically deformable. In some embodiments, the one or more malleable features includes a

raised ridge. I some embodiments, the raised ridge is annular ring.
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Some embodiments mmclude a cap including a skirt portion having interior threads for
mating with the second exterior threads of the second rod receptacle. In some embodiments,
the skirt is not threaded, but instead provides g sliding it over the exterior of the base rod
recepiacie to prevent splaving, An exterior surface of the skirt portion may define a plurality
of flats, each of said plurality of flats being paraliel to the pivot axis.  In some embodiments,
one or more of the first interior threads, the first exierior threads, the second interior threads,
the second exterior threads, and the infernal threads of the center hole define a canted
cantifever profile. The canted cantilever profile may exiend radially and in a distal direction.

In varicus embodiments of the disclosure, 8 spinal rod support eystem comprises an
extension rod receptacle, a base portion including s mounting platforn that defines g center
hole accessible from a proximal face of the mounting platform, and means for coupling the
extension rod receptacie to the base portion, In some embodiments, the means for coupling
the extension rod receptacle to the hase portion includes & pivot member threadably engaged
with the center hole. In some embodiments, the means for coupling the extension rod
receptacie 1o the base portion includes a pivol member swaged {o the conter hole. In soms
embodiments, the means for coupling the extension rod recepiacle to the base portion
includes a pivot member fused to the center hole. The pivot member may be welded 10 the
center hole at a distal face of the base portion, for example, a distal face of the mounting
plattorm,

The spinal support system may further comprise a base rod receptacle, and means for
conpling the base portion to the base rod receptacle. in some embodiments, the base portion
includes a skirt portion, and the means for coupling the base portion fo the base rod
recepiacle includes threaded engagement of the skirt portion to the base rod receptacie. In
some embodiments, the base portion inclodes a sef screw portion that s unitary with and
exiends from a distal face of the mounting plaiform, and the means for coupling the base
portion {0 the base rod receptacle includes threaded engagement of the set serew portion 1o
the base rod receptacle. In some embodiments, the set screw portion and the base portion
include mating threads that define canied cantilever profiles for the threaded engagement.
The canted cantilever profiles may extend radiafly and in a distal direction. In some
embodiments, the spinal support system comprises a base spinal support rod disposed in the
base rod receptacle, the set screw portion being configured to clanp the base spinal support
rod within the base rod receptacle. In some embodiments, the base portion includes a set
screw portion that is unitary with and extends from a distal face of the mounting platforn,
and the means for coupling the base portion o the base rod receptacle includes threaded
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engageroent of the set sgrew poriion o the base rod receptacle. In some embodiments, the
means for coupling the extension rod recepiacle to the base portion enables only moncaxial
rotation of the extension rod recepiacle about g pivot axis.

In varipus embodiments of the disclosure, a3 method of fabricating an extension
assembly for a spinal support sysiem comprises: inserfing a pivol member into a rod
recgpiacle so that a shaft portion of the pivot member extends from a distal end of the rod
receptacle; disposing the shaft portion in a center hole of a bage portion so that an internal
flange of the rod receptacle is captured beiween a head portion of the pivot member and the
hase portien so that an axial gap dimension defined between the head portion and the base
wember is greater than an aaal thickness of the intersal flange; and securing the pivot
member to the base portion. v some embodiments, the step of disposing and the step of
securing includes threadably engaging the shall portion with the center hole. In some
embodiments, the step of disposing includes registering a stop on the pivot member against
the base portion 0 define the axial gap dimension. In some embodiments, the step of
securing includes one of fusing and swaging the shaft member {0 the base portion.

In various embodirents of the disclosure, 8 reinforcement cap is disclosed for a spinal
support system, comprising: & platform portion including a distal face and 2 proximal face
separated by 8 perimeler portion; a skirt portion that extends from the distsl face of the
platform portion, the skirt portion including an interior surface, at least a portion of the
interior surfaee including imterior threads fovmed thercon; and a set serew portion that
extends from the distal face of the platform portion, the set screw portion being surrounded
by the skirt portion and including an exterior surface that faces radially owtward, af least g
portion of the exterior surface including exterior threads formed thereon, the set screw
portion defining a rotation axis, the set screw portion and the skirt portion being concentric
about the rotation axis to define an annular gap belween the exterior threads of the set screw
portion and the interior threads of the skirt portion. The skirt portion may include an exterior
surface that is tangential with the perimeter portion. In some embodiments, the set screw
portion extends distally beyond the skirt portion. The skirt portion may include an exterior
surface that defines a plurality of flats, each of the plurality of flais being parailel to the
rolation axis,

In some embodiments, the exierior threads of the set screw portion define a canted
cantilever profile. Likewise, in some embodiments, the interior threads of the skirt portion

define a canted cantilever profile. The canted cantilever profile of the set screw portion may
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slope in a distal direction and toward the rotation axis. The canted cantilover profile of the
set serew portion may slope in a distal direction and away from the rotation axis.

In some embodiments, the platform portion defines a socket accessible from the
proximal face, the socket being concentric with and extending along the rotation axis. The
platform portion may also define g tapped conter hole accessible from the proximal face, the
tapped center hole being concentric with and extending along the rotation axis, the socket
extending distally from the tapped center hole. The reinforcement cap may further define a
center passage concentric with the rotation axds and extending from the socket through a
distal end of the set screw portion.

In various embodimends of the disclosure, o spinal support system cowprises the
reinforcement cap as described above; and 3 spinal rod receptacle having a side wall that
includes an interior surface and an exterior surface, the side well defining a pair of
diametrically opposed slots that extend axially along the side wall and are open at g proximal
end of the spinal rod receptacle, the interior surface of the spinal rod recepiacie defining
interior threads, the exterior surface of the spinal rod receptacie defining fivst exterior threads,
wherein the inferior threads of the spinal rod recepiacie are configured to male with the
exterior threads of the set screw portion of the reinforcement cap, and the exterior threads of
the spinal rod receptacle are configured 10 mate with the interior threads of the skirt portion
of the reinforcement cap. In various embodiments, a spinal rod is configured for insertion
inte the diametrically opposed slois. A pedicle screw may be disposed within the spinel rod
receptacie, a shaft of the pedicle serew extending distally from the spinal rod recepiacle,

Int various embodiments of the disclosure, a method for securing a spinal support rod
1o 2 spinal rod receptacle is disclosed, comprising: (8} disposing a spinal support rod through
digmetrically opposed slots of a spinal rod receptacle; (b) threadably engaging interior
threads of g skirt portion of a reinforcement cap with exierior threads of the spinal rod
recepiacie; (¢) simulianeousiy with step (b}, threadably enpaging exierior threads of a set
serew portion of the reinforcement cap with iuterior threads of the spinal rod receptacle; and
(d} tightening the reinforcement cap against the spinal support rod. In some embodiments.
step {4} includes driving the reinforcement cap with a tool that mates with a socket formed on
the reinforcement cap. In some embodiments, step (d) includes driving the relnforcement cap
with a tool that engages flats formed on the skirt portion of the reinforcement cap.

