| NTERSEGVENTAL MOTI ON PRESERVATI ON SYSTEM FOR USE I N THE SPI NE AND METHODS
FOR USE THEREOF FI ELD OF THE | NVENTI ON 100011 The invention relates to

devi ces awm0amti3o®s for use in treating spinal degener afConsS20b84689
particularly, the invention relates to devices for use in stabilization and
preservation of notion within a degenerated spinal col um. BACKGROUND OF
THE | NVENTI ON 10002] Pedicle screw instrunmentation in the spine has gai ned
proninence in recent years due to the superior bionmechanical properties

provi ded by t hr geregsFmeixes i onoMiiy eritesey RireoBcheoresl Fadyvant ages
have inproved construct stability over the operative spinal segnent, the

same factors thatEEﬁhf%ﬁKﬁté?ﬁé5wﬁﬂpﬁﬁﬁﬂéﬁﬁﬂﬁﬁﬂhﬁdW§biﬁﬁwé?ﬁ@en i mpl i cat ed
in the progression of adjacent segnent degeneration. Such adjacent segnent
degeneration is especially true with increasing construct |ength and when
m | d degenerative changes al r ggdyD €4 stizdaNvicherisepra- or infra-adjacent
segnents. 100031 Efforts to address adjacent segnent degeneration have

i ncl uded use of devices enploying a pedicle screw based design, with a rod
or cord dpsRosRdnlhibetveedid heiRedh&hetSal aw ki ¥kl O ROINRL SoockBidd Obl em
with this design has been that notion is decreased at the desired segnent
in a norMpteysiied Udigi\t;ﬁmnmwnmﬁm@htmgsﬁﬁ‘”fbfegé igyhibedioprodgreorvatian Plur e.
SUMVARY gﬁmmw 11]14§g1 N 1 Q ] )ﬂmfpresently di scl osed subject matter
prOV|des % %i%?‘ CRYin) F%i ré ﬁéntal notion preservation systemfor
use in the splne The systen1|ncludes in all enbodinments, elastic elenents
whi ch stabilize the area of the spine treated while preserving a desirable

range of notion, preferab%¥%€x§5§§§ﬁﬂh§?;kﬁ:\n¥5h0| ﬁlc range of notion.

108021 Pedicle screw tnstrumentation in the spine has gained prominence in recent years due
to the superior biomechanical propertics provided by three columm fixation. While these
biomechanical advantages have improved construct stability over the operative spinal
segment, the same factors that contribute to motion reduction also have been implicated in the
progression of adjacent segment degeneration. Such adjacent segroent degeneration s
espectally true with increasing construct length and when mild degenerative changes already

exist at the supra- or infra-adjacent segments.

10063} Efforts to address adjacent segment degeneration have included use of deviees
employing a pedicle screw-based design, with a rod or cord disposed in between the pedicle
screw fixation points. One problem with this design has been that motion is decreased at the

desired segment in a non-physiologic manner, which makes these devices prone to failure,

SUMMARY OF THE INVENTION

10604] The presently disclosed subject matter provides a posterior-based intersegmental
motion preservation system for use in the spine. The system includes, in all embodiments,
clastic elements which stabilize the area of the spine treated while preserving a desirable range

of motion, preferably a substantially physiclogic range of motion.



100051 According to one aspect, the system provides a device conpri sing
nore than one el astic tensile nenber di sposed opposite one another in the
spi nal reyoDanitid74®e treated via attachnent to either adpaTarstoigps4s8us
processes or directly froma spinal instrunentation construct (e.g.,
crossiink, rod, pedicle screw, |lamnar screw, |ateral nmass screw, etc.) to
an adj acent spinous process(es) 100061 In a further aspect, the

interse Ny (o) ANo) E8gLyatlon.s MRl de i wWhi.ch,conpri ses
A e R g e

at t achnmendstit ecrgile hembandiagisad eposgp ibhosisotixroe €sssporal digiectolby tfer@divée spi nal
instrunentation construct (e,.qg, prpssLLnk,.rqﬂ,ﬁ edicle screw, |am nar
screw, Iﬂé‘flgl?‘aﬁ““r‘r%%‘ o8 aliafiETt SPIROYS el e Rt ﬁ"g’ﬁiaﬁ@ﬁ?}' Proeesssiqpoo71 I n
par ti cul ankvudref eEkedin@ Qb RAL Sorcd B @AASE LG, LENSI hRsTBARELS 15 8n el astic
and provide a graded resistance to spinal notion by physiologically

sti f f eniadgpctiepposs pracors{dsj.ganent ous conpl ex. Advant ageously, the range of
notion provided by use of the invention is greater than achievabl e by

spi nal fusi up. to the clinically indicated |imt for the patient treated
DTl Ry Ml R e b atne N T B St b tiod i BB § Wbl

di f f er enthish t@npRes ARG G INIc8cd skiFI@ther ange sehalniicanc boupseyent further
injury than one whose only inpairment is treated by use of the invention).
Most adVARERBED & Fycr eRadipesiysP8pusiPsh OpFevitiddiriby spisd BITHRERGent i on
IS subs tc%@&th%'t L;,ngt?yﬁ!u%! QG 21@819 @%Fc%d éﬁrgmﬁxpéa@fgjy t&‘éﬁaﬁ Al &9&98&’]&&5@)6 device
of the invention~al so can Inplantéd 1nh a patient in a quick an

ef fi ci enddjavamneincubhporgl. a m nimal |y i nvasi ve approach, thereby limting
further destabilization of the adjacent segnent. In these ways, the

invention provides a crucial topl for a spine surgeon to |imt adjacent
segront BP0 HIdA Pat 4R EGRE P UREE SofC RBETO R e BBP IR 446 d8ier at i on
fol I ow NgoAREE atddw8 rdai XAlh AN Bbal RhdtichaNeSsiBlogt Ry SR MHel sV ding for
a substantially physiologic range of ndtion around the treated area. 100091
| n t hosdigaespeet somplye. nvertionsial o rprovil desionsrhadst horse O fhesitaditionzi ng
adj acent. bones;, (ii). connecti.ng adjacent vertebral .|evels: and/or (i]i)
Crbat i g Boud hie R By R PR SR R R gk TR PE TGPl Wb e
segment /{pan=iqej;aeenticsegieatpidggensiabi:tiet diaed bagshadegenarrakd9Rit®may
listh.esis) in a subject in need of treatnent thereof, through delivery of
t he systiEfd sfnarhEMiEGEHECEH MAGIoR e PEUPHIdErhy ignndan oBe YOOXORISTEpHHEE!
ends, the - ' kGt i Le neab ) £ 4 i.ces_of: —
rvent | vo EyEd B uBe AL RSk Gyt FIBL 1R aTEERAL, Ba i A EA Bl E Sy s

f1 exi on,ofakd @abettathat kwintanaslly piiwicabgibendpngd of spin8 Gbj@ct ' s spi ne around the
treated region then return to their original configuration on rel ease of

t he appl i @gt rce.. The tension op the connecting nembers andﬁéh ir
stiff _nesiﬁg i sdise Pl o8 oricas 8151 B Hg}re]%mcfiw? RPHHE! &t fiee ‘?“ﬁ'_‘bt ient
tal | 0}["‘ 3gmé,ﬁn_emﬁ"@ughh@;ﬂirﬁm‘é&@ 08a80c IR, advissabligad ardhgeeanditibenc ol the
reatedad reglon.
adjacent scgment. In these ways, the invention provides a crucial tool for a spine surgeon to
Hmit adjacent segment or non-adjacent segment range of motion and potential degeneration

following operative fixation at all fevels of the spine while providing for a substantially

physiologic range of motion around the treated area.

[0009] In those respeets, the mvention also provides methods for (1) stabilizing adjacent
bones; (i1} connecting adjacent vertebral lovels; and/or (111) treating kyphosis, e.g., proximal or
distal junction kyphosis, or adjacent segment/non-adjacent segment degeneration {disc/tacet
degeneration or histhesis) i a subject in need of treatment thereof, through delivery of the

system of the invention to the subject’s spine.



