WD 02/ 056778 PCT/ US02/ 01422 BONE SCREW FI ELD OF THE | NVENTI ON The present
invention relates to inplants for providing conpression between 5

di fferentwoeygosmsns of a material. In particular, the i nvenPCDUSo2l1al2es to a
conpressi on bone screw suitable for stabilizing a fractured bone.
BACKGROUND OF THE | NVENTI ON Treat nent of many bone di sorders involves
stabilizing the bone, such as by 10 providing conpression between

di fferent regions of bone thereby bBONESECREW regions together to
facilitate healing. Typically, bone screws, such as the screw device
described in U S Patent No. 6,001, 101 to Augagneur and published

appl i cat i oRIENgD (APEEHGPNYENTTION ebol d et al ., have utilized threaded
portions having di ff?ﬁgﬁrteseﬁttiﬂ%ﬁﬁ rpfefl]étt%qg§mbf&n%%@pﬂo'v§ﬁ'n QeI Wwedror
exanpl e, the conpression etfect o? t he Augagneur screw device arises 15
because 5t hédiffereavegians of henadérstl aln prstieulanthedn¥anghe Feletgaip 2 sRMPESHIIHRANS
portion, Suc%@wglﬁ%tblé[f&?stagﬁﬁﬁi ao?ﬁreabbﬁe driven by the integral distal
portion pr%V|d|ng conpréssiorr.” Renoval of known conpression screws,
however, tends to generate forces or bias generally opposing the
conpressio j aTo i ' whi ch can destabilize regions of
bone. Anot#éiﬁg§§§§®§gﬁ§g € L?ﬁﬁﬁﬁﬁﬁﬂ%gnpression screws is that the threads
provi de insuffici ent Teatrhatef BGnzbesre disordens divodecsstabiliminpthe dgae IsuelyaHy t o
prevent _pul |l out or damage it he..har Ther ey oy & fare .for an
oot ovedOnios dng St B oS eRy A BRER roERR P B BeRB L drnp A NE e e

rel ates t otogetherl facilitdtohealing e Typioaily, hoge svetves, sedh asThescre® devipe dercribed in

preferably_j d a_l Lt udinal axi i { O i stal
ort 1 on. e sk Neas OB a0 ChABeamB g Qo el o Mol BroBRBeR ' B
di stal thr pas®ld étes phete witizyd thrddied pooionsrhaviegdifitieat pltchdsoe fadds tor establish
preferably confi

ur to threadably enga fir, ed: regi ons
b “the. e EPPRICS L ohuCRRpRlS DR e ansr o e Rfn8R AN, S8RGEREEY, 0
about it1s bengkd tditaatl dxhedisnal portsn ididgler tisn thaproxevdmdriieysersthalf the
material with,30 respect t ne_anot her .t o .provi |
t her ebet \/\/eQFﬂXWé??rttlﬁgné'ﬂh%’ &eénﬁe&aiifllé{ﬁl P?‘}Tlgﬂ Pmé’g‘ﬁ%é ?‘%@B%gsﬁéérg?lﬁ SRoSht its
I OB gi tudi nfklho@ﬁ icﬁmgfebﬁgﬂ E&&fﬁ[&ieh\ﬂeb?@&ddi ® genefater fatrley gcbia‘s ig_gw:raity opfposing
substantially inhibjt asi the. fir.st region {o substantia rey
t ensi on beﬁ%@mﬁrﬁféwwh@e@ﬁ%ﬂ%eﬁﬁm}’é?fh‘%h - (iff‘taﬁ@lég fegéorﬁoofib%/)géh)' %Jfl &? %ﬁre
proxi mal t lgigaehntseRfRhewakbypteasiel sctewE Brthaxmmbkeads pRividdiasifipienedirface t i on

of the p2r O)éllrerllaclr p&lrhcrhggedat a{rgé ?erag tfelzrygth%%g Ippee\'\rgnt%rlllllglrftgcl)reda?rlcagg %0 {h%%%ﬁe.abom -1

There is a need, therefore, for an improved bone screw.

SUMMARY OF THE INVENTION

The present invention relates to an implant for insertion in a material. The

25 implant preferably includes a longitudinal axis, a proximal portion, and a distal portion.
The proximal and distal portions preferably have proximal and distal threads, respectively.
The proximal and distal threads are preferably configured to threadably engage first and
second spaced regions of the material, respectively, when the shaft is rotated in one
direction about its longitudinal axis to bias the first and second regions of material with

30 respect to one another to provide compression therebetween. When the shaft is rotated in an
opposite direction about its longitudinal axis, the proximal thread is preferably configured
to substantially inhibit biasing the first region to substantially prevent tension between the
first and second regions.

At least a portion of the proximal thread is preferably tapered. For example,

35 the tapered portion of the proximal thread preferably defines an angle of at least about

-1-



WO 02/ 056778 PCT/ US02/ 01422 twenty degrees with respect to the

| ongi tudinal axis of the shaft. In a preferred enbodi nent, the tapered
porti on o¥Ooeseprsoxi mal thread di sengages the proxi mal threwngSévam he
first region of material in |ess than about one-half rotation of the

| ongi tudi nal axis of the shaft in the opposite direction. 5 1n a preferred
enbodi nent, the inplant is a conpression bone screw and the first and

second 1 eqiRRE dRbrd¥8iWathiradpeal 8 thd loakinalithl 9RB@Tthd 8@ROMS a plefbroribembodiment,
respectively. ‘In"the, this enbodinent, .the inplant is Eref %rabl éﬁgonfi gur ed
to stabil ithetapredmegional the psiealdread disgregertthe srgrimatibsrrddiom B5dieen

and, upon £eRRWRkndridl ielesdBhRBbout bREhAITRIt@In bfSthe Cnpithdinnetid 6 thektid i
destabilization or distraction of the regions of bone. 10 In another

enbodi mentthe pprosge dREpAN. and di stal threads define proximal and distal

| eads, gespectively, I&Jlﬁ?ref@n%ki_%hlbb@ﬁ&na%@gnﬂmtg% cbﬂﬂ?fbs&ibﬂb&ﬁ@é@kéwhnd theead.
The proximal and distal portions are substantially fti

I ed with respect _to
one anot hefirsand sepend weigps 9t %ﬁ@éb@ﬁ;ﬁéﬁ*tﬁnﬁﬁﬁnﬁé‘%ﬁ_lﬂs ?’dﬁsfpeﬁ:“Yf_iY)_x \
portion Ofthis*k‘?nﬂo'a%mgﬂﬁ wgriﬁk%ﬁgg)\fefbﬂﬁiyt%ﬁﬁgﬁre@'i&é‘t'aﬂilﬁ&e frRGegisRs SFEdnBIYY a
depressed region, Ich includes a dri've nechanismtherein to receive a
drive toagiroviding eomapression therebetyeen ands pperjremaye| oldha ipplant, the MPAE Sand a
di stal fac 3 d ' [Jfdthe redidBis BF ¥Rl face and
di st al faccéghg“ﬁpgggﬁlfrng?eséﬁgﬁéagggggagﬁégﬁfgg reersegec? ively, with respect to
the | ontfd t udi nal axi B atothst embbdigent, e rrewisrd and distal thycadslefing proxgmalifad ¢ he
first angl . i t [ AR thieh@t €ge t O an
i npl ant i n@ t&!ﬂ?ﬁ‘gm‘%fggéﬁtbv%wﬁaﬁ% dg%?ltl%&n%%{aﬁg%?gﬁanltfe}% t one thread Eé:onfi gur ed
to be accoprosie@dd wist4lipartions aresmubstarsipllyfixsfl with respest toone agothesand porti on

havi ng at | configured to be accomodated

W thin theprggzébr%%géegg?%ﬁ&gﬁdﬁaegﬁg?ﬁ?%pon insertion of the inplant, the 25
proxi mal and distal Ahpresidsl periosodBieimplans arkderehlyanejudes anreximal fceand
second regions, respecki Vv oyidi [ L CRELNBEN, dri

