I*I Innovation, Sciences et Innovation, Science and CA 3096464 A1 2019/10/17
Développement économique Canada Economic Development Canada
ey 3 096 464

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dépo6t PCT/PCT Filing Date: 2019/04/11 (51) CliInt./Int.Cl. A67B 17/70(2006.01)
(87) Date publication PCT/PCT Publication Date: 2019/10/17 | (71) Demandeur/Applicant:

(85) Entrée phase nationale/National Entry: 2020/10/07 WONDERHEALTHLLC, US

86) N° demande PCT/PCT Application No.: US 2019/026951| (72) Inventeur/Inventor:

HILL, KENNETH, US
(87) N° publication PCT/PCT Publication No.: 2019/200071
o o (74) Agent: MBM INTELLECTUAL PROPERTY LAW LLP
(30) Priorité/Priority: 2018/04/11 (US62/655,855)

(54) Titre : PLACEMENT ET FABRICATION DE TIGE IMPLANTABLE TEMPORAIREMENT FLEXIBLE
(54) Title: TEMPORARILY FLEXIBLE IMPLANTABLE ROD PLACEMENT AND FABRICATION

(57) Abrégé/Abstract:

Disclosed are various embodiments for forming spinal rod members for use in pedicle screw systems for spinal fixation surgery and
systems. A system can include a pedicle screw having a pedicle screw head and a pedicle screw shaft, the pedicle screw head
comprising an aperture for receiving and retaining a spinal rod member relative to the pedicle screw. The spinal rod member can
include an elongated tubular membrane having a flexible body and a spinal rod body formed of a compound, where the spinal rod
body is formed by insertion of a liquid compound into the elongated tubular membrane and a hardening of the liquid compound or
other similar process for conversion of the flexible rod to a rigid rod. The pedicle screw head can include a channel configured to
receive and retain the spinal rod member.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



CA 03096464 2020-10-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 October 2019 (17.10.2019)

(10) International Publication Number

WO 2019/200071 A1l

WIPO I PCT

(51) International Patent Classification:
A61B 17/56 (2006.01) A61B 17/68 (2006.01)
A61IB 17/58 (2006.01) A61B 17/70 (2006.01)

(21) International Application Number:
PCT/US2019/026951

(22) International Filing Date:
11 April 2019 (11.04.2019)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L . . kind of regional protection available): ARIPO (BW, GH,

(26) Publication Language: English GM. KE. LR, LS, MW, MZ. NA. RW, SD. SL. ST. SZ. TZ.
(30) Priority Data: UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
62/655,855 11 April 2018 (11.04.2018) US TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(71) Applicant: WONDERHEALTH LLC [US/US]; P.O. Box
17498, Atlanta, Georgia 30316 (US).

(72) Inventor: HILL, Kenneth, P.O. Box 17498, Atlanta,

EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

w0 20197200071 A1 |0 000 00 O OO 0O

Georgia 30316 (US).

(74) Agent: THOMAS HORSTEMEYER LLP; Attn.: Ken-
neth A. KNOX, 3200 Windy Hill Road SE, Suite 1600E,
Atlanta, Georgia 30339 (US).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(54) Title: TEMPORARILY FLEXIBLE IMPLANTABLE ROD PLACEMENT AND FABRICATION

(57) Abstract: Disclosed are various embodiments for forming spinal
rod members for use in pedicle screw systems for spinal fixation
surgery and systems. A system can include a pedicle screw having a
pedicle screw head and a pedicle screw shaft, the pedicle screw head
comprising an aperture for receiving and retaining a spinal rod mem-
ber relative to the pedicle screw. The spinal rod member can include
an elongated tubular membrane having a flexible body and a spinal rod
body formed of a compound, where the spinal rod body is formed by
insertion of a liquid compound into the elongated tubular membrane
and a hardening of the liquid compound or other similar process for
conversion of the flexible rod to a rigid rod. The pedicle screw head
can include a channel configured to receive and retain the spinal rod
membet.,

[Continued on next page]



CA 03096464 2020-10-07

WO 2019/20007 1 A1 | J]F 0] 08P 000 00 00T Y OO

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



CA 03096464 2020-10-07

WO 2019/200071 PCT/US2019/026951

TEMPORARILY FLEXIBLE IMPLANTABLE
ROD PLACEMENT AND FABRICATION
CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of and priority to U.S. Provisional
Patent Application No. 62/655,855 entitled “TEMPORARILY FLEXIBLE
IMPLANTABLE ROD PLACEMENT AND FABRICATION,” filed April 11, 2018, the

contents of which being incorporated by reference in their entirety herein.

