99560.00005
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re patent application of:
-~‘ -'\ Manohar M. Panjabi, et al.
«  Serial No. 60/581,716

Filed: June 23, 2004

| hereby certify that this correspondence and/or
being deposited with the United States Postal S

.' as First Class Mail in an envelope addressed to
Confirmation No. 5490

Commissioner for Patents, P,O. Box 1450, Alexandria,

VA 22313-1450 on s/ /oL

feeis
ervice

" (Daté of Deposit)
# For: DYNAMIC SPINE STABILIZER

. /?M—g/ ﬂjﬂ( /> 7,/“

(Signature) (Dafe)
May 24, 2006
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
MHR&UKMWB sdfisdo 605§EQUEST TO CORRECT INVENTORSHIP

IN ACCORDANCE WITH 37 C.F.R. §1.48(d)

ODFI7 50 ABADR
Sir:

The name of co-inventor, George Malcolmson, II, was omitted in the above-identified
application through error without any deceptive intention on the part of Mr. Malcolmson.
Accordingly, it is respectfully requested that the above-noted provisional patent application be
amended in accordance with 37 C.F.R. §1.48(d) to reflect that Mr. George Malcolmson, II,
residing at 1867 Chapel Street, New Haven, CT 06515, is a co-inventor with the previously
named co-inventors, namely Manohar M. Panjabi and Jens P. Timm, for purposes of the above-
identified provisional patent application.

The Commissioner is hereby authorized to charge the applicable fee of § $i50.(10 associate
with this Request to Deposit Account No. 503570. If any additional fees are due in connection

with the submittal of this Request, the Commissioner is hereby authorized to charge them to

Globus Medical, Inc.
IPR2015-00111 Exhibit 1020, p.

— (5/30/2006 CNGUYEN2 00000026260381716

50.00 DA

01 FC:1807




99560.00005

Deposit Account No.503570. A duplicate copy of this sheet is enclosed. Should there be any
_, Questions about this Request, the Commissioner is cordially invited to contact applicants’
attorney at the telephone number indicated below.

Respectfully Submitted,

Y Vi

Basam E. Nabulsi
Reg. No. 31,645
Attorney for Applicants

McCarter & English, LLP
Financial Centre

695 East Main Street, Suite A304
Stamford, CT 06901-2138
bnabulsi@mccarter.com

MENS313314.1
Globus Medical, Inc.

IPR2015-00111 Exhibit 1020, p. 2



PTO/SB/16 (04-04)

Approved for use through 07/31/2006. OMB 0651-0032

- 062304

TR 5

IRy

C—;s U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
B Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
g PROVISIONAL APPLICATION FOR PATENT COVER SHEET .

This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c). ' o
< Feo
_(D Express Mall Label No. 0. ©

N
= INVENTOR(S) —
O ["Given Name (first and middle [if any]) Family Name or Surmame Residence oo

(City and either State or Foreign Country) {- Q
0
Manchar M. Panjabi New Haven, CT N COD
N
Additional inventors are being named on the 1 separately numbered sheets attached hereto

TITLE OF THE INVENTION (500 characters max)

Direct all correspondence to: CORRESPONDENCE ADDRESS

Customer Number: 021884

OR

D Firm or
Individual Name

Address

Address

City - State Zip

Country i Telephone Fax

ENCLOSED APPLICATION PARTS (check all that apply) i

Spéciﬁcation Number of Pages 34 . D CD(s), Number
Drawing(s) Number of Sheets 12 D Other (specify)
Q Application Data Sheet. See 37 CFR 1.76

METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT

Applicant claims small entity status. See 37 CFR 1.27. FILING FEE
: Amount ($)
A check or money order is enclosed to cover the filing fees.
The Director is hereby authorized to charge filing $80.00
fees or credit any overpayment to Deposit Account Number: _01-2221 :
D Payment by credit card. Form PTO-2038 is attached.

The invention was made by an agency of the United States Government or under a contract with an agency of the
United States Government.

No.

D Yes, the name of the U.S. Government agency and the Government contract number are:

[Page 1 of 2]

Respectfully submitted, Date June 23, 2004

SIGNATURE C\¥——T——~ ~ REGISTRATION NO. _34,595
N \ l (if appropriate)
TYPED or PRINTED NAME Howard N. Flaxman i Docket Number: PAN-002

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT
This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 8 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

TELEPHONE

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Globus Medical, Inc.
IPR2015-00111 Exhibit 1020, p. 3



PROVISIONAL APPLICATION COVER SHEET
Additional Page

PTO/SB/16 (04-04)

Approved for use through 07/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1935, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Docket Number  pAN.002

INVENTOR(S)/APPLICANT(S)

Residence
Given Name (first and middle [if any} ) Family or Sumame (City and either State or Foreign Country)

Jens P. Timm New Haven, CT

[Page 2 of 2]

Number 2 of 2

WARNING: Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038.

Globus Medical, Inc.
IPR2015-00111 Exhibit 1020, p. 4



PAN-002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PROVISIONAL APPLICATION FOR LETTERS PATENT

INVENTORS:

Manohar M. Panjabi
Jens P. Timm

TITLE: DYNAMIC SPINE STABILIZER

Globus Medical, Inc.
IPR2015-00111 Exhibit 1020, p. 5



i

0Ld'SN 1BZEl

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method and apparatus for spinal stabilization. More
particulatly, the invention relates to a method and apparatus for applying increased

incremental mechanical resistance when the spine moves within its neutral zone.

