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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
2 October 2014 (02.10.2014)

WO 2014/159788 Al
P O P C T

(51) International Patent Classification: (72) Inventors: ZAPPACOSTA, Jason; 609 N . 16th Street,
A61B 17/70 (2006.01) A61B 17/88 (2006.01) Apt. 2, Philadelphia, Pennsylvania 19130 (US). INGAL-
A61F 2/44 (2006.01) HALIKAR, Aditya; 514 Crooked Lane, King of Prussia,

Pennsylvania 19406 (US). CLUTTER, Darren; 1126 Sta
(21) International Application Number:

tion Street, Palm, Pennsylvania 18070 (US). RIGHTLER,
PCT/US20 14/025 135

Bob; 1125 Sleepy Hollow Road, Pennsburg, Pennsylvania
(22) International Filing Date: 18073 (US). REED, Don; 3622 Baring Street, Apt. 3F,

13 March 2014 (13.03.2014) Philadelphia, Pennsylvania 19109 (US). HANSELL,
Noah; 164 Anderson Road, King of Prussia, Pennsylvania

(25) Filing Language: English 19406 (US).
(26) Publication Language: English (74) Agent: CASTELLANO, Kristina; P.O. Box 1555, Great
(30) Priority Data: Falls, Virginia 22066 (US).

13/799,364 13 March 2013 (13.03.2013) US (81) Designated States (unless otherwise indicated, for every
(71) Applicant: GLOBUS MEDICAL, INC. [US/US]; Valley kind of national protection available): AE, AG, AL, AM,

Forge Business Center, 2560 General Armistead Avenue, AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Audubon, Pennsylvania 19403 (US). BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, 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.

[Continued on nextpage]

(54) Title: SPINOUS PROCESS FFXATION SYSTEM AND METHODS THEREOF

(57) Abstract: An implantable device may include a barrel, the barrel hav-
3 ing an upper portion and a lower portion. The implantable device may fur

ther include an actuator assembly disposed in the barrel, the actuator as
sembly comprising a front ramped actuator in engagement with the barrel, a
rear ramped actuator in engagement with the barrel, and a central screw that
extends from the rear ramped actuator through the front ramped actuator.
The implantable device may further include a first plate having multiple pro
jections extending from one side of the first plate, the first plate comprising a
first portion that extends from the upper portion and a second portion that
extends form the lower portion. The implantable device may further include
a second plate having multiple projections extending from one side of the
second plate, the second plate configured to be received on the central
screw. The barrel may be configured to transition from a collapsed form hav -
ing a first height to an expanded form having a second height and wherein
the second height is greater than the first height.



w o 2014/159788 Λ I llll I I I I 11III II I I III I I III I I IIII II III

(84) Designated States (unless otherwise indicated, for every Published:
kind of regional protection available): ARIPO (BW, GH,

— with international search report (Art. 21(3))
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, — before the expiration of the time limit for amending the
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, claims and to be republished in the event of receipt of
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, amendments (Rule 48.2(h))
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).



SPINOUS PROCESS FIXATION SYSTEM AND METHODS THEREOF

CROSS-REFERENCE TO RELATEDAPPLICATIONS

[OOOlJThis application is a continuation-in-part of United States Patent Application No.

13/731,504, entitled "Spinous Process Fixation System and Methods Thereof," filed on

December 3 1, 2012, the entire disclosure of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002]This description relates to medical devices and systems and more particularly to a

spinous process fixation system and methods thereof. In particular, in one or more

implementations, this description relates to spinous process fusion devices that distract

and/or immobilize the spinous processes of adjacent vertebrae.

BACKGROUND

[0003JA variety of medical devices and medical device systems may be implanted

within a body of a patient to provide support to a portion or portions of the patient's body.

For example, some medical devices may be implanted and coupled to backbones or

portions of a spine of a patient and may be configured to provide support to the spinal

bone structure of the patient.

[0004]Typically, weaknesses in the spine are corrected using devices that fuse one or

more vertebrae together. It may be desirable to have an implantable device that provides

for structural stability to adjacent vertebrae and to achieve supplemental fusion to treat

weaknesses in the spine due to degenerative disc disease, spondylolisthesis, trauma (i.e.,

fracture or dislocation), tumor and/or other causes.

SUMMARY

[0005]According to one general aspect, an implantable device includes a barrel. The

barrel has a first portion and a second portion. The implantable device includes a first

plate having multiple projections extending from one side of the first plate, where the

first plate is configured to movably couple to the first portion of the barrel. The

implantable device includes a second plate having multiple projections extending from

one side of the second plate, where the second plate is configured to movably couple to



the second portion of the barrel. The barrel is configured to transition from a collapsed

form having a first height to an expanded form having a second height, where the second

height is greater than the first height.

[0006] Implementations may include one or more of the following features. For

example, the barrel may include a frame, a first endplate having a curved shape and a

second endplate having a curved shape. The first endplate and the second endplate may

be coupled to the frame to form the barrel, where the barrel has a bulleted shape in both a

lateral direction and a posterior direction. The barrel may include a frame, a first

endplate, a second endplate, a first actuator having a split ramp inserted into the frame, a

second actuator having a split ramp inserted into the frame and a central screw inserted

through the first actuator and the second actuator, where the first actuator and the second

actuator are configured to act on the first endplate and the second endplate in response to

a rotation of the central screw. The barrel may include a first window and a second

window, where the first window and the second window may be configured to receive

graft packing material. The barrel may include a first endplate having a shaped groove

and a second endplate having a shaped groove.

[0007]For example, in one implementation, the first portion and the second portion may

be rails that extend from a same side of the barrel. For example, in another

implementation, the first portion and the second portion may be rails that each extend

from a different side of the barrel.

[0008]For example, the first plate and the second plate are each shaped in a lordotic

profile. The first plate may include a bushing to enable the first plate to angulate about

the bushing and the second plate may include a bushing to enable the second plate to

angulate about the bushing. The first plate may be locked in position using a first set

screw at any position within a range of motion for the first plate and the second plate may

be locked in position using a second set screw at any position within a range of motion

for the second plate. The first set screw may include a cup-shaped end to lock the first

plate in position and the second set screw may include a cup-shaped end to lock the

second plate in position.

[0009] In another general aspect, an implantable device includes a barrel having a first

portion and a second portion, a first plate having multiple projections extending from one



side of the first plate, where the first plate is configured to movably couple to the first

portion of the barrel and to angulate about an axis of the first portion, and a second plate

having multiple projections extending from one side of the second plate, where the

second plate is configured to movably couple to the second portion of the barrel and to

angulate about an axis of the second portion. The first plate and the second plate are each

shaped in a lordotic profile.

[00 10] Implementations may include one or more of the following features. For

example, the first plate may be configured to angulate up to about 25 degrees about the

axis of the first portion and the second plate may be configured to angulate up to about 25

degrees about the axis of the second portion. In one implementation, the first portion and

the second portion may be rails that extend from a same side of the barrel. In another

implementation, the first portion and the second portion may be rails that each extend

from a different side of the barrel.

[001 1]For example, the barrel may be configured to transition from a collapsed form

having a first height to an expanded form having a second height, where the second

height is greater than the first height. The first plate may be locked in position using a

first set screw at any position within a range of motion for the first plate, where the first

set screw has a cup-shaped end, and the second plate may be locked in position using a

second set screw at any position within a range of motion for the second plate, where the

second set screw has a cup-shaped end.

[00 12] In another general aspect, a method includes inserting a barrel of an implantable

device into an interspinous space. The implantable medical device includes the barrel

having a first portion and a second portion, a first plate having multiple projections

extending from one side of the first plate and a second plate having multiple projections

extending from one side of the second plate. The method includes expanding the barrel

from a collapsed form having a first height to an expanded form having a second height,

where the second height is greater than the first height, moving the first plate on the first

portion to engage a spinous process and moving the second plate on the second portion to

engage the spinous process.

[00 13] Implementations may include one or more of the following features. For

example, the method may include engaging set screws in the first plate and the second



plate to lock the first plate and the second plate in position. The method may include

positioning the first plate to a desired angle with respect to the first portion, positioning

the second plate to a desired angle with respect to the second portion and engaging set

screws in the first plate and the second plate to lock the first plate and the second plate in

position.

