WO 01/ 06933 PCT/ USOOR0293 1 TITLE OF THE I NVENTI ON SUTURE SPEAR
REFERENCES TO RELATED APPLI CATIONS This application is a
continuation-in-part to prior pending application Serial No. 09/360, 584,
filed on JuvpoRB6933999. FI ELD OF THE | NVENTI ON Thi s i nvent p@frussleisds to a
new i npl ant made from bone for securing jutures and tissues to bone, to
devices for inplantation of the suture spear, and to nmet hods of rmaking and
use t hereof. BACKGROUND OF THE l.d of orthopedics, a

wi de variety of devices have b imvivi. st |nthef|xat|on of
ti ssues to bone, frequently throughgwmmf means for fixing sutures
to bone. See, for exanple, U S. Patent Nos. 4,409,974; 4,632, 100;

4,712,550; 5,037,422; 5,141,520; 5,156, 616; 5,372,604; 5,403, 348;

5,496, 348; 5, ROFERBNCES TG REBATEIPAPRACKIAONS 527, 343; 5,534, 012;

5, 549, 630; 5, SWB_W 645, 589; 5, 683, 418;

5,690, 649; 5,713,921; 5,715,942; 5,718,717; 5,720,765; 5,720, 766;
5,725,557; 5,7 s known in
the art are neta S%P@lcaﬁ?aég |c§&§}u érléhsglr t?éno%{&ﬁlgglaéﬁﬁ%g gg\ﬂl fch
require additi 69/&6058=ﬂséladlomr1uty@6; £999. and frequently pre-drilling of
cavities for receipt of the fixation devices. Fixation devices nmade from
netal, due to the-differences between bone and netal, nay work thensel ves
| oose or creat BIELD OBITHE INWENFIOM ch require surgical renoval of the
device. In addition, for devices known in the art where pre-drilling is
required, the surgical tine for installation is frequently unacceptably

pr ol onged. Accwmdhmhtvonrbiae&mﬁéwmmmﬂ%%Eﬂoﬁlﬁdas secifrffp sHRIfES cfn&a“on
devices or inplants which overcone limtations 1n t e exl sting devices. The
present i nventV@HeS&PQW%&deé(mGﬁf%mplgﬁe@nﬂ oftbiesutyre speag,and temiethodnef whi ch s
i nserted di recﬁlmnégﬁ@usg%fwthout the need for pre WO 01/06933

PCT/ USCQO 20293

ra- |

BACKGROUND OF THE INVENTION

In the field of orthopedics, a wide variety of devices have been developed to aesis't
 in the fixation of tfssueS to bone, frequently thi'ough provision of means fer fixing

sutures to bone. See, for example, U.S. Patent Nos. 4,409,974; 4,632,100;
4,712,550; 5,037,422; 5,141,520; 5,156,616; 5,372,604; 5,403,348; 5,496,348;
5,500,001; 5,522,846; 5,527,342; 5,527,343; 5,534,012; 5,549,630; 5,569,305;
5,571,139; 5,584,862, 5,645,589; 5,683,418; 5,690,649; 5,713,921; 5,715,942;
5,718,717, 5,720,765; 5,720,766; 5,725,557; 5,733,306; 5,743,914. In general,

the fixation devices known in the art are metallic, plastic or resorbable synthetic
devices which reqmre additional mseruon dev1ces and frequently pre-drilling of

' cav1t1es for recelpt of the ﬁxatlon devxces F 1xat10n devmes made from mietal, due B

to the differences between bone and metal may work themselves loose or create
other problems which require surgical removal of the device. In addition, for
devices known in the art where pre-drilling is required, the surgical time for
installation is frequently unacceptably prolonged. Accordingly, there remain
needs in the art for new fixation devices or implants which overcome limitations
in the existing devices. The present invention provides a suture spear made from

cortical bone which is inserted directly into bone, without the need for pre-



drilling, and because the suture spear itself is nmade from bone, the spear
Is incorporated into the recipient bone over tine, elimnating the need
for subsequent surgical renoval of a foreign, netallic or plastic body.

BRI EF DESCIWOWBLF THE DRAW NGS Figure | A shows a side vPERUSPO293 st
enbodi ment of the suture spear of this isvention. Figure 1B shows a side
view of a first enbodi nent of the suture spear of this invention with a
suture insert edirflig 4B bécatist thé Suterd Bdar f1eUlNE chald® fr5/ KbnsUhel§easiRear .  Figure
2A shows a side view of a second enbodi nent of the suture spear of this

i nvention. Fi guRerpesaisd drte the repipienthogg o¥Ar tiines glimingtingibe ar sypsequsBt sut ur e

spear of this gﬁ%{@dﬂmay\efﬁ&eiégmﬂwﬁiggo&ﬁrough a suture canal
formed in said suture spear. Figure 3A shows a side view of a third

enbodi ment of the suture spear of this invention. Figure 3B shows a side
view of a third ﬁﬁqgﬁ f of this invention with a
suture inserte 11_“ 13 NtGFT% In said suture spear. Figure
4A shows a side view of a fourth enbodi nent of the suture spear of this

i nvention. Figy.e 4B shows a.side view of .a fourth enbodi ment aof the suture
spear of this Ltlr‘ﬂ{fﬁﬁf\i sgﬂwﬁft“r‘?eé(’eg’u‘ff]@régsﬁ srbodimasnt p %ﬁﬁﬂreépgﬂt%ﬁ@s canal
formed i n said iggdntbe spear. Figure 5A shows a side viewof a fifth

enbodi ment of the suture spear of this invention, Figure 5B shows a side

view of a fiftFigHedBishens aside view of g fistembodunenyof the sWurejspeaspf thih with a
suture insert eqnfdAfign Atha sittid!inSerfcl BirbudtOd Sitite chnat Rdrfhed i $HiEsititEPpear, H QUT €
6A shows a side view of a sixth enbodi nent of the suture spear of this

i nvention. Fi gliigureéBAshows a sids view ofiasgeapd embeiiiment ofthe sitmerspeasiof thie sut ur e
spear of this .j ion with a suture inserted through a suture canal
formed in said suture spear. Figure 7A shows a side view of a seventh
enbodi nent of tRigure 2Bshewspside viev dflaisecond embndinent ofithe Sitire 8PS of this

FEREEE00R2029S invention with a suture inserted through a suture canal formed in said suture spear.

Figure 3A shows a side view of a third embodiment of the suture spear of this
invention.

Figure 3B shows a side view of a third embodiment of the suture spear of this
invention with a suture inserted through a suture canal formed in said suture spear.
Figure 4A shows a side view of a fourth embodiment of the suture spear of this
invention.

Figure 4B shows a side view of a fourth embodiment of the suture spear of this
invention with a suture inserted through a suture canal formed in said suture spear.
Figure SA shows a side view of a fifth embodiment of the suture spear of this
invention.

Figure 5B shows a side view of a fifth embodiment of the suture spear of this
invention with a suture inserted through a suture canal formed in said suture spear.
Figure 6A shows a side view of a sixth embodiment of the suture spear of this
invention.

Figure 6B shows a side view of a sixth embodiment of the suture spear of this
invention with a suture inserted through a suture canal formed in said suture spear.
Figure 7A shows a side view of a seventh embodiment of the suture spear of this

invention.



3 Figure 7B shows a side view of a seventh enbodi nent of the suture spear
of this invention with a suture inserted through a:suture canal forned in
said suture spear. Figure 8A shows a side view of an ei ghth enbodi nent of
t he suturwoopees3 of this invention. Figure 8B shows a sPCRUSI0BRIDT an

ei ghth enbodi ment of the suture spear of this invention with a suture

I nserted through a suture canal fornmed in said suture spear. Figure 9A
shows a_Si de plew7Bisndud 4 £i3d viedPd 560 dfboBiinduSAht hitiredgud P kOT

i npl antation of the suture spear of this invention. Figure 9B shows the

i nsertion deuiveation witha suturainserteg taeughsetive canal formed inspidispRiromeathows a

si de vi ew of fu L4 f. the | b nsert i tce of this
i nvention w tlﬁg%ﬁ%}e\%é‘@?gngﬁghg% %:fﬁfe?elsg'u "ﬁerlﬂe%g%zégl%ootﬁé .lﬂnscgp?la\ll-gﬁﬁ%n | oaded’
t herei n. Fi gufeenfioR)A shows a side view of a further enbodi nent of the

suture spear of thj ' ti. i Si fl f tacki pg.ti t
bone. Fi ur e FEwiBabos X5tk HoY ot Behfisofimenbet e a¥irs B oL, “havi ng a
flange after in%ﬁbﬂﬁritﬁ@%ﬁh&diﬁﬁﬂb@dubﬂ%ﬁ sufieé QingNforrhaiia saidisgturesptdrA shows a

schematic view of one enbodi nent of the suture spear of this_ invention.
Figure 11 B Jhswe 94 shews 2 gdeyewof o fisst smbodimeatof ap nseplioR;da¥ice f¥m t he rear

coni cal bod){m%%@aﬁ bffie BRLrRspéhr BEASE iRGkibRN Of the spear. Figure 11 C

'shows a side view of the suture spear of this invention showing a forward
sut ure canal Eigute 9Bshows the ifisertine deyiee With a suturespeas joaded Hgrein. 11D shows a si de
vi ew, rotated.ni . | b s fd C, with

addi ti onal s?é%'fr? ?@W%@?%ﬁé‘@ﬂ ?‘E@%E@%@%gpg ’ﬁ’igagf%’&f%“ shows a

per specti ve \deeice of this ifreantibmewith aiy emsbodimentodf thesutuseisperrofshis dnventidn t hi s

i nventi on havyin rounded tip and an inscribed groove, rather than or in
addition to °‘i‘ﬁf@lf§ﬂn'canal . Figure 12B shows a cross-sectional side view
of the sutur igpea0A sheven side ¥iew of & furthererbaalivgent iofithe Autlird spedriofthie 12C.

Figure 12C shows .an extetnal jside view wth optional dimensions in
miTlimeters invention comprising a flange for tacking tissue t6 bone:

L

Figure 10B shows a cross sectional view of the suture spear having a flange after
having been impacted into recipient bone.

Figure 11A shows a schematic view of one embodiment of the suture spear of this
invention. . :

.Figur.e 11B shows a rear view of the suture spear, looking from the rear conical
body toward the pointed head portion of the spear.

Figure 11C shows a side view of the suture spear of this invention showing a
forward suture canal and specific dimensions for the spear.

Figure 11D shows a side view, rotated ninety degrees from the view shown in
figure 11C, with additional specific dimensions of the suture spear.

Figure 12A shows a perspective view of a further embodiment of the suture spear
of this invention having a rounded tip and an inscribed groove, rather than or in
addition to a through canal.

Figure 12B shows a cross-sectional side view of the suture spear shown in figure
12A along line A-A in figure 12C.

Figure 12C shows an external side view with optional dimensions in millimeters
for one embodiment of the suture spear shown in figure 12A.

Figure 12D shows an end-on frontal view of the rounded tip of the suture spear

shown in figure 12A.



for one enbodi nent of the suture spear shown in figure 12A. Figure 12D
shows an end-on frontal wview of the rounded tip of the suture spear shown
in figure 12A. WD 01/ 06933 :PCr |1 USOOR0293 4 Figure 12E shows a
cross-sect i wond1/0698wW al ong |ine B-B shown in figure 12C vimywosdoaesesd t he
rear. Figure 12F shows an end-on rear vi e¥/ of the insertion hole and rear
end of the suture spear shown in figure 12A. Figure 13A shows an external

side view of o i .nsertion devi Qr the su e spear
Shown' | 11 gur erigah 12 s BlosP Rl QBT e ol WP stitim ot B 14 o7 Tt ne

I nsertion devi ceewbdtowardithetéagur e 13A al ong section line A-A Figure 14
shows the suturg s f figure 12A nounted.on th I p,of the Lnsertion
devi ce of figurgg'i'gif%\ﬁﬁ? S A NGr QR TEATAGH P 'g‘eﬂ?ﬁ?’é’ﬁgmffﬁ&déeqré{“g?h@? sl eeve
nmount ed on t he m&gp@fsﬁoh@,ih@afetlim device. Figure 15 shows inpact curves
w th and w thout spring danper in inserter. SUWARY COF THE | NVENTI ON A
substantial |y cEEnsd3Achpwean geergal sidearen of ene qoehedireni of amissertion de¢viseci n one
end of the cyligdey gﬁ,ﬁ/\ﬁ,@g&\s by sharp point and which conprises
one or nore thr_oughs-c annel zls?ﬂ?%?gérgégébt of suture(s), is disclosed for
fixation of tisEgee 13Bshowunacress-sactienal side vigwoftlie insdrfiorcdeyide showeimt h t o
provide solid fj | | S AWhich the inplant is affixed. The

i mpl ant opti onaﬁ%?é %g'gafékg%é%é}r#ﬁgég‘nﬁ al, longitudinal, spiral or angled
bar bs to enhancEigererldchowsithe autdrerspeariof figure 12AAnaaited drsthe €6 ofthetifertionp! ant .
Certai n enbodi nents t he invention include, portions of the inplant in a
partially or fﬁque&gﬁ@ﬁgﬁaﬁy aspyresmounited theteon andgretpingrisiegys)i | ity and
fracture resi stasgfed én the Bt X3hd Rsdrién 8®4dener al i zed or partially

dem neral i zed segnent. Addjtionally, enbodinents of this invention

optional Iy i nciig¢e 16 shevsiapapisiryes wath and yithgutspring dampesiin Bisertared porti ons,
depending on the desired inplantation neans and retention characteristics.
The inplant is optimally nfigured for a single step inpaction

i npl ant ati on, SUMMARY QFEHEANVE N

A substantially cylindrical or wedge-shaped cortical bone implant wherein one
end of the cylinder or wedge tapers to a sharp point and which comprises one or
more through-channel(s) for receipt of suture(s), is disclosed for fixation of tissues
to bone or other tissues of sufficient strength to provide solid fixation of tissue to
which the implant is affixed. The implant optionally has a circumferential,
longitudinal, spiral or angled barbs to enhance structural and retention
characteristics of the implant. Certain embodiments of the invention include
portions of the implant in a partially or fully demineralized state, such that added
flexibility and fracture resistance is imparted to the demineralized or partially
demineralized segment. Additionally, embodiments of this invention optionally
include threaded portions, fluted portions or slotted portions, depending on the
desired implantation means and retention characteristics. The implant is optimally
configured for a single step impaction implantation, although other forms of

implantation are also contemplated.

