Bone Cenent Delivery Systens and Related Kits and Met hods TECHNI CAL FI ELD
This disclosure relates to bone cenent delivery systens and related kits
and met hoae.20 BAGKIGROUND Bone cenents, such as cal ci um pirosalsatie/ob@sed bone
cements, can be used during certain nedical treatnments to help repair

and/ or reconstruct bone (e.g., fractured bone). The ability of certain bone
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form a bone c&heniiscasteseclafhieo bomecenamedtlivpassstanamntivelatedéitdehd vered via a
needl e to treatnment site (e.g., a fracture site) to help repair and/or
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To prepare bone cements, such as calcium phosphate based bone cements, a

powdery substance is generally combined with a liquid, and the resultant combination is
mixed together to form a bone cement paste. The bone cement paste can then be
delivered via a needle to a treatment site (e.g., a fracture site) to help repair and/or

15 reconstruct the bone,

SUMMARY
In one aspect of the invention, a bone cement delivery system includes an outer
cannula including an elongate tubular member defining a bore extending from a proximal
end of the elongate tubular member to a distal end of the elongate tubular member. The
20 bone cement delivery system also includes a stylet configured to be removably positioned
at least partially within the bore of the elongate tubular member. The bone cement
delivery system is configured so that the outer cannula and the stylet can be
percutaneously inserted into a femoral neck of a patient.
In another aspect of the invention, a bone cement mixing and delivery kit includes
25 a bone cement mixing system and a bone cement delivery system. The bone cement
delivery system includes an outer cannula including an elongate tubular member defining
a bore extending from a proximal end of the elongate tubular member to a distal end of

the elongate tubular member. The bone cement delivery system also includes a stylet
l



t he el ongate tubul ar nenber. The bone cenent delivery system al so includes
a styletconfigured to be renovably positioned at |east partially within the
bore of tweeloomgase tubul ar nenber. The bone cenent delPCTArSgo9psdIem i s
configured so that the outer cannula and the stylet can be percutaneously
inserted into a fenoral neck of a patient. In an additional aspect of the

i nvention, a bone cenent delivery nethod includes inserting a portion of a

bone cenent. delivery device into ral.. neck .of .a.femur,of a patient and
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foll ow ng advantages. I n sone enbodi nents, the elongate tubular nenber of

t he out ernEEARIY CAASe aprcBapetusty iasrstedintor fametn neck0Y4 naHER: t o about 0. 096
i nch, and the : : . of .nner

di amet er of aIﬁ%fﬂga%gf}#ﬁ%hﬁggﬂiﬁgﬁﬁu)f%%gﬁﬁﬁ%ﬁﬁEFﬁﬁggﬁ%@gB anggﬁts, t he
el ordgat einsertiuk arponenmoeia mhetcheentutetiveryalenick intb aderaotabngikhofaffe@boof a si X
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end regi gin&f dbiderstydigh. extends distally beyond the distal end of the

el ongate nenber. |n sone enbodi nents, the distal end region of the stylet
has a sharp tEmbodimentmenendiodt ensrmirgnore béthsdnkowiegrdvandedesvery syst em

further includes a handle attachabl he outer_.cannula. In sone
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Protein-2 (rhBMP-2)) that can be reconstituted with sterile water. The
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t he sol ulehgth of mboattsheinchal and then inject the solution into the bone

cement m xing, system In sone, enbodinents, the bone cement m xi ng and
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extends distally beyond the distal end of the elongate member.
In some embodiments, the distal end region of the stylet has a sharp tip.
In some embodiments, the bone cement delivery system further includes a handle
attachable to the outer cannula.

20 In some embodiments, the bone cement mixing and delivery kit further includes a
vial of lyophilized protein (e.g., recombinant human Bone Morphogenetic Protein-2
(rhBMP-2)) that can be reconstituted with sterile water. The resulting solution can then
be injected into the bone cement mixing system to prepare a bone cement paste.

In some embodiments, the bone cement mixing and delivery kit further includes a

25 syringe that can be used to withdraw the solution from the vial and then inject the
solution into the bone cement mixing system.

In some embodiments, the bone cement mixing and delivery kit includes at least
two stylets configured to be removably positioned at least partially within the bore of the
clongate tubular member. One of the stylets has a sharp distal end and another of the

30 stylets has a blunt distal end.



el ongate tubul ar nmenber. One of the stylets has a sharp distal end and

anot her of the stylets has a blunt distal end.In sone enbodi nents, the
porti on oVothw/tosm1e cenent delivery systemis percut ane®@dsius2émsesdted i nto
the fenoral neck of the patient. In sone enbodi nents, the portion of the
bone cenment delivery device that is inserted into the fenoral neck includes
a distal end region of a cannula. In sone enbodi nents, the portion of the

bone cenent livery.,device that i.s ipserted into . the f raI neck further
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In sone enbodinents, injecting the bone cenent paste into the fenoral neck

i ncl udes conrﬂe(sbm@rréméynmbtg@ dispaltend of ghersitlet extade gistadlyibegondedisiat i nge to
drive bon lgi %%Errent aste through a bore forned in the cannula. In sone
enbodi neff's “ﬂ@f‘hod further includes renoving a stylet fromthe bore

fonged in thenGamewhdoRmdits, i GoanaEtdrmie dthet S¥hapge to the cannula. In
sone enbodi ments, the bone cenent deli very system conprises an outer

cannul a corrprIiﬂ§pmg egpodinggigatle distplangdrof shilet @dlynii ng a bore ext endi ng
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el ongate tubular mnme renova at | east
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15 member configured to contact a handle of the cannula to substantially prevent the stylet
from rotating relative to the cannula in at least a first rotational direction.

In some embodiments, injecting the bone cement paste into the femoral neck
includes connecting a syringe to the cannula and operating the syringe to drive bone
cement paste through a bore formed in the cannula.

20 In some embodiments, the method further includes removing a stylet from the
bore formed in the cannula prior to connecting the syringe to the cannula.

In some embodiments, the bone cement delivery system comprises an outer
cannula comprising an elongate tubular member defining a bore extending from a
proximal end of the elongate tubular member to a distal end of the elongate tubular

25 member, and a first stylet removably positioned at least partially within the bore of the
elongate tubular member.

In some embodiments, the bone cement delivery method further includes, after
passing a distal end of the first stylet through a cortex of the femur of the patient,
removing the first stylet from the bore and inserting a second stylet into the bore.

30 In some embodiments, the distal end of the first stylet is sharp, and the distal end

of the second stylet is blunt.



passing a distal end of the first stylet through a cortex of the fenur of
the patient, renmoving the first stylet fromthe bore and inserting a second
stylet i nwo2oteelobose. | n sone enbodi nents, the distal emdrafS2alom2diy st
stylet is sharp, and the distal end of the second stylet is blunt.In sone
enbodi nents, the nmethod further includes fixing the first stylet relative
to the outer cannula. In sonme enbodi nents, fixing the first stylet relative

to the outer cannul a | udes, axi al l.y. fixi.n h .ative to
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In somne enbod[rf’rﬁmﬁeScm}deHmBm@J fedhg o f&xﬁwﬁdsrefanomcathhand:lr eamniuld foethaut er
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enbodi meHckides fixingghg figst FtiY‘rCéfd%‘t"flt%fher%llt%&C?w f 8 AASSHLRTOHRAMUI a i ncl udes
rotatinggt. QﬁlblrSt stylet relative to the outer cannula to position
projections of a |ocking nenber of the first stylet under nenbers extending
from a handl eImefomermnlnmhmﬁnts,aﬁrmug the first %)dﬁterebtmodl thre oty carimeld ioclkilesg nenber

is a U shaped d ing fro ha of .the first stylet, and the
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SOMng enb%inﬁﬁé‘h&erézliﬁu&r\@ﬂtlﬁﬁtalsm%eﬁﬁéﬂ%ﬁ%fh@étrs@ﬂ’etupper surfaces. In sone
enbodi ments, the elongate tubul ar menber of the outer cannul a has an outer
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bone cenent paste includes calcium phosphate matrix . . .
rotating the first stylet relative to the outer cannula to position projections of a locking

15 member of the first stylet under members extending from a handle of the outer cannula.

In some embodiments, the locking member is a U-shaped member extending from
a handle of the first stylet, and the projections extend laterally from opposing sides of the
U-shaped member.

In some embodiments, the projections have contoured upper surfaces.

20 In some embodiments, the elongate tubular member of the outer cannula has an
outer diameter of about 0.094 inch to about 0.096 inch, and the elongate tubular member
of the outer cannula has an inner diameter of about 0.075 inch to about 0.079 inch.

In some embodiments, the elongate tubular member of the outer cannula has a
length of about six inches.

25 In some embodiments, the bone cement paste includes calcium phosphate matrix
(CPM) and recombinant human Bone Morphogenetic Protein-2 (rhBMP-2).

In some embodiments, the bone cement paste is injected into a portion of the
femoral neck that is not fractured.

In some embodiments, the bone cement paste increases the bone mass of the

30 femoral neck after a period of time.



(CPM and reconbi nant human Bone Morphogenetic Protein-2 (rhBMP-2). In sone
enbodi nents, the bone cenent paste is injected into a portion of the
fenmoral rwokotomasoi8s not fractured. In sonme enbodi nent s PCThuS26100269¢EMENT
paste increases the bone mass of the fenoral neck after a period of
time. O her aspects, features, and advantages will be apparent fromthe
description and drawi ngs, and fromthe clains. DESCRI PTI ON OF DRAW NGS Fi g.
1 is a perspegtive view.of a disassenbl ed..bone ce t li.very.system Fig.
2 15 a per spedtiddstieB o i SRR B e TSR Py B ST E ™ o o
assenbl edragonds, gt fibinQhe cleings. 3 1S a perspective, top view of a
sharp-tipped stylet of the bone cenent delivery systemof Figs. 1 and 2.
Fig. 4 is a perspective, bottomview of the sharp-tipped stylet of the bone

cenent delivery system of BESCRIPEHON OF PRAWBNGS a perspective view of a
blunt-tipped stylet that can be used interchangeably with the sharp-tipped

stylet in theFifohds ¢Bereprctiverieyedlys disasankled bamegement dgliyeny systegl: 6 is a
per spective View, L X i idd.us es the
bon§ cenent dgf‘%'\“/gsf'r?/g %@@%ﬁ?ﬂgg@gfé@ %g(%&gcr?g%g{ %elvﬁg, sgfrsltterznoééiéu]i(.:lg'ol1t |{nn o the

f emur boawembled cpafigieadon. Fi gs. 8A-8E are di agrammati cal views of various

stages of use_of _the bone cenent. delfj very system of Fi gtg) 1 and 2 to inject
bone cement phi & 1§ HPYSRIHVE-dnRivicyrota shatriamned spilg of hakong com&R! vi ew of a

bone cengilveR} jsheh &Mdodgl dvery kit. Fig. 10 is a perspective view of
anot her di sassenbl ed bgne cenent delivery system Fig. 11 is a perspective

view of the bBigefi d:samp@‘spastéw,\bettymsyw efrthefshipetippt0 siyﬁﬁtaﬁtms}mgnbbremt
(S:ﬁg]:olpgtllr g%@%pgiygfeﬁféﬂﬁéi~ﬂga%8§ﬁe' | lustrate a process of securing a
Fig. 5 is a perspective view of a blunt-tipped stylet that can be used
interchangeably with the sharp-tipped stylet in the bone cement delivery system of Figs. 1
and 2.
Fig. 6 is a perspective view of a bone cement mixing system.
15 Fig. 7 illustrates the bone cement delivery system of Figs. 1 and 2 being
introduced into the femur bone of a patient.
Figs. 8A-8E are diagrammatical views of various stages of use of the bone cement
delivery system of Figs. 1 and 2 to inject bone cement paste into the femur of a patient.
Fig. 9 is a plan view of a bone cement mixing and delivery kit.
20 Fig. 10 is a perspective view of another disassembled bone cement delivery
system. |
Fig. 11 is a perspective view of the bone cement delivery system of Fig. 10 in an
assembled configuration.
Figs. 12 and 13 illustrate a process of securing a sharp-tipped stylet of the bone
25 cement delivery system of Figs. 10 and 11 to an outer cannula of the bone cement
delivery system of Figs. 10 and 11.
Fig. 14 is a perspective view of a blunt-tipped stylet that can be used
interchangeably with the sharp-tipped stylet in the bone cement delivery system of Figs.
10 and 11.



cenent delivery systemof Figs. 10 and 11 to an outer cannula of the bone
cenent delivery systemof Figs. 10 and 11. Fig. 14 is a perspective view of
a bl unt - twppet/®wsoaBet that can be used interchangeabl y wCrhiseé1e/026919
sharp-tipped stylet in the bone cenent delivery systemof Figs. 10 and

11. DETAI LED DESCRIPTION Fig. | is a perspective view of a bone cenent
delivery system 100 in a disassenbled state, and Fig. 2 is a perspective

vieM/of t he bope cement delipﬁg%gi%ﬁiﬁﬁb%gﬁpgq assenbl ed st ate.