[0014]In another general space, an implantable device may include a barrel, the barrel

having an upper portion and a lower portion. The implantable device may further include

an actuator assembly disposed in the barrel, the actuator assembly comprising a front

ramped actuator in engagement with the barrel, a rear ramped actuator in engagement

with the barrel, and a central screw that extends from the rear ramped actuator through

the front ramped actuator. The implantable device may further include a first plate having

multiple projections extending from one side of the first plate, the first plate comprising a

first portion that extends from the upper portion and a second portion that extends form

the lower portion. The implantable device may further include a second plate having

multiple projections extending from one side of the second plate, the second plate

configured to be received on the central screw. The barrel may be configured to transition

from a collapsed form having a first height to an expanded form having a second height

and wherein the second height is greater than the first height.

[0015]In another general aspect, a method may include implanting a medical device in a

patient, the method comprising: inserting a barrel of the device between adjacent spinous

process, the medical device comprising a first plate disposed on one end of the barrel;

rotating a central screw disposed in the barrel to cause the barrel to expand from a

collapsed form having a first height to an expanded form having a second height; and

ratcheting a second plate onto the central screw such that the first plate and the second

plate engage the adjacent spinous process, the second plate being free to rotate about its

center within a range of motion.

[0016]The details of one or more implementations are set forth in the accompanying

drawings and the description below. Other features will be apparent from the description

and drawings, and from the claims.



BRIEF DESCRIPTION OF THE DRAWINGS

[00 17] FIG. 1 is a perspective view of a medical device according to an example

implementation.

[0018]FIG. 2 is a top view of the medical device of FIG. 1.

[0019]FIG. 3 is a front view of the medical device of FIG. 1.

[0020]FIG. 4 is a side view of the medical device of FIG. 1.

[0021]FIG. 5 is a perspective view of a medical device according to an example

implementation.

[0022JFIG. 6 is a top view of the medical device of FIG. 5.

[0023]FIG. 7 is a front view of the medical device of FIG. 5.

[0024]FIG. 8 is a side view of the medical device of FIG. 5.

[0025]FIG. 9 is a perspective view of a medical device according to an example

implementation.

[0026]FIG. 10 is a top view of the medical device of FIG. 9.

[0027JFIG. 11 is a front view of the medical device of FIG. 9.

[0028JFIG. 12 is a side view of the medical device of FIG. 9.

[0029]FIG. 13 is a perspective view of a medical device according to an example

implementation.

[0030]FIG. 14 is a top view of the medical device of FIG. 13.

[0031]FIG. 15 is a front view of the medical device of FIG. 13.

[0032] FIG. 16 is a side view of the medical device of FIG. 13.

[0033]FIG. 17 is a perspective view of a medical device according to an example

implementation.

[0034]FIG. 18 is a top view of the medical device of FIG. 17.

[0035]FIG. 19 is a front view of the medical device of FIG. 17.

[0036] FIG. 20 is a side view of the medical device of FIG. 17.

[0037]FIG. 2 1 is a top view of a medical device according to an example

implementation.

[0038]FIG. 22 is a side view of the medical device of FIG. 21.

[0039]FIG. 23 is a detailed view of the inset A of FIG. 22.

[0040]FIGS. 24-27 are side views of a plate of a medical device according to an example



implementation.

[0041]FIG. 28 is top view of a barrel of a medical device according to an example

implementation.

[0042]FIG. 29 is an exploded front view of a barrel of a medical device according to an

example implementation.

[0043]FIG. 30 is an exploded top view of a barrel of a medical device according to an

example implementation.

[0044]FIG. 3 1 is a perspective view of a medical device according to an example

implementation.

[0045]FIG. 32 is a top view of the medical device of FIG. 31.

[0046]FIG. 33 is a front view of the medical device of FIG. 31.

[0047]FIG. 34 is a side view of the medical device of FIG. 31.

[0048]FIG. 35 is a perspective view of a medical device according to an example

implementation.

[0049]FIG. 36 is a top view of the medical device of FIG. 35.

[0050]FIG. 37 is a front view of the medical device of FIG. 35.

[0051]FIG. 38 is a side view of the medical device of FIG. 35.

[0052]FIG. 39 is a perspective view of a medical device according to an example

implementation.

[0053]FIG. 40 is a top view of the medical device of FIG. 39.

[0054JFIG. 4 1 is a front view of the medical device of FIG. 39.

[0055]FIG. 42 is a side view of the medical device of FIG. 39.

[0056]FIG. 43 is a perspective view of a medical device according to an example

implementation.

[0057]FIG. 44 is a top view of the medical device of FIG. 43.

[0058]FIG. 45 is a front view of the medical device of FIG. 43.

[0059]FIG. 46 is a side view of the medical device of FIG. 43.

[0060JFIG. 47 is an exploded top view of a barrel of a medical device according to an

example implementation.

[0061]FIG. 48 is a flow chart illustrating an exemplary method including the medical

device of FIG. 1.



[0062]FIG. 49 is a perspective view of a medical device according to one

implementation.

[0063]FIG. 50 is an exploded view of the medical device of FIG. 49 with the locking

plate removed according to one implementation.

[0064]FIG. 5 is a side view of the medical device of FIG. 50.

[0065JFIG. 52 is a front view of the medical device of FIG. 50.

[0066]FIG. 53 is a rear view of the medical device of FIG. 50.

[0067JFIG. 54 is a top view of the medical device of FIG. 50.

[0068JFIG. 55 is a side view of the medical device of FIG> 49 with the locking plate

removed according to one example implementation.

[0069JFIG. 56 is a front view of the medical device of FIG. 55.

[0070]FIG. 57 is a rear view of the medical device of FIG. 55.

[0071 ]FIG. 58 is a top view of the medical device of FIG. 55.

[0072]FIGS. 59-62 illustrate assembly of an expandable central barrel of a medical

device according to one example implementation.

[0073]FIGS. 63-65 illustrate assembly of the spikes for the medical device of FIGS. 59-

62.

[0074]FIG. 66 is a side view of a locking plate for a medical device according to one

example implementation.

[0075JFIG. 67 is a front view of the locking plate of FIG. 66.

[0076]FIG. 68 is a cross-sectional view of a trunion assembly for a medical device

according to one example implementation.

[0077]FIG. 69 is a front view of the trunion assembly of FIG. 68.

[0078]FIG. 70 is cross-sectional view of a tube that can be used to release the pawls of

the trunion assembly of FIG. 68 according to one example implementation.

[0079]FIGS. 71-73 illustrate assembly of a locking plate for a medical device according

to one example implementation.

[0080]FIG. 74 is a side view showing rotation of a locking plate for a medical device

according to one example implantation.

[0081]FIG. 75 is a perspective view showing angulation of the spike assembly of the

locking plate of FIG. 74.



DETAILED DESCRIPTION

[0082]Detailed implementations of the present invention are disclosed herein; however,

it is to be understood that the disclosed implementations are merely examples of the

invention, which may be embodied in various forms. Therefore, specific structural and

functional details disclosed herein are not to be interpreted as limiting, but merely as a

basis for the claims and as a representative basis for teaching one skilled in the art to

variously employ the present invention in virtually any appropriately detailed structure.

Further, the terms and phrases used herein are not intended to be limiting, but rather to

provide an understandable description of the invention.

[0083]The terms "a" or "an," as used herein, are defined as one or more than one. The

term "another," as used herein, is defined as at least a second or more. The terms

"including" and/or "having", as used herein, are defined as comprising (i.e., open

transition).

[0084]The devices and methods described herein are generally directed to medical

devices that can be used to support, stabilize and/or replace anatomical structures within a

body of a patient. In some implementations, the devices and methods described herein

are configured to provide support to a spine or back of a patient, including providing

support between two vertebrae in the spine or back of the patient. In other

implementations, other portions of the body of the patient can be supported by the

devices described herein.

[0085]The medical devices described herein may be implanted within a body of a patient

to assist in maintaining normal physiologic motion in the spine of the patient.

[0086]The term patient may be used hereafter for a person who benefits from the

medical device or the methods disclosed in the present invention. For example, the

patient may be a person whose body receives the medical device disclosed by the present

invention in a surgical treatment. For example, in some embodiments, the patient may be

a human female, human male, or any other mammal.