Accordingly, it is one object of this invention to provide an improved suture

anchor made from cortical bone.



i npl antation are al so contenplated. Accordingly, it is one object of this
invention to provide an inproved suture anchor nmade fromcortical bone. WO
01/ 06933 PCT/ USOCQx 2Q293 5 A further object of this invention is to provide
a suture wperessdmde from bone conprising a conical, trdREUSHREEE- shaped
or other sharp point configuration whisch may be directly inpacted into
reci pient bone. A further object of this invention is to provide a suture

anchor whi ch {TRynBopdfhisGfciois s ikt isble il idifbdiged for 2

separate tapping or Cortex puncture step. A further object of this

i nvention i s comppsinga denical,dtacer; wedgecshapedrps other sham poinfconBgpiansi ng a poi nt
having .a thread, . ' . : reci pi ent bone. Another

obj ect of t hi's 1&1@%}%’%%1#}%&%&%@61@?%%%&;3 1{I}gr'e Spear conprising segnments -
of bone that are partially or conpletely demnerali-zed. Another object of

this inventign.is to.provide a suture anchor i trong

conpr essi ve p“r@‘ﬁtgf"t‘i%é%%% 8‘#’?6?‘(@@%? ISB%Hré).VICd %3?%\1%&%%18{0@3{ Pﬁgs i nventi on
i's to provi densariediintastngldéy, withbbtithe sue0 del aseparite tappingtor barex gunctuteong-t er m
fixation of sutures, which does not typically occur with synthetic or
metal lic i npP®At suture anchors. A further object of this invention is to
provide a suture spear to which one or a plurality of suture |lines may be
attached. A further object of this invention is to provide an inproved

met hod for at futhemrabiect pEthisdnventionis tearovidg 8 safyrecanghormaadg o balte any ot her

tissue, o bong.;EHE | B RRIGS iredd doPhiY APERNS! inidYolipiehtRel on w1 be

appreci at ed Iew of the conp osure and cl ai ns appended
hereto. WD 01/ 06933 PCTI USO0/ 20293 6 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS | il1,.b . . " iy h i
refers to an#‘@mﬂrﬁm@ °¥%§S§%§{%%§géstcf?%gou %%e#ﬁ%%g?ﬁ%%t% g#ﬁ%?sri ﬁ[:;elo:]

ti ssue mat er iofiborelthit atepartintly.ss eompletelyi demineralized.

Another object of this invention is to provide a suture anchor which exhibits

strong compressive properties of cortical bone.

Another object of this invention is to provide a suture spear which remodels into
host bone for long-term fixation of sutures, which does not typically occur with

synthetic or metallic implant suture anchors.

A further object of this invention is to provide a suture spear to which onc ora

plurality of suture lines may be attached.

A further object of this invention is to provide an improved method for attaching

tissues, such as ligaments or tendons, or any other tissue, to bone.

Further objects and advantages of this invention will be appreciated from a review

of the complete disclosure and claims appended hereto.



a suture spear or anchor to other tissue. The term"skirt" and "barb" may
be used-synonynously, ,except that the term "skirt" is generally applied to
a continuous circunferential feature, while the term "barb" is generally

i nt ended t owoagesdaskirt that is in some way di sconti nuous.pchnisshséeiti ally
cylindrical or wedge-shaped cortical bone_inplant wherein one end of the
cylinder or wedge tapers to a sharp point and which conprises one or nore
t'ssuss to borREbalin DESTETRIN S Hig bR Er ovi de. sl ¢
tissues to bo ISEF}AiL Rf 'M@%@Eﬁow de solid
fixation of tlssue to which the |rrpl ant is affixed. The inplant optionally
has circunfere I tu | £d bar S or irts, to enhance
structural and gt‘ Lh‘? P‘H%'SQWH%I ee‘Fth?"E'g" ofs ‘Esﬁ@ ra%rstoeeysgpwo nly

enmbodi ment s of isB@ thirehagSithrelor otdr UER ofB@ibﬁb@ﬂ&u@ﬁlaiéi‘ﬁl thAaA BE ukel 8 fix
partially or fully dem neralized state, such that added flexibility is
inparted to thet SRSAE PY anchordp °§1§FF$SH?I y denineralized segnent.

Addi tional ly, enbodinents of this invention optionally include threaded

portions, fluted portions or slotted portions, depending on the desired
i npl ant ati on ne%emarﬁétlrt”@tr!dﬁbalbﬁmhbcasedaynmwmly; excspithatghdiedn ment s of

the invention, dfe.i suture r vin runni ng
transversely th%%ﬁgh@%%lx agﬁégt%%acgrm@ﬂlés G lfl?{me;felah“? H@“@gﬂ%ﬁ%asm ng
through a for wetbarbBiis genaraﬂglinterﬂedtdmeima §lonn that Bdin bemeway AR ceitinuogl, | cal
portion of the ed. that the canal may be

si t uat ed behi nd‘{ gmé%gfi?llyl)‘%ﬂ#ﬁﬂln‘lﬁ?l °%W%P¥Ff§ %ﬁ?@“ﬁ&”&%‘ﬁpﬁ’é}"h‘@%ﬂn@ﬁé i npl ant

may be situat ednbofile@yhindey bt WedgetaperP@ssharp point bii® whithlcaftbribdd ohB gy f Or m of
a skirt, rather th%g@bel ng a cont| nuous, tapéered point. In one enbodi nent

of this invent " r%qe% of %mﬁ’F@bé? dipedased foﬁﬁi@tl% aktisspesom

whi ch the suturt@b%rtﬁgrtggye§ sary for
any portion of the If?‘p anlt too{)e dem ner %ghgdr%) ?egtg’hl oned

froma select é’dﬂ@lfée@nbhnfdénfﬁxe@ Tmymlamaptmmﬂyymmfemuaht o pl ace,
pi ercing the f ed, thereby
fixing in place %@m?%s%%%b%?B%%m&% llg%{rae. étgrhed to the
suture spear. Aharactersticy ef ghp implastd Cefthimvenitiodimentd of thdidvertivndmdludeor to
alter the phyzl &qiongnfdthg In%pl%ﬂt 1%aalpa81aﬂ9 of I’ullysdemmerarhze& st teant h tlﬁl(t)a&degns

t hereof may b

_)

flexibility is imparted to the demineralized or partially demineralized segment.
Additionally, embodiments of this invention optionally include threaded portions,
fluted portions or slotted portions, depending on the desired implantation means
and retention characteristics. In some embodiments of the invention, the implant
is shown with a suture receiving canal running transversely through the long axis
of the implant, with the canal passing through a forward or rearward skirt, to form
barbs on the cylindrical portion of the implant. It will be appreciated that the
canal may be situated behind a skirt or barb, and that the forward point of the
implant may be situated behind a cylindrical portion of the implant in the form of

a skirt, rather than being a continuous, tapered point.

In one embodiment of this invention, because of the elastic properties of the bone
from which the suture spear of this invention is formed, it is not necessary for any
portion of the implant to be demineralized. The implant is fashioned from a
selected piece of cortical bone and simply hammered into place, piercing the

cortex of bone into which it is to be implanted, thereby fixing in place any tissue



slightly or fully dem neralized. In one enbodinent, a trailing extension is
provi ded on the suture spear, which is demneralized tgo forma flexible

"tail" to which tissue may be directly sutured, without the need to bury
suture. THeowoksd neralized strip, flap or tail provi des REWUMREPE portion
of the inplant with increased area for reattaching tendons, |iganents or

ot her tissue to bone. Furthernore, while in one enbodi nent of the

invention, t Qﬂa&%&% Qk s&tth% sﬁe& UnRemBRe, td ﬁdﬂ&ﬁﬁ?@@ﬁe maarahp BStoembodi ment s

of the |rrpl ant 1 nclude a which 1s " 'slotted uted, or threaded,
i ncl udi ng a sitertiephysivel ar@émol@mvéatppams obthe soplantsportions tagreof mw Bsne

specific enbgfi#ﬂ%r%ﬁy&nhﬁégheﬁ %ﬂf ida ldqlguﬁ, \WR¥néin Is0  exhi bi t

alternating second runni n substantially parall el
W th each ot Ipmeddmnghe,erbmar afhmmedaumarabz@pe&nnaﬂemblea‘tal At of this

specific ment nd.seco §x‘h“ h aneters
substanti al | Wq{’ﬁhfq 5?%%?3'?‘? ﬁ%g@weg’t‘ﬁ@l ugEh% F@g%e D ?I nlgé a high-1ow
thread confi geméderdlized éﬁpmoatmrrpnm&srammdpmm of théimplanitwith spear may
i amet ors.. | ekt RE FEFSS TR DR LEATFES e e AR 1 5 par al | el bu
i amet ers. s parallel bu
out - of - phase g hh&afkbee, while M dile cifbodnesS the Bieitidal the Wedd of thewuturé ol | owi ng

di scl osure provides specific views in varl ous fi gures sho{mﬂwgiaone feature

of the invenspenisunthrpadef,yedusambordimants glude g he
combi nat i ons g e i egb@mfeaaeaeﬂmiuamgtars%ammeﬂ@al ithé6da4lg Jaridtionsldi t i onal

enbodi nents o vention, wthout departing fromthe scope and intent
of the preserﬂnerd}fshimspeclﬁcmb@mvmaﬂleh@ﬁdesﬂﬁ ¢<bm§h@imwaymh eaded head on

an i nplant hav £ shows an

i npl ant havi If é“gaﬁﬂ?#?ggﬁﬂmg%%ﬂg%cgn@g%é?s@ﬁﬁgg I'SC osafre S ouI d be

i nterpreted mmaae}iomﬁammwmmsumpem Ima vinianbdftbistspecifiand t wo

retention mean re | in a,single Iant uni que

aspect of th B'ﬁl gba ?t aBF ?cﬁgdﬁ’f%agé Q}Wﬁeﬁsn ngé%gft%ﬁ?hiffe%}lg nmade

from bone of geuf &dcE oftiet, tidrébgreghibiting afhighviotv thread ogyifigustiop. Imystet i on i npl ant .
d b hi d. | ddi h h

Prplant of gee FRbGHEEH e AR PP HREPTPHO PR iR AR, Done.

t her eby pr Oviegéﬂamﬂlmggmffaeﬁndwﬁm Bi yiel6 Rirthe# erfibudiithérty thOjmplauti i zi ng or

elimnating the chance for WD 01/ 06933 PGI/ US00/ 2029
J _exhibits parallel but out-of-phase threads. It w1ﬁJ§e apprec?ated that, while the

following disclosure provides specific views in various figures showing one

-

feature of the invention for purposes of simplicity and clarity, in fact combinations
of the diagrammed features may be included in additional embodiments of the
invention, without departing from the scope and intent of the present disclosure.
Thus, while one figure shows a threaded head on an implant having only one
retention means, and a second figure shows an implant having two sets of
retention means, this disclosure should be interpreted to include an embodiment
wherein a threaded head and two retention means are included in a single implant

embodiment.

One unique aspect of the suture spear of the present invention is that it is made
from bone of sufficient strength to permit a single-step impaction implant
procedure to be achieved. In addition, host bone/tissue attaches to the implant of
this invention, which remodels over time to recipient bone; thereby providing

long-term suture attachment and thereby minimizing or eliminating the chance for



8 anchor | oosening or pull-out, a problemthat may occur with synthetic or
metal suture anchors known in the art. Referring nowto the figures, there
is provided in figure 1 a first enbodinment 10 of the inplant of this

i nventi on, WAOKPEIP a substantially conical head portion 20P&RESH0/20293
substantially cylindrical body portion 30 which is integrally connected
with said conical head portion 20. In this enbodinent, the substantially
coni cal head Qﬁéﬁdx%s&iiﬁ@&kﬁdf—&ft PproBleHARAl RGNRCRONES §yalicRd of ietaPl 1O 2

wi der di aneter portiop referred to herein as a skirt, which upon
seating of the sum%borakmewe PA%ention inside a recipi ent bone, provides
a substantial resistive effect through retention by the inside surface of
the recipi ent bone against the retention surface 23 of said head portion
20. Through saiRefesung new ththgdigpres.thers ivgrovided indigure & aifisst gmbpdinept 10 of

cylindrical bo t r 4 a

sﬁt ure 50 is | oad1 Pxﬁ#’lénligflth%(.%n{ra}nﬁn, éil%ﬁgeats'ﬁ%&rﬁ%g&g%rgfmr%ggfy &eﬂomggort I on
60 which is smtsabsmtuany bylnfdlnaal boﬂppoﬂtloﬁdﬂ,ngncmisontagtyﬂlﬁpqirmplbd afith shidadi ng
means, (see or_.on | e of. an | i ver. which may be
used accor di ng ’6“’? @‘Ip‘?rﬂ% ﬁﬁﬁg%}b digienyth e"f:‘gn‘?‘ﬁﬁ';]&c%‘ﬁ a mall et .
In order to prebfivh ektma§f¢rrurf@mafdbdda@ehemhaglﬁp 30 td swiller URihetedportidane vi a