2. Descrption of the Prior Art

Low back pain is one of the most expensive diseases afflicting industrialized
societies. With the exception of the common cold, it accounts for more doctor visits
than any other ailment. The spectrum of low back pain is wide, ranging from periods
of intense disabling pain which resolve, to vatying degrees of chronic pain. The
consetvative treatments available for lower back pain include: cold packs, physical
therapy, narcotics, steroids and chiropractic maneuvets. Once a patient has exhausted
all conservative therapy, the surgical options range from micro discectomy, a relatively
minor procedute to relieve pressute on the nerve root and spinal cotd, to fusion,

which takes away spinal motion at the level of pain.

Each yeat, over 200,000 patients undergo lumbar fusion surgery in the United

States. While fusion is effective about seventy petcent of the time, there are

consequences even to these successful procedutes, including a reduced range of
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motion and an increased load transfer to adjacent levels of the spine, which acceletates
degeneration at those levels. Further, a significant number of back-pain patients,
estimated to exceed seven million in the U.S,, simply endure chronic low-back pain,
rather than tisk procedutes that may not be approptiate or effective in alleviating their
symptoms.

New treatment modalities, collectively called motion preservation devices, ate
currently being developed to address these limitations. Some promising therapies are
in the form of nucleus, disc or facet replacements. Other motion preservation devices
provide dynamic internal stabilization of the injured and/or degenerated spine,
without removing any spinal tissues. A major goal of this concept is the stabilization
of the spine to prevent paiﬁ while preserving near normal spinal function. The
ptimary difference in the two types of motion presetrvation devices is that replacement
devices ate utilized with the goal of teplacing degenerated anatomical structures which
facilitates motion while dynamic internal stabilization devices are utilized with the goal
of stabilizing and controlling abnormal spinal motion.

Over ten years ago a hypothesis of low back pain was presented in which the
spinal system was conceptualized as consisting of the spinal column (vertebrae, discs
and ligaments), the muscles sutrounding the spinal column, and a neuromusculat

control unit which helps stabilize the spine during various activities of daily living.
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Panjabi MM. “The stabilizing system of the spine. Part I. Function, dysfunction,
adaptation, and enhancement.” [ Spinal Disord 5 (4): 383-389, 1992a. A corollary of
this hypothesis was that strong spinal muscles are needed when a spine is injured ot
degenerated. This was especially true while standing in neutral posture. Panjabi MM.
“The stabilizing system of the spine. Part II. Neutral zone and instability hypothesis.”
J Spinal Disord 5 (4): 390-397, 1992b. In other words, a low-back patient needs to have
sufficient well-coordinated muscle forces, strengthening and training the muscles
where necessaty, so they provide maximum protection while standing in neutral
posture.

Dynamic stabilization (non-fusion) devices need certain functionality in ordet to
assist the compromised (injuted or degenerated with diminished mechanical integrity)
spine of a back patient. Specifically, the devices must provide mechanical assistance to
the compromised spine, especially in the neutral zone where it is needed most. The
“neutral zone” refets to a region of low spinal stiffness ot the toe-region of the
Moment-Rotation curve of the spinal segment (see Figure 1). Panjabi MM, Goel VK,
Takata K. 1981 Volvo Award in Biomechanics. “Physiological Strains in Lumbar
Spinal Ligaments, an in vitro Biomechanical Study.” Spine 7 (3): 192-203, 1982. The
neutral zone is commonly defined as the central part of the range of motion around

the neutral posture whete the soft tissues of the spine and the facet joints provide least
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tesistance to spinal motion. This concept is nicely visualized on a load-displacement
ot moment-rotation cutve of an intact and injured spine as shown in Figure 1. Notice
that the cutves are non-linear; that is, the spine mechanical properties change with the
amount of angulations and/ot rotation. If we consider curves on the positive and
negative sides to tepresent spinal behavior in flexion and extension respectively, then
the slope of the cutve at each point reptesents spinal stiffness. As seen in Figure 1, the
neutral zone is the low stiffness region of the range of motion.

Experiments have shown that after an injury of the spinal column or due to
degeneration, neutral zones, as well as ranges of motion, increase (see Figure 1).
Howevet, the neutral zone increases to a greater extent than does the range of motion,
when described as a percentage of the cotresponding intact values. This implies that
the neutral zone is a bettet measure of spinal injury and instability than the range of
motion. Clinical studies have also found that the range of motion increase does not
correlate well with low back pain. Therefore, the unstable spine needs to be stabilized
especially m the neutral zone. Dynamic internal stabilization devices must be flexible
so as to move with the spine, thus allowing the disc, the facet joints, and the ligaments
normal physiological motion and loads necessaty for maintaining their nutritional well-
being. The devices must also accommodate the different physical characteristics of

individual patients and anatomies to achieve a desited posture for each individual
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patient.
With the foregoing in mind, those skilled in the art will understand that a need
exists for a spinal stabilization device which overcomes the shortcoming of ptior art

devices. The present invention provides such an apparatus and method for spinal

stabilization.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is Moment-Rotation curve for a spinal segment (intact and injured),
showing the low spinal stiffness within the neutral zone.

Figure 2 is a schematic representation of a spinal segment in conjunction with a
Moment-Rotation cutve for a spinal segment, showing the low spinal stiffness within
the negttal zone.

Figute 3a is a schematic of the present invention in conjunction with a Force-
Displacement curve, demonstrating the increased resistance provided within the
central zone of the present dynamic spine stabilizet.

Figure 3b is 2 Force-Displacement cutve demonstrating the change in profile
achieved through the replacement of springs.