BRIEF DESCRIPTION OF THE DRAWINGS
FI3.1 is a perspective view of an extension ready base assembly according to an

embodiment of the disclosure;
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FIG, 1A is an upper perspeciive view of a base rod receptacle of FIG. 1 in isolation
gecording to an embodiment of the disclosure;

FIG. 2 is a sectional view of an extensible spinal support system in full assembly with
the extension ready base assembly of FIG, 1 according an embodiment of the disclosure;

FIG. 3 is an enlarged, partisl sectional view of a lock ring in the asserobly of FIG. 2
according to an embodiment of the disclosure;

FIG, 4 1= an enlarged, partial sectional view of a threaded wall portion of & base red
receptacie of the assembly of FIG. 2 according to an embodiment of the disclosure;

FIG. 5 is an enfarged, partial sectional view of a threaded wall portion of an extension
rod recepiacie of the assembly of FIG. 2 according to an embodiment of the disclosurs;

FIGS, 6 thwough § are sectional views of alierative extensible spinal support sysiems
in full assembly with the extension ready base assembly of FIG. 1 according smbodiments of
the disclosure;

FIG. 9 18 a perspective view of a platform of an extensible spinal support system with
exterior wrench flais according to an embodiment of the disclosure;

FIGS. 10 and 11 are sectional views depicting assembly of an exiension sub-gssembly
having a threaded pivot member according to an embodiment of the disclosure;

FIGS, 12 and 13 are sectionsl] views depicting assemybly of an extension sub-assembly
having a welded pivot member according to an embodiment of the disclosure,

PIGS. 14 and 15 are sectional views depicting assembly of an extension sub-assembly
having a riveted pivot member gccording 1o an embodiment of the disclosure;

FIGK, 16 and 17 are sectional views of extension seb-assembiies with base portions
that have integral set screw portions according to an embodiment of the disclosure;

FIG. 1§ is a perspective view of the pedicle serew of FIGE. 1 and 2 according to an
embodiment of the disclosure;

FIG.19 s g top axal view of the pedicle screw of FIG.18 according 1o an
embodiment of the disclosure;

FIG. 20 is a sectional view of the pedicle screw at plane XXX of FIG. 18 according
to an embodiment of the disclosure;

FIG, 21 is a top axial view of a set screw according 1o an embodiment of the
disclosure;

F1G. 22 i a section view of the set screw XXH-XXI of FIG. 21 at plane aceording o

an embodiment of the disclosure;
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FIGL 23 is a perspective view of the set screw of FIG. 21 according to an ernbodiment
of the disclosure;

Fi3, 24 is a perspective view of a lock ring according to an embodiment of the
disclosure;

Fi3. 25 is an upper perspective view of a spinal support svstem according to an
embodiment of the disclosure;

FI3. 26 is a partial sectional view of the spinal support system of FIG, 25 according
1o an embodiment of the disclosure;

FiG. 27 iz 2 lower perspective view of a reinforcement cgp according to am
srbodiment of the disclosure;

FIG. 28 is a sectional view of the reinforceoment cap of FIG, 27 according o an
embodiment of the disclosure;

FIG. 29 13 g sectional view of a reinforcement cap having 8 tapped center hole
according to an embodiment of the disclosure;

FIG. 30 13 a lower perspective view of a reinforcement cap according to an
gmbodiment of the disclosure;

FEG, 31 is a sectional view of the veinforcement cap of FIG. 30 according io an
embadiment of the disclosure;

FIG. 32 is an upper perspective view of a reinforcement eap with flats according to an
embodiment of the disclosure;

FIG, 33 1s a sectional view of 3 conventional rod receptacie in assembly;

FIG. 33 A is an enlarged, partial view of FIG. 33;

FI(G. 34 is g sectional view of 2 rod receptacle in assembly having threads that define
canted cantilever profile according to an embodiment of the disclosure; and

FIG. 34A is an enlarged, partial view of FIG. 34 according to an embodiment of the
disclosure,

DETAILED DESCRIPTION OF THE FIGURES

Referring to FIGS. 1 through 5, an extensible spinal support sysiem 20 is depicted
aecording to an embodiment of the disclosure. The extensible spinal support system 20 ag
depicted includes an extension ready base assembly 21 including a pedicle scrow 22, a first or
base rod receptacle 24, a first or base set serew 42, and a first spinal support rod 36 (FIG. 1),
The extensible spinal support system 20 further includes an extension snbassermbly 26 and a
cap 28 (FIG. 23, The extension subassembly 26 includes a base portion 32 and a second or
extension rod receptacie 34. The base vod receptacle 24 is confignred to receive the first or
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base spinal support rod 36, and the extension rod recepiacle 34 is configured 1o receive a
second or extension spinal support rod 38, In the depicted embodiments, the base spinal
support rod 36 is retained within the base rod receptacle 24 with the base set screw 42,
Likewise, for the extensible spinal support system 20, the extension spinal support rod 38 is
retatned within the extension rod receptacle 34 with a second or extension set sorow 44,

The pedicle screw 22 includes a head portion 64 and a threaded shafl portion 65
centtered about 4 contral axis 67, The pedicle screw 22 extends from a distal end 62 of the
base rod recoptacle 24, the head portion 64 being captured within the distal end 62 of the base
rod receptacie 24. In some embodiments, a lock ring 66 is disposed interstitially between the
base spinal support rod 36 and the head portion 64 of the pedicle screw 22, In the depicted
embodiment, the head portion 64 of the pedicle screw 22 defines a spherical surface portion
68, with the base rod receptacle 24 including a complementary mating surface 72 that
engages and conforms to the spherical surface portion 68 of the head portion 64 of the pedicle
screw 22,

Functionally, the spherical sweface portion 68 of the head portion 64 of the pedicle
screw 22 and conforming mating surface 72 of the base rod receptacie 24 enable the hase rod
recepiacle 24 to pitch about the head portion 64 of the pedicle screw 22 relative to the central
axis 67, and to rotate about the head portion 64 in any of the piiched orfentations. By this
arrangement, the pedicle screw 22 and the base rod receptacle 24 are configured for polyaxial
rotation of the base rod receptacie 24 ahout the head portion 64 of the pedicle screw 22,

Herein, “proximal” refers o a divection 76 that is toward a surgeon during operation
or implantation and away from a bone or patient.  “Distal” refers to g direction 74 that is
away from the surgeon during operation or implantation and toward the bone or patient fo
which the exiensible spingl support system 20 is implanted (e, 2 direction opposite the
distal divection 76).

The base rod recepiacle 24 includes a side wall 82 having an interior surface 84 and
an exterior surface 86 (FIG. 1A} A pair of diametrically oppose slots 88 are defined on the
side wall 82, the slois 88 extending axially along the side wall 82 and being open at a
proximal end 92 of the base rod receptacle 24. By formation of the diametrically opposed
siots 88, the side wall 82 defines diametrically opposed wall segments 90 on opposing sides
of the diametrically opposed slots 88, The interior surface 84 extends axially along the side
wall 82 and includes interior threads 94 formed thereon. The exterior surface 86 also extends
axially and includes exterior threads 96 formed thereon. The base portion 32 of the exiension

subassembly 28 includes a mounting platform 122 and a skirt portion 124 that exiends from
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the mounting platform 122 in the distal direction 74, The skirt portion 124 includes an
interior surface 123 and an exterior surface 125,

The extension rod receptacle 34 includes a side wall 142 having an interior surface
144 and an exterior surface 146, A pair of diametrically opposed slots 148 are defined on the
side wall 142, the slots 148 extending axially along the side wall 142 and being open at a
proximal end 152 of the extension rod receptacle 34, By formation of the diametirically
opposed slots 148, the side wall 142 defines diametrically opposed wall segments 150 on
opposing sides of the diametrically opposed slots 148, The interior surface 144 extends
axially aiong the side wall 142 and includes interior threads 154 formed thercon (FIG. 5}
The exterior surface 146 also extends axially and includes exterior threads 136 formed
thereon.

Inn the depicted embodiment, the extension subassembly 26 includes a pivol member
P70 that attaches the extension rod receptacie 34 {0 the base portion 32, the pivot member
170 including a head portion 172 and a shaft portion 174 and defining a through passage 175.
The shaft portion defines a pivol wds 182, The extension rod receptacle 34 defines an
opening 184 at a distal end 186 thereof. The opening 184 is sized to accommodate passage of
the shaft portion 174 of the pivot member 170,

in the depicted embodiment, the mounting platform 122 of the base portion 32 defines
z center hole 188 for recetving the pivot member 170, The extension rod receptacie 34 may
include an internal flange 194 having an interior face 196, the head portion 172 of the pivot
member 170 being dimensioned 1o extend radially over the interior face 196 of the internal
flange 194 o loosely secure the exiension rod receptacle 34 io the base portion 32, The head
portion 172 of the pivet member 170 may be one of several head siyies available to the
artisan, for example a flat head {(depicted), a socket head, a countersink head, or a spherical
head. The interior face 196 of the internal flange 194 may be configured to conform fo the
head portion 172. In some embodiments, a collet 198 is disposed interstitially between the
exiension spinal support rod 38 and the head portion 172, The collet 198 may be a dise
spring (depicted}, Iock washer, or other that exerts a bias force parallel to the pivot axis 182
when compressed between the support rod 38 and the head portion 172, The cap 28 inclodes
a top portion 222 and g skirt portion 224 that extends from the mounting platform 222, The
akirt portion 224 includes interior threads 226 for mating with the exterior threads 136 of the
extension rod receptacle 34,