[0087]This document describes implementations of an implantable medical device that

may be used as a posterior, non-pedicle supplemental fixation device for use in the non-

cervical spine. The medical device may be used as an interspinous fusion device. The

medical device may be implanted with or without the removal of the supraspinous



ligament. In one or more implementations, the supraspinous ligament may be preserved.

The medical device may be attached firmly to the spinous processes above and below an

interspinous space. The medical device may immobilize a lumbar motion segment

posteriorly with no other devices implanted. The medical device may withstand

compressive, torsional and shear loads seen in the lumbar spine. The medical device may

be used to achieve supplemental fusion and to treat conditions of the spine such as, for

example, degenerative disc disease, spondylolisthesis, trauma (i.e., fracture or

dislocation), tumor and/or other conditions.

[0088]This document describes implementations of an implantable medical device,

where the medical device may include an expandable central barrel with

polyetheretheketone (PEEK) bone contacting endplates, with two spiked plates attached

to the central barrel. For example, the two spiked plate may be held together on posterior

rails. By way of further example, one of the spiked plates may be on one end of the

expandable central barrel (e.g., integrally formed with the central barrel) with another one

of the spiked plates being attached after the barrel is inserted into the interspinous space

to clamp the device in place. The plates may include projections (e.g., spikes) that bite

into the spinous process to clamp the device in place. Each of the plates may angulate to

conform to the patient anatomy. The plates may be locked with a set screw and may have

a lordotic profile to match the lumbar anatomy. The expandable barrel may provide

interspinous distraction, off-loading the spikes on the plate and reducing the chances of

breaking the spinous process. The barrel may be sized to fit into the interspinous space

without resistance, and then expanded. The barrel may include a graft window (e.g.,

anteriorly and posteriorly) which may be packed with graft material after expansion. In

some embodiments, the barrel includes a graft window anteriorly and posteriorly and can

be packed with the graft material using the posterior window. The PEEK endplates may

include anatomically-shaped grooves for optimal bone contact and fit.

[0089JFIGS. 1-4 illustrate a medical device 10 according to one example

implementation. The medical device 10 may be implanted in a patient and referred to as

a spinous process fusion device. FIG. 1 is a perspective view of the medical device 10

with a barrel illustrated in a collapsed or contracted position and the plates in a separated

position relative to one another. FIGS. 2-4 illustrate a top view, front view and side view,



respectively, of the medical device 10 of FIG. 1, which illustrates the barrel in the

collapsed or contracted position.

[0090]The medical device 10 includes a first plate 12, a second plate 14 and an

expandable central barrel (also referred to as a barrel) 16. The barrel 16 is illustrated in a

collapsed state. The barrel 16 includes a first portion 18 (e.g., a first rail 18) and a second

portion 20 (e.g., a second rail 20). The first rail 18 and the second rail 20 also may be

referred to as the rails 18 and 20. The first rail 18 and the second rail 20 may be

integrally formed with the barrel 16. The first rail 18 and the second rail 20 also may be

referred to as posterior rails. The first plate 12 and the second plate 14 (also referred to as

the plates 12 and 14) may be secured to the barrel 16 by coupling the first plate 12 to the

first rail 18 and the second plate 14 to the second rail 20. The first plate 12 and the

second plate 14 each may include a bushing 22 (e.g., a spherical bushing) assembled into

the plates 12 and 14, where the plates 12 and 14 slide on the respective rails 18 and 20

through the bushing 22 and are secured using a set screw 24. As discussed in more detail

below, each plate 12 and 14 may move laterally along its respective rail 8 and 20 to

engage spinous processes of adjacent vertebra above and below the interspinous space.

FIGS. 1-4 illustrate the plates 2 and 14 in a separated position with respect to one

another. Also, as discussed in more detail below, each plate 12 and 14 may angulate

through a range of degrees with respect to the rails 18 and 20 to better conform to patient

anatomy when implanted in a patient.

[0091]In other example implementations (not shown), the first portion 18 and the second

portion 20 may be grooves on the barrel 16. In this example, the first plate 12 and the

second plate 14 each may include a projection (e.g., a rail) that is movably inserted into

the corresponding groove on the barrel 16. This example implementation may function

in the same way as described above and below, other than the structure of the rails may

be implemented on the plates 12 and 14, which are then received in the first portion 8

and the second portion 20 of the barrel 16, where the first portion and the second

portion 20 are grooves on the barrel 16.

[0092]The first plate 12 may include an upper portion 26 and a lower portion 28. The

second plate 14 may include an upper portion 30 and a lower portion 32. The plates 12

and 14 may include multiple projections 34 (e.g., spikes) on both the upper portions 26



and 30 and the lower portions 28 and 32. While the term spikes may be used for the

projections 34 other types of projections may be used that may have a more tapered point

or rounded point or other type of ending to the projection. The spikes 34 may be used to

attach firmly and bite into the spinous processes above and below an interspinous space.

The spikes 34 may be integrally formed with the plates 12 and 4 or the spikes 34 may be

separate components that are secured to the plates 12 and 14. The spikes 34 may be

pyramid shaped with a base portion secured or integrally formed on the plates 1 and 14.

The sides of the spikes 34 may extend from the base to form a point in the shape of a

pyramid. In other example implementations, the spikes 34 may be formed into other

shapes that rise to a point to enable the spike to engage the spinous process. As discussed

above, the end of the spikes 34 may include tips other than a point such as, for example,

rounded tip, a square tip or other-shaped tip.

[0093]The plates 12 and 14 and the spikes 34 may be made of titanium. In other

implementations, the plates 12 and 14 and the spikes 34 may be made of other

biocompatible materials.

[0094]The example illustration of the medical device 10 includes four (4) spikes 34 on

each portion 26, 28, 30 and 32 of the plates 12 and 14. In other example

implementations, fewer or more spikes 34 may be included. In one example

implementation, the spikes 34 on opposing portions (i.e., upper portions 26 and 30 and

lower portions 28 and 32) may be aligned across from one another. In other example

implementations, the spikes 34 on opposing portions may be offset from one another.

[0095]The first plate 12 and the second plate 4 may be shaped in a lordotic profile to

match the lumbar anatomy. With respect to the first plate 12, the upper portion 26 is

connected to the lower portion 28 by a central portion 36. The upper portion 26, the

lower portion 28 and the central portion 36 may be integrally formed as a single plate

component. The central portion 36 includes an open side (e.g., a C-shaped opening) to

receive the bushing 22 and an opening (e.g., a hole) to receive the set screw 24, as

illustrated in more detail in FIGS. 24-27. In other example implementations, the first

plate 12 and the second plate 14 may be other shapes suitable for a particular application.

[0096]Similarly to the first plate 12, the second plate 14 includes a central portion 38

that connects the upper portion 30 to the lower portion 32. The upper portion 30, the



lower portion 32 and the central portion 38 may be integrally formed as a single plate

component. The central portion 38 include an open side (e.g., a C-shaped opening) to

receive the bushing 22 and an opening (e.g., a hole) to receive the set screw 24, as

illustrated in more detail in FIGS. 24-27. The set screw 24 is used to lock the plates 12

and 1 in an angular position at any position within their range of angular motion.

[0097]The central barrel 16 is an expandable barrel that may be in a collapsed position

for insertion into a patient in the interspinous space without resistance and then expanded

up to the barrel's maximum height. In one example implementation, the maximum

expanded height of the barrel may be about 4mm greater than the collapsed height.

[0098]The central barrel 16 includes a first endplate 40 and a second endplate 42 (also

referred to as endplates 40 and 42), as best viewed in FIG. 3 . Each of the endplates 40

and 42 includes a respective groove 44 and 46. The grooves 44 and 46 may be

anatomically-shaped grooves optimal bone contact and fit in the patient. The endplates

40 and 42 may be PEEK bone contacting endplates. The barrel 1 may be bullet-shaped

on both ends in the lateral and posterior directions to facilitate insertion into a patient.

The expandable barrel 16 may provide interspinous distraction and may offload the

forces of the spikes 34 on the plates 12 and 14 to reduce the chances of breaking a

spinous process. The barrel 16 may be inserted, laterally or posteriorly, in a smaller

height and then expanded to provide distraction, eliminating forces on the spinous

process and potential frustration for a surgeon performing the implantation.