Figure 3c is a dotsal view of the spine with a pair of stabilizers secured thereto.

Figure 3d is a side view showing the stabilizer in tension.

Figure 3e is a side view showing the stabilizer in compzression.

Figute 4 is a schematic of the present dynamic spine stabilizer.

Figute 5 is a schematic of én alternate embodiment in accordance with the
present invention.

Figure 6 is 2 Moment-Rotation cutve demonstrating the manner in which the

present stabilizer assists spinal stabilization.
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Figutes 7a and 7b are respectively a free body diagram of the present stabilizet
and a diagram reptresenting the central zone of the present stabilizet.

Figure 8 is a petspective view of an alternate embodiment of the stabilizer in
accordance with the present invention.

Figute 9 is an exploded view of the stabilizer shown in Figure 8.

Figure 10 is a detailed petspective view of the proximal end of a first pedicle
screw in accordance present invention (the second pedicle screw is identical).

Figure 11 is a detailed perspective view of the first pedicle screw secured to the
attachment member of the stabilizer shown in Figure 8.

Figure 12 is a petspective view of the stabilizer shown in Figure 8 as seen from
the opposite side.

Figure 13 is a petspective view of the stabilizer shown in Figure 8 with an

additional torsion bat.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The detailed embodiments of the present invention are disclosed herein. It
should be understood, however, that the disclosed embodiments are merely exempla'ry
of the invention, which may be embodied in various forms. Therefore, the details
disclosed herein are not to be interpreted as limited, but metely as the basis fot
teaching one skilled in the art how to make and/or use the invention.

With reference to Figures 2, 3a-e and 4, a method and apparatus are disclosed
for spinal stabilization. In accotdance with a preferred embodiment of the present

“invention, the spinal stabilization method is achieved by securing an intetnal dynamic

spine stabilizer 10 between adjacent vertebrae 12, 14 and providing mechanical
assistance in the form of elastic resistance to the region of the spine to which the
dynamic spine stabilizer 10 is attached. The elastic resistance is applied as a function
of displacement such that greater mechanical assistance is provided while the spine is
in its neutral zone and lesser mechanical assistance is provided while the spine bends
beyond its neutral zone. Although the term elastic resistance is used throughout the
body of the present specification, other forms of tesistance may be employed without
departing from the spirit of the present invention.

As those skilled in the art will certainly appteciate, and as mentioned above, the

“neutral zone” is understood to refer to a region of low spinal stiffness or the toe-
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region of the Moment-Rotation curve of the spinal segment (see Figure 2). That is,
the neutral zone may be considered to refer to a region of laxity around the neutral
resting position of a spinal segment where there is minimal resistance to intervertebral
motion. The range of the neutral zone is considered to be of major significance in
determining spinal stability. Panjabi, MM. “The stabilizing system of the spine. Part IL
Neutral zone and instability hypothesis.” | Spinal Disorders 1992; 5(4): 390-397.

In fact, the inventor has previously desctibed the load displacement cutve
associated with spinal stability through the use of a “ball in a bow!” analogy.
According to this analogy, the shape of the bowl indicates spinal stability. A deepet
bowl represents a more stable spine, while a more shallow bowl represents a less stable
spine. The inventor previously hypothesized that for someone without spinal injury
thete is a normal neutral zone (that part of the range of motion where there is minimal
resistance to intervertebral motion) with a normal range of motion, and in turn, no
spinal pain. In this instance, the bowl is not too deep nor too shallow. Howevet,
when an injuty occuts to an anatomical structute, the neutral zone of the spinal
column increases and the ball moves freely over a larger distance. By this analogy, the
bowl would be mote shallow and the ball less stable, and consequently, pain tesults
from this enlarged neutral zone.

In general, pedicle screws 16, 18 attach the dynamic spine stabilizer 10 to the

10
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vertebrae 12, 14 of the spine using well-tolerated and familiar surgical procedures
known to those skilled in the art. In accordance with a prefetred embodiment, and as
those skilled in the art will certainly appreciate, a pair of opposed stabilizers are
commonly used to balance the loads applied to the spine (see Figure 3c). The dynamic
spine stabilizer 10 assists the compromised (injured and/or degenerated) spine of a
back pain patient, and helpé her/him perform daily activities. The dynamic spine
stabilizer 10 does so by providing controlled tesistance to spinal motion particularly
around neutral posture in the region of neutral zone. As the spine bends forward
(flexion) the stabilizer 10 is tensioned (see Figure 3d) and when the spine bends
backward (extension) the stabilizer 10 is compressed (see Figute 3¢).

The resistance to displacement provided by the dynamic spine stabilizer 10 is
non-lineat, being greatest in its central zone so as to correspond to the individual’s
neutral zone; that is, the central zone of the stabilizer 10 provides a high level of
mechanical assistance in supporting the spine. As the individual moves beyond the
neutral zone, the increase in resistance decteases to a more moderate level. As a result,
the individual encounters greater resistance to movement (Or greater incremental
resistance) while moving within the neutral zone.

The central zone of the dynamic spine stabilizer 10, that is, the range of motion

in which the spine stabilizer 10 provides the greatest resistance to movement, is

11
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adjustable at the time of surgety to suit the neutral zone of each individual patient.
The resistance to movement provided by the dynamic spine stabilizer 10 is adjustable
pre-operatively and intra-operatively. This helps to tailor the mechanical properties of
the dynamic spine stabilizer 10 to suit the compromised spine of the individual patient.
The length of the dynamic spine stabilizer 10 is also adjustable intra-operatively to suit
individual patient anatomy and to achieve desired spinal posture. The dynamic spine
stabilizer 10 can be re-adjusted post-operatively with a surgical procedure to adjust its
central zone to accommodate a patient’s altered needs.