In operation, the pedicle serew 22 is inserted into the base rod receptacle 24 so that
the head portion 64 of the pedicle screw 22 can be registered against the mating surface 72 of
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the hase rod recepiacle 24, The pedicle screw 22 is set into the bone of & vertebras, The lock
ring 66, if uttlized, is disposed within the base rod receptacle 24 and arranged for contact with
the head portion 64 of the pedicle screw 22, The base rod receptacle 24 is arranged in a
desired orientation on the head portion 64 of the pedicle serew 22 and the base spinal support
rod 36 disposed in the base rod receptacle 24, The lock ring 66 is thereby disposed between
the base spinal support rod 36 and the head portion 64 of the pedicle serew 22, The base set
serew 42 is threadably engaged with the interior threads 94 of the side wall 82 and tightened
so that the base spinal support rod 36 i3 clamped between the base set screw 42 and the lock
ring 66 (if withzed) or, alternatively, the head portion 64 of the pedicle screw 22, The
tightening of the base sot screw 42 also ssats the head portion 64 of the pedicle screw 22
against the mating surface 72 of the base rod recepiacle 24 o secure the base rod receptacie
24 in the desired orientation relative to the head portion 64,

Referring to FIGS. & and 7 and again to FHG. 2, extensible apinal support aystems 20
having shernative embodiments for the bhase portion 32 are presemied according io
embodiments of the disclosure. In FIGR. 2, 6, and 7, the exiensible spinal support systems
and their associated base portions are referred to collectively and generically by reference
characters 20 and 32, respectively, and specificaliy by the reference characters 20 and 32
followed by a letter sutfix {e.g., extensible spinal support system 20a and the associated base
portion 32a). Several components and atiributes are commeon 1o all extensible spins! support
systems 20, which are indicated with same numbered reference characters.

For the exiensible spinal support system 20a (FIG. 2}, the base portion 323 and the
base set screw 42 are separaie components that are instalied independently of each other. For
the exiensible spinal support systems 20a and 20b, the skint portion 124 includes interior
threads 126 for mating with the exterior threads 96 of the base rod receptacie 24, For the
extensible support system 20b (FIG. 6), the base portion 32b additionally includes a set screw
portion 228 that is integral therewith, the sef screw portion 228 having external threads 232
that mate with the interior threads 94 of the side wall 82 of the base rod receptacie 24.
Accordingly, for the extensible spinal support svstem 20b, the external threads 232 of the set
serew portion 228 and the interior threads 226 of the skirt portion 124 of the base portion 32b
are threaded simultaneously. For the extensible spinal support sysiem 20c (FIG, 7), the base
portion 32¢ also includes the sel serew portion 228 that is integral therewith, and having
external threads 2372 that mate with the inlerior threads 94 of the side wall 82 of the base rod
receptacle 24. However, for the extensible spinal support system 20¢, an inner surface 234
the skirt portion 124 is smooth (does not include interior threads), such that the skirt portion
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124 rotates about and slides over but does not threadably engage the exterior threads 96 of the
base rod receptacle 24, Accordingly, the base portion 32¢ mates only with the inlerior
threads 94 of the side wall 82,

By integrating the set screw portion 228 with the mounting platform 122 as in
subassembiies 26b and 26¢, and skirt portion 124 the structural integrity of the extensible
spinal support system 20 is enbanced. For example, lateral forees applied 1o the extensible
spinal support system 20 will incur greater resistance because the inlegrated set screw portion
228 is unitary with the mounting platform 122, esiablishing a shear stress at the junction of
the integrated set screw portion 228 and the mounting platform 122 that provides additional
resistance to deformation relative {0 the extension subassemblies 26 of FIGS. 10 through 15,

Functionally, each of the extensible support systems 20 provide g unique advantage.
Extensible spinal support system 204 enables mounting of the extension assembly 26 without
disturbing the base set screw 42, eliminating the need to reset the base spinal support rod 36.
The extensible spinal support system 20a may find application where disturbance of the base
spinal support system is not necessary or 18 ill advised. Extensible spinal support system 20b
provides a Jual threaded arrangement that enhances structural integrity of the extension
assembly 26 1o the base rod receptacle 24. Such enhancement of the structural integrity may
be advantageous for high torque and high stress applications, such as scoliosis correction.
Extensible spinal support system 20c also includes the integrated set screw portion 228 and
aitendant benefit while the smooth, sliding it of the skist portion 124 cnables easier
installation where the dual threaded arrangement of the exiensible spinal support system 20b
may be unnecessary or difficult. The sliding fit of the skint portion 124 for the extensible
spinal support sysiern 20¢ effectively captures the side walls 82 of the base rod receptacle 24
to limit splaying. The extensible spinal support system 20¢ can also be contfigured for
retrofitting with tulips of other spinal suppert systems that are not extension ready.

Referring to FIG, B, an extensible spinal support system 204 is depicted according to
an embodiment of the disclosure. As depicted the extensible spinal support systemn 20d
includes many of the same components and attributes as the extensible spinal support system
20a, which are indicated with samne numbered referenced characters. While components and
attributes of the extensible spinal support sysiern 20a are presented in the extensible spinal
support system 20d, such components and attributes are not Hmiting. That is, the extensible
spinal support systemn 20d may implement various aspects of the cxtensible spinal support

systerns 20b and 20c¢ as well.
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For the oxtensible spinal support system 20d, the head portion 172 of the pivet
member 1704 is spherical, and the extension rod receptacle 34 is configured as discussed
above for the base rod recepigcle 24, By this grrangement, the pivot member 170 and the
extension rod receptacle 34 are configured for polyvaxial rotstion of the exfension rod
receptacie 34 abowt the head portion 172 of the pivot member 17¢.

Referring to FIG. 9, the skirt portion 124 of the base portion 34 {s depicted with flats
240 according to an embodiment of the disclosure. The flats 249 are paralisl to the pivot axis
182 and may be implemented with any of the depicted or contemplated embodiments. The
embodiment of FIG. 9 depicts a total of six flais 240 as g non-lmiting example. In some
embodiments the number of flats 240 i3 in a range of six {o twelve inclusive. In some
embodiments, the skirt portion 124 defines two flats 240 that are diameirically opposed. In
some embodiments, the skirt portion 124 defines four Hats 240 that are distributed as two
diameirically opposed pairs that are rotationally offset at 90 degrees with respect to gach
other.

Referring to FIGS. 10 through 17, assembly of various exiension subassemblizs 26
are depicied according to embodiments of the disclosure.  In FIGS. 10 through 17, the
extension subassemblies and thelr associated pivol members are referred to collectively and
generically by reference characters 26 and 178, respectively, and specifically by the reference
characters 26 and 170 followed by s letter suffix (e.g., extension subassembly 26a and the
agsociated pivot member 1703).  Several compovents and attributes are common fo all
extension subassemblies 26, which are indicated with same muvbered reference characters.