BACKGROUND

[0002] Surgical screw-based rod instrumentation in specialty surgery, i.e.
pedicle screws, are surgically implanted medical devices that include, but are not
limited to, a specialized screw commonly used in spine surgery for the stabilization
of spinal sections. This intervention is commonly performed to produce spinal
stability for neuronal function preservation, pain relief, deformity correction, etc. In
conventional spinal instrumentation, the screw and rod construction is composed
of multiple components which generally includes a screw head, a closure cap, a
screw shaft, and a spinal rod which is used to connect two or more screws together
in a segmental or non-segmental series.

[0003] The metal alloy composition of the spinal rod is usually stainless steel,
titanium, cobalt chromium or other, though other compounds with less rigid
composition have also been developed. Internal anatomy and pathophysiology
differs widely and no two individuals requiring surgery have uniform spinal
alignment. Additionally, intentional correction of undesired spinal alignment
requires the development of a personalized rod structure. Additional surgery,
during which connection of a construct with a previously implanted construct,
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requires real-time adjustments of implanted metal. Lastly, there are also changing
variables to rod alignment based on the surgical technique and comfort level of
the operating surgeon.

[0004] As such, during surgery the spinal rod must be adjusted and bent from
predetermined shape of straight or nearly straight to form the appropriate
curvature for engaging the already placed screw constructs, i.e. pedicle screw,
that also corresponds with the larger alignment of concavity and convexity desired
for the spinal column. This process requires a traditional manual manipulation of
the rod or repositioning of implanted screws. This is labor intensive, and bending
the spinal rod can be mentally difficult. Attempting to recapitulate the three
dimensional contour required for implantation is done in a separated environment
(over the patient or on the back table). This is labor intensive and it can also
significantly increase surgery times. This process requires a great degree of trial-
and-error until the curvature of the spinal rod is matched the internal or desired
internal alignment. Of note, a similar process can be required in a number of

additional surgical specialties, as this specifically speaks to spinal fixation.

FIELD OF THE INVENTION
[0005] The presentinvention relates generally to spinal fixation devices for the
internal fixation of the spine, particularly within the fields of neurosurgery,
orthopedics, and other fields associated with spinal alignment procedures and
spinal implants that include pedicle screws, lateral mass screws, anterior, lateral,
oblique spinal screws, occipital, sacral and pelvic fixation and spinal rods for fixing,

correcting and retaining vertebral bones relative to one another.
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BRIEF SUMMARY OF THE INVENTION

[0006] Various embodiments are disclosed for forming spinal rod members for
use in pedicle screws; lateral mass screws; trans-articular screws; cortical screws;
laminar screws; facet screws; anterior, lateral and oblique screws; occipital, sacral
and pelvic fixation screws (from now on generally referred to as a “pedicle screw”)
for spinal instrumentation and fixation surgery and systems. A particular pedicle
screw system can include a pedicle screw having a pedicle screw head and a
pedicle screw shaft, the pedicle screw head being configured to receive and retain
a spinal rod member relative to the pedicle screw. The spinal rod member can
include a predetermined rigid rod configuration, an elongated tubular membrane
having a flexible body and a spinal rod body formed of a compound, where the
spinal rod body is formed by insertion of a liquid compound into the elongated
tubular membrane and a hardening of the liquid compound. The pedicle screw
head can include a channel or an aperture configured to receive and retain the
spinal rod member relative to the pedicle screw and relative to bone.

[0007] Further, a method can include attaching a first pedicle screw to a first
vertebrae of a spine and attaching a second pedicle screw to a second vertebrae
of the spine, where the first pedicle screw and the second pedicle screw each
include a pedicle screw head and a pedicle screw shaft. The pedicle screw head
can be configured to retain a spinal rod member relative to the first pedicle screw
and the second pedicle screw. Further, the method can include forming the spinal
rod member by positioning a flexible and elongated tubular membrane that will
maintain a competent inner channel into the pedicle screw head of the first pedicle
screw and the second pedicle screw, inserting a liquid compound into the
elongated tubular membrane, hardening the liquid compound to form a hardened

3
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spinal rod member body. Additional embodiments can include forming the spinal
rod member by positioning a multi-segmented flexible and elongated rod to the
pedicle screw head of the first pedicle screw and the second screw that after
capturing the rod within the pedicle screw head will then made rigid by a collapsing
of the segments to a rigid construct. Additional embodiments would include yet to
be developed easily influenced liquids, semi-solid or solid compounds that can be
converted into a rigid state in a fashion that can be implanted for the purposes of

spinal instrumentation and fixation

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Many aspects of the present disclosure can be better understood with
reference to the following drawings. The components in the drawings are not
necessarily to scale, with emphasis instead being placed upon clearly illustrating
the principles of the disclosure. Moreover, in the drawings, like reference
numerals designate corresponding parts throughout the several views.

