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filed February 16, 2001 entitled "MJLTI-PO NT TENSI ON DI STRI BUTI ON SYSTEM
DEVI CE, A BROW AND FACE LI FT VARI ATI ON, AND METHOD OF TI SSUE APPROXI MATI ON
10 USI NG THE DEVI CE" by Robert J. Elson and Dani el Jacobs, which is a

cont i nuat i AULFI-PQINTAFISSUE TEASEON BISTRIBUTIONIREVECENA. COBIBEINEB O3,
filed May 19, 2000 entitled "MILTI-PO NT TENSI ON DI STRI BUTI ON SYSTEM

DEVI CE ANDRBITATOROM REPATHEARBARPRRSION VAIRYA TN, AR v OHoWwIVE
WOUND HEALI NG', each of which is incorporated herein by reference inits

entirety. 15 FI ELD i i he field of
surgery. Mre parti ﬁ;érgﬁf h?{tﬁi{amé?ltéy ggmgc?ﬁ}“:emyyéu on and or

ti ssge approxi mati on device. By "approximation” we nean to include
variously the specific novenment of two regi ons of tissue towards each

ot her, the novenent 20 of one or nore selected tissue rg)g\ions or areas, the

mai nt enance and/ or f CRASSHREEERENCETO RELATER ARRIAGATI regions in a
sel ect ed posi thpn;s 30y Sahaﬂuﬁﬁb%oﬁ%'btaﬁ g'ﬂf@ P%’f%.’t%r Bfl&dif%h'tﬁéh Plorfary 58! Afhed area
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Wi t g M Ni PRINGHTBIRUDE YV OE by RBBertPU15br BBl Gadidd, Whish idWedntiaittiod4Rp! | es.
General ly, the device has nultiple sites for grasping said tissue using
part of U.S. Patent Application Serial No. 09/574,603, filed May 19, 2000 entitled
“MULTI-POINT TENSION DISTRIBUTION SYSTEM DEVICE AND METHOD OF
TISSUE APPROXIMATION USING THAT DEVICE TO IMPROVE WOUND

HEALING”, each of which is incorporated herein by reference in its entirety.

15

FIELD OF THE INVENTION

This invention is in the field of surgery. More particularly, it relates to a fracture
fixation and or tissue approximation device. By “approximation” we mean to include
variously the specific movement of two regions of tissue towards each other, the movement

20 of one or more selected tissue regions or areas, the maintenance and/or fixation of one or
more selected tissue regions in a selected position, and the maintenance and/or fixation of a
selected area of tissue against shape variation due to tissue “springiness.” We will also
refer to these functions as “stabilization” of a tissue region. For instancé, the inventive
device may be used to facilitate wound healing by holding soft tissue together under

25 improved distribution of tension and with minimal disruption of the wound interface and its

nutrient supplies. Generally, the device has multiple sites for grasping said tissue using



1 WD 01/89392 PCT/USO01/ 16346 tines or prongs or other generally sharp,
projecting points, extending fromand preferably affixed to a single,
supporti weo bagdspng. Vari ous processes of using the inventPeERUdEVIcE® are
al so a portion of the invention. 5 BACKGROUND OF THE | NVENTI ON The
inventive device is preferably used for the approxi mation, nobilization, or
fi xat i ontiges e pyengs orashe geeralibeven, Projeetingtnoinig exteadimgdram org prstrselly t o

i nclude the specific novenent of two regions of tissue towards each other,
t he novenfiikeddd acele supmorieve tekiagt dthribiispweessesypfanmgdhe avedsie delvize are

mai nt enance of one or nore selected tissue regions in a 10 sel ected
positionama@qxiﬁﬁlaﬁhehﬁ@am@g of a selected area of tissue against shape
variation due to tissue "springiness."” Using our inventive device, a
vari ety of approximation procedures nay be achieved, variously fromthe
novenent of two tissue areas towards each other at a commobn wound margin
to the mai ntenance of an areg ’%1 ;.' s b- 3 .Specifi posi tion during or
after a surgical procedure, SELSOIAN ons. 15 For

i nstance, our _inyentive device ?Iloms h ?Iing of soft tissue due to its
mai nt enance of I NEIBEHEVHAEVIeS i§pre qiﬁélmﬁg @ dhg gprrerdmation. meehiizgons ors of t

ti ssue wounds involves two phases, the nechanical phase of wound cl osure
f ol | owed fizgtiemef tisue hAsnotsl abgieathesedsinoh aiemesiny variquskytte inchiglei thig spegifiend
scarring. In the nechani cal phase, the edges of soft tissue are held in
cont act Imovesmansf taol rggionpoftiemotentds cadh othee thdwisierdnt pf ofesrirthes 20 and
device-tissue interactions of the materials holding the tissue edges in

contact, sge@ted tiSiHe¥EASNLor 28423 thE BiaidBithnéd of $hefR thdre 461RQASA HiRB r&fions ina
prot ei naceous material that has adhesive characteristics, . firbrin

e. g
I Ol y . bl ! i f . j cal
ohae, gyl pasaGh RETRE ifbiBIRERE o PleEiod RENF Bufl Bt MR T 0 e

wound surf aces. ring.th . . . . . o
dudo tlssugusprm%mess. ’ U%mg our inventive device, a variety of approximation

procedures may be achieved, variously from the movement of two tissue areas towards
each other at a common wound margin to the maintenance of an area of tissue in a specific
position during or after a surgical procedure, e.g. brow lifts or ACL regions.

15 For instance, our inventive device allows healing of soft tissue due to its
maintenance of tissue position. The surgically induced healing of soft tissue wounds
involves two phases, the mechanical phase of wound closure followed by the biochemical
phase which involves protein bridging and scarring. In the mechanical phase, the edges of
soft tissue are held in contact by essentially two components: 1) The physical properties

20 and device-tissue interactions of the materials holding the tissue edges in contact, e.g.
sutures or staples; and 2) An early deposition of proteinaceous material that has adhesive
characteristics, e.g. fibrin glue.

Only in the biochemical phase, which occurs after the mechanical phase, do tissue

components replace the mechanical components adhering the wound surfaces. During the

2



WO 01/89392 PCT/ USO1/ 16346 bi ochem cal phase, the inflammtory cascade
generates signals which induce fibroblasts to mgrate into the wound and
synt hesi a0 o00843amen fibers. Collagen is the prinmary constPCD®R81/1GB46
connective tissue and ultinmately determnes the pliability and tensile
strength of the healing wound. Tensile strength is gradually 5 recovered;
60% of ulbidaimaméecalvpbasd, the imftegirhatdy astrde gekerates signalp phichi inditcelfibrélassitohs .
However, this process is successful only if the previous nechani cal phase
has procesigede ind®tHEalduhd ahl Sy sHERblISg@0fbers.S t 0 optinmi ze the strength and
often the cosnetic appearance of a wound closure or tissue coaptation. For
this to happergoiiil i -ﬁ@gﬁ%ﬂ' O i I d has
heal ed enoughq%ot%ial él?#??%ﬁ% stresgtﬁ\?\n&%ﬂk?g%t ar??ﬁ%:siﬂg %138%3%13{&&%1}[@%@&'
healing r Lres th licati.on..of ,appropriate ti.ssue tension on the

cl osure ttggﬁllla}bﬁl?txgpg t‘%’éﬁ% Srg%"g& &btﬁ? h%%‘?‘géfoéji’?eieg%%esﬁe%gtﬁﬁ #edalye tissue.
Bot h. of these _circu ances increase the risk of wound infection and wound
dehi %cen(,ré‘?ovﬁlfefih@ﬁ%j’ qﬁfé"‘ﬁ&?&?@?ﬁ%‘rgﬂbﬁﬁ%@y?q dter gprroyimatey ppanthy ogr essed
consi derably, the 15 sophistication of manual suture placenent in wounds
has advariteieveslithisipedeys isisnedessllj ondseifitheepreviongineehanicabplfse habprocsedséver al

t housand years ago to tie wound edges together. The wi de tolerance ranges
for sutumermphllscenment, tension, and configurations, both anongst different
surgeons and for different inplenentations by the same surgeon, result in a

significant copRRERRBH sYoaBbidlo hhi%@'the_ts%‘éﬁgi'h%ﬁ oft¥B the doBRefiCsipRhAHE: srsed
for wound cl osure fornms the 20 foundation for all subsequent ‘évents in the

for | s the 20 7 | { “évent's In th

i oh,  adene Erlostls SRH: LARubioh > E BERIABEBhen, BRSO eat et
d, t hat I b t | i ' d fai.l . Soft

£ sUhio” T 2DRERRR Y wRRSE st 4R eGSR P She MEuh ST ot mal 1 y

pl aced, sutures gradually tear through soft tissue, producing gaps in
wounds arf¥PPRsE s Bixpal healing requires the application of appropriate tissue tension on the

closure to eliminate dead space but not create ischemia within the tissue. Both of these
circumstances increase the risk of wound infection and wound dehiscence.
Although the biomaterial composition of sutures has progressed considerably, the
15 sophistication of manual suture placement in wounds has advanced relatively little since the
original use of fabrics several thousand years ago to tie wound edges together. The wide
tolerance ranges for suture placement, tension, and configurations, both amongst different
surgeons and for differgnt implementations by the same surgeon, result in a significant
component of sub-optimal technique. Yet, the technique used for wound closure forms the
20 foundation for all subsequent events in the healing process. It is during this mechanical
phase that tissue tension is high, edema and inflammation are intense, wound edge
ischemia is greatest, and that one can already observe the complication of wound failure.
Soft tissue is well known for its inability to hold tension. Even when optimally
placed, sutures gradually tear through soft tissue, producing gaps in wounds and possibly
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WO 01/89392 PCT/ USO01/ 16346 |eading to the eventual failure or

sub-optim zation of wound healing. Furthernore, since sutures require the
i npl enentvad bogo3ef hi gh | evel s of tension to counteract theCTosaes3®cti ng
to separate tissues, they may strangul ate the bl ood supply of the tissues
t hrough which they are_ placed, thus inhibiting the delivery of wound

nut ri ent $cadig o hgemsniisl Bdluseqf spornyietion of wornd healingy Euibamorafipcat t enpt s
to construct wound cl osure devices that decrease closure tinme and inprove
cosnesi s sutures requite, thdvpsplemertation @Bhigh devels4f 261309 to goGderdetche fordgs48Gp®98 t o
Harvey et al.; 4,535,772 to Sheehan; 4,865,026 to Barrett; 5,179,964 to
Cook;  amnslsépabadd tiskaes, tieyAhayadtangulatghie Blood yapply efihe eiSsuckitwoug which i
devices are not useful in 10 surgical or deeper wounds. They only

appr oxi MatEplhfi, fi6s Ttabitih @ aR deliPéryiof vt AulRE&Sind \Sﬁffgé?x%ké’ssé BHah

ext ernal approaches, using adhesiVves or nonabsorbable attachment points
tha% pengLnate ti ssue. The devices mnimally inprove the bionmechanics of
wound cl 0S *gf and do not adequately approxi mate the deeper |ayers of the
closure, i.e. fascia or derms, Externall | aced attachnent points that
buncture the e Ttedrel ety S ianaires Washi Flosie SEECH fht SIS er m
cosnesi s and provide a possible conduit for infecting mcro- organisns.
U3, Pat clawsre tana 7] Smrovaromeks.cU- SIPal Nass2abets ancid73609 tyGaranen a
repair that wutilizes nmesh with pin-like projections to cover hernia

def ect s. 4A309N v Haeveyredake\veF35,7R toBheechann4 865 ap@tooBarogii; S, 17896k a0 Ceplai r i n
conjunction with an inflatable balloon. C osure 20 devices for deeper

tissues an@ 5383760 heAlwirald sbegdtBduchNevicedt, BdNevdphése devReNareRobPBRARZP O

Brozt et al.; and 4,259,959 to Wal ker. However, these devices either work
in nj u I Ll B WS EF gﬁﬂfﬁ [ 'nfh% gest
bi o egragg%n%im?g/é,ﬁegr are %ies%fﬂ%lgyi gﬁféﬁgg{e%ﬂgfa%%?&to |§r%g{a?(%ggni form

]E gin ls iu(r)g %Erié\ﬁs&ﬁx&ﬁus re?{heéli}aq %{)}g}r%gci:h%g, &srilr?g A . %glvgsf or Hon4 dsorbsagf%qartt%&imqgnt %Ql%ts
that penetrate tissue. The devices minimally improve the biomechanics of wound closure,
and do not adequately approximate the deeper layers of the closure, i.e. fascia or dermis.
Externally placed attachment points that puncture the skin lateral to the wound also

15 interfere with long-term cosmesis and provide a possible conduit for infecting micro-
organisms. |

U.S. Pat. No. 5,176,692 to Wilk et al., discloses a device for hernia repair that

utilizes mesh with pin-like projections to cover hernia defects. This device, however, is
used in a laparoscopic hernia repair in conjunction with an inflatable balloon. Closure

20 devices for deeper tissues are described in U.S. Pat. Nos. 4,610,250 to Green; 5,584,859 to
Brozt et al.; and 4,259,959 to Walker. However, these devices either work in conjunction
with sutures, are made of materials that do not suggest biodegradability, or are designed in
such a way as not to impart uniform tension on the closure, increasing the risk of wound

separation and failure of wound healing.



WO 01/89392 PCT/ USO01/ 16346 The present invention is a biodegradable tissue
approxi mati on device. The device includes a plurality of attachnent points,
e.g. tinesQopsweys, or other generally sharp or blunt par¢EUScoRBacted to
a backing that can be mani pul ated to cl ose wounds, join soft tissue or
bone, or create anastonoses. This multi-point tensjon distribution system
(MIDS) 5 devi ceheissepenpeniioads aptadegiodatia fissup gppreximaiigralevirae The deden
invention typically incorporates the deeper |layers of tissue within the

cl osur e, ingludesreeplmalityi ofl attactnhent points, e.gotines; prodgs tor iothet genenally sherp dri ng
tension, often uniformy. Approximation fromthe internal aspect of the
wound mi rblufit3ags,idogndeadded hibatkihg thad eatbspagipuiatedtth @lost GDUhEs, jdif Bt tissue
decreasing the risk of sub-optinmal healing. Mreover, because the device

i s absor kegond &%&a&%&aoﬂb%eqqﬁﬁn{lﬁiﬁﬁt tEﬂs?érﬁﬁEﬂr%uﬁ%ﬁ%ﬁ gﬂw@ve the

devi ce. Thus, the present i1nvention i oves e nec ase’ of

heald ng b il i-tati Jound 0 and/ t he coaptation. tissues

pri oér to C?éK{C? ?%altyl bgﬁjl%cggtvﬁép%%ngg %ietrlrsl% g% ra‘f)lﬂ%isgﬁe g S%gﬁﬂfgmﬁ%ﬁ?ﬁgﬁy Pl acenment
of the device maxim zes the chance for.a good cosnefic result and is not
heavi |y dBpERefales heflesprrdansrs Qldisspe withisdhy Q%Wﬁén%ﬁ%wméﬁ%%wsat 15
decreasing overall cost and risk of operative conplications. A variation of
t he presdweints disrituicghe resuliipg|tensign, effed vriforpiyr Approsingitionl from ihe internal

crani ofacial, and mexillofacial reconstructive procedures. Current orbital
ri m cr arispdcaof the, woaund miminizésotha potehtialdondent] spackiin ¢hepl exued] wins slebi@using
nunber of problens to overcone. The problens to be overcone arise from

el evat i nghé Aisk o2RibSphinal h&dMg. Morskved, Kilchusk e RIS i§ SPRYBedSh bk&ond! evating
the soft tissue is generally necessary to access and repair the bone site.

el g AR RS gL aen [aciure el on devce
underlying fr aﬁ{ug,rt‘ﬁg 'prbe(s)é]n ?nv%%ig insllg:rro%\és the gle\é\g)an(l)c]éll % {;352 %f E%{ng%%ac]iﬁ%%gg
wound closure and/or the coaptation of tissues prior to initiation of the biochemical phase
of wound healing. Placement of the device maximizes the chance for a good cosmetic
result and is not heavily dependent on surgeon skill. Closure time is also shortened,
15 decreasing overall cost and risk of operative complications.
A variation of the present invention is well suited for inferior orbital rim,
craniofacial, and maxillofacial reconstructive procedures.
Current orbital rim, craniofacial, and maxillofacial reconstructive procedures have a
number of problems to overcome. The problems to be overcome arise from elevating the
20 soft tissue or skin off the bone repair site. Elevating the soft tissue is generally necessary to
access and repair the bone site. Typically, the fractured bones are set using a fracture

fixation device such as a biocompatible or biodegradable plate which is attached to the

underlying fractured bones using screws.



After the bone site is repaired, however, the soft tissue which was

el evated nmust be re-anchored. Failure to re-anchor the soft tissue results
i n undesiw@bi/g3snggi ng or drooping. Conventional technigeepUsa/waduce the
saggi ng and drooping of soft tissue in these regions utilize sutures.
Sutures are typically attached to screws or anchors or the bone itself 5
via a drill hdifeer tikhmnscite istrepaited, hewt e thasdfttssee whocht wias edematadenustbe s
conventional technique is undesirable for the reasons set forth above in
connect i gRanédtobed. IRilufeto@-aficHou fiRSsoftfixsudressieyih unfesaable BAgONE HE inghe
above noted problens by providing the inventive features herein described.

I'n particul ar cdnPentRing PRI 8 ddabe QU HRS R GroBbing BPEGH alhasimenl
h and nmaxi || of aci al

points to hang soft tissue in the orbital’; craniofacial,

10 regions.. I n agaln ' t u f sutures. Furthernor use
of the presefyRiEK IR RGBT SO B e Rps iR
fracture fixatjon a ti ssue . appr oxi ion or fixation. O her advantages
of the pW@s%ﬁltlﬁ PRl shit st i5ED ﬁaaélgé&? BRI ] R €O PR Frggmque

di sclosure. 15 SUMVARY OF THE | NVENTI ON The present invention is a device
t hat i npisowrdssirahde fasdharepsoab sgiferdle absveip gaanectiemithghe wse of isatugesef er r ed
enbodi nent, tissue edges are stabilized by a plurality of attachnent

poi nts that extheptesbntanvantidn avercafnbs thechibbee motsdipfdlehisty gravidingghe The
density, 20 shape, length, and orientation of attachnment points on the

backi ng menhfe Eatir&thdréin AudckibbdeIn pr@GREHHIR préskREn®ntioh PEAAEdAQInE Br
approxi mated, and/or area of the body involved. The flexibility of the

backi ng ﬁor@%ﬁ%}h}ér%glg @@hﬁ t@ﬁ%ﬁ@ﬁ%ﬁ@ﬁl tHg ﬁ{eﬂ?ﬁi ?gatél%f&aéls aﬁ!isﬁgxiﬁeﬁcial

di mensi ons o I ng. unctiron, t s or tension placed upon
th i ssues by the jnventive deyice are mrrored in the ki n f the
hedtd e Efainarsent SeghiiEiobfils 55 B S ORI B s Seret A P

invention provides a one-step procedure for orbital fracture fixation and tissue

approximation or fixation.
Other advantages of the present invention will become apparent from the following
disclosure.
15

SUMMARY OF THE INVENTION

The present invention is a device that improves the mechanical phase of wound
healing. In the preferred embodiment, tissue edges are stabilized by a plurality of
attachment points that extend from and are affixed to a supportive backing. The density,

20 shape, length, and orientation of attachment points on the backing may be varied to suit the
procedure, type of tissue being approximated, and/or area of the body involved. The
flexibility of the backing is also variable and dependent on the materials used and
dimensions of the backing. In function, the forces or tension placed upon the tissues by the

inventive device are mirrored in the backing of the device. Said another way, the shape of

6



the tines relay any forces to the backing of the device. The backing is
generally in shear along its length. In the preferred enbodi nent, the

devi ce | wooossgr adabl e, and the attachnment points unlforntyﬂﬁommmabute
tension over the contact area between the device and tissue. 5 Processes
of using the present invention are also provided. The device may be used
to cl ose thwimesgelay dny faregsdo Washmekimng adaesdeayings ddie batkinglis\deneralinin slleso be
mani pul ated to approximte soft tissue and soft tissue to bone. The device
may be usdshgtics lemgdih. izide praféecd erabodiinah, tHezkevize $chioddgeaiablgbmdther ar ea of
tissue, as noted above. A further application may include approximtion of
sof t ti Seu8chier? poMtd UdiforRROditiBate teﬂs@or%\%&‘ kigf &ﬁta@i a1€£‘ get%éﬁ tHeQefek @hd

surgi cal procedures. Such a device may be optimn zed di stribute | oads
over the ﬁ§¥ Jce while the device remains attached to the patient's cranium
The brow t device may further include nultiple variations of the device
and s prefe i adegr adabl e and absorb ient. he d Vi ce
oy hi 56 be miTRoesses, ot B0R B et Meaioras Ao Dedecs TR sk gy

installed into a patient by first creating an |nC|S|on in 15 the patlent S
scal p. THe slosewiosndsrand$rsteYasedlpr gnagtogrosefet Hherdciisd mayrltorbewpripdpedd® ng t o
the length of scalp or tissue desired to be lifted. At one end of the

i nci si on,approximatalbbfy titdue and doft fissuehe bonavithe devmemtdyebessead po mobilizs snevet 0 be
lifted, the doctor or surgeon would drill a hole into the cranium At the

0pposi Ng o2Rebilize bikelettod képiGiNor dr&Lofi@¥LE Qs iBYdRBovgISert ed under the scalp
or tissue which is then set on the device via attachnent points affixed to

the device 20 g H%Fsaph}]; rﬁh&%&sec dr%pfd}‘?rﬂ didrf 3f SBH%IS%EHI%I‘&{’ it D8 Wehet | @

t he device, whic to the cranium by |nsert|ng an
anc rin QSt . t he ed .h ter cisionis
and%f%é he A heudrars! EreEdinedies: R Bres maly b PpUPERART, DolT e
i nto t he a the pos The, surgeon nmay then | the scalp or, tissue
into J i Iﬁ ﬁoméha@w%eew th@ﬁswcg am@clweaﬁapquc{efa ¢ Bafisat’ %ﬁrtaamfrhe
attachnent points. 7 WO 01/89392 PCT/US01/ 16346
The brow lift device may further include multiple variations of the device and is preferably

biodegradable and absorbable by the patient. The device may also be made from biological
materials. A device variation may be installed into a patient by first creating an incision in
15 ~  the patient’s scalp. This incision is preferably a predetermined length corresponding to the
length of scalp or tissue desired to be lifted. At one end of the incision, preferably the end
farthest away from the scalp or tissue to be lifted, the doctor or surgeon would drill a hole
into the cranium. At the opposing end of the incision, the device may be inserted under the
scalp or tissue which is then set on the device via attachment pdints affixed to the device
20 surface. The surgeon may then lift the scalp or tissue via the device, which may then be
secured to the cranium by inserting an anchoring post into the drilled hole. Alternatively,
after the incision is made and the hole drilled in the cranium, the device may first be
inserted into the hole via the post. The surgeon may then lift the scalp or tissue into

position over the device and then set the lifted tissue onto the attachment points.
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In either case, the procedures may be acconplished by a variety of nethods.
One particularly useful tool may conprise a mani pul at abl e handl e havi ng
opposi ngvwoasgi3my arns. The grasping arns nmay be used toP€BTS¢IEI6a46d handl e
the device via the anchoring post. The tool may include a slidable block
whi ch may be angul arly -di sposed relative to 5 the handle so that the bl ock
may press dowdngibersas the progrsiuresanaoe adgemphistieg byra varistyuel meshests. Quief t ed.
The bl ock is preferably disposed angularly such that the angle of the bl ock
i s si m | grartidutarlyhsefuh glod mafy cohpriat b acinipaidtatpohatdée kdvingepbdsingteasplngow | i f t
device. Angling the block may allow the tissue to be optimally set agai nst

the att a%ﬁﬁ.ntfh@gia%iﬁgaﬂﬁls_ﬂ& b8 198ed i€ ahEREle the dbHtaPRehd &cﬁbﬁﬁ%ﬁi ng the
scalp or tissue. Alternatively, the tool may omt the slidable 10 bl ock

conpl et el t i : k i y ot her
met hods %ﬁ@ﬂﬂlaestg@l I%‘T%IS%H%FI gg}sélhg%lgggfgg&?ﬁ‘{thh%éa}% ?{g@éﬁa@%ﬁ@%ﬁ@&?% er
variation, i i npl antapl e tissue roxi mation devi havj ng..a

suppbr t 1 i Barls snRarihe ok araiines BRRLRH sEireR POl oA R B sai d
backi ng wherein the backing has a shape particularly well suited for

orbi tal fligds (e blaskds prsfesphly dispespsirngalagy suchethatihe argle pf thedieck is similer bi t al
fracture repair devices include sinple plates as well as shapes in the
form of dn tled pighbafitheattashinent points affoed to Greiwow difii deviddee Asigdipg shesbleck may
rectangul ar, horseshoe, curved, convex, or concave. The supportive backing
may al so dii@wethe kisgic anbe optindallyysebg@gdindt e @eshm&niGohfs aitl &b provilexh@Rast
features a slot, hole, or arc which avoids covering anatom cal features

such as %ﬁé‘tﬁﬁce_tggieﬁﬂ{%% E}rgrscmrdr%é@n ARplaines, e t&a?ﬁéﬁ@tpﬁgﬂmm&endi ng

fromthe back side of supporting backing wherein or provides

P R BT R RO SR R,
iati i | ud t he. f at | t th ti t i t
LA Inee Rl B dSaaL B0, her pout e agent Fncorporae

A further variation is an implantable tissue approximation device having a

supportive backing and a plurality of attachment points extending from said backing
wherein the backing has a shape particularly well suited for orbital fracture repairs and

15 suspensions. Examples of shapes for orbital fracture repair devices include simple plates as
well as shapes in the form of an alphabetic letter or number. Other suitable shapes are
rectangular, horseshoe, curved, convex, or concave. The supportive backing may also have
regions of varying thickness. Another preferred shape features a slot, hole, or arc which
avoids covering anatomical features such as nerves.

20 Another variation features an orbital floor extending from the back side of the
supporting backing wherein the floor provides additional support for the eye and fixation to
fractured bones to be repaired. The floor is preferably perpendicular to the backing.

Another variation includes the use of at least one therapeutic agent incorporated

with the device.



Anot her variation includes a bone anchor or post joined to the supportive
backi ng via a narrow extensi on nenber. The extension nenber may be flexible
or solidwdhesozext ensi on nenber may al so be adj ust abl e | nPCEUgtINLG634NOt her
variation includes a fracture fixation fastener having a solid body with at
5 least one tine extending fromiis proxi mal end. Another variation

i ncl udes a f r £e30HReE vAigLQT igRludes E?ﬁera@fs qréEipﬁﬁtlglﬁ}P@FQ:élF Sﬁpmﬁaegmghavi ng
a plate useful in setting fractured bones into a selected position. The

pl at e hasViag natrez sxtensien mshbet.othe edensidmyember maysheferible pneolgl/ skhem f ur t her
conprises at |east one fastener adapted to secure the plate to the

f ract ur ecxtengies mineee ntayaildolteradjuseableaitlenghi. or the plate 10 features at

| east one tine extending therefrom Another variation includes a fracture

fixation systemditivadaforindfuded s Bhithre fikafih Fsttber hdvied MEQM RAYOSH AL O a
sel ected position, | east one fastener adapted for securing the plate to

at
the £ract e b0t has a body and an enl arged head.
The gsystéﬁ]gfgﬂ%ee?d%?{%&?é%?{é%%%?%cer secured between the plate and
t he enl arged head of the 15 fasteper n.the plate is secured to,the
ffact ur od-bonddbtyatigferainch R FErcthdndion sufet 5% pRelTEb b PRRIR ar ca
whi ch remai ns uncovered by the enl arged head when the plate is secured to
the fracthavig aideie gsefRbinspiing;fachusedbanes énfe a seleeied resition Bhe plats has af east
one tine extending therefromuseful in soft tissue fixation. The invention
al so i nclleatésnchalefdraccdidng thepfastenang The fystdna furfheacompesesiat asione fpstdner 20
above descri bed devices. BRI EF DESCRI PTI ON OF THE DRAW NGS Figures | A-1D

are pl an,adages pegtiné@hy pRwStodhe fradtineld SoMERehed€ir ieiiBer thEEBtenesordie glatear € si de
views of various attachnment point shapes and orientations. Figures 3A-3D

and; $F- 3Geafifes 8t Mest bhEWae BkteN@hy Giéfeffinh.achment points. 9 WO 01/89392
PCT/ US01/ 16346

Another variation includes a fracture fixation system having a plate useful in setting

fractured bones into a selected position, at least one fastener adapted for securing the plate
to the fractured bones wherein the fastener has a body and an enlarged head. The system
further has at least one spacer secured between the plate and the enlarged head of the
15 fastener when the plate is secured to the fractured bones. The spacer further has a discrete
tissue attachment area which remains uncovered by the enlarged head when thé plate is
secured to the fractured bones and the discrete tissue attachment area has at least one tine
extending therefrom useful in soft tissue fixation.
The invention also includes a method for repairing a facial fracture site using the
20 above described devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1D are plan, perspective views of various MTDS devices.
Figures 2A-2E are side views of various attachment point shapes and orientations.