100111 To enabl e ready use of the invention in treating spinal
degeneration, the systemof the invention is preferably provided as a
surgi cal wWpt0imsh4edi ng a devi ce as di scl osed herein, optPrconsken/os4ss9 udi ng
a. selection of elastic nmenbers for use in patients of differing sizes and
in a variety of conditions, tools for use in inplantation of the device,
and user instructions for reference by the surgeon. 100121 Certain aspects
of the F{@@ﬁg“ﬁd %odi Sk oged éb'tbh@&ta%u& 51 103¥%LAG-R8eR ?1\% §‘3fpa%r Bl gbove,
whi ch ar'e addressed In oie or in part he pr esent é]sc osed su | ect
mat t er, wttherstaspectapplicdtionlod comge Era:adg:mtnmi hécxdes camaptatsﬁmnpnmawe&is when

taken in connection wth. the acgc Ex es an ures as best
o cri bt RGN i SBaF P B TG R G A 100131
Havi ng thussgesst bx@@éﬂcats@ 8f ﬁf\%ﬁﬂw ﬁ«réél %ka@&ﬁ%nsdﬁbdl@Génﬁ%ﬁcﬁﬁmh@'ﬂcﬁ%ﬂgr al
terms, reference will now be nmade to the acconpanyi ng Flgures whi ch are

not necebgsastiiiigcse pam tapicd gahes cbfaimtcvwiiénhmihc 1o dithFiigiloviigsit angehenat i c
show ng afg I§Qp%ﬁ}erai g}wg ¢ﬁ \ $§ % A nt of the presently disclosed
devi ce cohpr{ éi‘h&a BAFTCof" 'GppoU Ay & detiFer HE® s 100 and 100' whi ch

consi st of bands each having a first and second end di sposed in the sanme

pl ane fqo¢atitBchnBRcid) @esPiiralsePioate§8atlQ; spl0dakabhon 2hd §ystcheci@yi ce
shown in FIG 1 where the elastic menbers 100 and |I. Y have been stretched
by separBY§AneT PEPTHOUE PibEes a5 20! K owislngt devige psdigrleeRdR#ith-c showi ng

an expl Q%‘?i% LA aﬁimylﬁsa Q‘EM&;‘E&‘ %&ﬂi'n%mécréi‘c‘?‘{‘{ké‘& I% hx@ﬁﬂg%fﬁfm%g Bl Ad 59
attachnme ements conprised of mate connect or I 'nt'er Focki ng j oi ner
t o f emalevaranngticaditibtq tbdis Gughc bomesardZidnofsi dous, prdoes sesudiins fd

reference by the surgeon.

10012} Certain aspects of the preseutly disclosed subject matier having been stated herein
above, which are addressed in whole or in part by the presently disclosed subject matter, other
aspects will become evident as the description procecds when taken 1n connection with the

accompanying Examples and Figures as best deseribed herein below,

BRIEF DESCRIPTION OF THE DRAWINGS

10613} Having thus described the presently disclosed subject matter i general terms,
reference will now be made to the accompanying Figures, which are not necessarily drawn to

scale, and wherein:

[0014] Fig. 1 1s a schematic showing a posterolateral view of one embodiment of the presently
disclosed device comprising a pair of opposing elastic members 100 and 100° which consist of
bands each having a first and second end disposed in the same plane for attachment to a

spinous process 10;

[8415] FIG. 2 is the device shown in FEG. 1 where the elastic members 100 and 104° have

been stretched by separation of spinous processes 10;

[0816] FIG. 3 is a schomatic showing an exploded view of the device of FIG. 1 showing a pair
of articulating attachment elements comprised of male connector 154 for interlocking joiner to

female connector 160 through bores 12 in spinous processes 10



100171 FIG 4 is a schematic show ng a posterol ateral view of one

enbodi nent of the presently disclosed device conprising a pair of opposing
connect i nyoreenhBr&3114 and 114' which consi st of bands, Peaals2¢1aws4sgo a fir st
and second end di sposed in the same plane for attachnment to a spi nous
process 10 between which is an undul atisng, deformable surface; 00181 FIG 5
is the device showmn in FIG 4 where the elastic nenbers 114 and 114' have

been st rigggﬂqubx §Q@{§ﬁtaha9 d%m Ei'pB R REQLERRET opd Olg:m 9@%9%1 Qgﬁog%f is a

schematic ow ng an expl ode the evice o FIG 7a
i s a schepmtily d&hi@wm@\mammmga@mmﬁ s@pm@mmm@mwbmmm ofd t he
presentkélqasclosed d%VIce § g g $% 200 mh#ch cont ai ns
(R (T S S A R AR TaPepi A Hier, and
whi ch hageghédi 36 2 30d,$66004s e @cﬁl&@%ﬁ% ik Bn hﬁ&z@@@ d@ﬂe@rﬂ@oié Qfrcakt achment
to a spinous process 10;" 100211 FIG 7b is a schematic simlar to FIG 7a,

whi ch shows el astic nmenber 200 in a stretched configuration, thereby

showi ng {#RESIddEs ons & deordsiaoy: ing0224 vHicG, thgglaske alegé"hférﬁt%a@dé%vﬁang a

posterolqt r / nt. of e presently disclosed device
conprlsﬁ%gga%m£kdq?‘% Mgﬁglgﬂggﬁngﬁﬂk’y@%%@lsts of a spring having a -first

and second end disposed in the sane plane for attachnent to a spi nous
process [$0619]100238]is FbBemBtic kisovang ehengibde] Sewidf dte de@idkloGFI8a] ;: whi ch shows
el astic nenber 300 in a stretched conflguratlon 100241 FIG 9 is a

schenmat i a terol ateral view one enhodi nent .. of t resently
di scl osei@@%fg%“ ﬁ&n%&?l%mﬁﬁgc OyARg 8@%66%8%%1 AGSRPLSET Eriivberiy 4‘6‘8 and 400’
whi ch capprhae dﬁd@@éc{ de@fcefcbtot 1@&%‘1{1 cBlsB8 tefibbHB@PwhRAGCH Mk it if Lk k8lg and
second end disposed in the sanme plane fir attachnment to a spinous process

10; 10028ickhs asl%)stﬁ%crar sohendisi! @CLS\W@WIMQCE& apbghishdhat érdland sewndendne
enbodlne t_of qu tl% &ﬁ% g deylge cou‘\1§|ng a pair of opposing
el astic Habat e By mé Bo0" AR E e OETRTSPTE pal't of el astic cords, each
having a first and second end di sposed in the sane plane for attachnent to
a spi noysgpriages $b 105 schematic similar to FIG, 7a, which shows elastic member 200 ina

stretched configuration, thereby showing the action of cord 204;

108221 FIG. 8a is a schematic showing a posterolateral view of one embodiment of the
presently disclosed device comprising an elastic member 300 which consists of a spring
having a first and second end disposed in the same plane for attachment to a spinous process

10;

[8023] FIG. 8b is a schematic similar to FIG. 8a, which shows clastic member 300 ina

stretched configuration;

108241 FIG. 9 is a schematic showing a posterolateral view of one embodiment of the
presently disclosed device comprising a pair of opposing elastic members 400 and 400" which
comprise a pair of flatiened, clastic tubes, cach with a first and second end disposed 1n the

same plane for attachment to a spinous process 10;

10625] FIG. 10 is a schematic showing a posterolateral view of one embodiment of the
presently disclosed device cormprising a pair of opposing clastic members 300 and 500° which
consist of a pawr of elastic cords, cach having a first and second end disposed in the sarue plane

for attachment to a spinous process 10;



5 100261 FIG 11 is a schematic showi ng a posterol ateral view of one
enbodi nent of the presently disclosed device conprising a pair of opposing
el asti c woherig136M8 and 600" which consist of a pair of PCEUSRe13/03488€h
having a first and second end di sposed in the sane plane for attachnent to
a spinous process 10; 100271 FIG 12 issa schematic showing a

posterol ateral view of one enbodi nent of the presently disclosed device

conpri si 68 mal el %Q}%%ﬂ}ig&;[oﬁ\l Qfﬁ bSéaeﬂZS!%@B&‘iR%e»} Q9 o%lgnﬂ'&g*}neﬁa:m, having

means for attachnment an- t Wo spi nous processes 10; 100281 FIG 13
i s a scheombtily dsblowiddrviccpostresokatieirall oppeunoélagrenanbod bt md &F) tdiech

mal e/ fenal e connect or attachpent. mechani sm of 't he di scl.osed device used to
attach CHAYE AL SrFBER <6 TOVBE B HOFE PP AGUL P oR SR BE st PEDE3eT FI G
14 is a sehemdlki€ashaviNg.ene 1embodi ment of the presently disclosed device
conprising an elastic nmenber 650 attached to a pair of hooks 656 for

attachnment to a patient's spine. 100301 FIG 15 is a schematic showi ng a
post er i dPO¥TIdW ol 2 i4e wéeopaint gsvdes andsislbwpg iore! enbodbabpenioft thhe

presently disclosed device in which a pair of elastic mer s /02.and 702
Pt AR SRS B ook Shel 3 bho Qs S TR b lBIR0 B REo 3 "Bl

16 is a isehemaddne fhontingema tPastemhuoiwy kgnnafprbdeas 1vert ebrae and show ng
one enbodi nent of the presently disclosed device in which an el astic nenber

703 is attached to.a crosslink 706 and to a spinous process 10; 100321 FIG

17 is a iﬁ@?ﬁé it &3 SHoMi R gﬁé"f"_é% ﬁ@?sw&k%if Vighe! @%ﬁabﬁ*@%mcﬁf Phe

present | ¥, idirs 6410566 LRY 'Ta,ﬁﬁ:hh{énm'e%n%ﬁpgf the ‘afsc%'s&ﬁ&é&ce%g@% 180 GheAgl800°

is attached to a pair of spinous processes 10 wth a pair of clanps 820;
members to one of more spinous processes 10;

10828] FIG. 14 is a schematic showing one embodiment of the presently disclosed device
comprising an elastic member 650 attached to a pair of hooks 656 for attachment to a patient’s

sping.