Ball joints 20, 22 link the dynamic spine stabilizer 10 with the pedicle screws 16,
18. The junction of the dynamic spine stabilizer 10 and pedicle screws 16, 18 is free
and rotationally unconstrained. Thetefore, first of all, the spine is allowed all
physiological motions of bending and twisting and second, the dynamic spine stabilizer
10 and the pedicle screws 16, 18 are protected from harmful bending and torsional
forces, or moments. While ball joints are disclosed in accordance with a preferred
embodiment of the present invention, other linking structures may be utilized without
departing from the spirit of the present invention.

As there are ball joints 20, 22 at each end of the stabilizer 10, no bending
moments can be transferted from the spine to the stabilizer 10. Further, it is

important to recognize the only forces that act on the stabilizer 10 are those due to the

12
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forces of the springs 30, 32 within it. These forces ate solely dependent upon the
tension and compression of the stabilizer 10 as determined by the spinal motion. In
summaty, the stabilizer 10 sees only the spring forces. Irrespective of the large loads
on the spine, such as when a person catties ot lifts a heavy load, the loads coming to
the stabilizer 10 ate only the fotces developed within the stabilizer 10, which are the
result of spinal motion and not the result of the spinal load. The stabilizer 10 is,
therefore, uniquely able to assist the spine without enduring the high loads of the
spine, allowing a wide range of design options.

The loading of the pedicle screws 16, 18 in the present stabilizer 10 is also quite
different from that in prior art pedicle screw fixation devices. The only load the
stabilizer pedicle screws 16, 18 see is the force from the stabilizer 10. This translates
into pure axial force at the ball joint-screw interface. This mechanism greatly reduces
the bending moment placed onto the pedicle screws 16, 18 as compared to ptior att
pedicle screw fusion systems. Due to the ball joints 20, 22, the bending moment
within the pedicle screws 16, 18 is zero at the ball joints 20, 22 and it increases toward
the tip of the pedicle screws 16, 18. The area of pedicle screw-bone interface which
often is the failure site in a typical ptior art pedicle screw fixation device, is the least
stressed site, and is thetefore not likely to fail. In sum, the pedicle sctews 16, 18, when

used in conjunction with the present invention, carry significantly less load and are
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placed under significantly less stress than typical pedicle screws.

In Figure 2, the Moment-Rotation cutve for a healthy spine is shown in
configurations with the present stabilizer 10. This curve shows the low resistance to
movement encountered in the neutral zone of a healthy spine. However, when the
spine is injured, this curve changes and the spine becomes unstable, as evidenced by
the expansion of the neutral zone (see Figure 1).

In accordance with a preferted embodiment of the present invention, people
suffering from spinal injuties are best treated through the application of increased
mechanical assistance in the neutral zone. As the spine moves beyond the neutral
zone, the necessaty mechanical assistance decreases and becomes more moderate. In
particular, and with reference to Figure 3a, the support profile contemplated in
accordance with the present invention is disclosed.

Three different profiles are shown in Figure 3a. The disclosed profiles are
merely exemplary and demonstrate the possible suppott requirements within the
neutral zone. Profile 1 is exemplaty of an individual requiring great assistance in the
neutral zone and the central zone of the stabilizer is thetefore increased providing a
high level of resistance over a great displacement; Profile 2 is exemplary of an
.individual whete less assistance is required in the neuttal zone and the central zone of

the stabilizer is therefote more moderate providing increased resistance over a more
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limited range of displacement; and Profile 3 is exemplary of situations where only
slightly greater assistance is tequired in the neutral zone and the central zone of the
stabilizer may therefore be decreased to provide increased resistance over even a
smaller range of displacement.

As those skilled in the art Wl]l cettainly appreciate, the mechanical assistance
required and the range of the neutral zone will vary from individual to individual.
Howevet, the basic tenet of the present invention temains; that is, greater mechanical
assistance for those individuals suffering from spinal instability is required within the
individual’s neutral zone. This assistance is provided in the form of greater resistance
to movement provided within the neuttal zone of the individual and the central zone
of the dynamic spine stabilizer 10.

The dynamic spine stabilizer 10 developed in accordance with the present
invention provides mechanical assistance in accotdance with the disclosed suppott
profile. Further, the present stabilizer 10 provides for adjustability via a concenttic
spring design.

More specifically, the dynamic spine stabilizer 10 provides assistance to the
compromised spine in the form of increased tesistance to movement (provided by
springs in accordance with a prefetred embodiment) as the spine moves from the

neutral postute, in any physiological direction. As mentioned above, the Force-
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Displacement relationship provided by the dynamic spine stabilizer 10 in accordance
with the present invention is non-lineat, with greater incremental resistance around the
neutral zone of the spine and central zone of the stabilizer 10, and decreasing
incremental resistance beyond the central zone of the dynamic spine stabilizer 10 as
the individual moves beyond the neutral zone (see Figure 3a).

The relationship of the present stabilizer 10 to forces applied during tension
and compression is further shown with refetence to Figute 3a. As discussed above,
the behavior of the present stabilizer 10 is non-linear. The Load-Displacement curve
has three zones: tension, central and compression. 1f K1 and K2 define the stiffness
values in the tension and compression zones tespectively, the present stabilizer is
designed such that the high stiffness in the central zone is “K1 + K2”. Depending
upon the preload of the stabilizer 10 as will be discussed below in greater detail, the
width of the central zone and, therefore, the region of high stiffness can be adjusted.