the head portiqn 20 and |rrpact|on at _the inpaction end portlon 60, the
inpl ant 10 i s pPcrbisdigh ?fF’B\?FGéH‘WWhé‘P@h%ﬁ#HBg@@eWWWﬂ élﬁsthe suture 50

may | odged. Th%ﬁ&inkﬁealréhﬁleﬁbaﬁé p\%dlaesa@%s%&fuams&tgﬁ ffre o gni cal head

20 as represented in figure 1 nay be designed to have shapes
than a cone. wsntwrndry theinside eurfai:ewé &geeepralpiéa@nh egainst thtnreﬂqmrmurfaceap pear

simlar from a ggade{hgagpt&g%‘;m aﬂﬂ&ghasgfd altl‘ﬁgd?@ ib ag(e dshown in

figure 1) coul er-vari aty ons and |ons of the head
desi gn porti osuldtntisllyeglinddaca bgdepdréan 391staltmmvesse@analdosmh-mrghwﬁmim whi ch

enet rate. | nt o 5wt S5 ifRRed pehdhnf Blelimpisnh f 6 b fsedR 264 BB RO 10

agai nst the 3uwrl]1mafﬁibstahﬁall}eﬂa5pfoewadm§Qﬁ6aﬁP£@mpﬂakﬂ laadlhgn&mpee@f this

i nvention and the ¢ ed her et n i npaction agaj nst

reci pi ent bone, figpyee Bﬂ%e?’%gﬂp%?fdagrﬁmﬁ“?#* g?"@“iay sed ggepy é‘?getﬁtﬁ“Fnherent
flexibility thadvehtich)Sdtifbt diRRf ﬁhﬂ@u&?wﬁﬁﬂﬁ{allétt 98 otdak & (181REs th¥Vkitik@lab

cracking, to permt efficient penetration of the suture spear 10 into the
reci pi ent the implant 10 is driven into bone via the head portion 20 and impaction at the

impaction end portion 60, the implant 10 is preferably provided with a channel 41
in which the suture 50 may lodged. Those skilled in the art will appreciate that
the conical head 20 as represented in figure 1 may be designed to have different
shapes than a cone. Thus, for example, a wedge-shaped head (which would
appear similar from a side view to the appearance of the conical head shown in
figure 1) could be used. Other variations and modifications of the head design
portion 20 as may be suggested by the instant disclosure and which provide
sufficient strength to permit the cortical bone implant to penetrate into an implant
bone site upon impaction of the implant 10 against the surface of the recipient

bone come within the scope of this invention and the claims appended hereto.

Upon impaction against a recipient bone, the bone implant shown in figure 1 has
sufficient inherent flexibility that the skirt portion 22 penetrates into bone, without
cracking, to permit efficient penetration of the suture spear 10 into the recipient

bone. However, in order to enhance the survivability of the implant, in some



bone. However, in order to enhance the survivability of the inplant, in
some WO 01/ 06933 PGI/ USOOF 20293 9 circunstances, it is desirable to

dem neralize or partially dem neralize portions of the inplant 10. Prine
anong t hewod0693ds of the inplant to be dem neralized or PCHUBYVZRPBy

dem neralized to enhance flexibility are the skirt portion, 22, or just the
peri pheral edges thereof, and a portion of the head 24 referred to herein
as the hi ng&ircliabbmes,at isdaditaBle 16 erdmbralizd ordRfial9 Géminerliz@Portibndsne is a
procedure that is_ well _known in the art. Accordingly, the inplant 10 or
speci fic por tthoimplendPe Brimgamong ths peeions of the ingplautde ke demiseralizedsral s, usi ng,
for exanpl e, p%&?all??kﬁﬁlerﬁ%% RBCHhdHck Gexifffitfard thel st ﬂ[)drh@n,fzﬁ,rorﬁhgtfmec' ent tine

to leach out "a sufficient percentage o neral s 0 increase the inplant
portion's el getiphiralyedgetheresthand apdpéon ofktkmheat 3daefenred todwereimas theni neral i ze

Lhe T ant. {21 8h AR of Rl HERACRTRGh EF ol @piock 6L et | DOMe

site, the sut ear 1s SO eco oosened fromits
site of i nplwelllaiowarin theyyt. cdcordinglye delimpino10 repeeifcipartions theneef dre

twenty-five perce of . the mneral froma particular si n t.he inpl ant
ouT T of entexbgpeq e tepeng efitagials ieine, BB frnlp o peihe) SRR,
fracture of tioR driiR it for t@ficiéntitiateltd Wach Sut aSufficiént Péfcentdpelof minerdlhie sanme
time retaining_sufficient inplant ri i_ditﬁ to ensure a _secure inpaction of

the inplant ithinsressathe fpplant ppRiom sERSHALY- quid Bs BkehaWeveT, Boter abl y
machi ned 11 Offemitoitil o infoinf fo'sleh Pk ol iRl imBR R IRE aPEcigibe00r al 1,

al lograft or xenograft. e bone is desirably lg‘?eaned of extraneous
debri's, pr ot dionesiteathesniprexpearis sauflexjble thahi grayibecomejigpsenpd fromisisie j g

achi eved by tr. . WA, ; | | | _ hase
sterilants, iorf ?’g Ia |%1¥im t&ﬂ’ﬁ%@%ﬁ?&Q?F%Qﬁbogg&aegg?‘g%? X%IB% ealtit? it is
preferred foroftheemineahfromafpattivelar sipd crthe buoplentfis snfficient ¢drcantfer desipddant of thi s

i nvention i s machi ne shoul d th f . . wn di seases.
Wrere human & éﬁsiogelﬁg%ys'il%’ tﬁ%ﬁé’i}t@@%ﬁéﬂ?ﬁp@{/ %é%l § e to obtain
i nformati on toihinigéd, while bithesdatctime fetainihg sufficientdmpthntidgitivy tdensireal t h or

ot herwi se of the donor.. WD screenin met hods, including PCR, antibody '
testing, ELI ZECUEEIRACH éntﬁwénﬁwgﬁﬁhgﬁgﬂe. be enployed to rul e out

pat hol ogi ¢ contam nation of the donor bone tissue. Any nethod known in the
art for sterilizatjon_ of inplants na utilized, sq I qng as. )
The implant shown innture 1 S1s preyeral%?y machme%i froma gowg o? cortical

bone, either obtained as autograft, allograft or xenograft. The bone is desirably

cleaned of extraneous debris, proteins and any potentially pathogenic organisms.
This is achieved by treatment with ethanol, peroxide, sonication, vapor phase
sterilants, irradiation and the like. It will be appreciated that it is preferred for the
donor of the implant bone from which the implant of this invention is machined
should be healthy and free of any known diseases. Where human cadaveric bone
is used, it is typically possible to obtain information through family members of
the deceased as to the health or otherwise of the donor. Known screening
methods, including PCR, antibody testing, ELIZA assays and the like may all be
employed to rule out pathologic contamination of the donor bone tissue. Any
method known in the art for sterilization of implants may be utilized, so long as
the structural integrity of the implant is not compromised. The conical, wedge-
shaped, trocar or other sharp or pointed head portion 20 is machined using a lathe,
a computer numerically controlled (CNC) lathe, mill, or both, or like machining

devices, as is the cylindrical portion 30. The suture canal 40 is drilled through the



the structural integrity of the inplant is not conprom sed. The conical,
wedge- shaped, trocar or other sharp or pointed head portion 20 is machi ned
using a lathe, a conputer nunerically controlled (CNC) lathe, mll, or

bot h, or | mkaeowosedsi ni ng devices, as is the cylindrical porCT/USH020293 The
suture canal 40 is drilled through the Wy 01/06933 PCT/ US00/20293 10

i npl ant whil e the channel 41 is machined using the equivalent of a

carpenter's | .ef ﬂ'BI’X - ' L r j ‘;?éi .Qned from a

singl e piece oﬁﬁ‘g%ﬁéﬁﬁﬁa ougﬂﬂ%én?dr%ﬁpl*egﬁfﬁgm%éegf@gﬁ e°4a§°s ontyre from for

exanpl e, a cyl later Preftrablyptheientire\shiucd spear is faskiptetfrom hainglemiece afdohiggr war d
tion, either,b .of th t t h | i ' tion,

by means of o AgRe Bkimeispt mhy 55 b feGREomdor BB AeX RIS Ve have

al so di scover egortibivhich i$ thsértedfiftoalpommtédiofRah séttion kifhbBEWay ofdne such t hat

the long axis of the suture spear corresponds with the |on xi s of the
bone from whi ctreaded W@%ﬁsaﬂm@cmm%w megans;of iaén%@,mﬁﬁgt OB n of

the resul ting jipl method SfExatioh NWeave 888 lificRVerddhiBat it 10 bAMrabl¥hl mbchinie have

found, confers significant strength advantages in the suture spear inplant
that result s. a2 Figbeofhong suohithatithe lopg exis ef thh suturerspear eorrespongowith thef t er

machining, is - i L lgheZ AL . -] At like.
Freeze-drying %)?‘ E?ﬁg Oir;g{gk?lsﬁ%gp%s‘@%i%leé%%%rsbgﬁu%ﬁ%{gr%gﬁﬂe%%ﬁf or
preservati on agdinsdfdhengenlthg infplars minsrvethsthe length of thef impleng, whith) svechave
represented a second gnbodi.gent 100.of, this inyention, si.nm/|a ortions of
The Cuplant ar BUBCOPRBRPLSGRL DR eSS (R Bt oed iRk ea0e! gned |1
figure 1. |n tRidtseThads paficulafly riewhe/ s sutaR, spdarSatp Rthchialigy is fbdze-i S

provi ded for accegti ng ? second_suture strand_ 55. This enbodi nent woul d be
preferred in $HeduBY PoRuiligstionesubligation or the like, Fresze Arying of thepparhined

required, or Vaeie spddfRth préffred hetholl For' fREidaith aistEd 6F the butGrRIEB. OF
tendon is being attached to bone under ~ tension or where it is anticipated
that the ligament or tendon will experience severe pull-out | oads.

Pr ef bly, t ' | i i
reterably Qﬁl té%x]ngi P@?ﬁggﬁpﬁéeggagu;a stdon® bB&dnent 109 &ﬁg?gge%tg@géeigu@ are

configured su _ 1e Or nore sutures m
t her et hr ough. fdrtiensiof thedoiplant ancassigved mefetencammadrals idepticdl to thosdaspigned t i s
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axi s of the ovfakaccepting a second suture strand 55. This embodiment would be preferred in
situations where angular implant fixation to bone is required, or where added
security is required, as where a ligament or tendon is being attached to bone under
tension or where it is anticipated that the ligament or tendon will experience
severe pull-out loads. Preferably, the first canal 40 and, if present, the second
canal 45 are configured such that if desired one or more sutures may be passed
therethrough. This is facilitated when the canal is oval in shape. It is also
desirable for the canal to have radiused edges, such that chaffing and possible
cutting of suture strands is minimized. Preferably, the long axis of the oval
matches the long axis of the suture spear, such that the grain of the bone goes with

the long axis of the oval for strength considerations.

In a further embodiment 200 of this invention, shown in figure 3, the implant of
this invention is provided with a barb as an additional retention means 210 in the
form of a discontinuous skirt with a channel 220 to permit the tails of the suture

50 to be held in close proximity to the implant 200 when it is being inserted into



mat ches the |long axis of the suture spear, such that the grain of the bone
goes with the long axis of the oval for strength considerations. In a
further enbodi ment 200 of this invention, shown in figure 3, the inplant of
this i nvefig@nedss provided with a barb as an additi onal retrmseo20293neans 210
in the formof a discontinuous skirt wjth a channel 220 to permt the
tails of the suture 50 to be held in close proximty to the inplant 200
when it is being.i ted i . DCT 4 A - ecipi ent
bone. The chaﬁﬁg’l'engf"g‘%' ﬁg'&cﬁl gl%ggq%éﬁtggg%t%hjﬁqg%%? ﬁrge%rép é@g% in tying
of f of sut ur eoffioflsutere @ndscantiae facilitate properqpiaremehtaf desiret sutiredengthsednsut ur e

| engths. In hi s .enbodi t.of the,invention, t retenti0 ns 210 is
forned duri ng*¥Ha? Wtﬁfﬁﬁlvfﬁtb@sg{ergtﬁ@?ntrﬂ%ﬂ’sgfoplls(g% egfl"ﬁnoé@gof an :
initial di amejygehisingpiocess) sieh thab©piey eftoRE bf 4l iaital dismettr gresterftharkthpor ti on 20
and said additional retention neans 210 is jned to.formt iaOitFapered

. hi
head 20 and agreatestdipmetsrof tsiheatportiomel andpaidaqddiponal retgahion meaps, n yet a

further enmbodgBRhedid% rﬁimaEﬂg&eaﬂxﬁwaaam&hemrét&tfohmzﬂx,o,sdchasirml ant
Is identical to at s?mwn In figure 3, except that a second canal 45 is

provi ded, to emea hthe. finyet 2 Suther enabodiaenh 300 of thisdnventien ghowminfigyre b 5. . a
further enbodj : . L] k Sird BVERBLO B3t #0ohPeaniils Wi th a
thread 410 i nglg‘rﬁ%]emg{%% Ot1%aﬂ§t§£}:sg%%fnrﬁ5%ﬁ g’cegg%p? tf‘leg%e)adc porti is)n 20. In
thi s enbodi nepbyidedyco peranit feration6f zsecohd supirathread)' is nodified to pernit a
means for providing torque, such that said threaded head portion 20 nmay be
threaded into an inplant site, rather than being inpacted into an inplant

site. The ream faffe $Q further\enibedimedi 41 theliniptanit of thisdevantioh 400 issbevwn,as f or
torque applicatjon b f.l at-head _driver, nmeans;.it e recessed, for
torgue aBB| i c‘éﬂqléﬁmﬁgf/l‘ﬁoﬁﬁ?ﬁ ?ﬂim’é%g'ﬁ@ﬁte“ﬁ}?‘vg*e%%ﬁg%?é?p‘{% rﬁ'&e. The rear
end 60" may fgiddaodifent iBPREr dnll of Kl inAplatIen? is modifledts parnsitumesns t 0 per it
purchase by a driver neans bearing,a mating shape tzg ig’p%tthgr. ue
thereto. In ffogpraviding topmecsuph thahssighthreadedhead ppitiop 28 My be fuFRdeg inte ho

| mpl ant of thmmamm@,}gﬁbrmge&g@mgmﬁ%mhmmz&hsa@r ep6i bed on

the external surface thereof two substantially parallel threads 510 and
520, wherei n may be modified to inglude a slpt, suches fordprane applisation e fatRead wo pl anes

are defined i g f D¢ 63 G A beStiesRl SoPfordiiafplication by a hexagon shaped
- driver means, or the like. The rear end 60’ may further be shaped in such a form,

such as a square, to permit purchase by a driver means bearing a mating shape to

impart torque thereto.