Referring to Figs. 1 and 2, one cefen very system 100 i ncl udes an

out er cannul aFif2,is apbapettiee L4 dthaboreasmber detivedsablkeyn BlGtiaahed to the
outer cannula 102, and a_sharp-tipped stylet 106 that fits within the outer
cannul a $0gssemhied stte ang Eighdlina elm%wwtf@sofaf iéoga%?geenf GeieRY SYtEHber 110

for med 0 (HnSAn %Qé}n%@g& Incﬁaﬂgko Eggel %erthéib éehtv sﬁem ar

menber out a . 096 i d the i’n di anet er
is aboutIQOBﬁﬁwbmmmombrammuh1@797&nﬁhcﬁmwmwamhmbméamwhbnﬁecwﬁi@tus about

six inches in le bgre 112 exten h,t t ubul ar 110,
froma pPWfTﬁﬁWu@%ght@éh agfapp%%%w%ﬁfaﬁﬁﬁ fﬁ%%WQ ﬁB@FuﬁTHFE#ﬁe bore 112
has a di amet erp@huR@POAHul: 1@3511@19&4@ 40 g?alagytubgla%%nawhm forfledbalalti p 114 of
the tubul ar nenber 110 is tapered such at the wall thickness at the

di st al tB@4 tainless stetle Theonisademetetif she @b@ﬂé@e@bﬁrahld)eiﬁ@mut@aﬁ%riéﬁpwt o gui de
the dist ab utt Q%Q%l}lf'clhgffu&pm ntmetr§ al%?regt]e.rﬁﬁ. t&l‘)gS lnChQH%QOQngng‘l Of" er tissue

during ud er YA “he “out et '¢annul a also i ncl udes

a nmol dedtdb@]ay ARImber 110 fs dbgutlslﬁnichéé milﬁlg,@lﬁ t Adided] 120exderfls ool themebulagi on of
t he tubul ar nmenber. 110. The nolded fitting 116 can, for exang%e be nol ded
onto t hemsdgr il fiopya peyiai <o te pistalisad af thedwesr merobaidilAg Thakesiet nol di ng

techn’ Ques: ndld BRABKE YLI0uPH 025Ith o B Yo gﬁﬁ&h@iﬁ{%ﬁaﬂh th4Reytl6 can be

attached e tu usi ng adhesi ve bondi ng, or
mechani caibufaaateatver $10 Bhepgpedstichalhat dredwalediidmeofat theedistol tctedlélfmﬁthc ng 116

forns a le luer lock fitting 118 to which ,a_ s e or ther evi ce
el o e B BRtre g AT Faeeth usnes te bt 98 e TS REREY A bor e

12Q sext eﬁl ﬁ’lb@lxlﬁHhYOJgHrb%Han& &gemsg@gluﬁdgtﬁsleng 116 and aligns with the bore
112 of the tubular menber 11

Still referring to Fig. 1, the outer cannula 102 also includes a molded polymeric
fitting 116 that is attached to a proximal end region of the tubular member 110. The
molded fitting 116 can, for example, be molded onto the proximal end region of the
tubular member 110 using insert molding techniques. Alternatively or additionally, the

20 molded fitting 116 can be attached to the tubular member 110 using adhesive, thermal
bonding, or mechanical fasteners. The proximal end region of the molded fitting 116
forms a male luer lock fitting 118 to which a syringe or other device including a
corresponding female luer lock fitting can be attached. A bore 120 extends axially
through the molded fitting 116 and aligns with the bore 112 of the tubular member 110 to

25 form a central passage 122 that extends from the proximal end to the distal end of the
outer cannula 102.

During use, the sharp-tipped stylet 106 can be disposed within the central passage
122 of the outer cannula 102, as shown in Fig. 2, to provide the tubular member 110 of
the outer cannula 102 with increased rigidity. The dimensions of the tubular member 110

30 in combination with the relatively rigid material from which the tubular member 110 is

formed, provide the tubular member 110 with sufficient rigidity and length, when used in

6



forma central passage 122 that extends fromthe proximl end to the distal
end of the outer cannula 102. During use, the sharp-tipped stylet 106 can
be di sposw0 20itos018t he central passage 122 of the outer PCarrsadia/oi®29 as
shown in Fig. 2, to provide the tubular nenber 110 of the outer cannula 102
with increased rigidity. The dinensions of the tubular nenber 110 in
conbination with the relatively rigid material fromwhich the tubular

menber 110 is for [ QVi he tubul ar, menber 11 ith sufficiept
e Ly VRR Y Bt kP b BR R e R e byt 4 bR
provi de pefgytangedsnastesk).t Ohé ambepdssafe 122Rak aBBbe IsdE¥U copldu@ for t he

fenoral neck). The central passage 122 can al so be used as a conduit for
del i ver i Agiverns maigrial. syelhaglonssrmepietmsios insadredempnei paient when thef a pati ent
when t he |3 :102 ] I i, and Vi 6 has
been r err%%%ggfulrogrh}tg %85%(%1%{{1?13‘?%%%%%%%{@5% Q@Jttq Egh%ut e#ﬁ%’ﬁ%‘?ﬁjﬁ t{é&%é%e.o The

out &r sutdnmabpokadeni@2tafid @urterneaniven 1020 of the outer cannula 102 is

provided with_axi al | pac rker rings 124 that aid th ser i,

posi tioning th ePE}S{:%/% Cﬁ@ﬁg’émﬁﬁ ”é‘im‘éegdééio?g}f Qj‘é?ft"ﬁ“%ia% E@#‘Stpﬁ%wg%ﬂi ent
during uggn a@‘i%ll?@p?éeﬁ%d?@ér'r}f%stl% Bfat hid RAGE E&?bsﬁt%&ﬁ?th@%ﬁ&hdrhé%?d rings
124, markings of other types, such as nunerical values, can be provided on
t he out et 1Gatrd deseedfentihwithubhe aatignt deng dsk0 AsTherl tearadive tol@uip additishémwn i n
Fig. 1, %cl udes a gore J[%g thFI IS s'hzetd and %haped t.0 I efei ve tbhe nol ded
fitting TEEBIYERECHIES e hMMIRS1 BoOTHEP Fantine™ T e M3 R SABI%S

at tiachabpevidedoiehddlteegrfatd b1 e tublifardfentthe 100t er cannula 102. Wth the
handl e 104 attached to the nolded fitting 116 of the outer cannula 102, the

mal e | uer | ockh¢ handlni)4 agshewn indiprloxichitles ahgreof20tthet ipsizebend shepechg 116

ext ends §0urfe£eltiﬁé% gﬁ&idé’cﬁﬂt‘aﬂg 136 E)P%e%‘d&fr%&&dz?%ﬁfﬁeﬂﬁnﬁﬁ%ﬁ%qs Pe‘i’efbségiiy allow a
syringe or other device including a corresponding female luer Tock fitting
t o be segtuchsblt @ the neoldedsittiape do ofithe@utel benmad divd With thalgandk6104The handl e

104 includes a recessed region 1 t hat extends downward fr the top
sUr f ace. A8 RGNS RO M6 X Ot PEaT SRR 1A gﬁearearlaé%ebl?cgspﬁﬂw Ehds
upward from @gﬁgilaér%geﬁggg hel@d0eRng 1&@%&%&@@@&@&&@&%&%@@ aetRp 130. A

| aterally ex ing pin or projection 134 extends from an outer
surface I8 ¢fitbe huiddd 1t otallosi osyribge or Jther diessdddinggicorreg®ddagd t he axi al

protrusi %&a}e?’l%ér l%cszk %ﬁ%ﬁgrtg %%dsegurr]e tor(ge.(,jsectrgvivéd cl))ne lo())Wie 1%61%ed fitting 116.
The handle 104 includes a recessed region 130 that extends downward from the

top surface 128 of the handle 104. A circular axial protrusion 132 extends upward from a

20 surface of the handle 104 within the recessed region 130. A laterally extending locking
pin or projection 134 extends from an outer surface of the axial protrusion 132. The
recessed region 130 and the axial protrusion 132, as described in more detail below, are
sized and shaped to receive and engage an enlarged head 136 of the stylet 106 when the
stylet 106 is positioned within the central passage 122 of the outer cannula 102. The

25 depth of the recessed region 130 can be substantially the same as the height of the head
136 of the stylet 106 such that a substantially continuous surface is provided across the
top of the handle 104 when the stylet 106 is positioned in the central passage 122 of the
outer cannula 102. With the head 136 of the stylet 106 positioned in the recessed region
130 of the handle 104, the laterally extending locking pin 134 can mate with a

30 circumferentially extending L-shaped slot 140 formed in the head 136 of the stylet 106 to

secure the stylet 106 to the handle/outer cannula assembly.
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si zed and shaped to receive and engage an enl arged head 136 of the stylet
106 when the stylet 106 is positioned wthin the central passage 122 of the
out er carwol2a10102018The depth of the recessed regi on 130PCRASLE0/026919
substantially the same as the height of the head 136 of the stylet 106 such
that a substantially continuous surface is provided across the top of the
handl e 104 when the stylet 106 is positioned in the central passage 122 of

the outer cannul.a.102..W the he 136 of the stylet 106 itioned in
the recessed REGIBIE B ot TohBAn Qe semed e M s BaPaRbhHg ocki ng
pin 134 ¢anwimitke Wek R palne céabdn@reaiopatiicexisestdhdBandics NRPAM thé Gdert40
formed in the head 136 of the stylet 106 to secure the stylet 106 to the

hand| e/ otifgers eammed arausd sristpnRef gee | ot the ppaglle p04.t Hee priprcaanul@402.s shaped
t hat | . . tacti
SO0 tha \Jﬂ?@“&%nfgg&gg{v?xﬁig&i[g%‘g&%ﬁs%ﬁage ‘ti‘%i Br @Q%ﬂ&ﬁgﬁoi JAgld contacting

the top surtface e user s fingers wapped around
a bat t onpsditifradeetdebnatvotadpchafiigers104., bitweentiteaniddaniidea addde ringi ch

ext ends downwa fromthe bottom surface 144 of the handle 104, can be
posi ti ong_élngéP_ ESTRN BB LR | hgerappbinghs %@%ewlgﬁeeﬁwéq &% i nger
and the %@Qxe%hf&%ﬁnu@fléf%a&b%@rin Ylﬁ@ﬂxaﬁﬁh‘?, @@@9&%&9@:&%9&@%5}&9& n this

manner. Wth the handle 104 and the outer cannula 102 grasped in this
manner, thgiaskforaain thppbylaamembeal 1 Gnithe puteotamnibndl viothedatdletlié t ubul ar

menber 110, of outer cannula 102 via the ha 104 .and | ded fitting
16 to narpmaked i i Bt Ruberbils g BenehMacafhenet: csue. "n
sony enbggieents, the handle 104 is fornmed of Acrylonitrile Butadine
Styrene (ABS). However, the handle 104 can be forned of other naterials

that provi de & wwons anbodimentgrthe piurde sQt Bdemnddort Adglopdle Bukedies Piyrpet o Fi g.
3, which,j ' ' f ot =y st yl 06 f
St e of (HESRARGNQBE e Hindlt B QMR AP R RS A B B T ST e o

146 wi t hcemfhable gispirgd sutfape fo48he Betli sk-shaped strike plate 150 is attached
to the proxinmal end of the elaongate rod, 146. A circular recess 154 extends
downwar d f r onR&fetidg ©Uiigak avhigh S R@crpadiveaecw ahtheshapdinpedstypst e 150

B L T

shar p- ti pfeditbyphap dO4 tipsl 48t tAadhkdhimedishékeqllandad & atachelidb tlanstokinenl st ri ke

plate 158id of the elongate rod 146. A circular recess 154 extends downward from a top surface
of the head 136, and the strike plate 150 resides in the recess 154. The elongate rod 146
and the strike plate 150 are formed of AISI 304 stainless steel. The enlarged head 136 of

20 the sharp-tipped stylet 106 is attached to the elongate rod 146 and the strike plate 150.