10038} FIG. 15 is a schematic showing a posterior view of three vertebrae and showing one
embodiment of the presently disclosed device in which a pair of elastic members 702 and 7062°

ar¢ attached to rods 700 and 700° and to a spinous process 10;

[0031] FIG. 16 1s a schematic showing a posterior view of three vertebrae and showing one
embodiment of the presently disclosed device in which an elastic member 703 is attached to a

crosslink 706 and to a spinous process 10;

10032] FIG. 17 is a schematic showing a posterior view of one embodiment of the presently
disclosed device 1o which a pair of elastic members 800 and RO’ is attached to a pair of

spinous processes 10 with a pair of clamps 820;

[0633] FIG. 18 s an exploded view of the alternative embodiment of the invention shown in

FIG. 17;

10034] FIG. 19 1s a schematic showing a posterolateral view of an alternative embodiment of

the fnvention wherein a single elastic member 100 is attached to the spinous processes 10; and

108358] FIG. 20 15 an exploded view of the aliernative embodiment of the invention shown in

FiG. 19



100331 FIG 18 is an exploded view of the alternative enbodi nent of the

i nvention shown in FIG 17; 100341 FIG 19 is a schematic showing a

post er ol awerall/sr4d of an alternative enbodi nent of thePCmUSatliLOB68herein a
single elastic nmenber 100 is attached to the spinous processes 10; and
100351 FIG 20 is an exploded view of the alternative enbodi nent of the

i nvention shown in FIG 19. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 100361 The presently disclosed subject matter now will be
described nore fully hereinafter with reference to the acconpanyi ng

Fi gures, in whi ¢iis0meD BESCROE TN Cerbidd iPReitER ]ifD EheBpDesienIy di scl osed
subject matters are shown. Like nunbers refer to |like elenments throughout.
The presently disclosed subject natter nay be enbodied in many different
fornms andgsd)ottedrorhiibaisconst subpd: agidd dut @dl boddsbebeIthedi enhsciafief orth
herein; rather, these enbodi ments are provided so that this di scl osure will
satisl appliCaBre P EaICCPERtnF RIS, Prdedusommiy M RO TeHds /i8S ot her
enbodi r £, herein wi ||
come t o T Raty ARORe R ERRTL I IR BRE. TaR R T o SELSEG: 821 ose
subjectthﬁmghmupéhb@ﬁnaﬁhaﬁhﬂ@mﬁhEhbﬁﬂﬁﬁhtn@&ikh&ﬁméaﬁhmngs»ﬂﬁésenﬁe@w n
the fore escriptions and the assocjated Figures Therefor isto
be under’ 363%15#?8& bg thes ﬁs%is@ﬂtmvddp e @aﬁﬁfé%%% DS Mol ot be

i ted didholifotPaeih GaerRadnEA skl onediagdobitabiTedi kigakhons, and
ot her enbodi nents are intended to be included mntEln t he Scope of the
appendedndﬁtﬁ’ah mejy HROBThtigtd anpuﬁhqmaﬁ*pdmwm tot hrspenplyi dutcbabednmtteedt atagter

ref erence r.ei n are 1 ncorpor ted h eln this ference

DV G5 B R RN ens G088 P r gt &y Pl atitb dnPe FRSRUN AR of ¢ he
i nvent i anbREOVLEEeRaial BS8H: RYcss@NEEd a@a&ﬂﬁg@%w&ﬁﬁi%ﬂ@ﬁ@&b&@bm ogically
stlffenlng or replacing the posterior |iganmentous conpl ex with an

| nt er seghatraioniptd &a ap}%é@éfﬁ\ﬁawr@ﬁ é@@@f@rﬁ itrie LUl wiglestendghatbe Broatrdlst i ¢
tensile JI! @Q& Subi Ngr dﬁ@? t I ?lt{l @ 1¥1m,& &elh 3 &E*?J (!r%(bﬂ%ﬂ?l&lﬁg%f%glﬁb &V, e!n%ﬁhﬁnd
met hods ‘fray Be Uset e Spina 1°0gi ¢ hanner
by rec apn«bdiﬂa:ulamg atd ethsu@fﬂasqamam us/ i'nfmeescsw mou&udiemman txheaﬁdpé bH@aent um
fiavum conpl ex that exists in vivo, or to replace part or all of the
| i gament@EECERHIBR. To this end, the device provides a deterninabl e graded
tensile resistance during spinal_ that responds to the force applied to a
connect i {@@”3"@' Aent; 1&&0&4’%&&‘1@{& ﬂtc\ﬂ’f}hﬁhrd@l%f%ﬁud’ith%r%%el1!15&}3@%@8%@&%e the
applied lo i s'renpved. Advantageously, the range of notion' provi ded by
use of tthehisnvlentricon is greater than achi evabl e by spinal fusion up to t he
clinically indicated limt for the patient treated (e,g,, a patient whose

spi nal - col umn - hag, feen, | 15t AdR 6 SIPFRASS: Blc Bk S0 eRifiBNTY need a

nore

10038} In preferred embodiments, the device of the invention provides a graded resistance o
spinal wotion by physiologically stiffening or replacing the posterior higamentous complex
with an intersegmental motion preservation system inchiding one or more clastic tensile
members., More particularly, the presently disclosed device and methods may be used to
stiffen the spinal segment in a physiologic manner by recapitulating the
supraspinous/interspinous hgament and ligamentum flavurm complex that exists in vivo, or to
replace part or all of the ligamentous complex. To this end, the device provides a
determinable graded tensile resistance during spinal that responds to the force applied to a
connection element of the device, which resumes its baseline shape once the applied load is
removed. Advantageously, the range of motion provided by use of the invention is greater
than achievable by spinal fusion up to the clinically mdicated hmit for the paticot treated {(e.g.,

a patient whose spinal column has been treated or damaged at a different site may need a more



7 limted range of notion to prevent thriller injury than one whose only
inpairment is treated by use of the invention.). Mst advantageously, the
range of wothorm3pidvi ded by use of the invention is subgCanisealiiog4689
physi ol ogi ¢ conpared to spinal fusion. 100391 Anot her feature of the
presently disclosed device is that it can be inplanted through either a
mnimally invasive or open approach and does not require operative

di ssect i\nn; OVEr, s Henb@GEL ;Jr@&em ﬁm‘% ?‘r‘%{ WPk <91[§|1 Wost bﬁiv impairment is treated by
supr aspi nous/ i nferspi nous ‘I | ganent e one of ngre Eands o? the
devi ce amsofﬁronwﬁmoabﬁﬁyﬁmﬁtmgmmos$Vﬁhenmggqﬁﬁmﬁhﬁppﬂ&kﬁﬁnonabéﬁ3|on band
of the s ine inf X|ak rotation, and L%teral bendi ng | oadi ng t hat
directly Eﬁﬁﬁ?é? ?%?W SO COPEhEEEY of spinal segnent
degeneration (kyphosis or listhk.sis due to hyperrnoility). 100401 In

t hose enfpgshinemtiBerQbattule iy eBidve A\ NMLCR IR QY HONBpBhtcIDKBu @l asti c
tensile nenbers as described in nore detail herein below, the tensile
menber rﬁa‘n}ﬂefefa@?ﬁnb@ la ibapds o8 pﬁﬂr‘ﬁ@?f@t’i@béﬂd fesd not ragiie basraste discatien ow ovi ded
in a var, }1gE it O l en &ﬂru eI'P()e[n{g 1&331190{!2"11%&;16})1 l)l%ei d%icng g&n?l%xo&}m OEG Ipl ne.
Once i nplan ed b ween e Spin g

i nst r unené@tHaom QNS Heued ai(eﬁp;@»zd%raqﬁﬁhlbmgu fﬁ@ﬁmn@&filti@d ;&aqa@ioevsam;loamm@m‘
screw, |ateral mass screw, etc. an adj acent 3ﬁ|no us process, the one

or nore ‘Barise B gt é‘@ﬁhﬁ%crwpﬁm ié%iéﬁn%ﬁ@ B iedhegiieally puResaanhict hen
resune trQ§ (»Rﬁgﬁ'fhﬂﬁa S %9&1%&%% @ d'h%g@&%‘ﬂm}gpﬁ%ﬁesﬁﬁk%O”Qat' on

capacity o eac ['astic tensil ti'm zed by varying its
geonet r yhyanahianiisy.i ffness; i.e., froma | ow stiffness providing significant
flexibility allowing for spinal notion to substantially physiol ogic

degr ees, i f.fness | oW n littl.e or, no notion ar und the

ot oot moripb i G st B et B o R e U e AT £nF Bha Tt i F <
secur ed }h0nBdh aERLerIRE NPMUE: RIACRSSEDcRhy, (RS eilen@hibd @At IBRL: Radki,pai I

of connection ‘el ement s provi ded in, through, over, or around the spinous

pr ocessewriag, ta?xp osd W@‘@ﬁ@l@gt@*«“@acm\ﬁ‘éﬁ‘a‘kml acv afleh'giﬁl lengrendreending pe paigt viet Y,
one end of, th be attached dir C%W to. S 1naI

i nst rune rrleia%zr & Ok %éi bp:m? 0% élr.&i %plantggggtbvg 5,1 g apmﬁ}xewobf%ﬁ;ﬁ e PSP

at er al
mass SCﬁﬁerﬁirﬁat%n\k\!ﬂhitmd e et delinig Rl @fedltif}%aﬁrk\a%mﬁaﬁ RAST, |1@tef@ﬁ‘ﬁ@5f
attaches to an adj acent spinous process. The connection el'enents can be,

for exarfplea), Cér)tdiﬂélﬂﬂa‘ﬁldﬁgmrirﬁiﬂé%?ﬁﬂ’c?ﬁén%f» EUR AT FISTCF SR Al OBEIR URIE SBIHS AL e
metal or | YiOE S ther; at e c to avoi d MR
M IR b e e S i L A T L S S
such as hydroxyapatite or other material or surface nodi fication, to

i mprove (684 doitntdgratidompacity of each elastic tensile wwember can be optimized by varying

its geometry and/or stiffness; 1.e., from a low stiffness providing significant flexibility
allowing for spinal motion to substantially physiologic degrees, to a hugh stiffuess allowing for

little or no motion arcund the treatment site.