With reference to Figure 4, a dynamic spine stabilizer 10 in accordance with the
present invention is disclosed. The dynamic spine stabilizet 10 includes a support
assembly in the form of a housing 20 composed of a first housing member 22 and a
second housing member 24. The first housing member 22 and the second housing
member 24 ate telescopically connected via extetnal threads formed upon the open

end 26 of the first housing member 22 and intetnal threads formed upon the open end
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28 of the second housing member 24. In this way, the housing 20 is completed by
screwing the first housing member 22 into the second housing member 24. As such,
and as will be discussed below in greater detail, the relative distance between the first
housing member 22 and the second housing member 24 can be readily adjusted for the
purpose of adjusting the compression of the fitst spring 30 and second spting 32
contained within the housing 20. Although sptings are employed in accordance with a
preferted embodiment of the present invention, other elastic members may be
employed without departing from the spitit of the present invention. A piston
assembly 34 links the first spting 30 and the second spting 32 to first and second ball
joints 36, 38. The first and second ball joints 36, 38 are in turn shaped and designed
for selective attachment to pedicle screws 16, 18 extending from the respective
vertebrae 12, 14.

The first ball joint 36 is secured to the closed end 38 of the first housing
member 20 via a threaded engagement member 40 shaped and dimensioned fot
coupling, with threads formed within an aperture 42 formed in the closed end 38 of
the first housing member 22. In this way, the first ball joint 36 substantially closes off
the closed end 38 of the first housing member 22. The length of the dynamic spine
stabilizer 10 may be readily adjusted by rotating the first ball joint 36 to adjust the

extent of overlap between the first housing member 22 and the engagement member
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40 of the first ball joint 36. As those skilled in the art will certainly appreciate, a
threaded engagement between the fitst housing member 22 and the engagement
member 40 of the first ball joint 36 is disclosed in accordance with a preferred
embodiment, although other coupling structures may be employed without departing
from the spitit of the present invention.

The closed end 44 of the second housing member 24 is provided with a cap 46
having an aperture 48 formed therein. As will be discussed below in greater detail, the
aperture 48 is shaped and dimensioned for the passage of a piston rod 50 from the
piston assembly 34 therethrough.

The piston assembly 34 includes a piston rod 50; first and second springs 30, 32;
and retaining rods 52. The piston rod 50 includes a stop nut 54 and an enlarged head
56 at its first end 58. The enlarged head 56 is rigidly connected to the piston rod 50
and includes guide holes 60 through which the retaining rods 52 extend during
opetation of the present dynamic spine stabilizer 10. As such, the enlarged head 56 is
guided along the retaining rods 52 while the second ball joint 38 is moved toward and
away from the first ball joint 36. As will be discussed below in greater detail, the
enlarged head 56 interacts with the first spring 30 to create resistance as the dynamic
spine stabilizer 10 is extended and the spine is moved in flexion.

A stop nut 54 is fit over the piston rod 50 for free movement relative thereto.

18
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However, movement of the stop nut 54 toward the first ball joint 36 is prevented by
the retaining rods 52 that suppozt the stop nut 54 and prevent the stop nut 54 from
moving toward the first ball joint 36. As will be discussed below in greater detail, the
stop nut 54 interacts with the second spring 32 to create resistance as the dynamic
spine stabilizer 10 is compressed and the spine is moved in extension.

The second end 62 of the piston rod 50 extends from the aperture 48 at the
closed end 44 of the second housing member 24, and is attached to an engagement
member 64 of the second ball joint 38. The second end 62 of the piston rod 50 is
coupled to the engagement member 64 of the second ball joint 38 via a threaded
engagement. As those skilled in the art will certainly appreciate, a threaded
engagement between the second end 62 of the piston rod 50 and the engagement
membet 64 of the second ball joint 38 is disclosed in accordance with a prefetred
embodiment, although other coupling structutes may be employed without departing
from the spitit of the present invention.

As briefly mentioned above, the first and second springs 30, 32 are held within
the housing 20. In particular, the first spring 30 extends between the enlarged head 56
of the piston rod 50 and the cap 46 of the second housing member 24. The second
spting 32 extends between the distal end of the engagement member 64 of the second

ball joint 38 and the stop nut 54 of the piston rod 50. The preloaded force applied by
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the first and second springs 30, 32 holds the piston rod in a static position within the
‘housing 20, such that the piston rod is able to move during either extension or flexion
of the spine.

In use, when the vertebrae 12, 14 are moved in flexion and the fitst ball joint 36
is drawn away from the second ball joint 38, the piston rod 50 is pulled within the
housing 24 against the force being applied by the first spring 30. In particulat, the
enlarged head 56 of the piston rod 50 is moved toward the closed end 44 of the
second housing member 24. This movement causes compression of the fitst spring
30, creating resistance to the movement of the spine. With regard to the second spting
32, the second spring 32 moves with the piston rod 50 away from second ball joint 38.
As the vertebrae move in flexion within the neutral zone, the height of the second
spring 32 is increased, reducing the distractive force, and in effect increasing the
resistance of the device to movement. Through this mechanism, as the spine moves in
flexion from the initial position both spring 30 and spring 32 resist the distraction of
the device directly, either by increasing the load within the spring (i.e. first spring 30)
or by decreasing the load assisting the motion (i.e. second spring 32).