[0099]The barrel 16 includes a first window 48 (e.g., also referred to as an opening or an

anterior window) and a second window 50 (e.g., also referred to as an opening or a

posterior window). The first window 48 and the second window 50 may be used as graft

windows for the packing of bone graft material following the insertion and placement of

the medical device 10 in a patient. In one implementation, after the barrel 16 has been

expanded, the barrel 16 may be packed with bone graft using the second window 50. In

this manner, graft containment areas accessed by the windows 48 and 50 may provide for

a larger grafting area and may be packed after expansion of the barrel 16.

[00100] Referring to FIGS. 5-8, an example implementation of the medical device

10 of FIGS. 1-4 is illustrated with the barrel 16 shown in an expanded state and the plates

12 and 14 shown in a separated position with respect to one another. That is, the plates



12 and 14 are each positioned towards an outer end of the rails 18 and 20. The barrel 16

expands and contracts by expanding and contracting the endplates 40 and 42 in a

direction towards the upper 26 and 30 and lower portions 28 and 32 of the sides 12 and

14, respectively. The mechanism to expand and contract the barrel 16 is illustrated in

more detail in FIGS. 28-30 below.

[00101] In general, a central screw 52 is rotated to actuate two independent

internal actuators. The actuators include split ramps that raise and lower the endplates 40

and 42 when the central screw 52 is rotated. FIGS. 7 and 8 provide views that illustrate

the barrel 16 in a fully expanded state. As discussed above, the barrel 16 may be

expanded after insertion into the interspinous space. After expansion, the barrel 16 may

be packed with bone graft material using the window 50. Prior to expansion, some bone

graft material may be packed into the barrel 16 using the window 48.

[00102] Referring to FIGS. 9-12, an example implementation of the medical

device 10 of FIGS. 1-4 is illustrated with the barrel 16 shown in a collapsed state and the

plates 12 and 14 shown in a closed position. That is, the plates 12 and 14 have been

traversed along the rails 18 and 20 towards one another. The plates 12 and 14 may slide

along the rails 18 and 20 and may be secured in position at any point along the rails 18

and 20 using the set screw 24. When the plates 12 and 14 are slid together along the rails

18 and 20, the spikes 34 on the plates 1 and 14 may engage and clamp (or bite into) the

spinous process. In this manner, the spikes 34 on the upper portions 26 and 30 may

clamp together and into one spinous process and the spikes 34 on the lower portions 28

and 32 may clamp together and into an adjacent spinout process.

[00103] As illustrated in FIGS. 9-12, the spikes 34 on one plate are aligned to mate

at a same point with the spikes 34 on an opposing plate. In other example

implementations, the spikes 34 on one plate may be offset in relation to the spikes 34 on

an opposing plate.

[00104] Referring to FIGS. 13-16, an example implementation of the medical

device 10 of FIGS. 1-4 is illustrated with the barrel 1 shown in an expanded state and

the plates 12 and 14 shown in a closed position. In this manner, this illustrates the

medical device 10 in a state after insertion into the patient such that the plates 12 and 14

have been traversed along the rails 1 and 20 to clamp on the spinous process of adjacent



vertebrae and the barrel 6 has been expanded using the central screw 52.

[00105] Referring to FIGS. 17-23, an example implementation of the medical

device 10 of FIGS. 1-4 is illustrated with the barrel 16 shown in an expanded state and

the plates 12 and 14 shown in an open or separated position and in an angulated

configuration. As discussed above, the plates 12 and 14 may rotate angularly with

respect to the rails 18 and 20. The plates 12 and 14 may pivot around the bushing 22 and

may be locked in place using the set screw 24. In one example implementation, the

plates 12 and 14 may have a range of motion of about 25 degrees offset with respect to

the rails 18 and 20. The angulation of the plates 12 and 14 enables each plate to conform

independently to the anatomy of the particular patient. Each plate 12 and 14 may be

pivoted and locked at any position in their range of motion independent of the other plate.

[00106] In FIGS. 22 and 23, a side view (FIG. 22) and a detailed view of inset A

(FIG. 23) illustrate that the plates 12 and 14 are locked using the set screw 24. The rails

18 and 20 may be C-shaped or curved and include a groove area 60. The set screw 24

may include a curved, cup-shaped design on the tip 62. The curved tip 62 penetrates

through the opening in the rail 14 and through the bushing 22 to engage the groove area

62 of the rail 20 to secure and lock the plate 14 in place. The curved tip 62 maximizes

the surface contact with the groove area 62 of the rail 20 when the plate 14 pivots through

its range of motion. FIGS. 24-27 below also illustrate the curved (or cup-shaped or

bulleted) tip 62 of the set screw 24.

[00107] Referring to FIGS. 24-27, the assembly of the plates 12 and 14 is

illustrated. In these example figures, plate 14 is referenced for illustrative purposes. The

plate 14 may be assembled by placing the bushing 22 into the plate initially offset by 90

degrees from its final position. As described above, the bushing 22 may be a spherical

bushing that is shaped to be positioned on and traverse the rail 20 on the barrel 16. The

bushing 22 may include a slot 64 or opening in the back of the bushing to receive the set

screw 24.

[00108] Once the bushing 22 has been inserted into the plate 14 (FIG. 25), the

bushing 22 is rotated 90 degrees into its final position in the plate 14 (FIG. 26). Then, the

set screw 24 having the curved tip 62 may be inserted through the opening in the back of

the plate 14 through the slot 64 in the bushing 22. The set screw 24 serves to prevent the



bushing 22 from rotating back out of the plate 14.

[00109] Referring to FIGS. 28-30, the barrel 16 and assembly of the barrel 16 is

illustrated in detail. As discussed above, the barrel 16 includes a first endplate 40 and a

second endplate 42. The endplates 40 and 42 may be PEEK endplates. The barrel 16

includes a central screw 52 having a first thread portion 66 and a second thread portion

68. The barrel 16 includes a frame 65, a first actuator 70 and a second actuator 72 (also

referred to as the actuators 70 and 72) and two assembly pins (not shown). In one

example implementation, the frame 65, the actuators 70 and 72 and the central screw 52

may be made of titanium. In other example implementations, the components may be

made of other biocompatible materials.

[001 10] Each of the actuators 70 and 72 may include split ramps 74 and 76 to

accommodate the curved shape of the barrel 16. The barrel 16 is curved shaped and may

be bulleted (or egg-shaped) on each end to allow for easier insertion into the interspinous

space. The curved shape of the barrel 16 may provide maximum graft packing volume.

[001 11] The actuators 70 and 72 may be loosely assembled into the frame 65 of the

barrel 16 and the 74 and 76 placed over the actuators 70 and 72. The central screw 52

may be inserted into the actuators 70 and 72 and timed so that the actuators have specific

spacing per rotation of the screw 52. Once the screw 52 is fully inserted, two pins (not

shown) are pressed into the frame 65 posteriorly to capture the screw 52 to prevent its

disassembly.

[001 12] The rotation of the screw 52 causes the actuators 70 and 72 to rotate and

the ramps 74 and 76 on the actuators 70 and 72 to push against the endplates 40 and 42,

causing the endplates 40 and 42 to expand from a collapsed position. A counter rotation

of the screw 52 causes the actuators 70 and 72 to rotate and the ramps 74 and 76 on the

actuators 70 and 72 to recede from pushing against the endplates 40 and 42, causing the

endplates 40 and 42 to collapses from an expanded state.

[001 13] FIGS. 31-34 illustrate a medical device 100 according to an example

implementation. Similarly to the medical device 10, the medical device 100 may be

implanted in a patient and referred to as a spinous process fusion device. Like reference

numbers between the FIGS. 1-30 and FIGS. 31-34, and other figures below describing

medical device 100, refer to the same or similar components and features between the



two medical devices. The medical device 100 may have the same features and

functionality as the medical device 10.

[001 14] The medical device 100 includes a first plate 12 and a second plate 14.