In figure 6, there is shown yet a further embodiment of the implant of this
invention, wherein the head portion 20 has inscribed on the external surface
thereof two substantially parallel threads 510 and 520, wherein said threads have
different diameters, such that two planes are defined in the external surface of said

head portion 20, namely and external plane 511, and an internal plane, 512.

In figure 7, there is shown a further embodiment 600 of the implant of this
invention, wherein the head portion 20 of the implant has formed thereon a fluting
or slotted arrangement 610, such that the head 20 of the implant truly resembles a
spear, having a plurality of ridges 620 and valleys. Viewed end-on in figure 7C,
this configuration appears to have a clover-leaf structure, with the substantially

cylindrical rear portion 30 of the implant being visible as a circle. In yet a further



head portion 20, nanmely and external plane 511, and an internal plane, 512.
In figure 7, there is shown a further enbodi nent 600 of the inplant of this
i nvention, wherein the head portion 20 of the inplant has forned thereon a
fluting orwebmeedxd arrangenent 610, such that the head 20pof/usbozoespl ant
truly resenbles a spear, having a pluraljty of ridges 620 and valleys.
Viewed end-on in figure 7C, this conflguratlon appears to have a

cl over -1 eaf st I ion 30
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d
|l ong axis of t Rebstangally wng aigns the °I!ﬂﬂ"l’.1$r the, enﬂﬁ § eFalfation, a
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the suture spear such thaf upon insertion, the feature bites into bone,
causi ng the sutel}ieftbpelﬁuretsﬁe%'amhth@tmobé@mnﬂbei&@mmqse@&%m bone at an

angle offset f I ere is
shgvvn an enbodi ne[qga[h?q ,rc@péai:?ﬂ@a?n,%%ﬂ Og'lel&? eg(ri:ﬁreerc]i ?enf[t)gr l on ﬂ%gof t he

i mpl ant has beoffsem'ﬂnntamrpaidhqulaﬂeniryndnampned such that said end portion
of the inplant is flexible, and acconmobdates a plurality of suture fixation
hol es 720. The presence of these holes, which are pre-forned, may

fac: | i tatle: themlﬂgdraﬂm&edﬂshmfﬁvmdﬁ&nMHﬁenﬂﬂfﬂh?nhﬂhﬁt m}mﬁ'rémmtfemf the .

[ ant or an , . thi the ingplant i itted into
agpl npl ant at i oH %?é gﬂi‘F&’H %gb yﬂ?‘“’t“P@ﬁg‘F‘ﬁﬂ“? tsid enfipact to
the rear surfaggriés oPihelimplaheia Meible AR do@&hﬁﬁaatés%?ﬁufa!h%ﬁuﬁh firdtfon

thereafter, the flexible end portion 710 is withdrawmn fromthe insertion

device and is belen7aly The nrerengs %@%Pée heles. Myhich are pretformess may fagilitate their es may
be installed ebﬁxﬂﬁg OH bithe bhaPio RUBS REHIGRInch Do f P RIAR! FOf infdlsddbal ant
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may be i mpl ang g 1A% dinkEtHng did fmpabt 18 A kel WGHER 290 (RONeARPHRPT | At e

means. For
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implant (see figure 9), and thereafter, the flexible end portion 710 is withdrawn
from the insertion device and is sutured to the tissue for fixation to bone. The
sutures may be installed either prior to or subsequent to impaction of the implant,

depending on the length of the flexible end portion extension 710.

It will be appreciated that the implant suture spear according to this invention may
be implanted into a recipient in need thereof by any appropriate means. For
example, a device for implanting a cortical bone suture spear preferably
comprises: an impact handle connected to a shaft bearing a means for receiving a
cortical bone suture spear therein at the end of the shaft opposite the impact
handle. The shaft into which the implant is received is either slidably mounted
within an external tubular housing, or is a single piece into which the implant is
loaded. Where there is an internal and an external shaft, it is preferred for the
internal shaft to be unitary with the impact handle, and for the internal shaft and
the external shaft to be adjustably mounted. In this fashion, upon impaction of the

impact handle with a cortical bone suture spear mounted within the receiving



exanple, a device for inplanting a cortical bone suture spear preferably
conprises: an inpact handle connected to a shaft bearing a neans for
receiving a cortical bone suture spear therein at the end of the shaft
opposi t e wbewwesgsact handle. The shaft into which the | ROTA/E00R2029F ecei ved
is either slidably mounted wthin an gxternal tubular housing, or is a
single piece into which the inplant is | oaded. Where there is an internal
and an exter ot ol Led uhad dl idalbale’® afdist o be
unitary with agi?ﬂn%%%%&ﬁghﬁ?sg??%c%éﬁor t e %I%Fédr na‘?ﬂes aetS'J)i'l’a_nciS t he

ext ernal shafimpaaediatoettic resipidnt’y bome. Wishireférenceito Sgirgs HAIE, spesifie | npacti on of
the inpact handl.e wth a.cortical uture spear nounted within the
recei ving WO P%%&Wﬁﬁgﬁgﬁémans, and abutted against a
recipient's bone, the cortical bone suture spear is inpacted into the
recipient's hone. Wth referen to fjgyres 9A-9C .speci.fi nbodi nment s of
such a devi cénfigaredAs thegsisgrovi PP@E‘P{%‘%] en °%é?§“?@°€§8‘(}?°o@8f§he enbodi nent

of an insert ii{Badifeh ifi6 rétRfierlt 86ne éﬂMKIﬁﬂaécﬁfdﬁlgﬁQiﬁﬁh@Bﬁti&Dn& of the
i npl ant according to this invention. An _inplant rectehl Vi gsgé)oré 810
conprises a dmplantregsiving pprt8H0 eampnises 3 $AYHY _fP,HnSQE}' cdpes§31. 82%0) | et t
assembly 1 nt Gy¥iak & Boldi sttt} A Wiich iheSUbd Gl YlindiAGH rRendSD offnd he

i mplant is fi e receiving port 8 orned at the djstal end of a
slidabl e shamplagBie fitsed.cTFhe eceiving port81Gis formeid jatythe distal spd efiaslidallsi mal end of
the shaft 830Q, i 0, d Gl 1 I 5 Lel o £ §305s hamrer or
i ke inpacti (§ha$r§%‘ﬁ‘§l,u°ﬁf§ d}sﬁl‘%“?‘ﬁ@‘@é t Rg@lglpf% ! aglveg%%g,ﬁﬁﬁ%#acti %g t he
suture spear anfinpaction hpidia850hwinch tstruckewish a hiremendr like dmpadtion fneatre sut ur e

spear, and up tQ a sto 5 on the.housing 840. ln Qr -1 e a | oaded

suture spear Ahsgfhe ]?1'% @ﬁtw YaDES, FTRRACRRg the g4igTe PRA mtggéﬁlélg"@%éj%ts reduced

in size by thegemE Ral lehgth bandlseuRipeaandupaadstop 385 vh ihethousing 84Get ween. t he

outer shaft 840 and the inner, shaft 830._ Tur iq t he Ln a first
plent ety

. h
direction, winemeniasepe ajloadgdsutire speag i f IR W?}’r‘lﬁ: 5€€ the inner

shaft 830 t0 chity ¥tkis hedubed i 8izo by Gireaaliiafthe Bdle 8500RitRgads¥SE whickes 821, 822,
823 of the collett assenbly to be forced tQ th&_r?_ around. t he base 30 of

the inpl ant . mgte betweentha pvtershalt 84Q apdithe Innges e ) 9182 ¢| eased
by turning tggstfagrggkkoglf t h&ﬁh%beemﬁmseerequh@ski&mse,w@bmem@w ng the

tines 821, 8 e collett assenbly .
: : ' shaft 830 to retract into the outer shaft 840, causing the tines 821, 822, 823 of the

collett assembly to be forced together, around the base 30 of the implant. After
impaction, the rear end 30 of the implant is released by turning the handle 850 the
opposite direction, thereby allowing the tines 821, 822, 823 of the collett assembly
to emerge from the outer shaft 840. A similar result may be achieved by other
means, such as, for example, a simple two position stop system, wherein, in a first
stop position, the inner shaft is fully extended, and the tines 821, 822, 823 of the
collett assembly extend from the end of the outer shaft 840 for implant loading or
release after impaction, while in a second retention position, the tines 821, 822, -
823 of the collett assembly are drawn into the outer shaft 840, which results in
secure grip on the based 30 of the implant. It will be appreciated that the diameter
of the outer shaft 840 of the insertion device 800 should be sufficiently small to
facilitate navigation of the suture spear loaded into the implant receiving port to a
desired location, even in an arthroscopic or laproscopic procedure. In figure 9B,
the implant apparatus is shown with a suture spear mounted therein, in readiness

for impaction implantation.



to energe fromthe outer shaft 840. A simlar result may be achi eved by

ot her neans, such as, for exanple, a sinple two position stop system
wherein, in a first stop position, the inner shaft is fully extended, and
the tines S¥dpmA6d23 823 of the «collett assenbly extend freoraisesmzed of the
outer shaft 840 for inplant |oading or rglease after inpaction, while in a
second retention position, the tines 821, 822, 823 of the collett assenbly
are drawn into the outer shaft 840, which results in secure grip on the
based 30 of the inplant. It will be appreciated that the dianeter of the
outer shaft 84Gn<ﬂguter%3 ianahmnatennﬂedihmatcﬁ'ﬂﬁbbhdingde\ﬁeS!IOfis'sluiverwhqreinrralI to
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procedure. In fii Weaed IBhe tidends 861 ﬁﬂit thR e saifate 23%f Hednplant, tshclﬁthﬁlut ure

spear mounted therein, in readiness_  for inpaction inplantatjon.
01/ 06933 PCT/ USROn ippastion, the YRplanyt 45 driven dnto geeipient SpReat isermbRdimentol e  he

| oadi ng devi ce 1%%&\&&%@1 e?de&' fortxﬂﬁlahﬁﬂbﬁ‘mexﬁlﬁﬁﬁhéﬂt@&tﬁ&ﬁﬁve‘nﬁo&' mly a
pair of tines 860, between which an i is located. The tine ends 861

abut the rear suelasthatzBown in figure ﬁapﬂlmthe Bexdble implent popion T193a8iMpbh, - t he
| plant s d“"%{l tkd'h ﬁlghﬁ%tséio i pxgg%%gi neﬂietﬂ;eFBf'ﬁ: ﬁ%@ﬂemlon

device 800 is pre err anta I on o
such as that sHoading devide@00may, fosm acemplete circleardind thenipipdant epdpariiom3®10 i s

simply situat tween.t.he t w |l he reciate at the
tines of the i ﬁgggqﬁma*%ﬂp%grotegg?%f%@om qur‘erff@? g 2P g‘ﬂ& %8 around
t he i npl ant endhgeséfti on 30, thereby maxim zing protection of that portion

of the inplant during inplantation thereof. In figure 10, there is shown a
further enbodi nent 900 of the inplant of this invention wherein a flange

910 is incl udednﬁgmieh@ M&ngiovﬁmmm%iméd&m&m&&&&&lnﬁear surface
23 of the point 2 further conprise barbs 920. In this enbaodi nent of

the inpl ant, alpre@eenwh@rw%ﬂ%s@ lsga@ufiﬁéwsﬂmam@ﬁtb@mayet%@ﬁngq he
i mpl ant poi nt %ﬁ”?t tafgig-faeéﬁﬂbfmg&n??lgn F?Arﬁ;&l{s%hx%md\smttﬂﬁ i npl ant

penetrates the so ue 940 ornms a retention neans for
the penetr at ednibodient ofthe omplant] 2 piectmﬂ@bﬁglssméw immy\be interpoees hetween bone
9%0 Into which the implant point 20 and recipient bone 930 upon implantation. As the implant
penetrates the soft tissue 940, the flange 910 forms a retention means for the
penetrated tissue, essentially tacking the tissue to recipient bone 930 into which
the implant 900 is impacted. The barbs 920, if present, assist in gripping of the
soft tissue by the implant. In yet a further embodiment, the flange 910 may be
demineralized at the terminal ends thereof, providing an additional or exclusive
site for suture fixation. Tissue 950 is affixed to the suture spear 900 and bone

930, into which the suture spear is impacted, by means of sutures.