10421 In one embodiment, each ¢lastic tensile member 1s secured to adjacent spinous
processes at the site of freatment by a pair of connection elements provided in, through, over,
or around the spinous processes at opposing ends of each elastic tensile member.
Alternatively, one end of the clastic tensile member can be attached directly to spinal
instrumentation (e.g. crosshink, rod, pedicle screw, lamunar screw, lateral mass screw, ete.)
while the other end of the clastic tensile member attaches to an adjacent spinous process, The
connection elements can be, {or example, articulating male and female pairs formed of a
biocompatible metal or rigid polymer {such as polyether ether ketone [PEEK] to avoid MR1
artifact at both ends). The connection elements may also have a coating, such as

bydroxyapatite or other material or surface modification, to improve osteointegration or



8 adherence to the spinous process. The mal e connector preferably has a
head or base to retain the connection elenent, to provide a bone in growh
surface, woadota3pdvi de a surface for interaction w th &CIOISQd1aAB4639
instrunment, such as a wench or inserter. Each connection elenent pair is
provided in a variety of lengths to fitgthe dimensions of the treatnent
site (e.g., individual spinous process width), 100431 In one aspect, a
retaini nguk S d |, t he
ot i L NG, RO LALALTRL Y S T L ELATHC L BNBL LB APIRERL ) i
clips cdhednakgmwbﬁuu&ﬁdm;knuaeﬁMDnmewgeﬁﬁEmew@@mew@punﬁha»mﬂhe?ﬁmnnector
and fenale"qonnec or can be made rotatably connected, a. b hr eaded
connect i 'BITASHOR VIGS EFCH SERURY T SRY! 43¢ h"‘“i“é‘{'h & ‘F‘a‘r’t%elt‘“gr?%%ﬁ“ﬁéﬁf‘ IR ngl e
Con”eCtQﬁQ1ﬁﬁﬂpﬁﬁdﬂﬁxxﬁﬁu§%ﬁt%gﬁﬁt&@%t&ﬁéﬁ%ﬁﬁﬁ%&kﬁ@&@&h@m%h%%&k&cte”S'|e
menber, such as a cotter pin, suture, cable, wre, or an open ring that
woul d the@wb@dbﬁmﬁmeﬁﬂgtasedﬂﬁ10044] For inplantation of the device at a
Spi nous process, a hol e may be made through a spinous process using a
?nrala!sljt ed 43 %1 c%lse ;t%eh{r?t%ht mm&mmzt t@@enlnlva\gttg%%b gcbt I’?I%EC?% rplla%thﬂ{%ns@lr %1%13'%5\1 a§ %@e %ﬁr ely
wi t hout geiﬁeen gmauemessg aoahacibeyand o h@ttéi RiROUsSIcRBsesSlipd beuldiabbaace

bet ween adj acent_ spi nous %tocesses (if nmore than one is used to anchor t he
devi ce) Wl fop lEHERsrIAY t*‘awwpthaﬁt*éw FHPHar vidhistelirontetiionn be ngidea

Cr oSSt N fiffleoREOLE] G B! P BILAMIG 6% o A RERhTRSS BCLLMuALE-) and
an adj acent spinous process, IS neasured at n fral 55|Flon e

measur eneritodiracisedngio tsemﬁnnghheﬁappmpbeea@ﬁhyd&mzﬁﬂdﬁhaﬁbt&wkénﬁble
menbers, which .”bﬁﬁf are chosen to provide a suitable ?tlffltC S

herei n dESUFI BT 1062812 THET SFRSHIVE: FEHS TE fEADEPS B EhEHIAthe ed to
one or qgk@qgghgggs processes and subsequently | ocked in place. Once

| ocked, the elastic tensile nenber(s) and connecting nenber(s) conbine to
forntthe final device, supporting and stiffening the

supr aspi tﬁ%ﬁ/hqwepeptaﬁomgt thegiaweﬁtﬁ @w@mwesmdm ey b@madgﬁtrtmeﬂmst erior
i gament OHS(_EKEQO% S 111%, ﬁ%? d\/\l Ol ogiﬁmrpceﬁam& %H W Icgth ? eCC‘\t { N pli b‘\l
posterloﬁ i gg htdﬁ §t uct'lres “(‘Supraspl nous tiIrgament  andl oy ﬁf %plnous
| i ganentm@ngd/=aro thgreenrt g Jokieumandbiccloadet mtaps:ulqadurttt 'gatent Shendike
device will serve to reconstruct the posterior |iganmentous conplex b

at t achmefeesychneyasg etteeﬁtmpem@meptleo@etdevxdeé‘ee«(ne@)maﬁtepwuh gfocesses (if

DOt UTRALAUAICSS fhoalh ARSI M o) oP A GLEL ARG Etpl AT GO o | ater al
mass screw, et the incisionis close R stantard fashion, 9
100461 Eepﬁnﬁﬂmgmmqeeheumapmkrnﬁnpahﬁhemet;hﬁm&sameﬁ tdneal myeRticoncegn be
det erm ned by ch0|ce of various | engths, mndths thl%knesses or dianeters

as wel | 48 HFCBFFHIEIGHS PRECSE! ASIF I READEIE | BOSBIcder IE SUAFFEWS Fétr??\‘/tiltf\éir‘@ from
a | ow t o.highcd ﬁ%ﬁﬁ afy $.£038d:80 fhifid AeSSors! @RGH REAlHAM0 Ao i LML RicL, 000
N mnm For exanple, the’tensile stiffness may be |ess than 1,000, 900, 800,
700, 60&un$®@suﬁ®&\agmﬁ;mzmgxdﬁdloo Nl mm Generally, suitable materials for
use in the invention will be bioconpatible ones including bioconpatible

pol yrner as.n PEEK, silicone ret hanes, aram d | enes
Do pel Japa Y A Rt GRE St L OB s AR PSR Y%
st ai nl esghsdqaeliyanekeahpldee CHEMR R, BYSslaLOMRASE hRsHel(KeartiaioB AR il ber,

conbi nations of the previously mentioned materials, such as carbon fiber
r ei nf or CEAMPEEKCaMdiT6th&riae Splaioyiofi PP EEaRt sekereetiong t he f or egoi ng

g[(: It Fr : %u%gﬂm&?s 1%%%%&19 1 lam gta‘gtgip){aﬁ?%iﬁﬁ%tg s%?;’)qt{n% ﬂp@/ ;? e?eg@? t;%m%&%é‘ar y

prOV|detan@&ﬁgen@ﬁ%ﬂmeQMneﬁamxeﬁdsuhﬁ&ﬁmhkﬁﬂkMXSQubyatﬁn&umasﬁhwamglog|c
or slightly less, as clinigc requi renents depand) . eneral materials
at the |{SBRSHRgYGEE etmtieﬁélvt eu%‘"tbi“f‘f’t*fe‘é?sﬂ%ﬁf tmbwdtﬁdéreﬂamg Aeaesand/gh g %f
noti on r RN dym ted
range o#ﬂﬁﬁ%gg%&h%%%htg &ﬁéMG%&vgggggggxégﬁﬁgé (%?ggg%éa g%%m%?gg o@ an
existingﬂ@dunaht&@ma@mu@utawm%m&mnheoghﬁb@mnébpmahmmﬂadwaﬁ&mﬁhhemebﬁmhat
shows de Snerailve,c anges and f %DFFISOHE for % h P ression of
degener dPFdiTH P RSV F BTSSR Gvr AdFY- Sk IR Yt‘ 2 IgHOE Gl ed 1t

appr eci atgqtf@tsiaht hough the presently disclosed device is suited for the
supra- or infra-adjacent segnent above or bel ow a spinal construct to
reduce the incidence of proximal/distal junction kyphosis (P.11(,/DJK) or
adj acent segnent degeneration, the device can be placed at any level in the
spi ne, including above or below a spinal construct or in the absence of
prior spinal instrumentation. In other enbodi ments, the presently discl osed
deV|ce also could be placed at ‘a non- adjacent segnent that has early signs