Figures 3A-3D and 3F-3G are side views of various attachment points,

9



Figure 3E is a side view of a two-sided MIDS device. Figure 3His a plan,
reverse perspective view of nubs on the inferior surface of a MIDS devi ce.
Fi gure 4A091/89331 de, cross-sectional view of attachnent pPCTVUSO18a46 run
through the 5 width of a backing. Figure 4B is a side view of attachnent
points on a strip of backing material. Filglt)Jre 4C is a plan, perspective

vi ew of the enftiBdERERs aisilespew el a tuersided Y TDEgER 4D is a pl an,
perspective view of attachment points on a solid backing. Figure 5Ais a
pl an, per spectligweBitew agflag tre eersermendpegtbiertiew ofimyleschni the anferioti suefecd afim. 10

Fi gures 5B-5D are plan, perspective views of attachnent points with various
ori ent at i A®Safevizebacki ng. Figure S5E is a side view of attachnent points
becom ng progressively shorter the <closer they are to the center of the

devi ce. Figur eEi%lg'e 42 R 2HAE cMIsEWRnALEAS Qﬁﬁmchj?r@%ﬁoﬁn@ e ﬁ]..ﬂﬂrou]gh tﬂhee

progressively shorter the 15 tarther they are the center o

devige. Fj 6 are schematic views of a skin wound and wound repair
usi ng thewk%‘%%%gggg‘e. Figure 7 is a schematic view of an abdom nal wound

cl osure using DS devices. . Figures 8A-8B are schenptic views, of an
abdomi nal her Mi@M§48 & ea"l?@ﬁg?‘ﬁta CRPo1Bly W%“W@O%E\ﬂgé@terﬂ?gur es 8C 8D
are side and schematic views, respectively, of a MIDS device w th
attachment poiltiggedf ishaolad gerspestive w@%@fdﬁﬁ rgbeditneat et pap bagking. wi t hout
attachnment points. Figures 9A-9B are schematic views of a ruptured tendon
and tendon to Hgure 4Dejsai plan, peispective idvil aiSitthelvin et poisits W¥Da GaliBBRRihg.
PCT/ USO1/ 16346
Figure 5A is a plan, perspective view of attachment points canted in one direction.
10 Figures 5B-5D are plan, perspective views of attachment points with various
orientations on a backing.
Figure SE is a side view of attachment points becoming progressively shorter the
closer they are to the center of the device.
Figure 5F is a side view of attachment points becoming progressively shorter the
15 farther they are from the center of the device.
Figures 6A-6B are schematic views of a skin wound and wound repair using the
MTDS device.
Figure 7 is a schematic view of an abdominal wound closure using MTDS devices.
Figures 8A-8B are schematic views of an abdominal hernia and hernia repair using
20 the MTDS device.
Figures 8C-8D are side and schematic views, respectively, of a MTDS device with
attachment points on the edges of the backing and a central area without attachment points.

Figures 9A-9B are schematic views of a ruptured tendon and tendon to bone repair

using the MTDS device.

10



Figure 10A is an axial view of a cross-section of a vessel repaired with
the MIDS device. Figures 10B-1 OC are side, schematic views of vessel free
ends and wOvH8®BHt ar anastonosi s using the MIDS devi ce. S5PET/E0es3dHblA and
11B- 11C are schematic, side, and cross-sectional side views, respectively,
of a transected tendon and a tendon to tendon repair using the MIDS device.
Fi gure 11D i s laguraXi0al is ap sk viewoifiaomeds-secteon afa veseel kpbied svith dire MaDiSendon
repair. Figure 11E is a side view of a vascul ar anastonosis using the MIDS
devi ce onddvive. external surface of a vessel. 10 Figure 11F-11G are side,
schematic views, and Figure 11H is an axial view of the ends of a tubular

structure bei r}g%&feé nen. 1 ﬁégﬁe,{g@héﬂatm\ﬂswgf%gélefefe%gdf?{r\]dg@%saﬁé@ ce on

approximated tissue. Figure 1 I1 1s an axial view o e In the backing
of a devi Figures 11Jc re axial views of decreased backing materi al
that are agftlrgsetgrémggus?gﬁéenw e &vi ce flexibili ty. Figures 11L-i 1M are
side_vi ews of spr coil-like MIDS device being used to L approximte

i ng-or :
tisste. Figurd g¥ss ilg‘gé‘ngélllgh]é | e ehemage. sidk anfrereserasrticralisideriewised in a
browlift procedure. 20 Figure 12B is a plan, perspective view of the MIDS
devi ce usiespertivedy,pf ewrans¢ated tepdanand attgulongo senfdpn mepair usingdhe MIRS desti¢on of a
MIDS devi ce having an integral post or anchor used in a browlift. Figures
13B- 13C are a Riggpre\ilBvisandxil, srabe-svitional view pé dici MEDS, tedont tb €endey tegairof
Figure 13A showi ng the attachnment points and integral post. 11 WD 01/89392
PCT/ USO1/ 1634&jgure 11E is a side view of a vascular anastomosis using the MTDS device on the
external surface of a vessel.
10 Figure 11F-11G are side, schematic views, and Figure 11H is an axial view of the
ends of a tubular structure being joined by externally placing strips of a MTDS device on
approximated tissue.
Figure 111 is an axial view of a hinge in the backing of a device.
Figures 11J-11K are axial views of decreased backing material that are areas of
15 enhanced device flexibility.
Figures 11L-11M are side views of a spring or coil-like MTDS device being used to
approximate tissue.
Figure 12A is a schematic view of the MTDS device being used in a brow-lift
-procedure.
20 Figure 12B is a plan, perspective view of the MTDS device used in a brow-lift.
Figure 13A is a front view of a variation of a MTDS device having an integral post
or anchor used in a brow-lift.

Figures 13B-13C are a top view and a side view, respectively, of the device of

Figure 13A showing the attachment points and integral post.

11



Figure 13D is a perspective view of the device of Figure 13A. Figure 13E is
a view of cross-section A-A from Figure 13B showing the cavities in the
post. Fi guoers®mBdn- 14D show a top view of a patient's cranPOQMUSIricBdH
insertion of the 5 device of Figure 13A. Figure 15 is a cross-sectional
side view of the insertion and securing procedure of the MIDS device from
Figure 14C. Fifg@red3Pgaa petspestive yigy e dedar obFighis I8fenpl ary att achnent
point fromFi gure 13A. -10 Figure 17A is a view from perspective B-B from
Fi gure 13C of Higiwe poEtis haiewnef cosspactidnah-Ac fbmmaliguiei IGBr showiig the cavitiewinat i on
of Figure 17A of the post having a full collar. Figure 17Cis a variation
of Fi gur ehelpght.of the post having several tabs. Figures 18A-18C show back,
front, and side views of a post variation mssing a 15 distal cavity.

Figure 19A i s Bohed SPLAUDV@ W £ Aevt B PORLE ERRE eeﬁlggf hSBiGoMeY the

proximal cavity within the post. Figure 19B i1s a view cross-section A-A

from Fi gue A the proximal <cavity. 20 Figure 20 is a perspective
Vi evn\% of ?eg%é?%/%p?eﬁ%n havi ng a bevel ed | atching nechanism Figure 21 is

a perspective vi ew of anot her post.variation_ having an integral .bevel ed
at chi ng. mechdPEFLS i §EFSS-998K0RA Sidedicre o P8 iPToR 450 ECu e PiRaedReIfdvi ng a
rounded hook. 12 WO 01/89392 PCT/ US01/ 16346

the MTDS device from Figure 14C.

Figures 16A-16D are various views of an exemplary attachment point from Figure
13A.
10 Figure 17A isa viéw from perspective B-B from Figure 13C of the post having a
partial collar. |
Figure 17B is a variation of Figure 17A of the post having a full collar.
Figure 17C is a variation of Figure 17A of the post having several tabs.
Figures 18A-18C show back, front, and side views of a post variation missing a
15 distal cavity.
Figure 19A is a perspective view of the post from Figure 18B showing the proximal
cavity within the post.
Figure 19B is a view of cross-section A-A from Figure 18B showing the proximal
cavity.
20 Figure 20 is a perspective view of a post variation having a beveled latching
mechanism.
Figure 21 is a perspective view of another post variation having an integral beveled
latching mechanism.
Figure 22A is a side view of a post variation having a rounded hook.

12



Figure 22B is a side view of a post variation having an angl ed post. Figure
22C is a side view of the supportive backing defining a hole to receive a
separ at e W@91/8939ng devi ce. Figures 22D 22E are side vi ewsPof/Us80wmadeal | y
expandabl e post variation. 5 Figure 23A is a cross-sectional view of a
typical hole in a patient's craniumfor receiving a post. Figure 23Bis a
cross- sect i ondiigwie@ZBop agileairyy et pesit wanjatidndiaving ammngﬁémestvi ng a post.
Figure 23C is a cross-sectional view of a possible keyed hole variation for
recei ving a [Higtre 2PC ikhgideadew? dfth2 4tpmirvd bgekingl dd@ningrachopetospesivd ¥e Vi ews
of an alternative variation of the MIDS device. Figure 24D is a view of

Cr oss- seGepRReMadedingmetitgure 24A. Figures 25A-25C are top, side, and back
views of another varration of the MIDS device which may receive

separ at abl e atg; g8 _2%2_1' : i gyr - . .si.de, and back
views of a var]Fiilgl?lji3 on@%f t %é ﬁ}ﬁlf)%é&}g\?? (‘%{é&ﬁﬁlif;@)ﬁéﬁ %ﬁbg% E ?Stéggmacg%ht he post.
Figures 27A-27C are,top, side, and hack _.views of a varij.ation of the MIDS
devite havi ngél:%urlegtaéﬁis AGTISSRAONEYIEN of RdY %83&?‘9lel'—lf1§lﬂaﬁgmf§ﬁar§'§@ fha% e top,
side, and perspective views of a variation of the MIDS 20 device having
anot her ["8¢%¥n#§ PRElchani sm on the post. Figure 28D is a view of
cross-section A-A from Figure 28A. Figures 29A-29C are edge, back, and side
views of a varhigure@3Bab atchmssMidiiSnalexiéw of ahanvgledjhelewadatjoadentecgioiiga pdk8 WO
01/89392 PCT/US01/16346 Figures 30A-30C are edge, back, and side views of
anot her vari atFigire®3Ctib@ cMEPSectional view of a possible keyed hole variation for receiving
a post.
10 Figures 24A-24C are top, side, and perspective views of an alternative variation of
the MTDS device.
Figure 24D is a view of cross-section A-A from Figure 24A.
Figures 25A-25C are top, side, and back views of another variation of the MTDS
device which may receive separatable attachment points.
15 Figures 26A-26C are top, side, and back views of a variation of the MTDS device
having dual tabs on the post.
Figures 27A-27C are top, side, and back views of a variation of the MTDS device
having a latching mechanism on the post.
Figures 28 A-28C are top, side, and perspective views of a variation of the MTDS
20 device having another latching mechanism on the post.
Figure 28D is a view of cross-section A-A from Figure 28A.
Figures 29A-29C are edge, back, and side views of a variation of the MTDS device

having two adjacent posts.

13



devi ce having two aligned posts. Figure 31 Ais a top view of a variation
of the insertion tool showing the channel. Figure 31Bis a view of
Cross-seww®onsy®oA from Figure 31A showi ng an MIDS 5 devi peT/andl/@34i de vi ew
of the support block. Figure 31 Cis a close-up view of the MIDS devi ce and
support bl ock_from Fi gur 31B. Figure 31D .is a_perspective view fromthe
bot t om showi nd8Hes ?Q@'gpéia%e‘fgﬁo acgf andﬁléﬁYlé‘V%?fg\?Oﬂi‘@ VeRigpertdheEM1DS,
perspective view fromthe top show ng the insertion tool of Figure 31A

Fi gure 3f8avirghaviegpve plegnediposthe i nsertion tool from Figure 31A showi ng the
bl ock assenbly. Figure 32B is a view of cross-section A-A from Figure 32A
showi ng t he MFi)iire 35Adew topeviewmdf a vaiidenvofahe mkertiba tdull sldwiag sieendblaymel Fi gur e
32C is a close-up view of the MIDS device and bl ock assenbly from Fi gure

32B. Fi gure 328irs38BREA SRACH I cYSsb@in| A QbREFiBRt3 A hBQM%h 1THd nsertion
tool of Figure 32A. 20 Figure 32E is a perspective view fromthe top

of _anot he g BRES HaB DBl O, 1 o csent i nvent i on. 14 WD 01] 80362
PCT] USO1/ 16348, E1 QYr 6, 330,15, 8 JE£E0FASE ablod SSPLIR00 B0 ot P BT S5
31B.
Figure 31D is a perspective view from the bottom showing the insertion tool of
Figure 31A.
10 Figure 31E is a perspective view from the top showing the insertion tool of Figure
31A.
Figure 32A is a top view of the insertion tool from Figure 31A showing the block
assembly.
Figure 32B is a view of cross-section A-A from Figure 32A showing the MTDS
15 device and a side view of the block assembly.
Figure 32C is a close-up view of the MTDS device and block assembly from Figure
32B.
Figure 32D is a perspective view from the bottom showing the insertion tool of
Figure 32A.
20 Figure 32E is a perspective view from the top showing the insertion tool of Figure
32A.
Figures 33A-33D are front views of another device in accordance with the present
invention.
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Figure 34A is another variation of a device in accordance with the present
invention. 5 Figure 34B is a side view of the device shown in Figure 34A

Fi gures 3B@oi/go3m front view of another variation of a devPCEUSH/@mE40r dance
with the present invention. Figure 35B is a side view of the device shown
in Figure 35A._Figure 35C is a side view of another variatjion of a device

i n accor dance TR 38kds a deyissmadsin soperdarge Hith the gigset inatign chewminanont |
top, and side views of another variation of the device in accordance wth
t he preséppli¢atipant i on. Figures 37A-37D are illustrations of another
variation of the present invention. Figures 38A and 38B are perspective
views of an orHigiraB4Ads ek vadation ofrgdeie ifaccotfant® éthttheipsan its head in

accordance with the present invention. Figure 39 is an illustration of an
orbital ss¥eworNd plate in accordance with the present invention. Figure
40A is an illustration of a spacer featuring a plurality of tines in

accaf dance WFH%.WE Igngg §§%Pg%e§p§§ﬂn%h% egh%“!]:]i igtfiri%e}nélggAi s an illustration of

a spacer, a screw, an rnation In “accordance with the present

i nvention. DETAI LED DESCRL PTI ON T | NVENTI [ i.nventve deyice may
be used when W¥KFH '%%ﬁ’éevé%ﬂ#feré’ﬁnﬁu%&\laég&m&fm ageopdance sathdae The
device is of the general configurations shown in Figures | A-1B and 15 WO
01/ 89392 PrEs¥NUBPENIB346 conprises a plurality of attachnent points (102)
emanating fromand preferably affixed to a supportive backing (100) that
i s a general | JFigurp3bBlusa st gievadf thédeviomshowania Rignee 35Auct ur e of

Figure 35C is a side view of another variation of a device in accordance with the
10 present invention.
Figures 36A-36C are front, top, and side views of another variation of the device in
accordance with the present invention.
Figures 37A-37D are illustrations of another variation of the present invention.
Figures 38A and 38B are perspective views of an orbital fastener featuring one or
15 more tines on its head in accordance with the present invention.
Figure 39 is an illustration of an orbital screw and plate in accordance with the
present invention.
Figure 40A is an illustration of a spacer featuring a plurality of tines in accordance
with the present invention.
20 Figure 40B is an illustration of a spacer, a screw, and a plate combination in
accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Our inventive device may be used when working with bone anchors or a variety of

soft tissues. The device is of the general configurations shown in Figures 1A-1B and
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a mesh, net, or lattice. The degree of flexibility of the backing is
determ ned by the material of construction, the shape and di nensi ons of
t he devi o%0 01/88892 ype and properties of 5 the approxi mat edPCT/FSUeL634nd t he
area of the body into which the device is placed. For exanple, a tightly
curved or nobile part of the body, e.g., ajoint, will require a nore

f1 exi bl e compkisess plamlityoed aﬂtaelnngttqbomts)ﬂOBbcm@natmg&om ahykpreteratle afied ta a of
bendi ng the device needs for the attachnent. Al so, depending on the type
of mat er isappatdeshacking (100)tkatds & goferbliea pb@akinagriabthueinhy Bsvd the stedotiirs ofind

| ength may determne the flexibility of the device. 10 Furthernore, the

backi ng pEMedendt! & 1hfeE| TR &éigréenépﬂéidl&h%f Stthe BRRBRSs 8Ste AR b§9)/het he sharp
corners (104) and rounded corners (106) "in Figures 1C and 1D.

fabri cat

vary to prslAETpr Rk Ry SARRERG IR H PR SRR RS E%EQ%C £ i onal
shape of the nmesh elenents n t.o | ocal essive

ot r oes b mor et ERn T ot Siabe vy Piasybih sifevist SPalpEd F R ounded
and filleted edges to be | ess obtrusive to local circulation. The plurality
of att ackamnle. pHEhscwyest o1 mobile pasheli thabese e-2t. lidoiab il gequiresampist ween t he
device and the tissue. The tension or forces are generally al so

di st ri butfedillaibidking, aswueldantdndom drivertzacpdindueptartia drebunt bbbediking the defiaces
bet ween the tissue and the device. Materials such as bi odegradabl e pol yners

are pref gieady for theeftatin&RNAldol 8épenbitgZf theslpk BEmARGiaPhideaCIhEERIEKHRES i the
Pol ymers synt hesi zed from nononmers conpri si ng est ers anhydrl des,

ort hoest gﬁy& ation.
Exanples%kgwng Qgg?g e po‘?[eal rs gih%e ﬁQ %ﬁ? g?%lde

pol y+ a- caprol act o oI onat collde d bl ock
andyor andgpr'f’ir@sl%?re#g? Ba %ﬂ&g © prp?o H@Eﬁ%&/ln&élggvﬁﬁﬁ?%s asgﬁh\?%ﬁ ?}%Ql c,
and ot her a-hydr ox Ci are highl sira 89392

PCT/ US01/comeib104) fyl}s*oregﬁ%omeé% @M@dﬁgwa?g.aﬁ@ Jfg- ﬁgey“ featid gool yner i n
a specific device, generally for ease of construction, the invention is
not so | isaétianel shape anchdipieasions efithe meshelementandyciary to promote flexibility in

regions of the backing. The cross-sectional shape of the mesh elements may be chosen to
minimize local compressive stress between the backing and surface it rests upon, or have
15 rounded and filleted edges to be less obtrusive to local circulation. The plurality of
attachment points distribute tension over the contact area between the device and the tissue.
The tension or forces are generally also distributed in the tissue and in the backing parallel
to the interfaces between the tissue and the device.
Materials such as biodegradable polymers are preferably used to construct the
20 backing and attachment points. Polymers synthesized from monomers comprising esters,
anhydrides, orthoesters, and amides are particularly suitable for biodegradation. Examples
of biodegradable polymers are polyglycolide, polylactide, poly-o~-caprolactone,
polyglyconate, polylactide-co-glycolide, and block and random copolymers of these
polymers. Copolymers of glycolic, lactic, and other a-hydroxy acids are highly desirable.
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may be made of two or nore types of polyners or copolynmers (or nol ecul ar
wei ghts of the sane polynmer or copolynmer). For instance, the backing

mat eri al wW© ghg93be produced froma 5 nore flexible pol ynerP@ndsSetis3qpoi nt s or
tines of a stiffer material. The inflammtory response to these polyners
is mniml, and they have been safely used in suture materials, stents,
drug del |A«léhqy1gb@(n reefier toorseicipale polymenet eapoliendr diee spesifis daviess genvedlly for

anastonmdtic rings. Generally, we will refer to the attachnment points as
"tines" amse af congsictiohjiths énvehti@sis noit kd liméttér Ahekimple ofah mbeentite dévier e
either sharp, i.e. able to separate tissue in a chosen use, 10 or blunt,

| . €. not mi Be HAdSEMHNorendre e6 of Polyhiidts +%Bpo ?Hﬁrs%% AoldRM: R Sf tHRY

al so be referred to as "barbs™ wheh those points have the retaining point

shown in s%@a‘:p[())gjmé?fork Iydak uFS?lngitaﬁgéJ ?&%cgng%ergﬁ% ﬁtllleypractl&%d HoRES

prongs or penetrate | to soft trssue I stance. The
at t achnent r.ef erab do. not trau e tiss n

03" by eRdirils BT R e ol ctieg ob st Gmerts abe sRbERbR0 her
device on the 15 opposite side of the tissue. For instance, the attachnent
poi nts gEREIARE P tb%ﬁe potynsenisipiaineal, enbthey bpeechees safelyrysed ieSute anaterials,
0.100". The attachnent points maybe considered to interlock with

nmodul at i ctentsyy diugededisfryatenices ofthopédis figaticmt dewices, laad ipestimpl atastoawtibyings.pi n or
bolt. As shown in Figures 2A-2E, the shape of the attachnent points or

barbs may be Qéhevdlyi %vdﬁ@efﬁﬂtol”tﬁe afadimenPpoihiias &fifa” of “praggdro dhesdtirRk ved
and the type of tissue requiring closure or reapproximtion. The ti nes may

be cant edyIrreRt 86th 16 pdinfRYheh Wd dttRr SISS, R.e. MIAREepdifiteiRULH I cHobEHA: 5?2 04)

the tines (200) have a w de base (202) that suppo ts a projection
oo égzogtﬁgy. QR0 PO 9o OB SMS . 52
T o B BB i 05 o2 B9 ST
ﬁg; |2£L |4|) k el%gmng%lllsg?s\s/eed l?elg\!v § %egerzltljrf,atlhg Extlesc Ir)r%?és grel;:atﬂl)sogengg;t% 1nt:c))>cs-:2>3 :thzsLs)ueta?lg tis
for a short distance. The attachment points preferably do not traumatize tissue in any major
way, e.g., by penetration through a selected area of tissue to meet another device on the
15 opposite side of the tissue. For instance, the attachment points generally do not penetrate
the subject soft tissue more than 0.100”. The attachment points may be considered to
interlock with modulation in the adjacent soft tissue rather than penetrate as by a pin or
bolt.
As shown in Figures 2A-2E, the shape of the attachment points or barbs may be
20 varied depending, e.g., on the area of the body involved and the type of tissue requiring
closure or reapproximation. The tines may be canted or erect and maybe with a thorn
shape. As shown in Figure 2A, the tines (200) have a wide base (202) that supports a
projection (204) from the backing (206) against the degree of tension required to close a

wound or approximate tissue. For example, the attachment points may be erect tines (Fig.
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does not vary over the length of the prong, for exanple, simlar in shape
to a nail or sharpened pencil. Furthernore, the tip of the attachnent

poi nts mayobessari ed as shown in 5 Figures 3A-3D. The ti pBCHE§O®34Sar bed
(300 in Figure 3A), arrowhead (double-barb) (302 in Figure 3B), or cheese

grater (304 in Figure 3 % A side view of the cheese grater tips is shown
in Fi gur BR08)acaniadeiney (Fign2¢309).icanteil gupwher (Fig. R, cihled hadkestEig-tip i s

especially desirable where the force to penetrate tissue is normal to the
ti ssue sutBE-at4, orihey borresinglontraight dresspection (Fog. 3R 3 bhakatrig naikiikd)ehat ounded
or filleted, or the 10 backing built-up around the prong, to reduce

structur adoe§ hb©Rsy 6RReRNehath JTke prEﬁ% fePGahitle, sRAil&QN IBATcitHE nfl bHCt Ur e may
branch out away fromthe center, each branch in turn branchi ng to

grappl e tg, ﬁed v#;én@ﬂ dig ﬁérﬁi&é—‘ qhé hh}ef?l;gg@ﬁ ?,}; F«ﬁveﬂ%\ﬂ'aﬁ §h

snmoot h exc ere sharpness |s e prong 0 plerce

LEES%E“%%‘%@%?S@ %a‘fh%{l’pwgy Bs@%bﬁ%% ST AR (AR ERMEG or

irritatiaon by the prong tip. The device may be rmld starrped machi ned
woven. - beREIZwe PRk AT Shokse BE @84 niEvie D] A §08 Fist of theehepenginlsatipy iSat ur es
and functl onal properties. The MIDS device may al so have attachnent points
bot h on ishewhrinKiguss 3e. A3fasytedtig (3Wnindigae RFiscbowBO The fastedhipvim i n Fi gur es
3B and 3E, the front and back sides have 20 attachnment points. The

at t achmendspgsallyt desivablé hhefo thaforsé thependf} tigaiRas Admnal &PheAdskutuifacd, | ssue.
The attachnent points on the back side (307) are auxiliary attachnent

poi nts that ”ﬁ)éc%ﬁﬁ%&ioﬁ%fwrgﬁnéﬂﬁﬂﬁe%cﬁi&'ﬁgy ngoima’é@@} fifbte® Ve Meed nubs

(308). The auxiliary attachment points nay be used to secur € or pronote

opabd§ oot TR Buit Ol Rouht ngda?éféé‘?% cedid stmicht e n%gnt%%”béayﬁ%é%d e
PCT/ USO1/ 16346 .device in place .a a| nst .both under| n d overl
(i ssue af UEPIRITLDE SRt BAnch HaPRy SierHte SPotel ith heh Brech i Wbws

reverse view_ of the nubs (310) on_the back side of
branching to grapple tissue in a distributed fashion. All edges of the device may be smooth

except where sharpness is needed at the tip of the prong to pierce into the tissue. Once the
prongs pierce into the tissue, the tissue may become supported against the backing to

15 minimize additional piercing or irritation by the prong tip. The device may be molded,
stamped, machined, woven, bent, welded or otherwise fabricated to create the desired
features and functional properties.

The MTDS device may also have attachment points both on its front side (305) and

on a back side (307). As shown in Figures 3B and 3E, the front and back sides have

20 attachment points. The attachment points on the front side (309) generally approximate
tissue. The attachment points on the back side (307) are auxiliary attachment points that
may comprise forms such as round nubs (306) or pointed nubs (308). The auxiliary
attachment points may be used to secure or promote stable implantation of the device. Soft

tissue may be gently pressed into open regions of the backing thereby helping to fix the
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t he device (312). The attachnment points on a two-sided device are not
limted to the conbinations disclosed above, but may conprise any

conbi nat ivod00893vhe previously 5 nentioned attachnment poi nPCEU&pES34Nd
orientations. Structural variations can also be nmade to the backing of the
device. As shown in Figure 4A, the attachnment points (400) may be pl aced
t hr ough aleyicaimplacsagaingg bewhi ungsrlying mhdovashydng wigsu¢ afie)thampdsletioned to t he
backing by a flange (404) or hub. In Figures 4B and 4C, the points (406)
may al so iaterdoddhg bbski.r Figaird 3M8howd a teverss aiev ofthe hilbd (336) dihthe dhdkaddaeht 10
poi nts which are then secured to a backing (410). The backing nmay al so be

conpri sedh@tievice @ob). dridiRichRbnt(blms oh BEWEaIcO Hedcd HeRlst 1iFREEE] @E- The
extent of porosity, or total surface area may be used to control the

absor pti Od?)mtﬁl@atti%n% Ilis&lggeicfjaeo\éivg Sut ﬁ'[ég cgféiélrigéee?t& BBt Snlc? tlﬁé;;glje%ioﬁsﬁ%t he

strengt h-to-nmass properiies of t increasing t Sec n nodul us
of s$ructur%l ctio s-sec%ions er unit. mass. The 15 backi ng structure may
conpti se ‘Peiorsy atfashpent porgtiiagss aRd O5FRIEHPRS- hel p hol d ti ssue agai nst both
surfaces of the backing. Regions of the backing may function as suction
cups to hel p Yorhrel wsgdonseanpdsodgaradsdo ﬂmri@cgl@ggf e deyicst Ap Bhovvon,

| ength, and orientation of attachnent points on the backing may be

nmodi f i ed Klewerd, tiy atrachmenttpopes GF00)wmap de plaseditheought 4 plorabibnof grenmpsimthy 20
be bent or curve gradually, with the tip directed at an optinal angle

rel ative Baokinhe402)akd Betukal @ithe BekingebyReMeige @404 dr A0B. i Ridides 4B andisli n t he
tissue, and to reduce tissue irritation after device installation.