Pr of or abt0iiie ISR ity L AR BRI STRhRM SRR TR dive
subst anti atoby, prevent damagi ng the second region of material. In a

Ctarts, more  prerarap (° TRl BRbtL BRoUgl HPE PR csERTketdthdlt BC
enbodi ment surtdvaditigahateriglo Mhie prox3Maifaed ardadibtyl faned dedims fiast and seqonfl gugles,hr ead
starts. 3rSesf)ezctive y?x%'/it 51‘66S¥)ZC tg) %ﬂ;:/ 19:?81%@%‘3?3‘%3 Preferably, the second angle is smaller
20 than the first angle.
In another embodiment, the present invention relates to an implant including
a proximal portion having at least one thread configured to be accommodated within a first
region of material and a distal portion having at least three thread starts and configured to be
accommodated within the second region of material. Upon insertion of the implant, the
25 proximal and distal threads preferably threadably engage the first and second regions,
respectively, providing compression therebetween. Preferably, the distal threads provide
sufficient purchase to substantially prevent damaging the second region of material. Ina
preferred embodiment, the proximal portion includes at least two thread starts, more
preferably at least three thread starts. In another preferred embodiment, the distal portion
30 preferably includes at least four thread starts.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the invention

w Il now be described in connection wth the attached figures, wherein:
FIG 1 i svaoydddersvi ew of a first enbodi ment of an inpl ant perosexdiimzy to t he
present 5 invention; FIG 2 is a distal end view of the inplant shown in
Figure 1, FIG 3 is a proximal end view of the inplant shown in Fig. 1;
FIG 4 is a distal perspective view of the inplant shown in Fig. 1;, FIG 5

is a proxi BRIFFHEBERIPTION OF PAEIRAWINGSt shown in Fig. 1; 10 FIG 6a
shows a cross-sectional side-view of the .inplant jnplanted in a scaphqQid in
a partially inserted P§?fSF%‘?eIPPQ§m’GBtSQIQEWS‘H‘?“&IPB%iIQQ@’tﬁ? prikgd R coRIEGHf

t he i npl antyiihRt AdRdd fBuRsSwRRlial d in a fully inserted state. FIG 6c
shows a cross-sectional .si de-view of the. i nt _inplanted.in a scaphoid in

I
15 a partial |y FlfolbP dfayiew qf|a<§rst7er%h96mgern§0 ap implantacgerdinedty, the preprat

i mpl ant showanhidn:Fig. 1 with a section of the proximal portion cutaway.
FIG 8 is a side view of a second enmbodi nent. of an_.inplant according to the
i nvention; 20 FFE. Disadigtabienst ew @b ghoimplgnd Fhaeni figwgrds shown in FIG  8;
FI G 10 shows a sides W £¥oRimd ehllivled; SROFIFIBRhEHmaRF{gm! ant according to
the "invention; FIG 11 is a side view of a fourth enbodi nent of an inplant
accordi ng to th&IGj hischdisehperspegtipsviewQf theoimpdard sBpwe i f@vlof a fifth
embodi ment of ay REEATRPLR vidior thB YRl howRER AL ED DESCRI PTI ON
OF O PREFERR GRS proffif p%%?erri r‘fg t o Fqiyﬁgs?%l-?? i mpl ééﬁt.’l is

pr ef er abldy conf FGr eaishosvsirecraB-sgeidensheideviswy off theimplaniismmdanted inrpesepphpidiin

| east firs Lpgd ons to stabilize the regions, such as by

posi tioni ntépgﬁgl}lf{rqﬁ%?%iﬁ% themwith respect to one another. Pref erabl_g,_

the inplant is &8Gf flyshas & goprseeiicsl sidaprasel tha inplankiorplanted neyscgpleoid Huch
as by bi asiaqﬁu éﬁ&%d&h@i vely toward one another. The biasing preferably
conpri ses pron I'ng conpressive forces tending to urge the regions toward
one anot her al oAJGa6¢ shayvstatpseadectioniad sid@Fiedv off the mpplant imiplanted miresceplyiid s

are at ijasatpa%?aq@v{[ggl%vé&égtg.Wth respect to one another, such

FIG. 7 shows a partial side view of the implant shown in Fig. 1 with a section of the

proximal portion cutaway.
FIG. 8 is a side view of a second embodiment of an implant according to the
invention;
20 FIG. 9 is a distal end view of the implant shown in FIG. §;
FIG 10 shows a side view of a third embodiment of an implant according to the
invention;
FIG. 11 is a side view of a fourth embodiment of an implant according to the
invention; and '
25 FIG. 12 is a side view of a fifth embodiment of an implant according to the

invention.

'~ DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to Figs. 1-7, implant 1 is preferably configured to be

30 accommodated within a material having at least first and second regions to stabilize the
regions, such as by positioning and/or fixing them with respect to one another. Preferably,
the implant is configured to provide compression between the regions, such as by biasing
them relatively toward one another. The biasing preferably comprises providing
compressive forces tending to urge the regions toward one another along a longitudinal axis

35 3 ofimplant 1. If the regions are at least somewhat fixed with respect to one another, such
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-3 WD 02/ 056778 PCT/ US02/ 01422 as regions of bone only partially separated
by an inconplete fracture, the absolute notion or translation of the

regi ons ma@ obesemmsgl i gi bl e but conpressive forces tendi ng poT/Es@ihizze t he
regions wll still be established therebetween upon installing the inplant
1. In sone cases, the first and second regions of material may be spaced

apart by at Ieast a third region of 5 material, which is preferably not
t hr eadabl yasgegjanreef tnnetondy Wpalmeparateﬂrbytanég@r@agtés&acm%t ﬁi‘?sg%ut%weﬁ%ebnd

regl ons pft?iﬂg th)sf&%fPe RS nda %eh@%l{%‘ﬁ?lé B %&Bﬁ{@%l@é@%ﬁg@% stalaﬁ%tth@n of

nplant 1 e |nvent|o adva allows insertion a renoval of
| rrpl ant 1 regionhivill £till abbetablrs@,e@thefqbamebmeow@ﬂlm e wnplsul Besespefgses,

mat er i al dt%g%gsef ang) &Io%ﬁr ?%o&soof'%t@ﬁél%aé/ I;e%g)géé?leap %9 at nﬁstpar tﬁﬁ@ @éﬁlbﬁ‘&ﬁnt i on

i ncl ude boné, hou t he
i npl ant 5i smsllenalalwlhec}flerprezfsleblmrtomme@ﬁlylymgﬁedé?w tbﬁblneplgm 1 a]@é]@m?ﬁﬁélﬁﬁé £he