[0009] FIG. 1 shows an example of a pedicle screw having a spinal rod
member according to various embodiments of the present disclosure.

[0010] FIG. 2 shows an example of multiple pedicle screws having a spinal
rod member forming a curvature according to various embodiments of the present
disclosure.

[0011] FIG. 3 shows a flowchart illustrating an example of the forming of a
spinal rod member for use with the pedicle screws of FIGS. 1 and 2 according to

various embodiments of the present disclosure.
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DETAILED DESCRIPTION

[0012] The present disclosure relates to a pedicle screw spinal rod placement
system that includes a temporarily flexible member and a method of fabricating
the same. A pedicle screw as outlined in this disclosure represents a number of
screw fixation techniques utilized in the fixation and stabilization of the spinal
columns and includes open, percutaneous, minimally invasive and other surgical
techniques. Other similar screw types used for stabilization that are also
represented within the identification of “pedicle screw” include, but are not limited
to, lateral mass screw; trans-articular screw; cortical screw; laminar screw; facet
screw; anterior, lateral and oblique screw; and occipital, sacral and pelvic fixation,
though the specifics of screw differentiation will not be discussed here.

[0013] As noted above, pedicle screws are medically implanted surgical
devices that include a specialized screw commonly used in surgery for the
stabilization of spinal sections to create spinal stability, correct pathologic spinal
alignment, achieve preservation or improvement of neuronal or other medically
dependent function, and/or to relieve or alleviate pain. In conventional screw
fixation, the screw is composed of multiple basic components generally including,
but not limited to, a screw head which can be in a fixed orientation to polyaxial in
nature, a closure cap or entrapment construct to house the spinal rod construct, a
shaft with a variety in pitch for thread development, and a spinal rod which is used
to connect two or more screws together in a non-segmental or segmental series.
The spinal rod characteristics typically represent an elongated rod implant that is
cylinder in shape and can be of various lengths, though other embodiments
include a less circular shape, plating type system or other type devices used to
connect vertebral segments. The spinal rod is usually composed of a type of

5
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stainless steel, including but not limited to, titanium or cobalt chromium, though
additional less or more rigid rod composition is sometimes employed.

[0014] Historically, certain systems used for spinal fixation have been referred
to as a Harrington rod. As such, during surgery the spinal rod must be adjusted
and bent from a predetermined shape of straight or nearly straight to form the
appropriate curvature for engaging the already placed screw constructs, i.e.
pedicle screw, that also corresponds with the larger alignment of concavity and
convexity desired of the spinal column. This alignment can be determined to
maintain a currently determined alignment based on a patient's pathophysiology
or to correct the alignment with subsequent fixation for healing to achieve a
desired radiographic and clinical outcome.

[0015] The process of spinal rod adjustment traditionally requires a manual
manipulation of the rod or repositioning of implanted screws. Manually adjusting
and bending of the spinal rod can be mentally difficult to recapitulate the three-
dimensional contour required for internal implantation, as this process of manual
bending traditionally is completed in a separate environment (over the patient or
on the back table) and is labor intensive. /n situ spinal rod bending is also difficult
and potentially hazardous as large amounts of force are required with instruments
that can be difficult to get into the surgical site. Spinal rod bending can significantly
increase surgery times. This process requires a great degree of trial-and-error
until the curvature of the spinal rod can match the implanted and desired internal
anatomy. In addition, a similar process of trial-and-error can be required in a
number of other surgical procedures for implantation of a rigid construct to allow
for correction and stabilization of physiologic structures though this document

specifically speaks to spinal fixation.
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[0016] Accordingly, various embodiments are disclosed regarding the forming
of spinal rod members for use in pedicle screw systems during spinal fixation
surgery. In addition, various embodiments are disclosed regarding the systems
that require improved techniques for adjusting and do not require manual bending
of stainless steel metal spinal rods or other members. A system can include a
pedicle screw having a pedicle screw head and a pedicle screw shaft, where the
pedicle screw head is configured to receive and retain a spinal rod member
relative to the pedicle screw. The spinal rod member can include an elongated
tubular membrane having a flexible body and a spinal rod body formed of a single
element or compound, including but not limited to a derivative of a plastic
compound, primary element, metal alloy, other compound or other, where the
spinal rod body is formed by insertion of a liquid compound into the elongated
tubular membrane and a hardening of the liquid compound.