Referring to Fig. 4, which is a perspective view of the sharp-tipped stylet 106

from an underside of the head 136, the head 136 includes a bore 152 in which a proximal
end region of the elongate rod 146 is disposed. An annular cavity 156 extends inward
from a lower surface 157 of the head 136. The inner diameter of the annular cavity 156

25 is bound by an axial tubular projection 158 that extends downward from the top surface
of the head 136 along the longitudinal axis of the head 136, and the outer diameter of the
annular cavity 156 is bound by an outer wall 160 that extends downward from the
periphery of the top surface of the head 136. The axial tubular projection 158 forms the
bore 152 in which the elongate rod 146 is disposed.

30 The elongate rod 146 and the strike plate 150 can be attached to the head 136

using insert molding techniques. Alternatively or additionally, other attachment
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Referring to Fig. 4, which is a perspective view of the sharp-tipped styl et
106 from an underside of the head 136, the head 136 includes a bore 152 in
whi ch a pwoxbroalos@asd regi on of the elongate rod 146 is @cImss@do2dme annul ar
cavity 156 extends inward froma | ower surface 157 of the head 136. The

i nner dianeter of the annular cavity 156 is bound by an axial tubul ar

proj ection 158 t hat extends downward fromthe top surface of the head 136
along th i tudi xis of the d the out er of the
annul ar geé’i 19 “5156 a§ ag@ﬁhv& Cl&ﬂe%ﬁ{@ng\ﬁf‘ bofgﬁlgt Fily O%e usfe%ﬁod%t ang\t/t\]/nward from
t he per|abegaeQﬂiéﬁmx&mpgﬁuéﬁaﬁepemem&@ head 136. The axi al tubul ar
projection 158 fornms the bore 152 in the elongate rod 146 is

di sposed. Thesenﬁﬁéﬁmﬁt?gﬁif4@wénﬂmpﬁeﬂ§ikﬂkefb?5?@1@@6385ﬁw6éngﬁtached to
the head, \#‘rgpwﬁ'l?'l ah SERL sf@bélh@:ﬂ r&§8mzsﬂy&§a Mo%w#eglefﬁ &4, Ofhe

addi ti ona r attachmenttech qgues, suc as a 5i ve attachment and
t hersmal ﬁm@dﬂﬂgthdmmsbedms&ﬂaveamikmnmﬂkﬁememgng&méu@dddamgpmﬂsmhé strike
to Fi t.he 40 of the

|ate to.th . Still f - sl
Dot 15ete bR aDs PhpatieGus sl et SLE oher i daetan 64 of fia g  on. 162
and a hOH(?ﬁ’Jétanvxd'ﬂ?@l'aP@ sttty 1155&%&&&@%&&@&%&1(@ oS 88 4R f85Q1 ve and

retain the laterally extendlng ocking pin 134 of the handl e 104. In
parti cul sagmeat ¢ithe hamzczmeg)mon b64 ohibe kot | #®Gtealthe eyl ssgmesidofdhe t he sl ot 140
has a wdth t t han .t ockin pin 134

hod o et tseich o4 A inBppSR e Wit BB IP e R ot [ By s WD M o

end osegnmat isQfightheghaet hantiallofiegst pin 1864 that is opposite the vertl cal
region 162 of the slot 140) has a width that is sllghtl greater than the

| ocki ng pin 194th the verticelacgiend P af theskit dA0 ebthestyletn 6ellemed1\mh3fe the stylet

106 al | oo Qm 85{‘}1%(% ﬁ!ﬁ;d‘él &4 ‘Ehe]s?eﬁl ffoéé&ﬁbﬁ‘ leglrgtﬁﬁ%ehﬁagﬁ et 106 can

be Ioade ou er can a assenbly suc e eIongate rod
146 of t&eenalra)ahmnblja&lcenhanﬁeelbhg@ugﬂ 1t4k$eaf¢1em§tylat 1 (rassage tHrddgiofhet he out er

el on 1908 FEHEeTIARA oo i BT D hemhl TR0 bt T B bhe
R S e g b g oo e
top of tlmdlednttércahnulegisomblyede lodiegstiy|l 4 om]@ hoadietl Aénlidms vedicalled so t hat
the | OCklhro%gRIﬂ?e \:/Le?ftl}caﬁ lrciegqgns 1(\)%- (t)th tihQ sltot| F40 and stops at the top of the vertical region
162. The stylet 106 can then be rotated so that the locking pin 134 slides within the
horizontal region 164 of the slot 140, deflecting the outer wall 160 adjacent the central
20 segment of the horizontal region 164 of the slot 140 before snapping securely into the
wider end segment of the horizontal region 164 of the slot 140. In this configuration, the
stylet 106 is inhibited (e.g., substantially prevented) from moving axially or rotationally
relative to the handle/outer cannula assembly.
The outer diameter of the elongate rod 146 of the sharp-tipped stylet 106 is
25 slightly smaller than the inner diameter of the outer cannula 102 (e.g., the inner diameter
of the tubular member 110 of the outer cannula 102). Due to the size of the elongate rod
146 of the stylet 106 relative to the outer cannula 102, the stylet 106 can be passed
through the central passage 122 of the outer cannula 102 and positioned within the central
passage 122 of the outer cannula 102 with little lateral play. This arrangement helps to

30 ensure that a sufficient amount of rigidity is provided to the tubular member 110 of the

outer cannula 102 when the stylet 106 is positioned in the central passage 122 of the outer
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hori zontal region 164 of the slot 140, deflecting the outer wall 160

adj acent the central segnent of the horizontal region 164 of the slot 140
bef ore smaipporgosasurely into the wi der end segnent of PhE/USeI0261%I
region 164 of the slot 140. In this configuration, the stylet 106 is
inhibited (e.g., substantially prevented) fromnoving axially or
rotationally relative to the handl e/outer cannula assenbly. The outer
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size of the elongate rod 146 of the stylet 106 relative to the outer
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the outer cannu s arrangenent helps to
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menber 110, of the outer nu| he st let 106 is sitioned in
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hel ps t OgeRSILE ;L PATDROITRE BEdiddn mﬁ%@arya? the agents ale Bof1@nd22mehen the
stylet 106 and cannula 102 are inserted o bone and/or tissue of a

pat i ent . cafnelashOy| &k shoe tipsl 48icze dacslptatepassagh ef Glaanier diwtudd 142 ptola® of its
el ongat e, r od é)G ex endst%ast the distal end of the outer cannula 102 when
the styl SFORHONE MALHETUREG i n and axially and rotational Iy | ocked

religtive to th% hanslled pruhefipsantybel (8Iarhh Ye usl inkemangdabhi @ith the Due to
the position of the sharp tip 148 distal to the distal end of the cannula

102, thes@naﬂppqd %ylmlé)édarﬁhermelqem&ﬂ@deﬁagryaﬁgéte@flqoh@%péhe Barntipred102 into
and thr o4ol, PAne AN AiRRL HI RS indildls an RGNS 1B PitRlin biABRAFh Khet 108

t hat can eusé angea Iy Wih the's rp-tipped stylet I'n the
bone centnl ﬂelblmart)ppeystymmlmamclud&balheadh?ESwhﬁap{x-shppﬁtlslsﬁwzehatw& t he

blunt-tipped stylet 108 ipc|udes an elqngate rod 168 wt unt di st al
end 170.° U%ﬁ@nwlﬁdflmftrcaﬁ@dﬂgPgﬂdelt%f%éhfi R teeedt H@é&%’épaﬁfﬁeaque shaped
sl g 142 tﬁastlze' §ha§9%£@ﬂ51§ 3do|n¥tn!1é@1%ﬁ¥ AL bhdt hBﬁed’&ﬁQt ﬂO%ﬁaeralsB ggnerall
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construdmegmpeefﬂmhhmbhummdsmb@él6sib@eﬁnqmwmaﬁéﬁmtsWHQQMémakmyﬁmﬂaasane as

t he shar(ge Lpped stylet 106. Therefore, those features wll not be
descri be

The above-described bone cement delivery system 100 has been found to work
particularly well for delivering bone cement paste (i.e., a mixture of calcium phosphate
20 matrix (CPM) and recombinant human bone morphogenetic protein (thBMP-2)) into a
femur (e.g., a femoral neck) of a patient. This type of bone cement paste has the ability
to induce bone growth when administered in the bone of a patient.
Prior to using the bone cement delivery system 100 to deliver bone cement paste
into a patient, the bone cement paste is first prepared (e.g., mixed) in a bone cement
25 mixing system. Fig. 6 is a perspective view of a bone cement mixing system 200 that can
be used to prepare the bone cement paste. The bone cement mixing system 200 includes
a housing 201 that forms two mixing chambers 202, 204. The mixing chambers 202, 204
initially contain a dry calcium phosphate/sodium bicarbonate powder. The bone cement
mixing system 200 is configured so that liquid, such as liquid containing thBMP-2, can
30 be delivered into the mixing chambers 202, 204, and the combination of the liquid and

the powder can be transferred back and forth between the mixing chambers 202, 204 to
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detail. The above-descri bed bone cenent delivery system 100 has been found
to work particularly well for delivering bone cenent paste (i.e., a mxture
of cal ci uwophogpbase matri x (CPM and reconbi nant humanPoors2emonpiyegenet i ¢
protein (rliBMP-2)) into a fenur (e.g., a fenoral neck) of a patient. This
type of bone cenent paste has the ability to i nduce bone grow h when
adm ni stered in the bone of a patient. Prior to using the bone cement

del Lvery YAt RulBh LS hnePORAe BEL ARLS LR, AeIRhLEDhen e bONE

cenent pi% e Ceent - M Xi ng

system Ehgmg6ysltém@ODQE@Beﬁdcbwﬁgwe@ﬂ@r@fseﬁ)lhcsf@e@@E’fﬁﬂﬁigmmhglg/h&yﬁhem 200
that can be used to pregare t he bone cenent paste. The bone cenent m xing

syst em 200X{uFcefiRpaglena iché PRosedhagl anchiord hefwesnitRe A 1an shHehe 2982, 204.
The m X' Qm{*:érh%uglg%QO?Qnd hxmtﬁér%1&%@8%'&1&95ryfoﬁﬁécﬂnucmone