mplant. 1B R p SLELS i SBOdLIBR LonREs h{@%hﬂ@g%ggp n {HRF b AVRA bR irsertidn of

conpre55|o S8 B g pr ovi ressi on between reglons
or fragmeningplaft lbone that 15 are at |east partially destabilized, as by a

fracture or break, g“f‘i 1&V@%on0¥&%ﬁtﬁg?dﬁglg A3 1&%&%&%%@%9&8% o?f BQH@I ar e

sufficiently adjoine t0 pronote or st I zation the bone.
Mor e pr ef ewithinyfriableentlfop fmngiblef mategals thbnun ansing nyitered damage &P’fﬁfegl@fled for

i nserti i n_ho ass.ocj.at ed r h, hoi d
bone,  ofDpBRIEERRaT Rt U Ui el berp iR AR e M. ST B AR
under st oodandhetike, ralthbhgh thelimplanvBntitdne fe vaé sithadaptmatedalfable 20
stabilizin othe uch as | ong bones including the fenur, tibia, or
huner us. 4%8@1'3‘ @R’éﬂfnm ant of the invention nmay be formed of any

bi o- conpat i bI e mater lraﬁprefar&ifbnﬂﬁ)diﬂlém,rthelmlplahir(ﬁfrthe alveoien isarmdpressiones s
steel. Alternati veI bi ode radabl e. a d/or bi oabso such
as calciu ?ﬂ?o'?fﬂ’f‘él‘f %jy QP %&?I?Qrgssﬂﬁﬂl %TV &9 15" UR &6 hggg l:rftfng Ef)(?l{eeftg!:rltr ed
enmbodi mast areiafMagipartlaliyddstaitized a8 bahtfra2tubavi lmgalp rsooh that opRSedpattidnsofthe
portions 5 and 7, which ipclude g. praxi mal thre nd

P 21b, reams o boss e spltira S adiphed iy Fom bR e AR shbRlAtiet 8f #R%0n. ,°
single thregdep fe@érbbl?nﬂhe ichbRinabf the idvetion/isisizet aodsomigur&bfor itsaxtionhin banes
starts. The nunber thread starts refers

hel i cal t h?@ﬁﬂaﬁér"ﬁﬁh thshaads givithesuchas ¢ Scaﬂh?lgtbﬁ’ﬁ?’toé %g%rwaegg%?"g[?(gﬁtmﬁr eads

11 a and 1fdebopdrkldseiesHontt bedurdirstdid, n@mmn thﬁftﬁes avestioiigaisaladigtablEtier pit ch
of 30 di %tal threads 11 is preferabl |de tfo th |tc$| of single
pr oxi mal2Vt ekiiging otherhongs, suchasdong Rengp g %m“% EPE Al y fixed

W th respeqlccs@ifphe tRORiflet Xk ibPated na@afetfohued &f adiysmamsmpMé itezial, t 0
allow prox Is&?ll as%tamgllns E:I?rlorr}eharllggsd %mg stamf'ess stegle A r{‘m%fi ?Eu(la}g bl\émdégrac?able and/or
bioabsorbable material such as calcium phosphate or hydroxyapatite may also be used.
In the preferred embodiment, implant 1 includes a shaft 2 having proximal
25 and distal portions 5 and 7, which include a proximal thread 9 and distal threads 11a and
11b, respectively. Preferably, proximal portion 5 includes at least a single thread start and
distal portion 7 includes at least two thread starts. The number of thread starts refers to the
number of preferably helical thread forms formed on the shaft. Hereinafter, the distal
threads 11a and 11b are referred to by the common reference numeral 11. The pitch of
30 distal threads 11 is preferably identical to the pitch of single proximal thread 9. Proximal
and distal portions 5, 7 are preferably fixed with respect to one another and spaced apart by
a distance sufficient to allow proximal and distal threads 9, 11 to be accommodated within
and to become threadably engaged with the first and second regions of material,
respectively. It should be understood, however, that the preferred distance separating
35



and to becone threadably engaged with the first and second regions of
material, respectively. It should be understood, however, that the

pref errewadbzomnse separating 35 -4 WO 02/ 056778 PCT/ USORCDU4@A1432r oxi nal
and distal portions 5, 7 depends on the dinmensions and spacing of the
regions of material receiving the inplant. Shaft 2 of inplant 1 preferably
I ncl udes a nedial portion 25 interposed between and spaci ng apart proxi nal

and di stal pp&fitdaPiid Sistl porE oL 7 APERTE dnAthd dimdHsidhe and SpavaRbftterekions bf and
second regions of material. upon insertion of inplant 1.° Preferably, nedial

portion 25naerdaeqegip@hedm@laf-zed to substantially prevent proximal and

di stal portions 5,7 fgameaGhpeRo2gtdrerabRaAnsan® 4 Redialptiods altémbsddo al | ow
the different regions of material to be biased with respect to one

anot her . Adgiweesriad ispacingenagi prpormeal s distl pertigped draag icgniegied Gured to
transl at® apdbOhetRbAtR SPsIRREdRAIkYiohs sﬁhxtemf@)iorn%mn $QmpPng tr roundi ng

regions of material upon insertion of renoval o nplant 1 to substantially
prevent nedireferabbr meginl portiongihisgentiguiry andiized to sebstarially provenimaergial and
mat eri al . (I To Il § ' L QN i ] : i on,
such as a %@i@gg@l S25('7? E\%\)A% %a%h Flg% ié%lc}ihgg%?é %}@ﬂsﬁgﬁﬁg@?@ %gﬁ{e%gve a
smal | er outregiony efraaterial thdg biaspdwith aeapeeirto one anqtherr Asiditinmslly.raedielostiers 9
or distal thr; ' ' : red,
bowed i nwarzg l1)?/?%3&%1&%3‘%%&%%@{69%%8%@8 apeﬁétgﬁﬁuggt:ag%@poﬁ@e# 52&*? F%g%§Q§

t r ans| ati%sugndiding regicsiod magériahuplciaserpon of mmavsl of inplandd je substantiglly
surroundin r Inal | : ' i on of

t hreads or q)tr %@g © Pi?{gm?{‘éﬁr%é‘ %ogr\glé%%{?ﬂ%gﬁgggﬁ?ﬂgr% %g%rg‘;‘%dglgg glra {eeggil' nsuf fi ci ent
to gain substantial pRefetrigdo §G.engzdiatpnrttioni 25hnclides ssmoathragiony swektasra al .