REPRESENTATI VE EMBODI MENTS OF THE DEVI CES OF THE | NVENTI ON 100481 Referring
now to FIGS. 1 -3, one enbodi nent of the presently disclosed subject matter
conpri seswowolgl3a®si ¢ menbers 100 and 100', each havi ngPaTfuseei/oe4sd and a
second end for attachnent to two spinous processes 10 by neans of a nale
connector 152 and a corresponding female connector 160. As shown, elastic
menbers 100 and 100" are elastic bands however the el astic nenbers may be
one or GBIRMGRE %W %f‘f’h fldhe dQekd 7

spring ( f@z—?(% g‘%l%‘ t m El hy&sii %)a e Qﬁé‘ Jr@gbi:%rﬁggr?m%@gyl

t ube (N@ho@:\; of admmrsécn@h& ap@hs ahzchﬂmlsa;s O@.dﬁlﬁﬁﬁﬁmeﬁs and at heidrialeent ﬁRedlmﬁm ng to
FIG 3, connector 152 an - ctor 160 are Ienentary in
thal ¢ haJBar BLOGRt ReUPI Ery TesrEes G 5t PORLEQHe Db e oI AR Th BTGk ng
joint. Nalgoconpesaton obbay, ﬁﬁ%ﬁp}:‘é&,‘%ﬁm@l hgrdekad ﬂtiﬁn@%b%{dtv vk 1R eme or
nore grooves 153. Shaft 154 i's sized for insertion through a bore 162 of

femal e CBRn&¥L GPO.1BO, SHhiHEH 308. 26D ewiktly Ninzed Geocre By rse8pondiatamiabi f@m*eftoan to

t he bor to bew | ous cess .
{0040s ranieRidrmilton g Bl Le i PE Tras R R PR B BEE 1

arti cul atigly, CRNEeCireth@d; aratnRihdiOGky o<t JhdRE Bfp IS, FHaOMAScE3 such
provi ded on shaft 154 of mal e connector 152. Wien |nterlock|n el astic
nenber s 2EGOLAHH aEOS aBeys, seishadc! gudicabHgeloeme REoYfaFenagfics Bigabon

connect I SPQ [ \ a 1Lesp i n,mal e
adapt or 18z SrBFAC, BOLERIRIARE Auflondy AL ARTRNA SR ALATYE ARtk e

Spi nous FRICessopai mmmmta@uth S pertipd mpgiighbe &uagaasgptmeusmdmbeksmmm

| i ganment caoppl ex.  Connect or 5 160 are shown in the draw ngs as being
gener al 172 ﬁymiﬁd’ﬁn@% “rthP?ﬁNé’ 5}ﬁd§vrﬁ§§ém the aghi The Baleiipgat'st'56ds ABever t hat
ot her shapes & 0050 o 8RS e BAARLEL S AR REICAR0RE ST
throughqﬁggéﬁgﬁﬁaglg ggThin'ggﬁernat?ve conyﬁggurayﬁgﬁgoi/auﬁgagggwﬁhor
menber isighthoians,ian cﬁmzeste@ﬂﬁam%ss &howd). lelgastiel menidéy s ﬂisﬂjdmanchngadaf are
undulatln bangs; und Iatlons(frov de the,ﬂf § addi t.i onali gf city
for moti'BHIFRFBSSOHE €740 GBI CATT SR t ?“OBH%?B o*é‘? T’%‘fﬁéb‘ Bnd“ard”

el asti ¢ wBRRELS.Hebdhrandidldd tagbermmabhactured froma relatively stiff

bi oconpati bl e material such as tltanlun1alloy or stainless steel, Elastic
menbers 114 and 114" woul d therefore elongate by flexion of the undulatlons
much | i KB HBaFhesiswicngan ba pBsadicifier alefrictdr SRl &l estivatspise! fawtrugeoragn be

e Showt s g5 ecsERHENA o R R B0 LR BN T et 0"

of el astprsmﬁaﬁmaﬁ RQ0hdraionie hd harsat®e as odesey bt dn ierareladtiiappweater s 100
and 100", with the addition of band 204 to stiffen the device or to act as
a di spl degméhpush %F@i%%i%ﬁ}ttﬁ@v @Fe% degice [ sgited Brdhotiera-me e EnedigRsil tesEt FI G

7a, wherg L0g- gevl, %%p!?ﬂ?uﬁ@&& (38 Fs,%%‘&g ind@0R2 oABRKNEL d?m %‘ﬁ:‘{@xgh ¥&pf L?%&US ea

as an el'astic nember the device of the invention Is cte
& 8. As (FHROMN K it edjeteaﬁ Bogmang xibgeammaann hiee arviexparictgttoed laeim}c alclsp thc,ng 300
with a bore 3014dt0 fborm abrIeI i cal II exure 306h Such a lerl n n?y be
pr oduced P Foficluding above or below a spma construct or in the absence of prior spina
instrumentation. In other embodiments, the presently disclosed device also could be placed at
a non-adjacent segment that has carly signs of degeneration to delay further progression of

spinal discase.

REPRESENTATIVE EMBODIMENTS OF THE DEVICES OF THE INVENTION

10048] Referring now to FIGS. 1 -3, one embodiment of the presently disclosed subject matter
comprises two elastic members 100 and 1007, each having a first end and a second end for
attachment to two spinous processes 10 by means of a male connector 152 and a
corresponding female connector 163, As shown, elastic members 100 and 1007 are elastic

bands, however the clastic members may be one or more other structures, such as a cord



11 exanple, either by helically bending a wire (not shown) or by machining
a helical cut into a cylinder. Qpposing open ends 302 of the expandabl e
hel i cal swoi2ng/B0M3facilitate connection to spinous pro®eT4as201103468¢ G 8b
shows the sane device as FIG 8a, where the device has been stretched.
100531 Another alternative for use as am elastic nenber in the device of
the invention is depicted in FIG 9, As shown, elastic nenbers 400 and 400

are hol | t The of & [ I,

degree o @Wﬁ? (ﬂ%ﬁﬁP%% %gggiéﬁ?ggf%‘ ?%&%ﬁﬁfaﬁg ﬁgsﬁ¥éﬁ% nlcgﬁﬁﬁgag%@of
noti on; €}G,%. suhstan@eai&&kphymﬁaﬂagi&miﬂ@skﬂphﬁ%ab&éhnannﬂeuaﬂapMeﬁ54
consi sting of threaded e connect or %_ q aded @<naLe connector 410
can be Lﬁé’géﬁ“‘iieégﬁfi“%ﬁégﬁéﬁ‘é”ﬁi Thatver f Eﬁ“iﬁr%é‘“é » AEBIREE Y e fber i n

the devigg.8fc Ihe dN¥QAL ng s [o¥nid@PHE L8 theb Ry A dBpri A8 a 3RAMDs0, LRl §ft i C
menbers are a substantially elastic pair of cords 500 and 500'. The cords

can be amﬁm@cpedwbygwean§56fS@dﬁHﬁéa@e@cmﬁkem@ﬁdmsbﬁmghdbauthfnéég@ﬁ@|ngly

t hr eaded fe ot her. ttached
o cach tearEtrg BnaRE s B sRTa bR e PRy B B o B R Paf ],

t hr eadedvh@madegoend addpangs bhyeaded nmal e end 504 are able to rotate

W t hout rotating cords 500 and 500" to prevent cord twi sting during

insertion of male threaded end 504 into femal e threaded end 510. 100551
Anot her 8P4 rirstalvermmerlon §e0 @npiissd e dOR itk Mysiaricn i¢ MalcHBFC&OTBECY he
inventiqn, i X o , o S, BMREeLS. »and
600" are %I%g??%kS%fﬁ%#g?Fﬁﬁzﬁ%C€§€§i§QQWQi (QQ géaé%bfgggangﬁausggalnlng
ri ng 510V cltcrhekinkahstinhicetbeanigiigadi it barg raﬁmaiedj;EBun4@ﬁEﬁﬂalammtdffem}dic

alternative for use as a conESctln menber _.in the hgﬁ%Jce of the |qvent|on
i s depi (O8RS BY @ P2902 RSO 1 HETCBHIYE PGV MbibEr 8B 3G RTd %620' are
S'”‘|ar<%0u&9ﬂﬂ%ﬁhwﬁﬁc%ﬁ&g%hgn%%@m@@gvéﬁpﬁ$ﬂﬁ§ﬁéQﬁﬁﬁm%k&y sﬁﬁ?@ﬂkmﬁhey

connect nore than two (in th | lustrated case three) 'spinous processes 10.
10057] Ah@bh@n@%&bemﬁammneszhenmomhgmn@nc@@pkan€0ﬁenmhechambt@beGZO are
shown in connect or

orate and .a
S R R L e e g A S N S e RS R R et
lnCOfpOﬂﬁ%@ﬁm@h@gﬁﬁJ@Qéx@@ﬂnaaﬁﬁﬁ@§§s@2&uaLﬂmQﬂ &@ﬁkﬁﬂba@&h%b&gﬁmﬂgg@r 650
is guided into hole 12 in vinous process 10 until head 600 abuts splnous

process HOboiFennl e connector 620 is pushed onto the tip of male connector
650,

[0658] An alternative configuration of a connecting member 18 shown in FIGS. 4-6. As
shown, elastic members 114 and 114’ are undulating bands. The undulations provide the
device addutional capacity for motion n respounse to application of physiologic force, and
allow elastic members 114 and 114" to be manufactured from a relatively stiff biocompatible
material such as titaruura alloy or stainless steel, Elastic wwembers 114 and 1147 would

therefore elongate by flexion of the undulations much like leaf springs.

