| FIBER WADDING FOR FILLING BONE DEFECTS CROSS REFERENCE TO RELATED
APPLICATIONS 100011This application is a continuation-in-part application of U.S. Patent Application
Ser. No. 12/707,302, filed on February 17, 2010, which claims the priority of Japanese Patent
Application No. 52009-163320, filed on July 10, 2009. The present application claims the priority of
these two prior applications and Japanese Patent Application No. 2011-021790, filed on Feb. 3, 2011.
The contents of these three prior applications are incorporated herein by reference in their entirties.
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9602} The present invention relates to bioactive materials which are useful as bone-repairing

10 materials for filling bone defects and may be used in the fields, such as oral or maxillofacial surgery
and orthopedic surgery. More specifically, the present invention relates to a fiber wadding for filling
bone defects. The fiber wadding has a three-dimensional structure and comprises a

bioresorbable-biodegradable resin.

BACKGROUND OF THE INVENTION

15 [6003] Some materials, when buried or implanted in bone defects, react with the bone and are
directly chemically combined with the bone. These materials are called bioactive materials and are
further classified into superficial bioactive materials, where the reaction occurs only on the surface of
the materials; and bioresorbable materials, where the reaction occurs even inside the materials and the
materials are gradually replaced with the bone. Exemplary commercialized superficial bioactive

20 materials include hydroxyapatite ceramics (e.g., trade name APACERAM™ supplied by HOYA
CORPORATION, Japan); and exemplary commercialized bioresorbable materials include beta phase
tricalcium phosphate ceramics (e.g., trade name OSferion™ supplied by Olympus Terumo

Biomaterials Corp., Japan).

[6004] Calcium carbonate (CaCOs) and gypsum (CaSO4H,20) are also known to be

25 bioresorbable. These substances, however, have low strength and toughness and are difficult to be



2 machined. In contrast, biodegradable polymers such as poly(lactic acid)s, poly(glycolic acid)s,
copolymers of them, and polycaprolactones are highly flexible and are easy to be machined. The
biodegradable polymers, however, do not show osteogenic ability (bone forming ability) because their
biodegradability is derived from the phenomenon that they are degraded in vivo and are discharged
5therefrom. In addition, there have been some reparts that some of the biodegradable polymers may
affect surrounding tissues because they are degraded typically into lactic acid or glycolic acid upon

degradation and thus show acidity. er such circumstances, there have been made investigations
to providé' 88%11%09 ecﬂ?gféﬁifg%égéé% E@éefﬁﬁ?ﬁléﬁﬁ@?%ﬂ?ﬁ%%@%ﬁalﬂ%ﬁﬂ%@@@ﬁbounds to allow

the compegiis,matesialeio e eifronteagenle adiiymafDipiesRIbRbINAN fither fiave improved
10mechanical properties. For example, Japanese Unexamined Patent Application Publication (JP-A)
No. 2001x@kgrdahisclosests process domtiehore psirationcafdlibidresofbalkile ntaisnakypeatebining a
poly (lactic acid .a calcium. carbaonate. Specifically, this document refers to a process for
synthesizltlyﬁ(gd%agéfg%r%%grga eVFﬁla%% i;%l’% %?H‘algﬂéﬁ Ry esierded o rtsmmdaatisheragda principal
componemitwitor biademadable ROLBIST SARRI BHCAs @fﬁ&'ﬁi&'@%i&%ﬂgéom&ﬁ yagerite is

highly soluble 15 in water among such calcium carbonates. This technique is also advantageous in
that the pHifestalwayadnakraikrdgarseinuadetinddersiodly evemmkenidhe gobpltacticpoid) is

decompoged.to be acidic, the acidity i utralized by the buffering effects of the calcium carbonate as

dissolve %8@%]%1 ?ﬁ&lﬁsﬁﬁg& é%é‘j%gleeid%%ﬁcfgﬁ%%%ge&e‘%&? O B GyailiRAEeREE as soon

as pOSSikﬁﬁn&@@ﬂﬁ@ﬁt&ﬂﬁéﬁd@ﬁ&ﬁ@éﬁﬂ%&f@ﬁi&@ﬁ@%?ﬂ%@aﬁﬂ?&%ﬁﬁ@%@rﬁﬁ%%@ﬁ%ﬁ ormance
c abi

for 20the health maintenance. To improve osteogeni ility, there have been"attempted to
incorpor IR EIbBHEsBIbakE ahehsanecriTaby sudihias wibembfomd fidmrimduceniseedlapanese