phosphat e/ sodi um bi car bonat e powder cement m xi ng system 200 is
confi gur eemaa dehadry kyrdpyted, 1 Osttmhs adeakabdy iscd:uo@rtbahmmgmgmﬂ/PAZter tlen be

delivered into the. mxin conbi nati on of the
& S SRoph SaBn LB Ra B Rg ShOpEr A B Ak S Pt Blieon t he i ng

chanber s, 202,/ dg%r%@ﬂxﬁbé%?tﬂé%%gexﬁ&q RAY d9%y et lieting B bBhe il T st

stage of m xin bone cenent m xin can be reconfigured for
as econddslt@gsesmngﬁﬂiﬂ aen blwmmgyedvrﬁlochthﬁ Iheu:mlg(?-@,u}r ef the bpm/menandxmng dis

passed back and.f bet we chamber d.in e housing
D01 and. SHEPRATC Bt Ty s DG el S R et 2 R GRE Tasenel 881 [ very
syrionge Bk defimtht mSxihgbRasab0y, tebateatdnteat ddiReR0dSinAg2 PDdan beAlseglo t he
second stage of mixing, the |liquid and powder mxture can be coIIected in

the ni xi Agrgethehsony C@ﬁmste@vovﬁbths@ﬁ@r%@ﬁ@ﬁge HE) 9itae guisyeanagle 1920f and
the boneth%%%@%eﬂ&lt'd%ﬁ&éfy%%{sgégqﬂgg%%&%ﬁf@ﬂle%ﬂ&egpé/ﬁﬂﬁw QEHéJaﬁb&OHl%&c}%l 201 of

t he bone cenent mxin renovi ng t bone cenent ivery
syringe 2dil belom tThe boas ternénttnhieingepacoe®dnt desckbegingysdtame200in L.8e bone
cement d I|ve

thr ough o B8ufgdon 55. BPstRESHLT e ekt ncipetes B ¥R@ Bone. cement
dehgveryh§¥§ﬁen1100 and into the femur of a patient, as described in nore
detail below The bone cenent m Xing system 200 is described in greater
detail in U. SRefemingio FAppl, ik ceethahofRojskiimgbinsrreiont 20E8n00B6088malhi ch i s
I ncor por ?e%%g O?X pr t?gl‘l? 568 ?setypically carried out with the patient 300 supine on a table that
can accommodate fluoroscopy. The bone cement delivery system 100 with the sharp
tipped stylet 106 disposed within and extending from the central passage 122 of the outer
20 cannula 102 is introduced through the patient’s skin and driven toward the patient’s
femur in an area that extends approximately two centimeters inferior to the base of the
greater trochanter of the patient’s femur. In order to locate the region that is
approximately two centimeters inferior to the base of the greater trochanter, the patient’s
leg can be placed in a lateral recumbent position and external anatomical landmarks (e.g.,
25 the greater trochanter and proximal femoral shaft) can be manually palpated. In addition
to these external landmarks, fluoroscopic imaging can be used to ensure that the bone
cement delivery system 100 is introduced into the desired region of the patient’s leg.
Figs. 8A-8E are diagrammatical views of various stages of use of the bone cement
delivery system 100 to inject bone cement paste into the femur 302 of the patient 300.
30 Referring to Fig. 8A, after the outer cannula 102 and the sharp-tipped stylet 106 have

been passed through the skin, fat, and muscle of the patient and brought into contact with
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herein. Referring to Fig. 7, a nethod of injecting bone cenent paste into
the proximal fermur of a patient 300 is typically carried out wth the

pati ent 38028upiofE8oN a table that can accomobdat e fl uoPeTaspPYL0/0Tdee9 bone
cenent delivery system 100 with the sharp tipped stylet 106 di sposed wthin
and extending fromthe central passage 122 of the outer cannula 102 is

i ntroduced through the patient's skin and driven toward the patient's fenur
in an ar y t he base
of the gl SRRRbeFELREESoRBERRILIRL R0 R RER AR Fem WELH 30e K81 &% e
regi on thed 1s|a,gampﬁ>é\0ed ﬁnwdrestcxbptcum cceeﬁsmrmha&rtse pcnﬁen bf)fhetb@né bandase of the
greater trochanter t he g atient's | eg. can be n a lateral recunbent
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and pr Oxl@edmgﬁh oF R fednuf 8 RS %rﬂé@ﬂré&’ax{%é)p@lfﬁsg confinAddidit @R to these

ext er nal fl uoroscopic 1magi ng can be used to ensure that the
boné cenbortc @elenvéelivegysisem 1@Disipssitintedodiuiseided, me@utgfendmualéxdxmze@ on of

t he pati nt' l.eg.. Figs are mmat i cal, vie of various stages
of Cube ofrerhieDtin cafke e ArvBP U SRR S HeE R o builh *haste
into thel@@&ﬂﬂthé@@ar@fupwﬂstp@tn@mha@@@hanaﬁf matbrmgwtsqlefshglp BAI4BttRE the
outer cannula 102 and the sharp-tipped stél et 106 have been passed through

t he ski nstykeai 06 Bnepanibe P@t%ﬁ%rv@d ;mf@ré e femprgmeely RO phibe palownt ademui t ht he
har d bonyqp %%%gn al%e?n tRfe t& BF n a {onstg %‘nanhg'ﬁy 131 ﬁxeogutérQ%F%Ln?ﬁ ??h]c:illle 148 of

the style i S agaln viewe uoroscopi-ca ensure € portion
of 1phe bma%tﬁarmﬁtthrdegh ﬂﬁrcysnSXIS@éQﬂhelﬁHér wﬂ shnke thhetrﬂ@tplz&éﬂl 5@00thestyhasi ti oned
as desired (e, contact wi.ith the desired region of the fenur 302 and

at a deswfewtbﬁgmébet umtflttber Sh@mmp As AGtheritet Ra psﬁﬁ%thé@wéw e gatovEry system
100 is positi R?tgxd%h@ahﬂﬁﬁpv\ﬁ@’ofttﬁéestf e ﬂ%q{hs%&‘é@kﬁr%foél‘g%éﬁco t){]ﬂﬁl Syt et 106

in a clock- wse | e appl yi ng an axi al e outer cannul a
102 and fdneir$harthe thappeigpst stilet 1006 rehavadhfeorh almddestrdiQzhssage d 22 wéthehe shar p
tip 148 of the stylet 106 .throu t corte 04 and.toward t he fenoral
neck 306°Yf" ‘Eaﬁﬁulﬁa{p?éﬂ%r?lq%%ﬁ"ﬁg’éb?Eﬁﬂgtlmd);ﬁtﬁgtrwgt ?R?ere?’t?v%?he Sﬁa@ddi tion to
manyal | yg m%&s%tru%tmﬁn w&ﬁtrg%&agaliﬁafﬁ@@uteh@mﬁwd AR, iRGisthgaygh the

cortex 30 t e user can strike the strike plate 1 of the stylet 106 with
a mal | et thameid 13thef thhatyfet f Dpandi@tases tﬂlhétyéfttypévmllabe b&kmsnm h#bugh t he

,? gret ?(;r f’ erg@xhg ?nktﬂ%han%?er POKE is pogﬁﬁgnc%f w}t}rﬁrel o é/er‘t3 La %‘e(:)g(isonh 5> HARE ‘E(_j through

shaped slot 140 formed in the head 136 of the stylet 106. The sharp-tipped stylet 106 is
then pulled out of the central passage 122 of the outer cannula 102. After removing the
20 sharp-tipped stylet 106 from the outer cannula 102, the blunt-tipped stylet 108 is inserted
into the central passage 122 of the outer cannula 102. Once the blunt-tipped stylet 108
has been fully inserted into the central passage 122 of the outer cannula 102, the user
rotates the head 138 of the stylet 108 until the locking pin 134 of the handle 104 becomes
disposed within the end segment of the horizontal region of the L-shaped slot 142 formed
25 in the head 138 of the blunt-tipped stylet 108 to axially fix the stylet 108 relative to the
handle 104 and the outer cannula 102.
Referring to Fig. 8B, with the blunt-tipped stylet 108 securely positioned within
the outer cannula 102, the outer cannula 102 and the stylet 108 are manually advanced
(by applying an axial and rotational force to the outer cannula 102 and the stylet 108 via
30 the handle 104) to the point where the femoral shaft aligns centrally with the greater

trochanter of the femur 302. The blunt-tipped stylet 108 experiences more resistance
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femur 302, the sharp-tipped stylet 106 is renoved fromthe central passage
122 of the outer cannula 102 and replaced with the blunt-tipped stylet 108.
To renmovewOhlelmstoaript i pped stylet 106 fromthe central passageo1dd269f t he
outer cannula 102, the user grasps the head 136 of the stylet 106 and
rotates the stylet 106 until the | ocking pin 134 extending fromthe handle
104 is positioned within the vertical region 162 of the Lshaped sl ot 140

then pul 14" St T e Al HorE AL PRy O B EBPE RSl B ® u Ty
removi ngtitan Gep$d’¢ﬁ’fg)thé lslwpuﬂ]pgéd/étglet 1@6with dra Ble-tplee ktyban o8 keed®dsing he
bl unt-tipped sty is inserted into the central Eassage 122 of the

outer cafBorE b@?ardcﬁ‘?étéxéﬂ‘éofﬂhﬁrf?mtui Hlrewbgagfadly reduren s IxeBhoadnti v i nserted
into t henf‘?%rﬁé% lglﬁﬁ%ﬁﬁgﬁe é%?en?& IH{%GWMLE{( ugh PR ity 10%e ﬁ%gi%%iﬁdtﬁﬁé ates the

head 138 o | et” 10 unt| t he I'ng pin 134 o ndl e 104
becdnmes tiomspccm&dt W:Itvhtr)nsytshm E0(Hispegmemntd wfthmhe:ehmahrzgmnaf thedgnon3@f t he

L- shaped s(i(ot ({/ t he hegd 138 o t he. bl utgh é ed S ylet 108 to
axi al |y fP%HeEsde ‘Frégtlc §u?ré’ls%ﬂplw\? YW he hr‘fé’r?&t‘%‘ﬂ Tbut er cannul a
102. Ref éélweﬁﬂs}sﬁknﬂ@n witBin the bhtidnre fQhwi02t ineREEkr Shivlugd 1620&&86 WRkY

positioned with he outer cannula 102, the outer cannula 102 and the

styl et 1088 w@m@évwe@m@ﬁbeblu@byp éﬂbbﬁxﬁhﬁgtyém 18% ad thgridstalendtof dwal f or ce

to the outer can nd th ndl e ..104 t he

poi nt  wha & eIRR e St A W I Bt At PRERPulk of Pschant er
of ftohe f eyiin BQhce 3 PubRtscopi¢alpadrifity.l et 108 experiences nore

resi stancewhen passi ng through the bone than t he sharp-tipped styl et 106.

Thus, it has Been alteruadve lar 1 adslitey wgnapel xﬁévq@mg;sb%@n@tgﬁm@v 298 with the
bl unt - t| LAy f the

f enur Z’%%ftllrt]t %)gﬁ)ﬁyl% gﬁzggﬁ? ?éé]?’.i‘gﬁ@ﬁ%gﬁb%s I ng%l\}}ép%t lﬁe‘i(tllggélr ?w ng the
syst em abllatetd“fehe/\ﬁylet h@&)wgh atohedlef emilrthe Biuhetp VY offthe nglet had 1stﬂme1tiamace cement

delivery syste 0.i s posi ne thin a central region of the fenur 302

and at a? ‘o%&s?é%l%ﬁ%qnewgvnf ?J%F&gém)al cally viewi ng the portion of the bone

cemgnt del i VeAﬁeﬁﬂ%r@@o?&Qﬂll%&m}fﬂlg&Hﬁ tR@bhgNip $70 61ME s@@&log hed gt er

cannula 102 and the stylet 108 are further advanced until the bI unt tip 170
of the sdiplabendi@Bhanatet ¢pmndiashtod|arepapitofned hed@mméwvldmnﬂmlfanmzn@nke’)%

ipgSiO;iCCemglg él?t%{ #P%B?sg@g Bﬁfn&-g V{ 5@0 f(#S fgon% l%he &%Fe 1%%5411%%8%5‘% tloe bltune system

tipped stylet 108 from the outer cannula 102. As a result, only the outer cannula 102 of
the bone cement delivery system 100 remains within the femur 302. A syringe

20 containing approximately one milliliter of saline or water is then secured to the male luer
lock fitting 118 extending from the outer cannula 102 near the top of the handle 104 and
the saline or water is injected through the central passage 122 of the outer cannula 102
and into the femur 302 to clear the outer cannula 102 of any obstructions. After flushing
the central passage 122 of the outer cannula 102, the syringe is removed from the handle

25 104.