[0017] The hardening process of the liquid compound can comprise a number
of potential methods. Methods can include, but are not necessarily limited to,
waiting a predetermined amount of time, an application of an additional agent that
invokes a chemical reaction to harden the liquid compound, photo or electrical
curation, a multistep process of hardening, metal alloy selection that has intrinsic
properties for hardening, use of other element or compound that has innate or
adjustable properties that can be manipulated or adjusted in a controlled fashion
to convert from a first state that can easily be maneuvered to a more rigid state,
temperature curing methods, a combination thereof, or other currently established
or future developed procedures for conversion of a malleable/flexible rod to a rigid
structure whether this process is completed within the surgical wound or outside
the surgical wound for implantation. The tensile and fatigue strength of the spinal

7
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rod can be variable and can depend on the desired rigidity of the rod based on
previous surgery, the surgical expectations by the surgical team and long-term
goals of the construct. The pedicle screw head can include a channel configured
to receive and retain the spinal rod member, as can be appreciated.

[0018] Further, a method can include attaching a first pedicle screw to a first
vertebrae of a spine and attaching a second pedicle screw to a second vertebrae
of the spine, where the first pedicle screw and the second pedicle screw each
include a pedicle screw head and a pedicle screw shaft that can be cannulated,
pores or not. The rigid or polyaxial pedicle screw head can be configured to retain
a spinal rod member relative to the first pedicle screw and the second pedicle
screw. Further, the method can include forming the spinal rod member by
positioning a flexible and elongated tubular membrane into the pedicle screw head
of the first pedicle screw and the second pedicle screw, inserting a liquid
compound into the elongated tubular membrane, hardening the liquid compound
to form a hardened spinal rod member body. Additional embodiments can include
forming the spinal rod member by positioning a multi-segmented flexible and
elongated rod to the pedicle screw head of the first pedicle screw and the second
screw that after capturing the rod within the pedicle screw head will then be made
rigid by a collapsing of the segments to a rigid construct. Additional embodiments
can further include yet to be developed easily influenced liquids, semi-solid, or
solid compounds that can be converted into a rigid state in a fashion that can be
implanted for the purposes of spinal instrumentation and fixation.

[0019] Turning now to FIG. 1, a non-limiting example of a pedicle screw 100

and a spinal rod member 110 is shown according to various embodiments. The
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pedicle screw 100 and the spinal rod member 110 can be used as a component
in a spinal rod type spine fixation system or assembly, as will be appreciated.

[0020] More specifically, the pedicle screw 100, similar screw implant, or other
similar apparatus can be employed to attach or fix a section of the spinal rod
member 110 or similar rod construct, plating system, or other similar system
relative to a vertebrae or section of vertebra of the spine with or without fixation to
the skull base, sacrum and/or pelvis (not shown). More specifically, the pedicle
screw 100 is configured to be attached to a vertebra in a manner known in the art
by skilled surgeons or other medical practitioners, while a pedicle screw head 120
of the pedicle screw 100 comprises a pedicle screw aperture 125 that receives,
fixes, retains, and holds a section of the spinal rod member 110 therein. It is
understood that the vertebra can include vertebra of a mammal, such as a human,
dog, cat, horse, or other mammal. In some embodiments, the pedicle screw head
120 can be movable and repositioned relative to the pedicle screw 100.

[0021] Further, in some embodiments, the pedicle screw head 120 includes a
coupling element 130 that is detachable and can be attached to the pedicle screw
head 120, for instance, to capture and retain the spinal rod member 110 or similar
rod construct, plating system or other to the pedicle screw 100. The pedicle screw
head 120 can be attached to a pedicle screw shaft 140, which can include
threaded elements (i.e., male threaded elements) for insertion into bone, such as
vertebrae or other spinal segmental anatomical locations of a spinal column or
other suitable bone structure.