In figure 11A, there is shown a schematic view of one embodiment of the suture
spear of this invention. In figure 11B, there is shown a rear view of the suture
spear, viewed from the rear of the suture spear cylindrical body toward the pointed
head. Specific dimensions in millimeters are provided as suggestive of acceptable
or preferred dimensions and tolerances, although it will be appreciated that this
invention is not limited to these specifics. In figure 11C, there is shown a side
view of this embodiment of the sutures spear, again with specific tolerances and

dimensions shown in millimeters, as exemplary written description of this



the inplant 900 is inpacted. The barbs 920, if present, assist in gripping
of the soft tissue by the inplant. In yet a further enbodi nent, the flange
910 maybe demineralized at the term nal ends thereof, providing an

addi ti onawo®1/0693x| usi ve site for suture fixation. TissSURCHGHORENZf| xed to
the suture spear 900 and bone 930, iny® which the suture spear is

i npacted, by neans of sutures. In figure 11A, there is shown a schematic
view of one %Hﬁgﬁlihféﬁf‘&ftﬁémﬂlaﬁmﬁum e $105,3her®fs shBivh aisi@éSidw Ofthis! N figure
11B, there is shown a rear view of the suture spear, viewed fromthe rear

of the sutur@mbp@axenwﬂthmwgmeabmedmmiemeswm @éhe“SWemflc
di
plrrerfgflrggsd: E%%iglwgﬁf‘ %‘f‘erance?@&ﬂ‘f oug F?ﬁ%%?ﬁggéégﬁé}e@ﬁgfed t hat

this invent |completemmmhpmﬁasaubﬁonofﬂnsmpé%}m&cﬂemm110ﬂ0magtha‘€eal_1 C, there is
shown a side lghew ofut%% %g% doqutenr]\ ve%lﬁ% tlﬁ&&a{ﬂp&% end IR N W th

specific tol (Qr n 1ons own i m as exenpl ary
written descrilpbe epprediatediihat fHEa104S thER ddndnsibhé IO REHDES, sdrﬁeeaﬂandmmnt of

the invention. In fi 11D,. there s sh a side vi f this

enbodi ment oMmayhe §H%HP‘§ fryatipus quhodiments \rﬁ\@ﬂp VERe %Ei‘.ﬁ‘fﬁ%gr ed with the
view shown |ﬁ§nfﬁlgg§sgm;81f&myggflﬂn§yﬁ§m specific di rrenS| ons shown as
suggestive an conp ete the witten description of this inplant. The

poi nt 1000 may have a 0.125 maxi num point radius, or it may have a 0.5 mMm

(rjr?)r(r{e g Irn0 lr?s u 2 Syt %gr a?reg‘ﬂeh lac&?dﬁ%ﬁrtﬂ&f r%%ﬂlgtd?éﬂosf)ﬁrha@é beeimplARRE

S, Sone riatio be permtted, for various
enbodi ment s dito humsrus hy dinedt impactipn wishout gemeed fqai teppingenthreadingofdbs i al

features of ik BYRREOte 1BUL 115030575 efY, BAFRECUARSBLHL A% 10 L e

f or egoi ng di SEMOLUre Rave been | umer us I'rect |npaction
wi t hout the ﬁlﬁﬂdntéd)ha\teammillmt stren‘gthmiadl gt b&stbtpavalcré(m meemngﬂuqiér us.

have found, surprisin .the suture s rs_thus 1ted have a
pul | -out st r SHYPF RS W"‘I s&cﬁ?rdfrgg‘épasgaﬁfig}ﬁg%at t%e?rﬁlglpg%e;{génc hoof  nunber
two suture. eﬁéa%mﬁsghvenu&awfamyﬁ;haﬁmmmmly,wmcamammpmmer@m suture -
spear of this invention to befuII &g{%gcllmcau’é‘y si nce the '
pul | -out st r@ﬁ@?ﬁpeafﬂ“slahl@aséﬁ%%'fe%ta? eaﬁ“ € LSt ai | ure | oad
of commonly ‘Wﬁa@eﬁUE&tﬁﬁ%pearMﬁﬁﬁn%iﬁoﬁiﬂtUb@uﬁWﬁi’tofnimeulaﬂy/dmbe onis to

be I npl anted into particularly dense
i cortical bgne, as in, for exglmple, the glenoid rim, it is preferred to use an awl to

puncture a hole into which the suture spear may subsequently be impacted. .
Alternatively, a tapped hole may be created in the recipient bone, and a threaded
embodiment of the suture spear carefully torqued into the tapped hole.
Surprisingly, we have found that the pull out strength and insertion survival of
cortical bone suture spears of this invention is greater when the suture spear is

impacted into recipient bone, as opposed to threaded insertion of the suture spear.

In view of the foregoing disclosure, it will be appreciated that this invention
disclosure is directed to a cortical bone suture spear, which preferably comprises a
pointed head portion, a substantially cylindrical body portion, and a first canal for
receiving a suture therethrough. It will be appreciated that a substantially
cylindrical portion includes perfectly cylindrical body portions, body portions that
are not perfectly cylindrical and body portions having, for example, multiple
faces, as in an hexagonal, octagonal or like geometric shape. It is also

conceivable that the body portion would be triangular in cross section, and such



cortical bone, as in, for exanple, the glenoid rim it is preferred to use
an awl to puncture a hole into which the suture spear nmay subsequently be
i npacted. Alternatively, a tapped hole may be created in the recipient
bone, and awo@6A2d enbodi nent of the suture spear caref ROWUS0HRAPIEd i nto
the tapped hole. Surprisingly, we have feund that the pull out strength
and insertion survival of cortical bone suture spears of this invention is

greater when t RerigtiérshouRIIREbe tdhnsidedAas be Butkidt thelsESpeifti infigfte, as opposed
to threaded insertion of the suture spear, 1|In view of the foregoing

di sclosure, it 4#99sutse Inppe embedimgnt; thgheadpostionyis sphstastallroniqabsr e i's
directed to a %&%%m&ﬂ%@%%&@%ﬁdy%hm é:lghgfoigésaabs'eé’on‘a@mil i5es a

poi nted head portion, a substantially cylindric dy portion, and a first
canal for recdeesiving aseegnd putuneither Rrefarablyii bt sttengthsonsidérationd, t hat a

substantial ly | ' ril Qe | S rof . | | cal y
portions, body ‘g%%%?gér%ﬁ(?%uﬁ chlrnag% orFé%'%gr ec ‘?%f} cgﬁ'lllé/ns ?’ﬁ%{é‘m&? °B‘8§§p
portions havi nmindtydegresanpthe, orientatiorpbfthe fiest eanal. dPurthermore it sagonal |

octagonal or lik eonetric. shape. Lt. is_ al ongei.vahl e that, t he body
portion woul d ﬁ@wﬁ%ﬂféﬁ‘sﬁw&%é‘%%ﬁr@a?“ AC Bdrc B peBeRY

PCT/ US00/ 20293 comfprivélfin additsh t5hmsthedd E)@iﬁoﬂ%aﬁﬁ%_ﬁ idfbeieRs ghdated halthat 0B het hE
scope of the instant _disclosure. In one enbodi nent, the head portion is

substanti al |'y «SHndrigal parfion, @ additinnal resentionuraags intheformp of a darteeficopisal,
porti on COMDIi $fe ATREGRMIFARENcPOS thE BB Ial B SRR Rad by e

therethrough. Preferably, for strength considerations, e a second
suture canal | sapeesdifferent. hEhusethe headmaximumsdismeser may bagregtener sorlled at

ni nety degrees t{mzﬁnhgteof%é ation of the first canal. Furthernore, in sone
enbodi nents of I's invention, it is preferred for the cylindrical body
portion to conprise, in addition to the head portion having a di aneter

greater than that of the ..cylindrical porti ..an gdditional retention
nmeans in the f ﬁ?‘g ngmﬁ%qlgx%%tfog@hswspe (ﬂ%@‘.hs gﬁmﬁtm’%ﬁ&r&?’gﬁe of the
barb and of t heoitei lead phtiafl toRyvelaf ekidhal feafie MEcribedl HRE&N in the form oftahe head

maxi mum di anet er . be greater or smaller _th t hat _of the barb. In
certain enbodi ﬁ’ﬁh{@g Iﬂﬂ'ﬁa JP s eepb 4t is grefk or the 8adY peftion to ingluds af er r ed

for the point egahefd apiftying WrqhOfod MsertdA of e BeRd sdrOR iHER, bifiidighaed therein
in-the form of cgrtain preferred embodiments, where a relatively gradual helical thread is

inscribed into the head portion, the suture spear bearing such an external feature is

impact driven into recipient bone with great success, enhanced pull-out strength,

and reduced insertion resistance, at least in part due to the ability to form sharp

edges to such threads, thereby reducing frictional drag upon insertion of the suture

spear bearing this feature. In one embodiment, the pointed head portion has

external features inscribed therein in the form of a first thread and a second thread,

wherein the first and second threads are substantially parallel, but wherein the first

thread has a different diameter than the second thread at any specific point along

the pointed head portion.

In some embodiments of the suture spear of this invention, a portion thereof is
preferably partially or completely demineralized. In one such embodiment, the
conical suture spear head portion is partially demineralized at the largest diameter

circumference of conical head portion. In another such embodiment, the



helical screwthread. In this event, it is preferred for the body portion
to include a neans for applying torque for insertion of the helical screw
thread, although in certain preferred enbodi nents, where a relatively
gradual HePiot/Be933 hread is inscribed into the head port i BAI/USA9295t ur e
spear bearing such an external featureiirs inpact driven into recipient
bone with great success, enhanced pull-out strength, and reduced insertion
resi stance, aybdtfRily b&ﬁmgﬁu@%gea{rﬁead%m ik pirfiallPddrinerafitan® forddoes to
such threads, .thereby reducing frictional drag upon jnsertion of the suture
spear bear i ndingsiportioncetyesn adigcesh sidesafdha sopival head pottignnt ed head portion has
external features inscribed thereinin the formof a first thread and a
second thread, wherein the first and second threads are substantially
~parall el, butlnpkasties, wethawe found that the suture sheas ofithili inyention is prefgrablyer t han t he
second threa a i T4 ' o] | rtion. In
sone enbodi ng’ﬁﬁéeeggg?%g%ggﬁtoﬁ%Eggglglr&%'f Nﬁ’ﬁtlﬁsrpfi%ﬁa\g hﬁ%ﬁf&iﬁggﬁgi on t her eof
i's pref er ablbetvaen abait I8yand abaud iH vt ohy. de addidom khezsathre $prancoaicalich

enbodi ment, the, caqnica ture ear. ad portion.is partiall

deni ner al i zed€ad PerHign Prgfﬁé)i}{ taB?rﬁ?Fg? %‘?mt%‘?'t‘ﬁ??f‘ﬂ?‘gﬂg eregh%ggt%/n head
portion. In gBekthahmssahowt 10 ath,Haa inost grefeddbly) rbMGORaxifmGh dia&e2df293 17
substantially conical suture spear head _portion is partially dem neralized
to forma hih@@\éeebéﬁ"{“ftgﬁs%@tt&é@?taéfj‘%ﬁtm@itﬂé@%ﬁ“{)"He' coni cal head
portion. In practice, we have found that the suture spear of this invention
is preferably between about 5 and about 20 nm|ong. Mst preferably, the
suture spear It will fughenchsreppiseiated.gn dight ofithe foregainggisc 'éf@ﬂ’#&dition, the
suture spear . J: ' . \ froma

i mum o amdtSRug eqpfiRacs BREpABRaRhELEh PN ook A ohipeie g
preferably, fsnenissueraa cortivabibanesotere spéar. Fbisweathodsis vsefuldnSuohm t o about 7 mm
or 3 MqMmto about .5 mm_ 1t will fur . be b at ' [ f the

For ago ngdi SETAHPER by Senfe et B8 BhAIE BohachBeni B Bheel L0

ti ssue to bonethelinebf the glenoid scket) rapair ofslajs lesions, Baekimrdtprecedwes,iral bone

suture spear. I S hod is useful in such. procedures Jepair of N
rotator cuff 4@&??‘5%18&“‘%‘&%%% %ro?i\ep- g’f?'tcﬁl(%ﬁ‘g “of wthlﬂ?s‘f{fg at the rim
of the gl enoiddsifBlMe ttachad #é-ittach tissua o beaki The invBative farthiér comprissar es, i n

method of making a suture spear which comprises harvesting a segment of cortical

bone, machining the cortical bone to form said suture spear comprising a pointed
head portion, a cylindrical body portion, and a first canal for receiving a suture
therethrough. Machining of an additional retention barb, additional suture canals,
threads and other features as disclosed and suggested herein also come within the

scope of this invention and the claims appended hereto.

In yet a further embodiment of this invention, a suture spear having a rounded
head is prepared from cortical bone on a CNC lathe or the like, preferably having
a fourth floating axis for a ball and end mill. This embodiment of the suture spear
may have one or more through canals for receiving one or more suture threads.
Alternatively, in an embodithent shown in Figure 12A, which shows a perspective
view of a further embodiment of the suture spear of this invention having a
rounded tip and an inscribed groove, rather than or in addition to a through canal.
In Figure 12A, the suture spear 1200 has a rounded head portion 1210, a collar
portion 1220, and a rear portion 1230. Inscribed into the suture spear 1200 is a



ACL or other liganent repair, or any other nedical procedure in which it is
desirable to attach or re-attach tissue to bone. The invention further
conprises a nethod of nmaking a suture spear which conprises harvesting a
segnent of WOAMPEA bone, ‘machining the cortical: bone to FPEIHSERMSsyt ure
spear conprising a pointed head portion,i1s& cylindrical body portion, and a
first canal for receiving a suture therethrough. Machining of an
?qlditional rg_t egalhiregrgbaégzmaddbﬁét&wid htoﬁa_&iiéefmmh'portiohhﬁm hpmcbedg her f
eatures as disclosed and . suggested herein sqQ C wi.thin the scope o
this invention wwlw&o‘&rsiaﬂ@g%%a@a&ﬁé&e@f mm?lh?g@[an& doHPEREPPEHFodi nent
of this inventigdpoffufird sper 1200 w2 e Yoardoftin 1280, Theadhth endwRigRsEd from
cortical bone on a CNC |athe or the like, preferably having a fourth

floating axis fibesuuisgreovaddd@ispreferably maintainedpitronstant level spificisntior e spear
may have one or,g oﬁﬁégﬂ&ﬁre%ﬂﬁﬁ&xf 50Je%?§1' ‘fhé‘:%arog&i% 1234 ?1@&\/!\)}'191(6
Y, bodient s 5 , I ch shows

threads. Alternative I'n an em wn I n Frgure 12
a perspective poriion I¥20and thetrbwnded hbatbareort 1210, ¢xeeptshetiasashewr i figifre t hi s

i nvention havi rounded, {1 nd an_in i be ve. .rather.than or in
Lt 1 on o a tChee? Rl B Alfed el Sihd bR 1910 BideuB it 3 ",
rounded head patdlightly dékper nadctctdditar  portion 1220, and a rear portion 1230.