However, when the spine is in extension, and the second ball joint 38 is moved
toward the first ball joint 36, the engagement member 64 of the second ball joint 38

moves toward the stop nut 54, which is held is place by the retaining rods 52 as the

20

Globus Medical, Inc.
IPR2015-00111 Exhibit 1020, p. 24



piston rod 50 moves toward the first ball joint 36. This movement causes
compression of the second spring 32 held between the engagement member 64 of the
second ball joint 38 and the stop nut 54, to create resistance to the movement of the
dynamic spine stabilizer 10. With regard to the first spring 30, the first spring 30 is
suppotted between the cap 46 and the enlatged head 56, and as the vertebrae move in
extension within the neutral zone, the height of the second spring 30 is increased,
reducing the compressive force, and in effect increasing the resistance of the device to
movement. Through this mechanism, as the spine moves in extension from the initial
position both spting 32 and spring 30 resist the compzression of the device directly,
either by increasing the load within the spting (i.e. second spring 32) or by decreasing
the load assisting the motion (i.e. first spring 30).

Based upon the use of two concentrically positioned elastic springs 30, 32 as
disclosed in accordance with the present invention, an assistance (force) profile as
shown in Figure 2 is ptovided by the present dynamic spine stabilizer 10. That is, the
first and second springs 30, 32 wotk in conjunction to provide a large elastic force
when the dynamic spine stabilizer 10 is displaced within the central zone of the
stabilizer. However, once displacement between the first ball joint 36 and the second
ball joint 38 extends beyond the central zone of the stabilizer 10 and the neutral zone

of the individual’s spinal movement, the incremental resistance to motion is
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substantially reduced as the individual no longer requires the substantial assistance
needed within the neutral zone. This is accomplished by setting the central zone of
the device disclosed herein. The central zone of the force displacement curve is the
area of the curve which tepresents when both springs are acting in the device as
desctibed above. When the motion of the spine is outside the neutral zone and the
correlating device elongation ot compression is outside the set central zone, the spring
which is elongating reaches its free length. Free length, as anybody skilled in the art
will appreciate, is the length of a spring when no force is applied. In this mechanism

- the tesistance to movement of the device outside the central zone (where both sptings
are acting to resist motion) is only reliant on the resistance of one spting: either spring
30 in flexion ot spring 32 in extension.

As briefly discussed above, the dynamic spine stabilizer 10 is adjusted by
rotation of the first housing member 22 relative to the second housing member 24.
This movement changes the distance between the first housing member 22 and the
second housing member 24 in a manner which ultimately changes the preload placed
across the first and second springs 30, 32. This change in preload altets the resistance
profile of the present dynamic spine stabilizer 10 from that shown in Profile 2 of
Figure 3a to an increase in preload (see Profile 1 of Figure 3a) which enlarges the

effective range in which the first and second springs 30, 32 act in unison. This
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increased width of the central zone of the stabilizer 10 cotrelates to higher stiffness
over a larger range of motion of the spine. This effect can be reversed as evident in
Profile 3 of Figure 3a.

The present dynamic spine stabilizer 10 is attached to pedicle screws 16, 18
extending from the vertebral section requiting support. Duting surgical attachment of
the dynamic spine stabilizer 10, the magnitude of the stabilizer’s central zone can be
adjusted for each individual patient, as judged by the surgeon and/or quantified by an
instability measurement device. This adjustable feature of the dynamic spine stabilizer
10 is exemplified in the three explanatory profiles that have been generated in
accordance with a preferred embodiment of the present invention (see Figure 2; note
the width of the device central zones).

Pre-operatively, the first and second elastic sptings 30, 32 of the dynamic spine
stabilizer 10 can be replaced by a different set to accommodate a wider range of spinal
instabilities. As expressed in Figure 3b, Profile 2b demonstrates the force
displacement curve generated with a stiffer set of springs when compared with the
curve shown in Profile 2a of Figure 3b.

Intra-operatively, the length of the dynamic spine stabilizer 10 is adjustable by
turning the engagement member 40 of the first ball joint 36 to lengthen the stabilizer

10 in order to accommodate different patient anatomies and desired spinal postute.
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Pre-operatively, the piston tod 50 may be replaced to accommodate an even widet
range of anatomic variation.

The present dynamic spine stabilizer 10 has been tested alone for its load-
displacement relationship. When applying tension, the dynamic spine stabilizer 10
demonstrated increasing resistance up to a pre-defined displacement, followed by a
reduced rate of increasing resistance until the device reached its fully elongated
position. When subjected to comptession, the dynamic spine stabilizer 10
demonstrated increasing resistance up to a pre-defined displacement, followed by a
reduced rate of increasing resistance until the device reached its fully comptessed
position. Therefore, the dynamic spine stabilizer 10 exhibits a load-displacement cutve
that is non-linear with rh?: greatest resistance to displacement offered around the
neutral posture. This behavior helps to normalize the load-displacement cusve of a
compromised spine.

In another embodiment of the design, with reference to Figure 5, the stabilizer
110 may be constructed with an in-line spting arrangement. In accordance with this
embodiment, the housing 120is composed of fitst and second housing members 122,
124 which are coupled with threads allowing for adjustability. A first ball joint 136
extends from the first housing member 122. The second housing member 124 is

provided with an aperture 148 through which the second end 162 of piston rod 150
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extends. The second end 162 of the piston rod 150 is attached to the second ball joint
138. The sécond ball joint 138 is screwed onto the piston rod 150.