[0022] As noted above, conventional spinal rod implants or Harrington rods
including screws, rods, hooks and connectors are composed of stainless steel or
other type of metal or high tensile strength materials. Implant construct testing

9
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includes the fatigue strength of the construct over time. As such, during surgery,
the spinal rod must be adjusted and bent from a predetermined shape of straight
or nearly straight to form the appropriate curvature for engaging the already placed
screw constructs (e.g., a pedicle screw) that also corresponds with the larger
alignment of concavity and convexity desired of the spinal column.

[0023] The alignment can be determined to maintain a desired alignment
based on a patient’s pathophysiology or to correct the alignment with subsequent
fixation for healing to achieve a desired radiographic and clinical outcome. This
commonly requires bending of a particular rod in multiple three-dimensional
directions for proper implantation. The process of spinal rod adjustment
traditionally requires a manual manipulation of the rod or repositioning of
implanted screws. Manually adjusting and bending of the spinal rod can be
mentally difficult to recapitulate the three-dimensional contour required for internal
implantation as this process of manual bending traditionally is completed in a
separate environment (over the patient or on a back table in an operating room)
and is laborintensive. Spinal rod bending can significantly increase surgery times.
This process requires a great degree of trial-and-error until the three-dimensional
curvature of the spinal rod can match the implanted and desired internal anatomy.
As such, according to various embodiments of the present disclosure, a spinal rod
member 110 can be formed, for instance, during a surgery on a spinal column or
other portion of the body without having to bend stainless steel or other material.

[0024] In various embodiments, the spinal rod member 110 can include an
elongated tubular membrane 150 having a flexible body. In some embodiments,
the elongated tubular member 150 can be formed of plastic, other semi-solid,
malleable solid or other suitable material. The flexible body can be used, for

10
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instance, to position the elongated tubular membrane 150 in the screw head
aperture 125 (or other receptacles of channels) of one or more screw heads 120.
In some embodiments, after the elongated tubular member 150 is positioned in
the channels 160, the coupling element 130 or other functionally similar coupling
element can be used to secure the elongated tubular membrane 150 to the pedicle
screws 100. The elongated tubular membrane 150 can include a hollow interior
170 in some embodiments. As such, the elongated tubular member 160 can be
formed of a material that provides some structural resistance when the coupling
element 130 is attached, such that a body of the spinal rod member 110 to be
formed includes a substantially uniform or a uniformity that is not statistically
and/or functionally significantly different in cross-section across all portions of the
spinal rod member 110. The spinal rod member 110 can include a substantially
straight shape or a curvilinear shape, as shown in FIG. 2.

[0025] In one embodiment the hollow interior 170 of the elongated tubular
membrane 150 can be filled by insertion of a compound 180, as shown in FIG. 2,
such as a liquid or semisolid compound, thereby forming a spinal rod body 190
when the compound has settled and hardened. The method for hardening can be
one of a number of different controlled properties of the initial compound or an
activation of the liquid or semi-solid compound by any of a number of external
factors. The extent of potential external factors are not limited within this
description. Further, as shown in FIG. 2, the elongated tubular member 150 is
shown as being positioned in channels 160 of multiple pedicle screws
100a...100c, where the pedicle screws 100a...100c include pedicle screw heads
120a...120c and pedicle screw shafts 140a...140c, as shown in FIG. 1. Referring
again to FIG. 2, in some embodiments, the compound includes

11
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polymethylmethacrylate (PMMA) or other suitable compound.  Additional
embodiments would include yet to be developed easily influenced liquids, semi-
solid, solid compounds, or a combination thereof, that be converted into a rigid
state in a fashion that can be implanted for the purposes of spinal instrumentation
and fixation.

[0026] In another embodiment, the elongated spinal rod body 110 can
represent a multi-segmented flexible and elongated rod that will be positioned in
channels 160 of multiple pedicle screws 100a...100c, where the pedicle screws
100a...100c¢ include pedicle screw heads 120a...120c¢ and pedicle screw shafts
140a...140c. After capturing the rod within the pedicle screw head 160 with screw
cap 130, the multi-segmented flexible rod will be made rigid by a collapsing
process of the segments to a rigid construct.

[0027] In any spinal construct, the number of pedicle screw 100 segments
fixed at an individual procedure is only limited by the surgical plan of the specialty
surgeon and the anatomy of the patient. All embodiments detailed here can be
used for fixation of any number of vertebral segments including fixation to the skull,
sacrum and pelvis.