Inscribed into the suture spear 1200 is a WO 01/ 06933 PGI/ US00120293 18
suture groove 1240 which starts at one side of the rear portion 1230 and

proceeds ant ergigirk 1 2BAHGWsa &0sk-R¥Eonal Sifle VW TRk MNBREIsHRAF §HoWn i Fiklireand down
an opposite side of suture spear 1200 toward the rear portion 1230. The

dept h and wi dt ht24¥ alongkinesArAjindigiro e hike partssarp pwnbgredhas indigurs BAdHt at a
constant | evel f 3 LG b0, al on
the rear porti o%%l%g%?%tp rggsgsgfﬁ%{r:@ orti W&%ﬁ%‘pgﬁg\%%%hér}g%&ngfetgé ﬁgég )
portion 1210, exwibwe-spdaninsertion dexdoan Also shoyarie thesplisl ipe¢fomablyflushaganbl y, at
the very apex , ' | . |i

deeper pot on 1 TR 3ER cnl pESCOL Sl shit B2l Beelib Y

sut ure spear shhensértioh depicecupoi 2pplidatiomyof the sutdreApéan ofitoghie ims&BL. Li ke parts

are nunbered as in figure 12A, but also shown in cross-section is a
partial cannul ation 1250 for insertion of the tip of a suture-spear

insertion devi qBguréli 20 sEdvey¥h dxleriid) 8ids FidwiwitR bficiaPdiéndibnkSh iifliteters

for one embodiment of the suture spear shown in figure 12A. It will be

understood that these dimensions are suggestive only and that variations and
modifications of these dimensions may be required, depending on the suture-
anchoring operation required and the nature of the implant site. For clarity, parts
of this view are not labeled as in figures 12A and 12B, except that at the very apex
of the head 1210, the suture is retained in a slightly deeper notch 1241.. Also
shown in this view is a slight narrowiﬁg 1242 of the suture groove 1240 right at
the apex of the rounded head 1210, due to leaving a slight lip of bone 1242 on
either side of the groove. This slight lip 1242 on either side of the suture groove
1240 assists in retention and loading of the suture onto the spear, which preferably

is already mounted on an inserter.

Figure 12D shows an end-on frontal view of the rounded tip of the suture spear
shown in figure 12A. This view emphasizes features of the head 1210 of the
suture spear 1200, including the groove 1240, the depression 1241, and the
narrowing 1242 in the suture groove at the apex of the head 1210.



surface 1231 of the rear end 1230 of the suture spear 1200 which abuts the
end of the insertion device upon application of the suture spear onto the
inserter. Figure 12C shows an external side view with optional dinensions
in mllin¥0d1/86933 or one ermbodi ment of the suture spear sREWHSIR%Bgure 12A
It wll be wunderstood that these di nem®i ons are suggestive only and that
variations and nodifications of these dinensions nmay be required,

dependi ng. on the suture-.anchoring operation required and the nature of the

i npl ant site._ For rity, parts. of .this vi.e not. | abel as in

1 hures 1on i 85 Sgnasrbsction] i spay JRapas SR ALY 1510 ¢ he
suture is ret@iw@towirddhéidat NTHiY vieRRDhashRt el fdatdrks of b8 Qoll1020) i n this
viewis a slight narrow ng 1242 of the suture groove 1240 right at the

apex of the riseindieg thepaesenced thesgatral partishsanpglationsi250nand thpswre hone 1242 on
ei ther side qf,49266 CRY Gan A& e sikh S5 thik Rieh2fhe cBflardial BRhmskae of the

suture groove 1240 assists in retention and | oading of the suture onto the
spear, whi ch diaméterr1231 as companed toshpdiameten 1232 ofi therrearend 4230 Inthigure 12D

shows an end- f |Vl ew. of | : I pear shown
in figure 12A1:.8 &Fﬁ{’gpéﬁgg]\}vﬂéen%ﬁ%s??g%c%g%? Sf&n%@e%g%?%ﬁ&&t%fgn%f t he
sut ure spear hdfPassagecdfulet egd pbrtion 1210/thrcligH the cottex dfthe excipient’sbddel, and t he

narrowi ng 1242 in t ture grooye at th ex _of the he 1210, WO

01/ 06933  PCT/ W?@%&g“% ] &r%”l‘%ﬁ’eg BF‘b"é‘?{-}%‘éé{‘ﬁ?gﬁ%"J‘?ﬁ ew al ong
| i ne B- B shovdt tihdreéiptt €bonéCspritigeback aadvedtaind the sit@frspeat1200 wtithev enphasi zes
the features of the collar 1220, . including the presenge og t he central
partial cannufolgsigsion 3230. Altranatiyelysthe gptare speag sapplesly d"so be

seen. from t hife Mcpnt’l Bone @hd ME nhdsw cHRdrh 1220 fadiRtafk thveddal 85 Conpar.ed
to the diameter 1232 of the rear end 1230. I1n this nmanner, as the suture

spear 1200 i $hebuoadsy reap epb 130y whish upenbenetrationintethe corigygbthe ypnon passage of
the head por tiqfiedlibnb UAHEM stdito eRnlsfoh d2lnd dhendr35d i Blih fealitBoe he T ear
end 1230 may aCt as a stop to prevent further penetration, and the cortex
of the reci pileal abuttiugihe insjdei surfacenfthe patient’ srcortigehbonehe sut ure spear 1200 at
the collar region 1220. Alternatively, the suture spear may be conpletely
~buried in the recipient's bone, and the narrower collar region 1220
facilitates. thigwen2Bkhows an end-on rear view of the insertion hole and rear end of the

suture spear shown in figure 12A. Emphasized in this view is the rear end 1230 of
the suture spear, showing the flush rear surface 1231 of the rear end 1230, the
instrument attachment hole 1250, and the suture groove, 1240.

In a further embodiment of the suture spear 1200 of this invention, the suture
spear may have a second suture groove 1240 inscribed at a location spaced apart
on the body of the suture spear 1200 such that the groove 1240 and the groove
1240’ intersect at right angles on the head 1210 of the suture spear 1200. In
addition, the suture spear may comprise one or more through canals. Such
modifications may be employed for procedures requiring multiple suture lines. In
addition, it will be appreciated that the suture grooves 1240 and 1240, if present,
accommodate required movement and sliding of the suture by the surgeon within
the groove, thus facilitating formation of required knots and the like at the distal

end of the suture.



t he broader rear end 1230, which upon penetration into the cortex of the
recipient's bone, acts as a stop to extrusion of the anchor via the flush
rear surface 1231 abutting the inside surface of the patient's corti cal
bone. Fi gum0 @206938hows an end-on rear view of the inserti oRCHUSW/29283 r ear
end of the suture spear shown in. figuregl2A Enphasized in this viewis
the rear end 1230 of the suture spear, showing the flush rear surface 1231

of the rear enq‘rigme?i?sA Eftvs anlegictnalBiat vﬁwmgembodiﬁkﬁt oF%APnsetith debReSUt UT €

groove, 1240. In further enbodi ment of the suture spear 1200 of this
i nvention, thel30f teréhe sypeespepshowa e figurs d 2 4n dissgn be seeyyr bie mserier4300

I nscri bed at a ' {. t ar 1200
such that the %%@éﬁt(}%ﬁggﬁq{l%@%‘r%tg\c}gef)ﬁﬁfgzgﬁﬂ?{é’%}gg?ﬁH{hEr| g 1'?daangl es
on the head 12103m6fmhwmmlzmkaThemﬁﬁetenafthaﬁwnliOcshmﬂﬂibepwisalye spear
may conprise one e.thr anal I fi.c tID

enpl oyed for &2‘591?0 fieaaﬁ??gﬁg(é#ﬁﬁafﬁngugﬁ?m{%%lso §ﬁtr%§v Fon, it
will bedappr ecmtxﬁsbéﬁehmomdn& sﬁuﬁacfpeﬁrggwu xmmilaﬁ&ﬂgfthe slituger esent ,
accommodat e requi red ngvenent _ an i di e suture by t rgeon
within the gr8RRFEOD fheduserier:fqprayl ﬁg‘%’&?ﬁ#ﬁ?@@ﬁl@f the wgter.dbe e 478150800t e
ike at the di sbak indishet cohtifiseteblichs 1960 & RSBBARIMLHEERNRARDS _ - 20

Figure 13A shows an external side view of one enbodi ment “of an i nsertion

device 1300 f daturaily, thoseiskilledinshe agh\vmnprpcfat@hnsed arpthis disclosare thet seen, the
i nserter 1300 ot al#%i'n%a

cannul ation 12 [ rﬁ"@%1 rgascarﬁetgi% en £o l}f}@&%ﬁ&&%l@%ﬂf{he

di anet er of t herindipled fithe dénicd. dAtidhe #s@bd:nde:ifyhemthehbretsnrhedcd anmet er of

t he parti al (o} | twee 1300
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inserter. To pbﬂthbddeaﬂm}samslemfabewmchlﬁmyBeSmpmﬂédwithansdiilaft 1305 of
t he i nstrunent,conpri Ses i ons 1320 .and 1330 of i ncr in i a ters.
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destroyl ng the operatlve O§r| nci ples of the device. At the distal end of

the inserter, FafETISHORS. pefesuture fngded en thesutuigspesr 1290 ispratested end 1341.
| n one’ enbodi Mgsvhin thd SutliYeSrdtve 8240 thd Hsertion of the suture spear firmly seats the

suture within the recipient’s bone, as disclosed for other embodiments of the

suture spear disclosed herein.

Figure 13B shows a cross-sectional side view of the insertion device 1300 shown
in figure 13A along section line A-A. In this embodiment of the insertion device
1300, within the handle 1340°, there is disposed a means for cushioning,
integrating or otherwise averaging an impact applied to surface 1341°. In the
embodiment diagrammed in figure 13B, there is provided a dampening means in
the form of a spring 1342, which rides at the head of a piston 1343 attached to the
head 1344 of the shaft 1305. The piston 1343 slidably rides within a cylindrical
housing which forms the handle 1340°. Upon impaction of the surface 1341°, the
impact energy is absorbed by the spring 1342 which then conveys the energy to
the piston 1343 to drive in a significantly more smooth fashion the penetration of
the suture spear 1200 into a recipient’s bone. (See figure 15). In an alternative to
this embodiment, the insertion device 1300 is a push impactor, with a mechanism

such as is known in the art for such a device, such that upon application of a



of the handle 1340 is a flush surface which may be inpacted with a nmallet,
hammer or like inpeller neans. In this manner, a suture spear 1200 | oaded
on the tip 1310 of the inserter 1300 maybe induced to perforate the
cortical wot/oe83 of a recipient's bone. Since a suture PORUING20293t he
suture spear 1200 is protected w thin fjhe suture groove 1240 the insertion’
of the suture spear firmy seats the suture within the recipient's bone,

as di scl osed §oky @8rbelo (RERAMTIAD S QmprdiSive Bt StorddSRithifl iRGHanaed herein.
Fi gure 13B shows™ a cross-sectional side view of the insertion device 1300
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the suture spear 1200 into a_recipient's bone. (See figure 15). In an
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Figure 14 shows the suture spear 1200 of figure 12A mounted on the tip 1310 of
the insertion device 1300 of figure 13A, with a suture 1400 mounted thereon and a
retainer sleeve 1410 mounted on the shaft of the insertion device, over the suture.
As can be seen, the suture 1400 is placed within the groove 1240 of the suture
spear 1200 and is retained within the tip 1210 of the suture spear, inside a
preferred depression 1241, if present. The retainer sleeve 1410 is preferably
mounted over the suture spear 1200 and the suture 1400 mounted on the tip 1310
of the inserter 1300. The suture 1400 is thus maintained in a taught condition as
shown by suture outline 1400°, and held by the surgeon holding the handie 1340.
Subsequent to insertion of the suture spear 1200 into the implant site, the suture is
allowed to slide free from the retainer sleeve 1410 and the inserter 1300 is
removed from the suture spear. A further optional feature of the retainer sleeve,
which may be made from clear, sterile plastic, metal or any other sterile material,
is the positioning of the proximal end 1415 of the retainer sleeve 1410 such that

upon impaction of the inserter device 1300, the proximal end 1415 of the retainer



mnimze the force required for the suture spear 1200 to penetrate a
recipient's bone, preferably an inplant hole is first drilled, fashioned
with an awl, spike or the like. Preferably, the hole has a dianeter

smal | er t hamoohesdsar gest di ameter of the head 1210 of thePCEUSPM029Pear
1200. In this fashion, upon. penetration of; the suture spear into the
recipient's bone, a tight fit occurs without splitting the recipient's
bone. In additi V. I I : ear 1200
into the reci pisgér%ﬁ %‘i oa(n?%ssgfg s? sgvfgsag?igg%%%g?%ﬁg%cﬁ?nﬁ??gg%iﬁggﬁgﬁt he
suture spear iexceshpenetptiomof the suture Bpean120010r thérimaertear A30G ut ur e spear 1200 of
figure 12A nounted on the tip 1310 of the insertion device 1300 of figure
13A, with a suture 1400 nounted thereon and a retainer sleeve 1410 nounted
on the shaft ofH4virgg gensmally deseribeihizdnvention with eespetdt s the mefisodoafimdkingseen, t he
suture 1400 is pl.aced within the groove 1240 of..th ut ur spear, 1200 and
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nmount ed over the suture spear_ 1200 and the suture 1400 nounted on the tip
1310 of the i riBeelgias, ambmuivaieatssharepfewhich gre appended berstont ai ned in a t aught
condition as shown by suture outline 1400', and held by the surgeon

hol di ng the handl e 1340. Subsequent to insertion of the suture spear 1200
into the inplant site, the suture is EXAMRIES:to slide free fromthe

retai ner sleeve 1410 and the inserter 1300 is renoved fromthe suture
spear. A further optional feature of the retainer sleeve, which my be
made from cl ealEXAMPLE|le plastic, nmetal or any other sterile material, is
the positioning of.the proxinmal end. 1415 0 t ai.ner sleeve 1410 such
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Results - Rotator Cuff