At t achmene E&h@t@owa;basﬁ aotRe: ﬂ'o@tr% ﬁ@k'g Q‘i? %_Igihsgﬂle(rﬁﬁg%al a8 W hi@Shmdfvar d the

center of the device ds shown in Fi e attachnent points may al so

Coudld ooy vl Bt S Rihab e BB Restad adl b Sorbidare,
(506). It i.§g within ';S_e scég%ef' of this inyention to have attachnent points
ext endi ng”:ha“??ﬁf“’:lé‘}l iRsteadiof 8 POTRN e ent at i on on the backing. O, as

shown in Figure .
The extent of porosity, or total surface area may be used to control the absorption

rate of the device, and may also be used to optimize the strength-to-mass properties of the
device, increasing the section modulus of structural cross-sections per unit mass. The
15 backing structure may comprise partial folds, waves or grooves to help hold tissue against
both surfaces of the backing. Regions of the backing may function as suction cups to help
hold tissue to the backing.
The density, distribution, length, and orientation of attachment points on the
backing may be modified depending on the type of wound closure. Attachment points may
20 be bent or curve gradually, with the tip directed at an optimal angle relative to the backing
to aid device penetration and stability within the tissue, and to reduce tissue irritation after
device installation. Attachment points may be canted in one direction (500), such as
toward the center of the device as shown in Figure 5A. The attachment points may also be

variously oriented, such as toward center (502) and erect (504), or toward center (502) and
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5D, the backing is divided into a first area (508) and a second area (510).
Attachment points in the first area (512) and second area (514) are canted
toward eavdonsdsez. The 5 inventive device may al so be secpCDUSE/I6B460 a

pl urality of areas, with each section being variously oriented to another
section. %not her variation of the inventi on, attachnment points of

vari ous I%t%l%ﬁa@%) It isrvishis thegreepaefchisigyenign tehayesttachnent poigs e 5E,
the attachnment points (512} are progressively shorter the closer they are
to the centeadingfin pijeredativMecirectarsyr. orfeintatign oadheteackingd Qroasihowpsd Bjgunmy al so
beconme progressively shorter the farther they are fromthe center of the
devi ce asSIyhimwackingfs dividedIhto alfigt aras (508) aba sdeomd atel (FiQuAGEcHRm@nd 5C
have regions of attachnment points canted toward the center (502) and with

ot her re%o@rﬂ&rﬁheﬁ%ét%?éar(@[‘i)anﬁ%ébtnaMat(hlﬂﬁééarﬁéﬁﬁw%rdéﬁﬁdtﬁérﬁrﬂe 5B) or
canted away from the ot her end (506 in Fig. 5C) of the deV| ce. These

variation ea of 15
he. Dody T e TR b wlfe el onSh B8R Brrdilg de kb ShfEedsl BTk e o, o
back of the knee, durl ng | acement of the device. Portions of sinple
wound cl Ogﬂpgsg}’gpglg(i,mq ﬁ&é‘t‘j‘fﬂes 6A- 6B. These wound cl osures invol ve

pl aci ng the MIDS devi ce (600) at the bottom of the wound, usually at the

| evel of the d8 Bn‘étb?rrﬁ@a@e@Q% them‘eené@g@?,ta@iﬂnqrﬁ@om@fdfapegml)enah@emanate
approxi mat ed and then 20 secured by fixation, e.g., by pressing, to the

mul ti pl e fain asingtertackingn For 506 e, AR igxabip) the atdchhreat PHDS (fiByiace pl acenent
in a laparotony closure is shown in Figure 7. The increased |ength of this

i nci si on éf Sbdstvesy fHoaeriRtlosef theyl biel thiee cbaier 6L the(dEORE (515)UMhéElbigachiighi cat i on
of this device occurs in hernia repalr in which case the biomaterials are

not j@bsoraahl ﬁlglj %%Is@‘-ﬂec@xﬁ@ llvay%hanér%@&rtﬁlfﬁhﬁ% ot HhelcefiRf §r 20 WO

01/ 89392 PCT/ 346 Tex" opy ene permanen. |rrpl ant
mat eri al t he her uce e used to
Crose t ndrartiertGpEhit Byt ﬁl*n. R 0 s TP

of attachment points canted toward the center (502) and with other regions of attachment

points with erect points (504 in Fig. 5B) or canted away from the other end (506 in Fig. 5C)
of the device. These variations are more difficult to dislodge when situated in an area of

15 the body having both to-and-fro movement, e.g., the inside of an elbow or back of the knee,
or during placement of the device.

Portions of simple wound closures are shown in Figures 6A-6B. These wound
closures involve placing the MTDS device (600) at the bottom of the wound, usually at the
level of the sub~-dermis (602). The edges of the wound (604) are approximated and then

20 secured by fixation, e.g., by pressing, to the multiple attachment points (606). An example
of the MTDS device placement in a laparotomy closure is shown in Figure 7. The
increased length of this incision requires placement of multiple devices (700).

A unique application of this device occurs in hernia repair in which case the

biomaterials are not absorbable but rather are more likely to be PTFE and POPU (“Gore-
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separated fascia (804) as seen in Figures 8A and 8B. However, the device
may also be nodified to aid repair of a difficult hernia resulting from
such cirovost/gasees as operating 5 on an obese patient or PET/FEOWESBSH a, oOr
having a wi de fascial debridement where the fascial edges cannot be =~
brought together. Figures 8C and 8D are variations of the inventive device
t hat may Ts& upelapiopytaneser atber@srmarisnt imptlan maserial p Oinae the(BO0) (8 pissecured to
the ends of the backing (806) and are still used to adhere the device to
ti ssue, heductde MIDB devideemspbeedd soclobdidie hehifa defottl jomigathetddeef acki ng
is a flat surface without points (802) that covers the 10 defect. The

devi ce i Refirgted SasBie (864)UsQE&T ﬁhii%furyssg& ahd 8BN HAWd Rk IRAdei@ M RaliERAI . The
MIDS devi ce may al so be constructed to reattach soft tissue such as tendons
and liga . . i . I e and
the free q@%{sﬁe%@ a?%)gbgjg 1er|ao§ a\ﬁfﬂﬁgﬁ\%@%%u@?%ﬁro é{ %&ﬂ%%rglgﬁ%{%s%%%%a%r%] Vi ce
functions simlar to a clanmp. .Backihgs w.th attachnent points 00) .are
b of o8 ApiokEF RaiEnt PBEE TS OF S 80Hge Gt LscPadaBe e b (oste)  The
first end (901) grasps tissue and the second end (904) is an anchor for
tissue. Mggesangibs braughieasthes Fightrs 8C(dAD augyvabiatigns,of the igventize devige hnent
points (908) of the first end of the clanp (901) and approxi nated to bone
(902) wi tthatamyawaised in theshcaass. allpiattachmeraipbingt (800 pare seaunel] toribk efdstoliéhec! anp
(904), as seen in Figure 9B. After nechanical fixation of the tissues, the

bi ochem tatkipd 6808) ahd hitestiiaiseditonibbrc g (VaELHIiswid, bufle beiaitstire §paced sl |y
formng a natural union between tendon and bone. Liganent and cartilage to

bone uni QR tySidiffat H€a Nm%bquhgﬁ aME&f&&%&ﬁﬁtgP@gﬁg@ HRCBAGL gl and

bi ochem cal processes. Vascul ar” anast onbses nay e ‘constructed with

t he DS devicg. in.Fi.gy.e t he hacki has .a tuhul ar shape (1000)
Wi t (l)vgt t élgﬁer‘%%Crfhep‘%el"h‘ieslg?!i%}ﬁi%Bgﬁpﬁeﬁeéa@ﬁg‘é‘f‘{c}‘g‘ a“z‘?"l%“@%e%%be?a‘ﬁcw US01/ 16346
surface (1002 ut si de surface (1002). has a first. end (1003). and a
second end (153‘?1&%{)%5{6"&9&5‘6@’ S"t%?é"%?"ﬁ%edetﬁde%t?@[}ﬁ?& tisys spoheas telpas of a
vessel (s) 81004) are placed over the

and ligaments to bone, as well as other soft tissue such as cartilage and the free ends of

vessels or nerves. In Figure 9A, the inventive device functions similar to a clamp.
Backings with attachment points (900) are sides of a clamp that has a first end (901) and a
15 second end (904). The first end (901) grasps tissue and the second end (904) is an anchor
for tissue. For example, a ruptured tendon (906) may be fixed to the attachment points
(908) of the first end of the clamp (901) and approximated to bone (902) with an anchor
such as a pin or nail at the second end of the clamp (904), as seen in Figure 9B. After
mechanical fixation of the tissues, the biochemical phase of the wound healing process will
20 begin, eventually forming a natural union between tendon and bone. Ligament and
cartilage to bone unions using the MTDS device would undergo the same mechanical and
biochemical processes.
Vascular anastomoses may also be constructed with the MTDS device. In Figure

10B, the backing has a tubular shape (1000) with attachment points (1001) on the outside
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device, creating an anastonosis (1006) that is secured by attachment points
fixed into the wall of the vessels (1008). The attachnent points are

pr ef er ablwoposgsv:i ng t owards the 5 anastonosis (1006), w thCT/Hs01zL6B4C hment
points on the first end (1003) being canted toward the second end (1005)
and vice-versa. An axial view of the relationship of the attachnpent points
(1010) t SWitpre (JR4Qe| Thiuisidergyutase (1902ase finst qnddE%?)f@si@ s¢rond €pd (HI9) ot her
soft tissue such as nerves, cartilage, tendons, and liganents nay also be
j oi ned aghaiepposen th fipgt el (1908)adde fikB endsmf avrisel) (1004 sare placedoyerdhe

brought and 10 hel d together by the backing and attachment point construct
(1102) belevige wieepinghnamastoelodih €1006) thatik sene®byhttdchtehi wante fikdd g theThe
attachnment points (1106) are on the inside surface of the backing (1107)

and securgit drehd a8t 21008).CTR itlchmBat ot AR fepblPFsiRtiAdowat@YhEe 11 C An
axi al, cross-sectional view of the relationship between the attachnent

o, el mBRE 0BG e ptdbnbnl DR o n® HRRERLOD UGG (BRGME o

central rggion (11 The .attachnment .poi.nts on the inside surface (1106)
rmy e oAb G0 HOPREAE S, dB BHAL Vit e telaneon oEne

device with attachnment point Sbéllol) on the inside surface of the backing
(1103) bePrHYs (l0iPhedhavesselgvalbd 8E2) is leyvn i Tgwigtl®Aan anast onosi s (1105).

I nstead of being wapped around tissue, edges (1113) of tubular structures
(1115) can al Ses&ds el pthemsedt tisgueesuchk ms adrvys, phaitigegteRAdars, aml ligantenispaayof
backi ng of a MIDS device (1114) on approxinated tissue as shown in the

si de Vi ewsoWe jbingd e Seeh HrFikhfes 1aAdaridnid BAXTwb eNdsF tisfue (i @Iag Brdlikht HAe
attachnment points (1117) also point toward the area of tissue

appy@xi ”%Eid&ggétgﬁ@ the %Fcl%ﬁ%%d’ a@t%éﬂﬁeﬁ%ﬂy?gﬁ{nju@?ﬁq OZﬂeﬂ&g}@rQapééd arbudd ar e

addi ti onal ns o I nventi on vary the nmechanrsns used to

i nprove Vi. exibifhty. | j,Qures 111-11 K. t cki ng, has. areas of
conpar at iq@ee+1§6%ﬁ{ Bﬁg?eb‘%ﬁll 9(%/15%%{3%@4? 'hgﬁe S%ahc eﬁ? %dégtsgfl Y %}2? Hﬁl.d%l n an
axial vi %mfgge (}tjgl?e backing (1107) and secure the union at a central region (1108) as seen in

- Figure 11C. An axial, cross-sectional view of the relationship between the attachment

points (1110) and tissue (1112) is shown in Figure 11D. The resulting form is, i.e., a

15 tubular structure that has an inside surface (1107) with a central region (1108). The
attachment points on the inside surface (1106) may be canted toward the central regioﬁ
(1108). Figure 11E shows the device with attachment points (1101) on the inside surface
of the backing (1103) being wrapped around vessel ends to create an anastomosis (1105).
Instead of being wrapped around tissue, edges (1113) of tubular structures (1115) can also

20 bejoined by externally placing 2 or more strips of backing of a MTDS device (1114) on
approximated tissue as shown in the side views of Figures 11F-11G, and the axial view in
Figure 11H. The attachment points (1117) also point toward the area of tissue

approximation (1116).
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variation in Figure Il1l, the backing is equipped with hinges (1118) that

al |l ow bending of 5 the backing (1120) around tubul ar soft tissue structures
(1115). woar/ssennd variation, the amount of material inPCHES@r®as of the
device that fold (1122) is reduced as shown in Figures 11J-11K. Anot her
variation is seen in Figures 11L-11M where attachnment points (1124) of a
devi ce extend Higwiep élbthiamgaddiuuqnabvar&twn@bfﬁxememim whiphivagy the¢126) . The
edges of soft tissue are approxi mated when the coil or spring is reduced
(1128). Ifeddenisns uked toBrproanitvicadlexibility. Pn Bipeebsrias-1 TRethd ucligg hamyaredsso be
used in soft-tissue renodeling, such as a browlift, shown in Figure 12A

After di ssTeeiniparitiQblyltighes Eiekibility 8R%)other Afea8 BE BeibAELiSE AlrParf 4534 vicke 82hemY be
rai sed over the attachnent points (1204) to |lift the brow (1206). The ends

of both t : i f : [ en: be
trimed an a‘fl?rgiéﬁlﬁlgﬁ{eol 1|tI ’fldele %@%‘Sgﬁ%@ﬁﬁﬁpﬁ?{ e% g@@ﬁﬁ%%@ﬂ‘%@édﬁée&mund.
The devi .be ured to. the ul | 1210 a screw (1212),. The

i nveﬂti vgtﬁﬁg%rég {lﬁﬁ@‘)ﬂqrg tgh]bl%soﬁgg;snggltguéurF% ?@%{S)en@as(ei%ﬁa“& ‘an’a{'{’]%econd
end (1216), the first_end having a first area %121_5) and_the second end
havi ng a dexwhaf matesial inthejreasrpfdhe devee thablold (1122) is setcedeorgwvarina (1217)
may have extending attachnment points (1204) or one or nore openings (1218)
t o acconrhigaee 1 &-20K s Anethies yar{atidn 29 seefl e Figuossrid Lak1dh whiktecattaniemént poims s ar e

canted toward the first end of the device as shown in Figure 12B. Figures

13A- 13C ghom)ai aalelvize Ratehl Eronpd batkingindlie fote ofa\tofl ®r Wik (1128). l'ﬂlelbﬂgéis in a
browlift or simlar surgical procedure. This device may generally be

i nserted gmggtkisdue a&élafgﬁekfnﬁtméa mf@k&i@oﬁgﬁﬁfg% YedhE@éi%’lh king a smal |
portion of the scalp to the device 23 WO 01/ 89392 PCT/ US01/ 16346

DAFEPY Y i o AR5, L T o be desioned
crantum Lo bl 06 8 SO e TOLS, NAELALL 00, COMRY) SE5, PR S,
Figure 12A. After dissection of the scalp (1200), the anterior scalp flap (1202) may be
raised over the attachment points (1204) to lift the brow (1206). The ends of both the
anterior flap (1202) and posterior flap (1208) may then be trimmed and fixed onto the
15 attachment points (1204) to close the wound. The device may be secured to the skull
(1210) by a screw (1212). The inventive device in this example may have a first end
(1214) and a second end (1216), the first end having a first area (1215) and the second end
having a second area (1217). The first area (1215) and second area (1217) may have
extending attachment points (1204) or one or more openings (1218) to accommodate a
20 screw(s) (1212). The second area attachment points are canted toward the first end of the
device as shown in Figure 12B.
Figures 13A-13C show an alternative variation of the device which may be used in
a brow-lift or similar surgical procedure. This device may generally be inserted under a

patient’s scalp while securely interlocking a small portion of the scalp to the device
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equi l ateral triangle, or in a delta shape. Backing (1300) may be any of a
w de variety of 5 triangular shapes, e.g., isosceles, etc. which functions
to distrivwavespbanar | oads equally radiating froma snmal PCERUS@/16846g. , post
(1304). Various alternative shapes are discussed below in greater detail.
Post (1304) is functionally for the maintenance of the device in place;

ot her segtdfenblyofia aipburslity gif eddchpreot pelutse Iuseylalso be despgnet] geherallietd leg i n a
specific part 1in the body. Post (1304) is placed on the side of the body
opposi t e agginftitRe tian@sn inldloh Gufile WHdR ssbme t@thk ceaniurb tdlprovidew lrbwlifpporti ve
backing (1300). This variation may incorporate sharp corners at the
triangl e THey VaArfa6dn cObrifs ShSEodN /bR’ (@F00ISHHiCRRs sHoMAABSaRRINEE In ( 1322)
to aid in reducing abrasion and cutting in’adjacent tissue. Anchoring post
(1304) { at o % i: [ L JThi

anchori %ﬁi\%@a&%ﬁ%@gﬁ B ‘it)rslﬂgr#c%&%hlﬁﬁet |a§k1\§§i}ﬁo? %%9'%@%%'&%%9@% 4 naehf?fal ly
perpendicul ar.to, a 15 pl ane of backi. 1300), but may be ot her shapes as
di s sse(’i“%’@lukﬁ/?h‘fﬁ??%ge’rs?sc?}r‘?ﬁsetc'd@@&g@g’ﬁﬁ?ﬂgﬁ% dl?gb@t%gla‘é?ﬂ}o eﬂﬁ%lpynat erials
di scussed herein, and is pref erabl(y conpri sed of a biodegradabl e or

bi oabsor Babttingewma smallarea, e. Pt @364y Vestous pligrnativershaprstaes diagusssdpe.  For

i nstance, the device may be conprised of certain biological materials as
wel |, e. delow madreaeredetaihyRbsoldp a4t ftrectionally foe the maintenadcead thesdavidedhi c
sources, bone graft, or any 20 conbination or polymerized version of these
mat eri al placki GHEEsedBAsITMSsuREER pedRaifelisdd tmg%mmel deQickieWspdcifie piref er red
variation of the device shown in Figures 13A-13C. In this variation,
supportiy Ln . i i . Lng a first
nd (15245 AR Bt EA0N iR ASIRNL SRDT e AP SRS BT, P

co ised of &a. fr ide, .as. shown in. Figure 13 .hack side, as
Sholth - Fi gurdsird3AhorRa SRRSOV EY Aottt I mntg oo
preferably near a vertex of the triangular shape, is an anchoring region.
Thi's r egif¥y IFRPORERIR O Hidhe H@nggeswﬁc@f’sdmt pederallyhas Fdmsgiipes 13A- 13C,
and this anchoring post (1304) may be a variety of shapes, e.g., a hook or
an angl edowuise comers (13Btto jaisl ip redusingtrbyasion and cutting in adjacent tissue.

Anchoring post (1304) may be located at one of the vertices of backing (1300). This
anchoring post (1304) is shown in this variatic;n as being substantially perpendicular to a
15 plane of backing (1300), but may be other shapes as discussed below. Moreover, this
device may be made of any of the materials discussed herein, and is preferably comprised
of a biodegradable or bioabsorbable material but is obviously not limited by material type.
For instance, the device may be comprised of certain biological materials as well, e.g.,
collagen, hydroxyapatite from both natural and synthetic sources, bone graft, or any
20 combination or polymerized version of these materials. Figure 13D shows more clearly a
perspective view of a preferred variation of the device shown in Figures 13A-13C.
In this variation, supportive backing (1300) may comprise a triangular form having
a first end (1324) and a second end (1326). This variation may typically be comprised of a

front side, as shown in Figure 13A, and a back side, as shown in Figure 13B. On the front
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per pendi cul ar post having a proximal and a distal end. Moreover, post
(1304) is preferably 5 integral with backing (1300) so as to be forned from
a singl ewbeng3shis allows the device to be forned entiPperysomtessea si ngl e
i ntegral device by various nmanufacturing nethods, e.g., injection or die
nol di ng. Post %1304) may al so be a separate structure fixedly attached to
backi ng Fidsopyigsybly pyanAayeriex of e triangular shaparis avoashoringyegione diRisesian
fasteners or adhesives. The distal end of post (1304) nay be chanfered
(1318), asaystompnisean¢liogmgeest (1804)38 seendin E3@yres W A-130udnd thisonchieing mheyr ee of
tol erance to enable the surgeon to easily locate and insert post (1304)
into a rets04)inky teal earisty dfalibpsaepl, hikobkor slexigdel post, @@y, Bu is flefetablyl304) nay
preferably further conprise a |ocking device proximl of chanfer (1318).

Thi s | oCljeRndRYlaf BodtBYviH blpk@Gmal ¥R 4 Gkl %d. | NGH0E, PREPATAT ggfpr%hbif

shown in” this varfation as front tab (131 and part col r rear

tab): (13 The, | i nechani sm. i s, phreferabl v i ntggr W t h .past
(0% “anea] WinsBoGaaRabe) BFAIARE o ShEASURR et L8 Matth? gPigto.
(1304). In any case, partial, collar 312). is preferahly . elastically

def or mablt@ b E%meaépﬁ w%%%tzlgé{lﬁee@ﬁ ?’Wat)e%vw &!anst%e iwemesthrdsi ¢-84 y
allows front tab (1310) and partial collar (1312) to conpress upon

i nserti onnjepian ¢ diamiotding. sPask (1304) may alsabs aggparatestrbeturetiixedioatiaohédiy back
upon full insertion to provide a friction-fitted 20 | ocking or securing

f eat ur e. bableing (L300nby dey varetyred/fastchiap madthods] §.gb eneahdniek fa3tenk®yor mechani sm
or any conventional |ocking nmechanism However, the | ocking nmechanism nmay

be omi tt edhesds! Gh¥ dReS 3He6f Re(1B0Y) ﬁﬁy%@%ﬁ&nf&"&f(lg'i?i, §§s}§)§7@1tlh|Fii%L¥es once
inserted into a patient's cranium upon the downward forces applied by the

[ ' . . / / f
ety on PHatdass Y SoafR s Mok S St IS iRon i ol o7 o0
ially- [ d ' | . _As. in.Fi .1 3A t. (1304
cor por A0E SRR PO URNPAR s eedrif S Subp N inan ik L

into the post from.the distal nd or entirely through the
P Post (1304) may pre?erabef gurth ise & locking dovi

er comprise a locking device proximal of chamfer
(1318). This locking device may utilize a variety of locking mechanisms but is shown in
this variation as front tab (1310) and partial collar (or rear tab) (1312). The locking

15 mechanism is preferably integral with post (1304) and may have a diameter which is
greater than a diameter of post (1304). In any case, partial collar (1312) is preferably
elastically deformable, but may also be plastically deformable. Such deformability allows
front tab (1310) and partial collar (1312) to compress upon insertion into a patient’s skull
and subsequently be able to spring back upon full insertion to provide a friction-fitted

20 locking or securing feature. The locking device may alternatively be a locking key
mechanism or any conventional locking mechanism. However, the locking mechanism

may be omitted entirely because the device bases much of its stability, once inserted into a

patient’s cranium, upon the downward forces applied by the overlying tissue. Thus, much
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5 post. This distal cavity (1306) may have a dianeter which is smaller than
the diameter of post (1304) and nay be aligned along an axis defined by
post (130M) oD893pmny extend at an angle within post (1304)PCTHS01/16346
cross-section A-A of Figure 13B is shown in Figure 13E and shows nore
clearly the orientation of distal cavity &}306) W t hin postd%1304) for this
vari at i orPt ths foregs agting exythe dsvisy apply bending tpads aniepsigl 3040 rathenihan sfialbat er i al
used in the 10 manufacture of the device, and is particularly useful in

i mpar t i ngeréentbddensilblleaddegree of flexibility to post (1304) which may
facilitate the insertion of post (1304) into the cranium Post (1304) may

further defineAaswehheFigned B3 A, Posi(1084) Bayinkyrpoladd8 HistalBhahel@)caby used for
tooling purposes as well as further adding to the flexibility of post

(1304). WIQM)WigI?ﬁl}é&rrethg@?aﬁéﬂﬁ Ao tOBsFHaRTRE &%apé@é%knaggg&%{@&

which may also aid in ool ing and 'hel ping to prevent tis Si on.