[0028] Referring next to FIG. 3, a flowchart 300 is shown as an example of
forming a spinal rod member 110 for use with one or more pedicle screws 100.
Beginning with step 303, the method can include attaching a first pedicle screw
100a to a first vertebrae of a spine (not shown). Next, in step 306, the method can
include attaching a second pedicle screw 100b to a second vertebrae of the spine
(not shown). The first pedicle screw 100a and the second pedicle screw 100b can
each include a pedicle screw head 120 and a pedicle screw shaft 140, as can be
appreciated. Further, the pedicle screw head 120 of the first pedicle screw 100a

12
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and the second pedicle screw 100b can be configured to retain a spinal rod
member 110 relative to the first pedicle screw 100a and the second pedicle screw
100b. In a similar fashion pedicle screw 100b can be configured to retain a spinal
rod member 110 relative to a third pedicle screw 100¢ which will continue to retain
a spinal rod member 110 relative to pedicle screw 100d.

[0029] Next, with respect to steps 309 to steps 318, the spinal rod member
110 can be formed. For instance, with respect to step 309, a flexible and
elongated tubular membrane 150 can be positioned into the pedicle screw heads
120 of the first pedicle screw 100a and the second pedicle screw 100b (or other
pedicle screws 100 as needed). Next, in step 312, a compound 180, such as a
liquid, semi-solid or flexible solid compound configured to harden over time, can
be inserted into the elongated tubular membrane 150. In step 315, the compound
180 can be hardened, for instance, to form a hardened spinal rod member body.
In step 315, in some embodiments, changes in temperature, light or electricity that
aid or achieves the hardening of the compound 180 can be applied. In step 318,
the tubular membrane 150 can be optionally removed, although, in some
embodiments, it is understood that the tubular membrane 150 can be left intact.
Thereafter, the process can proceed to completion.

[0030] Disjunctive language such as the phrase “at least one of X, Y, or Z,”
unless specifically stated otherwise, is otherwise understood with the context as
used in general to present that an item, term, etc., can be either X, Y, or Z, or any
combination thereof (e.g., X, Y, and/or Z). Thus, such disjunctive language is not
generally intended to, and should not, imply that certain embodiments require at

least one of X, at least one of Y, or at least one of Z to each be present.

13



CA 03096464 2020-10-07

WO 2019/200071 PCT/US2019/026951

[0031] It should be emphasized that the above-described embodiments of the
present disclosure are merely possible examples of implementations set forth for
a clear understanding of the principles of the disclosure. Many variations and
modifications can be made to the above-described embodiment(s) without
departing substantially from the spirit and principles of the disclosure. All such
modifications and variations are intended to be included herein within the scope
of this disclosure and protected by the following claims and clauses.

[0032] Clause 1: A system, comprising: a pedicle screw comprising: a pedicle
screw head; a pedicle screw shaft for implanting the pedicle screw in vertebra of
a mammalian body; and a pedicle screw aperture, the pedicle screw aperture
being configured to receive and retain the spinal rod member relative to the pedicle
screw; and the spinal rod member, wherein the spinal rod member comprises: an
elongated tubular membrane having a flexible body; and a spinal rod body formed
inside the flexible body by a hardening of a compound, wherein the spinal rod
body is formed by an insertion of a liquid, semi-solid, or flexible compound into the
flexible body and converted into a solid body.

[0033] Clause 2. The clause of claim 1, wherein the hardening of the
compound is performed by applying at least one of. a change in temperature of
the compound, an application of light to the compound, an application of electricity
to the compound, and an application of a hardening agent to the compound.

[0034] Clause 3. The system of any of clauses 1-2, wherein the compound
comprises polymethylmethacrylate (PMMA).

[0035] Clause 4. The system of any of clauses 1-3, wherein the cross-section
of the elongated tubular membrane is substantially similar to a cross-section of
the screw head aperture that receives and retains the spinal rod member.

14
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[0036] Clause 5. The system of any of clauses 1-4, wherein the spinal rod
member has a substantially straight shape or a curvilinear shape.

[0037] Clause 6. A method, comprising: providing a pedicle screw, wherein
the pedicle screw comprises: a pedicle screw head; a pedicle screw shaft for
implanting the pedicle screw in vertebra of a mammalian body; and a pedicle
screw aperture, the pedicle screw aperture being configured to receive and retain
the spinal rod member relative to the pedicle screw; and providing the spinal rod
member, wherein the spinal rod member comprises: an elongated tubular
membrane having a flexible body; and a spinal rod body formed inside the flexible
body by a hardening of a compound, wherein the spinal rod body is formed by an
insertion of a liquid, semi-solid, or flexible compound into the flexible body and
converted into a solid body.