The medical device 100 includes a barrel 116. In the example of FIGS. 31-34, the barrel

116 includes rails 118 and 120 that each extend from a different side of the barrel 116

instead of extending from a same side like the rails 18 and 20 from the barrel 16 in

medical device 10. The barrel 116 is essentially rotated 90 degrees compared to the

barrel 16. In other aspects, the barrel 116 is an expandable barrel and has the same

functionality as the barrel 16. The barrel 116 may be inserted laterally into a patient in

the interspinous space. The barrel 116 may be inserted at a smaller height (or in a

collapsed state) and then expanded to provide distraction and to eliminate the forces on

the spinous process and frustration for the surgeon.

[001 15] In FIGS. 31-34, the medical device 100 illustrates the plates 12 and 14 in

an open state and the barrel 116 in a collapsed state. In this manner, the medical device

100 may inserted into a patient and then the barrel 116 expanded.

[001 16] Referring to FIGS. 35-38, the medical device 100 is illustrated with the

barrel 116 in an expanded state. In one example implementation, the expanded barrel

height for the barrel 116 may be about 7mm greater than the collapsed height. The sides

12 and 14 are illustrated in an open state. The barrel 116 may be expanded from a

collapsed state to an expanded state using the central screw 152. Similarly, the barrel 116

may be collapsed from an expanded state to a collapsed state using the central screw 152.

[001 17] Referring to FIGS. 39-42, the medical device 100 is illustrated with the

barrel 116 in an expanded state and the plates 12 and 14 in a closed position. As

discussed above with respect to the medical device 10, the plates 12 and 14 on the

medical device 100 also may traverse the rails 118 and 120 of the barrel between an open

position and a closed position. In the closed position, the plates 12 and 14 are designed

to clamp and bite into the spinous process, as discussed above in detail.

[001 18] Referring to FIGS. 43-46, the medical device 100 is illustrated with the

barrel 116 in an expanded state and the plates 12 and 14 in a closed and angulated

position. As discussed above with respect to FIGS. 17-20, the plates 12 and 14 may

angulate about 25 degrees with respect to the rails 118 and 120 to better conform to



patient anatomy. The plates 12 and 4 may be locked in position using the set screw 24.

[001 19] Referring to FIG. 47, the barrel 116 is assembled in a manner similar to

the barrel 16, as discussed above with respect to FIGS. 28-30. The barrel 116 includes a

first endplate 140 and a second endplate 142, two independent actuators with ramps and a

central screw 152. The endplates 140 and 142 are loosely assembled into the actuator

ramps and the central screw 152 is inserted into the actuator ramps, which anchor the

assembly together.

[00120] Referring to FIG. 48, an example flowchart illustrates an example process

200 for using the medical devices 10 and 100. For example, process 200 includes

inserting a barrel 16 or 1 6 of the medical device 10 or 100, respectively, into an

interspinous space (210). As discussed above, the medical device includes the barrel 16

or 116 having a first portion (e.g., rail 18 or 118) and a second portion (e.g., rail 20 or

120), a first plate 12 having multiple projections 34 extending from one side of the first

plate 2 and a second plate 14 having multiple projections 34 extending from one side of

the second plate (210).

[00121] The process 200 includes expanding the barrel 16 or 116 from a collapsed

form having a first height to an expanded form having a second height, where the second

height is greater than the first height (220). As discussed above, the central screw 52 or

152 may be rotated to expand the barrel 16 or 116 from a collapsed form to an expanded

form in the interspinous space.

[00122] The process includes moving the first plate 12 on the first portion (e.g.,

rail 8 or 118) to engage a spinous process (230) and moving the second plate 14 on the

second portion (e.g., rail 20 or 120) to engage the spinous process (240). For example,

the projections 34 on each of the plates 12 and 14 may engage the spinous process of

adjacent vertebrae as the plates 12 and 14 are slid along the respective rails.

[00123] Optionally, the process 200 may include positioning the first plate 1 to a

desired angle with respect to the first portion and positioning the second plate 14 to a

desired angle with respect to the second portion. Once the plates 12 and 14 have been

positioned to their desired angles, the plates 12 and 14 may be locked into position using

the set screws 24.

[00124] FIG. 49 illustrates a medical device 300 according to one example



implementation. FIG. 49 is a perspective view of the medical device 300. The medical

device 300 may be implanted into a patient and referred to as a spinous process fusion

device. In the illustrated embodiment, the medical device 300 includes a first plate 302, a

second plate 304 (e.g., locking plate 304), and an expandable central barrel (also referred

to as a barrel) 306.

[00125] With additional reference to FIGS. 50-54, the medical device 300 of FIG.

49 will be described in more detail. FIGS. 50-54 illustrate an exploded view, side view,

front view, rear view, and top view, respectively, of the medical device 300, which

illustrate the barrel 306 in the collapsed or contracted position with the locking plate 304

removed. The barrel 306 may be inserted into the interspinous space without the locking

plate 304 and then expanded. The locking plate 304 may then be attached to the barrel

306 after insertion to the lock the medical device 300 in place in engagement with the

spinous process.

[00126] In the illustrated embodiment, the barrel 306 includes a first portion 308

(e.g., upper portion 308) and a second portion 310 (e.g., lower portion 310). The first

portion 308 may include a pair of ramped upper sidewalls 312. The ramped upper

sidewalls 312 may include ramped portions 316 on either end of the ramped sidewalls

314. The second portion 312 may also include a pair of ramped lower sidewalls 314. The

ramped lower sidewalls 3 14 may include ramped portions 318 on either end. As best seen

in FIG. 51, the ramped lower sidewalls 314 and the ramped upper sidewalls 312 may

overlap when the medical device 10 is collapsed. The ramped upper sidewalls 312 and

the ramped lower sidewalls 314 may define a central chamber in the barrel 306. The

central chamber 315 may be used for the packing of bone graft material following the

insertion and placement of the medical device 10 in a patient. In one implementation,

after the barrel 306 has been expanded, the barrel 306 may be packed with bone graft

using the central chamber 315. In this manner, the central chamber 315 may provide for

a larger grafting area and may be packed after expansion of the barrel 306.

[00127] The central barrel 306 is an expandable barrel that may be in a collapsed

position for insertion into a patient in the interspinous space without resistance and then

expanded up to the barrel's maximum height. In one example implementation, the

maximum expanded height of the barrel may be about 4mm greater than the collapsed



height or, alternatively, about 6 mm greater than the collapsed height. The central barrel

306 may provide interspinous distraction and may offload the forces of the spikes 328,

362 on the plates 302 and 304 to reduce the chances of breaking a spinous process. The

barrel 306 may be inserted, laterally or posteriorly, in a smaller height and then expanded

to provide distraction, eliminating forces on the spinous process and potential frustration

for a surgeon performing the implantation.

[00128] The first plate 302 may include an upper portion 320 and a lower portion

322. The upper portion 320 of the first plate 302 may extend generally vertically from the

first portion 308 of the barrel 306. The upper portion 320 may be integrally formed with

the first portion 308. The lower portion 322 of the first plate 302 may extend from the

second portion 3 10 of the barrel 306 in a direction generally opposite to the upper portion

320. The lower portion 322 may be integrally formed with the second portion 310. The

first plate 302 may be shaped in a lordotic profile to match the lumbar anatomy.

[00129] The first plate 302 may include a spike assembly 324 on both the upper

portion 320 and the lower portion 322. The spike assemblies 324 may each be received

within an opening 326 in both the upper portion 320 and the lower portion 322. Each

spike assembly 324 may include multiple projections (e.g., spikes 328) that extend from a

spike sphere 330. The spike spheres 3 0 may each be a complete sphere, hemisphere, or a

spheric section. Each spike assembly 324 may further comprise a wedge 332 and a post

334. The wedge 332 may be secured onto the post 334 with the spike sphere 330 fit onto

the wedge 332 over the post 334. A pin (not shown) may be used in the opening 326 to

prevent rotation of the spike sphere 330 in the opening 326 while allowing articulation of

the spike sphere 330 with respect to the first plate 302. Slots 336 may be disposed in the

spike sphere 330, as best seen on FIG. 49.