20 Shaft 2 L.nGl . n | B | e} ' | S

3 froma dyapdfr 2 WD i PARTHBIGER OSSR R gl Ol MR oB)

of inpl ant the daoietatef cithertaf pryirebldheads? 88distahfhirepdsdd. tAdternativelnt medial as

I mpl ant IS _LnNs ternat | vel | st.al ' liqured with

a snoot hljst ipﬁ ,rtl%nu%%}n%g bgﬂ?gfﬁrds%@\@@gé@ﬁ#@p&%ﬁﬁ@% g‘%%&?{@%%ggongl%g{egggbl y

i ncl udes sehdilitatd transiptivhander sotationf dfesca? poAndiSspitis spt txa smtounding st al

neer ti on. MGG MESHERELT S PRy Eoh Bea CERESH el oG ity AR naving

sel f-dril | iatgighdr seifice aregapsufficismah ghimesubstaptid] puirdhadecorieagagement dehthe equal

to or greater than the length of inplant 1 is not required to insert the
Tlpuulea

i mpl ant 1, SHEOHPYREL¥EE Yel ow. Figures 8 and 9 show an enbodi nent of an
i mpl ant 2D havi ng a pSiefi 2redn ipcodésancanBulation 4 exdtendihy alpnglongithdinal 4xing

from a distal tip 31 to a proximal face 37 of implant 1. Distal tip 31 of implant 1 includes
cutting elements 33 configured to cut material as implant 1 is inserted. Alternatively, distal
tip 31 may be configured with a smooth tip, such as a hemispherical tip. |
Distal portion 7 preferably includes self-cutting channels or flutes 29
25 disposed proximal to distal tip 31 to prepare and tap the mateﬁal for distal threads 11 during
insertion. Thus, in the preferred embodiment, implant 1 is both self-drilling and self-
tépping such that a pilot hole having a depth equal to or greater than the length of implant 1
is not required to insert the implant 1, as discussed below. Figures 8 and 9 show an
embodiment of an implant 50 having a proximal portion 52 provided with proximal cutting
30 flutes 35 to prepare and tap the bone for proximal thread 9 during insertion. With the
exception of proximal flutes 35, implant 50 is substantially similar to implant 1. As
understood by one of ordinary skill in the art, the aggressiveness of proximal and distal
- cutting flutes 35,29, as determined by the depth, angle, and number of flutes, may be

adjusted to suit the characteristics of the material accommodating the implant.
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30 flutes 35 to prepare and tap the bone for proximl thread 9 during

i nsertion. Wth the exception of proxinmal flutes 35, inplant 50 is

subst ant ived byosirtsi | ar to inplant 1. As understood by onepof/usexiimzry skill
in the art, the aggressiveness of proximal and distal cutting flutes
35,29, as determned by the depth, angle, and nunber of flutes, may be
adjusted to suit the characteristics of the material accommpdating the

i npl ant. 35 -5 WO 0RgsenpstopnTenbodimynigiiigRdt 1 prexigat ce %Og%@aﬁl%nt of

Figs. 1-7 ’deﬁﬁ@i. %trailgff@ca%a &fveinﬁ%lh%ggmlsdéﬁfag ARt Br SRREY B fodedDecid @fvelri ve

mechani sm such as a slot or soc 9 to receive a drive _ tool for

appl yi ng ttoolforapmyingirgne tolimplarnt dgluring ersertion aad demeayidy apckesa feprefyally
preferabl y;  di L s RRNA duERthaf € BERIRRI ubbes

that a pr o‘%ﬁp(r%g%(pglfﬁglp%éeoﬁl%é%gge@gﬁgagcﬁl gﬂgéggg)@ket S c? [ sBos ed bentfebgte hétf)g?

di stal 2o 4 dofithe sskef is dispréadeientaih or diptal tthagm 45 Qﬁmwﬂﬂ}@E &cepabNugdim des
the nost proxi 10 ' 15M9 BiEhe usBem spheri cal
depr essi orf rg ram%n I%égg{}rsl?g; pgél}?lalgfsp%rﬂgn gmdgﬁtt%%% owar d S(})gcukse’t 39 to
prevent t Hendsphesiclaspression#t bedveptagiespilngwided the driz¢ fopl fqrasd serkes3? toundi ng
material. |n preparati.o Qr 4. AN | ' : Licexanpl e, a
bone havi r@ev%ﬁ% ({%vte tg?:iﬁ osr%ggﬁg%ﬁség#?)%gaﬁergl%%l?%gle\%mu#gﬁ@sm ?lg%egl)régbl.y pl aced
t hr ough the bone al olgprepargticedit srsaition ¢f implentt § into, 4 examiple, adene aving

cannul ated.dyill bit. and/ or_ capnul at ' [ gui de
wire ca%&t@é%arﬁieseﬁ%%ddretg{?nf’oar%ﬁlge r%g?gf Se#%ﬁ%ﬁ%?‘%%oﬁl%ﬁét Eor%al% a |arger
di anet er, medganiinécineation exsi hkndeded, henrndatad dnilhbivend/or Fomplatidrdoratarogls of
material, the pil ot le is ef er abl S tting
el ement s 3%“%‘?90& ttlhﬁtgg CYG %an%e%ﬁeggstg%g)‘? g(;e}l'%%%ga%ﬁgﬁ’%?lepar i’ﬂ?ﬁ{e(h%%felyf Qii

di stal t hrieggs dibinetgrpconcaiteit icomtedsinknp kiwrttong fragiment. chnmirgndgielksyofahatend) y
defines a gsufficient di g%:lpzr lt al | ow Rroxﬂ névaéutﬁ#%geﬁgn{sl%t%%a s g{t

i ncl uded, PURGR)E 15 HYELS 0 gaﬁ?pe?paﬂug IR BORE o r B oXial thread § once
t heI i rr{)ll?nénglagé%heﬂﬁ?e lftﬁpirepaﬁ;ﬂ_ﬁé barieetbt (tiidtabmatdug_bluptl)mmztdttm' weef imptaat i oThef

i npl an inafirst orje i on _apaut, |.ongi tudi.na 3 S,

for exanpl %o,unﬁqrﬂff{imesfféra W?ﬁt@ﬁags @S"gﬁ‘&e&tldl?rﬁg[g’étc?f@f)y per%lgngagqlﬁlggﬂu?éé? %aﬁd
second r egindliged,t6 SAEMkitNEbYhe 16 pedpatdhat bpnofr priximelrthisad Sonaa thet itpldnit hay
regi on of bone are ilased in a first direction at a first rate relative to

one anot hefeaghtd afudfigipntsdsPth on 7 and the second region of bone are biased
in a second directi oWpdh cantiranetatia 6f iglatt il i atfost@nientatinn tbeut lorgitudinal

Sene al gt 1, L2100, AL 3 D8R8 L IOt Do SRR R
herein as §hendisHiARCRspRtiablyyaich that pheximal Ririial 5 andithedired tegibn b6 boieare
ongi tud n%ilasglxilnsa f(i)rfst (tli?gztigh 3{? E%st ang %élétlﬁ/% tg g é %‘otﬁgr ang tdles.rtalll %lort{osn 7 and the
second region of bone are biased in a second direction at a second rate relative to one
another. In general, the rate at which a threaded element that is threadably engaged with a
25 region of material biases that region of material is defined herein as the distance relative to
the material and parallel to the longitudinal axis of the element that the region of material is
urged to translate upon one rotation of the threaded element. The rate that implant 1 biases
a first region of material engaged with proximal threads 9 with respect to a second region of
material engaged with distal threads 11 is equivalent to the difference in the number of
30 proximal and distal thread starts multiplied by the pitch of the threads.
The first and second directions of bias imparted by implant 1 are preferably
the same in an absolute sense. The rates of bias of proximal and distal threads 9,11,
however, are preferably different to provide a desired compression between the first and

second regions of material upon rotation of implant 1. Preferably, distal portion 7 has a