[0038] Clause 7. The method of clause 6, wherein the compound comprises
polymethylmethacrylate (PMMA).

[0039] Clause 8. The method of any of clauses 6-7, wherein the cross-section
of the elongated tubular membrane is substantially similar to a cross-section of
the screw head aperture that receives and retains the spinal rod member.

[0040] Clause 9. The method of any of claims 6-9, wherein the spinal rod
member has a substantially straight shape or a curvilinear shape.

[0041] Clause 10. The method of any of clauses 6-10, further comprising:
attaching the pedicle screw to a first vertebrae of the spine, the pedicle screw
being a first pedicle screw; attaching a second pedicle screw to a second
vertebrae of the spine, the second pedicle each comprising a second pedicle
screw head and a second pedicle screw shaft, the second pedicle screw
comprising a second aperture configured to retain a spinal rod member relative to
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the first pedicle screw and the second pedicle screw; and forming the spinal rod
member by: positioning a flexible and elongated tubular membrane into the
pedicle screw head of the first pedicle screw and the second pedicle screw;
inserting a liquid compound into the elongated tubular membrane; and performing
the hardening of the liquid compound to form a hardened spinal rod member body.

[0042] Clause 11. The method of any of clauses 6-10, wherein the hardening
of the liquid compound is performed by applying at least one of. a change in
temperature of the compound, an application of light to the compound, an
application of electricity to the compound, and an application of a hardening agent
to the compound.

[0043] Clause 12. A method, comprising: attaching a first pedicle screw to a
first vertebrae of a spine; attaching a second pedicle screw to a second vertebrae
of the spine, the first pedicle screw and the second pedicle screw each comprising
a pedicle screw head and a pedicle screw shaft, the pedicle screw head being
configured to retain a spinal rod member relative to the first pedicle screw and the
second pedicle screw; forming the spinal rod member by: positioning a flexible
and elongated tubular membrane into the pedicle screw head of the first pedicle
screw and the second pedicle screw; inserting a liquid compound into the
elongated tubular membrane; and hardening the liquid compound to form a
hardened spinal rod member body, wherein the hardening of the liquid compound
is performed by applying at least one of. a change in temperature of the
compound, an application of light to the compound, an application of electricity to
the compound, and an application of a hardening agent to the compound.

[0044] Clause 13. The method of clause 12, wherein the liquid compound
comprises Polymethylmethacrylate (PMMA).
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[0045] Clause 14. The method of any of clauses 12-13, wherein the cross-
section of the elongated tubular membrane is substantially similar to a cross-
section of a channel of the pedicle screw head of the first pedicle screw and the
second pedicle screw configured to receive and retain the spinal rod member.

[0046] Clause 15. The method of any of clauses 12-14, wherein the spinal rod
member can represent a multi-segmented flexible rod that is made rigid by a

process of compression.
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CLAIMS

Therefore, the following is claimed:

1. A system, comprising:
a pedicle screw comprising:
a pedicle screw head,
a pedicle screw shaft for implanting the pedicle screw in vertebra of
a mammalian body; and
a pedicle screw aperture, the pedicle screw aperture being
configured to receive and retain a spinal rod member relative to the pedicle screw;
a coupling element attachable to the pedicle screw head, the
coupling element being configured to secure the spinal rod member within the
pedicle screw aperture; and
the spinal rod member, wherein the spinal rod member cc_)mprises:
an elongated tubular membrane having a flexible body; and
a spinal rod body fbrmed inside the flexible body by a hardening of a
compound, wherein the spinal rod body is formed by an insertion of a liquid, semi-

solid, or flexible compound into the flexible body and converted into a solid body.
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2. The system of claim 1, wherein the hardening of the compound is performed
by applying at least one of: a change in temperature of the compound, an application of
light to the compound, an application of electricity to the compound, and an application of

a hardening agent to the compound.

3. The system of claim 1, wherein the compound comprises

polymethyimethacrylate (PMMA).

4. The system of claim 1, wherein a cross-section of the elongated tubular
membrane is substantially similar to a cross-section of the pedicle screw apterture

aperture that receives and retains the spinal rod member.

5. The system of claim 1, wherein the spinal rod member has a substantially

straight shape or a curvilinear shape.