Referring to Fig. 8C, the bone cement delivery syringe 210 of the bone cement
mixing system 200 is then secured to the outer cannula 102 by screwing a female luer
lock fitting on the distal end of the bone cement delivery syringe 210 onto the male luer
lock fitting 118 extending from the proximal end of the outer cannula 102. As a result, a

30 delivery chamber of the bone cement delivery syringe 210, which contains rhBMP-

2/CPM bone cement paste (i.e., bone cement paste formed of injectable calcium
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As an alternative to or in addition to nmanually advancing the outer cannul a
102 and the blunt-tipped stylet 108 within the fermur 302, the user can
gently stwpkeiwtosoistri ke plate of the stylet 108 wi th aPremiused10oeddid t he
blunt tip 170 of the stylet 108 is positioned at a desired | ocation within
the fenmur 302. After fluoroscopically verifying that the blunt tip 170 of
the styl et 108 and the distal end of the outer cannula 102 are positioned

as desir thlnth user det ac t he blunt-tipped
egiegt:: R TUR Tt R S e L S T Sl P e
t he out e(thWﬂj)als bed Astl@d cemttunicatibh WithhBe eatir@l padageuUl2a ok@%k @ftet he bone
cenent dellvery s stem 100 remains within the fenmur 302. A syrin

cont ai ni ergnalepd dieypospeerpntidelivery syipneesH|tiseered tq/\%ﬂt‘éfrcai’%lﬂ? Hg?-], Secur ed
to the %%%SL&?{% egsgxﬁé(ls 1&%@1 % tﬂ%éluﬁg r?gfjb@&n&lattgr%ﬁogge QMM & dgl?v%?ﬁl a 102 near

the top o |ne or I's 1njected through the
centsral pasgagdel kPdowly infvet obdles 3chonthe doddeenamnd paane mtd the fheownt n&32 t o

cl ear thg%(z)uter cannul a 102 of any obstructions. After flushing the central
passage of the outer cannula 102, the syringe is renoved fromthe

handl e 104. Rgf ekdvi@ 0. $1D Inul eHo'ﬁ%e?@@@(a%ﬁf@%ﬂﬁat@@ldn\é%ﬂfhlﬁ&réa@%fz:m of
t he bone cenent m xing sSystem 200 is then secured to the outer cannula 102

by scr evmhn@oae ¢eanalt padteere iljgeted frito thenigmornl ek st Hie end cofinulhéObone cenent
delivery e.210 onto.the 18 extend| ng. fromthe
F ot ot ke T S ek B e S e b e B RS Pt o

t hQOboned@t@x'EBﬁH ﬂ«ﬁ@hgm& YheSitfettP@@amdfc repirCdt (EBORINAIrNS2r FBMBand/ i bone
cenment paste (i.e bone cenent paste fornmed of injectable cal ciunphosphate

matrix (CPw)caanda B2 ssbbneractd hiab®s wae neHimigan v p eibimsters prior ©r hBVP- 2) ) ,
I's plac e&%@fﬁ Bo% 'tﬁhg%tﬁ)glmm %rﬁ@%ﬁlgg?ﬁ%géﬁ L%Qalco?ra%tﬂlth@gﬁﬁﬁlﬁer} %2%})%{1‘[ the outer

cannul a bone cenen Very syrin t 0 outer
cannul a &g, midliltenge.gt, ab@utplmessunmtérstoaamht ﬁf] rrtlmlfctdsre, apbunyek nfidilitpisst on) of
t he bone c afté‘te elivery syri ngﬂe}gﬁjfo to slowy inject a bolus 308 of the

1

bone cen® TSy #ho ok B il o et sikamiH e 3 Joquissiy mikibteriiy) ¢ pl e
boljyses &Qﬁeﬁ@%e%hf‘ﬁats?é 1¥n§9&ed‘]n‘t3 e 'f&ﬁfl 1 3 out e%ftretagﬁer{?one cenent paste

are injected Into the fenor neck 306. cannula 102 is

The recombinant human Bone Morphogenetlc Protein-2 (thBMP-2) is an
osetoinductive protein that directs uncommitted mesenchymal cells to differentiate into
osteoblasts. As combined with the injectable calcium phosphate matrix (CPM), the
rthBMP-2 can be delivered locally into the femur 302, as described above, to induce bone

20 growth within the femur 302. The femur 302 into which the bone cement paste is
injected is typically at risk of fracture due to osteoporosis or other bone weakening
conditions. However, unlike certain conventional treatments, the bone cement paste is
being injected into a region of the bone that is not yet fractured. By doing this, bone
mass at the site of increased fracture risk can be increased to reduce the likelihood of

25 fracture.

Referring to Fig. 8E, after a desired amount of bone cement paste has been
injected into the femur 302, the bone cement delivery syringe 210 is detached from the
bone cement delivery system 100, and the outer cannula 102 is removed from the patient.

In some cases, prior to removing the outer cannula 102 from the femur 302 of the

30 patient 300, the blunt-tipped stylet 108 is reinserted into the central passage 122 of the

outer cannula 102 to eject any remaining bone cement paste from the cannula 102. In
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retracted slightly prior to the injection of each bolus 308 so that the
bone cenent paste is distributed throughout the intertrochanteric region of
t he fenurwBQR10/Wsr8exanpl e, the outer cannula 102 can becratse@onedd1dy about

one millimeter to two millineters prior to each bolus injection. In sone
enbodi nents, a total of about three mlliliters to about eight mlliliters
(e.g., about three milliliters to about six mlliliters, about three
milliliters to about . five m/lliliters, about four mlljliters to about six
m D, Bt SIS 1 6P Srehe P Erige puiEc et R ne Rl BpRY oct ed

i nto thesdRAWOS 32odethrt et RO thd Paigheconbi nant hunman Bone
Mor phogenetic Protein-2 (rhBMP-2) is an osetoi nducti veTgr otein that directs
t

unconmi tt ed nEeRdihysiraies adong cemenimikmeand dgheery kit d08s apkit 489 snclydes

conbi ned, wi{ [0y i - i 1 hey-r BMP- 2
can be déﬁv%bé’g? g‘%&%c%ﬁ%f%kﬁgﬁ? Pg #{ gbrr%?é)%gg@i glé %é%%?léggwadb‘géle{bztgg i nduce
bone& gr oWwobhinzehinBNIRE 402uid 30 ingERO4f EheirvarBQ2 comiponats eftht hendoone cenent
paste is injected is typica t risk of fracture ggg 0 osteoporosis or

Ly,
ot her bof@Ns&AKRERERGd SBkRTY kisied goRRtAEICd 1HAISINEE RAEK 4 (- LoSrRIBHi BN al
treat nent;g, pééﬂﬁ%éa%g IR WEbe Plg)%;&d 't(Z t}{%@s&Qn!ar&&ﬁﬁz@@cd)rﬁﬁt@orgge.rgt‘?,gh%n of the

bone that 1s not 'yet fractured. By doing this, bone nass he site of
i ncr easeslefiledogure ri sk can be increased to reduce the |ikelihood of

fracture. Referring to Fig.,. 8E after a,desjr anount of hone cenent paste
e been i nj OVl EvE PR R Peef G SRl E o B8R SF nge 210
i s 1@et acpedivig. om t he bone cenent delivery system 100, and the outer cannula
102 is renoved fromthe patient. In sonme cases rior to renmoving the outer

. P :
cannul a 102 f Whwetthetubalenmegter b0 efihe paier eamnuR0®2 hepben deserihadmsed st yl et
108 is rel. I r X npul a 102 to
ej ect an§édr?€¥arl{n%? r?g &%%%ég?%tg%ﬁ{he%g&@%%ﬁ%&ﬁqp edeg%ﬁtrt]%%éﬁ%%bﬁ?ﬁsl g’ch cases,
af t er ej ebti ngdtinheohbinetieewhionpasthe styldie 10a1t1OR, waln puffiaichORgidnd to

blunt-ti pped stylet 108 can together be renoved fromthe patient. Fig. 9
i |1 ust r aPEEUtANGYHY ageste e Trnyy ‘g?gg'atﬁﬁ feraprel gty of & patisot canrie Wed- 400 i ncl udes

02 of YT T e A RIS
conponenb@ngformieé obomeorcreommolymeoriargatanal s dbé inpdded fkiing 400car e contai ned in
a sing| eal%%:ai%%gg/ o(r%'dgi'ti’onz?ll}})ll)eaf%tningd g{ (?I}Q (;rkn(iaore other materials, such as metal.
While the molding fitting 116 of the outer cannula 102 has been described as
being a component that is molded separately from the tubular member 110 of the outer
20 cannula 102 and then attached to the tubular member 110, the fitting 116 can
alternatively be integrally formed with the tubular member 110.
While the molding fitting 116 of the outer cannula 102 has been described as
including a male luer lock fitting that allows syringes and other devices including
corresponding female luer lock fittings to be attached to the outer cannula 102, the
25 molded fitting of the outer cannula can alternatively or additionally include other types of
fittings that allow syringes or other devices to be secured to the outer cannula.
While the handle 104 has been described as being releasably attached to the
molded fitting 116 of the outer cannula 102, the handle 104 can alternatively be
permanently attached (e.g., adhesively attached or thermally bonded) to the molded

30 fitting 116.
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package) 406 that can be provided to the user in a sterilized condition
(e.g., in a sterile bag). Wile certain enbodi nents have been descri bed
above, otwenommoswdB8nments are possible. Wile the tubul arPCrarsen/0i6b® of t he
outer cannula 102 has been described as being fornmed of stainless steel,
other materials that provide the tubular nmenber 110, when used in
conbination with one of the stylets 106, 108, with sufficient rigidity to

per cut aneousl ccess. the mur. (e, q....the.fenoral ne f. tient can
be used. Wi Ié’@ﬁgﬁﬁqng?enb&fe}?atstbFénngd‘%i%beodf astbr%]goau‘?)en?&o@ %ﬁt)nﬂt}%és M&ﬁas been
descri begkpasitdigiiog the hiedin@fit@ipel 16ro iy eutpodayiielai 102 ad eenakischetihe teol ded
fitting 1f6 can alternatively or additionally be forpmed of one or

nor e
ot her nabekedfgting L thehagdied|04 compltgnsthe] whbd dtsggalhy fornggwithghomotdsd out er
cannul a fig& hag been described as being a conponent that is nol ded
separately from the tubul ar menber 110 of the outer cannula 102 and then
att &ched t o tWhilkeulhwdtake platddnvdd@n debheibid tis beigg dt&chedm theteemgateirvéd y be

116 of t b OBF F e shiripPreah e B bR aaeer e Ao et G g5 I o | uer

lock fitlbhRghid RRtordhiiPWsleB¥dn 1QEMHBY HRtGcaltaUbaR S uhNiy Yl RO aisespondi ng
female luer lock fittings to be attaCched to the outer cannula 102, the

mol ded fittinyhie theedongaterods damul4d andsirietpdateseli thesharptipperoand wait | y

i ncl ude ot her fohittings, that .allow syri or_ot her .devices to be
secur ed Wpeﬁﬁéytl%tg‘t?@?’qg%lﬁm {&?e%\mls‘frgbeflﬁ%hﬁlgﬁﬁge?%ﬁﬁé@e%égﬁ{’(51ée§cc I'bed as
beijng r edieasaARbl @ttacbagyt ke ohaeddf sethrfrhdékiongr Ik@lobr diftgs.out er cannul a
102, the handl e 104 can alternatively be permanently attached (e.

adhesi vel y at Wadkds pads hag, faB of tisshaed)pres st 1%|aa(éalerhlwitw@eci§t%iswn le
the hand i i i d
sopar at ol G 8 HOARAREAR RARH AP N oy EBTRARER ind: Ihs W BRUCEC, e

at t ached1 10 18§ eammtetiedivEiytdriadditibid]y icfdrihad df encl@dn@antialr ewaaty, wahy be

integrally formed with the nolded fitting 116. Wiile the strike plates have
been des®rM#8d as being attached to the el ongate rods

15 While the stylets 106, 108 have been described as being secured to the handle 104
during use by snapping the locking pin 134 of the handle 104 within the L-shaped slots
140, 142 of the stylets 106, 108, other types of locking arrangements can be used. In
some embodiments, for example, the stylets are provided with locking pins that cooperate
with slots formed in the handle to secure the stylets to the handle.