35 greater number of thread starts than proximal portion 5 to bias the second region of material
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urged to transl ate upon one rotation of the threaded el enent. The rate that
inmplant 1 biases a first region of material engaged wth proxinmal threads
9 with res@eroser a second region of nmaterial engaged w par/@ser@h22t hr eads
11 is equivalent to the difference in the nunber of 30 proximl and distal
thread starts multiplied by the pitch of the threads. The first and second
directions of bias inparted by inplant 1 are preferably the sanme in an

absol ut e sans greaitheats tiiae sheafitehit ahic prprimal pattioaridbiekes thed ﬁnstmeg'misa faatdrial.

however, a r.ef erab r esi r. d co sion bet ween
ThecTir st - LnaR el el B SRkl bR plia R PRl RE SRR B 3
Preferably ,codllpﬁdsﬁbn mﬂfhieﬁﬂto?orh@shaﬁ&ﬁ agyt sabed ragionber rrmfertahrrmasta‘slta aphtact han
pr oxi mal por | on i as t econd re h of material -6 WO 02/056778
PCT/ US02/ 014 r§tanélt F HIBPO eﬁa} lﬁ:wgﬂntaﬂ% agpg at which proximal portion 5
31 ?fses the first reglP?dsmmfglaimtcﬁgtalaﬂhreadypam armecmrfﬁgumd to bitetatioll gpret et
ifferenti refera vi des an unt of r on sufficient
to bring tl?@e?cl a9str1)§’i%“§t€l? & 9 R0, rothevdis dam NB{ @?&8'2%%5 t with
one anot hefkedion Bf MamRtigl oalhdtilkag borndvihdieglamg. Ef‘ﬁﬁmmﬁlly pradent’ st ial

threads 9, 11 ar conf| red t 0. subst an revent threads 9, 11.from
strippi ng, TR %ﬁ dPayol?Eh‘é‘FWeéeSU(‘f ﬁéb?’ﬁ@& “lgﬁ?réﬁﬁéﬁfp?vé‘f?g%%dedregl on

of materi a'deg'ﬂ%eﬂfbdlﬁ Iehdmﬂget%erfmermmgd 'S&T@)lnd@égldns vBYhou$ W2 bapiirchdsk Yor
prevent” I's nmeant that inplant

ma nserted, such as_ b
t or que, 1too cHEREPMeRt Betyed ?‘éﬁaﬂtd@@ﬂé}é‘? @P%E‘Bhp'h%‘:ssl?%ﬁusﬁé]la%%mt tﬁ%*@?&@’i’ yand
second regieABsreWnb G id @%&aﬂtﬁaﬂ%ﬁéﬁ@\k&%ﬂ fHe cbihpedigion esmEblishee tueehinsembant 1
and the material. Thus, because to the threadably engaged nateri al
i's substantlmﬁlqn?lﬁ%@@%@lymﬁﬁtawgggtéé%@%o%ﬁ%ﬂ%t d during insertion of

i npl ant 1 is subst antyijpldqy onpd ﬁte@érﬁtﬁyldaﬁﬁ@ﬁmdas@dohtdﬁb¢o§n§1@t€9émuﬁﬁbnéﬂar eads
9, 11 preferably define at |east about one conmplete revoiution and,

pr ef er abl y mere prefergblyaidenst ahnart apgianshenerhialf compigle srvelutions porut b‘ﬁEla&bbE&
i npl ant s 1Hcre§s§ ehé%eﬁﬁﬁ@oe@@%ﬂﬁ%&a&@t I’Yezﬁ{c‘i thOSurtmaRdnerdal. 23bektRen

surroundi ng teri best seen in proxi mal "t hread 9 |ncludes a

proxi mal f an @KM arekimabihzead 9 md@éesm;row% rﬁacaclﬁ ang a distglrfagecho, maricheact to
between thrgads, ?or@é%q)eﬁv grtﬁxghﬁbcb Al a[@frﬁfu'n@ing n%ft@rﬁl Molox@md Mastiahl hages

14,16 define an respectivel. respect to longitudina
axis 3 of ildplGdrfing anglen bl anch2D, irespgetafelss 45 empbte ﬁoqm@ﬁlr@h@@@ irpplant 1.
provi de m)rﬁnrééflg & ré rdbl (flﬂ%ﬂhaﬁ ngR9&s ?(Q’IM}S\%%I(EIQI&Q%&CPOMOI&(JQ:)' ant 1
and a surrou teri Sertion to in

i bit danmage t

sur r oundith d)enme@rthlahdmﬁmf implang rlmnéwmnumhn@ maéenzl durbwgsinsarien @ iphibii nal
face 22 an &lafj nll are configured simlarly
to proxi mi?da?na EZ&&[@SF&@ ?@%}eﬁ? gpro threads 9. To

Figure 1 shows that a proximal face 22 and a distal face 24 of distal threads

11 are configured similarly to proximal and distal faces 14, 16 of proximal threads 9. To
further enhance the engagement of distal threads 11 with the surrounding material, the root
25 diameter 26 of distal threads 11 may be smaller than the diameter 28 of medial portion 25.
Thus, because the outer diameter of distal threads 11 is larger than medial diameter 28,
proximal and distal faces 22,24 present a larger surface area to the surrounding material.
Upon removal, such as by applying torque to implant 1 in an opposite
orientation from the torque applied during insertion, implant 1 is configured to substantially
30 eliminate bias tending to urge the first and second regions of material apart from one
another. Such bias undesirably places the implant under compression and the first and
second regions under tension, which increases the tendency of the first and second regions
to separate or become destabilized with respect to one another. Preferably, proximal thread
9 disengages the first region of material in less than about one-half rotation, more preferably

35 in less than one-quarter rotation of implant 1. By disengages, it is meant that proximal
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further enhance the engagenent of distal threads 11 with the surrounding
material, the root 25 dianmeter 26 of distal threads 11 may be snall er than
t he di anaven2/@®7mf nedi al portion 25. Thus, because the pOr/@soditaaret er of
distal threads 11 is larger than nedial dianeter 28, proximl and distal
faces 22,24 present a larger surface area to the surrounding material. Upon
renmoval , such as by applying torque to inplant 1 in an opposite

orientati ofirchd emubtt@nttam@rq;ueseapcptim st e the Sest région ofmpieeialtas]rotaﬁon and
configured t ubstant 0 el.im.nate .bi as .t endi e the Jrst
and secondeF‘Qﬁadt’i%grS?S ‘inatﬁ Brﬁg?tedfepﬁjﬁtd%eé‘% atHB’tlﬂ]e?gsués P’ a: Benls

undesi r abl frqek &Qﬁ&lgttbehdtﬂibt @ndestabities a(hezmsd esstilsiizatisbrictsack thastora;mdssedecond
regi ons un er ten%tjt whi Chﬁ%ﬂ gase(? g tendenc é e fll rst and second
regi ons hong repaia s CHAYPISS YPOR 191G E?) P#% lone anot her .