[0651] Anp additional alternative for use as connecting members in the device of the invention
is shown in FIGS. 72 & 7b. As shown, band 204 1s embedded within an elastic member 200,
The function of elastic member 200 s much the same as described for elastic mentbers 100
and 100°, with the addition of band 204 to stiffen the device or to act as a displacement limit
for the device, FI1G. 7b shows the same device as FIG, 7a, where the device has been

stretched.

[8052] Another alternative for use as an elastic member in the device of the invention is
depicted in FIGS. 8a & 8b. As shown, the clastic member can be an expandable helical spring

300 with a bore 304 to form a helical flexwure 306, Such a spring may be produced, for



WO 2011/ 137403PCT/ US2011/ 034689 t hereby forcing together tines 610 and 610
until they are able to pass through bore 605 at which point they return to
their oriwonall/po®wdti ons and remain within recess 621. PO0ASRo1A0BLIRET
alternative enbodi ment of the invention is shown in FIG 14. Elastic bridge
menber 650 is attached at each end to gihook 656 by attachnment to a boss
654. Each of hooks 656 may be anchored to bone; e.g., by placenent of a
bone scr. c 1, | Q. f ;

bone SCHRMEL AR SAE GO LS, Ol 8 1B PR RURUPLOBRI S o,
in FIG.c&ﬁndﬁbﬂqmbmngwgﬂtﬁhkééihaﬂﬁehgmnhbkahhbdzgdng@@mﬁmﬁmscaﬁﬁmmmﬂl700
by attachnment to conve t| dicle screws. 720_wi th nnectors 714

o ast i o BPEREH BOSO0 BNl 8o ST anS BRate ahvieh 0t Bhs SHob Sd G0 cdRa ¢ hen
connect ag -t Qr@cigRl Nous process 10 by nmeans of a. nmle connector 152 and
femal e connector 160 in a fashion simlar to the connectors discussed with
respect to the enbodi nent of the invention shown in FIG 3. 100601 Anot her
al t er natiPUB | ek iiitnabfe thest pvantiiaan nanighowheidavice & theanvasgpe it wo
vertebrag ngstabilize th rads . chnent
conventﬁ%h“ﬁ&lng%cle é%?%ﬁgl gbytn%ﬁlcoﬁﬁéc]ggg 7%ﬂ%£%?¥ ﬁ%ﬂ%w?§§83]%8
attac hedub@lgra&@ﬁcdﬁme&nﬁm’émwﬁm 'Eﬂ?lgiﬁﬁf o884 dinkcorpeetab$rok08; theristiald ed as

famliar to those of ordinary skill in the art, Elastic nenber 703 extends
f r om andliica; ppge abmytgy Cﬁ%fwlbéﬁ%fdéiy|t§1Ve1@%ﬁéct%amﬁ%c BlFRENCAKaSs: for
exanpl e, Oy 5l &' tﬂx%a&&ioﬁﬁ g}?ml?o@ 4%@59&‘&&4&91 bﬁ]m,?{(ﬁ ?8&1{7%”'%%{1. 703.
Many ot her attachnents can be easi| enV|S|one to attac astic el enent

to crosslink 786 including, wthout Ilnltatlon appl yi ng washers to secure
the att dﬁﬂiﬁﬁ ndnabertalierneent Br uef ad hernordss) rhqsrkbucm pesidvecid shecommeetiion to

crosslin c, el enent, plits into nes. 706, which | aced
on o1 t hef P Erden G OS AT BT g g Mo e hrg eleaisl o shiabs

process sk Ml &0 anyhSrd Al e CORNLE BNhefis @1 o 1Bl S e PRl epLonnection
such as mal e connector 152 and fenal e connector 160 as described with
respect ®ocsivedmehodisrdad fofale prel § iy elidhonashownmpedl, $w7dE or3the1 00611
B e GRS BB IE b el QXA T Al B kB TR
t hr eadedeﬂaleeasdaza ah@tiﬁ@&i@m@ amsa@ e nd r SQE eMh80otdnaghotlsanp 2820 i s
connected to a spinous process 10 by turning hex head 804 of attachnent
screw 800 tIRPEBY CoMrBATRAGUIES FREGIORIN @%e@l%éﬁ«éugﬁ%ﬁ@ leeritthreetitg
clanp 820,an0 spinous process 10. Elastic menbers 800 and 800" are
connect et to bosses 824 of clanps 820. 13

and

18655] Another alternative for use as a connecting member in the device of the invention 18
depicted in FI1G. 11. As shown, the elastic members 600 and 600’ are clastic tethers,
connectable by male adapter 154 and a retaining ring 510 which has tabs which engage into

groove 153,

[056] Another alternative for use as a connecting member in the device of the invention is
depicted in FIG. 12. As shown, the connecting members 620 and 620° are similar to
connecting members 100 and 100 described above except they connect more than two (in the

ilhustrated case three) spinous processes 10,

[8057] Another alternative male connector 650 and female connector 620 are shown in FIG.
13. Male connector 650 incorporates a head 600 and a shaft 604 with a slot which forms two
tines 610 and 610", Female connector 620 incorporates a bore 605 and a recess 621, In
operation, male counector 650 18 guided into hole 12 n spinous process 10 until head 600

abuts spinous process 10, Female connector 620 is pushed onto the tip of male connector 650,



100621 Anot her alternative enbodi nent of the invention enploying a single
el astic nenber is shown in FIGS. 19 and 20, El astic nenber 100 is attached
to spi nowsoproceswads 10 by pl acenent of mal e connector PE2/UShelowsgtssa hol e
in elastic menber 100, a hole 12 in spinous process 10, a hole 952 in a
washer 950 and a bore in fenal e connectior 160. Femal e connector 160 is
attached to mate connector 152 as descri bed above. Washer 950 is optional,
i f need > Ld 28 . t n o L to
pi | mous 5 ot bR e R A AP AR e R PR 2 e
I N 10068iicvpbihodsy ﬁ"sﬁmmtrrpihﬁaind}riigigal@nehtidﬂpirmynn@nﬂwﬁmdewcs‘e@,Of t he

i nvention include the follomjng steps for use in (i) stabilizing adjacent

bones, D hpERIB LA AL BTG SRRl oL BTG, W et pRAl o

subj ect r@nPeeB06{ aitdcRal MRALL RO ookldrc@aGRaGHEH IR oM 65t heast &P%oks
conprise: forming two hol es through adjacent spinous processes, attaching

cl anps tfooadpakercheisi fobstp e o @y Jesrengnt Flaringgesnahivsigk wﬁﬂw@hm@m
adjacenHL%BEQgQg 859&% 5gggr *ﬁﬂﬁg if connecting directly to spina

i nst r umen ?1 rod, pedicle screw, |lamnar screw, |ateral
mass screw, etc,); connectlng each end of a connecting nenber into the
appropri E&ﬁ@}e&lﬁﬂbﬁmh@]ﬁmﬁw canheiabl & i&d&puﬁmn(lh/ﬁiﬁimmm Fiemak e Heleetent )
wherein the connecting is prefer S ected to provide, a
clinical %[eyteafaﬁhaﬁi?eaﬁéwg&;%f g Teds f%@é@éﬂ%a NE %f ﬁieﬂbmt%a‘«%vaf&gs%ié%e%ﬁ%nent s
through &0 SPhRAUS.ALOGERTAS, FRlDEIARER PNANIRLAHS HRERIT0 ARE 78D and

adj acent spinal instrunmentation construct (e.g, crosslin rod, pedic
SCrew, IaMﬁmmitscremmAkdn@aaMnumﬁsosﬁséﬁmvemmn9pta@nsecwﬂeumhéibmnhectlng
menbers onto the spi.nNous processes Qor, onto a

ot r ume R AR ARG peo S P rers v ehgibysrerErdin, ¢ hey
ar e used:piibdande R HCn AR od 8BS A mﬂ‘(ﬁ ssense only and not for purposes of
limtation. Unless otherw se defined, all technical and scientific terns

used herein have the sane neaning as commonly understood by one of ordinary

ski || i %06l Apathergligmie e ehbedipeeisdiibe pverigeris Beyvisindjlect b et cbel ongs.
100651 T o 14 t eyl ces
100851, T RHOk SRkl S aH.BY, S FABEIAM O 8elaRed, HRLARAT AN RK oo
be underﬁtmwzﬂhath ¢d@@cmh‘ﬂds C@l&ﬁhﬁ}t b@@hbhm@oﬂ tamibemﬂaﬁﬁ i70€ with h respect