20 Figs. 10 and 11 illustrate another example of a bone cement delivery system 500
including an outer cannula 502 and a sharp-tipped stylet 506 that fits within the outer
cannula 502 and can be releasably secured to the outer cannula 502. Fig. 10 shows the
bone cement delivery system 500 in a disassembled state, and Fig. 11 shows the bone
cement delivery system 500 in an assembled state. The outer cannula 502 includes a

25 tubular member 510 and a molded fitting 516 attached to an end region of the tubular
member 510. A handle 504 is attached (e.g., thermally bonded or adhesively bonded) to
the molded fitting 516 of the outer cannula 502. Bores extend axially through the handle
504, the tubular member 510, and the molded fitting 516 to form a central passage 522
that extends from the proximal end to the distal end of the outer cannula 502. The outer

30 cannla 502 can have any of the dimensions and can be formed of any of the materials
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146, 168 of the sharp-tipped and blunt-tipped stylets 106, 108, the strike
pl ate and the elongate rod of each stylet can alternatively be fabricated
forma urwoanw/psese of netal. While the el ongate rods PCH/US26U8/026%d9 St ri ke
pl ates of the sharp-tipped and blunttipped stylets 106, 108 have been
described as being formed of stainless steel, they can alternatively or
additionally be fornmed of one or nore other netals or alloys. Wile the
heads 13 : =11 6 tyl et
108" have bRt Buehn FuERaRR k) ARSHE Ll FOD RS B S R IRRSEE Y 21
t he headSn)ﬂ.Bﬁheiaﬁﬁerﬁﬁd’ﬁ@bﬁ&’dﬁ&tém&hm respeadkdithé loandld yodbe for med of one or
nore other materijals, such VWhile the stylets 06 108 have been
descri bed as lﬁ’élshﬁwge‘bﬁlrgedoﬂttge g‘f?’éﬁ%%ﬁf‘cﬁeém%ﬁ“‘dﬁﬁea Hsiggdd96i ng t he

| ocki ng piped dfetlivt Q?odkﬂ%@ch%gﬂmv‘ﬁm%entdh% f’rorﬁrﬁ‘?}ﬁﬁﬁie%hf@to?thje%Qa 142 of the
stylets 106, 108 ot her types of |ocking arrangenents can be used In sone
enbddi menppgd s‘tyiet Hioamipdnethe styéet §ﬂ@ IsshatedmethphovitdechnwilalHOP o Kiemganmiens  t hat

andre. e migeaa ANt S SAeHE b ReR S e St

del i verysgy i8R hOGeceiiel Yeifigs a0 WHEETheGRNAW08 iSRARE fidnSihalRtd i pped
stylet 506 that fits within the outer cannula 502 and can be rel easably

secur ed tanuhedBueethopanin llfll& 1502 syritigg can be sprowisted hethsdves 1@@?’@@% défivery
system 591(1 U %d % gaé%?%%?e’ﬂ% Z?‘@F}g’ wzﬁf Pg llegCﬁjn‘?e%t é%?é’\%tcgnﬁr cement

del i very sys in an er “cannul 2 includes a
t ubal ar BammEpas'éﬂgé m&falldmltdaxinﬁmlhtsomg 516 attached to an end regi on of
t he tubul ar nmenper_  510. A handle 504 is attached (e.g., thermally bonded or

adhesi vel y bondbasterpngdnéism dda shapippgd 1kt 890 tnﬁbldemré?loeeaﬁmdé‘@oz
Bor es ex{é&ﬁﬂq Sﬁéﬂpa}jlétéﬂ s AU gﬁletﬂéﬁdlla%ag g t}éosf'ylett% it Loahag td@g? dl?%lo and

the nold fitting 516 to forma central passage 522 that exten fromthe
pr oxi mal erehatgion df hiee dosgaad rodrid60fTht hendet €2 1rxchrdnu17vallSé)gnenTh@bdﬂé[haﬁ:annl a

502 h f th f f

ot er | al S P el B PR P REGHa g4 HE 4P AN 1965M 5 he handi e
504 scan {g sff%t%@ a8d 11ROt & cahiNBa BB Sleirfdt8d. FEIRCWAIP [e343 Wit Relpespect to
t he handl e As shown in Fig. 10, the handl e 504 defines a recessed

regi on 5BVt testElgtS ¥hiapmdotabng eedadiviedo thel hgoiiert§4 wé divanitermasada 683 endi ng
froma hﬁ‘a%g' %esue a?r}couglb el"hsehv%l e!gpipengs 543, 545 can, for example, prevent the stylet
506 from rotating more than 180 degrees relative to the handle 504 of the outer cannula
502 when the stylet 506 is fully inserted into the central passage 522 of the outer cannula
20 502. The wall segments 543, 545 can be used to transmit rotational forces (e.g.,
rotational forces applied by the user) from the handle 542 of the stylet 506 to the handle
504 of the outer cannula 502.
In some embodiments, a strike plate is attached to or integrally formed with the
elongate rod 546 and exposed along the top surface of the handle 542. The strike plate
25 can be formed of any of the materials discussed above with respect to the strike plate 150
and can be attached to the elongate rod 546 using any of the various techniques described
above for attaching the strike plate 150 to the elongate rod 146. During treatment, the
surgeon can strike the strike plate with a mallet during a surgical procedure to transmit
forces along the elongate rod 546 and the outer cannula 502, helping to drive the sharp tip
30 548 of the elongate rod 546 and the outer cannula 502 through bone and tissue.
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stylet 506 when the stylet 506 is mated with the outer cannula 502 in the
manner shown in Fig. 11. A luer lock fitting 518 extends upward from a
surface ovothw/teamdl e 504 within the recessed regi on 530CTMHSenobk@1st vyl et
506 is renoved fromthe outer cannula 502, as shown in Fig. 10, a syringe
can be connected to the luer lock fitting 518 and used to inject material
(e.g., saline, water, bone cenent paste, etc.) through the central passage

522 of the outgrs %&Wi?'lﬁ@@ate%%&é S QLS NG Ond GipndPst hsoshaLe-ti pped
1 By R Sharb dipged styfel 0 Eh e

stylet 506 inclUdes an elongate‘ro I st tip The
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segnents 543,. 545 can, far .exappl e revent the | et 506 from.rotating
rore thaf eaonaogrede npis o 8 Soad SRR 2B Y el B LT a 802
when t he st Bahete 59A6 Tihs 1ddikidgymedhafisineThol iBh @elidiel CERhEpdd Manbaghat522 of the
outer cannula 502. The wall_ segnments 543, 545 can be used to transmt

r ot at i onaiiclydsp Eseyalproigctionsgiddt pHhenterdang Eemahen wde. plhet AEral HER§CIONSM t he
handl e 5 t . 3 lLa 502. In
some enbé%?’%%togﬁleggé{lﬁé E%Q%Inté ehc{&% %@ R’ glclr:‘ﬁie‘%%t 5815@%%]%%5%@&?63% E%%rﬁfcred wth

t hel (el ongakngrmebhbdiemaidd istophs sxdeabd rgidnhs Ot afphshumidac®4othetshdettiods e 542.

The strike plate can be formed of any. of the materjal | scussed above with
respect fYaiethe [RiBrPREOHFASES e RIGRPIRIRLIRRS 't Stheihe f?cg% BEOAYETe rod 546

usi ng an|$46’ fo §1f‘53(€ uf A 1ﬁélﬁb€|§r§ ¢hnisgy ?ﬁ]&)%i{% I %?@) 8ReYEnd BHmPhdaGNs g tiche

strike plate 150 to the elongate ro ring treatnment, the surgeon can
stri ke t handit fikimtplhatrecepdctiregiomfdd.eds therstyle Wossiragitedlthpfrotiedar e t o

transmt forces, al ong.the el ongate rod 546 .and.th ut er cannul a 502,

el ping FORUITG RO RET LaPpot L e 4 RAE LD Ot o+ F B S KE Y ¢ he out er
cannul a BaehdnNn sahafDme 160 shifaed®f HedfemBets 390 553 drkilcushirts4a process of
securing the sharp-tipped stylet 506 to the outer cannula 502. Referring to

Fig. 12, ingreapestdve th dedloat sbipq tiche pppassudews podictiragetPns fidt & i al | y
per pendi gyl 81t Qoé RGoNRAG BRvAs s488s A She KA A B cdnlft Sidlsile 506 1S
surfaces of the handle 504, as shown in Fig. 13. In this configuration, the stylet 506 is
inhibited (e.g., substantially prevented) from moving axially relative to the outer cannula
20 502 due to contact between the projections 547, 549 and the members 551, 553. The
walls 543, 545 also prevent the stylet 506 from being rotated in a clockwise direction
relative to the outer cannula 502. The frictional contact between the upper contoured
surfaces of the projections 547, 549 and the lower surfaces of the members 551, 553 can
also help to prevent the stylet 506 from being rotated relative to the outer cannula 502.
25 Referring to Figs. 11 and 13, the handles 504 and 542 are shaped so that the user
can grasp the handles 504, 542 with the user’s palm contacting the top surface of the
handle 542 and the user’s fingers wrapped around a bottom surface of the handle 504
when the stylet 506 is secured to the outer cannula 502. The tubular member 510 of the
outer cannula 502 can be positioned between two adjacent fingers (e.g., between the
30 middle finger and the ring finger) of the user when the handles 504, 542 are grasped in
this manner. With the handles 504, 542 and the outer cannula 502 grasped in this
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| oaded onto the outer cannula 502 by pushing the elongate rod 546 of the
stylet 506 through the central passage 522 of the outer cannula 502 until
t he | ockiw@ 20ectam8sm 540 extendi ng fromthe handl e 542Ppofi/ush@oseephet 506
rests within the recessed region 530 of the handl e 504. The | ocking
mechani sm 540 is a generally U shaped nenber that includes |ateral
projections 547, 549 extending fromeither side. The |ateral projections
547, 549 hg .I j ' ter
Tmaert i ml TR e e BB e AR LR 6E T oY e
handl e 50%,outdieastuyd 802 5@6hd lsancdiies 042 Thihslprdivatthomubaoausesmbehgl d at er al
t.he | ocki ng mechani sm 540 to slide under nenbers

proj ectigns 7, 54 f
551, 5538¥@ﬁ%%WnFﬁn$P§@rﬁ%*eextending from sidewal | s of the handle 504 into

the recessed FRY i 981 RR0a bRt dStMESI0830R chs bE Qﬁe@tiﬁﬁrchraﬂgeaﬁfyi Wi gfaal
resi stance between the upper surfdces of the projections 547, 549 of the

| ocki ng stechrinpehetB405¢mid thheordcowmensdal vaetysiom e Urdidoahssiasp-tipp&ic3  of

t he handl| e 4 increases due.t he .cont oured sha f .the upper ,surfaces
of the pojebets: dRCHERS el gf1dioh 36 FER S8 Hl et AP Se Sy AR R B Y S°E5a,
545 of t br. pmdbientSpheiBi et GOB ighdewlathandle tigat SubaERSalBfidéRaN@NEE € 504, as
shown in Fi In this configuration, the stylet 500 is inhibited (e.qg.,