For the extension subassembly 26a (FIGS. 10 and 11}, the pivet member 170s defines
exterior shafl threads 176 formed on an exterior surface 178 of the shaft portion 174, The
center hole 188 of the mounting platform 122 includes internal threads 192 for mating with
the exterior shaft threads 176, In some embodiments, the pivol member 1703 includes a stop
2472, such as a shoulder 244 having a diameter 246 that is greater than the diameter of the
exterior shaft threads 176, The stop 242 cooperates with the head portion 172 to define an
axial gap dimension 248 that is greater than an axia} thickness 250 of the internal flange 194.

tn assembly, the pivot member 170a is inserted through the extension rod receptacie
34 and inte the opening 184 so that the shafl portion 174 exiends from the distal end 186 of
the extension rod receptacle 34 and the head portion 172 of the pivet member 170a is within
the extension rod receptacie 34. The shaft portion 174 of the pivot member 1702 and the
center hole 188 of the mounting platform 122 of the base portion 32a are then aligned and the

euterior shaft threads 176 of the shafl portion 174 threaded into the internal threads 192 of the
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center hole 188, In some embodimenis, the pivot member 170a is threaded into the center
hole 188 until the stop 242 1s firmly seated against the platform 122 over the mouth of the
center hole 188 to define the axial gap dimension 248, Aliernatively, the pivot member 1702
may otherwise engage the hase portion 323 in a manner that causes the pivot member 170a to
stop within the center hole 188; for example, the threads 176 may cease at a point on the
pivot shaft 174 that provides the desired axial gap dimension 248, Having secured the pivot
member 170z to the mounting platform 122, the extension rod receptacle 34 1s coupled to the
base portion 31

For the extension subasserubly 26b (FIGS. 12 and 13), the shafl portion 174 of the
pivot mermber 170b 18 a right cylinder 252, defining a smooth exterior surface 178, The
center hole 188 of the mounting platform 122 is also right cylindrical, and may be
dimensioned to provide a close shiding fit with the shaft portion 174, In some embodiments,
the pivot member 1704 includes a stop (not depicied) akin to pivot member 170a.

in assembly, the pivot member 170b is inserted through the extension rod receptacle
34 and into the opening 184 so that the shaft portion 174 extends from the distal end 186 of
the extension rod receptacle 34 and the head portion 172 of the pivot member 170b is within
the exiension rod recepiacle 34, The shaft portion 174 of the pivot member 170b and the
center hole 188 of the mounting platform 122 of the base portion 32 are then aligned and the
shaft portion 174 positioned within the center hole 188 to so that the axial gap dimension 248
is defined between the head portion 172 and the mounting platform 122, In some
embodiments, the pivot member 170a is threaded into the center hole 188 until the stop 242 is
firmly seated against the platform 122 over the mouth of the center hole 188, thereby defining
the axial gap dimension 248. In some embodiments, the length of the shaft portion 174 15
dimensioned to provide the desived axial gap dimension 248 when a distal end 253 of the
shaft portion 174 is flush with a distal face 256 of the platform 122,

With the pivot member 170b positioned in the center hole 188 to define the axial gap
dimension 248 greater than the axial thickness 250 of the internal flange 194, the pivol
member 170b is secured to the platform 122. In the depicted embodiment, the distal end 253
of the pivot member 170b is welded to the distal face 236 of the mounting platform 122 to
form a weld 254 at the perimeter of the center hole 188, The weld 254 may be continuous, 8
stitch weld, or a tack weld. The welding operation may be performed with welding
technigues available to the artisan, including but not limited to electron beam welding.
Alternatively, instead of welding, the pivot member 170b may be secured by other bonding or
fusion techniques, such as braving, soldering, or gluing. Upon securing the pivot member
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170b 1o the base portion 32, the internal flange 294 of the extension rod receptacle 34, being
captured hetween the head portion 172 and the mounting platform 122, is coupled to the base
portion 32,

For the exiension supbassembly 26¢ (FIGS, 12 and 13}, the shaft portion 174 of the
pivot member 170c¢ s also the right ovlinder 252, defining the smooth exterior surface 178,
The center hole 188 of the mounting platform 122 is also right cvlindrical, and may be
dimensioned 1o provide a close sliding fit with the shatt portion 174, Similar to the pivot
member 170a, the pivot member 170c may include the stop 242 such as the shoulder 244
with diameter 246, the diameter 246 being greater than the diameter of the center hole 188,
As with the subassembly 26a, the stop 242 of the subassembly 26¢ cooperates with the head
portion 172 to define an axial gap dimension 248 that is greater than an axial thickness 250 of
the internal flange 194, The distal face 256 of the mounting platform 122 may define a
recessed lead in 258 that surrounds the center hole 188,

In assembly, the pivot member 170¢ is inserted through the exiension rod receptacie
34 and into the opening 184 so that the shafi portion 174 extends from the disial end 186 of
the extension rod receptacle 34 and the head portion 172 of the pivol member 170c¢ is within
the extension rod receptacle 34, The shaft portion 174 of the pivot member 170¢ and the
center hole 188 of the mounting platform 122 of the base portion 32 are then aligned and the
shaft portion 174 positioned within the center hole 188 so that the axial gap dimension 248 is
defined between the head portion 172 and the mounting platform 122, In some embodiments,
the pivot member 170¢ is inserted into the center hole 188 until the stop 242 registers against
the platform 122 over the mouth of the center hole 188, thereby defining the axial gap
dimension 248. In some embodiments, the length of the shaft portion 174 is dimensioned o
provide the desired axial gap dimension 248 when the disial end 253 is flush with the distal
face 256 of the platform 122.

With the pivet member 170c positioned in the center hole 188 1o define the axial gap
dimension 248 preater than the axial thickness 250 of the internal flange 194, the pivot
member 170c is secured to the platform 122 by a swaging process. The swaging process
deforms the distal end 253 of the shaft portion 174 info the recessed lead in 258, In this way,
the mounting platform 122 is swaged between the stop 242 and the deformed distal end 253
of the pivot member 170c, akin to a rivet. The internal flange 294 is captured between the
head portion 172 of the pivet member 170¢ and the mounting platform 122 of the base

portion 32, thereby coupling the extension rod receptacle 34 to the base portion 32,
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The depictions of FIGS, 10 through 15 present base portions 32 akin o base portion
32a, Le., without an integral set screw portion, However, the assembly techniques for the
subassemblies 26 described above are readily implemented for base portions 32 that inclade
the set screw portion 228 integral therewith, akin to base portions 32b and 3Zc. The
embodiments of FIGK, 6 and 7 depict the threaded pivot member 170 in combination with
the integral set screw portion 228, The embodiments of FIGS. 16 and 17 depict the pivet
mwembers 1700 and 170 with longer shaft portions 174 having distal ends 2533 that reach the
distal faces 257 of the integral set screw portions 228, The weld 254 (FIG. 16) and the
recessed lead tn 258 (FIG, 17) are formed on the distal faces 237 of the infegral set screw
poriion 228, Accordingly, the subassemblies 26 may be fabricated with any of the base
portions 32 described and depicted herein,

For the various subassemblies 26, because the axial pap dimension 248 is greater than
the axial thickness 250 of the internal flange 194, monoaxial rotation of the extension rod
receptacle 34 about the pivot axis 182 is achieved. That is, the internal flange 194, though
effectively captured between the head portion 172 of the pivot member 170 and the base
portion 32 of the extension subassembly 26, can be rotated about the pivot axis 182, In the
depicted embodiment, movement of the of the extension rod receptacle 34 relative to the base
portion 32 is effectively Hmited to rotation about the pivot axis 182, 1e., a “monoaxial”
rotation.

For the subassemblics 26a and 26D, because of the exterior threads %6 on the side wall
82 of the base rod receptacle 24, the extension rod receptacle 34 can be mounted to the base
rod receptacle 24, That is, the extension subassemblies 26a and 26b can be mounted directly
o the exterior threads 96 of the base rod receptacle 24, For the subassembly 26¢, the
extension rod receptacie 24 can be mounted to the interior threads of the base rod receplacie
24, without need for exterior threads on the sidewall 82, Accordingly, becanse of the
subassermblies 26, the base rod receptacie 24 is referred to as “extension ready.”