[00130] While the term "spikes" may be used for the projections other types of

projections may be used that may have a more tapered point or rounded point or other

type of ending to the projection. The spikes 328 may be used to attach firmly and bite

into the spinous processes above and below an interspinous space. While spike

assemblies 324 are shown, other embodiments may include spikes 328 that are integrally

formed with the first plate 302. The spikes 328 may be pyramid shaped with a base

portion secured or integrally formed on the spike sphere 330. The sides of the spikes 328



may extend from the base to form a point in the shape of a pyramid. In other example

implementations, the spikes 328 may be formed into other shapes that rise to a point to

enable the spike to engage the spinous process. As discussed above, the end of the spikes

328 may include tips other than a point such as, for example, rounded tip, a square tip or

other-shaped tip. The example illustration of the medical device 10 includes three (3)

spikes 328 on each spike assembly 324 of the first plate 302. In other example

implementations, fewer or more spikes 328 may be included. The first plate 302 and the

spikes 328 may be made of titanium. In other implementations, the first plate 302 and the

spikes 328 may be made of other biocompatible materials.

[00131] The medical device 10 may further include an actuator assembly 338 (best

seen on FIG. 50) for raising and lowering the first and second portions 308 and 310 of the

barrel 306 and, thus, the upper and lower portions 320, 322 of the first plate 302. The

actuator assembly 338 may be disposed between the first and second portions 308 and

310 of the barrel 306. As illustrated, the actuator assembly 338 may comprise a central

screw 340, a front ramped actuator 342 and a rear ramped actuator 344. The front ramped

actuator 342 may be bullet shaped on its front end to facilitate insertion into a patient.

The front ramped actuator 342 may have a ramped expansion portion 346 and an

extension portion 348. The ramped expansion portion 346 may be located at a front end

of the barrel 306 with the extension portion 348 extending from the ramped expansion

portion 346 towards a rear end of the barrel 306. The central screw 340 may extend

through the barrel 306 and engage the extension portion 348. The first and second

portions 308 and 310 of the barrel 306 may slidingly engage the ramped expansion

portion 346. For example, the ramped expansion portion 346 may engage ramped surface

316 of the first and second portions 308 and 310 at a front end of the barrel 306. The

ramped expansion portion 346 may have dovetail connections with the first and second

portions 308 and 310, respectively. The rear ramped actuator 344 may be disposed at a

rear end of the barrel 306. The first and second portions 308 and 310 of the barrel 306

may slidingly engage the rear ramped actuator 344. For example, the rear ramped

actuator 344 may also engage ramped surfaces 316 of the first and second portions 308

and 310 of the barrel. The rear ramped actuator 344 may have dovetail connections with

the first and second portions 308 and 310, respectively. The central screw 340 may



extend through the rear ramped actuator 344 to engage the extension portion 348.

[00132] Referring to FIGS. 56-58, an example implementation of the medical

device of FIGS. 49-55 is illustrated with the barrel 306 shown in an expanded state. The

barrel 306 expands by forcing the first and second portions 308 and 310 vertically

outward in a direction away from one another. In this manner, the upper and lower

portions 320 and 322 of the first plate 302 are also expanded vertically outward. The

barrel 306 contracts by forcing the first and second portions 308 and 310 to contract in a

direction toward one another, thus also moving the upper and lower portions 320 and 322

of the first plate 302 together. In some embodiments, the actuator assembly 338 may be

used to raise and lower the first and second portions 308 and 3 10. By way of example,

the central screw 340 may be turned to contract the actuator assembly 338. The rear

ramped actuator 342 may be held in place while the central screw 340 is turned causing

the front ramped actuator 340 to be drawn toward the rear ramped actuator 342. The rear

ramped actuator 342 and the front ramped actuator 340 may engage the ramped upper

sidewalls 312 and the ramped lower sidewalls 314 in the first and second portions 308

and 310 forcing the first and second portions 308 and 310 to expand from a collapsed

position. A counter rotation of the central screw 340 may cause the front ramped actuator

340 and the rear ramped actuator 342 to separate causing the first and second portions

308 and 310 to collapse from the expanded state.

[00133] Referring to FIGS. 59-62, assembly of the barrel 306 of the medical

device 300 shown on FIGS. 49-58 will now be described according to an example

implementation. As illustrated by FIG. 59, the barrel 306 may comprise a first portion

308 and a second portion 310. The first plate 302 may be defined by upper portion 320

and lower portion 322. Upper portion 320 may extend from first portion 308 of the barrel

306, and lower portion 322 may extend in an opposite direction from second portion 310

of the barrel 306. As further illustrated by FIG. 59, the actuator assembly 338 may

comprise a central screw 340, a front ramped actuator 342, and a rear ramped actuator

344. In FIG. 60, the rear ramped actuator 344 may be slid onto the first portion 308 of the

barrel 306. As illustrated, the rear ramped actuator 344 may engage (e.g., through a

dovetail connection) a rear end of the upper ramped sidewalls 312 of the first portion 308.

In FIG. 61, the front ramped actuator 342 may then the slide onto the second portion 310



of the barrel 306. As illustrated, the ramped expansion portion 346 may engage (e.g.,

through a dovetail connection) a front end of the lower ramped sidewalls 3 14 of the

second portion 310. In FIG. 62, the first portion 308 and second portion 310 of the barrel

306 have been placed together in a contracted position with a front end of the upper

ramped sidewalls 312 engaging the ramped expansion portion 346 and a rear end of the

lower ramped sidewalls 314 engaging the rear ramped actuator 344.

[00134] Referring to FIGS. 63-65, assembly of the spike assemblies 324 of the

medical device 300 shown on FIGS. 49-58 will now be described according to an

example implementation. As illustrated by FIG. 63, the spike assemblies 324 each

comprise a spike sphere 330, a wedge 332, and a post 334. In FIG. 64, the post 334 may

be inserted into the wedge 332 coupling the post 334 and the wedge 332. The wedge 332

may be secured onto one end of the post 334. Each assembly of the post 334 and wedge

332 may then be placed into the opening 326 in the upper and lower portions 320 and 322

of the first plate 302. The spike sphere 330 may then be placed onto the other end of the

post 334, which may be then pressed back into the open 326, as seen in FIG. 65. In one

embodiment, a snap connection may secure the spike sphere 330 the post 334. A pin (not

shown) may be used in the opening 326 to prevent rotation of the spike sphere 330

assembly 324 in the opening 326 while allowing articulation of the spike sphere 330 with

respect to the first plate 302. In some embodiments, slots 336 in the spike sphere 330

allow the spike sphere 330 to expand and collapse. To lock the spike sphere 330 in a

particular orientation, the wedge 332 may be compressed further into the opening 326

causing the spike sphere 330 to expand outward and lock.

[00135] Referring to FIGS. 49 and 66-67, the second or locking plate 304 will now

be described in more detail with respect to one example implementation. FIG. 49 is a

perspective view of the medical device 10 with the locking plate 304. FIGS. 66 and 67

are side and front views, respectively, of the locking plate 304. The locking plate 304

may be inserted onto the central screw 340 after the barrel 306 has been expanded to lock

the barrel 306 in position.

[00136] As illustrated, the locking plate 304 may comprise an upper portion 350

and a lower portion 352. A central portion 354 may connection the upper portion 350 to

the lower portion 352. The upper portion 350, lower portion 352, and central portion 354



may be integrally formed as a single plate component. The central portion 354 includes

an opening (e.g., a central opening) to receive trunion assembly 356 (best seen on FIG.

67). The locking plate 304 may rotate about the trunion assembly 356 and can be locked

at various angles at any position within its range of motion. In some embodiments, the

trunion assembly 356 may be configured so that the locking plate 304 rotates about its

center. The locking plate 304 may include a spike assembly 358 on both the upper portion

350 and the lower portion 352. The spike assemblies 358 may each be received within an

opening in both the upper portion 350 and the lower portion 352 of the locking plate 304.

Each spike assembly 358 may comprise a spike sphere 360 having multiple projections,

such as spikes 362. Each spike assembly 358 may further comprise a wedge 364 and a

post 366. The spike assemblies 358 and its various components may be similar in

function and assembly to the spike assembly 324 of the first plate 302 discussed above

with respect to FIGS. 49-58 and 63-65.