Pr ox4 mal i . . non-__congentrical | ocated rel evant t

di st%l cavi t{yﬁiiiglé%?@avﬁﬁa%%@@%%nhalvﬁ e Y@iﬁi?){snsé@aqt%éﬁfagrﬁe %ﬁ?’ﬁeépfy into
post (1304 I be t hr ough- hol e extendi ng entirely through to the
distal e 55838‘53161(%0% gy ﬁ@&gﬁnmﬁﬂw{] ewt (10thormaygstendat an
necessarily be required, it maybe utilized in a variety of ways. For
exanpl e, anetvitein poshuil 394)( Thegyospregetinn Ad efsdguredBB4s slynwmin Kiperedd¥iand f or
tooling during nmanufacture, or it nmay al so be used as a location to allow

a user orshsus geoeclearlyréeiopichtation bhidistbvivity (1306) gvithopesst {1B04pFaakisent of
the device within a patient. This proximl cavity (1308) may have a

di aret er,vagiafon. Eﬁﬁﬂlka\i‘ig %‘ﬁﬁé}ﬁﬂdiiﬁ 160Bink We drhGint 81 HaRPR! 8ed 9 tHROST
(1304). 26 WD 01/89392 /US01/'16346 In addition to proximal cavity

13¢8) ., t ' i ] : : ; e (1316),
as Seen oS TR AR T BBy S g Wbl iy,
i nt | i th.backi 0Q). .and . |1y be.l .
packing 100 165ki a0 Rdbab iy FRABRIE, St oGt CLD RIBEAN. o e
B e et 51 oot Cbemist Byt b o hos, provinal caviy (1508, Siieh ay b - o

used for tooling purposes as well as further adding to the flexibility of post (1304).
Proximal cavity may extend from chamfered proximal end (1320), which may also aid in
15 tooling and helping to prevent tissue abrasion. Proximal cavity (1308) may be non-
concentrically located relevant to distal cavity (1306) and as shown in Figure 13E, may
extend partially into post (1304) or may be a through-hole extending entirely through to the
distal end of post (1304). Although proximal cavity (1308) may not necessarily be
required, it may be utilized in a variety of ways. For example, proximal cavity (1308) may
20 be used for aligning the device for tooling during manufacture, or it may also be used as a
location to allow a user or surgeon to manipulate the device using tools for placement of
the device within a patient. This proximal cavity (1308) may have a diameter, e.g., about 1

mm, which is smaller than a diameter of post (1304).
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provi de a surface for mani pul ating the device by the doctor or surgeon
either during placenent into the patient or during renoval. Figures 13A
and 13C show/gdse2 front and side views, respectively, of arCERUROMEIB46 poi Nts
(1302). As discussed above, attachnments points (1302), also called "tines”
or 10 "prongs" are preferably integrally affixed to backing (1300) but may
al so be separ dafditioniq progimaleavitnEhd08), thefexice may 3lsq enumpriss PETUsK®Shack

si de of backing (1300), i.e., the side opposite of post (1304), and are
pr ef er abltgbsanyTeacs” (bW das ském it Fignegs (18280, Nisseprotusions (lilv) aaal
attachnment points (1302) may be of varying sizes and angl es dependi ng upon
t he desiprefdrabbcinteigre) vl Reking Al 36G0) e faypehdbidy bd BRAEd anpwhérs 6t Hackdngd N
greater detail above. In 15 this variation, individual attachment points

(1302) may30®! ButiSpdRASHL Yocaldtneds ﬁrspcﬁ{ci (1824)Y anSREREFcfBILA hate g&é% one

anot her. Factors for optimzing attachnment point relative placenent may

co i se e | I: h t Lnts and t he

i sty bttt a5 o LS SN BerbliSR oD BhREEE ey 88 0 Bots i) el
attachnent pqQints .(1302). .For .instapce, . if attachnment pojnts (1302) were
ocat oo dBBGP BSBIe WARPSRERRIIS depice by b, et of Peded SERHIBIEE bo
difficult because of the distribution of stresses on the tissue to be

pi erced Hjacementiatmibapatiwit of dutingemovalanot her exanpl e may i ncl ude havi ng an
i ncreasi ng nunber of attachnent points (1302) placed on backing (1300) the
farther they dfigurtotiA end 130 shpesite frdB@4d sie viewasntespeutivellyl 3Padachmbérgr e t he
great est nunber of attachnment points are located in the direction of 27 WO

01/ 89392 J3imké [U302). LASdBcusk&stiove, dtRakifed pbiis (I500)Caso JANRISHAG?vg bet ween
i ndi vidual points (1302) may be functional in that the nunber, density,

dyp! ' : alee iazed 1t ' ' t he
oadl, - §otes) Bl At RAN I xaRb ALEE (1 B0) GERYaIth B [pRitidy

ttached | p,i b i ft d : tt t i n 1302
e orof Rages AT ERe iy Medhaioh e o R o e BT ke BB { sove
For inst %%%gs’iteto %ogth(%(w},e gnsd acl)“fe preferably angled towards first end (1324). Moreover,

individual attachment points (1302) may be of varying sizes and angles depending upon the
desired securing effect. Attachment points (1302) are discussed in greater detail above. In
15 this variation, individual attachment points (1302) may vary in density, but are optimally
spaced relative to one another. Factors for optimizing attachment point relative placement
may comprise the ease of securing tissue to attachment points (1302) and the distribution of
loads generated by the attached tissue over each of attachment points (1302). For instance,
if attachment points (1302) were located too closely to one another, piercing the tissue
20 would be difficult because of the distribution of stresses on the tissue to be pierced by
attachment points (1302).
Another example may include having an increasing number of attachment points
(1302) placed on backing (1300) the farther they are located from post (1304) or front end

(1324), where the greatest number of attachment points are located in the direction of
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attachnment points (1302) are such that they allow easy penetration through
the periosteum Figures 13B and 13D show supportive backing (1300) which
may al so wonpsisse t hrough-hole (1314) that is defined w t ACTVUBGICI6B4%g
(1300). Through-hole (1314) may generally be any shaped hole but is shown
in this variation as being slotted. Through-hole 10 (1314) serves several
funct i ondeniedonrdsay thedavicge Thednasing bethisenmdimduad poipts @ PR masks i n

manuf acturing the device, it may also add desirably to the flexibility of
backi ng (fead®pal insotdithe wmalbdrydensiy,cngd pldsementof Poiits (P2 bae optibizgdted as an
alignment aid for tooling purposes. In addition to aligning, through-hole
(1314) neyenlyststsany ehedsads, 8.41, kAeeing @orcas arddinding risrasds, Biehémgd 8¢ \the e

pl acenent or renoval. Flexibility is preferable because it 15 enabl es
backi ng (L3O skap e R SrANBAGRBERI R, MbRoSOSBIHmER Sdits m@; a®f r&i@ﬁ})ly
patient's crani um agai nst which the device is placed. The degree o
flexibili cki t 0 determ.ned degree
dependi ngotgere Rt bty Btgh e TR0 AT e RS ST ¢

t hr ough- ho| 1314). ough shown_ as sl ot, backing (130Q) may define
T Cual R Pt b R g okt v penartin b B ThpsHodE
above, 20 i.e., increasing backing (1300) flexibility and aiding in tool
alignment.  Mtigges biB M@g%lplsh%‘g sapperibechacking (B Y vduchimay alspcpmbriset rat e a
preferable nethod of installing the device of Figure 13A The top of a
pati ent' shivaghthok (3Bblihdtaydefined widiin badking (130®) . Thisugheleole (1318) gaye 28 WO
01/89392 PCT/ US01/ 16346 14A, the doctor or surgeon may initially make an

i nci si on dehd@AY be Anyp Sabed hdl bt ishewa i tiyvariation 8s Beiﬁ%glbﬁ&aal TiRbagenslef i ned
by cranium (1400). The incision (1404) may typically be done in the

Cient i : . ' o Y - L ch
Pestft. THeRprehseypial RREL: hich P UM Rafdhie WeSintlhe SEARCHBRMILE L TTY

t_of .5 | t.h ti t i t . i
necessaryr it Be oVl Hhal et B PGB 48 e PR hAIRAERY (00T Nel'ei on
length de(ﬂt?gr?alilg,l tlh%/ourgﬁﬂl% e {lr:’»?érﬂ %239 gcte cg'nffg?lrezd as an alignment aid for tooling

purposes. In addition to aligning, through-hole (1314) may also serve as a surface for a
tool to grasp during device placement or removal. Flexibility is preferable because it

15 enables backing (1300) to bend and conform more closely to the shape of the patient’s
cranium against which the device is placed. The degree of flexibility of backing (1300)
may be tuned to a predetermined degree depending upon several factors, e.g., the
configuration and size of through-hole (1314). Although shown as a slot, backing (1300)
may define virtually any through-hole shape which serves the functions discussed above,

20 i.e., increasing backing (1300) flexibility and aiding in tool alignment.

Method of Installing and Securing

Figures 14A-14D illustrate a preferable method of installing the device of Figure

13A. The top of a patient’s head is shown having a hairline (1402). As seen in Figure
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cm but may be nore or | ess depending on the desired results. Once incision
(1404) is nmade, a hole (1410) may be drilled w thincranium (1400) at the

i nci si onvweovswdIend (1408). Hole (1410) drilled into cranPQMISA4BEI6 May
typically 10 be about 4.0 mmin dianmeter and may be nmade by a conventi onal
surgical drill (not shown). As_ sho in Figure 14B, aqnce the incision and
hol e are ]gr‘édél}e ‘Jfé’ﬁtoﬂ/n’}b@lfaé way e@aégm%@ BeIsiond 040 dn Sl 4 Lhrsferaly
(1400) and scalp (1414) at the incision first end (1406% such that post
(1304) f adeng a vekietplage definah fyiraoymdh¢00: The firaisien OIGi0A) may 13dRlly bace t he

undersi de of scalp (1414), i.e., subperiosteal. Figure 14C shows an outline
of devi cealohbir thd p2fiemplsdrptinatif possibdd, conminimsze anyd/iitikeQ6Irriagavhivhmeat h scal p
(1414). Once device (1412) has been inserted, the portion of the scalp
tissue tQgefifh. f*ﬁief’tﬁ%ﬁlﬁ 3fhRisidnS(1864) inyp‘iL@l'l?r @@t_efrillﬂ'éfa)oz_tﬂé RngthloRaMaBRtofPOI Nt s

(1302). Figure 15 shows a cross-sectional view o igure 14C where the

tissue t I : int ). Once
i sstie ( STBAEbERE A A R g Tha M A EAE TR PR e ) )
preferably vi ost 304 Force .2Q .(1500), t hen dr t he.device (1412)
bha &1 oo etermiBovalg Pk uke TEniAgsORREI 1 Bethe PoPetion PEdd U2 pbst
(1304). As shown in Figure 14D, once &(ﬁ)st (1304) is secured wthin hole
(1410), o by maysesonoreey les depersingion thededrsg eeHi ng t he br ow desirably
lifted. 29 WD 01/89392 PCT/ USO1/ 16346 Once device (1412) has been

instal | ed, at tQuehnmgisiop(l40d3 im8B2 ) haled 14D meyllaohtjlladnwigiy oragtven(l 466)d
bending loads fromthe lifted tissue (1416) pulling on the device (1412).

However, dtitesifcikiondscond end €C408q s Holea it 10) ridled idp pf@aah (Z00pnas takallp (1414)
heal s. This decrease in |loading nay take up to about six weeks, but device

(1418) M aBbadd.b ho iPGiGnetd? SREAD be $Rlde b %%ﬁ%rftﬁhawﬁr ieal%lﬁne{ﬁ&'sh&%ﬁg.s,

with sufficient strength for about six weeks, to prevent scalp (1414) from
oY 8 SRR, A R R SR B PR LR, oo
to may be inserted between cranium (1400) and scalp (1414) at the incision first end (1406)
such that post (1304) faces towards cranium (1400) and attachment points (1302) face the
underside of scalp (1414), i.e., subperiosteal. Figure 14C shows an outline of device
15 (1412) placed at incision first end (1406) and beneath scalp (1414). Once device (1412)
has been inserted, the portion of the scalp tissue to be raised (1416) is set on device (1412)
via attachment points (1302). Figure 15 shows a cross-sectional view of Figure 14C where
the tissue to be raised (1416) has been set on attachment points (1302). Once tissue (1416)
is set, a force (1500) may be applied to device (1412) preferably via post (1304). Force
20 (1500) then draws the device (1412) and tissue (1416) towards hole (1410) which is
configured to receive post (1304). As shown in Figure 14D, once post (1304) is secured

within hole (1410), force (1500) may be removed, thereby leaving the brow desirably

lifted.

29



remove device (1412). Variations on Attachnment Points 10 Fi gures 16A-16D
show a preferred variation for an attachnment point on a brow lift device.
Figure 16¥08hgpss2 a top view of a single attachnent point PABO8)1/tea46 ng a
swept face (1606). Figure 16B is a side view of attachment point (1600)
conprising distal pointed end (1602) and proxi mal base end (1604).

Al t hough any ncealevisadldlf2) has beshresialledpgtachmenti prints (8925 bod/poshElp0be used
on the brow lift device, this variation is preferable 15 because it is able
t o readi lundpigesheartand berding icadg frotnthe fified tssie (1 186) gubinmohttadwic! (Y4 B)cur e
the tissue solidly by resisting any bending nonents. In particular, swept

face (16GfwdRY, thdi8 SRRy dertdaye fapRie) Al SPrddlRizelrzacdlp §PA4) heupradisr abl y
oriented to be essentially perpendicular 'to the plane of the tissue or

scol b bl BcREEHA Sl VB HPUBRLURS LR e FORLTB Bl TLABEI
scol b AAETER, BT 21 DL NSCLSLL 00, TR OPLLORAIAY, e, ot 7ot ur e

individual ly attached via backing attachnent (1608) to the backing by a
vari ety dreventicahl (4 1mefrersdaovieg greessively dusng the healig proeashend thersaftert ¢
Optional backing attachnment (1608) is seen in Figure 16B, and nore clearly
30 WO 01/t86@9bs¢63d bigtie UsiFdthereby réthevibathe necessity forf sgoomel ré@dufeitlgur e 16D
shows the variation nore clearly in a perspective view Attachnent point
(1600), asmownddvastad41Zry be manufactured separately and attached, but it
is preferably made Integral with the MIDS device. Integrating the
attachment poivdstodsl P tathtndPignRacki ng not only provides uniformty in

material type 5 but—atrso efrmmates contact interfaces, which in turn may

oY S Ik EL KLt LA AN R SRR oo vosed

above and as sh ures

device. Figure 16A shows a top view of a single attachment point (1600) having a swept
face (1606). Figure 16B is a side view of attachment point (1600) comprising distal
pointed end (1602) and proximal base end (1604). Although any variations of attachment
points discussed above may be used on the brow lift device, this variation is preferable
15 because it is able to readily pierce tissue through the periosteum and simultaneously secure
the tissue solidly by resisting any bending moments. In particular, swept face (1606) may
be specifically faceted so that face (1606) is preferably oriented to be essentially
perpendicular to the plane of the tissue or scalp being penetrated, even though the tine axis
defined by attachment point (1600) may not be perpendicular to the plane of the tissue or
20 scalp.
Attachment points of this variation may optionally be manufactured individually
and separately from the supportive backing and then individually attached via backing
attachment (1608) to the backing by a variety of fastening methods, e.g., friction fitting,

adhesives, etc. Optional backing attachment (1608) is seen in Figure 16B, and more clearly
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preferably manufactured or attached so that they are all substantially
canted in parallel towards the post. However, the attachnment points are
faceted swahi/gdsar the tips of 10 attachnent points (1600)rareseffeesti vel y
perpendicular to the tissue to be penetrated. Attachnment points (1600) may
al so be manufactured or. assenbl ed sqg that they point in different

pr edet er i HiscPagk visey plohigureddbe figwg 16R shaws thesyarighonpiors elgtriyoin.a
Furthernore, attachnent points (1600) nmay optionally be nade of varying

si zes, averpediveyeaivi Attadiméendpoing Ek6AD), asbeutionets mdsibe adnufestused RpaiatelFi gur e
17A shows perspective B-B fromFigure 13C of the distal end of post

(1304). Asadahashed, paritis preferablyanadeidtgonl wittl the BIMDS ddvidel Idfeprapingtier abl y
conprises integral extensions or protrusions which act as a | ocking

devi ce. BahdhnRh bbRk(sF0l608T with 8Dackinsl nof & prdvades b Reriflast i cal ly

deformabl e but is pre erag{y el astically detormable. 20 The protrusions
pr ovi de i I rih ‘] . t | a friction
e Wi cntbas Pl RS TatperAog Wl ih BkR ialfuBt SR b s nidy,
essenti al | Ci rcunsgri ge any predeterm ned percentage of the circunference
of post (aféé%‘}s,ta”ﬁ%‘?/ &that a sufficient fit is produced. 31 WD 01/89392
PCT/ USO1/ 16346 Aside frompartial collar (1312), post (1304) may

al t er nati vel y Assdisqussed sbgvergachanshews ie Bigyrassli3ngChattasbmantopoduth (I66P) areal

W ngs. Moreover, post (1304) may also be threaded so as to be rotated, or
screwed, prefembly mimdadectdrontitadet sd that theg tiechlisubktantidllyecantedtin patlld cr ani um
5 Figure 17B shows an alternative | ocking configuration fromFigure 17A.

Here, paswardb tHeGldsar Howaves) the sttdcBeAeSsintYird fabéted QlchahattHe @) of Which is
preferably integral with post (1304) and nay al so be plastically or

el ag@ i cal l.ak| . I jjguration is
Shom: | n B ER S LIRE (600 b Kl e iofler 8 1R st PR Rehlg)"
Attachment points (1600) may also be manufactured or assembled so that they point in

different predetermined directions, depending on the desired application. Furthermore,
attachment points (1600) may optionally be made of varying sizes, as discussed in further
detail above.

15 Variations on Posts

Figure 17A shows perspective B-B from Figure 13C of the distal end of post
(1304). As shown, partial collar (1312) and front tab (1310) preferably comprises integral
extensions or protrusions which act as a locking device. Both partial collar (1312) and
front tab (1310) may be plastically deformable but is preferably elastically deformable.
20 The protrusions provide opposing forces upon insertion into the skull to produce a friction
fit which secures the device in the patient. Partial collar (1312) may essentially
circumscribe any predetermined percentage of the circumference of post (1304), provided

that a sufficient fit is produced.
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(1704), (1706), respectively, replaces partial collar (1312). Again, tabs
(1702), (1704), 10 (1706) are preferably integral and elastically

def or mabIveQ ou8®BbDUgh they may al so be plastically defor ne@r/@soiBEssenti al |y
any |l ocking configuration may be utilized by a doctor or surgeon dependi ng
upon the desired fit of post (1304%. Asi de fron1varyin? | ocki ng nmechani sns,
the flexibili tAsidsfiremeaped collaayl ) \nest @d04smayeltdrnativslymsatoakingd above,
cavities may be disposed within the post to increase the post 15

f 1 exi bi | miecharférgsicempBAng barbs amd bedortidadwings. Mub e pasn (1304) ey eBwibey from
Figure 13B. As seen in Figures 18B and 18C, post (1800) is simlar in nost
respect s thadddSoR9%6 bé RANEBA,| g7 scrEvBdliBto b3 Brealded maliAS A 1bcated! viikiih fit ed
extendi ng from backing (1806), which is partially shown nerely for

clarity, ittt ab (1802) and partial collar (1804). However, Figure
18A showg a single axial cavity (1900) disposed within and extending froma

proxi mal end 20 of S 1800) . Figyre.19A shows. a perspectjyve vi ew of post
(1800) "t r om Fitdaited Miaho Vs & aresttydodane riemtion 669) PRETSLAA Horeel cpobed
W t hin post¥51800) and  ext ends partiallé t hrough. Cavity (1900) may extend
t hrough pegial calbe 63133 isyenlaped pyafullycotlar 80, midniqinis peferablydntegrabwith postal | y
al ong an axis defined by post (1800), but it may al so extend off-axis and
at an andl¥4) asd staywisoi be flasgioalty dr3fastiFallyt deformmabls. A dwithey vadada)fonay al so
extend entirely 32 WD 01/89392 PCT/ US01/ 16346 through post (1800) as a

t hr ough- hedkéng donigheatiblBs sHooMSn Fitir€ 1 TG SinSaGth Bivt, AeddridadrIthird @ibs (Frayr e 18B
clearly showing cavity (1900) extending partially into post (1800). Another

arl'y show T (1900) exten ial ). An
avi no. bavel T aPe RPN P RGP P AR AR LARIHAE 12006
Lat d ' h ' f backi 2004) .of, whi ch I
a oot ot T8 eregiREpty By SEHAON D orklle T8RN e a7 Y
i nt | t d i mal d that latch distal d (2010) i
(ree to RAPRBavaERoIG R 0D 235 el esomEwrtPAERY 0 BUBrI Ao oV do o

gripping surface_once the device is secured in the patient. Because |atch
di stal  or surgeon depending upon the desired fit of post (1304).

Aside from varying locking mechanisms, the flexibility of the post may be varied as

well. As mentioned above, cavities may be dispoéed within the post to increase the post

15 flexibility. Figure 18 A shows a back view of a variation of the cavity from Figure 13B. As
seen in Figures 18B and 18C, post (1800) is similar in most respects to the post shown in
Figure 13B. Post (1800) is illustrated extending from backing (1806), which is partially
shown merely for clarity, with front tab (1802) and partial collar (1804). However, Figure
18A shows a single axial cavity (1900) disposed within and extending from a proximal end

20 of post (1800). Figure 19A shows a perspective view of post (1800) from Figures 18A-18C
where axial cavity (1900) is axially disposed within post (1800) and extends partially
through. Cavity (1900) may extend through post (1800) perpendicularly to backing (1806)
and concentrically along an axis defined by post (1800), but it may also extend off-axis and

at an angle, as shown in Figure 13E. Furthermore, cavity (1900) may also extend entirely
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end (2010) may be free to nove, |atch (2002) nmay be configured so that

| atch distal end 10 (2010) nay be biased to extend angularly away from post
menbers (WROO063939As post (2000) is inserted into a pati enPCHUSOIZNB46M | at ch
distal end (2010) may be urged towards post nenbers (2006) to facilitate
insertion by depressing |ever 200825 | ocated at the proximal end of l|atch
(2008) . chroash acgKbE06s e tirpugioholpa Sigvee O slws thaetpss-rection ApAtthken frothever
(2008) nmay then be released, thus allowing latch distal end (2010) to

pr ot r ude FKguall8Blojeatly shgwingsdavimelQiOﬁ) ettedingpartinidy tndd post (118008 patient's
cranium thereby providing a |ocking action. A further variation of the
post is shown Asbiféraufiatieilon Hepsst id B vadin Iﬁ?ﬁﬂa WO S tatchdd BOst (2009) pgs%%abl y

an angled latch (2102) having a bevel ed surface and being int egral W th

(2102 i ocRcdha @UQYP‘ B B UDeSRADobdheribd Lt ARG | 2 N
oy T e CRst GRBERS Shoya BSEE ?ﬁ*@sﬁaaﬁa?ﬁ@@ﬁ o whith 4 05 '0535 WP e

from backi nqy(2104) and rotrudes fromin-between post rrenbers &106)
Accor di nlafity.aBexgled kich @9% ipBsferpbly gupetelly piached é'bla piekinalged parthabnt ' s
cranium latch distal end (2112) nmay simlarly be urged towards post
menber s (@t distal end (3040 ssdreeftaniavet Beweled batcht (2002) iThiss praferabiyrbeveled tr gi ng
may be acconplished by depressing latch 33 WO 01/89392 PCT/ US01/ 16346

ext ensi orpr¢videa prippik Glirfacyonbe therdeeide ad securiitin clegshtibet. Bachush ki digtal 2104)
and angled latch (2102). Because |atch extension (2108) may be attached in

apposi ti Qad %@g%a%ﬂbel 84 mdv@ 18ih (268 él%nﬁ%m‘é@% that DesERYa@e | atch

di stal end accordingly.” Figures 22A-22B s ow alternative variations

of ep

Fi gm]e 232\61%" reg@%S 8%%% d%%‘g%y ahé |1?1(gm Iﬁgeér-% Z%QHZ E?p E@OI@ gure
22B shows an ost 4 whi edet rm n d an a,

bet ween &5 f g‘ﬁ%{j O‘bB?P' ‘%a?%b)%ﬁ% ‘?’1&05 e‘é‘ige QT %E‘Eftby angl ed
post (2204) F| ure 22C shows anot her var| ation V\/nere a post is not used
at all. p@@mléqrs Oﬁb’{oefaﬁ@pt%@semon by depressing lever (2008), located at the proximal

end of latch (2008). Once latched post (2000) has been positioned in the patient, lever
(2008) may then be released, thus allowing latch distal end (2010) to protrude angularly

15 against the interior of the hole in the patient’s cranium thereby providing a locking action.

A further variation of the post is shown in Figure 21. Here, angled latch post (2100)

is preferably an angled latch (2102) having a beveled surface and being integral with
backing (2104) of which only a portion is shown for clarity. Angled latch (2102) may be
integral with backing (2104) at the latch proximal end (2110) and disposed in-between post

20 . members (2106). Angled latch (2102) may further be biased so that the latch distal end
(2112) is angled away from backing (2104) and protrudes from in-between post members
(2106). Accordingly, as angled latch post (2100) is inserted into the patient’s cranium,
latch distal end (2112) may similarly be urged towards post members (2106) to likewise

facilitate insertion. This movement or urging may be accomplished by depressing latch
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provi ded which has a dianmeter sufficient to receive a separate fastener. In
this variation, 10 the fastener nay be used to secure backing (2200) to the
pati ent' sv@orsgdgm t hr ough hole (2206). Fasteners nmay CconpeT/F801216946
conventional fasteners, e.g., pins, nails, screws, and so forth.

Al ternatively, rather t han securing the device via a fastener through a

hol e, thé&XteRdia (¢ wf@eyhlﬁhylawewpgr@am afipghed & Yoth hackipg (A Q¢ kanddpngleddairh may
be secured to the cranial surface via an adhesive, e.g., cyanoacrylate.
Such an &3HERi Because patelf extertsion Bil @Hongabd attaehd_cﬁinapgoqiﬁmnoobaglesldﬂbh ci ent
bondi ng strength to support the tissue or scalp when lifted. Figures

22D 22E ghoR)adepadssinpiawonle theastyahoenlawhelitaltdng (RO aceiginglyes radial Iy
expandabl e extensi ons. Expandabl e post (2208) is preferably integral with

backi ng (2200)fjgies m&mﬁ%hawléﬁblfr@ﬁ% d@r‘i’dﬁ%ﬁs ofihg gBﬁ vAath ﬁlﬁgmhﬁ%%?%gbl nto

post (2208) haV|ng a first dianeter, . This device nmay be I nser

e P Y oA SEAMRAM D dltghenfz% éﬂ?m% B Pok 19208 T hsB8ecd o 11 ng

conflgura on 0Si he " dianet er

expander Vi C 2212 u5|n 0 0 to expand radl 11y,

whi oh  pdeiRien g&?t‘:’r’ﬂé‘? 297 oviasetegtortBa0% 5y ﬁl@ﬂﬂsﬁw‘ém@% apinesaale, o he
resul ting expanded configuration is shown in Figure 22E where expanded
post ( 22%95%?3@1 rlangefhgeking &200pand a pgitydinataxisgefiaedyby angledhpdst (25&04M| anet er
dl and thus aids in securing the device in place. 34 WO 01/ 89392

PCT/ USOL Figi84 @2C\¢hows tnathe variativn wherd akjoktis nbrused atiall. nRjatherha holelmdyt bedevi ce
within a patient, a hole may be drilled into the craniumto receive the

secur i ng ppelledivhich ®aslg diatRter AGFAERA tPREEvER 8 Rratt RtcRe!. GnTRY vREaticl! i | | ed
by any nunber of conventional drills or speC|aI|zed surgical drills. Figure

23 h f b
cr an(?ur% ?%%%gseﬁé%q?c ﬁgg%(epgﬁgéscuic?ol\?am\e’kﬁl t(gz(mgb gdr% r?ﬁgl?t Slbcg%]énl?fgr(?%%ﬁﬁ@gur e 23B
h t h | ed . h 2306)

Fecer ve 5 o ViR By (aHPAT o onr eutiBu e et ey pn;s P AEFHaPfat | on

is shown in Fi e 23C whe e the hole ma ris
?‘o gﬂtema&vely, rather t&mn securing theydev%g%m a ?astener through a hole, the

hole (2206) may be omitted entirely and the backing (2200) may be secured to the cranial
surface via an adhesive, e.g., cyanoacrylate. Such an adhesive is preferably biocompatible
15 and provides sufficient bonding strength to support the tissue or scalp when lifted.
Figures 22D-22E show an alternative variation where the post comprises radially
expandable extensions. Expandable post (2208) is preferably integral with backing (2200)
to provide a uniform device. Figure 22D shows expandable post (2208) having a first
diameter, d;. This device may be inserted into the patient’s cranium and positioned in a
20 desired location and configuration. Once positioned, the diameter may be expanded by
inserting expander device (2212), or using a tool configured to expand radially, which
pushes against the inner surfaces of expandable post (2208). The resulting expanded
configuration is shown in Figure 22E where expanded post (2210) has a second diameter,

da, which is larger than first diameter d; and thus aids in securing the device in place.
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hol e (2308). This variation shows keyed hol e (2308) having two concentric
grooves within 10 the hole; however, any nunber of grooves or variations
t her eof e obsv3bncor porated dependi ng upon the desired heCEUpsIOfBIe and
the tightness of the fit of the post within the hole. Variations on
Supportive Backings Figures 24A-24D show a variation on the brow lift

devi ce backi ng¥anationscop Briled Holes3 show a top and side view of a device
which is simlar in many aspects to the device as shown in Figures

13A- 13C. The devtaringeriprwidsdevigepuithinwagatiantka hgje (iR40@)drilledstito (2406) ,
proxi mal cavity (2408), and attachnent points (2402). However, this

vari at i orralies t6 estpiveshsseatriggipbst bptheldekRadiAB gnentibacvBRRE, tROhslk nfad44) .
This | eading attachnent point (2404) may be incorporat ed as a redundancy

to ensur Garﬂiea%z%nﬁﬂhﬂl% P&c%ﬁ@éiﬁi@nélht&ilgtd?%ﬁe 8 g&gi&gp&ﬁuspﬁiig&é 264402) slip

b
or tear fromthe scalp tissue. Figure 24C shows erspectiv vi ew of the

cr o5t soctpun RS TR AT ot o RRicHcSET e 0 1 By CPUOLTERR T Vscen

to extend rtially into post (2406); . but st. (2406) may.incorporate
other - caenas dam itie i ﬁ%‘ﬁ%@i%‘ﬁizf‘;@- Bt 25t pothenBiriano prE0s02

PCT/ US01/ 16346 Fi gures 25A shows a top view of supportive backing (2500).
This var iaagleddmieﬁgO@leyplwmaafoemed@nymw@ thepashearipgiphs disagssgchown i n
Fi gures 13A-13C. The device may conprise post (2504), proxinmal cavity
(2508), dwectib.hAdugherhatieti¢?is 5Bywn whFigra@3C tvheresholidle thaglcompyisckeyiedi se any
ot her shape. Also, as seen in Figures 25B and 25C, the device 5 nay al so

conpri se KiSBLY)X abtiid Varl-80R ShowdIeWRY Bble (2508 hedink dvb @Bn B BYEVE SRAAT abl e
attachnent points which may be hel'd in attachment point |ocations (2502).