. 13.
subst ant hfald(ﬂg%/5‘1¥r%f\ib%§fé*ﬁ9-ﬁﬂp?ﬂﬁthlﬁtﬁ% Ak peer {papeesdeisusizeoshape mied#s.cannul a
502 d t : kecti 551,

353, “Thet dsfi PRk e RERIETOBREBIOEGE 1IN il ZHR RS B EAPCTS 054 1 &

cl aokwi sepmhidrsedéti 306, Tk dlinveipped tthiet 504 em teaeowrkdtdbde outbhearfnuiacid2onal

contact between the upper contouyred surfaces of the projections 547, 549
and the VoWbieSerFRed S TTaueKESGHoRt apavessih resaept (e & %—twgﬁfbstﬁ/f?t pPevent the

styl et 506 from p&icNQnietf UKLy Sk@H ¥R j10sth& iﬁtﬁi%'. 1630n4h 8 902 toRef erring
to Figs. 11 and 13, the handl és°504 and 542 are shaped so that the user can

grasp t hgerfremmcingfBEhons42mwitt deliviry nugtbedsslepaibred bordimwithmespettao bope sur f ace
of the han%%g ﬁ%ﬁ and thg ser's fingers wapped around a bottom surface of
the handfE BSOS L Q@Iet 506 is secured to the outer cannula 502. The

tuhygl ar menbewndd thohethbas QstEBedCAINE B oRR3neaih R RebhNed iRgtiMeen two
adj acent fingers (e.g., between the mddle finger and the ring finger) of

t he userfewnefrongh thasented paoage oiahe guter epnasledd2i 402, pihst rghmigres AR t he
nanl o, G4, 104 PO AL 5L FAIF Ao 08 VERES B b ERREF seh
cement delivery system 100, 500 within the femoral neck 306, the blunt-tipped stylet 108,
508 is removed from the central passage of the outer cannula 102, 502 and a longer (e.g.,
20 eight inch) blunt tip needle is inserted into the central passage. When fully inserted and
restrained within the central passage, this needle protrudes beyond the distal end of the
outer cannula 102, 502. A syringe filled with bone cement paste is then connected to the
hub of the needle and the bone cement paste is delivered to the femoral neck 306 via the
needle.
25 While the bone cement delivery systems above have been described as being used
to inject osteoinductive bone cement paste into an unfractured femoral neck (e.g., to
reduce the likelihood of a future fracture), the bone cement paste can also be injected into
fracture sites within the femoral neck. In addition, the bone cement delivery systems

above can be used to inject bone cement paste into other regions of the femur and into

30 other bones.
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t he outer cannula 502 via the handles 504, 542 to help drive the tubular
menber 510 t hrough bone and other tissue. Fig. 14 shows a blunt-tipped
styl et 5080thaw106@8 be used interchangeably w th t he shacpAS2@paecIseyl et
506 in the bone cenent delivery system 500. Unlike the sharp-tipped styl et
506, the blunt-tipped stylet 508 includes an elongate rod 568 with a bl unt
distal end 570. The blunt-tipped stylet 508 includes a handle that is

substant i al |y yhdlenheelmb 8 08 OANER T390 ARG BRLBRAL ARRA UMt 006

Al'l other features ruc t he

bl unt - t i ppegtcshipinatt Iﬁﬂ&n&%cﬁwd%é@;hgg&]ﬁtlaPfcyelhhie(rbm BHshat beerstacpiddpped
stylet 506. The blunt-tipped stylet 506 can be secured to the outer cannul a
502 usi nfetiRee STBEN; dﬁbvqréémraﬂé esgled hasein cab By Bss tp PPJF%s"Béé’? Vi Uhe

sharp-ti Qtﬁl@ptgggéltgfq}onéggmeﬂ@e%’%n%mﬂe(%il?é IhXt‘?l&YOfstlYes}Scﬁf@c@QlQm' Adsiestsated in

Figs. 10-1 e used to performany of the bone cenent delivery nethods
descr i beblednetesdéribedias k' PMispect ntaoe bbretypenefittondebinvernyatsyst@m 100. Wil e the

met hods scri bed abqve i ve /i nj ect enen |nto t he fenur

t hr ough %ﬁ%n%ﬁﬁBVﬁfagﬁ§@‘@%g%?“@h k?%bgﬁﬁdﬁgufﬁﬁhoggﬁw Gt¥er techni ques
can be us@ddert BnBRITPMBIRY PRkl Fate lf)é%éd pyRAR € Anghot QfiridRIdsfeytautipe desired

position of the bone cenent delivery system 100, 500 within the fenoral

neck 306powdrss, tsuclm&qqrqmp@a cglojresulfigor igunphoenhsleedninosrithe centr al
passage ﬁ%drg aipg g,r ep’ em ze@bégg cona? gerf’}mjl &%ﬁﬁ( S“ax?aue a'tlgfhlére' nch) bl unt

tip need e’ce passa Sfted and
resnrainaﬂhﬁwﬁdl|bemhg1central passage, this needle protrudes beyond t he
distal end of the outer cannula 102, 502. A syringe fllled wi th bone cenent
paste is thenAtsnAbeREdv S of Headdiioroip usHig rh@@é -& BH@TVRBOBIHRCT GETEht past e

|s delivg eﬁg(;aﬂah@fgl TPbALI eenllg%@ u¥éc§1eg o E‘c@n%nt cfl erhgipone cement

deI|very ystens a ave escri e|ng to inject
oste0|ndmgmtvﬂhbbam:amﬁmnpama&meﬁnmkmnph um&ﬂ@mmbﬁ@dtMehnn@kﬁmeﬁMnée g., to

b i nj ectBi #t 0e RRtpaHas STl R (e P LBk DSt on. ¢ he.
bong cerrﬁetud@@ﬂhb\é@wnss m{l@m ARPVBe FRMHHIBeMSRGrdteink (BEPL). PRNGnfeeNENt paste
into other regions of the fermur and into
embodiments, the actlve agent includes at least one protein selected from the subclass of
proteins known generally as BMPs. BMPs have been shown to possess a wide range of
growth and differentiation activities, including induction of the growth and differentiation
of bone, connective, kidney, heart, and neuronal tissues. See, for example, descriptions
20 of BMPs in the following publications: BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, and
BMP-7 (disclosed, for example, in U.S. Patent Nos. 5,013,649 (BMP-2 and BMP-4);
5,116,738 (BMP-3); 5,106,748 (BMP-5); 5,187,076 (BMP-6); and 5,141,905 (BMP-7));
BMP-8 (disclosed in PCT WO 91/18098); BMP-9 (disclosed in PCT WO 93/00432);
BMP-10 (disclosed in PCT WO 94/26893); BMP-11 (disclosed in PCT WO 94/26892);
25 BMP-12 and BMP-13 (disclosed in PCT WO 95/16035); BMP-15 (disclosed in U.S.
Patent No. 5,635,372); BMP-16 (disclosed in U.S. Patent No. 6,331,612); MP52/GDF-5
(disclosed in PCT WO 93/16099); and BMP-17 and BMP-18 (disclosed in U.S. Patent
No. 6,027,917). Other TGF-¥ proteins that may be useful as the active agent of the bone
cement paste include Vgr-2 and any of the growth and differentiation factors (GDFs).
30 A subset of BMPs that may be used in certain embodiments includes BMP-2
BMP-4, BMP-5, BMP-6, BMP-7, BMP-§, BMP-9, BMP-10, BMP-11, BMP-12 and
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ot her bones. Wil e bone cenent paste fornmed of injectable cal cium phosphate
matrix (CPM and reconbi nant human Bone Mor phogenetic Protein-2 (rli BWP-2)
has been weo=xeoritoeds t he bone cenent delivery systens de®cmiuseaoloesed n can
be used to inject any of various other types of bone cenents. For exanple,
while the matri x of the bone cenent paste has been descri bed as CPM one or
nore ot her types of bone cenent matrixes can alternatively or additionally
be used. i t ymnet hyl
St Gk L o R S B A R S A
ceram CsSe. gcaBMPmr&iJﬂame) c@thezaﬂzmmﬁn@mm&lptoeelﬁ@mppundm ubaddr oxyapati te,
deprotei nized bone, corals, and certain polyners, can alternatively or

addi tional |y Bee arsige agend may bereesrmRinanyly rredused, of pagéed irom %lfél ng r hBwWP- 2

any of variQustnere %EH Yiea PARDY SrokA s RhE WPV@rl &fhéfrdn?xgﬁié biogngl Iy be

used in the bone cene aste. The active agent of bone cenent paste
can5 f ormey(aﬁhéreodxbmnsecbrenaﬁbb fatenod infei cf vaith bt}neloBI\/ﬁ)rscﬁc gl, adelenslimenas t he

transf orm ng h factor- bet f am ei n whi ch

i ncl udescotn?@sg‘&?em Crigonqn?ﬁﬂeﬁ? @fé’é{’?gz %‘@néwﬁbé gﬁ%tttol?r ’%Bﬁn t'8i© ighe( BWPs). In
sone enbp@F%bépfaMy’: SR hyRtRERNMnhibMe aﬁdem}ats/ d: 225 heRARIIMEAERPbse! ect ed
fromthe subclass of proteins known generally as BMPs. BMPs have been shown

t 0 possesfong mindeer aaheofef BYPontd e ralatddndrhiesren theat §bry swpeifamiy)es, incl udi ng
| nduct i @%Epéts & ﬁgiﬂ?%\%‘(grsou ggergcg;erg%le natré @éscgg'?cf) ffor Cf:gin%pleclﬁ %ﬂgﬁgh%{ %glk' dney,

heart, Por® eXa Fons o MPs in the
f olihowi nmmnublppﬁa&ﬂc@mo BV 29. BMP- 3, BI\/P—4 BVP- 5, BI\/P—6 and BMP-7
(di scl osed, for exanp in US. Patent Nos. 5,6013,649 (BWP-2 and BMP-4);

5,1 16, 738 ( BNS- §§tten15Amde“«at7@8NeBwl@9 063, tlgfMate 10RRE%Ind eatiffed Bare 905
051 004525 SR Lot s Rt ik K8 o SROREA S | MR RO PR R8st T per

WO 94/ ZGwlmethNE}eﬂnZ and BMP- 13 (di sclosed in PCT WO 95/ 16035) BWP- 15

(disclosed in S. Patent No. 5 635,372 | osed in U. S. Patent
No. 6,331 61(25%f I@Bﬁsé‘re(‘dltfgk‘?ltg% %Hf%ﬁo@@v’% §9); and BVP-17 and
BMP-18 (di scl osed in U S Patent No. 6,027,917). O her TG--y proteins that
may be useful as the active agent of the bone
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cenent paste include Vgr-2 and any of the growh and differentiation
factors (GDFs). A subset of BMPs that nay be used in certain enbodi nents

i ncl udes BbRoR/10BNR- 4, BMP-5, BMP-6, BMP-7, BMP-8, BMP- @CTRISEPB100269BMP- 1 1,
BMP-12 andBMP-1 3. In sone enbodi nents, the conposition contains two or
nore active agents (e.g., BMP-2 and BMP-4). Other BMPs and TGF-y proteins
may al so be used. The active agent may be reconbi nantly produced, or

puri fiedf. ce. The active agent, if a TGy protein such as
a BWP, oﬁ%@?&?%@i@fﬁot ein, may be honodinmeric, or may be

heterodi meric with other BMPs (e.g., a heterodi ner conposed of one nononer
each of BMP- 2] antoBdBeridntdeliviry mediddecompridieg:s of the TGy superfamly,
such as activins, inhibins and TG~y (e, qg., .a heterodiner co sed of one
monomer each GFCTHNBRPORNG o 3 PSP@Hg’WﬁBg?rYGFVIP?\@tQ' -Woréh‘beé?%gﬁi ly) .