[00137] With additional reference to FIGS. 68 and 69, the trunion assembly 356

will described in more detail with respect to one example implementation. As illustrated,

the trunion assembly 356 may comprise a housing 368. The housing 368 may have

laterally extending projections 370 for rotatably coupling the trunion assembly 368 to the

central portion 354 of the locking plate 304 while allowing the locking plate 304 to rotate

with respect to the trunion assembly 368. As illustrated, there may be a pair of

projections 370 that extend from opposite sides of the housing 368 and are each received

in corresponding openings 372 in the central portion 354. The housing 368 may further

have a through bore 374 for receiving the central screw 340. The housing 368 may

further comprise a pair of chambers 376 on either side of the through bore 374. The

housing 368 may further include a ratchet pawl 378 in each chamber 376. Embodiments

of the ratchet pawls 378 may be spring loaded so that the ratchet pawls 378 may maintain

contact with the central screw 340 while the locking plate 304 rotates about the trunion

assembly 368. The ratchet pawls 378 may be assembled from the side of the housing 368.

The ratchet pawls 378 may each have spring cuts to allow the ratchet pawls 378 to

compress further into the chambers 376. The spring cuts may be the height of an electric

discharge machining wire to create a small gap within each leaf of the ratchet pawls 378

being self-limiting as it collapses upon itself. Insertion of the central screw 340 into the



through bore 374 (e.g., from right to left of FIG. 68) should cause the teeth (or threading)

of the central screw 340 to engage the ratchet pawls 378 causing the ratchet pawls 378 to

recess into the chambers 376. The angling of the teeth on the ratchet pawls 378 should

resist backwards motion of the central screw 340 after insertion into the through bore

374. In this manner, the ratchet pawls 378 may be operable to secure the trunion

assembly 368 and thus the locking plate 304 onto the central screw 340.

[00138] FIG. 70 illustrates a tube 380 that can be used to release the ratchet pawls

378 in accordance one example implantation. The tube 380 may be sized to fit over the

central screw 340. The tube 380 may be advanced over the central screw 340 and into the

back end of the through bore 374 until the leading end or nose 382 of the tube 380

engages the ratchet pawls 378. Pressure from the tube 380 combined with large chamfers

on the ratchet pawls should cause the ratchet pawls 378 to compress. When fully inserted,

the tube 380 includes one or more teeth 384 configured to snap into the ratchet pawls 378

allowing complete release of the central screw 340.

[00139] As illustrated by FIGS. 68 and 69, the housing 368 may have an upper

surface 386 and a lower surface 388. In embodiments, the upper and lower surfaces 386

and 388 may each be curved. As illustrated, the upper and lower surfaces 386 and 388

may be sloped inward from the rear to the front of the housing 368. In some

embodiments, the upper and lower surfaces 386 and 388 may each comprise a projection

390. The projection 390 may engage the locking plate 304 to limit its rotation about the

trunion assembly 356.

[00140] Referring to FIGS. 71-75, assembly of the locking plate 304 shown on

FIGS. 66 and 67 will now be described according to an example implementation. As

illustrated by FIG. 71, the locking plate 304 may comprise an upper portion 350, a lower

portion 352, and a central portion 354 coupling the upper portion 350 and the lower

portion 352. The trunion assembly 356 may comprise a housing 368 and a pair of ratchet

pawls 378. The housing 368 may comprise a pair of windows 392 for receiving the

ratchet pawls 378 into chambers 376 (FIG. 68). The ratchet pawls 378 may be inserted

into the housing 368 from the side via windows 392, as shown on FIG. 72. The trunion

assembly 356 comprising the housing 368 having the ratchet pawls 378 disposed therein

may then be inserted into the opening in the central portion 354 of the locking plate 302,



as best seen in FIG. 73. The trunion assembly may comprise projections 370 that are

received in openings 372 in the central portion 354 to secure the trunion assembly 356 in

the central portion 354. The projections 370 may be chamfered or otherwise angled on

their leading edges to allow insertion into the openings 372. The plate assemblies 358

may then inserted into the upper portion 350 and lower portion 352 of the locking plate

304. In embodiments, the spike assemblies 358 may be assembled and inserted into the

locking plate 304 in a manner similar to that discussed above with respect to FIGS. 63-

65.

[00141] As previously mentioned, the locking plate 304 may be free to rotate about

the trunion assembly 356 even where the trunion assembly 356 is in engagement with

central screw 340. FIG. 74 is a side view of the locking plate 304 illustrating rotation of

the locking plate 304 according to one example implementation. Additionally, the spike

spheres 360 may also be free to articulate with respect to the locking plate 304. FIG. 74

illustrates articulation of the spike spheres 360 in accordance to one example

implantation. Rotation of the locking plate 304 and/or articulation of the spike spheres

360 can provide an adaptable medical device 10 that can accommodate variances in

spinous process geometry, for example, with the goal of anterior and secure placement.

[00142] An embodiment for using the medical device 300 will now be described in

accordance with one example implementation. For example, a method may comprise

inserting the barrel 306 of the medical device 300 into an interspinous space. The method

may further comprise expanding the barrel 306 from a collapsed form having a first

height to an expanded form having a second height, where the second height is greater

than the first height. As discussed above, the central screw 340 may be rotated to expand

the barrel 306 from a collapsed form to an expanded form in the interspinous space. The

process may further include inserting the locking plate 304 onto the central screw 340

and moving the locking plate 304 towards the first plate such that the locking plate 304

and the first plate 302 engage a spinous process. The locking plate 304 may be free to

rotate about its center (e.g., the trunion assembly 356) to accommodate spinous process

geometry. In addition, the spike spheres 324 and 360 of the first plate 302 and the locking

plate 304, respectively, may also be free to articulate for accommodation of spinous

process geometry. The spike spheres 324 and 360 may be locked into place during



compression into the spinous process.

[00143] The various components of the medical device 10, medical device 100,

and medical device 300 described herein can be formed with any biocompatible material

used for such a medical device. For example, each of the various components can be

formed with one or more biocompatible plastics and/or one or more biocompatible metals

such as, for example, titanium and stainless steel.

[00144] While certain features of the described implementations have been

illustrated as described herein, many modifications, substitutions, changes and

equivalents will now occur to those skilled in the art. It is, therefore, to be understood

that the appended claims are intended to cover all such modifications and changes as fall

within the scope of the embodiments. It should be understood that they have been

presented by way of example only, not limitation, and various changes in form and details

may be made. Any portion of the apparatus and/or methods described herein may be

combined in any combination, except mutually exclusive combinations. The

embodiments described herein can include various combinations and/or sub¬

combinations of the functions, components and/or features of the different embodiments

described.



WHAT IS CLAIMED IS:

1. An implantable device, comprising:

a barrel, the barrel having an upper portion and a lower portion;

an actuator assembly disposed in the barrel, the actuator assembly comprising a

front ramped actuator in engagement with the barrel, a rear ramped actuator in

engagement with the barrel, and a central screw that extends from the rear ramped

actuator through the front ramped actuator;

a first plate having multiple projections extending from one side of the first plate,

the first plate comprising a first portion that extends from the upper portion and a second

portion that extends form the lower portion;

a second plate having multiple projections extending from one side of the second

plate, the second plate configured to be received on the central screw,

wherein the barrel is configured to transition from a collapsed form having a first

height to an expanded form having a second height and wherein the second height is

greater than the first height.

2. The implantable device of claim 1, wherein the upper portion of the barrel

comprises ramped upper sidewalls in engagement with the rear ramped actuator and the

front ramped actuator, and wherein the lower portion of the barrel comprises ramped

lower sidewalls in engagement with the rear ramped actuator and the front ramped

actuator.

3. The implantable device of claim 2, wherein the ramped upper sidewalls and

the ramped lower sidewalls are overlapping.

4. The implantable device of claim 2, wherein the ramped upper sidewalls and

the ramped lower sidewalls define a central opening configured to receive graft packing

material.



5. The implantable device of claim , wherein the first portion of the first plate is

integrally formed with the upper portion of the barrel, and wherein the second portion of

the first plate is integrally formed with the lower portion of the barrel.

6. The implantable device of claim 1 further comprising a plurality of spike

assemblies that comprise the projections of the first plate and the second plate, wherein

the spike assemblies each comprise:

a spike sphere;

a post, the spike sphere being coupled to the post; and

a wedge;

wherein the spike sphere of each of the spike assemblies is individually

disposed in an opening in the first plate or the second plate, and wherein compression of

the spike sphere into the opening causes the wedge to lock the spike sphere in place.