The piston rod 150 includes an enlarged head 156 at its first end 158. The first
and second springs 130, 132 are tespectively secured between the enlarged head 156
and the closed ends 138, 144 of the first and second housing members 122, 124. In
this way, the stabilizer 110 provides resistance to both expansion and compzession
using the same mechanical principles desctibed for the previous embodiment.

Adjustment of the resistance profile in accordance with this alternate
embodiment is achieved by rotating the first housing member 122 relative to the
second housing member 124. Rotation in this way alters the central zone of high
resistance provided by the stabilizer 110. As previously desctibed one ot both sptings
may also be exchanged to change the slope of the force-displacement cutve in two or
three zones respectively.

To explain how the stabilizer 10, 110 assists a compromised spine (increased
neutral zone) observe the moment-rotation cutves (Figure 6). Four curves are shown:
1. Intact, 2. Injured, 3. Stabilizer and, 4. Injured + Stabilizer. These are, respectively,
the Moment-Rotation cutves of the intact spine, injured spine, stabilizer alone, and
stabilizer plus injured spine Notice that this curve is close to the intact cutrve. Thus,

the stabilizer, which provides greater resistance to movement around the neutral
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posture, is ideally suited to compensate for the instability of the spine.

With reference to Figures 8 to 13, a further embodiment of the present
stabilizer 210 is disclosed. This embodiment positions the first and second springs
230, 232 on opposite sides of a pedicle screw 218. As with the eatlier embodiments,
the stabilizer 210 includes a housing 220 having a first attachment member 260 with a
first ball joint 262 extending from a fitst end 264 of the housing 220 and a second
attachment member 266 with second ball joint 268 extending through a central
porﬁbn of the stabilizer 220. Each of the ball joints 262, 268 is composed of a socket
.270a, 270b with a ball 272a, 272b secured therein.

Mote particulatly, each of the pedicle screws 216, 218 includes a proximal end
274 and a distal end 276 (as the first and second pedicle screws 216, 218 are identical,
similar numerals will be used in describing them). The proximal end 274 includes
traditional threading 278 adapted for secure a&achment along the spinal column of an
individual. The distal end 276 of the pedicle screw 216, 218 is provided with a collet
278 adapted for engagement within a receiving aperture 280a, 280b formed within the
ball 272a, 272b of the first and second attachment members 260, 266 of the stabilizer
210.

The collet 278 at the distal end 276 of the pedicle screw 216, 218 is formed with

the ability to expand and contract under the control of the medical practitioner
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installing the present stabilizer 210. The collet 278 is composed of a plurality of
flexible segments 282 with a central aperture 284 therebetween. As will be explained
below in greater detail, the flexible segments 282 ate adapted for movement between
an expanded state used to lock the collet 278 within the receiving aperture 280a, 280b
of the ball 272a, 272b and an unexpanded state whetein the collet 278 may be
selectively inserted or removed from the teceiving aperture 280a, 280b of the ball 272a,
272b.

The receiving apertures 280a, 280b of the respective balls 272a, 272b are shaped
and dimensioned for receiving the collet 278 of the pedicle screw 216, 218 while it is in
its unexpanded state. Retention of the collet 278 is further enhanced by the provision
of a lip 286 at the distal end 276 of the collet 278. The lip 286 is shaped and |
dimensioned to grip the receiving aperture 280a, 280b for retaining the collet 278
therein.

Expansion of the collet 278 of pedicle sctew 216, 218 is achieved by the
insertion of a set screw 288 within the central aperture 284 formed between the
various segments 282 of the pedicle screw collet 278. As the set screw 288 is
positioned within the central aperture 284, the segments 282 ate forced outwardly.
This increases the effective diameter of the collet 278 and ultimately brings the outer

sutface of the collet 278 into contact with the receiving apertute 280a, 280b, securely
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locking the collet 278, that is, the distal end 276 of the pedicle screw 216, 218 within
the receiving aperture 280a, 280b of the ball 272a, 272b.

Access for the insertion of the set screw 288 within the central aperture 284 of
the collet 278 is provided by extending the receiving aperture 280a, 280b the entite
way through the ball 272a, 272b. In this way, the collet 278 is placed within the
receiving aperture 280a, 280b of the ball 272a, 272b while in its unexpanded state, the
set screw 288 is inserted within the central aperture 284 between the various segments
282 to cause the segments 282 to expand outwardly and lock the collet 278 within the
receiving aperture 280a, 280b. In accordance with a preferred embodiment, the set
screw 288 is secured within the central aperture 284 via mating threads formed along
the inner surface along of the central aperture and the outer surface of the set screw
288.

Although the present ball joint/pedicle screw structure has been disclosed with
reference to a particle stabilizer structure, those skilled in the art will appreciate that
the ball joint/pedicle screw structure may be employed with various stabilizer
structures without departing from the spitit of the present invention. In fact, it is
contemplated the disclosed connection structute may be employed in a variety of
environments without departing from the spirit of the ptesent invention.

With reference to the stabilizer 210, an alignment pin 250 extends from the first
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attachment member 260 through a beating aperture 290 within the second attachment
member 266. The alignment pin 250 includes an abutment member 256 at its free end
258. First and second springs 230, 232 are concenttically positioned about the
alignment pin 250. The first spring 230 is positioned to extend between the first
attachment member 260 and the second attachment member 266, while the second
spring 232 is positioned to extend between the second attachment member 266 and
the abutment member 256 at the free end 258 of the alignment pin 250. The
arrangement of the alighment pin 250, first and second attachment members 260, 266
and first and second springs 230, 232 allows for resistive translation of the alignment
pin 250 relative to the vertebrae. In practice, the alignment pin 250, springs 230, 232
and attachment members 260, 266 are atranged to create a compressive preload across
the system.