Pr ef er apl y, proxi mal Réfapaaco MG Siﬁagﬁge&trédd@ inclugles dtremmﬂnil tapatieg @bt i n

| ess than about one-half rotation, r ab) €ss
one- quar t e} haying proximps apdhdisial ends 1%35 Pgeﬁﬁgﬁ%glo}ggf’rels d1§tH§eEndp1r oxi mal
-7 WO 02/ 03R4/ BprBathdle8d 18 143&ast 4 Portiafl oD crebtbist tapdrk géﬂdalbﬁ@&%rd smCExleattt a

bi as upon the first reglon of materi al as otatlo nd no res
Thus, in theximaead 1 édeBpiscolrrashdiametss Itk}fﬁt isfalepd df a%tr?fﬁtairbgy ﬁt\j

tendi ng tothfléaat 5RGhpeREd. dﬁ%@hwht@t@ e’%o@?ﬁix@ﬁal&hre‘é&@bs bfemdbmnﬁﬁmto t hat
conpressed fragnments of hone remal n s

abiliz oi ne of
i npl ant 19, disengageiheispgounsiing watepial wpog,remgyal ttﬁ%ﬁ GV%dg@yfgﬁ’q %g:@l y
tapering Cfefles aﬂt%eﬂ@x»@gdfaééﬁxp&ﬁts 13ngl] diasa@ﬂne%% ﬂ&zs é|f7at 1d3someatisry al ong

crest 13 fromdistal oward proxi mal end 1 tE‘St a portlon of
1

crest 13 tpgsérablyatlensiabgut @@ vghddmergarelferhly at bﬁaé%l’H’HF 2% ni1tEsespestithes a
larger dia gﬁ%ﬂdlﬁﬁ%&lsﬁy St Ha ft%nqkdﬁZcenP ficﬁﬁt‘% rlgbib’are%éfeﬁﬁblf ékﬁaﬂafe@ﬁdmbne

t hreads are tapere he outward™t aper of proximl thread 9 is [freferab y

suf f i ci ent anather by dins epigatste rotasionaf thyawb? Abpuishal 2- aPO’t‘jlb%h 15 RisTANLY separate
descri bed ﬁg@vcﬁﬁalpén ]?rb}gal Xeas%‘d%%t oﬂegcon‘qﬂ@tla ?&Qﬁo@ef heRato Jhaat adRac abistal

points 19, an angle | east about 15 preferably at
| east abouendty anshean adprcentpainici (e t}ﬂr@ﬂ Crféhbft prebsaily gsfingan pgleirideast o

Longi ¢ uci naloubo hnGbeRbdblofindlPBeOb paRnLs 19, 21 are preferably
separated from one % one co ete rotation of thread 9 about
shaft 2. P0| nt 21 |st1xaheH13tﬁasls gepféqarablwstdsuﬁiwwlgtfwtoeﬁﬂi proxigal §3ce| east
about one e At 1 BB% dhé and
an adj acen p0| ﬁ}gﬁﬁ%t Egé’% rt%:c{rlgeost&qggr refelyzlgﬁtms(ﬁ}?ne an angle of at

| east  2Bosurf:86 ofii matmé p@hus ffer dxemgle; ttmm@aenfammnt@m BHEPe maertqdrtblseughﬁ
threads 9 preferabl I ayy% a8l E-ACRotiGl of hat

I mplant 1 frel Pe Sl?%s%ér )(%1? &&B%d%e?%gﬁ?&:ﬁgﬁpr %&ﬁ@?ﬁ% ?rrp a?tt1 10above
the 20 sutHedoeenf a material. Thus, for exanple, the present i nvention may

be inserted through Referring to Figs. 6a-6¢, the implant 1 is shown in an exemplary use for

ces

insertion into a scaphoid bone 51, having first and second regions 53, 55 associated with a

25 region of instability, such as a fracture 57. Prior to complete insertion of implant 1, fracture
57 typically separates first and second regions 53, 55, as shown in FIG. 6a. At this stage,
proximal and distal threads are threadably engaged with the first and second regions 53, 55,
respectively, of scaphoid 51. Continued rotation of implant 1 biases first and second
regions 53, 55 toward one another. Implant 1 is inserted into scaphoid 51 to a depth

30 sufficient to stabilize the region of instability, such as by providing sufficient compression
to substantially close fracture 57, as shown in FIG. 6b. Substantial closure of fracture 57
provides an adjoined region 59 where first and second regions 53, 55 are positioned in
sufficiently close opposition to promote stabilization, such as by healing or knitting, of
fracture 57. FIG. 6¢ shows the implant in a partial state of removal with proximal threads 9

35 disengaged from first region 53 of scaphoid 51 leaving a gap 58 therebetween to prevent
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region, such as a joint, adjoining different bones w thout perturbing the
relative notion of the bones. Referring to Figs. 6a-6¢c, the inplant 1 is
shown i nve@ossnmsl ary use for insertion into a scaphoi d pones®lni4izavi ng
first and second regions 53, 55 associated with a 25 region of
instability, such as a fracture 57. Prior to conplete insertion of inplant
1, fracture 57 typically separates first and second regions 53, 55, as

shown in FhGyi@al thAhdd Difonséastn a'@fa@&pdﬁﬁﬁrsﬁfé@ldﬂﬂ ﬂ@mitbﬁﬂa@%bs?dqﬁent to
t hr eadabl y enga?ed with the fi rs%

ond i ons,_ 53, b5 espectively,
of scaphoi oBRleleCSHON Al BiereiBteafirs ﬁn‘BFeCP fegins fg Syellgemaga Eff g’é‘@é

regions 53, 55 tomrﬁﬁsn@%b%hen{mﬁm 1aht 1160 smﬁ{ﬁﬁqe mb eheherpROi d 51
to a depth 30 sufficient to stabilize the re ion of |nstab|I|ty such as by

provi di ng Purdimel postion bdrukadisial P‘P%loﬁdgétB’?ﬂxi“aﬁllt\}adélll%%lé’om%t 924087, as
shown iy Flifa), £, 5@951;&%h%é*ahq&% ?o@indfmﬁ%eaﬁsta'ﬁhreﬂ{ RIS, Fho:asiapi ned

regi on 59 ere first and second regions are positioned in

suf fi ci ent yread Yieofapmpdant tlp@ﬁr@tf@a@b’@ﬁﬁ@@ anyQuby il Aaper é‘hfﬁ%e@éw B8VeH heal i ng

or knitti nglnd(% rablt bt '6ﬁ rﬁﬁ zglag‘dl&ﬁss%ﬁq@@vet he inplant in a partial state
of renmoval W th proxi di sengoged fromfirst region 53 of

scaphoi d 51 | eavi ng £rg>apla5&1ct tistebpastigee % §0ppipement 108 aygzapsipnrsd 1g 8e
PCT/ US02/ 011@&1%1m£ 2 \gﬁhmtﬂ%@ﬁﬂssegor{drl‘egibﬁé(@Fﬂlht@ﬂalaﬂég#;@fﬁve f Jrbviat region
53 of materra

se uent to co r enoval ef or first and
second rlégicompresgois6r wnslbnrt@rdlqiiwsﬁnabf’r gesanw. abetle. Becsusopioximalead distal of an

| mpl ant  10Q) Shawhoh o%'a% %ﬁ%&gﬁh fi6%n Bl lgglggg 0% %ﬂéﬁ@gﬂg@@r ﬂ{%ﬂ) H%h%TStal

portion 10 rOX|ﬁa and |on
proxi mal t lplrmnhal‘ tbremi]l@ét isprgfeaatdy dﬁ@erdlmmetphtpb afldistal thregigl 08F81u017< thatl

thread 104 gk P dfibn 109iRElEt M ndeh b OfFra AU ed RPRIa SoLhARENT O
pr event S OB A8 I UPBY Ferpval,  as di scussed above. Proxi ma
di stal por tma:aersal 1102,is dlﬁﬁal pbrtionpl0&nipod e@tataereofoompliang ii0@ dPreferaidy, the pisemelat ed

ithin figsg f I 10
conpr essh o EreRE RO e e s 8 ko ERERE 104 € ot cBERERAGR T)
and di st al uppoirsexion ofﬁhﬁplaﬁﬂﬁ()(hr‘é’ith&hhe}mepmm&dt lmnlzmtdﬁ() yncudss nglyer singlead