All anchors were successfully inserted in the rotator cuff location. However, one

of the anchors failed during insertion. This unsuccessful insertion attempt was
attributed to the instability of the femur while impact loads were being applied. In
order to insert an anchor in the simulated rotator cuff location in a pig femur. It
required an average of 22 hits (Range: 7-49) between 52—1000+ Ibf of impact on
the inserter. All anchors recorded pullout loads above 112.5N. However, three
anchors were noted to pullout below 112.5N. All three of these anchors were in
the same pig femur which upon closer examination revealed poor quality low
density cancellous bone. Two of the anchors were reinstalled in a different
location and recorded pullout loads well above 112.5N. Excluding the data points
below 112.5N, the average pullout loads were 174N (Range 116-225N, n=17).
Many of the anchors failed by pullout and appeared intact, however several were
observed after pullout to have broken midshaft. In addition, failure also occurred
by the spiderwire failing at the knot or untieing. This occurred well above
112.5N.



EXAMPLES: EXAMPLE 1 Insertional |oading and test results of RTI G ooved
i nternal drive suture spear Forty-two suture spears fromfromthree

di fferent donors were manufactured to the specifications as described in
Fi gure 13¥ooiltsessanchors were | yophil zed and tested for BOTAIS00/20398 and

pul lout in the glenoid rimand rotator,cuff locations. SpiderWre with
60l bs of tensile strength was utilized instead of netallic cable for

pul | out testj T -!%F?,pd 2 describe the results fromall of the tests.
Results - ROPE%(W ﬁ%’?g anchors were successfully inserted in the -
rotator cuff Alleochorowereisacoessfirlly inseeted bf the pleneid giolosation; Heowveyen i ng

I nsertion. TRiS Ucces | .in t] t | to the
instability g‘feetcﬁifef %ﬁﬁ?rg\%%lﬁfﬁi &" f%a‘%%%@é@gmv%&%ﬁ%%%%&é%%% . In order .
to insert anwaswdtGécurdlintthevise itwldtteil wapbeihgheld.uThe drsoedessul insertionpi g f enur .
It required an average of, 22 hits.(Range: 7-49). hetween 52-1000+ | bf of

i mpact on t%%?é??‘g‘? .“t%tP%H@éwﬁggﬁrfﬁaﬁr‘ﬁ%‘hWtﬁﬁﬁg?’eﬁ%ove' 112. 5N.
However, tNrg&ng A5plBAr F OMdro HB&rESh rthéitih kiimilaled Wlehoili 2k eatid int hr ee of

t hese anchors were in the sanme pig femur which uz)on cl oser exam nation

reveal ed poof Pigdampx it regyired anaverage ebdicits(Bapgehbrd) b T nchors were

reinstalled j ol t; C Ayt %r%mlsmbm%agqbép ads- wel | above
11 2.5N. Exc‘bgé?ﬁlgbﬁgﬁggt%seg%f??lgg bel ow 112. 5N, the a\lg%?dagee pul | out | oads
were 174N ( RR823% n¥1$). Masyof the amghors failed bygrullowand appesred intaet) Beyer pul | out
and appeared_in V. : t to have
br oken m ds hﬁ?ﬁﬁﬁ%ggwﬁgg&ﬁgﬁhuf’ eh\ag ggk%@ﬁ%%%ﬁ%g%lﬁerw re
failing at tjieo écsecatredby thetspidemwdre fAiling attbe kmat ecluntising. dhisascurtabwelN. WO

01/ 06933 PCTI.US 9 3. Results. - denoid R.m.All hors were
successful | y@"ﬁéﬁ%‘gﬁ' i;?nglﬂﬁ'oﬁ Zﬁgmh?ﬁsmﬁlggmﬁ?m%wg%ﬁ? three of the
anchors fail adepatelcktetianas attributed to the fact that the pig femur was

not secure in the vice in which it was being held. The unsuccessf ul
insertion attenpt was attributed to the instability of the femur while

i npact | oadSERAMPLE 2 |
Biomechanical Evaluation of a Novel Allograft Suture Anchor

The use of allograft bone has significantly expanded over the past few years as a
direct result of the development of precision processing technologies. For

- example, precision machined allograft dowels, interference screws, and pins have
recently been introduced into the surgical community. Other potential
applications are as a suture anchor, which secures a suture line into a bony
substrate. However, in order for these implants to be widely accepted, they must
be convenient for the user, successfully withstand insertion loading, and have high
resistance to pullout.
Freeze-drying is a common and convenient method for storage of allografts.
However, this process makes bone brittle and could impart unacceptable
consequences on products that are maintained in such a state. If these
mechanisms are understood, products may be properly designed in order to
overcome these deficiencies.
The objectives of this study are to describe a novel allograft suture anchor
composed entirely of freeze-dried cortical bone, as well as to present our results

on the biomechancs of insertion and its resistance to pullout.



being applied. In order to insert an anchor in the sinulated glenoid rim

| ocation in a pig fenmur. It required an average of 23 hits (Range: 7-57)
bet ween 52- 1000+ | bf of inmpact on the inserter. The average pul |l out | oads
was 189N ( F¥AQEe3B. 282N, n=18). Many of the anchors fail W%ut and
appeared intact, however several were olmerved afiter pullout to have
broken mdshaft. In addition, failure also occurred by the spiderwire
failing at the knot or untieing. This occurred well above 112.5N.

Concl usi on: The apchor i he rent design neet the acceptance
criteria. EXAVRLEIERIALSANDMEIHQDS | yation of.a Novel Allograft Suture
Anchor The use of allograft bone has significantly expanded over the past

few years as a _direct result of the devel opnent of precision processing
t echnol ogi es. K@rticabRenedrom thseedansrsgviaspaeurede mashineshinter 35 sbiwe pachors

interference sghg y%p&élﬁgcrl.p %g;{égﬂﬁé%on{ L8 Abhdt W26 fhnh&ﬁdyp&‘dg&danh@ia%eé he

surgi cal comunit applications are“as a suture anchor,
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site with specially designed instruments and a surgical mallet. The mallet was
equipped with a 10001bf-impact load cell (PCB Piezotronics Depey, NY) which
was attached to an oscilloscope to record the maximum impact load and the
number of hits to insert the anchor approximately 3mm below the surface of the
insertion site.

Pullout loads were determined on the MTS Bionix 858 servohydraulic mechanical
test apparatus. The porcine femur was pinned underneath a plate and the
Spiderwire™ looped around a hook and pulled parallel to the tunnel. Load applied
at the rate of 12.5mm/sec and the maximum load and type of failure recorded.

These methodologies were adapted from descriptions in the literature.

RESULTS AND DISCUSSION

All suture anchors were successfully implanted into the rotator cuff (n=17) and
glenoid rim (n=18) locations. Insertion requirements for the rotator cuff and
glenoid rim locations were an average of 22 hits (range: 7-49) and 23 hits (range:
7-57) respectively with the impact loads between 52 - 1,000+ Ibf. The pullout
loads were 174N (range: 116-225N) and 189N (range: 133 - 282N) for the rotator

cuff and glenoid rim location respectively.



into two different insertion sites: a glenoid rimlocation and rotator cuff
| ocation. SpiderWreTM (Johnson Worl| dwi de Associ ates, Inc; Stuartevant,

W) with a tensile strength of 240N was utilized in lieu of #2 suture (USP
tensil e swoengss 70N) so that the failure would occur DBCEHRINEN29Dul | out

rat her than suture breakage. The porcine fenoral head, which is
representative of a 50 year old male, was used for the inplantation of the
suture anchors. The intact fenoral head represented the glenoid rim '
| ocation while a trough cut into the fenoral head, which removed the
cortical bon&ONCEUGSIONS epresented the rotator cuff location. An aw

created a 3.0nmm hole for insertion of the anchor. The suture anchor was
inserted into the site with specially designed instrunents and a surgical -
mal | et. The ddlogmft sumse anchors ppy de dedigned withGoffisient stpength togueeedel | (PCB

Pi ezotronics. Depe whi ¢ hed. id | record
the maxi mum { & ﬂﬂ%%%*%ﬁ@”&ﬁgﬁgﬁﬂﬁ%%gggﬁgﬁ%?EEQ%%%%%%¥€§ e %%%hor

appr oxi mat el yo Sithetie hnehotshaad susll bbove thd USP strengtisefif2isaturssi t e. - Pul | out | oads
were determ ned on the MIS Bioni x 858 servohydraulic nmechanical test
apparatus. The porcine fenmur was pinned underneath a plate and the

Spi derwi reTM | ooped around a hook and pulled parallel to the tunnel. Load
applied at the rate of 12.5m sec and the nmaxi num | oad and type of failure
recorded. These nethodol ogi es were adapted from descriptions in the
literature. RESULTS AND DI SCUSSI ON Al l suture anchors were successfully
inplanted into the rotator cuff (n=17) and glenoid rim (n=18) | ocations.
Insertion requirenents for the rotator cuff and glenoid rimlocations were
an average of 22 hits (range: 7-49) and 23 hits (range: 7-57) respectively
with the inpact | oads between 52 - 1,000+ | bf. The pullout |oads were 174N
(range: 116-225N) and 189N (range: 133 - 282N) for the rotator cuff and
glenoid rimlocation respectively. WO 01/06933 PCTI US0020293 25
CONCLUSI ONS Al l ograft suture anchors may be designed with sufficient
strength to exceed insertional |oading requirenents as well as provide
pul | out resistance conparabl e



to synthetic anchors and well above the USP strength of #2 suture. WO
01106933 PCTI USOQ 20293 26 WHAT IS CLAIMED IS: | LLELEELE e "rrr v
Il 11l Ms 1. A cortical bone suture spear. 2. The suture_spear accordi ng
to claim1WMAPE ng a pointed head portion, a substanti BFFASWARGr | cal
body portion, and a first canal for receiging at least one suture

theret hrough. 3. The suture spear according to clai erei n sai d head
portion is subWHATISAIAIMBNIS:al , trocar shaped, Om&ﬂ”mmﬂm The
suture spear according to claim3 wherein said cyli 0 i on
conprises a second canal for receiving a second suture theret'f‘nrosugrf. 5.
The suture speqr acaQofticabbdne sGtur speat. Wherei n sai d second canal is
substantially oriented at ninety degrees to the orientation of said first
canal. 6. The suture spear according to claim2 wherein said cylindrical
body portion gonpri | Lo [ OB%- Lo Lt4 onal
retention meang' i n@ﬁﬂmfrg??nég?dcgh%ﬁakr%% clgcrt | cgllngggﬁgg%eagﬁgﬂggi%re
spear accor di ngnbstantalbi eylindmdabbasdyrpostidng amba fitsé chnhkfodrqseivinigan ldast one
substantially cqnical ..,8. The suture spear according to claim?7 wherein
sai d pointed h%‘%ﬁeg%rr t|h1§c3§)r111,gh’ said cylindrical portion or both, has an
external feature inscribed therein in the formof a helical screwthread,

and wherein said bo ortion has neans f.or, appl.ying, torque for

i nsertion of said h'g?:‘?g’élfremwcf’ﬁ%tﬂcgﬂmizrm ‘ﬁgﬂxhﬁ%&"ﬁ‘ S thereof. 9.
The suture spegibspfigallyionftal, @osdr Shdped, obReIILE Shapad d poi nted head portion has
external features inscribed therein in the formof a first thread and a

second thread, wherein said first and said second threads are

iﬂugétT?Btsi)glllz)é B a'ngﬁé sut¥ speht dckdrtiing th claim!3! Widreih bdil byliddarichildoayO 01/ 06933 ¢

portion comprises a second canal for receiving a second suture therethrough.

5. The suture spear according to claim 4 wherein said second canal is

substantially oriented at ninety degrees to the orientation of said first canal.

6. The suture spear according to claim 2 wherein said cylindrical body
portion comprises, in addition to said head portion, an additional retention means -

in the form of a barb of cortical bone.

7. The suture spear according to claim 2 wherein said pointed head portion is
substantially conical.
8. The suture spear according to claim 7 wherein said pointed head portion,

said cylindrical portion or both, has an external feature inscribed therein in the
form of a helical screw thread, and wherein said body portion has a means for
applying torque for insertion of said helical screw thread or impaction insertion
thereof.