This design allows for an axial configuration which generates the desited Fotce-
Displacement curves as shown with reference to Figure 3, while allowing for a much
shorter distance between the first and second attachment members. The stabilizer
disclosed above may also be used in the stabilization of multiple level systems. It is
contemplated stabilization on multiple levels may be achieved thtough the
implementation of multiple alignment pins coupled via multiple spring sets and pedicle

SCrews.
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The alignment pin 250 also provides tensile force for achieving the preload
utilized in conjunction with the springs 230, 232. In accordance with a preferred
embodiment, the alignment pin 250 is flexible and provides flexible guidance for the
springs 230, 232 with minimal debtis causing beating sutfaces, provides tensile for the
pteload, provides a low friction, straight bearing sutface as it moves through the
second attachment member 266 and functions at times as a straight member and at
other times as a flexible guide for springs 230, 232.

As mentioned above, the alighment pin 250 is capable of functioning as both a
- straight guide member and as a flexed guide member. The determination as to
whether the alignment pin 250 functions as a straight guide member of a flexed guide
member for the springs 230, 232 depends upon location of the alighment pin 250
relative to the remaining stabilizer 210 components as the spine moves. This shared
functionality is especially important duting flexion. In accordance with a preferred
embodiment, the alignment pin 250 has a uniform cross sectional shape capable of
petrforming as both a straight guide member and a flexed guide member.

In accordance with yet a further embodiment, and with reference to Figure 13,
the stabilizer 210 may be used in conjunction with a totsion bar 292 connecting the
stabilizer 210 to adjacent stabilizers as shown in Figure 3c. In accordance with a

preferred embodiment, the torsion bar 292 is connected to the attachment members
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260, 266 of adjacent stabilizers with conventional connection structures. The use of
the totsion bar 292 increases stability in axial rotation or lateral bending. The torsion
bar 292 will have a uniform cross section for purposes where uniform torsion is
requited. Howevet, and in accordance with preferred embodiments of the present
invention, it is contemplated that the torsion batr 292 may have an asymmetric cross
section so as to provide for flexibility of stiffness in two planes. In such instances, the
asymmettic cross sectional torsion bar 292 will affect the system stiffness in lateral
bending and axial rotation independently. Further, the totsion bar 292 may be utilized
to tune the systems stabilization in all three planes.

In addition to the dynamic spine stabilizer described above, other
complementary devices are contemplated. For example, 2 link-device may be provided
for joining the left- and right-stabilizer units to help provide additional stability in axial
rotation and lateral bending. This link-device will be a supplement to the dynamic
spine stabilizer. It will be applied as needed on an individual patient basis. In
addition, a spinal stability measurement device may be utilized. The measurement
device will quantify the stability of each spinal level at the time of sutgery. This device
will attach intra-operatively to a pair of adjacent spinal components at compromised
and uncompromised spinal levels to measute the stability of each level. The stability

measurements of the adjacent uninjured levels relative to the injured level(s) can be
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used to determine the approptiate adjustment of the device. Additionally, the stability
measurements of the injured spinal level(s) can be used to adjust the device by
referting to a tabulated database of notmal uninjured spinal stabilities. The device will
be simple and robust, so that the surgeon is provided with the information in the
simplest possible manner under operative conditions.

The choice of spring used in accordance with the present invention to achieve
the desired force profile curve is govetned by the basic physical laws governing the
force produced by springs. In particulat, the force profile described ab'ove and shown
in Figure 3a is achieved through the unique design of the present stabilizer.

First, the stabilizer functions both in compression and tension, even through
the two springs within the stabilizer are both of comp'ression type. Second, the higher
stiffness (K, + K,) provided by the stabilizer in the central zone is due to the presence
of a preload. Both springs are made to work together, when the preload is present.
As the stabilizer is either tensioned ot compressed, the force increases in one spring
and decreases in the other. When the decreasing force reaches the zero value, the
spring corresponding to this force no longer functions, thus decreasing the stabilizet
function, an engineering analysis, including the diagrams shown in Figutes 7a and 7b,

is presented below (the analysis specifically relates to the embodiment disclosed in
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Figure 5, although those skilled in the art will appreciate the way in which it applies to
all embodiments disclosed in accordance with the present invention).
F, is the preload within the stabilizer, introduced by shortening the body
length of the housing as discussed above.
K, and K, are stiffness coefficients of the comptession springs, active
duting stabilizer tensioning and comptession, respectively.
F and D are respectively the force and displacement of the disc of the
stabilizer with respect to the body of the stabilizer.
The sum of forces on the disc must equal zero. Therefore,
F+ F,-DxK,)-F,+DxK) =0,and
F=Dx (K, + K)). |
With regard to the central zone (CZ) width (see Figute 3a):
On Tenston side CZ is:
CZ=F,/K,
'On Comptession side CZc is:

CZ=F,/K,

As those skilled in the art will certainly appreciate, the concepts undetlying the

ptresent invention may be applied to other medical procedures. As such, these
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concepts may be utilized beyond spinal treatments without departing from the spirit of
the present invention.

While the preferred embodiments have been shown and desctibed, it will be
understood that there is no intent to limit the invention by such disclosute, but rather,
is intended to cover all modifications and alternate constructions falling within the

spitit and scope of the invention.
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DSS assisting injured spine to restore its mechanical to those of
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Free-body diagram
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