From e prat e 8 3 ntaf Bt iRdec Pl LR b L8

urged to adiemrbedaboxa:ﬁrfrﬁplamnl rate with respect to a surroundi ng

terial th di st t 106 f. I
Pref er abl y. the pi t orfc ket Umant oraRadaleth ] SoyRdnsTe: FietiRee propipe
proxi mal 2@ hyoetish ﬂi’zéhnﬂol chﬂtalfp(ﬂaom: mﬁﬂprbmhpnmourldn of iaplanhi LF préferab]m mntud&@O

105 'start. 4Rt B ERsRLrgp et ot Rag gt Siindh SucPaft  oof dHFLL

to those threads with a surrounding material to prevent damage thereto and maintain compression

subsequent to installation if implant 150. Preferably, distal portion 154 includes at least
three distal thread forms 158a-158c having at least three thread starts and more preferably at

25 least four thread starts. Proximal thread 156 of proximal portion 152 preferably includes at
least one proximal thread start. Implant 150 may also be provided with features similar to
those described above, such as, for example, a proximal taper, medial portion, and cutting
flutes.

In addition to providing greater purchase with the surrounding material,

30 including additional threads on the proximal and distal portions allows greater precision and
choice in selecting a degree of compression for a given application. For example, Table 1
shows the absolute compression in millimeters that can be obtained for an implant having
proximal and distal thread pitch of 0.25 mm, and Table 2 shows the absolute compression
that can be obtained for an implant having a proximal and distal thread pitch of 0.67 mm.

35 Here, the absolute compression is defined as the distance translated by the distal portion

-9._



descri bed above for inplant 1. A third enbodi nent of an inplant 150 shown
in FIG 11 includes a proximal 20 portion 152 and a distal portion 154.

D stal povoobwosel®4 of inplant 150 preferably includes a BafAUseymami2 nunber
of distal thread starts to increase engagenent and purchase of the distal

threads with a surrounding material to prevent damage thereto and. maintain
conpression subsequent to installation if inplant 150. Preferably, distal
portion 15141111119 thaidiemned trhreshstd by the peoxiingl pirtioh npamofeootaion 58 theligPdanta¥hag

t | t t th d st d
o et SR A RS IR RS AN 2o R s la0d
| east one @ﬁeed'y mfahslaﬂinmga@umtcﬁ“rmatemarphgaged i3} thaprca{hm@l eetigr thh d@oeww a

features sim| t.0 ose describe Qve, sSuc S 1 r e

o ¢ snd e b85S ERA A RE R B fhecd Wit B8 uiclbofitR TBLR opd
provi di g gimgiterofatios bage imipldnt.t he surroundl ng material, 30 incl ud| ng
addi ti onal threads on t.he I’OXI nﬁeﬁb%ng 2 ort ns 18‘1'15'(9 roggn%%g&
preci sion and choic O?IHVE ey ip @‘Bfl PR g™V en
a_plpl icati O&istarF]ﬂﬁeaﬂwmi \eher&@bioﬁlplessmh@y\&hid%d absminsbxelon@lfﬁreaﬁqﬂm winle
mllineters that

an obt ai.ned n i havi.ng ..pro and .di st al
Thr oad b tBreelre wiiags ificathrativany aosiamsial s g e AL h e B 1Yo
8 ag 7be obg garzgg thfudPer dfmhsaﬂtanb@wxn@alahwaamaa@,l thaﬁdmﬁtesixalh cdrhseeedtiedi Foh of
mm

he abs canpres |on |s i Stance
trans| atlgdeWHlﬁée AR ﬁ%w?q 7.6 i Ve%@s 9&9@@&2&6&&%’ PHTHEL t he
di stance t grasl s@ér%qlak}mgtzfiﬁtdhr&w mhnmbvlue@arumalmeom@e@mm W67 trine for
i npl ant. The_, absol ute co ion, h}g)réﬁ,fore rresponds %’H ﬁge relative
change in S¥pdeitippAaf 91e§ ‘Igurealzﬁﬁ §A0 ¢ %‘F’i‘trfg andupiit b WYERE ¢ al
engaged W bivxihfl pok@ord MRf 1nl@ﬁlﬁldgcﬁ}sﬂﬂdh,eécﬁﬂﬁﬂ6iuﬂa@tl'ﬁteatﬁs%ﬁw’lm 1h)168eb ¥nd a
transl ati ng regi on of mater.i al g}pgg%{wth th@ gk ort @] goog_ﬁ&e 5
conpl et e r Bist periopfl 7PHaclndipe gﬁﬁe fhrgaglestayts) [§da-1 InaRt
i ndi cat QSC@@Woﬂﬁf]%]@Oﬁie%fgrﬂﬁ%ﬂff%{eaﬁé@gurcﬂhs%ttﬁén iﬁﬁl@gﬂ%t&ltaﬁfn’g?xemﬁhl%h@s while
conpression is achi eved upon |nsert|on of the inplant, while _negative

val ues i ndreugwang syl meutsiRBRLE SIS PBRURRL OPPTEssIon- | TRESACF NGO e
i npl ant. B resé&ﬁﬁ%eﬁaoﬁ% ﬁlﬁH%ft‘"m fméih&é@d)mqﬂ’ﬂdﬂfaq)m%s ahB a1 Btbkimal t he

conpressi on can be varied. For exanple, referring to Table 2, an inpl ant
havi ng thr &éeaﬁswaﬁgurﬁdécaarogtd&rcpmpéﬁséw@m proximal thread starts having a

pitch of 0.67 mm pr oy YafLdhppl3Rtdnat (ROSHVLERS il ThOdrt thal AetiR AgtheroBACh
rotation of the inplant. Figure 12, shows an enbodi nent of an |@I ant 175

havi ng 20 prodifioatipngand srabedumpents nBiistanged thes thefalowmesiims covsr#lliSuthr ead
starts 18 1&%@%&%@% rgﬂb%ﬁﬁlent@ Mk faqr\w&m% th&¥rha!giiAPardd Wcpe 6 b plestihr ead
a C. e e (0]

starts 183a- ment of
invention. For example, the implant may be configured to provide tension between the

regions of material, such as by biasing them apart upon insertion of the implant. In this
case, the implant could be configured to prevent compression of the spaced apart regions

25 upon removal of the implant.