to all vertebrate species are intended to be included |n the term

" subj ectSIesSARE GRS %amf’%‘ﬂ%ﬁi é%ff»’»mi%%mv hEF GHerdrauREH "8 U e t"1f B nedi cal
pur pose%ll@lﬁyﬁ‘WGa%\{CQ&b ﬁ@ﬁ Al ?@ﬁ?ﬁﬁ%h %]E n& rcﬁ?ﬁhﬁlt,f bﬂﬂn&%qb rx:;é%giuﬁ\r 75¢ $Hase or
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caprines, e.g., goats and e; porcines, e.g., pigs, hogs, and the
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not limted to, fetal, neonatal, infant, juvenile, and adult subjects.
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belng af%tlgted with a condition or disease. Thus, the terns "subject" and
"patient™ "are used interchangeably herein. 10066] The terns "treat" or
"treating," and grammatical derivatives thereof, as used herein refer to
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100671 The term "effective,” as that termis used in the specification

and/ or cl ains, neans adequate to acconplish a desired, expected, or

i nt ended wo=011t137483g., to prevent, alleviate, or anelioParTassynpswas of

di sease or prolong the survival of the subject being treated. 100681

Fol | owi ng Iong-standing patent | aw convwgntion, the terns "a," "an," and
"the" refer to "one or nore" when used in this application, including the
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range MAtﬂm,nmP L Lange. 100721 Al publications, patent applications,
patentst*and "HeF e er ences are herein i ncorporated by reference to the
sane extent as if each publication, patent application, patent, and other
r ef er endégsdsAsipeehkpaalid yriangcicndilsicdbaldiy, th@dhcattetdnuq;tbatd figor por at ed by
reference. It will be understood that, _ although a nunber at ent
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forns part of e conmon general know e Int
one of ordinary skill in the art to which this ptesmtiv described subj ect matter helongs,

10065] The subject treated by the presently disclosed methods and devices 1u their many
embodiments is desirably a human subject, although it is to be understood that the methods
described herein are offective with respect to all vertebrate species, which are intended to be
included in the term “subject.” Accordingly, a “subject” can include a human subject for

medical purposes, such as for the treatrnent of an existing condition or discase or the



16 100731 Al though the foregoing subject matter has been described in sone
detail by way of illustration and exanple for purposes of clarity of
under st ariOrg11/i3t408i | | be understood by those skilled i RCThS2@n346Rat
certain changes and nodifications can be practiced within the scope of the
appended clains. 17 WHAT IS CLAIMED | §4 1, A systemfor increasing the
flexural stiffness between a treatnent area consisting of adjacent spinal

| evel's gl A IR SPLAL (NS AX 3L BDGOMRIL S0RGion or diseas@lor RS Al TREE

el astic 'tens ers having an el ongate aspect for spanning t st ance
bet ween far maimab&LMac@ntposm n@dﬁ&mb}pa&em psipotdie Soeaie anicoipulijsingedei r st
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bovines, ¢.g., cattle, oxen, and the like; ovines, ¢.g., sheep and the like; caprines, e.g., goats
and the hike; porcines, ¢.g., pigs, hogs, and the like; equines, e.g., horses, donkeys, zebras, and
the like; felines, including wild and domestic cats; canines, including dogs; lagomorphs,
mcluding rabbits, hares, and the like; and rodents, imcluding muce, rats, and the like, In some
embodiments, the subject is a human including, but not limited to, fetal, neonatal, infant,
juvenile, and adult subjects. Further, a “subject” can include a patient afflicted with or
suspected of being afflicted with a condition or discase. Thus, the terrus “subject” and

“patient” are used interchangeably herein.

[0066] The terms “treat” or "“treating,” and grammatical dertvatives thereof, as used herein
refer to any type of treatment that iraparts a benefit to a subject atthicted with a disease or
iliness, including any measurable timprovement in the condition of the subject {e.g., in one or
more symptoms), reducing a symptom of the condition, inhibiting an underlying causce or
mechanism related to the condition, delay in the progression of the condition, prevention or
delay of the onset of the discase or illness, ¢.g., prophylactic treatment, enhancement of

normal physiological functionality, and the hike,

10867] The term “effective,” as that terny is used in the specification and/or claims, reans
adequate to accomplish a desired, expected, or intended result, e.g., to prevent, alleviate, or

ameliorate symptoms of disease or prolong the survival of the subject being treated.

10068] Following long-standing patent law convention, the terms “a,” “an,” and “the” refer to
“one or more” when used in this application, inchading the claims. Thus, for example,
reference 10 “a subject” includes a plurality of subjects, unless the context clearly 1s to the

contrary (e.g., a plurality of subjects), and so forth.

37 46

108698] Throughout this specification and the claims, the terms “comprise,” “comprises,” and
“comprising” are used in a non-cxclusive sense, except where the context requires otherwise,
Likewise, the term “include” and its grammatical vanants are intended 1o be non-himiting,
such that recitation of items in a list is not to the exclusion of other like items that can be

substituicd or added (o the listed items.



b) one or nore connection elenents for attachnent of the one or nore
elastic tensile nenbers to a spinous process, wherein each connection

el enent iwoconfi3gwsed to be passed through both a bore POTIUSROIi08489 Or
second end of the one or nore elastic tensile nmenbers and a bore in the

Spi nous process, wherein the stifikness of each elastic tensile nenber
is selected to provide a clinically appropriate range of notion that is
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group capsk gt thh9pRifi@tiBRbid RGndHle 1o e FhOQVERE] ahadihy aRdirRl ik @@%ﬁq 08 by
retaining ring or clip, awre, a cable, a suture, a cord, a shaft

conpri sithgicamstibtyl” avak thokgoke tord, “aThg” @wtiwmmcr@l‘«a&mpar withgrceishict he

connection e emane Ry 0 i se S Sp
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elenents wherein the latter are configured to be passed through and span a
bore i n BWAPRBIMEREHPE B2 0T sealbids dadedore e rEngdp etices. consTYien fsiter s and

a bore in éﬁcﬂﬁo SR 4 E{Qk’q%rn%&ge&ér ‘%n%ﬂﬁ Y}@re rdﬁb chcl‘%rfmé‘lsﬁdw n @%ﬂ% &t s E{m‘ﬁ[ﬁ are

posi ti oned on~ op - ous em of
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tensile nFnbers and user instructions for their selection and use by a
i iect matter. For example, the term “about,” when re cmnc to a value can be meant to
physi ci aff?
encompass vanations of, in some embodiments, £ 100% in some embodiments + 50%, in
some embodiments £ 20%, in some embodiments 4+ 10%, in some embodiments 4+ 5%, in
some embodiments =1%, in some embodiments £ 8.5%, and in some embodiments = $.1%
from the specified amount, as such variations are appropriate to perform the disclosed methods

or employ the disclosed compositions.

{8071} Further, the term “about” when used in connection with one or more numbers or
numertcal ranges, should be understood to refer to all sach vursbers, including all numbers in
a range and modifies that range by extending the boundaries above and below the numerical
values set forth, The recitation of numerical ranges by endpoints includes all numbers, e.g.,
whole integers, including fractions thereof, subsumed within that range (for example, the
recitation of 1 to 5 includes 1, 2, 3, 4, and 5, as well as fractions thercof, e.g., 1.5, 2.25, 3.75,

4.1, and the like) and any range within that range.

108721 All publications, patent applications, patents, and other references are herein
incorporated by reference to the same extent as if each publication, patent application, patent,
and other refercuce was specifically and individually indicated to be incorporated by
cference. It will be understood that, although a number of patent applications, patents, and
other references are referred to herein, such refercnce does not constitute an admission that

any of these documents forms part of the common general knowledge in the art,



WO 2011/ 137403PCT/ US2011/ 034689 18 7, A system for increasing the flexural
stiffrik.ss between adjacent spinal |levels of a human spine, the system
conpri si g0 2011/137403a) one or nore el astic tensile nenbePsT/USacih/obs? ng an
el ongat e aspect configured and di nensi oned for spanning a spinous process
and adj acent spinal instrunentation, eagh of the one or nore nenbers
conprising a first end opposing a second end and having a tensile stiffness
bet ween {@{Bm N R 20 %@11?09;%@){1! g]\yu Yot ARGr has been herBR8 iQ%oTPASE B g Rk%g'tc#f on
el enent s, erel n"those for “connection to a spinous process are configured
t o be padseditibhaodgnohet Forgubanes diividhe of indtrstardisg cond! lenchdofstdadéyone or

nmore elastic tensile nmenbers and a bore in.the spinqus process,. .
Wher ei n s St RFhuE e ghennaradirand st dSniierare b SERE bR Posibvi de
a clini caldyapRRaQRNAiake range of notion that is substantially physiologic
around the treatnment area as conpared to spinal fusion, 8. The system of
Claim?7, wherein each of said one or nore elastic tensile nenbers is
selected fromthe group consisting of a helical spring, a flexure, an
elastic cord, an elastic plate, and an elastic tube, 9. The system of
Claim?7, wherein the connection elenent is selected fromthe group
consisting of a bolt and nut, a grooved shaft and at | east one retaining
ring or clip, a wire, a cable, a suture, a cord, a shaft conprising a slot,
and a hook.