Thi gy var igd L ge. hwe&'ahgmbggﬁggao@g of VAR08 1 bl e Yld-Gitaley _Shaped

att achment points 1n a. aril e orrentatl ons. re ne anot her
dependi “%ei%@r? 1ngt Q}?ondt g Idés?r%d rh%lseuplrg)ﬁle'\é%ﬁef\l?evt?é}itnésg of the fit of the post within the

hole.
Variations on Supportive Backings
Figures 24A-24D show a variation on the brow lift device backing. Figures 24A-
15 24B show a top and side view of a device which is similar in many aspects to the device as

shown in Figures 13A-13C. The device comprises supportive backing (2400), post (2406),
proximal cavity (2408), and attachment points (2402). However, this vaﬁation also
comprises an additional leading attachment point (2404). This leading attachment point
(2404) may be incorporated as a redundancy to ensure tissue adhesion should the other

20 attachment points (2402) slip or tear from the scalp tissue. Figure 24C shows a perspective
view of the device with leading attachment point (2404). And Figure 24D shows a view of
cross-section A-A from Figure 24A. Proximal cavity (2408) is clearly seen to extend
partially into post (2406); but post (2406) may incorporate other cavities and configurations

as discussed above.
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variation may allow one to selectively attach attachnent points at desired
attachnent point 10 |ocations (2502). Any nunber of attachments points nmay
be utili aedprsweever, it is preferable that at |east thrper/astizisbeent
points or tines spaced relatively apart be used to optimze the hol ding
capacity of the device to the tissue. Figure 26A shows a top view of an

al ternative vdrigyes oM swssioporiew eé sunperivedacking (BI00NThis vesatioaris Rlgared t o
be flexible and hold multiple attachnent points (2602). This 15 particular
vari at i orsimisr ibenanyspeagtsrte dha devieecassbowhén Bigorestl 34f 13t Ehe ddvieeseay and

si mul taneously increase the flexibility to allow backing (2600) to conform

to the pajohfise fost (2504, poxifabadviiyl [2508) @ thfoughhioRv@d1 0 dhidAendystee of
t hr ough- hol es (2608) and sl ot (2‘/2”{08 v)vhi ch arg seen(Qi nOOFi gures 26A and

26C. Thi %1&?eaio@§ﬂagrboﬁipﬁge &ggcgh&f%a?ﬁrﬁlssag%én ﬁﬁﬁgﬂ%s ohi:] g %g@ytpgag@éé %

anchoring tabs (2606), as e side view o I gure

in securi t.he device,. t h (um._ Figyre 27A sho ato L ew of
another arﬁ e?lrs'l%f?n\}%ns\?glﬁsltt%tciagfy &3@ %318818?(% S AR Plﬁalay %%WQW\%I’E is
simlar in st aspects 1o the device shown in Figure 26A. As. seen.in

Fi gures zaﬁﬂﬁgmt Paﬁafw%afl a%ambeétﬁﬁi, in;afpghryent pgint dcationsd 2 pdilatldis vasetioed post
(2700). Post (2700) may utilize a latching nechanismsimlar to the

| at ched poaxalaw & desterarstrgenn K gitachsageushysiopedasahnRraTpaiss it 4 6348y 0£0- 21.
This particular post conprises |latch (2702) which is showmn as having a

hooked dirhtationsudlative guomsand@ir d8gendhpwipohdis dssird@resalbdMrespLaliisve Vi ews
of a further variation for supportive backing (2600). This variation

i 11 ustr atwgiatict MG Dhe (PRMivEFUkAch RRKEMSE pomits Al deliré EELAmURY fint™aY be

simlar to the latching device shown in Figure 21. Figure 28D shows a view
o oo 5k PRt ARG R T AT SR 00 o
pref er abl IXefiePatbFeg[ilgtl at \f\éatstthe%% laici:hrlllqen(t %gi%?s) or tines spaced relatively apart be used to
optimize the holding capacity of the device to the tissue.
Figure 26A shows a top view of an alternative variation for supportive backing
(2600) which is configured to be flexible and hold multiple attachment points (2602). This
15 “particular variation may be configured to reduce the amount of material used and
simultaneously increase the flexibility to allow backing (2600) to conform to the patient’s
cranium. Flexibility may be achieved via the use of through-holes (2608) and slot (2610)
which are seen in Figures 26A and 26C. This variation also may incorporate post (2604)
which may comprise anchoring tabs (2606), as seen in the side view of Figure 26B, to aid
20 in securing the device to the cranium.
Figure 27A shows a top view of another alternative Qariation for supportive backing
(2600) which is similar in most aspects to the device shown in Figure 26A. As seen in
Figures 27A-27C, particularly 27B, this variation incorporates latched post (2700). Post

(2700) may utilize a latching mechanism similar to the latched posts illustrated in Figures
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In addition to alternative backings, variations of MIDS devices having
multiple 10 posts may al so be utilized. Figure 29C shows a variation al so
havi ng atwaohsmsst points (2902) and through-hol e (2906). r&wEUsS@Eers3f6urt her
in Figures 29B, this variation nmay conprise a configuration where two
posts (2904% are attached to backing 1(12900 . Posts (2904) are preferably
att ached 1hekgfBif P%?Blaba%qtpﬂ@ppg@d@t)c EWO2hwrichds shavanesshaving aookedn in
Fi gure 29A, such that posts (2904) are aligned along an x-axis. The

addi ti on @stabenslecond 15 post along the x-axis may aid in increasing the
device resistance to rotation about the posts (2904) once it is inserted
into the craniEigureIR8A-2800ddwsadmtsidenand sdrafettivd viewsyf & Rgthealardition trhie
device to be inserted at various angles within the craniumrelative to the

tissue t osupBortive B&&(‘ihgj@%%bd'ﬂﬁs Uﬂ?ﬂlohh§us@1‘ﬁ§'s TRcheigRWt GZ%OOﬁlavafgtﬂé%l A?

alternatlve backi ng having multiple posts is shown 1 n Fidure

(3000) " “H*C ARD Ridpd ?%%%@W%%@%??ﬁw&?’ 88 g 800, PR

this varl |on co I ses two ch refera |ntegral
with backﬁ §'s @300 n&“&?ﬁ'ﬁ‘ﬂéﬂn ﬁ@k%igo TEHEI& PPt ( g%(ﬁ}) 2t ong t he
y-axis may aid_greatly in also increasing the devi ce resistance to

rot ati on tpeerfigeaion of i@dn§280¢hm§y\bars¢mwhme lateheZB92) ismeletablyvintegrel wishi ce
to be inserted at 37 WO 01/89392 PCT/ US01/ 16346 various angles within the
crani um deekindi(®@Oipon the desired results and the angle of desired lift.
Furthernore, this particular variation nay be desirable where crani al

physi ol ogy Woulhddgition e hitdrativeiadRiRgs, vﬁﬁéﬁ(ﬁlsfofmlbgklgﬁcw{%ﬁlﬂFE the
cranium Placement Tools 5 Many of the variations on the brow [ift device

mayjpe | fhR8, ARfbSEEIYRI Fi 9 26C shkd @?e‘rla'tlﬂn alse"l‘l gﬁﬂgc}&@fﬁ? Eoﬁ'.[ﬁe such

nmet hod i nvolves using an 1 nsertion tooI re 3 1A

This vari Ws .a, 1.0 W of su serve several
functi onsébt?% 3 ?}6‘8}]‘%1%%?}3??%% %Oﬁ%lﬁfﬁ %ﬁ% §{ﬁ%é?natb B ch a
doctor or .

comprise a configuration where two posts (2904) are attached to backing (2900). Posts

20

(2904) are preferably attached integrally to backing (2900) and may be orientated, as seen
in Figure 29A, such that posts (2904) are aligned along an x-axis. The addition of a second
15 post along the x-axis may aid in increasing the device resistance to rotation about the posts
(2904) once it is inserted into the cranium. This added rotational stability may then allow
the device to be inserted at various angles within the cranium relative to the tissue to be
lifted depending upon the desired results.
A further alternative backing having multiple posts is shown in Figure 30A. Also
20 seen in this variation are attachment points (3002) attached to backing (3000) and through-
hole (3006) defined within backing (3000). However, this variation comprises two posts
(3004), which are preferably integral with backing (3000), aligned along a y-axis. The
additional post along the y-axis may aid greatly in also increasing the device resistance to

rotation about posts (2904). This variation likewise may allow the device to be inserted at
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surgeon mani pul ates, for exanple, the device of Figures 13A-13C. As shown
further in 10 Figure 31B, cross-section A-A from Figure 31A handle (3100)
may be hiwgeusdsy2 any conventional nethods but shown her eparUba@l/ 6346 nge
(3104). At a distal end of handle (3100) are grasping nmenbers (3102).
These grasping nenbers (3102). may generally be designed to have opposing
menber s WRIGHS saglesswithip dhsicrapiyat ‘Kf@ﬁn@ng Hpeti the desiged regults@and dhe angle dpen, as
handl e (3100) is urged about hinge (3104). 15 To prevent uncontrolled

rot ati on deirgdahiidll Eutidrooye, snid paticplao vartition mayybeatesisaie mbikse crgmigspi ng t he
devi ce, handl e (3100) may al so conprise a | ocki ng nmechani smwhich may hold
handl e ( 36blandvaildpriveg: tiemHdRicent(pdiB Hon Beifg seaiddadtonds cianfim. G aspi ng
menbers (3102) are preferably designed or configured to securely hold the
supportive bag,fmedtIRRYY relatively planar with grasping nenbers (3102)
such that attachment pornts (1302) 20 face away fromthe patient during

insegtion. It her .nref er t .aspi ng nenbers 310 securely
ot dt he ros 't BE Pl Sishlt pQiBSReY Be HRPRE S yoRatin Ry and
insertion. As .seen in FiLgure 31B, graspin nbers (3102), are preferably
ool ed gD 8 gt o s ok el RN e S Becriop IUBL SR RF nod
angle, a, to further allow easy insertion of the device. 38 WO 01/89392
PCT/ US01/shewnén Fraugr 3 BA 3This vanalien shopisgdep uigweeioueh 8 éenlivdrieh moy saveof t he
distal end of the insertion tool. As shown, also attached to hinge (3104)

i s supporsevixhbitkct{@ k0 Ghis tSolpgpamigrisbs makipulafadBindls (31067, by atHiyh £ dedtorgur ed t o
attach to handle (3100) at hinge (3104) yet still allow rotational
novement sm%d“oh%dngﬁilaté@%ﬂe > tHe3delHbk of BURIBGA! 13 AR DCK AGIAORN idthePin

preferably defines channel (3110) through a top surface of support bl ock

(SI00) , BaPEatD, sFAER i i SRRl SR syt 11
SR W E R R R T T
(3100) are grasping members (3102). These grasping members (3102) may generally be
designed to have opposing members which may be urged together or apart, i.e., to close or
open, as handle (3100) is urged about hinge (3104).
15 - To prevent uncontrolled rotation of handle (3100) and to provide a way of securely
grasping the device, handle (3100) may also comprise a locking mechanism which may
hold handle (3100) and grasping members (3102) in a desired position. Grasping members
(3102) are preferably designed or configured to securely hold the supportive backing
(1300) relatively planar with grasping members (3102) such that attachment points (1302)
20 face away from the patient during insertion. It is further preferable that grasping members
(3102) securely hold the MTDS device via anchoring post (1304) to allow easy handling
and insertion. As seen in Figure 31B, grasping members (3102) are preferably angled
relative to a plane defined by handle (3100) at a predetermined angle, a, to further allow

easy insertion of the device.
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as well as maintaining a position of the block relative to handle (3100).
10 Further seen in Figure 31 C, channel (3110) in support block (3106) is
pref er ablwo oussgbed rel ati ve to the plane defined by handl BCT/Bi@Q346\\hi | e
graspi ng menbers (3102) are angled at an angle, a, relative to handle
(3100), channel (3110) may be angled relative to grasping nmenbers (3102)
at a desired digire31Q shtws g chasgiup coss-seqiionhleviemlof the disthleandtad thehipsertiong| e
formed by attachment points (1302) relative to supportive backing (1300).
Angl i ng Itbolc asrshetvn( Add Baciey tcethihgyw(3a 04t swmgpobd e (366 rSuppekt bBRRW i n

further detail, to run along channel (3110) and press against the tissue
to be llf@m)ag;?bfbﬁm?%ﬁﬁgﬁ@@k é%fabmo%aﬁal%%iooﬁt hﬁigemd% ?%ﬁn%laaa' nst
tissue to be’se tachnent points (1302) al for op pi ercing

angi or BHFel iRl PR A et O 4?38%% 'rélal' f @“ﬁgiﬁmgfea%@l?r
ool r orcEngtgne & LR BRPRES Slonrouheco snghat Bleck 46y, shaShin W es ame

insertion tool fromFigure 3 1A is shovvn wi th the addition of depressible
bl ock (3208Y-31GraEbanngd ?34 18 wep ren Bibgentiglymellel migiveds atsymnsitnekaxis200)
maybe mated with support. block (3106) via channel (3110), into ‘which
mat i ng sldefiged B2é)insertydretooh sSuppert.bldski(8IE)63 M X:ip AR YREPpeiBHtist 16346
(3204) may be an integral extension of depressible block (3200) and is

pr ef er abl(B108)avHidoma Helpdn phdvertins GeGioR &f Sip ﬁltﬁéa@?@os bdhi Megd @104aNnel
(3110) so(yt hszgt depregm% ® bl 0(1:1%1(3200) nm;bsl id ree)ledy or e(tr% u‘pged Vi a

Shane! (B R psltdRof SRR ARSI RRIBIS GBF ar ol | Fi gure

328 5 Figure 328 a WS a Cross-section ure 32A

oy 4y be 4 ?3?9??5 it ek F@hi@ﬁ%ﬂ?ﬁ%& §§gt§@86f§ #éaﬁfxgy from

h
| ocator 1B ealﬁé'afg oyt Pl efnetive TBRYETA G Ny ISP RmES Yo U02 are

angled at an angle, a, relative to handle (3100), channel (3110) may be angled relative to

grasping members (3102) at a desired angle, B. This angle B is preferably similar to the
angle formed by attachment points (1302) relative to supportive backing (1300). Angling

15 channel (3110) may allow a mating block, described below in further detail, to run along
channe] (3110) and press against the tissue to be lifted against attachment points (1302). A
block pressing against tissue to be set on attachment points (1302) allows for optimal
piercing of the tissue if the force applied by the block is in the same or similar angle or
direction as attachment points (1302).

20 Figures 31D and 31E show a bottom and a top perspective view, respectively, of the
insertion tool from Figure 31A grasping an device. As seen in Figure 32A, the same
insertion tool from Figure 31A is shown with the addition of depressible block (3200)
mated with support block (3106). Depressible block (3200) may be mated with support .

block (3106) via channel (3110), into which mating slide (3204) may be inserted. Slide

39



depressi bl e bl ock (3200) and contact surface (3206) downward agai nst the
tissue and 10 attachnent points (1302) in order to set, or pierce, the

ti ssue. MWQur/g382C shows a cl ose-up cross-sectional viewof/ustigieadest al end
of the insertion tool with depression block (3200) inserted. Contact
surface (3206) is the surface which ultimately presses the tissue agai nst
at t achner82QfQimayde@nzptegral sytepsion pedeprespible 1?1@¢1*'a&2\()@) gndgapeeferablywi t h t he

pl ane defined by grasping nenbers (3102) and supportive backing (1300) to
present tdeafiguredtoeatovs adégree of ®lanwa rgatiastionhampd (Fid0) shthat depsasaible

Depressi bl e bl ock (3200) is further preferably configured to slide or run
al ong t hebleak(B2@0) Ghey; sldB, fredly ohivisdh EEgIES Ehdinerds 10 8)lafR)matmeStitie t320RY,Q¥i de a

pl anar contact surface (3206) to press against the tissue at an opti nal

angl e, WhiheHn B ¥hd 8 rovitin RGeS Or sinmilar angle as attachment points
(1302), as di ggussedo abov{eé.%I Fi gures 32D and 32E show a bottom and a top

perspective vigew, pectively, of the Lnsertionato fromFi.gure 32A
W t h?depr essi bPﬁ i ?gélﬁww%scé?ssisﬁ&boﬂa%%éfm@ §H)CEZAA&{’??5?§ “t‘ﬂg&

pl acenent {00l has.been describhed with_depressjble block. (3200), the tool
may al so (Bioﬁsf@anw Wibgtes depresiqn ?egpndé%ﬁﬁs‘é’hlﬁb mayeberq dighbingentaony p agai nst
the attachment points (1302). Rather, affixing or setting the tissue may
al so be dishaedin thesirface facing swapfrom thepatisstduring insertips sDepraksidn regionhand and
fingers against attachnment points (1302). 40 WD 01/89392 PCT/ US01/ 16346
Orbi tal HB202)wmay servecadiibesorfoe theaptival fegiondthe phydidien fpiag depressito¥@oe i on

i ncl udes approxi mation of soft tissue in orbital fracture repair and other

cr ani of acieplesabid bIGRX (82003l dbnisy BB (3POORIH R a%é?ﬁ‘st theAsk@d dfan of the
present invention features a supportive backing which is secured to a 5

fraghure i I 81 : d Tk u t4 [ or plate

Sor 1)} o Bhctinoh Bl SOEN G o B, RIS iSuS PRAIEANCIARKIAARD P

attachnment points which tend, f the supporti.ye, backi ng, su at soft

ol oo oS Sedidel Bt GG et A S RER Rl bR b PRk b o o
h i i ncl i .

attac rre%selptgcll.n&gntlagtcsug age EB‘IZr(;g)sis the surface which ultimately presses the tissue against

attachment points (1302) and is preferably relatively parallel with the plane defined by
grasping members (3102) and supportive backing (1300) to present the greatest surface
15 area pressing against the tissue. Depressible block (3200) is further preferably configured
to slide or run along the same angle, B, at which support block (3106) is set to provide a
planar contact surface (3206) to press against the tissue at an optimal angle, which may be
at the same or similar angle as attachment points (1302), as discussed above.
Figures 32D and 32E show a bottom and a top perspective view, respectivély, of the
20 insertion tool from Figure 32A with depressible block (3200) set in channel (3110).
Although the placement tool has been described with depressible block (3200), the tool
may also be used without a block for depressing the tissue or scalp against the attachment
points (1302). Rather, affixing or setting the tissue may also be done by hand, i.e., simply
depressing the tissue with the hand and fingers against attachment points (1302).
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Not ably, the present invention elimnates the use of sutures to fixate soft
tissue to 10 the underlying fracture site. Consequently, typical problens
associ at adowi/g4sosut uri ng soft tissue to the underlying bPOBUSHIEI6346
elimnated. The present invention includes various shapes which are useful
in approximation of soft tissue in orbital fracture repair and other

crani of aci al AMdbiteh FractureProgedurgsyi cal procedures. A preferred set of
shapes is illustrated in Figures 33A to 33D. Figures 33A to 15 33D are
front views ofAmtherysuiatiGpplitbs presdrit mvedean meludeSaihroximatios of shdiniissuanirt h t he
present invention and suitable for use in orbital fracture reconstruction

pr ocedur egbitalgrasthsnephin andothef &ramidficiab b mBRdId ach) sivofeal dod&urextard from
backi ng (1520). The tissue approxi mation device (1500) also features a

nunber —ofyatif QUENROBle8Snt ﬁﬁxﬂe’ﬁﬁ@ﬁ feal&s 4 éufgeg@ggﬁbﬁ_ﬁr% gfhﬁég{ ig gec?ff:ggg%m ng for

receiving a fastener such as a pin or ) may be

one r RSy PPt R BEGR S A obRE SR BRI sl tbin e

33A- 33D, .t he ate or supportive backing nmay pe shaped as a character such
25 but ndPRF hlEEHeT Bt BveRon alsq inclyden 3 plralipy qumcgwm PPHYs whisgsriende

backi ng may al so be curved away fromthe direction of the tines or 41 WO
01/ 89392 frorthesonpartsa backing sush that seft tissue mayde eonvendepslyauspendeden thier ect i on
of the tines. The supportive backing may also be convex or concave when

vi ened f rattachniemt points. Exaniphes ofiattechineat psihevingludEtinapt wher e st at ed

ot herwi se, the characteristics of the attachnent points (1510) and

supportive bagjtitly (thékertlifventith bivhidafs tCuRtdFAGRRRNG fiRYe RS tidhd thacki ngs
described 5 in the variations set forth above. For exanple, the supportive

backi . : : bl : .

by orfegr adab SR ki@ sfc. (bl GRRATHIAN ol Sruine o, 1

the patient. .The deyvice al so. be de from bi ol ogical materials.
Sissuie to Me underlymgr?o}lxe Are climinated.

The preéent invention includes various shapes which are useful in approximation of
soft tissue in orbital fracture repair and other craniofacial and maxillofacial surgical
procedures. A preferred set of shapes is illustrated in Figures 33A to 33D. Figures 33A to

15 33D are front views of a tissue approximation device (1500) in accordance with the present
invention and suitable for use in orbital fracture reconstruction procedures. As shown in
Figure 33A, attachment points (1510) extend from backing (1520).

The tissue approximation device (1500) also features a number of through-holes

(1530). The through-holes provide an opening for receiving a fastener such as a pin or
20 screw. The holes (1530) may be equally spaced or unequally spaced along the backing
(1520). There may be one or more holes (1530).

In addition to the shapes shown in Figures 33A-33D, the plate or supportive
backing may be shaped as a character such as but not limited to C, H, I, L, T, U, V, A, and
N. The supportive backing may also be curved away from the direction of the tines or
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The device may further contain bioactive conpounds or therapeutic agents.
Such 10 agents nmay be inpregnated in the device, coated on the device,
sprayed, voo oo§ser Wi se deposited on the device. Miltiple pOBRUSOIgS3RY. be
applied to delay rel ease of such agents. Suitable agents include proteins,
pharmaceuti cal s, genetic material, and_other chem cals or . conmpounds which
have a uSHREA iRpdestiqnorthagand to Berbiectigmol thatines, Jhexsunpartive bickinganey

i ncl ude hydroxyapatites, tricalcium phosphates, bone growth factors, and
bone 15 plesgevé:coqrontaienshenThevakbirorndhafigntairslee $ide (matishayin)a mat eri al and
t hi ckness such that it may be shaped intra-operatively to the patient's
anatony by apxgepgvieattated otlitewidemhe eharGttetistide uf e ittadtenentBbintsus1®d for
orbital reconstruction and suspensions where curves are desirable to

accommodahg Sﬁ}gﬁlrl‘?v %Rﬁ% lgﬂ))%ﬂ% én‘nhlblﬁﬁortﬁé hiedthi t:u{ n@ i 85@ % gb%ﬂ in an

application i's shown I n gure E. Figure 33E a hea wWth a

tissye a c d t Ltalfa fracture

Si teéj( 153%}1%)[},@5}%%1%%% ﬁ§muﬁ)8(’? 5%5@)( gm?ﬁéﬁjﬁes upgorﬂzigzgg 0813 Pgﬁ%{ arigid
plate and .is use in settin nted 42 WD 01/ 89392,

BT Usor Aisated gt PO BFASYF Bhetdsrny @dggraa% mpterigloe Ry Iﬁ@teaﬁlsa@w ©(1537)

wll depend on its apﬁ)l ication. In this illustration, where bone setting is

requi r ed gerrallpabserbeplerbis thepetiene hhe devige may also ba enada fonubisldgidat i ent

thickness to fasten the bone fragnents together. In other applications,

however , midtaiats.t he device is used for tissue approximation and no bone 5

setting is required, the backing may be less rigid, |ess thick, and nore

conforni ng. FimgiidRvisdma BRhsonsid lb”i@adt%@bm?@ﬁﬁds‘?ﬂ tmapéﬁﬁ@dge&ﬁé?@;)chs et or
suspended on tines (1541). In this nmanner he soft tissue covering the

devige (1 r al
sutures t géﬁ% {n; 1%2 e?ﬂ?t?&%}?@gﬁlgﬁg% C%E%ag)ﬁé ﬁ%je‘ﬂ P%%%&é&rs al so no
need for elg(ysﬂ:%g %Int X eexllllce ﬁgl%pfe%oasttlfﬁ senqu lt)ehaeppiecti tco 3elay Iefease of such agents.

Suitable agents include proteins, pharmaceuticals, genetic material, and other chemicals or

compounds which have a useful effect in humans. Other non-limiting examples of agents
include hydroxyapatites, tricalcium phosphates, bone growth factors, and bone
15 morphogenic proteins.

The device may also be made of a material and thjckneés such that it may be shaped
intra-operatively to the patient’s anatomy by applying heat to the device. Such devices are
well suited for orbital reconstruction and suspensions where curves are desirable to
accommodate facial bones.

20 An illustration of the present invention in an application is shown in Figure 33E.
Figure 33E shows a head (1535) with a tissue approximation device (1537) secured to an
orbitalfacial fracture site (1542) underneath wound (1539). The device (1537) is shown as

a rigid plate and is useful in setting fragmented bones.
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10 Figures 34A and 34B show a variation of the present invention which is
al so useful in orbital reconstruction procedures. In particular, Figure
34A showwa@ot/gssue approxi mation device (1550) havi ng a BOppeet/icsss backi ng
(1560) divided into two discrete regions. The first or plate region (1570)
i ncl udes sever&J{l through-?\ﬁll es and is "tineless.”" That is, no tines or

att achment poi HPIALFRSUCE GhviieiSHPRMBV pagking i giesise (13570 yilbfleeng 9ndts34A. 15
The second or tine region (1580) features two tines (1590) to serve the
functi on @pplicatian. daithid illustatien, atberecbathe seiting éxireqairéd thedrskingeispbat e r egi on
and tine region may be separate structures joined together or they may be

i ntegral gantralignigidaot hek.a shifipidne tladheshonistan gedRn¥ fia¥ments tdpetiek SEUE
approxi mati on device having a variation in thickness. In particular, the

tine regi&RelabpiBations, HIWIBE WhkRARe HBRPIsEEd fR gi.bﬁiiéca&él%&ﬂﬁﬁdo%oan@h%moﬁe

device is suitable for applications requiring a t r substrate in one

bonez | ocat.\ : : ! i]la.fractu for exanple,. devices with
a va? yi ngste%t ek ﬁéeds?“ggé’;}hé E%Cﬂ%sqggﬁﬁé 1%‘? n%lgﬂfréése{,ﬁ%%m?mﬁen%o W not i nited
to the particular variatign sho in Figures 34 nd 34B. For_ exanple, the
tine region nfuré‘gﬂ’? ﬁﬁ Q?Weﬁ?‘of”ﬁgﬁ‘?v‘g%r B?r&gg 0?8‘@?16‘?16(5381 set gherRgnded onifpes
01/89392 PCT/US01/ 16346 Figure 35A to 35C illustrate another variation of
the presddp4Dnabtis giannernths seft tissesovenmgthe dewsa(SRGmenmins suspeaded and
approxi mati on or MIDS device (1600) in a horseshoe shape. Arc (1610) is

provi ded theredy o desthfoe ndditiorat sutesss saiatbachghd dudt fisshie rothbubddrlyimpebore. i n, for
exanple, mdface |ift procedures. Wiile a horseshoe shape is shown in

Fi gure 5 Tefe istdieh nowweRatfbihyiadditidhalSstepsitdbispendihd soRYiséudc! ude ot her shapes
having arcs, slots, or curves which avoid covering nerves or other

erater cal 54 gl st SinageSeaingdl ¥ e BRI IPIAN
theref r o, it Wlofisthiifofd B¥cEfurkd! RYRRiculioFBREAN H8vR 9Tkl 630) MY
approximation device (1550) having a supportive backing (1560) divided into two discrete
regions. The first or plate region (1570) includes several through-holes and is “tineless.”
That is, no tines or attachment points are shown in the plate region (1570) of Figure 34A.
15 The second or tine region (1580) features two tines (1590) to serve the function as
indicated in the above described variations. The plate region and tine region may be
separate structures joined together or they may be integral with one another.
Figure 34B shows a side view of the tissue approximation device having a variation
in thickness. In particular, the tine region (1580) is thinner than the plate region (1570).
20 Such a device is suitable for applications requiring a thicker substrate in one bone location.
In orbital and maxilla fractures, for example, devices with a varying thickness can be
useful. Of course, the invention is not limited to the particular variation shown in Figures
34A and 34B. For example, the tine region may be thicker than the plate region (not

shown).
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10 elimnate the need for separate fasteners. Figures 35A to 35C al so
feature four tines symetrically disposed on backing (1620). The tines
serve thav@aang3puncti on as described in the precedi ng vaPrCrUSO®S3wf t he
present invention. Figures 36A to 36C illustrate another variation of the
present inventi.on f.ul, _jn rbital. rimand qrbital floor.reconstruction.
As shown in Fi%ﬁ?@?ggéﬁ?’ls{; 1§%%a¥)etqpé>tlbeéyprd%10nl(§ theygsEapt ey 13 backi ng
(1660), tines (1670), and through-holes (1680) simlar to the variations
descri bedastselas, Figpigeséy showe i tisauq appsosimption o MJ DS dqvissr(160Bdoy

per pendi cul arly extending from backing (1660). The floor (1690) is shown as
subst ant ileirdeghoef shape. asve (hak))as miostideddp pyaist coedrimk yesgs alich a3 thévinfrabital of t he
pl ate or backing (1660). Preferably, the width Wof the backing (1660) is
si zed equtvelif, ©F cka@sslc, idface e Woskdura! White 2Rore¢dhbt shabees iowekinEsgure Of
backi ng (1660) is preferably in the range of 0.1 to 5 mm and nore

pr efr ablag ADef¥gechtdnTs AR 61 if@ﬂ‘anﬁ?xg'c}ﬁ iﬁ&ﬁ%@?ﬁgp{}ﬁ?&%&/{@%ﬁ, %lﬁ%e%?%’ﬁ Lir is

limted also by the depth of the o t an cknes

preferably in the range of. 0.3 to 1 The .devj ce shown.in Fiqu 6A to
B5C 1 o pavrieRaitidh §YAREF g nin St appio G ¥iefiudy TR r gk tRE e
fractures of the orbital floor where additional support is required. 44 WO
01/ 89392 YBEYKb1/ 16346 That is to say, a floor (1690) is suitable in
repairing severely damaged sites where the orbit bones are fragnmented and
fixation i s nebud@vindnkigure pe hickimg<l @13 maythavé aanchoting postr{1630vi ng a
particul ar shape however the invention is not so |limted. The floor my
have ot leatendhgpbaefron torsgcubethadaypice th banep dihk iantHoding postad 630)dnglept hs as
appropriate for the 5 severity and type of fracture. Figures 37A to 37D

i 111t r atefindfft BRIk fdrabpRhte FAstdrRes. FiHRHB5A Ry $5¢ bRD fednin@ Yb@Sineg /A to 37D
show a tissue approxi mation or MIDS device (1700) with an extension nenber

(1710) e i r iNE, Ki (17 heok . jqations
Gosor! bod SR BHo RN KR, BRALIRY shes el shithe Binclifh b fstitica
suspendi g tl%eolgrgceding variations of the present invention.