For the pre-assembled extension subasserably 26a, the base portion 32 is aligned with
the hase rod receptacle 24 and the interior threads 126 of the skirt portion 124 of the base
portion 32 threaded over the exierior threads 96 of the base rod receptacle 24. For the pre-
assembled extension subassembly 26b, the base portion 32 i aligned with the base rod
receptacle 24 and both the interior threads 126 of the skirt portion 124 and the exterior
threads external threads 232 of the sel screw portion 228 are threadably engage with the
exterior threads 96 of the base rod receptacle 24 and the internal threads 192 of the center
nole 188, respectively,  Because the pivot mersber 170 ie in fixed relationship with the base
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poriion 32, the base portion 32 may be drawn tight against the proximal end 92 of the base
rod recepiacle 24 by with a driver inserted in the socket of the pivot member 170, For
monoaxial embodiments, the extension rod receptacie 34 may be rotated to a desired angular
orientation about the pivot axis 182, The extension spinal support rod 38 is inserted into the
extension rod receptacle 34, extending laterally through the diametrically opposed slots 148,
The extension set screw 44 or, alternatively, the sel screw portion 228, is threadably engaged
with the interior threads 134 of the side wall 142 and tightened. When the set screw 44 is
tightened against the extension spinal support rod 38, the extension rod receptacle 34 is
drawn in the proximal direction (upward in FIG. 2) so that the internal flange 194 is drawn
tight against the head portion 172, thereby locking the extension rod receptacle 34 in place
and in g fixed rotational orientation relative to the head portion 172..

in some embodiments, in the absence of the extension subassembly 26, the cap 28 can
be mounted o the exterior threads 96 of the base rod receptacle 24, Functionally, this
arrangement provides supporl against outward lateral deflections (splaying) of the wall
segments 90 would otherwise be provided by the skirt poriion 124 of the mounting platform
122 of the extension subassembly 26a.  Vanous reinforcersent caps 28 that can be
implemenied with either the base rod receptacle 24 or the extension rod receptacie 34 are
described below attendant to FIGS, 25 - 32,

Similar to the extensible spinal support sysiem 20a of FIG. 2, the extensible spinal
support systerns 20b and 20¢ of FIGR. 6 and 7 may be mounted to & previously implanted
extension ready base assembly without need for removing or otherwise releasing the base
spinal support rod 36. The base portions 32b and 32¢ of the extension subassembiies 26b and
26¢ may he mounted to the extension ready base assermmbly 21 of FIG. 1 instead of the set
screw 42, the base portions 32k and 32¢ serving as a cap for securing the base spinal rod 36
1o the base rod receptacie 24. The exiension rod receptacie 34 can later be mounted directly
to the center hole 188 of the mounting platform 122 of the base portion 32b with the pivot
member 170a, thereby leaving the arrangement of the base rod receptacle 24 the base
portions 32b, 32¢ and the base spinal support rod 36 intact.  Accordingly, the base rod
receptacie 24 in combivation with the base portions 32b or 32¢ is also referred to as
“ex."iension ready.” In such an embodiment, the extension subassemblies 26b and 26¢ are not
pre-assembled, but instead assembled on the existing base portion 32b, 32¢, being built up
from the mounting platform 122 as described above.

Referring to FIGS, 18 through 20, the pedicle screw 22 is depicted in isolation in an
embodiment of the disclosuwre. In addition to the components and attributes discussed above,
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the pedicle screw 22 may define a socket 262 tn the head portion 64, accessible from a
proximal end 264 of the pedicle screw 22, The threaded shaft portion 65 may be double
threaded as depicted. In sowe embodiments, a center passage 266 extends through the head
partion 64 and threaded shaft portion 65, In the depicted embodiment, the socket 262 is
hexagonal, but other geometries, such as a sguare, rectangle, crogs, or star patiern may be
utilized,

Functionally, the socket 262 accommodates driving of the pedicle screw 22 with an
appropriste mating wrench {e.g., hexagonal wrench for the depicted embodiment, or a square
bit, rectangular bit, cross (PHILLIPS) bit, or star {TORX®) bit as appropriate}. The center
passage 266 may be sized, for example, 10 accommodate sliding passage of a Kirschoer wire
or a larger dismeter rod.

Reterring to FIGR. 21 through 23, the base or extension set screw 42, 44 13 depicted in
isolation in an embodiment of the disclosure. In the depicted embodiments, the base and
extension set screws 42 and 44 are identical and are referred to collectively and generically as
the “set screw 42, 447, The sef screw 42, 44 includes exterior threads 268 that mate with the
interior threads ¥4, 154 of the base or extension rod recepiacle 24, 34, The set screw 42, 44
may define a socket 272, accessible from a proximal end 274 of the set screw 42, 44, In some
embodiments, a center passage 276 extends from the socket 272 through a distal end 278 of
the set screw 42, 44, In the depicted embodiment, the socket 272 is hexagonal, but other
geometries, such as a square, rectangle, cross, or star patiern may be utilized.

Functionally, the socket 272 accommodates driving of the set screw 42, 44 with an
appropriate mating wrench {e.g., hexagonal wrench for the depicted embodiment, or 2 square
bit, rectangular bit, cross (PHILLIPS) bit, or star (TORX®) bit as appropriate). The center
passage 276 may be sized, for example, to accommaodate sliding passage of a Kirschner wire
or larger diameter rod.

Referring to FIG. 24, the lock ring 66 is depicted in an embodiment of the disclosure,
In some embodiments, the lock ring 66 includes a distal face 282 and a proximal face 284
separated by a perimeter portion 286, The distal face 282 may be convex and define a
spherical profile 288. The proximal face 284 may include one or more malleable features
292 for engaging the base spinal support rod 36. The distal face 282 terminates at a distal
edge 294 of the perimeter portion 286, Io the depicted embodiment, a plurality of relief slots
206 are defined that are open at the disial edge 294 and extend axially into the perimeter
portion 286. In some embodiments, the one or more malleable features 292 are plastically
deformable, The one or more malleable features 292 may define a raised ridge 298, for
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example an annular ring as depicted in FIG. 24, In some embodiments, the lock ring 66
inchudes a radial detent 299 that extends radially outward from the perimeter portion 286,

Functionally, the convexity of the distal face 282 that accommodates and can slide
pver the spherical profile of the head portion 64 of the pedicle sorew 22, thereby enabling the
polvaxial movement of the base rod receptacle 24 relative to the head portion 64. The one or
more matleable features 292 conform 1o the shape of the base spinal support rod 36 when the
set screw 42 is tightened o secure the base spinal support rod 36 in place, The conformance
of the malleable feature(s) 292 acts to grip the base spinal support rod 38, thereby inhibiting
the base support rod 36 from rotating or sliding within the diametrically opposed slots 88 of
the base rod recepiacle 24, Upon tightening of the base 3ot screw 42, the relist <lots 296
enable the perimeter portion 286 to conform o the head portion 64 ai the distal edge 294 for
more effective gripping of the head portion 64 of the pedicle screw 22, The conlormance of
the mallesble feature{s) 292 and perimeter poriion 286 sct to secwe and inhibil movement
between the head portion 64, the base spinal support rod 36, and the base rod receptacie 24
The radial detent 299 may interface with internal features 297 (FIG. 33 within the base vod
receptacie 24, such as an internal inset Hange {depicted) or optionally a groove {not depicted).
The internal features 297 restrains the proximal face 284 from deflecting proximaily (upward
tn FIGS. 2 and 3) when the lock ring 66 is deformed under the clamping force between the
hase spinal support rod 36 and the head portion 64, thereby maintaining gripping contact
between the head portion 64 and the proximal face 284 of the lock ring 646,

Referring to FIGS. 25 and 26, the extension ready base assembly 21 is depicted with
the reinforcement cap 28 coupled to the base rod receptacle 24, Referring to FiGE, 27 and 28,
a reinforcement cap 28a is depicted according to an embodiment of the disclosure. Herein,
various reinforcement caps are presented and reforred o collectively and generically by
reference character 28, and specifically by the reference character 28 followed by a letter
suffix {e.g., reinforcement cap 28a). The reinforcement cap 28a includes a platform portion
122 including a distal face 324 and a proximal face 326 separated by a perimeter portion 328
(FIGS. 26, 27, and 28). A skirt portion 332 extends from the distal face 324 of the platform
portion 322 portion, the skirt portion 332 including an interior surface 334, at lesst & portion
of which includes interior threads 336 formed thereon. A set screw portion 342 extends from
the distal face 324 of the platform portion 322, the set serew portion 342 being surrounded by
the skirt portion 332 and including an exterior surface 338 that faces radially outward. Al
least a portion of the exterior surface 338 includes exterior threads 344 formed thereon. The

set serew portion 347 defines a rotation axis 346 about which the set screw portion 342 and
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the skirt portion 332 are concentric. An smnular gap 348 s defined between the exterior
threads 344 of the set screw portion 342 and the interior threads 336 of the skirt portion 332,

The reinforcement cap 28a may define a socket 272 accessible from the proximal face
326 of the cap 28a.  In the depicted embodiment, the socket 272 is hexagonal, but other
geometries, such as a sguare, rectangle, octagon, eross, or star pattern may be wtilized. In
some embodiments, a conter passage 276 extends from the socket 272 through a distal end
278 of the st screw portion 342,

Referring to FIG. 29, a reinforcement cap 28b modified to define a tapped center hole
360 is depicted according to an embodiment of the disclosure, The reinforcement cap 28b
includes many of the same components and attributes as the reinforcement cap 28a, which are
indicated with same-numbered nuwmerical characiers.  The tapped center hole 360 is
characterized as having an inner wall 362 on which threads 364 arve formed, and a bottom
surface 366, The socket 272 extends distally from the bottom surface 366,

Referring to FIGS, 30 and 31, a reinforcement cap 28c¢ is depicted according o an
embodiment of the disclosure. The reinforcement cap 28¢ includes many of the same
components and atiributes as the reinforcement cap 28a and 28b, which are indicated with
same-numbered reference characters, A distinction of the reinforcement cap 28c is that the
skirt portion 332 does not include interior threads, such that the skirt portion 332 slidingly
engages and rotates about the exterior threads 96 of the base rod receptacle 24 but does not
threadably engage the exterior threads 96,  Accordingly, the reinforcement cap 28c¢
threadably engages only with the imterior threads 94 of the side wall 82, In some
embodiments, the skirt portion 332 may define an inner diameter 372 that shides over the
exterior threads 96 with a close, shiding fit.