30

35
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15 12 woul d provide significantly greater purchase than an inplant having
fewer threads while achieving and naintaining a sufficient anount of

conpr essivol 02/0¥0, according to the present invention, abPCT/pézME22MRY
include from1l-7 distal threads and from 1-6 proximal threads configured
to provide conpression. It will be appreciated that those skilled in the
art may devise nunerous 20 nodifications and enbodi nents. It is intended
that the following clains cover all such nodifications and enbodi nments
that fall within the true spirit and scope of the present invention. For
exanple, the inplant may be configured to provide tension between the
regions of material, such as by biasing themapart upon insertion of the
inplant. In this case,, the inplant could be configured to prevent
conpressi on of the spaced apart regions 25 upon renoval of the inplant. 30
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is: 5 1. Aninplant for insertion in a material, the inplant conprising: a
shaft including a |ongitudinal axis, a proximal portion, and a distal
portion, the proximal and distal portions having proxinal and distal
threads, respectively; with the proxinf@hABM8 distal threads being
configured to threadably engage first and second spaced regions of the
material, respectively, when the shaft is rotated in one 10 direction
about its Whagistcladinedis:axis to bias the first and second regi ons of
material with
5 1. An implant for insertion in a material, the implant comprising:
a shaft including a longitudinal axis, a proximal portion, and a distal portion,
the proximal and distal portions having proximal and distal threads, respectively;
with the proximal and distal threads being configured to threadably engage
first and second spaced regions of the material, respectively, when the shaft is rotated in one
10 direction about its longitudinal axis to bias the first and second regions of material with
respect to one another to provide compression therebetween, and the proximal thread is
configured to substantially inhibit biasing the first region when the shaft is rotated in an
opposite direction about its longitudinal axis to substantially prevent tension between the
first and second regions.
15

2. The implant of claim 1, wherein a portion of the proximal thread is tapered.

3. The implant of claim 2, wherein the tapered portion of the proximal thread
defines an angle of at least about twenty degrees with respect to the longitudinal axis of the
20 shaft.

4. The implant of claim 2, wherein the tapered portion of the proximal thread
disengages the proximal thread from the first region of material in less than about one-half
rotation of the longitudinal axis of the shaft.

25
5. The implant of claim 1, wherein the shaft further comprises a medial portion

disposed between and spacing apart the proximal and distal portions.

6. The implant of claim 1, wherein the implant is a compression bone screw
30 and the first and second regions of material are first and second regions of bone,
respectively, and further wherein, upon insertion, the implant is configured to stabilize the
regions of bone by providing compression therebetween and, upon removal of the implant,

the implant is configured to inhibit destabilization of the regions of bone.

35
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respect to one another to provide conpression therebetween, and the
proximal thread is configured to substantially inhibit biasing the first
regi on wvemorbss7mshaft is rotated in an opposite directi oPCHDSL01iH12S

| ongi tudi nal axis to substantially prevent tension between the first and
second regions. 15 2. The inplant of claim1l1l, wherein a portion of the
proximal thread is tapered. 3. The inplant of claim2, wherein the tapered
portion of the froxi Mk impteaadf claef 1,nelsrein tandiktal pértiah comassesablast twaent y

ol ot of By TRRs i s o B B Se Hdaent A aR hr B0 pefiiecag

di sengages the proximal thread fromthe first region of material in |ess

t han about one-hal f ot.atjon pof the |longitudinal axis.of .the.shaft. 25 5.
The inplant of &tai mlrf,e IWﬁLalnEPﬁd?%Es%%?%nftﬁ?]?rl%}m%c? Al p Ogtm?rlrsé%{eal
portion 5 dispesed]hekeeenthadshesraenagnathart the proxi mal and distal
portions. 6. The inplant of claiml, wherein the inplant is a conpression
bone screw 30 and the first and second regions of nmaterial are first and
Sﬁcond lregi ons of ]p_omene ig@meﬂa%mﬂywhaem tﬁ&lpﬁo_litﬁﬁal\qj@eﬂif 'cﬁi mplugmnpmsgglti on,
the inplant is _configu to.stabilize the .regions of .bone by. providing
conpr essi orﬁa‘ieh@teé’lﬁ%’flgﬁie%cﬁﬁailucf‘x%ﬁ dPRIRRSGS Fegym ‘?ﬁ{ﬁllf?%ﬁﬁm r,necl{aﬁbqu %ﬁﬁeght i's
configured to inhibit destabilization of the regions of bone. 35 -12 WO
02/ 056778 PCT/ USQ2/ 01422 7. The inplant of ¢l ai , erein the.distal
portion donpri sd¥- at m@ég’tpl%%&laggllawﬁ?rﬁﬁl’égﬁ?&%ﬁ??\,ggtdﬁgnﬁ? B’Eoéfm?lﬁé%%?ﬂ’g
defini ng a,lR4aehcd, BactbrbRidial the defifmiiBirst Mghawih ré@pecthe tHephanidinaf axik ai m
1, wherein the proximl and distal portjons are 5 substantially fixed with
respect t o 2pdéhedisehiace defining a seoopfaymallsy apgle pithresprpide éﬁ‘?’l Wﬁéudé?%%ﬁal
portion includes a proximal face, the proximal face including a depressed

region defining a drive_ nechanismtherein. 10 _10. The i ng)l ant of  cl alhm 1,
wherein the distldh t Weiprlepepr meeriop ina mgrial hpwng fest agd sgeend regtopeethet ne

proxi mali4f agedetdnhRgne first angle with respect to the |ongitudinal axis
and the di stg} ?acebdeﬁgnj ng a second, smaller angle with respegtiqqtqg t he

| ongi tudi nal axis. 112 Praximahprein agingahdestsihiead slartathe prafip
and second L,68b088 to hbGccommnddARIdARthif AP flsEleBibn of material;

a distal portion having at least three thread starts, the distal threads

first

configured to be accommodated within the second region of material; and

20 wherein, upon insertion of the implant by rotation, the proximal and distal
threads threadably engage the first and second regions, respectively, to provide compression
therebetween, the distal threads providing sufficient purchase to substantially prevent

damaging the second region of material.

25 12.  The implant of claim 11, wherein the proximal portion includes at least two
thread starts.
13.  The implant of claim 12, wherein the proximal portion includes at least three
thread starts. |
30
14.  The implant of claim 13, wherein the distal portion includes at least four
thread starts.
15.  The implant of claim 11, wherein the implant defines a longitudinal axis and

35 further wherein the distal threads define a proximal face and a distal face, the proximal face
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a proximal portion having at |east one thread start, the proxinml thread
configured to be accommpbdated within the first region of material; a distal
portion We@bngseats | east three thread starts, the distal thkerade/oiexnfi gured
to be accommpdated within the second region of material; and 20 wherein,
upon insertion of the inplant by rotation, the proxinmal and distal threads
threadably engage the first and second regions, respectively, to provide
conpr essi odefirlites fivetnge withtrespedi tth¢ lonkredival apmcanddhm@w@hfapﬁ Epmng pur chase
to substanti al even ion of material. 25 12.

The i npl an?ecfirf’cl %fnﬁ l?ﬁaffeVﬁ@ggs &QQ M%%Ogg Hﬁl £7§r9t| on includes at |east two
thread starts. 13. The inplant of cIa|n112, mhereln the proxi mal portion
includes at least three thread starts. 30 14. The inplant of claim 13,
wherein the distal portion includes at |east four thread starts. 15. The

i npl ant 50f claim 11, wherein the inplant defines a |ongitudinal axis and

35 further wherein the distal threads define a proxinal face and a distal
face, the proximal face -13 WO 02/056778 PCT/ US02/ 01422 defining a first
angle with respect to the longitudinal axis and the distal face defining a
second, smaller angle with respect to the longitudinal axis. 5 10 15 20
25 30 35 -14
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