9. The suture spear according to claim 7 wherein said pointed head portion has
external features inscribed therein in the form of a first thread and a second

thread, wherein said first and said second threads are substantially parallel, but



wherein said first thread h rent dianeter than said second thread
at any specific poi n @m[ji ted head portion, and wherein said
body portion has a g torque or inpaction for insertion of
said helwoal/063y ew thr ead “10. The suture spear accor di ME/Us02e293 m 7
wherein said pointed head portion has sgexternal features inscribed therein
inthe formof a first thread and a second thread, wherein said first and
sai d second thraadg, F&@ﬁ&wﬁﬁéﬁ%&ahif%raﬁaﬁ}deﬁkmaﬁ%ds%hdqﬁeam%se with each
ot her by approxinmately one half turn, and wherein the axes about which ° .
said first threcayspesificpein aloagsaid pointedcisad pertion, and whersingaidbodsier  si de of

th tral di t
e oo, gl g o iy bR pgcor o o o

deni neral i zed. htBcal 3¢trewshread. e spear according to claim3 wher ein a portion
of said substantially conical suture spear head portion is partially

dem neralized at the largest dianmeter circunference of said conical head
portion. 13.1§. Pﬁe%u&wspearaeafrdmgwsldﬂmgwmeml saidmoalw&maepmnmastl on of

said substantially —conical suture spear head rtion . s parti
deni neral i zed teXterns FRAGITSS IARGE - BEReroR %Qﬁggﬁf%?ﬂtangg&%‘ém f said

coni cal head pQflehPhertth sa@ﬁrsﬁa{d%ﬂé&ﬁﬁ&m@&&muwaﬁtﬁuglpaiamwaherel n

said suture spear I's between about 5 and about 20 mm | on 15. The suture
spear accor di neut of phiass with eachiether by apnsoximately one half aup, and WhergR®s about 8
and about 15 MALOfRut dich FAP SRR oAR EAE @6 Srahfatk bt i iher el 1
sai d suture spear coni cal ad portion tapers to a point froma nmaxi mnum
di anet er of betsideadf ttelwontral xinef the sutibogpeari0 mm WO 01/06933 C L M S

PCT/ US00/ 20293 28 17. The suture spear according to claim 16 wherein said
suture spear conical head portion tapers to a point froma maxi num

di anet er of bﬁrmeeﬂtuﬁdmpaaraac&dmgtoﬂmwhmﬂlarpurﬁnnthemﬁisgamiailyor about 5

mm 18. The suture Seﬁ’ acc re%' ng to claim1 wherein the |ongitudinal axis
of said complet emmera

12. The suture spear according to claim 3 wherein a portion of said substantially
conical suture spear head portion is partially demineralized at the largest

-diameter circumference of said conical head portion.

13. The suture spear according to claim 3 wherein a portion of said substantially
conical suture spear head portion is partially demineralized to form a hinge

portion between adjacent sides of said conical head portion.

14. The suture spear according to claim 2 wherein said suture spear is between

about 5 and about 20 mm long.

15. The suture spear according to claim 14 wherein said suture spear is between

about 8 and about 15 mm long.

16. The suture spear according to claim 2 wherein said suture spear conical head
portion tapers to a point from a maximum diameter of between about 1 mm to

about 10 mm.



suture spear correspon

which said suture speﬁnmgllh@u“% 9. The suture spear according to
claim1 wherein said s S eeze- dried. 20. The suture spear
accordi ng tWOewes3 10 wherein said partially or conpl et el yPCHERRE39| | zed
portion of said suture spear has suture hgles forned therein for threading
of sutures therethrough. 21. The suture spear according to claim2 wherein
said cylindricah, ﬁ%js\(mﬂ%ﬁe'at)&coﬁdﬁfg%Gﬁhﬁ%'w‘he&irfiﬁd‘ﬁﬁure%ﬁearl&ﬁcaﬁ%ﬂr e spear
according to claim 21 wherein said flange conprises a barb. 23. The suture
spear accordi ng tROTEIIHIARGTS tampqies fFom ameximym dametas of befweemahoihi-P My  oval
in shape. 24. Th et 1 1l aim4 wherein said second
canal is substaﬁ??‘g{#y OV%‘?QP(;}&?E%%S{)&%&?#H% suture spear according to
claiml1l wherein said suture spear conprises at |east one suture-receivVving
canal running et hrough wherein sajd at .l eas ne. suture-recaiving
canal has a tr ?%&ugﬁﬁg’eﬁ%ﬁcﬂ IW?awngk{eﬁeénBﬁﬁ?ﬂ%t&a@ﬁgﬂ&Of% e suture
spear whi ch t apersunirespdatcdrtdsponds fohé Ringitiidifal @¥isiof 8 sbied baRfiondWwhizh t he

sut ure spear, thﬂéE{ornin a, chapnel within which a suture strand slidably
rides and is prot %ﬂ“ﬁﬂg?ﬁ§ﬂm¥ '‘ng by bone upon insertion. 1111111
FErerr treer rerer rr 1l W 01/06933 M S * PCT/ USOO 20293 29  26. The
suture spear according to claim23 wherein the Iong axis of the oval canal
corresponds wi fifi- Thesufusegpeasacsordingitp glaim d (hereimeaid sutorg spear pefrefder of fi xi ng
tissue to bone mhh&ﬁ_conprises suturing said tissue to a cortical bone
suture spear. 28. e nethod according to claim27 wherein said suture
spear conprises a pointed head portion, a substantially cylindrical body

portion, and a,fif,st _canal _for .receiving,a,suture. therethrou 29. The

ot hod aceor di AY 15 BIE fheger s ol do Ropte e iy Sphiss
demineralized portion of said suture spear has suture holes formed therein for
threading of sutures therethrough.

dei nal ‘axis of a source bone from

21. The suture spear according to claim 2 wherein said cylindrical body portion

terminates in a flange.
22. The suture spear according to claim 21 wherein said flange comprises a barb.

23. The suture spear according to claim 2 wherein said first canal is substantially

oval in shape.

24. The suture spear according to claim 4 wherein said second canal is

substantially oval in shape.

25. The suture spear according to claim 1 wherein said suture spear comprises at
least one suture-receiving canal running therethrough wherein said at least one
suture-receiving canal has a trailing edge facing away from the pointed end of
the suture spear which tapers to the full diameter of a cylindrical portion of the
suture spear, thus forming a channel within which a suture strand slidably

rides and is protected against fraying by bone upon insertion.



conprises a term nal way from sard pointed head portion which is
partially or conpl etHiﬂﬂ{jﬁ Humuﬁm and t hrough which sutures are

t hreaded. 30. The ne oAl ig claim?29 wherein said cylindrical
body portWOR10&33prises a term nal end away from sai d poParasdednsze3 porti on
in the formof a flange, which grips tjssue through which said pointed
head portion passes while being inplanted into recipient bone. 31. A

met hod of nekigNGhesutitt dpéir 30BRINNY HImPBWicksi fhe IGHRBN dftfe Gvad GFIENt O
cortical bone, machining the cortical bone to form'salid suture spear
conpri sing a potairespongs Hdthike long axis of thaseturerspean) | y cyl i ndrical body
portion, ‘and a first canal for receiving a suture therethrough. 32. A
device for inplanting a cortical bone suture spear which conprises an

i npact  handl2%. Aonethat efdixing tEssedhftionbwhich cgmprises anterifigsaid tissae ti g a
cortical bone sutur r therein at the end of said shaft opposite said
| npact handl e, %’ﬁ]rléf?azlbﬁﬁegsgzlﬁie%% 't is slidably nounted wthin an external
t ubul ar housing to which said inpact handle is adjustably nounted, such

t hat upon i ctjon of said.inpact ndle with a cortical bone suture
spear nount ﬁﬁmﬁwﬂggﬁﬁﬁoﬂéﬁgﬁm Eein %s‘ﬁ‘HﬁfP%"_chHHAﬁeﬁé_t a _

reci pi ent's bonginedhéhdGtdns 8 kubldagalfe ﬁ&icipﬁ‘&fir Fo?tidn[‘ﬁﬁ?i ffdt &b0 sai d
recipient's bone. .111111211111212111ji 111111111 *CL S W 01 /06933
PCT/ US00/ 20293 fogpeeeiymg amyiure thergthroughear according to claim 1 having a

rounded head. 34. The suture spear according to claim 33 prepared from

cortical bone on a CNC lathe. 35. The suture spear according to claim1l
conpri si ng a2Polirtuethebansorsing toslaim @8 wherein sait ¢ylindricad bedseportion t i on and a
groove inscribegd in. sal el [e. ccording to
claim 35 mherei%n{jgﬁs%a%{réggj\&/@%@aa%gygy %%@oiy}%ieﬁegbgogglﬁ%&?%a@ portion and
proceeds ant er i partiallytopwemgletelyidaninerabzeddnd tmouphoviictpahthyes dre direadadhd down
anot her side of said suture spear. 37. The suture spear according to claim
35 wherein said groove is of a depth and width

30. The method according to claim 29 wherein said cylindrical body portion

comprises a terminal end away from said pointed head portion in the form of a
flange, which grips tissue through which said pointed head portion passes

while being implanted into recipient bone.

31. A method of making a suture spear which comprises harvesting a segment of
cortical bone, machining the cortical bone to form said suture spear
comprising a pointed head portion, a substantially cylindrical body portion,

and a first canal for receiving a suture therethrough.

32. A device for implanting a cortical bone suture spear which comprises an impact
handle connected to a shaft bearing a means for receiving a cortical bone suture
spear therein at the end of said shaft opposite said impact handle, wherein said shaft
is slidably mounted within an external tubular housing to which said impact handle
is adjustably mounted, such that upon impaction of said impact handle with a
cortical bone suture spear mounted within said receiving means, and abutted
against a recipient’s bone, said cortical bone suture spear is impacted into said

recipient’s bone.



to accommodate a sutur spear according to claim37 wherein
sai d groove i s deeper Iﬁ’u E ﬂi! ﬂfead portion than other portions of
said suture spear. 397 according to claim 38 wherein said

groove i s "W@PHNE3 at the apex of said rounded head porti ®GT{USE020393 ot her
| ocations al ong said groove. 40. The sutuge spear according to claim!l
wherein said suture spear is partially or fully <cannulated. 41. The suture

spear accordi ngs.tﬁe%hﬁ&é@p%dméﬁir&tééiaﬁn‘i(?xlabiﬁ aRGde@RedsS Smaller in
di-aneter than the rear portion or rounded head portion, or both. 42. The

suture spear according to claim1l wherein said suture spear conprises one

o1 ore thr ough AIANE Sear ool Lafn 590 BT el Hha 51 SERES 110 2

reci pient's bonhe conprisin i rst end-and a second end; a
tip for engagi ng lsthed suture spear, said tip ~I11I1l]~~~~~~ FTTEINEETLET] ~
2 WD 01/06933 CL MPCT/USOCO 20 93 31 being inrigid attachnment to said
first end of said shaft; and a handle, said handle being attached to said

second end of 8fiTheshaké spedriaccdrdingdeviaif 1 bmphigihsh fmdbEh&idpoftiindlcallat ur e
spear is partially or fully cannulated and _said tip is inserted into said
cannul ation. 45. PPHION, & P5aE Rorgipn anda srogve seihed in said SUWREBSAE conpri ses a
housi ng that encloses a slideable piston, said piston conprising a first
end that is in contact with a danpening neans and a second end that is
attached to sad@ Thesotwe weer astordmgdo cloimaB$ whagin seibgrdevd statsat ond sidew 3,

wherein said han i [ vi din sh i ct.or...such
that a upon appl %%@{?%{?Bét*oﬁga?ng§1§&@é§d§%8{re§8ﬂ§go‘%%a5€an %Vﬂea Fég%f mémd ofﬁ?ggfsfme
force i s stored wnddownahahéranttof sad dytusespaarpr edet ermi ned | oad, is

rel eased to deliver a known, returned force to said shaft. 47. A nethod of
fixing an object to bone conprising inserting into said bone a suture

spear hel d in 3nMhasttuyd spbarcicording MPEIRING 85 Wherzin saitierabvedis b #@epiinind widtHr €

to said object.
to accommodate a suture.

38. The suture spear according to claim 37 wherein said groove is deeper at the

rounded head portion than other portions of said suture spear.

39. The suture spear according to claim 38 wherein said groove is narrower at the apex

of said rounded head portion than at other locations along said groove.

40. The suture spear according to claim 1 wherein said suture spear is partially or fully

cannulated.

41. The suture spear according to claim 1 wherein said collar portion is smaller in

diameter than the rear portion or rounded head portion, or both.

42. The suture spear according to claim 1 wherein said suture spear comprises one or

more through channels.

43. A device for inserting a suture spear into a recipient’s bone comprising a shaft

having a first end and a second end; a tip for engaging said suture spear, said tip



48. The nethod of elatm47whereinm said object is tissue. 49. The nethod of
claim47 further co “mmﬁmn I npl ant hole in said bone for
receiving said sutur mu , darmage to the surroundi ng bone at the
i nserti orweiol/e6%% decfeased. M ¢ ¥ PCT/US00/20293
31
being in rigid attachment to said first end of said shaft; and a handle, said handle
being attached to said second end of said shaft.

44, The device of claim 43 wherein said suture spear is partially or fully cannulated and

said tip is inserted into said cannulation.

45. The device of claim 43 wherein said handle comprises a housing that encloses a
slideable piston, said piston comprising a first end that is in contact with a
dampening means and a second end that is attached to said second end of said

shaft.

46. The device of claim 43, wherein said handle comprises a means for providing a
push impactor, such that a upon application of steady a force to said handle, a
compressive force is stored within the handle and, at a predetermined load, is

released to deliver a known, returned force to said shaft.

47. A method of fixing an object to bone comprising inserting into said bone a suture

spear held in contact with one or more sutures, and attaching said suture to said

object.
48. The method of claim 47 wherein said object is tissue.

49. The method of claim 47 further comprising forming an implant hole in said bone
for receiving said suture spear, whereby damage to the surrounding bone at the

insertion site is decreased.