Exanpl esepfir g RaM\EkEr@di neric proteins are described, for exanple in

publ i sheé3 PCT Pat ent’ Application WD 93/09229. U.S. Patent Application No.
61/ 160, 063, finjeetnyhowhcehBnt pOOOingmdhederhotal etk cBolrepatenteyit tiddidngery Syst ens
and Related Ki,ts and Methods," is incorporated by reference in its entirety
herein. OHE JERISHUIE s are within the scope of the fol | owing cl ai ms. WHAT
IS CLAIMED I'S: 1. A bone cenent delivery nmethod, conprising: inserting a
portion of a bone cenment delivery device into a fenoral neck of a fenur of
a patient; and Thiewsteiasmenodrdiveanmahopabelaim hi wherpia thepytian ohBeose t he
patient via . bon ment i : : Th .deliver

nmet hod o?el%qng?%wf,?y vﬁge%é}sr? ef%gilnﬁé‘r?{lyBﬁé/%%deﬁloet%g(g%ré&gg%ggt& e |It/18‘?ty syst gm
is percutaneously inserted into the fenoral neck of the patient. 3. The

bone cenent delivery nmethod of claim1, wherein the portion Ef t he bone
cenent del i vetyTlebineeemiat deliyenyiaehpéat ¢lawy |+ waerpiadbs Bertineekthednpri ses a

distal e i : LV hod of claim
3, wher e&%le%lﬁgélggf}?{l%‘ﬁceg?&pﬁkerggréélhemgd;ﬁlg?@%&F?ﬁ%%n{l}’g\%%ﬁ&?ﬁ% s inserted

i nto theckemotalcamad& further conprises a distal

4. The bone cement delivery method of claim 3, wherein the portion of the bone
cement delivery device that is inserted into the femoral neck further comprises a distal
end region of a stylet, and the stylet is positioned at least partially within a bore of the

cannula.

5. The bone cement delivery method of claim 4, wherein a distal end of the stylet

extends distally beyond a distal end of the cannula.

6. The bone cement delivery method of claim 5, wherein the distal end of the

stylet is sharp.

7. The bone cement delivery method of claim 5, wherein the distal end of the

stylet is blunt.

8. The bone cement delivery method of claim 4, wherein inserting the portion of
the bone cement delivery device into the femoral neck comprises rotating the cannula and

the stylet.



end region of a stylet, and the stylet is positioned at |east partially
within a bore of the cannula. 5. The bone cenent delivery nethod of claim
4, whereiwoactvws@aB end of the stylet extends distally peyarsdoia/oedost al end
of the cannula. 6. The bone cenent delivery nmethod of claim5, wherein the
distal end of the stylet is sharp. 7. The bone cenent delivery nethod of
claim5, wherein the distal end of the stylet is blunt. 8. The bone cenent
delivery method of claim4, wherein inserting the portion of the bone
cenent delivery device into the fenoral neck conprises rotating the cannul a
and the styl ep. he Bhe: deareat aamemméﬁbﬂv)éblysmm;hﬁdemfthels@idtrb&npmraei n the
stylet conprises a handl e having at |east one configured to

cont act BAAHRVEN D3 IgashoreampleMbET cubieedttp aptpt@cteﬂ@vélmofﬁh*recaéw &2 from
rotating bt rbtiAS rdlfARYo B faiaﬁlh P1eAkisPRsdi recti on.
10. The l%ﬁgﬁégﬁgﬁkgéemﬁvgggpﬁéﬁﬁo lﬁ%r a|n$ " r%?n |ﬁ#ect|%g t he bone
cenment pasitenehdicectibe f enoral neck conpri ses connectlng a syringe to the
cannul a and operating the syringe to drive bone cenent paste through a bore
formed in the cannula. 11. The bone cenent delivery nethod of claim 10,
further conprigi Nge BERRIRE: E1iSb) Béthdd 8fihiRe2 uom&elh%ﬁaqlg e bBge cannul a
prior to connecting the syringe to the cannula. 12. The bone cenent

del i ver ycqmnh vetoinieihgifpmoral M@mmh@mﬁélr@eﬁmmg@& thy @a@n@y@“xdem

conpri ses er..cann c at deflnlng a
bor o cxt RO F rreny oy FEPRRBFe Bl ALARRERL kPl FETRELT ) 5
di stal end of the eIongate tubular menber , and a first stylet renovably

positioned at |east partially within the bore of the el ongat e t ubul ar
member. 13. The BemRoncsrmret dbiv ey arsihomefdeimot0. dhghancapprihe reneviae di st al

end of tlblglef FERLhS b ejﬁm?é&tlﬁ’?l‘i’éc 131%%#1'0}’ d"&%xﬂ%ﬂm@ ik %}‘gllge%lgle%fanﬁﬁg cannul a

14. The ne cenent ivery net alm conprising, after
passing the distal end of the first stylet through a cortex of the femur of
the patient, 12. The bone cement delivery method of claim 1, wherein the bone cement
delivery system comprises an outer cannula comprising an elongate tubular member
defining a bore extending from a proximal end of the elongate tubular member to a distal
end of the elongate tubular member, and a first stylet removably positioned at least

partially within the bore of the elongate tubular member.

13. The bone cement delivery method of claim 12, wherein a distal end of the

first stylet extends distally beyond a distal end of the cannula

14. The bone cement delivery method of claim 13, further comprising, after
passing the distal end of the first stylet through a cortex of the femur of the patient,

removing the first stylet from the bore and inserting a second stylet into the bore.

15. The bone cement delivery method of claim 14, wherein the distal end of the

first stylet is sharp, and the distal end of the second stylet is blunt.

16. The bone cement delivery method of claim 12, further comprising fixing the

first stylet relative to the outer cannula.



removing the first stylet fromthe bore and inserting a second stylet into
the bore. 15. The bone cenent delivery nethod of claim 14, wherein the
di stal emsoabiotosoiBi rst stylet is sharp, and the distal pemasedionk@1second
stylet is blunt. 16. The bone cenent delivery nethod of claim 12, further
conprising fixing the first stylet relative to the outer cannula.1l7. The
bone cenent delivery nethod of claim 16, wherein fixing the first stylet
relative to the outer cannula conprises axially fixing the first stylet
relative to the outer cannula. 18. The bone cenent delivery nethod of claim
17 wher ei n filRi e bve: dentesit ddtvwhemethel at cian 1l 6, Whereiautxeng darinstlsaylétur t her
onprises fi xi ngl}the flrst stylet relative th %}he out er cannuLa in at |east
one r ot at SRR 1O dis Qs GRNUIE §OMPHES BRDY disHhen Wel?r‘é‘f%‘(‘id PUET ai m 16,
wherein {ixdung the first stylet relative to the outer cannula conprises
rotating the first stylet relative to the outer cannula to position a
projection extending fromthe outer cannula within a slot defined by the

first stylet.  20., The bone nt deliye nme relnthe
proj ecti on extlgn—drge ?I})erﬁegleﬁgﬁeg‘sgryo?’etthﬂé gél?g?ﬁga‘ﬁ%%?lgﬁxé%thg ﬁémwpy

defined byaveheast @ftertdagnilh fisthes tythpiises Zikinglthe bR PG ¢ éTRiMe Wehd Maky rret hod
of claim 16, wherein fixing the first stylet relative to the outer cannul a

conpri se§awiadﬂlahbia$th>@eﬁ©tlﬂ§@naéﬂWétonreI ative to the outer cannula to
position projections of a |ocking nenber of the first stylet under nenbers
extending froma handl e of the outer cannula. 22. The bone cenent delivery
met hod of cl ailfn Zhdbonwhenennddlivery metkbd gf cheimbe6, wiserain txsirathe dirsratyiar

ext endi ng froma handle of the first stylet, and the projections extend

| at eral | 141G %@%@rﬁ@l@ HEeQmpisep ﬁ%tamp%ﬁhsrﬁéﬁ HEERI S the Ak EHE e e nt
delivery; sﬁRﬂ a%oﬁl:@ér{%&&du‘{@%ﬁ' e bt &ﬁmﬁhl%%uﬁ’l@% sf&%@ﬁxfe%"bé/qlié file Upper

surfaces. bone cenent delivery nmethod of claim 12 rein

el ongat esttylstbul ar rrenber of the outer cannula has an outer di aneter of about
0.094 inch to about 0.096i nch, and the el ongate tubular nenber of the outer
cannul a has an inner diameter of about 0.075 inch to about 0.079 inch.

20. The bone cement delivery method of claim 19, wherein the projection extends

from a handle of the outer cannula, and the slot is defined by a head of the first stylet.

21. The bone cement delivery method of claim 16, wherein fixing the first stylet
relative to the outer cannula comprises rotating the first stylet relative to the outer cannula
to position projections of a locking member of the first stylet under members extending

from a handle of the outer cannula.

22. The bone cement delivery method of claim 21, wherein the locking member
is a U-shaped member extending from a handle of the first stylet, and the projections

extend laterally from opposing sides of the U-shaped member.

23. The bone cement delivery method of claim 22, wherein the projections have

contoured upper surfaces.

24. The bone cement delivery method of claim 12, wherein the elongate tubular

member of the outer cannula has an outer diameter of about 0.094 inch to about 0.096
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25. The bone cenent delivery nethod of claim 12, wherein the el ongate
tubul ar nenber of the outer cannula has a |length of about six inches. 26.
The bone weoerer108@Bi very mnmet hod of claim 12, wherein thecCharseoiospr@nt paste
conpri ses cal ci um phosphate matrix (CPM and reconbi nant human Bone

Mor phogenetic Protein-2 (rhBMP-2). 27. The bone cenent delivery nethod of
claim 12, wherein the bone cenent paste is injected into a portion of the

f enor al Kk ' : . e ' od of
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fenoral rexd iafit @rabautpedivdciof tinme. 29. The bone cenent delivery nethod of
claim4, wherein inserting the portion of the bone cenent delivery device

into the fenoral neck conprises striking the stylet with a mallet. 30. The

bone cement deki ygE yoAEldas: @bivehAintlidd MBLEIR WRSEMIthO8ohPGe RVuld-On Of
t he bone cenment delivery device into the fenoral neck conprises striking a

sti ke pl awentgf of the ogtey lcmtnulv hds ademgih bégbout six inches.

26. The bone cement delivery method of claim 12, wherein the bone cement
paste comprises calcium phosphate matrix (CPM) and recombinant human Bone

Morphogenetic Protein-2 (thBMP-2).

27. The bone cement delivery method of claim 12, wherein the bone cement

paste is injected into a portion of the femoral neck that is not fractured.

28. The bone cement delivery method of claim 12, wherein the bone cement

paste increases the bone mass of the femoral neck after a period of time.

29. The bone cement delivery method of claim 4, wherein inserting the portion of
the bone cement delivery device into the femoral neck comprises striking the stylet with a

mallet.
30. The bone cement delivery method of claim 4, wherein inserting the portion of

the bone cement delivery device into the femoral neck comprises striking a stike plate of

the stylet with a mallet.
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