7. The implantable device of claim , wherein the projections of the first plate

are disposed in spike spheres in the first plate, the spike spheres being configured to

articulate with respect to the first plate, and wherein the projections of the second plate

are disposed in spike spheres in the second plate, the spike spheres being configured to

articulate with respect to the second plate.

8. The implantable device of claim 1, wherein the second height may have a

maximum height that is about 6 mm greater than the first height.

9. The implantable device of claim 1, wherein the front ramped actuator may be

bullet shaped on its front end.

10. The implantable device of claim 1, wherein the fronted ramped actuator

engages ramped surfaces of the upper portion and the lower portion of the barrel, and

wherein the rear ramped actuator engages ramped surfaces of the lower portion of the

barrel.



11. The implantable device of claim 1, wherein the front ramped actuator and the

rear ramped actuator are configured to act on the upper portion and the lower portion of

the barrel in response to rotation of the central screw to cause the first portion and the

second portion of the first plate to expand away from one another.

12. The implantable device of claim 1, wherein the second plate is configured to

rotate about its center when disposed on the central screw.

13. The implantable device of claim 1, wherein the second plate comprise:

an upper portion;

a lower portion;

a central portion connecting the upper portion and the lower portion; and

a trunion assembly disposed in an opening in the central portion.

14. The implantable device of claim 13, wherein the upper portion, the lower

portion, and the central portion are integrally formed as a single plate component.

15. The implantable device of claim 13, wherein the trunion assembly comprises a

housing for receiving the central screw, a pair of chambers on either side of the through

bore, and a pair of ratchet pawls, each of the ratchet pawls being individual disposed in

one of the chambers and configured to engage the central screw in the through bore.

16. The implantable device of claim 15, wherein the housing comprises

projections that are received in openings of the central portion of the second plate to

rotatably couple the trunion assembly to the second plate.

17. The implantable device of claim 15, wherein upper and lower surfaces of the

housing are curved and each comprise one or more projections that restrict rotation of the

second plate.



18. An implantable device, comprising:

a barrel, the barrel having an upper portion and a lower portion;

an actuator assembly disposed in the barrel, the actuator assembly comprising a

front ramped actuator in engagement with the barrel, a rear ramped actuator in

engagement with the barrel, and a central screw that extends from the rear ramped

actuator through the front ramped actuator;

a first plate having multiple projections extending from one side of the first plate,

the first plate comprising a first portion that extends from the upper portion and a second

portion that extends form the lower portion;

a second plate having multiple projections extending from one side of the second

plate, the second plate configured to be received on the central screw,

wherein the barrel is configured to transition from a collapsed form having a first

height to an expanded form having a second height and wherein the second height is

greater than the first height,

wherein the projections of the first plate are disposed in spike spheres in the first

plate, the spike spheres being configured to articulate with respect to the first plate, and

wherein the projections of the second plate are disposed in spike spheres in the second

plate, the spike spheres being configured to articulate with respect to the second plate.

19. A method for implanting a medical device in a patient, the method

comprising:

inserting a barrel of the device between adjacent spinous processes, the medical

device comprising a first plate disposed on one end of the barrel;

rotating a central screw disposed in the barrel to cause the barrel to expand from a

collapsed form having a first height to an expanded form having a second height; and

ratcheting a second plate onto the central screw such that the first plate and the

second plate engage the adjacent spinous process, the second plate being free to rotate

about its center within a range of motion.



20. The method of claim 1 , wherein rotation of the central screw draws a

front ramped actuator toward a rear ramped actuator, the front ramped actuator and the

rear ramped actuator acting on an upper portion and a lower portion of the barrel to cause

the barrel to expand.













































































Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos. : 19, 20
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 1 , 20 pertain to methods for treatment of the human body by surgery, and thus relate to a subject-matter which this
International Searching Authority is not required, under PCT Article 17(2)(a)(i) and PCT Rule 39. l(iv), to search.

□ Claims Nos. :
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically :

3 . Claims Nos. :
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I IAs all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

I IAs all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

I IAs only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4 . I INo required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

I IThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) ( y 2009)



A. CLASSIFICATION OF SUBJECT MATTER

A61B 17/70(2006.01)i, A61F 2/44(2006.01)i, A61B 17/88(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B 17/70; A61B 17/80; A61B 17/88; A61F 2/44

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords:barrel, front ramped actuator, rear ramped actuator, central
screw, first plate, second plate, multiple projections, expanded, collapsed

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2012-0150228 Al (ZAPPACOSTA e t a l . ) 14 June 2012 1-18
See paragraphs [0022H0030] , [0032] ; and f igures 1-8 .

US 2011-0022090 Al (GORDON e t a l . ) 27 January 2011 1-18
See paragraphs [0102] , [0103] , [0106] , [0107] , [0109H0108] ,
[0120] , [0122H0126] ; and f igures 1-14 .

US 2011-0066186 Al (BOYER, I I e t a l . ) 17 March 2011 1-18
See paragraphs [0059]- [0061] ; and f i gures 8-11 .

US 2013-0012996 Al (ZAMANI e t a l . ) 10 January 2013 1-18
See abst ract ; paragraphs [0046]- [0051] ', and f i gures 3A-3B, 6A-8 .

US 2010-0087860 Al (CHIN e t a l . ) 8 Apr i l 2010 1-18
See abst ract ; paragraphs [0042]- [0044] , [0046] ; and f i gures 3-8B .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to b e of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot b e

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other document of particular relevance; the claimed invention cannot b e
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

05 August 2014 (05.08.2014) 06 August 2014 (06.08.2014)

Name and mailing address of the ISA/KR Authorized officer
tt International Application Division

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,

CHANG, Bong Ho ¾
V Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3353

Form PCT/ISA/210 (second sheet) (July 2009)



Information on patent family members PCT/US2014/025135

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2012-0150228 Al 14/06/2012 None

US 2011-0022090 Al 27/01/2011 AU 2010-270915 Al 13/01/2011
AU 2010-282649 Al 08/03/2012
EP 2445428 A2 02/05/2012
EP 2456374 Al 30/05/2012
EP 2468202 Al 27/06/2012
JP 2012-228612 A 22/11/2012
JP 2012-531263 A 10/12/2012
JP 2013-501580 A 17/01/2013
US 2011-0029020 Al 03/02/2011
us 2011-0319936 Al 29/12/2011
us 8377097 B2 19/02/2013
us 8721686 B2 13/05/2014
wo 2011-005508 A2 13/01/2011
wo 2011-005508 A3 24/03/2011
wo 2011-019721 Al 17/02/2011
wo 2012-012771 Al 26/01/2012

US 2011-0066186 Al 17/03/2011 EP 2475314 A2 18/07/2012
JP 2013-504384 A 07/02/2013
wo 2011-031924 A2 17/03/2011
wo 2011-031924 A3 20/03/2014

US 2013-0012996 Al 10/01/2013 None

US 2010-0087860 Al 08/04/2010 CN 101330885 A 24/12/2008
CN 101330885 B 05/09/2012
CN 101404945 A 08/04/2009
CN 101404945 B 21/09/2011
EP 1968501 A2 17/09/2008
EP 2004074 A2 24/12/2008
EP 2004074 Bl 17/10/2012
JP 04949460 B2 06/06/2012
JP 04975756 B2 11/07/2012
JP 2009-535070 A 01/10/2009
JP 2010-512171 A 22/04/2010
US 2007-0162001 Al 12/07/2007
us 2007-0179500 Al 02/08/2007
us 2007-0233082 Al 04/10/2007
us 2007-0270840 Al 22/11/2007
us 7871426 B2 18/01/2011
us 8372118 B2 12/02/2013
us 8430911 B2 30/04/2013
us 8758408 B2 24/06/2014
wo 2007-070819 A2 21/06/2007
wo 2007-070819 A3 10/04/2008
wo 2007-109402 A2 27/09/2007
wo 2007-109402 A3 06/11/2008

Form PCT/ISA/210 (patent family annex) ( y 2009)



Information on patent family members PCT/US2014/025135

Patent document Publication Patent family Publication
cited in search report date member(s) date

2010-068829 A2 17/06/2010

2010-068829 A3 26/08/2010

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