Referring to FIG. 32, the skirt portion 332 of the reinforcement cap 28 is depicted
with flats 374 according 10 an embodiment of the disclosure. The flats 374 extend parsllel to
the rotation axis 346 and may be implemenied with any of the depicted or contemplated
reinforcement caps 28. The embodiment of FIG. 32 depicts a total of six flats 374 as a non-
limiting example. In some embodimenis the mumber of flats 374 is in a range of six (o twelve
inclusive.  In some embodiments, the skirt portion 332 defines two flats 374 that are
diametrically opposed. In some embodiments, the skirt portion 332 defines four flats 374 that
are distributed as two diametrically opposed pairs that are rotationally offset at 90 degrees
with respect to cach other,

Functionally, the interior threads 94 of the base rod receptacle 24 are configured io
mate with the exterior threads 344 of the set screw portion 342 of the reinforcement cap 28.
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For the reinforcement caps 28a and 28b, the exterior threads 96 of the base rod receptacie 24
are configured o mate with the interior threads 336 of the skirt portion 332 of the
reinforcement cap 28, 28b. The socket 272 accommodates driving of the reinforcement cap
28, 28b with an appropriate mating wrench {e.g., hexagonal wrench for the depicted
embodiment, or & square bit, rectangular bit, cross (PHILLIPS) bit, or star (TORX®) bit as
appropriaie}. The flats 374, when implemented, provide an alternative way to apply torsion
to the reinforcement cap 28, for example by use of socket tool that slides over and engages
the flats 374, The flats 374 can also be used in so-called rescue situations, providing
alternative gripping surfaces for removal of components of the spinal support system 20, The
center passage 276 may be sized, for example, to accommodate sliding passage of a
Kirschner wire or a guide rod.

The unitary structure of the set screw portion 342 with the platform portion 322 and
skirt portion 344 provides additional structural strength and integrity relative to a separate cap
and set screw arrangement. For example, the spinal support system 20 provides greater
resistance 1o lateral forces because the set screw portions 347 is integrated with the platform
portion 322, establishing a shear stress at a junction 368 of the screw portion 342 and the
platform portion 322 that provides additional resistance to deformation relative to an
assembly where the cap and set screw are separaie components. The added strength and
structural integrity provided by the integrated arrangement of the reinforcement cap 28 may
be advantageous for high torque and high stress applications, such as scoliogis correction.

Referring to FIGS, 33, 334, 34, and 344, threads defining a canted cantilever profile
450 and the advantage provided over conventional threaded arrangements are depicted and
described according to embodiments of the disclosure. A conventional threaded
arrangements 400, schematically depicted at FIGS. 33 and 33A, may include, for example,
exterior threads 402 of a set screw 404 that are engaged with interior threads 406 of a wall
segment 408 of a spinal rod receptacle 410 (akin to opposed wall segments 50 and 150 of the
rod receptacies 24 and 34 of the extensible spinal support system 20). Both the set sorew 404
and the wall segment 408 are conceniric about a central axis 412 that defines the z-axis of a
right-cylindrical coordinate system 424 having an axial coordinate z and a radial coordinste 1.
When the set screw 404 is tightened a first direction 416 o set against a spinal support rod
415, a clamping force vector FC is generated, for which there is an equal and opposite force
vector FC7 in a second direction 418 that is opposite the first direction 416, The force vector
FC' in turn generates reaction force vectors FR generated at contact interfaces 422 between

the exterior threads 402 of the set screw 404 and the interior threads 406 of the wall segment
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408, The reaction forces FR generste an axial component FRZ and radial component FRR.
Because of the standard shape of the threads 402 and 406, the radial components FRR
generate a radial outward force FRO, Le., away from the central axis 412,

For configurations such as the depicted extensible spinal support system 20, the wall
segment 40% (c.g., wall segment 90 of the extensible spinal support system 20} is, in some
embodiments, not supporied by any struciure.  In such embodiments, the wall segment 408
will tend 0 cause deflections fo that deflect radially owtward in response io the radial
gutward force FRO. As the wall segment 408 deflecis radially outward, the overlap between
the threads 406 and 408 at the interfaces 422 5 reduced, thereby weakening the coupling
between the set serew 404 and the wall segmen 408, The tighter the draw on the set screw
404, the grester the radial cutward force FRO and the preater the deflection of the wall
segment 408, further decreasing the overlap at the interfaces 422, Accordingly, as the torque
reguirements of the conventional set screw 404 are increased, the coupling between the set
serew 404 and the wall segment 408 becores more tennwus. Over time, creep siresses may
cause the deflection of the wall segment 408 and the attendant decrease in the overlap at the
interfaces 422, causing the clamping force FC to reduce. This can cause looseming of the
assembly and slippage of the resident spinal rod within the spinal rod receptacle 410, In
some instances, torgue requirements can cause the set screw 404 {o slip within the spinal rod
regepiacie 410 during implantation.

A threaded arrangement uiilizing throads having the canted cantilever profile
arrangement 450 is depicted at FIGS. 34 and 34A. The vartous threads 94, 96, 126, 154, 156,
and 268 (FIGS. 2, 4, and 5) of the exiensible spinal support systerm 20 may utilize a canted
cantilever profile arrangement.

The canted cantilever profile amangement 430, schematically depicted at FIGS. 34
and 34A, may inchude, for example, exterior threads 452 of a set screw 434 that are engaged
with interior threads 456 of a wall segment 438 of a spival rod receptacle 460 (akin to
opposed wall segments 90 and 150 of the rod receptacles 24 and 34 of the extensible spinal
support system 20}, Both the set screw 454 and the wall segment 458 are conceniric about g
ceniral axis 462 that defines the z-axis of a right~cylindrical coordinate system 464 having an
axial coordinate z and a radigl coordinate . When the set screw 434 is tightened a first
direction 466 to sel against a spinal support rod 465, the clamping force veetor FC 18
generated, for which there is the equal and opposite force vector FC in & second direction

468 that is opposite the first direction 466, The force vector FO7 in turn generates reaction
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foroe vectors FR genernied at contact interfaces 472 between the exterior threads 432 of the
set serew 454 and the interior threads 456 of the wall segment 458, The reaction forces FR
gensrate an axial component FRZ and radial component FRE.