6. A method, comprising:
providing a pedicle screw, wherein the pedicle screw comprises:
a pedicle screw head,;
a pedicle screw shaft for implanting the pedicle screw in vertebra of
a mammalian body; and
a pedicle screw aperture, the pedicle screw aperture being

configured to receive and retain a spinal rod member relative to the pedicle screw;
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a coupling é|ement attachable to the pedicle screw head, the
coupling element being configured to secure the spinal rod member within the
pedicle screw aperture; and

providing the spinal rod member, wherein the spinal rod member comprises:
an elongated tubular membrane having a flexible body; and

a spinal rod body formed inside the flexible body by a hardening of a
compound, wherein the spinal rod body is formed by an insertion of a liquid, semi-

solid, or flexible compound into the flexible body and converted into a solid body.

7. The method of claim 6, wherein the compound comprises

polymethylmethacrylate (PMMA).

8. The method of claim 6, wherein a cross-section of the elongated tubular
membrane is substantially similar to a cross-section of the screw head aperture that
receives and retains the spinal rod member.

9. The method of élaim 6, wherein the spinal rod member has a substantially

straight shape or a curvilinear shape.

10. The method of claim 6, further comprising:
attaching the pedicle screw to a first vertebrae of a spine, the pedicle screw
being a first pedicle screw;
attaching a second pedicle screw to a second vertebrae of the spine, the

first pedicle screw and the second pedicle screw each comprising a second pedicle screw
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head and a second pedicle screw shaft, the second pedicle screw comprising a second
aperture configured to retain a spinal rod member relative to the first pedicle screw and
the second pedicle screw; and
forming the spinal rod member by:
positioning a flexible and elongated tubular membrane into the
pedicle screw head of the first pedicle screw and the second pedicle screw and
attaching the coupling element to the pedicle screw head,
inserting a liquid compound into the elongated tubular membrane;
and
performing the hardening of the liquid compound to form a hardened

spinal rod member body.

11. The method of claim 10, wherein the hardening of the liquid compound is
performed by applying at least one of: a change in temperature of the compound, an
application of light to the compound, an application of electricity to the compound, and an

application of a hardening agent to the compound.

12. A method, comprising:
attaching a first pedicle screw to a first vertebrae of a spine;
attaching a second pedicle screw to a second vertebrae of the spine, the
first pedicle screw and the second pedicle screw each comprising a pedicle screw head,
a coupling element attachable to the pedicle screw head, and a pedicle screw shaft, the

pedicle screw head being configured to retain a spinal rod member relative to the first
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pedicle screw and the second pedicle screw and the coupling element being configured
to secure the spinal rod member to the pedicle screw head,
forming the spinal rod member by:
positioning a flexible and elongated tubular membrane into the
pedicle screw head of the first pedicle screw and the second pedicle screw and
attaching the coupling element to the pedicle screw head,
inserting a liquid compound into the elongated tubular membrane;
and
hardening the liquid compound to form a hardened spinal rod
member body, wherein the hardening of the liquid compound is performed by
applying at least one of: a change in temperature of the compound, an application
of light to the compound, an application of electricity to the compound, and an

application of a hardening agent to the compound.

13. The method of claim 12, wherein the liquid compound comprises

Polymethylmethacrylate (PMMA).

14. The method of claim 12, wherein a cross-section of the elongated tubular
membrane is substantially similar to a cross-section of a channel of the pedicle screw
head of the first pedicle screw and the second pedicle screw configured to receive and

retain the spinal rod member.

22

AMENDED SHEET - IPEA/US

CA 03096464 2020-10-07



CA 03096464 2020-10-07

WO 2019/200071 PCT/US2019/026951

1/3

190




CA 03096464 2020-10-07

WO 2019/200071 PCT/US2019/026951

2/3

Compound 180




CA 03096464 2020-10-07

WO 2019/200071 PCT/US2019/026951

3/3

st D

Attach First Pedicle Screw to First Vertebrae of Spine —— 303

A 4

Attach Second Pedicle Screw to Second Vertebrae of Spine t—~~—— 306

Position Tubular Membrane into Heads of L 309
First Pedicle Screw and Second Pedicle Screw

Insert Liquid Compound into Tubular Membrane —~— 312
Apply Light or Electricity to Compound to Harden —— 315
(Optional) Remove Tubular Membrane —— 318
A4
End

FIG. 3 o



190



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - REPRESENTATIVE_DRAWING