Figures 36A to 36C illustrate another variation of the present invention useful in
orbital rim and orbital ﬂoor reconstruction. As shown in Figures 36A to 36C, the device
15 (1650) includes a backing (1660), tines (1670), and through-holes (1680) similar to the
variations described above. However, device (1650) features a floor (1690)
perpendicularly extending from backing (1660). The floor (1690) is shown as substantially
flat and has a width approximately equal to the width of the plate or backing (1660).
Preferably, the width W of the backing (1660) is sized equal to or less than the width of the
20 orbit. The thickness t of backing (1660) is preferably in the range of 0.1 to 5 mm and more
. preferably between 0.5 to 2.5 mm. The length L of the floor (1690) is limited also by the
depth of the orbit and the thickness of the floor is preferably in the range of 0.3 to 1 mm.
The device shown in Figures 36A to 36C is particularly suitable in severe orbital

fractures that include fractures of the orbital floor where additional support is required.
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10 tissue such as cheek tissue in the orbital region. Unlike the previous
vari ations, however, an anchor post (1740) is separated from backing
(1720) bywext/gg3st on nenber (1710). This variation of the per#setics4eventi on
is suitable for procedures where the preferred anchoring position is not

adj acent jhe.soft tissu be su pended, . The present invention

provi des llﬂ“sttﬁée%ti’s%@ﬁz}@)b?sué% e ip repaisingsevpely dgmaged filgs V'(lk?reatﬁeﬁfhéhorl ng
position. 15 Wile only one plate is shown attached to anchor (1740), the
present ibpnenaiedrrgaientsd aad dixapen sawedad inimmléplp dimensianst dbhdlgor is shown ngl e
post. Extension nenber (1710) maybe either solid or flexible (such as a

t et her) dsmvidpoaparticularFahaps esvS/AAtirriadvefiBn isxsgppec timitedy Thefflosphag hawe sur geon
may be provided with a nunber of devices having varying | engths. A device

havi ng a &@Bér Hapostafd a9 beHRBRed tdBittibRausR atdd dsgbfdpeiatefostepend sof t
ti ssue above orﬁ%e omﬁ?he aﬁ@ﬁor post (1740). égﬁg grg?ﬁﬁgadlfke ext ensi on

e rs o1 Ndirectly suspending soft tissue below the
angﬁgrl ng@g% t olrl?s %(gvan ageousl y, the Iength of soft or threadlike

ext ensi on ne S arie ring a sur |cal rocedure.
% W 05/ 80303 BRFF b 12 MRl el Shartionos Hhettalbal HvBEct, PR bl o
ext ensi on__nmenber (1710%5‘ bei ng nmani pul ated by a force F which decreases the
di st ance bt igetiP pHeWPE approxmaions M BBS devica (IU0P) With apiexisnsighner, a
post may be secured to a bone site and the backing or plate (1720) may be
posi t i onedemberd(l 2td)edtedilmg drome stipponitertmcking K5720). 1 3d)ar 16 thenatigensvar i at i on
is shown in Figure 37D. In Figure 37D, the extension nenber (1710) is

adj ust ed degcritsidaibbig baclkn®( 700y BioludeOond dindrb &inex(1996) fon sidpeiihg ssfound t he
knob thereby decreasing the distance between the post (1740) and the plate

or p@cki Ngkshd drflas cHRR tﬁﬁe‘%ﬁ%h@@rbﬂﬁﬂ%@%n”@ﬁl&@tﬂe r@ﬁ9u§%rfalﬁg?soh e9r

backing (1720) in a nunber of ways including a suture (175 esive, a
oo o R SSPRAF R L P B el = 1 1o
This variation of the present invention is suitable for procedures where the preferred
anchoring position is not adjacent the soft tissue to be suspended. The present invention
thus provides for the suspension of soft tissue remote or distal to an anchoring position.
15 While only one plate is shown attached to anchor (1740), the present invention also
encompasses multiple plates attached to a single post.
Extension member (1710) may be either solid or flexible (such as a tether) as shown
in Figures 37A and 37B respectively. If solid, a surgeon may be provided with a number of
devices having varying lengths. A device having a solid extension member may be used to
20 indirectly suspend soft tissue above or below the anchor post (1740).
Soft or threadlike extension members may be suitable for indirectly suspending soft
tissue below the anchoring position. Advantageously, the length of soft or threadlike

extension members may be adjusted and varied during a surgical procedure.
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Fracture Fixation Fasteners and Spacers Another variation of the present
invention is illustrated in Figures 38A and 38B. In particular, Figure 38A
shows faswenus9392800) in the shape of a screw. Fastener (REDOBO1/i6BH udes a
body (1810) and an end or head (1820). Extending from head (1820) is an 15
attachnment point or tine (183 Tine (1830) termnates in a sharp point
and i s adapt edor gxamplg, Eigurg}s’iﬁ)ealmwlaébmﬂe Fiteusien BeBbedWE0)ftesiteener (1840)
having a plurality of tines (1850). The device illustrated in Figures 3 8A
and 3 8Bmaipulattdby e fore Fhwhithndeceassuthpelintineg beivssn ¢het tencking (bTRW andpodthe
craniumor face as well as other bones or tissue throughout the body where

suspensi gmm) $:0fHis S Oa hkt ﬁﬁ%é@éc@étﬂmmwrﬁrsﬁ@bﬂdWe%@klh@ar ﬁl@fet tissue
is 20 adjacent to the borie site. A si ngl e fastener be used

BT dang P oy D RIRRETE BT céﬂorﬁ‘lﬁ%&&%o?@ﬁo}' Ssue or a nurber of

f ast ener ective Into one sttes. The fasteners of

th t { f nbi nat th
ot net - dovi cos, ATRROMIN o850 Bt Detie 48 TGRF P Dy e esBrop BRHRT &

shovvn as a_ screw wth threads, the |nvent|on is not so limted. Fastener
may be a (b7H)dyadipsted by rogatingra kyeh S b76fhite Windihe ls¥iensier meatber aropnditheinebi n a
bone and secured thereto. O her suitable fasteners in accordance with the
present itherebpt desreasingdhaidistabomeetweaiibe postti(HeKD anditict plate et badking (@2t | east
one tine or attachment point 5 extending fromits head or proximl end.

Furthernore, tTe dkesbienetenitry nh§ beijbined Stk platd ailRickigg ¥17209n & @hhbéadTpi ng.
A self tapping screw may, for exanple, have a V-thread and term nate in a

sharp ti gvg(y@qﬁcmﬂgfa)suwﬂm) AR Re SEkdot L ARRNAGRGHAW éaf‘ee bt &BPS:

threaded w'th a rounded t|p imting exanples of s

pol 1 act Er et KSpg LA yR ??;Vm;f‘e?%ﬂac g M%\Qmsﬁseéﬁp BaiE v al s

i ncl ude those bi oco tipl and bloqygorbable mat eri al s previously
referenced in racture Fixation Fasteners and Spacers

Another variation of the present invention is illustrated in Figures 38A and 38B. In
particular, Figure 38A shows fastener (1800) in the shape of a screw. Fastener (1800)
- includes a body (1810) and an end or head (1820). Extending from head (1820) is an
15 attachment point or tine (1830). Tine (1830) terminates in a sharp point and is adapted to
fix or suspend tissue. Figure 38B shows fastener (1840) having a plurality of tines (1850).
The device illustrated in Figures 38 A and 38B is suitable for fixing or suspending
tissue to the bones of the cranium or face as well as other bones or tissue throughout the
- body where suspension of soft tissue is desired and preferably where the soft tissue is
20 adjacent to the bone site. A single fastener may be used in accordance with the present
invention to suspend soft tissue or a number of fasteners may be selectively deployed into
bone sites. The fasteners of the present invention may therefore be used alone or in

combination with other devices.
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connection wth other variations of this invention and conposites thereof.
Figure 39 illustrates an application of the present invention enploying the
fastener 3vO01830) of Figures 3 8A and 3 8B in conbi nati onP@iAROIZIGpIcAt €
(1910) and additional "tineless"” 15 fixation screws (1920). Accordingly, a
relatively large fracture fixation plate (1910) nay be secured to various
bone fragment s\%’bﬂéfasﬁﬂ%fm%lﬁ Bhesen axe sgew ajibghesafd dhaigventicadhinerfo  poi nt s
or tines (1930) extending therefrom The surgeon thus has control and

f 1 exi bi | iligitédh Fadehermanbeg pinhervers of étheri shapeewkikh khn beinsersgkintbecholEirgair e 39
al so shows one enpty through-hole 1940. Through-holes nmay be filled with a

fast ener Wuneeu@®Becarddibéree Wthér sH@able fastéhetiSin@BEbrA%hce With e PRISE G nBbn
Wil e the backing (1910) is shown as relatively large, the backing nay be

vari ousl yinclﬁﬂgﬁéhea% or@ﬁﬁ%l%lg ﬁj_d %\E?Se ; : g{gedg?é(negtﬁ}es&aaﬂﬁ&xﬁéﬁ?o%ng or

washer having a single t 0 tecelve ast ener. 01/ 89392

i sctot e Mt AT B AS R B, hrthaoRothe fuite Bmie S bl A °

nunber of fasteners ((1900) having tjnes (1930) nmay be positioned in

sel ect ed BPRIBGAL %S@& tapging, p“pﬁ%ﬂ%ﬁpmgﬁ%@/ﬂg% Rorgxapple, 8314 2 Vitheeadand, t o
further distribute the tension forces within suspended tissue. 5 Figures
40A and 4esnishievn askarpép (vetrshawhbwherkas hreompsedttepping neewtmagnbe buttréisgur e
40A, spacer (1950) features four tines (1960). Spacer (1950) may be used
al one or threadabwhh aadundad vipt h ot her devices to suspend tissue. The spacer
(1950) shown in Figures 40A and 40B includes an aperture (1970) for

receiving a fagsensiting QB8RS of shRatK faRRALs fhieBhdro theliRleNPhinlsQ stdelitied. A
spacer need not have an apérture or the aperture nmay have 10 ot her shapes

(nofo Shoutlloy, ABEf Qﬂyf,§f§g}g§£t{c§@b{§§§41%1%%ﬁjc%@idi SaPNPHA. Oindi SHifige 408- 1N

Figure 4 pacer i nation are Irvely large

fracture 1;15‘()6(:1%51'3 ?n%hﬁfe%oese %%O%Z)g?pamecagd bioabsorbable materials previously referenced in

connection with other variations of this invention and composites thereof.
Figure 39 illustrates an application of the present invention employing the fasteners
(1900) of Figures 38A and 38B in combination with a plate (1910) and additional “tineless”
15 fixation screws (1920). Accordingly, a relatively large fracture fixation plate (1910) may
be secured to various bone fragments (not shown) with selected regions having attachment
points or tines (1930) extending therefrom. The surgeon thus has control and flexibility in
determining where soft tissue shall be suspended. Figure 39 also shows one empty
through-hole 1940. Through-holes may be filled with a fastener or even a therapeutic agent
20 depending on the application.
While the backing (1910) is shown as relatively large, the backing may be variously
sized. For example, the backing may be shaped as a ring or washer having a single though-

hole to receive a fastener.
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has t hrough-holes (1980). Tineless fasteners (1990) may be used to secure
the plate (1970) in conbination with spacers (1950) to an underlying bone
site. Asvehowse3dn Fi gures 40B, 15 the spacer is secured oRCTOROIOf6346he pl at
with its tines extending therefrom The tines are attachnent points for
suspendi ng adj acent_ soft tissue and are designed in accordance with the
vari ati ons desHidsekinggpplate (FRE0 ey alse inchidewpr epneredisagtcpiipeliaes syst ens
conpri sing any conbination of spacers, fasteners, and supportive backings
and pl at esginns moasichwil) hhving, for axsnpihj toles aAenunit@r o Bkteherds it 9G0) Aaving Enes
fixation and soft tissue suspension. The present invention al so enconpasse

net hods and3@nesessRsitioned ﬁﬁéd&té&ﬁo@éﬂﬂﬂﬁeﬁl@%ﬁ?ﬁlbﬁént%ﬁﬂ)&@ﬁmto@ tHel 61t

fractured bones and suspend soft tissue therefrom Further, the present

i nventi onidge KO Akl ftitRe ﬁféqgns{i(ﬁ?ﬁ)}é@:@%fh ﬂs%erﬁfe&ﬁ%sue-.rhe present

invention may al so be used 1 n applications ere no bone fractures are
presgnt or 48.\W0 O 93 [ USOL1,16346.. where bone .fractures_have
heatd. For exRBFeIORART 405 e sy hae bl HERE PERERakRY SEERERS: (e 1o
cure or conpensate for_ sagging tissue, reover, the device of the present
nvent | orf KnyPaer (050 featisksfphasi |90y Seaser C5GLmae be predalonarime. sof
tissue was elevated fromthe underlying bone and now needs re-anchoring.
Ve have dwsthindsiod with ethénlegives tmsusyenshitsays. elherspatsy (LSO shown rFighres QA
physical attributes and benefits of the structure. This manner of
descri bi rgdt408 includditancipestinve (ll 9470)dbs recdioivg ueflisteree. Halvenerg thelpréseqt ng t he
scope of the invention in any way. 49 WO 01/89392 PCT/US01/16346 CLAI M5
Ve cl ai Mindentidn id ARls8 Mnkhe A irndbien 3R ROONVERA bt ¥} £ periit nSlyHive
10 other shapes (not shown).
Another preferred configuration is shown in Figure 40B. In Figure 40B, spacer
(1950) is used in combination with a relatively large fracture fixation plate (1970) which
has through-holes (1980). Tineless fasteners (1990) may be used to secure the plate (1970)
in combination with spacers (1950) to an underlying bone site. As shown in Figures 40B,
15 the spacer is secured on top of the plate with its tines extending therefrom. The tines are
attachment points for suspending adjacent soft tissue and are designed in accordance with
the variations described above.
The present invention also encompasses systems comprising any combination of
spacers, fasteners, and supportive backings and plates with and without tines which are
20 useful for fracture fixation and soft tissue suspension. The present invention also
encompasses methods and processes for using the above described devices to fix fractured
bones and suspend soft tissue therefrom.

Further, the present invention is not limited to bone fracture repair sites. The

present invention may also be used in applications where no bone fractures are present or
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a) a supportive backing; and 5 b) a plurality of attachment points
extending fromsaid backing. 2. The tissue approximation device of claiml
wherein 30 d1/sks9i ce conprises a biodegradable material. ROTI/BSOITHea46t i Ssue
approxi mati on device of claiml1l wherein said supportive backing conprises
at | east one discrete contact area and said plurality of attachnment points
are sit wdesribone fagiuyeshaviedwsledofer eNasple tle dayinegnaay be atached tophealthg sue
approxi mati on device of claim1l wherein said attachnent points have 15
nmor e t harbopesitestoames orsconteasdte fsseggipptisxe.nMdrenvedahié deviod ofthapmeseht wher ei n
said attachment points have shapes and directions selected fromthe group

consi st i ngvedtios aye” used®Ssupplegfeht %ﬂeﬂi@ﬁs EARiREn wWhikhhe s6fRfitwd vaksr owheads,
erect barbed tipped tines, canted barbed tipped tines, erect 20 arrowhead

tipped ti ted FEHAL ggtﬁﬁgwgﬁgn%mLééag%_aﬁhﬁghgnai | - shaped ti nes,

canted nail - shape I nes;, grater- ines. 6. The tissue
approxi mation deyice.of .claim.l further conprising front a back .sides.
S e t1 oSN E it vation B SR bY ek Be 80 BREULE has
attachment _points on_said front and back sides. 8. The tissue

appr oxi meitrigHtesand benehts ofithe suetyife d Bismmanaeofsieswibing thedpysuipa ghouldpot,
auxiliary attachnment points. 50 WO 01/89392 PCT/ US01/16346 9. The tissue
appr oxi mewowsrerdby faken af limitiigthe sedperoéihe inwintdondixany way. at t achment points
have shapes and directions selected fromthe group consisting of canted

tines, erect tines, canted hooks, canted arrowheads, erect barbed tipped
tines, canted barbed tipped
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tines, erect arrowhead tipped tines, canted arrowhead tipped tines, erect
nai | -shaped tines, 5 canted nail-shaped tines, and cheese grater-Iike

ti nes. 1O 0hsw3bi ssue approxi mati on devi ce of clai m8 whePeT/NS&IAI6E46
auxiliary attachment points have shapes selected fromthe group consisting
of rounded nubs and pointed nubs. 10 11. The tissue approxi mati on device
of claim 1 wherein said attachment poi $lsAIM® varied in density on said
backi ng. 12. The tissue approxi nmation device of claim1 wherein said
attachnent poiWt¢elaBme varied in length on said backing. 15 13. The tissue
approxi mati on device of claim1l wherein said device also conprises a
center and saild At ingsarEbIE tiQietpproXiBatinQRvRE Sbiv@li¥inghor ter the closer they
are to the center of sajd device. 20 14. The tiSsue approxi mation device
of claim1 wherePri ssppertiye baekingmodpoi nts are varied in orientation on

sai & backing. 1 T . e, 3 i ' V] of..claim1l wherein said
bac% ng conpri sgbs)aggl}aglbzgfﬁﬁag&?é@. Oggé ﬁ%&#&&eﬁﬁﬁssg eba§ lp?lgbxi mat i on devi ce
of claim 15 wherein said porous material conprises a nesh, net, or
lattice. 17. The tissue approximtion device of claim 1l wherein said

backi ng conpr i%sdde &issugrpprtximation devics of cim\igyvhereigganbdepice conptisesd346  18.
The tiss i i device of claim1l wherein said backing conprises a
pl ural i t?ﬁloodfég%gée)%%ﬁg%ért rough which attachnment points are placed. 19. The
ti ssue approxinmation device of claim 18 wherein said attachnent points are

10 3. The tissue approximation device of claim 1 wherein said supportive backing
comprises at least one discrete contact area and said plurality of attachment points are

situated in said at least one discrete contact area.

4. The tissue approximation device of claim 1 wherein said attachment points have

15 more than one shape.

5. The tissue approximation device of claim 1 wherein said attachment points have
shapes and directions selected from the group consisting of canted tines, erect tines, canted
hooks, canted arrowheads, erect barbed tipped tines, canted barbed tipped tines, erect

20 arrowhead tipped tines, canted arrowhead tipped tines, erect nail-shaped tines, canted nail-

shaped tines, and cheese grater-like tines.

6. The tissue approximation device of claim 1 further comprising front and back
sides.
25
7. The tissue approximation device of claim 6 wherein said device has attachment

points on said front and back sides.

8. The tissue approximation device of claim 7 wherein said back side comprises

30 auxiliary attachment points.

50



5 secured to said backing by a flange or hub. 20. The tissue approximation
device of claim1l wherein said attachnent points extend fromstrips of
backi ng 0o08i/839Ng essentially of the sane material as saPdT/a@sezseNnt
points. 10 21. The tissue approxi mation device of claim20 wherein said
strips of backing are secured to _a backing. 22. The tissue approxination
devi ce of cl aidmEhefisspeappresimation defdes efdaimed whereirntadd pwiilia aiiachmest a

pol ymer 0. tﬁ?ﬂge%ﬁgées a?xgl dlr-gt't?cints'séhg-:&gd ABH! RE 'gF@J&) c%ﬂmgt &ecﬁag{eg ?illlg% g}e%g

wher ei n ner conprise Sel ected

fromthe tgles;lmpnted) heolas, cmge@ﬁrrmphﬂaﬁgley@t)bmﬁed tlppﬂdyririe@,tdad&d barbed tipped
pol y- a- capr ol act one, ygl yconat e, pol yl acti de-co-glycolide, 20 their
m xtures, R’QF’Ie&% arrcawbeardla F]nt‘é‘ﬁﬂ cartet mreuhsdyipeed tingsy ereqiaaik shapggtines,

appr oxi ”%h@@n&'i?‘éh dQ{neglaﬁH X"gf‘adé?'li?(éﬁlb? backing conprises opposing

end areas and a tra area oca between sai d opposing end areas. 25
25. The tissue apprOX|nat|on device of claim24 wherein said pIurallty of

ttach t i | t ed d. 26. Th
Sbbr ol mat i o e eSS SparmoBor st o wBfe TR kot ks
at t achmenfoif@hdVeShapd s@l%cfé@f% 8338pR ﬁélkﬁ%éfl fithaed gubs aﬁh%ofn'te?ﬁ%s

approxi mation device of claim1l conprising a first end area having
extendi ng attachnent p0|nts and an opp05|ng second end having one or nore
opepbngs devi ce of

h b
cl atn 27 WL e; g:f%hl?g 1§55y %&{o%ﬁan% (ieazlce oq' clalm SWheretd srau%‘xa act I onm S are

varied in density on said backing.

12. The tissue approximation device of claim 1 wherein said attachment points are
varied in length on said backing.
15
13. The tissue approximation device of claim 1 wherein said device also comprises
a center and said attachment points are progressively shorter the closer they are to the

center of said device.

20 14. The tissue approximation device of claim 1 wherein said attachment points are

varied in orientation on said backing.

15. The tissue approximation device of claim 1 wherein said backing comprises
porous material.
25
16. The tissue approximation device of claim 15 wherein said porous material

comprises a mesh, net, or lattice.

17. The tissue approximation device of claim 1 wherein said backing comprises a

30  solid material.
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attachnment points are canted toward said second end. 29. The tissue
approxi mati on device of claim1 wherein said backing is tubular shape and
has an owa@puds3surface, a first end, and a second end oppPE€T/HgoIE®B4h fir st
end. 10 30. The tissue approxi mati on device of claim?29 wherein said
outside surface conprises attachment paoints on said first,end canted
toward sai d sd8odfedisene approximatian deyige oA slnimyi wherrigrsaiddvackiag epmptisgsm 30

wherein i.ch: i %y‘{]; L r j ttachment points on
sai d seci’%g%%%?%%?‘é o(\%%?c}v};slgll %Hikgxﬁt p&%g.p%go.qécfﬁ'e ti ssue approxinmation
device of claim1l wherein said backing is configured to be wapped around
tissue to forma_tubular struycture,and has.an inside surface with a
central regi oﬁ].g- ﬂ“&ye:glg_sue]erp@rqm@gw ‘?fﬁﬁ}ed’gi"%érpir}@nw%%é %@Fta%hn%ﬁnﬁi)@l?t%%%r ein
sai dg i nSisE’&lr&Ptrofsgﬁieoacﬁﬂgégfgirasﬁ&#g%}ﬁﬁl;!”ent points canted toward said central

region. 34. The tissue oxl rmat1 on device of claim1 wherein said backing
conprises 25 areas of conparatively higher flexibility than other areas of

sai d backing. 35...The tissue.approxi mti.on.devigce of claim 34 wherein said
arcas of hi ghél THe ris IPPIGaBNr vt (i | Wheres seifipliochmacnygomts
appr oxi Mekiead fidfVitaBs 8f backHoBoRS MY RinBaBR bEIRISEMS nPhtertdl 89@4d attdoRred 1 1Ty
conpri se a reduced anount of backing material. 53 WD 01/89392

PCT/ US01/e8846 37. The tissue approxi mation device of claim1 wherein said
bach'? ng conprises sides of a clanp. 5 38. The tissue approximation device
of tlaim 37 wherein said clanp conprises a first end and a second end.

21. The tissue approximation device of claim 20 wherein said strips of backing are

secured to a backing.

22. The tissue approximation device of claim 2 wherein said biodegradable

15 material comprises a polymer or copolymer.

23. The tissue approximation device of claim 22 wherein said polymer or
copolymer comprises one or more materials selected from the group consisting of
polyglycolide, polylactide, poly-a-caprolactone, polyglyconate, polylactide-co-glycolide,

20 their mixtures, alloys, and random and block copolymers.

24. The tissue approximation device of claim 1 wherein said backing comprises

opposing end areas and a central area located between said opposing end areas.

25 25. The tissue approximation device of claim 24 wherein said plurality of

attachment points are located in said opposing end areas.
26. The tissue approximation device of claim 25 wherein said central area is

without attachment points.
30
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39. The tissue approximation device of claim38 wherein said first end
grasps tissue and said second end conprises an anchor for tissue. 10 40.
The ti ssweoapg3oxi mati on device of claim 39 wherein sai d BATNSI/BE4HPr i ses a

pin, nail, or screw. 41. The tissue approximtion device of claim1l wherein
said backing is in a helical , 15 form 42. The tissue approximation device
of claimil whérelRedispue appraximation deyigsrat skadmol compyis t endoreg haying nor e

strips of K ' : : S :
pl ot aST o £ Sathaf B EIROpBbehe WA R hS O e heniBh 1)
backi ng Haeugigsaidadckigpsi ng ends separated by a center area and discrete
contact areas adjacent said ends, and b) a plurality of biodegradable

attachnment points extending fromsaid discrete contact areas adjacent said

endss 25 and whemngRissal éﬁgﬁéﬁﬁamﬁ%&i&%@lﬁm%&&ﬁ%a R8nALfGCL | ONS

selected fromthe group consisting of canted tines, erect tines, canted

hooks, catiachahent pointscaid santed ewtardsaibsstond emped tines, canted barbed ti pped
tines, erect arrowhead tipped tines, canted arrowhead tipped tines, erect
nai | - shaped tines, canted nail-shaped tines, and cheese grater-like tines.

30 . 44. The bhbSYUE RAR Hpidhhith @9Weef cRimCl Bhéfeih3ahRtEhp iSup@ber i ty of
said attachnment points are canted toward said center area. 54 WO 01/89392
PCT/ USO1A/h#g46d has an phisideisudags, afpit end.rnd asacatehend @ppésing seidfisBencher ei n
saiﬁ)attachmsnt points are canted toward said center area. 5 46. The

ti ssue approxi mati on device of claim43 wherein said backing and

attachment poi3ot Theaispid Hpraximhttdsdeviveeribladeyratadh eaifwutidesurfa® ect ed

from pol yners and ) ) )
comprises attachment points on said first end canted toward said second end.

31. The tissue approximation device of claim 30 wherein said outside surface

15 further comprises attachment points on said second end canted toward said first end.

32. The tissue approximation device of claim 1 wherein said backing is configured
to be wrapped around tissue to form a tubular structure and has an inside surface with a
central region.
20
33. The tissue approximation device of claim 32 wherein said inside surface

comprises attachment points canted toward said central region.