However, unlike the conventions! threaded arrangements 4, the contac! inferfaces
472 of the canted cantilever profiles 450 are sloped radially inward {(Le., toward the central
axis 462) in the first direction 466, By this arrangement, the radial component FRR is
vectored inward, toward the center axis 466, The forces so genersted will tend to cause
deflections 8t of the wall segment 458 that is radially inward in response o the radial imward
foree FRI. Because of the radial inward deflections 81, the wall segments 458 tend io be
supported by the set screw 454, Accordingly, the coupling between the sef screw 454 and the
spinal rod receptacle 460 provided by the canted cantilever profile arrangement 430 is
stronger and can provide a greater olamping force FCU than can the conventional threaded
arrangement 400 of spinal rod receptacle 410,

For the exiensible spinal sopport system 20, the interior threads 94, 154 of the base
and extension rod receptacle 24, 34 interact with the set screws 42, 44 in the manner
described attendant to the canted cantilever profile arrangement 430 of FIGK, 34 and 34A.
The exterior threads 96, 156 of the base and extension rod receptacle 24, 34 may also
implement a canted cantilever arrangement (see, ¢.g., FIGS, 2, 4, and 5} but may be
configured 1o generate different forces and deflections. For example, the exievior threads 96,
156 of the base and extension rod receptacle 24, 34 are sloped radially omiward {i.e., away the
central axis 462) in the distal direction 74. By this arrangement, the radial components of the
reaction forces gt the interface of the exiertor threads 96, 156 and the interior threads 126,
226 of the skirt portions 124, 224 is vectored outward, away from the cepter axis 67. The
forces so generated will tend 10 cause splaying of the rod receptacle 24, 34, Le., 10 cause the
wall segments 90, 150 o deflect radially outward. Because of the radial outward deflections,
the wall segments 90, 150 tend to be supported by the skirt portions 124, 224, The skirt
portions 124, 224, heing tangentially continucus, incurs a hoop stress that further counters the
cutward vadial forces and lmite splaving, The outward radial forces at the exterior threads
94, 156 also tend to counter and can be tailored 1o balance the wward radial forces FRI to
further reduce overall radial deflection (splaying) and deformation of the wall segments 84,
158,

Alternatively, the exterior threads 96, 156 of the receptacles 24, 34 and the interior

theeads 126, 226 of the skirt portions 124, 224 may be of a conventiopal arrangement,
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Conventional threads, as described atiendant to FIGS. 33 and 334, provide radial outward
forces that are subsequently supporied by the skirt portions 124, 224 and as a counter to the
radial inward force FRI, to prevent splaving.

Each of the additional figures and methods disclosed herein can be used separately, or
in conjunction with other features and methads, to provide improved devices and methods for
making and using the same. Therefore, combinations of features and methods disclosed
herein may not be necessary to practice the disclosure in its broadest sense and are instead
disclosed merely to particularly deseribe representative and preferred embodiments.

Various modifications to the embodiments may be apparent to one of skill in the ant
upon reading this disclosure. For example, persons of ordinary skill in the relevant arts wall
recognize that the varipus features described for the different embodiments can be suitably
combined, un-combined, and re-combined with other features, alone, or In different
combinations, Likewise, the various features described above should all be regarded as
example embodiments, rather than Hmitations o the scope or spirit of the disclosure.

Persons of ordinary skill in the relevant arts will recognize that various embodiments
can comprise fewer features than thustrated in any individual embodiment described above,
The embodiments described herein are not meant io be an exhaustive presentation of the
ways in which the various features may be combined. Accordingly, the erbodiments are not
mutually exclusive combinations of features; rather, the claims can comprise a combination
of different individual features selected from different individual embodiments, as understood
by persons of ordinary skill in the art.

Any incorporation by reference of documents above i3 limited such that no subject
matier is incorporated that is contrary 10 the explicit disclosure herein. Any incorporation by
reference of documents above iz further Hmited such that no claims included i the
documents are incorporated by reference herein. Any incorporation by reference of
documents above is vet further limited such that any definitions provided in the documents
are not incorporated by reference herein unless expressly inchuded herein.

Unless indicated otherwise, references to “embodiment(s)”, “disclosure”, “present
disclosure”, “embodiment(s) of the disclosure”, “disclosed embodiment(s)”, and the like
contained herein refer to the specification (text, including the claims, and figures} of this
patent apphication that are not admitted prior art.

For purposes of interpreting the claims, it is expressly intended that the provisions of
35 1L8.C. 112(1) are not to be inveked unless the specific terms “means for” or “step for” are

reciied in the respective claim.

A
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CLAIMS

What is claimed is:

1. A spinal support system, comprising:

a first rod receptacle for mounting to a pedicle serew, said first rod receptacle having a
fest side wall that includes a fitst interior surface and a frst exterior surface, said frst
side wall defining a first pair of diametrically opposed slots that extend axially along
said first side wall and are open at a proximal end of said first rod receptacle, said first
interior surface defining first interior threads, said first exterior snrface defining first
exterior threads; and

an extension assembly including a second rod receptacie mounted to 2 base portion, said
base portion including 2 mounting platform and a skirt portion that extends from said
mounting platform, said skirt portion including interior threads for mating with said
first exterior threads of sald first rod receptacle, said second rod receptacle having a
second side wall that inclndes a second interior surface and a second exterior surface,
said second side wall defining a second pair of diametrically opposed slots that extend
axially along said second side wall and are open at a proximal end of said second rod

receptacle, said second interior surface defining second interior threads,

2. The spinal support system of claim 1, wherein:

said exiension assembly includes a pivot member that attaches said second rod receptacle
to said base portion, said pivot member including a head portion and a shaft portion,
said shaft portion being in fixed relationship with said mounting mlatform and
defining a pivot axis;

said second rod receptacle defines an opening at a distal end thereof, said opening sized to
accominodate passage of said shaft portion of said pivot member: and

said mounting platform of said base portion defines a center hole for receiving said pivot

member.
3. The spinal support system of claim 2, wherein said skirt portion includes an exterior

surface that defines a plurality of flats, each of said plurality of flats being parailel to said

pivot axis.

26



WO 2018/204676 PCT/US2018/030928

4, The spinal support systers of claim 2, whereln said second rod receptacle includes an
iniernal flange having an interior face, said head portion of said pivet member being
dimensioned to extend over said interior face of said internal flange to couple said second rod

receptacle and said base portion.

5. The spinal support system of claim 4, wherein sald shaft portion includes external shaft
threads formed on an exterior surface thereot, and ssid center hole includes interior threads

for rating with satd external shaft threads.

6. The spinal support system of claim 4, wherein said shaft portion is right eylindrical and
includes & smooth exterior surface, and said center bole is right evlindrical and dimensioned

for a sliding fit with said shaft portion.

7. The spinal support system of claim 6, wherein
said head portion of said pivot member is one of a flat head and a countersink head;
aid interior fave of said internal flange of said second rod recoptacle conforms to said
head portion to enable sslective monoaxial rotation about said pivot axis; and
said pivot member includes a stop that cooperates with said base portion to define an
axial gap dimension between said head portion and said mounting platform, said sxial
gap being greater than an axial thickness of said internal flange fo enable monoaxial

rotation of said extension rod recepiacie about satd pivot axis,

§, The spinal support systens of claim &, wherein said shaft portion is welded o said base

portion,

9. The spinal support system of claim 6, wherein said shaft portion is swaged to said base

poriion.

10, The spinal support system of claim &, wherein said center hole is a through hole.

t1. The spinal support system of claim 1, wherein a set serew portion is imtegral with and
exiends from a distal face of said mourding platform, sald set serew portion including threads

configured to mate with said first interior threads of said first rod receptacle.
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12, The spinal support system of claim 11, wherein said threads of said set screw portion and
caid Grst interior threads of said first rod receptacle define canted cantilever profiles

configured to threadably engage sach other.

13. The spinal support system of claim 12, wherein said canted cantilever profiles extend

radially and in a distal direction.

14. The spinal support system of claim 1, comprising a pedicle screw coupled to a distal end

portion of said first vod receptacle,

15, The spinal support system of claim 14, comprising 2 fock ring configured to engage 8
spinal support rod, said lock ring including a distal face that conforms to sald pedicle screw
and a proximal face that includes one or more malleable features for engaging said spinal

support rod.

16. The spinal support system of clalm 15, wherein said one or more malleable features are

plastically deformable.

17. The spinal sapport system of clairs 13, wherein said one or more malleable features

includes g raised ridge.

18, The spinal support system of claim 15, wherein said raised ridge is an anmalar ring.

19. The spinal support system of claim 1, wherein said second exterior surface of satd second

rod receptacle includes second exterior threads.

20. The spinal support system of claim 19, comprising a cap including a skirt portion having

interior threads for mating with said second exterior threads of said second rod receptacie.

21. The spinal support system of claim 1, wherein sald first exterior threads and said interior
threads of said skirt portion define canted cantilever profiles configured to threadably engage

cach other,
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27. The spinal support system of claim 21, wherein said canted cantilever profiles extend

radially and in a distal direction.