10. The systemof Claim 7, wherein the connection elenent further conprises
a washer or spacer on one or both opposing sides of the bore of the spinous
process. wokoirfisetgystem of Claim 7, wherein the systempCufush@n/oamapri ses a
selection of elastic tensile nmenbers and user instructions for their
sel ection and use by a physician. 19 12, A systemfor increasing the
fiexural stiffness between adjacent spinal |evels of a human spine, the
system c@upt & PEaviEn 18 @) one or nore elastic tensile nmenbers having an
e ne

el ongat e aspect,; t yer conprising a first end opposing a second end
and having a tensile stiffness between 0.11\f/nmm and 1,000 N nmm i b)
one or nbre conyotilonnekewents Feonabsitiaohrenteof o trhdnenieirer carprsgugbast i c
tensiIegggyb§n§,tgﬂgqspingu%agrqusg& Q,%rq&n t&g_connection el enents are
adapt ed 1§*“be gH¥ R GRB SRS BECE PSS rst or second end of
each of the aje oroHIRk @R 8Bl Cioh8RShd:BHWEADEH S 2 2R SO ARl By §hanSRINOUS
process; c) one or nore rigid rods configured -for attachment to the
spi ne; ah#ance between a pair of adjacent spinous processes, the member comprising a first end
opposing a second end and having a tensile stiffness between 0.1 N/mm and 1,000 N/mm; and
b} one of more connection clements for attachment of the one or more elastic
tenstle members to a spinous process, wheremn each connection element 1s configured to be
passed through both a bore n the first or second end of the one or more elastic tensile
members and a bore in the spinous process,
wherein the stiffness of cach elastic tensile member is selected to provide a chimeally
appropriate range of motion that is substantially physiologic around the treatment area as

compared to spinal fusion.

2. The system of Claim 1, wherein cach of said one or more clastic tensile merubers is
selected from the group consisting of a helical spring, a flexure, an elastic cord, an elastic

plate, and an clastic tube.

3. The system of Claim 1, wherein the connection clement is selected from the group
consisting of a bolt and nut, a grooved shaft and at least one retaining ring or clip, a wire, a

cable, a suture, a cord, a shaft comprising a slot, and a hook.

4. The system of Claim 1, wherein the connection element further comprises a washer or

spacer on one or both opposing sides of the bore of the spinous process.

5. The system of Claim 1, having a pair of elastic tensile members and a pair of
connection elements, wherein the latter are configured to be passed through and span a bore in
cach of the first or second ends of the elastic tensile members and a bore in the spinous
process, and wherein the elastic teusile members are positioned on opposing sides of the

SPInOUS Process.

6. The system of Claim 1, wherein the system further comprises a selection of elastic

tensile memmbers and user instructions for their selection and use by a physician,



d) one or nore further connection elenents for connection of the one or
nore elastic tensile nenber to the one or nore rigid rods, wher ei n

t he stiffweselaf37®ach el astic tensile nenber is sel ect e@CraASPrIOWB4HE9 a
clinica appropriate range of notion that is substantially physiol ogic
around the treatnment area as conpared tig spinal fusion. 13. The system of
Claim 12, wherein the connection el enment conprises a crosslink configured

to connect nesphhdoridRuandathashabl v e0aagEe! . oneyR TRLR @hast! ¢

tensi | e nenber em of alm wherern t connection el enent
conprlsémﬂwnb@nm ﬁthMghcbn$m@me or nDre elastlc ten5|le nenbers whi ch
bore is con- flgured for e theret h .of one
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with at J@ashengcaed @%@mﬁg ﬁ‘%ﬁ?lﬂ@ﬁ%t@ﬁ@'s ELARSE @‘}Yi’nai%smltﬁ{&aﬂi%%n haek of or
attachnment to the spine. he system of aim12, wherein the system

further ibonpr drsesrcangebee wmmfolﬁg efiag et openwiel teschebasindidvng ertensile

i nstruct] electlo use by a physician. 20 17, A system
f or |ncf%gﬂeﬁﬂwﬁﬁﬁm%ig\ngTﬂé @¥%g§@nb%FVeen adj acent spinal levels of a

b) one or more connection clements, wherein those for connection to a spinous
process are configured to be passed through both a bore in the first or second end of the one or
more clastic tensile members and a bore in the spinous process,

wherein the stiffness of cach elastic tensile member is selected to provide a chimeally
appropriate range of motion that is substantially physiologic around the treatment area as

compared to spinal fusion.

8. The system of Claim 7, wherein cach of said one or more clastic tensile merubers is
selected from the group consisting of a helical spring, a flexure, an elastic cord, an elastic

plate, and an clastic tube.

9. The system of Claim 7, wherein the connection clement is selected from the group
consisting of a bolt and nut, a grooved shaft and at least one retaining ring or clip, a wire, a

cable, a suture, a cord, a shaft comprising a slot, and a hook.

10, The system of Claim 7, wheretn the connection element further comprises a washer or

spacer on one or both opposing sides of the bore of the spinous process.

1. The system of Claim 7, wherein the system further comprises a selection of elastic

tensile members and user instructions for their selection and use by a physician,



human spi ne, the system conpri sing: a) one or nore elastic tensile
menbers havi ng an el ongate aspect for spanning an adjacent spinous process,
t he nenbewe 2eact37menpri sing a first end opposi ng a secomdTarsdoians4oRavi ng a
tensile stiffness between 0.1 NNnmmand 1,000 Naurt; and b) one or
nore connection neans for attachnment ofigan elastic tensile nenber to an

adj acent spi nous process, wherein the connection neans is adapted to clanp
ont 0 the, Spi NOWS. B 958 FSeasi m y the {Mﬁr ?Ltﬂ”ﬁf&’@u@bé{vl t{ NERS 3004 1&51‘@;11 Rl@stic
tensile fenber 1s selected to prOVIdé a crinical y appréﬁrlate range of

not i on ﬁmamnw$n$uﬁm$§HMnabhmm&hgs|oIoglc around the treatnent area as
conpared to i nal fusion . né . Caim17, wher qa m} system
further comprises eEMuE: Pl o AR TESTE Bdp BT HOB &g duprbe

instr UCtdQﬁ!}?lsﬁ}%ra ﬁﬂaﬁéx{d @%bﬁﬁé h QARG Y aRd 9%1% PRy ChiAhess ’éle%v’vwﬁi mehheg, for
increasing the -flexural stiffness between acent spinal levels of a
spi ne i rind IHEWEW EGD| ect conpr|5|ng surglcally |nplant|ng the system of

claims 1, 7, b])z Orm%%; Irrgstrg C(?‘nn%ctmn (—ﬂemeﬁa oq%%ichfﬁén ok Q‘;e om oF ETKJEQ glasuc Spine.

tenstle members to a spinous process, wherein the connection elements are adapted to be
passed through both a bore in the first or second end of sach of the one or more elastic tensile

members and a bore in the spinous process;

) one or more rigid rods configured for attachment to the spine; and
d} one or more further connection elements for connection of the one or more

clastic tensile member to the one or more ngid rods,
wherein the stiffness of each elastic tensile member is selected to provide a clinically
appropriate range of motion that 18 substantially physiologic around the treatment ared as

compared to spinal fusion.

13, The system of Claim 12, wherein the connection element comprises a crosslink
configured to connect the rigid rods and attachably engage the one or more elastic tensile

meraber,

14, The system of Claim 12, wherein the connection element comprises a bore through the
one or more elastic tensile members, which bore is configured for passage therethrough of one

of the rigid rods.

1S, The system of Claim 12, wherein the rigid rods are configured to couple with at least

one pedicle screw, lateral roass screw, or larminar hook for attachrent to the spine.

16. The system of Claum 12, wherein the system further comprises a selection of elastic

tensile members and user instructions for their selection and use by a physician,
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17. A system for increasing the Bexural stiffness between adjacent spinal levels of a
human spine, the system comprising:
a) one or more elastic tensile members haviog an clongate aspect for spanning an

adjacent spinous process, the members cach comprising a first end opposing a second end and
having a tensile stiffness between 0.1 N/mm and 1,000 N/mm; and

b} one of more connection means for attachment of an elastic tensile member {o an
adjacent spinous process, wherein the connection means is adapted to clamp onto the spinous
process,

wherein the stiffiiess of cach elastic tenstle member is selected to provide a clinically
appropriate range of motion that is substantially physiologic around the treatment area as

compared to spinal fusion.

18.  The system of Claim 17, wherein the system further comprises a selection of elastic

tensile memmbers and user instructions for their selection and use by a physician,

19, A method for increasing the flexural stiffness between adjacent spinal levels of a spine
in a buman subject comprising surgically implanting the system of claims 1, 7, 12 or 17 into a

chosen treatment site in the subject’s spine.