34. The tissue approximation device of claim 1 wherein said backing comprises

25 areas of comparatively higher flexibility than other areas of said backing.

35. The tissue approximation device of claim 34 wherein said areas of higher

flexibility comprise hinges.

30 36. The tissue approximation device of claim 35 wherein said areas of higher

flexibility comprise a reduced amount of backing material.
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copolyners. 47. The tissue approximation device of claim46 wherein said

pol ymer or 10 copol ynmer conprises one or nore materials selected fromthe
group comnve®et/sasee of pol ygl ycol i de, polyl actide, poly-a- cROT/OR@Ct84%€e,

pol ygl yconat e, polylactide-co-glycolide, their m xtures, alloys, and random
and bl ock copol yners. 48. The tissue approxi mati on device of claim43
wherein said backing further 15 conprises front and back sides and wherein

i d backi j infl: o f angd: . Si . 29. Th
Cssuo appr oxi gt e anv e PRt A i e AR e, oo

auxi | i ar gides bheblmant points. 20 50. The tissue approximation device of
claim49 wherein said auxiliary attachnent points have shapes and
directions selected fromthe group consisting of canted tines, erect

tines, canted 3@9@h’%1tis§@é‘ép%%)ﬁ’rhémg,%1qf%la‘%t37%é?ﬁﬁ shidRR&ED &d%ﬁseeg ant ed

barbed tipped tines, erect arrowhead tipped tines, canted arr ti pped
ti nes, erfgtendand askequdendi nes, 25 canted nail-shaped tines, and cheese
grater-like tines. 51. The tissue approxi mation device of claim49 wherein
said auxiliary attachnent points have shapes selected fromthe group

consi sting of 300undemsippraxidatiRl dévRe oTehom 383hdpein said TREtAd ofispd | SSue
approxi mati on conpri si ng the steps of: a) identifying the tissue or |ayer

of ti ssudissus agd saisheen mpgipes ansmchey fo1 189892 PCT/ US01/ 16346  b)

i ntypducing the tissue approxi mation device of clainms 1-51 upon said tissue
to be joined. 53. The nethod of claim52 wherein said tissue approxinmation
conprises wourd. TheGisasbpproximation device of claim 39 wherein said anchor comprises a

pin, nail, or screw.

41. The tissue approximation device of claim 1 wherein said backing is in a helical

15 form.

42. The tissue approximation device of claim 1 wherein said device is comprised of

an assembly of two or more strips of backing attaching edges of tubular structures.

20 43. An implantable tissue approximation device comprising:
a) a biodegradable backing having two opposing ends separated by a center area
and discrete contact areas adjacent said ends, and
b) a plurality of biodegradable attachment points extending from said discrete
contact areas adjacent said ends,
25 and wherein said attachment points have shapes and directions selected from the
group consisting of canted tines, erect tines, canted hooks, canted arrowheads, erect barbed
tipped tines, canted barbed tipped tines, erect arrowhead tipped tines, canted arrowhead

tipped tines, erect nail-shaped tines, canted nail-shaped tines, and cheese grater-like tines.

30 . 44. The tissue approximation device of claim 43 wherein a majority of said

attachment points are canted toward said center area.
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54. The nethod of claim52 wherein said tissue conprises soft tissue. 55.
The nmethod of claimb52 wherein said tissue conprises soft tissue and bone
10 attacwent/g9385. The net hod of claim52 wherein said tiBEDES@PBBE4HXi mat i on
conprises vascul ar anastonoses. 15 57. The nmethod of claim52 wherein said
ti ssue conprises tendons. 58. The nethod of claimb52 wherein said tissue
conprises nerves. 59. The nethod of claim52 wherein said tissue conprises

cartilage. 20Qz66: lelo cl ai €] i i

conprises ten ghg.he-{%%%}ﬁ)e nef&LoéldA egwpc(ﬁglla\{rr@%g%\/\%e@gisﬁdégﬁu sé(?? ? bl%llssag%e
conpr i sesattedsoverd said cBitebdea. The nmet hod of cl ai m 55 wherein said soft
tissue conprises cartilage. 63. The nethod of claimb52 wherein said tissue

approxi mati on conprises hernia repair. 30 64. An inplantable tissue
apprypxi mati on 4@.6%%%5%%@&9&011 BN TERRAIA M?eraﬁ%u%aéékiﬁg 01/89392
PCT/ US01/ 16346 b) a plurality of attachnent points extendin romsaid
backi ng; attachnzdnt pointsesaprisa gt leasyione biodeggdatile wiateniak sol abtdvlaftdn pglyntdss arkhe

ti ssue apprgxi mati on device of claim64 wherein said backing conprises a 5
tri angul zﬁgp‘gﬁg‘ﬁ@: 66. The tissue approxi mation device of claim 65 wherein
said triangul ar-shaped backing conprises a front side and a back side,
said attachnent points extending fromsaid back side and said anchoring
regi on bei ng di7s ddsdigsusreppeaxématiaprdevigedd claim 46 wherein said polymer or

10 copolymer comprises one or more materials selected from the group consisting of
polyglycolide, polylactide, poly-o-caprolactone, polyglyconate, polylactide-co-glycolide,

their mixtures, alloys, and random and block copolymers.

48. The tissue approximation device of claim 43 wherein said backing further
15 comprises front and back sides and wherein said backing has attachment points on said

front and back sides.

49. The tissue approximation device of claim 48 wherein said back side comprises
auxiliary attachment points.
20
50. The tissue approximation device of claim 49 wherein said auxiliary attachment
points have shapes and directions selected from the group consisting of canted tines, erect
tines, canted hooks, canted arrowheads, erect barbed tipped tines, canted barbed tipped
tines, erect arrowhead tipped tines, canted arrowhead tipped tines, erect nail-shaped tines,

25 canted nail-shaped tines, and cheese grater-like tines.

51. The tissue approximation device of claim 49 wherein said auxiliary attachment

points have shapes selected from the group consisting of rounded nubs and pointed nubs.

30 52. A method of tissue approximation comprising the steps of:

a) identifying the tissue or layer of tissue to be approximated; and
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67. The tissue approxinmation device of claim64 wherein said device

conprises a material selected fromthe group consisting of biodegradable

and bi ol opdous93emt eri al s. 68. The tissue approxi mati on depCT®S@f16846ai m 67

wherein said bi odegradable 15 material conprises a polyner or copolyner.

69. The tissue approxinmation device of claim68 wherein said polyner or

copol ymer conpri g)e@tréﬁ@lltﬁ thadissieppperximptionsdavicetod glajme i hwog said fissue

consi sti R9b Loinetﬁo' ygl ycol i de, polylactide, poly-a-caprol actone,

pol ygl yconate, pol yl acti de-co-glycolide, 20 their m xtures, alloys, and

random and bl ock copol yners. 70. The tissue approximation device of claim

67 wherein said biologjcal nmateria conprises one or nore nmaterials

sel ected from®Phdb§ rrdaimy nyhereincssid §enapProRimatQy aerapies Wousth

nat uy al gpULRes, hydroxyapatite from synthetic sources, bone graft, 25 and

any polynerized versions thereof. 71. The tissue approximtion device of

claim64 wherein said backing is configured to be flexible. 30 72. The

ti ssue appr oxi Lon devjce. of glajm 71 wherein said backing defines a

t hr ough- hol e. 7%%%%%@@1@%?7%% H5SUE QOMBEIRES $9 E%?élgappr oxi mat i on

device of claim72 wherein said through-hole is slotted. 5 74. The tissue

approxi mati on device of claim®64 wherein said backing conprises porous

mat eri al . 75. SPhdheinsathwl efspaiondZrahéron sdishtissee ofmprises sofvdssnhenébonesai d

por Qus ma%teriae! conprises a nesh, net, or lattice. 10 76. The tissue
?g’rﬁn&évi ce of claim®64 wherein said backing conprises a

approxi
56. The method of claim 52 wherein said tissue approximation comprises vascular
anastomaoses.
15 57. The method of claim 52 wherein said tissue comprises tendons.
58. The method of claim 52 wherein said tissue comprises nerves.
59. The method of claim 52 wherein said tissue comprises cartilage.
20
60. The method of claim 55 wherein said soft tissue comprises tendons.
61. The method of claim 55 wherein said soft tissue comprises ligaments.
25 62. The method of claim 55 wherein said soft tissue comprises cartilage.
63. The method of claim 52 wherein said tissue approximation comprises hernia
repair.
30 64. An implantable tissue approximation device comprising:

a) a supportive backing;
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solid material. 77. The tissue approxi mati on device of claim 64 wherein
said attachnent points are 15 varied in density on said backing. 78. The
ti ssue appooxssssti on device of claim64 wherein said attaPémPeel/1eiont s are
varied in |l ength on said backing. 20 79. The tissue approxi mati on devi ce. of
claim 64 wherein said attachnent points have shapes and directions

sel ect ed from®hé phrality of sadhsrenhpoists extending frinneaid backdeg; andnes, cant ed

hooks, canted rm%@gﬁ%f%@%@%&b‘%&i g%(ij(éﬁtl nes, canted barbed tipped

tines, erect arro es, can 1% owhead t i pped tines, erect
nai | -shaped tines, canted nail-shaped tines, and cheese grater-1like tines.
25 80. The tissue approxi mation device of claim 64 wherein said attachnment
points each d¥¥iHE tssreproxmation devdee elrlym Gevhersin said backing camprisgse
defised hy:.ti be pierced by said attachnment points. 30 81. The

ti ssﬂe agﬁlra%éllﬁ%é??%ér’)\ devi ce of claim 64 wherein said backing further
conprises a front and a back side. 58 WO 01/89392 PCT/ US0O1/ 16346 82. The

ti ssue approxigatjon. device of ¢lai.m.81 wherej aid attachnment points
extend from sd iSSY§ pproxgmatdon qeiicq ofclaim éasg‘ﬁﬁ%%nrﬁé{di Hangdyrdaret ¢l ai m

64 wher eighckib SoRPFRATE Aht sRRIAA a 1ASE 508 Safl RAShm L Bel) i | i
backi ng. 84. %hgﬂl?i ssue ap.Sr oxi'mglti on 1de’viace o? c?’gitpgﬂg3 Wre1e(pe nélg’laslglé1 post
ext ends fhasksisle ahd s3id ag¢hdeingfregion Heibg dispaspd obGa@Sronflslet i ssue appr oxi mat i on
dev'm:e of claim 83 wherein said post conprises a

67. The tissue approximation device of claim 64 wherein said device comprises a

material selected from the group consisting of biodegradable and biological materials.

68. The tissue approximation device of claim 67 wherein said biodegradable

15 material comprises a polymer or copolymer.

69. The tissue approximation device of claim 68 wherein said polymer or
copolymer comprises one or more materials selected from the group consisting of
polyglycolide, polylactide, poly-a-caprolactone, polyglyconate, polylactide-co-glycolide,

20 their mixtures, alloys, and random and block copolymers.

70. The tissue approximation device of claim 67 wherein said biological material
comprises one or more materials selected from the group consisting of collagen,
hydroxyapatite from natural sources, hydroxyapatite from synthetic sources, bone graft,

25 and any polymerized versions thereof.

71. The tissue approximation device of claim 64 wherein said backing is

configured to be flexible.

30 72. The tissue approximation device of claim 71 wherein said backing defines a
through-hole.
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distal end and a proxi mal end, said proximl end being integrally attached
to said backing. 86. The tissue approximati on device of claim85 wherein
said di stvad oesmdi s 15 chanfered. 87. The tissue approxi maPCDUSUersB4e Of
claim 85 wherein said post defines at |least one cavity. 20 88. The tissue
approxi mation device of claim87 wherein said cavity is defined along a
central axis defined by said post. 89. The tissue approximati on devi ce of
CL T et o1 R ik S SPRLRS By Bl AR, oo o
devi ce ofslattedi m 85 wherein said post further defines a through-hole
extending axially through said post. 91. The tissue approxi mation devi ce of
cl aim 85 wherein said post further 30 conprises an integral |ocking
devige. 59 WO 41/ : . | SS; o> ql ' devi ce
of csljai m 91 wh%r’ ﬁ%gg?%@%{ é(ﬂrpﬁeé{@ eloﬁé 1%%\% C@ﬁ%@ﬂgg@%c@gg%kﬁ Ne group
consi st i myrofs matkdidr s, partial collars, tabs, barbs, sub- cortical w ngs
and any conbi nations thereof. 5 93. The tissue approxi mation devi ce of

cl aim 83 wherein said post is threaded. 94. The tissue approxinmation

devi ce of cl ai7. GrheWRGiSIpradingti ADENe JTR1diRI40PheriRshidGRréushiigidionf i gur ed
to receive a fastener. 10°95. The tissue approximation device of claim94
wher ei n s@mprisessa mad:, npsoslaltset ed from the group consisting of pins,

naiL‘?, and screws. 96. The tissue approximation device of claim64 wherein
sai 0 anchoring region is configured to be secured to a craniumvia an

adhesi ve. 76. The tissue approximation device of claim 64 wherein said backing comprises a

solid material.

77. The tissue approximation device of claim 64 wherein said attachment points are

15 varied in density on said backing.

78. The tissue approximation device of claim 64 wherein said attachment points are

varied in length on said backing.

20 79. The tissue approximation device of claim 64 wherein said attachment points
have shapes and directions selected from the group consisting of canted tines, erect tines,
canted hooks, canted arrowheads, erect barbed tipped tines, canted barbed tipped tines,
erect arrowhead tipped tines, canted arrowhead tipped tines, erect nail-shaped tines, canted

nail-shaped tines, and cheese grater-like tines.

25
80. The tissue approximation device of claim 64 wherein said attachment points
each define a facet configured to be perpendicular to a plane defined by tissue to be pierced
by said attachment points.
30 81. The tissue approximation device of claim 64 wherein said backing further

comprises a front and a back side.
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15 97. The tissue approximation device of claim96 wherein said adhesive
conprises cyanoacrylate. 98. The tissue approxi mati on device of claim 83
wherein 30 d/pss:r conprises a 20 hook. 99. The tissue appeDYbomted4sn devi ce
of claim 83 wherein said post extends from said backing at a predeterm ned
angle. 25 100. The tissue approxinmation device of claim83 wherein said
post conprises a distal end configured to expand radially about an axis
defined by sai - kO ] i I on._devy | ai_ m 83
wherein said p%é {aﬁf‘% bursf ‘#egrppr%gﬁrrlﬁ%{nggéﬁ%e a?égﬁj gﬁ%@%ﬂ%%daaﬁéﬁ%%n P IErs]ween
post mentsuiahd P 60d YEIOsEd89392 PCT/ US01/ 16346 102. The tissue

approxi mati on device of claim 101 wherein said |latch is biased to extend
angul arly away from sai d post menbers. 103. The tissue approxi mati on device
of ctaim64 fupnt Sl SAS I US] '&iggg%-l with

sai dé backi ng. Lgr1302>1€hr e_}%ﬁﬁ%’%ﬂg&%&gﬁ% lg)xi rra(%f?%ﬁm ev‘?%ég&é#%i (ﬁoﬁlldr% \Aﬁlg?ei n said
post is oefihegupaestextendibg fioecsdidbabking. a hol e defined in a cranium 10 105.
The tissue approxi mati on device of claim 104 wherein said hole is angularly
defined in said cranium 106. The tissue approxi mation device of claim 104
wherein sai d 1yl erhesisded dgpeckifn@tion @4 EcofRldin®3 Wieri sﬁﬂﬁf‘é){%&lﬁs Goppyes. 15

107. The tissue approxi mati on device of claim 64 wherei al d anchori ng
regi on  frontside of said backing.

10

85. The tissue approximation device of claim 83 wherein said post comprises a

distal end and a proximal end, said proximal end being integrally attached to said backing.

86. The tissue approximation device of claim 85 wherein said distal end is
15 chamfered.

87. The tissue approximation device of claim 85 wherein said post defines at least

one cavity.

20 88. The tissue approximation device of claim 87 wherein said cavity is defined

along a central axis defined by said post.

89. The tissue approximation device of claim 87 wherein said cavity is defined in

said distal end and a second cavity is defined in said proximal end.

25
90. The tissue approximation device of claim 85 wherein said post further defines a
through-hole extending axially through said post.
91. The tissue approximation device of claim 85 wherein said post further
30 comprises an integral locking device.
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defines at |l east two posts extending fromsaid backing. 108. The tissue
approxi mati on device of claim 107 wherein said posts are adjacent 20 to
one anot 0 01/48% The ti ssue approxi nmation devi ce of cl ai RCT/OZMIBR46ei N sai d
posts are disposed along a symmetrical axis defined by said backing. 25
110. An inplantable tissue approximnmation device conprising: a) a
supportive back rige tispee appraxmatiendeviereisbam Uxvheramfgid intpgral lockingacki ng;
said sup j i i i . it par at abl e
R U il o P
PCT/ US01/cbstBeabwinkt hnd &g combmatomsgheroxd. mat i on devi ce of claim 110 wherein
sai d device conprises a biodegradable material. 112. The tissue
approxi mati on device of claim 110 wherein said backing is 5 configured to
be fiexible. Igh3.TpERRsId @k&iﬁa@aw&ﬁ@édﬂmﬁ% Whereih s%idgm i%%ﬂeagﬁar ein said
anchoring post conprises an integral |ocking device. 10 114. The tissue
approxi mati on device of claim 110 wherein said separatable attachnent
poi nts are congri.sed. of a bi odegradabl e terial. 115..The, tissue
appr oxi nat i on%%eﬁ’fglsﬁqe Qﬂpé?’?ﬂnfﬁﬁn Vé?ee‘?fjrﬂ‘rf?aé‘gi wherein spidAnchorne regighe nt
poi Nt s hakFingdRREIS cantbiléd RCltaNSa $Rteaet ed from the group consisting of
canted 15 tines, erect tines, canted hooks, canted arrowheads, erect
barbed tipped tines, canted barbed tipped tines, erect arrowhead tipped
tinegs, canted garr i . . erect. i l+ shape t.ines ant.ed
nai ﬁshaped tigﬁésﬁl %n%gec#?gg(gggla{rlgﬁgﬁlﬁ fgc,?atlrin:%swherem XY falibdbF s sefelftl
from the group consisting of pins, nails, and screws.

96. The tissue approximation device of claim 64 wherein said anchoring region is
configured to be secured to a cranium via an adhesive.
15
97. The tissue approximation device of claim 96 wherein said adhesive comprises

cyanoacrylate.

98. The tissue approximation device of claim 83 wherein said post comprises a
20 hook.

99. The tissue approximation device of claim 83 wherein said post extends from

said backing at a predetermined angle.

25 100. The tissue approximation device of claim 83 wherein said post comprises a

distal end configured to expand radially about an axis defined by said post.
101. The tissue approximation device of claim 83 wherein said post further

comprises a latch pivotally disposed between post members.
30
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116. An inpl antabl e bi odegradabl e ti ssue approxi mati on devi ce conpri sing:
20 a) a triangul ar-shaped supportive backing having a front side and a back
si de, saiwio obsski ng bei ng configured to provide a predet er@i/usd/wegr ee of
flexibility; b) a plurality of attachment points extending from said back
side; c) an anchoring post integral wth and extending from said front

si de, said ad@ﬂoﬂihﬁglsii@s%ppwmwﬁm dryicgreficliad 04 whesrir istig lafelvisbiased® 117.
The tiss V cl.aj.Jn 116 further conprising at | east
one pr o%?‘u@?%ﬁg@lﬁ@ ﬁ%ﬁ}%&&é&% czra"cqbng 118. The tissue approxi mation
device of claim 116 V\/ner ein said device corrprl ses a 30 biodegradabl e

material. 62 01/89392 PCT/ US01 346 1 The i ssue approxi mation
devi ce of cl ai y@emwpﬁr@%ma I%b‘gq lct?cﬂifﬁ kgrcgmnﬁ}ng@ﬁ}fagme
di stal chaphei&Pingthl v}lapsaﬂ_ﬂfcldﬂ sue appr oxi matl on device of claim 116

wherei n, 'sal d post defines avity. 121. The tissue approxi mation
devi ce of clai m 120 wherein sal d post further defines a through-hole

ext endi ng axi y hrou h said ost 2 e tissue, a r.oxi nati o
devi ce of cl al i[%‘ eqp@rcg%m 1‘?‘11‘?‘3%‘3’3&% 'Zablﬁ‘ggn‘@her%\? S S from

the gr OUFto%Qﬁ‘éde%H'waq{ol&eéﬁrﬁﬁﬁnaléﬁdiﬁdn@ collars, tabs, barbs, sub-
cortical wings, and any combinations thereof. 123 The tissue approxi mation

device of claim 116 wherein said backing defines a 15 through-hole. 124. A

ggﬁrg(? |ds Io;gt I SSI3. A rtﬁ%% ”%tplrogcqm!mon del%lgc%vc\)"f clalm 104 rv%e(r:ea}}x sad %Cﬁ:qéj 5116gu1arly
defined in said cranium.

106. The tissue approximation device of claim 104 wherein said hole is defined to
have a plurality of concentric grooves.
15
107. The tissue approximation device of claim 64 wherein said anchoring region

defines at least two posts extending from said backing.

108. The tissue approximation device of claim 107 wherein said posts are adjacent

20 - to one another.

109. The tissue approximation device of claim 107 wherein said posts are disposed

along a symmetrical axis defined by said backing.

25 110. An implantable tissue approximation device comprising:
a) a supportive backing; and
b) an anchoring post extending from said backing;
said supportive backing being configured to hold a plurality of separatable
attachment points extending from said backing.
30
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a) setting tissue or |ayer of tissue to be approxi mted on an inpl antable
ti ssue 20 approxi mation device conprising a supportive backing, a

pl uralitwobrsgpachment points extending from said backi RPGT/U8eId 6346
anchoring post integral with said backing; b) nobilizing said tissue or

| ayer of tissue via said approximation device; and c¢) securing said

appr oxi mat i on ld&vilbe tisgegpproximaipn desice »f clajmpd 1 fatheerin sid deviensonmrisghar ei n

said ti S}%%ggfadgﬁé’%at%ﬁatl“ ssue conprises scalp tissue. 126. The nethod of

claim12 rern sail 1ssue or layer of tissue in said step a) is set on

sai d approxi mation device via said plurality of attachnent points. 30 63 WO
01/ 89392 PCT/ 1/16346 127. . The thod of .claim 124 further conprising a
prelimnary SH§§ & e@a%l{ei%er%p%mmr@w& of plajmgyldp whrergip %@éawgds
predet er ghAHLERB edBR: The nethod of claim 127 wherein said tissue or

| ayer of tissue 1n said step b) 5 is nobilized by said predeterm ned

| ength. 129. The nethod of claim 124 wherein said approxinmation device in

said step c) i cured to said.cranjum.vja sajd,anchor.in Qst. 10 130.
The et hod_bf QP al i oS AmBRB R o icE Bf Cefin P ST St s eBETS b ust i ng
a posi ticampAteseiifiedR IQkilFlvRB. device by manipulating at |east one
protrusion integrally extending fromsaid backing. 131. A nethod of tissue

approximation in a browlift surgical procedure 15 conprising: a) securing

an | ant abl i ssue _approxi mati on, devi to.a,crani.um. .said
2ot Ski mat 1 on 1y 158 CeRRPPRRR e Y of FolR u T Rk B Fudiarg, o
at t achnenittagl@hdit fointxdre einpEsddrofmbictiegradalslé ntgeriAnd an anchoring post
integral with sald backing;
115. The tissue approximation device of claim 110 wherein said separatable
attachment points have shapes and directions selected from the group consisting of canted
15 tines, erect tines, canted hooks, canted arrowheads, erect barbed tipped tines, canted barbed

tipped tines, erect arrowhead tipped tines, canted arrowhead tipped tines, erect nail-shaped

tines, canted nail-shaped tines, and cheese grater-like tines.

116. An implantable biodegradable tissue approximation device comprising:
20 a) atriangular-shaped supportive backing having a front side and a back side, said
backing being configured to provide a predetermined degree of flexibility;
b) a plurality of attachment points extending from said back side;
¢) an anchoring post integral with and extending from said front side, said
anchoring post comprising an integral locking device.
25
117. The tissue approximation device of claim 116 further comprising at least one

protrusion integral with said backing.

118. The tissue approximation device of claim 116 wherein said device comprises a

30 biodegradable material.
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b) nobilizing tissue or layer of tissue to be approxi mated towards said 20
approxi mati on device; and c) setting said tissue or |ayer of tissue onto
sai d appmadnse3von devi ce. 132. The nethod of claim 131 wheT/®so/wadod ti ssue
or layer of tissue conprises scalp tissue. 25 133. The nethod of claim 131
wherein said tissue or layer of tissue in said step c) is set on said

appr oxi mat i on ld8yilke tigsug appiogimationaevicy obrlaimtlde mhsrain srid pes comprisesPhe

met hod of__cJ.ai fur. i.skng a prelimnary step of cutting said
30 ti ssué’r%!r“?‘ll‘lg%}édr%éifa@ugtggéhé’ﬁ%m&a%%dr'edet ermned | ength. 64 WO 01/ 89392

PCT/ USO1/ 16346 135. The nethod of claim 134 wherein said tissue or |ayer
of tissue in said step b) is, nmobiljzed ?y sai d predeterm ned [ ength. 136.
The method of 1éPailike issueRBrogimation; devigh 9f sleimdd ¢ sherrasaidposh defifies ast ep a)
is 9 segypd to said craniumvia said anchoring post. 137. The nethod of
claim 131 erein said step a) further conprises readjusting a position of
sai d approxi mati on device by mani pul ati ng at | east one protrusion

integrally e ndi ng fromsaid backing. .10.1 A tool .for depl oying the
appr oxi nmat i onﬁégv&i‘%%&ua@ﬂ’ﬁf%m : lrcgé’ifﬁ%.lmﬁ? “gleFf’éW ‘EJP%&t Thandl e; b)
a graspi HefiARPeFoEANRECL86hdiR @g%g,sﬁl,gjug)g@gid ossai d handle; c¢) a support

bl ock connected to said handl €; epressi bl e bl ock di sposed on
sai d support block. 139. The tool of claim 138 wherein said nmani pul atabl e

haan € conpriSgss. %Ihe I’tigsalll%:tapproxima’cion device of claim 116 wherein said integral locking
device is selected from the group consisting of collars, partial collars, tabs, barbs, sub-

cortical wings, and any combinations thereof.

123. The tissue approximation device of claim 116 wherein said backing defines a
15 through-hole.

124. A method of tissue approximation in a brow-lift surgical procedure
comprising:
a) setting tissue or layer of tissue to be approximated on an implantable tissue
20 approximation device comprising a supportive backing, a plurality of attachment points
extending from said backing, and an anchoring post integral with said backing;
b) mobilizing said tissue or layer of tissue via said approximation device; and

c) securing said approximation device to a cranium.

25 125. The method of claim 124 wherein said tissue or layer of tissue comprises scalp

tissue.
126. The method of claim 124 wherein said tissue or layer of tissue in said step a)

is set on said approximation device via said plurality of attachment points.
30
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two nenbers rotatingly connected near said distal end, said handle further
conprising a |ocking nechanismconfigured to arrest a rotational novenent
of said mobess92 20 140. The tool of claim 138 wherei n saPdI/gR@IgPd46g nenber
conprises at |least two opposing arns configured to grasp said post. 141.
The tool of claim 140 wherein said opposing arns are angul arly connected to
25 sai d handl d271%he mpeod oflaies124|fumther ogprlsmgd prelémingryssigipeofrautiieseld i s
connect eg: ' ' . i.d distal end. 30 143. The tool of
claim13 S‘%’/ﬁ%eoig}li}%rsgglﬂgugt?‘p/%g;rrg&g&%lg&e%ég ﬂ?’i ses a surface facing away from
said handle, said surface defining a channel. 65 WO 01/89392 PCT/ US01/ 16346

144. The tool of claim138 wherein said depressible block is slidingly
di sposed on d&Pd Toamsdhad of cham 129 whesen spd tisgeg ordayes phtissue Issajh@eRPh sai d

deprgessi b H I Sa i ed on said support block. 146. The
£ %1’?10)9 lﬁgﬁbmaﬁ@%&e gqeg é 2

tool of claim1l ereln sal ssi bl e block defines an angled surface
which is substantially parallel to said grasping nenber. 10 147. The t ool

of claim 138 rejn sajid rressi bl.e hlock further, conprises. depr essi ng
Pt on s, AT dhGmeod SRR Whrern S P Hpiaserse &t b sieb P

conf i gur Qebyr&l BRIESEniukdvid sdid ¥fshofih tpb§t$ue between a surface of said
depressi ble block and said attachmenF points such that said attachnment

points optimally pierce said layer of tissue. 149. A kit for the deployment
of fq approxi ngp)| %ecljnee hod of etam 122 vitkrein said step c) further comprises readjusting a

position of said approximation device by manipulating at least one protrusion integrally

extending from said backing.