23. The spinal support system of claim 1, comprising a first set serew having threads

configured to mate with said first interior thueads of said first rod receptacle.

24. A spinal rod support system, comprising:
an extension rod receptacie;
a base portion including a mounting platform that defines a center hole accessible from a
proximal face of said mounting platform; and

means for coupling said extension rod receptacle to said base portion,

25. The spinal support system of claim 24, wherein said means for coupling said extension
rod receptacie to said base portion includes a pivot member threadably engaged with said

center hole,

26. The spinal support system of claim 24, wherein said means for coupling sard exiension

rod receptacle to said base portion includes a pivot member swaged to said center hole.

27, The spinal support system of claim 24, wherein said means for coupling said extension

rod receptacle to said base portion includes a pivot member fused to said center hole.

28. The spinal support system of claim 27, wherein said pivot member is welded to said

genter hole at a distal face of said base portion.

29. The spinal support system of claim 28, wherein said distal face of said base portion is a

distal face of said mounting platiorm.
30, The spinal support system of claim 24, comprising:

a base rod receptacle; and

means for coupling said base portion to said base rod receptacie.
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31. The spinal support system of claim 30, wherein:
said base portion ipcludes a skirt portion; and
said means for coupling sald base portion to said base rod receptacle inchudes threaded

engagement of said skirt portion to said base rod receptacle.

12, The spinal support system of claim 31, wherein:
said base portion jncludes 8 set screw portion that is unitarj,; with and extends from a
distal face of said mounting platform; and
said means for coupling said base portion to said base rod receptacle includes threaded

engagement of said set serew portion to said base rod receptacle,

2

ac

The spinal support system of claim 32, whereln said set sorew portion and said base

e

portion include mating thueads that define canted cantilever profiles for said threaded

engagement.

34, The spinal support system of clabm 33, wherein said canted cantilever protiles extend

radially and in a distal direction.

35. The spinal support systern of claim 32, comprising a base spinal support rod disposed in
said base rod receptacle, sald set screw portion being configured to clamp said base spinal

support rod within said base rod recepiacle.

36. The spinal support system of claim 30, wherein:
said hase portion includes a set serew portion that is unitary with and extends from a
distal face of said mounting platform; and
said means for coupling said base portion to said base rod receptacie includes threaded

engagement of said set screw portion to sald base rod receptacle.

37, The spinal support system of claim 36, comprising a base spinal suppori rod disposed in
caid base rod receptacie, said set screw portion being configured to clamp said base spinal

support rod within said base rod receptacle.
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38. The spinal support system of cleim 24, wherein said means for coupling said extension
rod receptacle to said base portion enables only monoaxial rotation of said extension rod

receptacle ahout a pivoet axis.

39, A method of fabricating an extension assembly for a spinal support system, comprising!

inserting & pivot member into a rod receptacle so that a shafl portion of said plvot
member extends from a distal end of said rod receptacle;

disposing said shaft portion in a center hole of a base portion so that an internal flange of
said rod receptacle is captured between a head portion of said pivet member and said
base portion so that an axial gap dimension defined between said head portion and
said base member is greater than an axial thickness of said internal flange; and

securing said pivot member to said base portion,

40. The methad of claim 39, wherein the step of disposing and the step of securing includes

threadably engaging said shafl portion with said center hole.

41. The method of claim 39, wherein the step of disposing includes registering a stop on said

nivot member against said base portion to define said axial gap dimension.

42, The method of claim 39, wherein the step of securing includes one of fusing and swaging

said shaft member to said base portion.

43. A reinforcement cap for a spinal support system, comprising:

a platform portion including & distal face and a proximal face separated by a perimeter
portion;

a skirt portion that extends from said distal face of said platform portion, the skirt portion
including an interior surface, at least a portion of said interior surface including
interior threads formed therson; and

a set screw portion that extends from sald distal face of said platform portion, said set
screw portion being surrounded by said skirt portion and including an exterior surface
that faces radially outward, at least a portion of said exterior surface including exterior
threads formed thereon, said set screw portion defining a rotation axis, said set screw

portion and said skirt portion being concentric about said rolgtion axis to define an
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annular gap between said exterior threads of said set screw portion and satd interior

threads of said skirt portion.

44. The reinforcement cap of claim 43, wherein said skirt portion includes an exterior

surface that is tangential with said perimeter portion,

45, The reinforcement cap of claim 43, whereln said skirt portion includes an exterior
surface that defines a plurality of flats, each of said plurality of flats being parallel to said

rotation axis.

46. The reinforcement cap of claim 43, wherein said exterior threads of said set sorew

portion define a canted cantilever profile.

47. The reinforcement cap of claim 46, wherein said imterior threads of said skirt portion

define a camted cantilever profile.

48. The reinforcement cap of claim 46, wherein said canted cantilever profile of said set

sorew portion slopes in a distal direction and toward said rolation axis.

49, The reinforcement cap of claim 48, wherein said interior threads of said skirt portion

define a canted cantilever profile.

50. The reinforcement cap of claim 48, wherein said canted cantilever profile of said set

serew portion slopes in a distal divection and away from said rotation axis,

51. The reinforcement cap of claim 43, wherein said platform portion defines a spckat
accessible from said proximal face, sald socket being concentric with and extending along

said rotation axis.

57, The reinforcement cap of claim 51, wherein said platform portion defines a tapped center
hole accessible from said proximal face, said tapped center hole being concentric with and
extending along said rotation axis, said socket extending distally from said {apped center

hole,
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33, The reinforcement cap of claim 43, wherein said reinforcement cap defines g cenmter
passage concentric with said rotation axis and extending from said socket through a distal end

of said set sgrew portion.

S4. The reinforcement cap of claim 43, whereln said platform portion defines a tapped center
hole accessible from said proximal face, s8id tapped center hole being concentric with and

extending along said rotation axis.

55 The reinforcement cap of claim 43, whereln said set screw portion extends distally

beyond said skirt portion.

56. A spinal support system, comprising:

a platform portion including a distal face and a proximal face separated by & perimeter
portion; p

a skirt portion that extends from said distal face of sald platform portion, the skirt portion
including sn interior surface, at least a portion of said interior surface including
interior threads formed thereosy;

a set screw portion that extends from said distal face of said platform portion, said set
serew portion being surrounded by said skirt portion and including an exterior surface
that faces radiaily outward, at least a portion of said exterior surface including exterior
threads formed thereon, said set screw portion defining a rotation axis, said set serew
portion and said skirt portion being conceniric about said rotation axis to define an
annular gap between said exterior threads of said set screw portion and said interior
threads of said skirt portion; and

2 spinal rod recepiacle having a side wall that includes an interior surface and an exterior
surface, the side wall defining a pair of diametrically opposed slots that extend axiatly
glong the side wall and are open at a proximal end of the spinal rod receptacle, the
interior surface of the spinal rod receptacle defining inferior threads, the exterior
surface of the spinal rod receptacle defining first exterior threads,

wherein said interior threads of said spinal rod receptacle are configured to mate with said
exterior threads of said set screw portion of said reinforcement cap, and said exterior
threads of said spinal rod receptacle are configured to mate with said interior threads

of said skirt portion of said reinforcement cap.
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57. The spinal support system of claim 36, comprising a spinal rod configured for insertion

into said diametrically opposed slots.

58.  The spinal support system of claim 56, comprising a pedicle screw disposed within
said spinal rod receptacie, a shall of the pedicle serew extending distally from said spinal rod

recepiacie.

59, A method for securing a spinal support rod to s spinal rod receptacle, comprising:

(a) disposing a spinal support rod through diametrically opposed slots of 4 spinal rod
receptacle;

(b} threadably engaging interior threads of a skirt portion of a reinforcement cap with
exterior threads of said spinal rod receptacle;

(¢} simultaneously with step (b}, threadably engaging exterior threads of a set screw
portion of said reinforcement cap with Interior threads of said spinal rod recepiacie;
and

(d) tightening said reinforcement cap against said spinal support rod.

&0. The method of claim §9, wherein the step {d) includes driving said reinforcement cap

.. 5 ) s .
with a tool that mates with a socket formed on said reinforcement cap.

61. The method of claim 59, wherein step () includes driving said reinforcement cap with &

fool that engages flats formed on said skirt portion of said reinforcement cap.
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