131. A method of tissue approximation in a brow-lift surgical procedure
15 comprising:

a) securing an implantable tissue approximation device to a cranium, said
approximation device comprising a supportive backing, a plurality of attachment points
extending from said backing, and an anchoring post integral with said backing;

b) mobilizing tissue or layer of tissue to be approximated towards said

20 approximation device; and

c) setting said tissue or layer of tissue onto said approximation device.

132. The method of claim 131 wherein said tissue or layer of tissue comprises scalp

tissue.
25 »
133. The method of claim 131 wherein said tissue or layer of tissue in said step c¢)
is set on said approximation device via said plurality of attachment points.
134. The method of claim 131 further comprising a preliminary step of cutting said
30 tissue or layer of tissue by a predetermined length.
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a) the inplantable tissue approximation device of claim64; and 20 b) a
tool for deploying the approxi mation device, said tool conprising a

mani pul atvedbesdsoandl e and a graspi ng nmenber connected to ardi/asalieassd of
said handle, said grasping nmenber being specially adapted to grasp the
anchori ng reglon of said device. 150. The kit of claim 149 wherein said

mani pul at abl e 13andie meihgshofsaamyl3 4| vdheseinsaid tispus ordase oL tissye in saidypigp b)
connect ed, pe 1z§@b€a§%iiﬁ@dete%ﬂled§éﬂ handl e further conprising a | ocking

mechani sm con arres ational novenent of said nenbers. 151
The kit of cIa|n1149 wherein said grasping nenber is angularly connected to
sai d handl e. 66. WO 01/ 893 2 PCT/ US01/ 16346 152

appr oxi mati on lééwT@E mgthed ofic éYltﬁ“ﬁn§é1id(i‘PE%H1@T§mH§§m§ llépﬁé(ﬂ)étepﬁ) Bhe

f or g of %e&ﬂ@mcgaf&caﬁhep&lsgaﬁaﬂmomg ggoup consisting of G, H I, L T, U,

V, A and n. 5 153. The ti1ssue appr |rrat| on device of claim1l V\,herel n
sai d backi ng has a shape substanti aIIy simlar to any one of Figure 33A,

Fi 33B, Fi 33C, 4, (Fi 35. and Fi 36.
158 Tho t1 ssudTmabp ot Al et R shbie MBS o e stk e

backi ng  pb&itiBASS 3aid 'aﬁﬁbﬁﬁ&tﬁh@%ﬁcé sgh%lpm nglat \dastSpk prdtelsidnaaeRligd bones
and a di Screte tine regl on useful 1n suspen i ng soft "ti ssue whérein the

suppor t i watepdiegifrom s3yidohelds@dr in the plate region than in the tine region.
155 The tissue approximation device of claim 154 wherein the plate region
%OITDI’I ses at | east one hole. 156. The tissue approxi mation device of

C| ai m 155 wheriggn A el frdtsloyiag i appsoxitnatiéh &&ace of claim 83 comprising:
a) amanipulatable handle;
b) a grasping member connected to a distal end of said handle;
c) a support block connected to said handle; and

15 d) adepressible block disposed on said support block.

139. The tool of claim 138 wherein said manipulatable handle comprises at least
two members rotatingly connected near said distal end, said handle further comprising a
locking mechanism configured to arrest a rotational movement of said members.
20
140. The tool of claim 138 wherein said grasping member comprises at least two

opposing arms configured to grasp said post.

141. The tool of claim 140 wherein said opposing arms are angularly connected to
25 said handle.

142. The tool of claim 138 wherein said support block is connected to said handle

adjacent to said distal end.

30 143. The tool of claim 138 wherein said support block comprises a surface facing

away from said handle, said surface defining a channel.
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20 157. The tissue approximation device of claim 154 wherein the plate
region and the tine region are integral with the supportive backing. 158.
The ti ssweoapg3oxi mati on device of claim 1l wherein said bRCRURY/16346
configured to be flexible. 25 159. The tissue approxi mati on device of claim
158 wherein said backing defines a through-hole. 160. The tissue

approxi mati on device of claim 159 wherein said through-hole is 30 sl otted.
67 WO 01/8939 01/ r OX of
claim1 wher eflnggél gls Jft0 %g%ﬁrll%é%lerny]&é%g%%%% b?érzﬁe)logk #Sggé{n%glong gurgla to be
| ess t haaidrsupppreblotk. 90 degrees with a pl ane defined by tissue to be

pi erced by said attachnent points. 5 162. The tissue approximati on device
of claim1l wherein said backing further conprises a front side and a back
si de; and wher g e 163.
The %1 Ssue. aparox g ichet EOTEE whel SufbBRRTIE RRLER dalaf HeoSleflln |

ext endi ngaiflrsoppatbldchack side of sai d backing wherein said roor provi des
addi tional support and fixation to fractured bones to be repaired. 164.
The tissue approxi mation device of claiml further conprising a post
extendi ng fromnyg, @‘ﬁ@lfo&bg@la&fl 1§81{Nﬂell?:ﬁfi‘dld‘9e réélbleﬁﬁlocﬂﬁ'ﬁiﬁe‘sﬁﬁ‘dﬂgled

approxi mati on device of claim 163 further conprising at |east ©one screw
hol e di spudfect Weithisenbsthetiadlytracticbiot sabgrasping meghied backi ng wherein said
holﬁ) is sized to accommpdate a fastener therethrough.

10

147. The tool of claim 138 wherein said depressible block further comprises a

depressing region.

148. The tool of claim 138 wherein said depressible block is configured to depress
15 a layer of tissue between a surface of said depressible block and said attachment points

such that said attachment points optimally pierce said layer of tissue.

149. A kit for the deployment of an approximation device comprising:
a) the implantable tissue approximation device of claim 64; and
20 b) atool for deploying the approximation device, said tool comprising a
manipulatable handle and a grasping member connected to a distal end of said handle, said

grasping member being specially adapted to grasp the anchoring region of said device.

150. The kit of claim 149 wherein said manipulatable handle comprises at least two
25 members rotatingly connected near said distal end, said handle further comprising a locking

mechanism configured to arrest a rotational movement of said members.
151. The kit of claim 149 wherein said grasping member is angularly connected to

said handle.
30
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20 166. The tissue approximation device of claim 164 wherein said post
conprises a distal end and a proximal end, said proximal end being

i nt egral woat/gsehed to said backing. 167. The tissue appPORUREI66H devi ce
of claim 164 wherein said supportive backing is horseshoe shaped. 25 168.
The tissue approxination device of claim1l wherein the supportive backing
is rigid. 1681.5%({53{1#%1@@8%955%% VRSP QAP AV B BB AT BB o 1R he
suppor t i Vg Al 2 cBBabBSselectdd BREH: Sl boisRRihe b CSBL 11 AgTERE 8d ohgnes.
68 WD 01/89392 PCT/US01/16346 170. The tissue approxi hation devi ée of

clai m 169 wherei n the supportive backing defines a plurality of

t hrough-hol es for receiving a fastener. 171. The tissue approxi mation
device of claim 169 wherein the supportive backing 5 conprises an
anchpring post153172e ti¥§iR apbfoxiBatdPdideBECladn 106Hr&a Qi &hﬁhgh&@a@sm{@@r ein
said post further conprises an integral |ocking device. 10 173. The tissue
appr oxi metbgantipdlyistailasfto annprg afBigwesddi Higsue 388, Atigye 38C) BightenpD, Fastiree i s
sel ect ed Ay opsisting of collars, partial collars, tabs,

bar bs, s&%‘ggé%??%gﬁgaﬁ%%%ﬁind any conbi nations thereof. 174. The tissue
approxi mati on device of claim 164 wherein said post is threaded. 15 175.

The tissue approxinmation device of claim1 wherein said backjing further
defines a hol é¢orltgsriedprproximeinevicerod sleapd wherig therpppertys backing
apPIEX] el 8igdFd Pigicbeibh di'if 3ettie ElboiRl Soh AN isdrSio 3L REIGH 20
fromthe group consisting of pins, rfvets, nails, and screws.

useful in suspending soft tissue wherein the supportive backing is thicker in the plate region

than in the tine region.

155. The tissue approximation device of claim 154 wherein the plate region

15 comprises at least one hole.

156. The tissue approximation device of claim 155 wherein the plate region is

tineless.

20 157. The tissue approximation device of claim 154 wherein the plate region and the

tine region are integral with the supportive backing.

158. The tissue approximation device of claim 1 wherein said backing is
configured to be flexible. '
25
159. The tissue approximation device of claim 158 wherein said backing defines a
through-hole.

160. The tissue approximation device of claim 159 wherein said through-hole is
30 slotted.

67



177. The tissue approximation device of claim171 wherein said post is
configured to be secured to a facial bone via an adhesive. 25 178. The
ti ssue app®oxsseti on device of claim 177 wherein said adhreTN80T/B346s€el ect ed
fromthe group consisting of cyanoacrylate, fibrin, and nethyl methacryl ate.
179. The tissue a%%roxination device of claim 164 wherein said post

408

conprises a Hé&bk Thetissn approgingggodevire pf okim/118Erein saidettathmaent pointe

appr oxi i v i i i 0 xt epds fro sai d
o o B IEY e Ahy LGN (RO OB

cl ai m 164isedetodiepigaddbypsaid ateehmehsgsn®®. 5 distal end configured to expand
radi al | y about an axis defined by said post. 182. The tissue approxi mation
device of claim 1647 wherein said post further conprises a |latch pivotally

di sppsed bet wegh. RSt oXimdfhr @ice B B1alrh S WiErARREP YalBh) ARuflgvi ce of
R R L

cl aim 182 wherel n sai ased to ext angu romsaid
post nentwenprisds8Afromfilsédetand suback pide and mbbreimsaidatiachmeht pliafs RxE6@ frohesaéd n t he
supportim\ﬁnga king has a thickness greater than 1.0 nm 15 185. The tissue
appr oxi meatd"%M%evi ce of claim 164 wherein said post is configured to be
received by a hole defined in a facial bone. 186. The tissue approxi mation
device of claim 185 wherein said hole is angularly 20 defined in said
facial bone. 1$3. Thadéissuespproxapaicaxdarviceiodrlate b2 furtfer comprisings flsher ei n sai d

ol f ' d&lduASY fn sd@%EiBill §F Atd bkl ORGSR Uil i oY HRVER additional

support and fixation to fractured bones to be repaired.

164. The tissue approximation device of claim 1 further comprising a post
extending from a back side of said backing.
15
165. The tissue approximation device of claim 163 further comprising at least one
screw hole disposed between the attachment points in said backing wherein said hole is

sized to accommodate a fastener therethrough.

20 166. The tissue approximation device of claim 164 wherein said post comprises a

distal end and a proximal end, said proximal end being integrally attached to said backing.

167. The tissue approximation device of claim 164 wherein said supportive
backing is horseshoe shaped.
25
168. The tissue approximation device of claim 1 wherein the supportive backing is

rigid.

169. The tissue approximation device of claim 168 wherein the supportive backing

30 has a strength sufficient to set fragmented bones.
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25 188. The tissue approximation device of claim1 further conprising at

| east two posts extending from said backing. 189. The tissue approximation
devi ce ofw@basewa88 wherein said posts are adjacent to oreT/asaiteets. 30 70
WO 01/89392 PCT/US01/16346 190. The tissue appr oxi mati on device of claim1l

wher ein saldd rises.a material Iect d from the group consisting
of bi odegr adabll iﬁe tigs IaBBTOééﬂlatl‘Fﬁ’t‘%*’icél‘%cfi@ﬂ s Mpaﬁﬁ%h@ & on

devi ce of rial 5 conprises one or
deBh&d b %%W&fd nSé B fycagingaﬁ fafBh&!

nore materi als sel ected m the group consisting of collagen,
hydroxyapatite from natural sources, hydroxyapatite from syntheti c sour ces,

bone graft, ol yneri zed.versio sit.es thereaqf The
ti ssue appr oxi 5’%“8%% PRroFFmatioq ‘Eﬁ"icew%&%é‘flﬁ%ggﬁ&r%‘é TPY V?:B? .10
193.5 The dohfpeides M@%ﬁga}t,dsgn device of claim 1l wherein said device is

configured "such that it is shapeable intra-operatively for use in a
patient's body. 194. The tissue approximation device of claim 162 wherein

sai d back sid f i.d.. 15 backin co The .ti s

2ppr ox mat 1 on ey i108 tSvec PRI dSiG BRI S Mol e e il v
connect ectolfpriséd £h intepRAIddkite dwdidel ng vi a an ext ension menber. 20 196. The
ti ssue approximation device of claim 195 wherein said extension nenber 1is

thread-1ike. 197. The tissue approxi mati on device of claim 195 wherein said

fraggure plat 5‘173'5r’l% WIGR BbrdxBAREorCISiRYPEIAN G wHefeif? SAH ifedrifloRLAL € 1O 2

fracture site
device is selected from the group consisting of collars, partial collars, tabs, barbs, sub-

cortical wings and any combinations thereof.

174. The tissue approximation device of claim 164 wherein said post is threaded.

15
175. The tissue approximation device of claim 1 wherein said backing further
defines a hole configured to receive a fastener.
176. The tissue approximation device of claim 175 wherein said fastener is selected
20 from the group consisting of pins, rivets, nails, and screws.
177. The tissue approximation device of claim 171 wherein said post is configured
to be secured to a facial bone via an adhesive.
25 178. The tissue approximation device of claim 177 wherein said adhesive is
selected from the group consisting of cyanoacrylate, fibrin, and methylmethacrylate.
179. The tissue approximation device of claim 164 wherein said post comprises a
hook.
30
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198. The tissue approximation device of claim1 wherein said device
conprises a nunber of through-holes of equal spacing. 199. The tissue
appr oxi mwoonsseyi ce of claim 1l wherein said device conprpPerysat16380 | east
one therapeutic agent. 71 WD 01/89392 PCT/US01/ 16346 200. The tissue

approxi mati on vice of claim 199 wherein sai evice is inpregnated with
said at |east @ﬁeﬁ‘ﬁ@ﬁ%}’&eﬂ’&’?({i’m&@’é‘?ﬁ devigg pf C%qumelaﬁﬁflmﬁtﬁé ehira@yi ce

of cl ai msggpoa\eﬁggg{gl RALRHARLHGReES coated 5 with said at |east one
t her apeuti c agent. 282. The tissue approxi mati on device of claim201

wherein said at | east one therapeutic agent is selected fromthe group
consi sting of proteins, pharmaceuticals, net.i mat.eri.gl . 10 203. The
ti ssue approxif titfglﬁ b§ !a(pgr%gma@% ‘?ﬁ"icefoég{e%rl6§a¥hﬁf?1§fﬂgpaft COBREESSGhe
bones anchigtal RdReAfisRed & ckpaAg kididlyVdbButhn bXid Qfn@d bYREIdYestrenber . 204, The
ti ssue approxi mati on devicé of clai'm 203 wherein said extension nenber 15

is thread-like. 205. The tissue approxi mati on device of claim 204 further

conprising a b-.rotatably connected t al char .and.ext endi ng

t her ef r om sah§9kg38%8§eﬁ§@§gﬁnﬁ§“b‘WHFégfﬁqug%zV%Pﬁ?éﬁﬁdBQFzﬁgpﬁn nenber
such t hatconfirigéd DlatchipiGetallly iRpEsed Btwies pbiendnitgd.h of 20 said extension
menber. 206. A nethoé)for repairing a fracture site conprising: a) lifting

tissue off the fracture site; b) affixing an inplantable tissue

appi@xi mat i on G8VIGE iSRRI RIS R iva il Qi e KBRS | S
reduced and set, sal evrce conprising a supportive backing and a
extend angularly away from said post members.

184. The tissue approximation device of claim 168 wherein the supportive backing
has a thickness greater than 1.0 mm.
15
185. The tissue approximation device of claim 164 wherein said post is configured

to be received by a hole defined in a facial bone.

186. The tissue approximation device of claim 185 wherein said hole is angularly

20 defined in said facial bone.

187. The tissue approximation device of claim 185 wherein said hole is defined to

have a plurality of concentric grooves.

25 188. The tissue approximation device of claim 1 further comprising at least two

posts extending from said backing.

189. The tissue approximation device of claim 188 wherein said posts are adjacent
to one another.
30
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plurality of attachment points extending fromsaid backing; and c) hanging
said tissue on said plurality of attachnent points. 207. The nethod of

cl ai m 20vohesBdN said ti ssue conprises cheek tissue. 30PCPUYD/1634689392
PCT/ USO1/ 16346 208. The nethod of claim 206 wherein said device further

conprises a fl oar er pendi cul ar} t endi from.sai d supportive
ba(r:nlzi ng. 209. l%eIrhegﬁ%{?%é??‘%é}%?tmnééﬁlcéﬁgé@}‘ﬂqs eﬂelflls%iétd%?”ée ¢ g“?éﬁ'pri ses
bones of piddial Selb@Ed Fbsh the ég)up-ﬁbﬁsi&ﬁfg*miﬁe]gﬁdﬁbl@aﬁ@@i WOBER s Bild

approxi mation device in said Step b) 1s ixed to said fracture site via

a fastener. 10 211. The nethod of claim 206 wherein said approxi mation

devioe . . Cfived to afi’s . . hors
post . 212. A deinate B enfndifdPisdBr Bl 150 Ml e fofeln ReheH car
pr ocedur @smptiS¥inke i Atbre Aatetialsselebfel T@ndithel il pédnsilify bf soildgerAPPr OXi Mat i on

device to an unde.rléi ng bone, said_approxinmation device conprising a
suppor t | Wediexragetite e naturplagyices huduory anatitastiom systhetic sovressdiong grafbm sai d

backi ng; amaﬁg)ngl %%ii%&i%érﬁﬁh@or?og@%%i?ésstgc{r?éﬂSsue to be approxi mated towards

said approxi evi ce; an i'hg saird tissue or |ayer of
ti ssue onto said approximtion device. 213. The nethod of claim 212 wherein

said tissue or éai_gr of tissue conprises_  cheek tissue. 25 .214. The net hod
of claim212 WRer éntissiedppioxuyatiogdeyige of clgim d jvhgrein sgid bacldngiseyreeyl. i s set
on fpi d approxi mation device via a plurality of attachment points.

193. The tissue approximation device of claim 1 wherein said device is configured

such that it is shapeable intra-operatively for use in a patient’s body.

194. The tissue approximation device of claim 162 wherein said back side of said

15 backing is concave.

195. The tissue approximation device of claim 1 further comprising a rigid fracture

plate connected to said supportive backing via an extension member.

20 196. The tissue approximation device of claim 195 wherein said extension member
is thread-like.

197. The tissue approximation device of claim 195 wherein said fracture plate

includes at least one bone anchor to secure the plate to a fracture site.

25
198. The tissue approximation device of claim 1 wherein said device comprises a
number of through-holes of equal spacing.
199. The tissue approximation device of claim 1 wherein said device comprises at
30 least one therapeutic agent.

71



215. The nethod of claim 212 wherein said bone is a bone of the maxilla. 30

216. The nmethod of claim 212 wherein said approxination device in said step

a) is sovopesh3yp said bone via at | east one fastener. 73P&DUSAY/B34B92

PCT/ USO01/ 16346 217. The nethod of claim 212 wherein said approxi mation
secured fo. sai.d bo via an 8hor|ng post. 5

device in sa

276, The. et hadOofloE AR PRSI d5Vick R Ly O JYIRIFRt el AEBHHR sbs
read] ust iigre3natl@ HWith Al Aflea3Pdrd RARpQNICTIBELON devi ce by mani pul ating at
| east one protrusion integrally extending fromsaid backing. 219. A

fracture fixation fastener conprising: 10 a solid body having a distal end

d i mal ' d I f. h I d,
aid t et or A0Ta PR St RioR e B IR u MR P BVe QP "

f astener vﬁfh@ﬁ@ﬁﬂbéngna\ﬂﬁfa?bmuﬁdgeh@ast a portion of the 15 body is
threaded. 221. A fracture fixation systemfor surgical procedures

conprising: a plate useful in setting fractured bones into a sel ected

Posttion. sl op! e AN Mg Rmarl ERLCANR i 901 DLRLILAN AN 08 20 21

| east one fastener a 16 Sedire sal sal g BUPeY bones
wher ei n aherapenéis agaités wlecwi febrh dst @ORH c@rsdsuagloﬂpﬂitan@ phakct@Rralspgerdetiast
one tine exteqdl ng therefromand said tine termnating in a sharp point.
222. The M4 &lure fixati on system of claim 221 wherein only said at | east
oneyp 25 fastener conprises said at |east one tine. 223. The fracture
fixation systemof claim 222 wherein said at | east one fastener has a
sel f -t appi ng QO8f iThatiasueapproximation device of claim 1 further comprising at least one

bone anchor joined to said backing via a narrow extension member.

204. The tissue approximation device of claim 203 wherein said extension member
15 is thread-like.

205. The tissue approximation device of claim 204 further comprising a knob
rotatably connected to said anchor and extending therefrom, said knob connected to a
proximal end of said extension member such that rotation of said knob adjusts the length of

20 said extension member.

206. A method for repairing a fracture site comprising:
a) lifting tissue off the fracture site;
b) affixing an implantable tissue approximation device to said fracture site such
25 that the fracture is reduced and set, said device comprising a supportive backing and a
plurality of attachment points extending from said backing; and

¢) hanging said tissue on said plurality of attachment points.

207. The method of claim 206 wherein said tissue comprises cheek tissue.
30

72



30 224. A fracture fixation systemfor surgical procedures conprising: 74
WO 01/ 89392 PCT/ USO1/ 16346 a plate useful in setting fractured bones into a
sel ect ed wosei/s43eon, said plate having at | east one throughehok@;i6ats | east
one fastener adapted to secure said plate to said fractured bones, said

fast ener havi body . and_an. e rged, head; and .5 at | east one acer
secured bet m%?&‘iﬁ‘dmﬁﬁha?ef glﬁwn 20F ervins feHiebirber commyisey ALPCHEF when
sai d pl atp%aﬂieﬁdﬁﬁﬁﬂﬂf%ﬁiteh@iné?%oﬁl &ﬁ@%ﬁ%ﬂ%&yaeﬁ%%hsal d at |east one spacer

havi ng a screte’tissue attachnent area whi remai ns uncovered by said
enl arged head when said plate is secured to said fractured bones and

wherein said djgcrete ti at tachnent. ar. has .at | east one ti.pe

ext endi ng. t heridPy A fetiEho! SnRp Wiedtn dhii adhTo T cyisses Ss of fce ur e
fixagionmsagliem of claim 224 wherein said spacer is washer- shaped and
defines an aperture configured to receive said body of said at |east one
fastener when said plate is secured to said fractured bones. 15 226. The
fracture fixaty,@n ofc ¢l ai Hising.a.plurality said st eners
and a plurali tjy}a‘otﬁil ézlie gpogccgarl% %ﬁ%?ﬁ%{r’}g?lg R b?tg) edeggﬁfli?%(zStgp }3? Brality
of t hrouglifitdtesaid #2ctureFhe viaraafattohi&. fi xati on system of cl aim 226 wherein
said plate is tineless. 20 228. The tissue approximation device of claim
197 wherein said at | east one bone anchor is selected fromthe group

congj sting of phn 5%:‘!?151?1 riv.et . 2 . . The
ti sfssdue appr oxij_rqrg't.?gﬁ evi coé? c})a;ﬁﬁc%% gi m ﬁ%%ﬁg‘s@?ﬁﬂ? @né%?%ﬁg? %ﬁl& %%églr% 25
i s made offixedddkiidr eattueriteviaain anblaorireapadt. suppor ti ve backi ng. 230. The

ti ssue approxi mation device of claim 195 wherein the extension nenber is
made of a suture-like material.

212. A method of tissue approximation in tissue suspension surgical procedures

-

comprising:

15 a) securing an implantable tissue approximation device to an underlying bone,
said approximation device comprising a supportive backing and at least one attachment
point extending from said backing;

b) mobilizing tissue or layer of tissue to be approximated towards said
approximation device; and

20 c) setting said tissue or layer of tissue onto said approximation device.

213. The method of claim 212 wherein said tissue or layer of tissue comprises

cheek tissue.

25 214. The method of claim 212 wherein said tissue or layer of tissue in said step c)

is set on said approximation device via a plurality of attachment points.
215. The method of claim 212 wherein said bone is a bone of the maxilla.

30 216. The method of claim 212 wherein said approximation device in said step a) is

secured to said bone via at least one fastener.
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75 WO 01/89392 PCT/ US01/ 16346 231. The tissue approxi mation device of
claim 203 wherein said at | east one bone anchor is selected fromthe group
consi sti mpoof/8gdns, tacks, rivets, screws, expanders, andPCPOSesL636 232.
The tissue approxi mation device of claim203 wherein the extension nenber
Is made of a different material than said supportive backing. 233. The

ti ssue approxi mation device of claim203 wherein the extension nenber is

made of a sut ung: hink %e@%dedﬂc?dlm 40 \r\?‘l%eln-gg'ﬁ a?hl%%iiﬁatﬁﬁme%@eqﬁrséﬂ Bief %?;isce of
claim 197 wherein said at | east one bone I's integral with

fract ur e sgbwre@to Bb bofhwafanaochorimgfriogat i on fastener of claim 219 wherein
sai d body has a shape 15 selected fromthe group consisting of pins,
tacks, rivets, screws, expanders, and posts. 76

5 218. The method of claim 212 wherein said step a) further comprises readjusting a
position of said approximation device by manipulating at least one protrusion integrally

extending from said backing.

219. A fracture fixation fastener comprising:
10 a solid body having a distal end and a proximal end; and
at least one tine extending from the proximal end, said tine terminating in a sharp

point.

220. The fracture fixation fastener of claim 219 wherein at least a portion of the
15 body is threaded.

221. A fracture fixation system for surgical procedures comprising:
a plate useful in setting fractured bones into a selected position, said plate having at
least one hole therethrough; and
20 at least one fastener adapted to secure said plate to said fractured bones wherein at
least one of said fastener and said plate comprises at least one tine extending therefrom and

said tine terminating in a sharp point.

222, The fracture fixation system of claim 221 wherein only said at least one

25 fastener comprises said at least one tine.

223. The fracture fixation system of claim 222 wherein said at least one fastener

has a self-tapping configuration.

30 . 224. A fracture fixation system for surgical procedures comprising:
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a plate useful in setting fractured bones into a selected position, said plate having at
least one through-hole;

at least one fastener adapted to secure said plate to said fractured bones, said
fastener having a body and an enlarged head; and

at least one spacer secured between said plate and said enlarged head of said
fastener when said plate is secured to said fractured bones, said at least one spacer having a
discrete tissue attachment area which remains uncovered by said enlarged head when said
plate is secured to said fractured bones and wherein said discrete tissue attachment area has

at least one tine extending therefrom useful in soft tissue fixation.
225. The fracture fixation system of claim 224 wherein said spacer is washer-
shaped and defines an aperture configured to receive said body of said at least one fastener

when said plate is secured to said fractured bones.

226. The fracture fixation system of claim 225 comprising a plurality said fasteners

and a plurality of said spacers and wherein said plate contains a plurality of through-holes.
227. The fracture fixation system of claim 226 wherein said plate is tineless.
228. The tissue approximation device of claim 197 wherein said at least one bone
anchor is selected from the group consisting of pins, tacks, rivets, screws, expanders, and

posts.

229. The tissue approximation device of claim 195 wherein the extension member

is made of a different material than said supportive backing.

230. The tissue approximation device of claim 195 wherein the extension member

is made of a suture-like material.
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231. The tissue approximation device of claim 203 wherein said at least one bone

anchor is selected from the group consisting of pins, tacks, rivets, screws, expanders, and

posts.

232. The tissue approximation device of claim 203 wherein the extension member

is made of a different material than said supportive backing.

233. The tissue approximation device of claim 203 wherein the extension member

1s thade of a suture-like material.

234. The tissue approximation device of claim 197 wherein said at least one bone

anchor is integral with the fracture plate.

235. The fracture fixation fastener of claim 219 wherein said body has a shape

selected from the group consisting of pins, tacks, rivets, screws, expanders, and posts.
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