Unexami P t Application Publication (JP-A) No. H 1994) -319794), or a proliferation factor or
a b%a:]e m%%gﬁ%%ae%rq Cr fg‘{lglsh%(%éeexﬁna%%h% aex%ﬁe@%r}ﬁ%n a%tgf}i‘i Ao hBUEHORHOR{T Pihslation of
PCT Apptioatian)d2PdAgidies 20030118240 pairdanapeseaddnexaningsRateptAnplisatiop,Rublication

25 (JP-A) No. 2006-187303). However, it is difficult to handle these factors. Accordingly, demands
have beefpfiisdetbad verpusishosaih Sorsifitatbsidindeiwg o ptis toopreaess Snsyyudts mability to
allow theypane 1o self-r more reliably and more rapidly. 3.[0006]In view of recent trends of
researches an t%chno%ogg?fgg%grﬁﬁ}o%?e%% mxg%?% se,%%néar%ggl%ng%%rﬁsoﬁlf%%%g%‘é??&pﬁﬁ?been shifted
from a matériatscdesigiarthigrhondingohesmateriapyithdin kanevaismateriaissiasion aithe

regeneration of the bone; in these researches, the role of silicon in bone formation has received much

attfition, a8 VARRYF S SHcamdsReaIRaEhalsHaiRs Ve el Gk srsd TS BRUK aHisGEAWA
R L TNk -
controlleddidipasewfsilicdibetr hdfomgefsdes arometeiharedormationddived.
[0005] In this unprecedented aged society, bone defects should be desirably cured as soon as
possible, because it is very important to maintain and ensure mastication and exercise performance for
20 the health maintenance. To improve osteogenic ability, there have been attempted to incorporate, to a
bioresorbable membrane, a factor such as a bone formation inducer (see Japanese Unexamined Patent
Application Publication (JP-A) No. H06 (1994) -319794), or a proliferation factor or a bone
morphogenic protein (see Japanese Unexamined Patent Application Publication (Translation of PCT
Application) (JP-A) No. 2001-519210; and Japanese Unexamined Patent Application Publication
25 {(JP-A) No. 2006-187303). However, it is difficult to handle these factors. Accordingly, demands have
been made to develop a bioresorbable material having superior bone reconstruction ability to allow the

bone to self-regenerate more reliably and more rapidly.



Maeda, T. Kasuga, and L. L. Hench, "Preparation of Poly(L-lactic acid)-Polysiloxane-Calcium
Carbonate Hybrid Membranes for Guided Bone Regeneration”, Biomaterials, 27, 1216-1222 (2006)).
10Independently, when composites of a poly(lactic acid) with one of three types of calcium carbonates
(calcite, aragonite, and vaterite) are prepared and soaked in a simulated body fluid (SBF), the
composite of the poly(lactic acid) with vaterite foliog a hydroxyapatite having bone-like composition
and dimensions within a shortest time among the three composites (H. Maeda, T. Kasuga, M. Nogami,
and Y Otzﬁ“ y éepargi[io.n of Calcium Carbonate Composite and, Their Apatite-Forming Ability in

15Simulated Body FIGiE™ E‘E‘é%l%@%%.@ﬁ%ﬁeﬁ% CeERleEss (op bRyl s raln J& deonstrate

e

that the useoh vateiieubich 520 gradyalnelnaseNlitoRnifPeleVREiLR be akay iphRKde a

material that produces more rapid bone reconstruction_ [0007]To use a material for filling bone
defects, thenatfectodariadgsiendod éfetiscintised tedene; in denseerpbesubenmaterdalliimiing such a
size as tq)firlllet Oengf{;l%ctgd area suyffici nttly, tis o!iregtly 20implanted tgerein, or a granular material is
charged into the atfected area. T00USTH S B E B AN TEMIATHER T IePae %S or bury such
a materiaddeidhel affected Rign, OEIoNhargaRCleRranEHMAWRNS HESH I GRS IR BERLRSS:@ dense or

porous material so as to fit the dimensions of the affected area snuggly. In addition, a granular
material, fesprirleHerirloy apé Stenladizione F dropesdibiorl théSaffeciziP@ne Boafemibk, sbmgery
(implantatign). These t ‘%Eai ues 25are therefore. susceptible to improvements. 100091Independently,
there is Z}Ilgsc’) HOWN A %%I g(?lﬁg%ne (r)eaeﬁ%?gﬁgrg %leﬁg AiGUEThAL ¢ i%é"é"'%%tﬁsha?f‘gf?ﬁ@ﬁﬁls to cover

a bone defeeta The& gsigedaan QIEE@&]QP@I@Artﬁ(éh@M}@D@&ﬁ@&éﬂ?@&?ﬁ@%ﬁm&ﬂﬁte“al into the
affected area. Instead, this techniques uses a masking membrane, which has the functions of

preventingaherivasibrddreehsasidarddudedRannlstraaraindndiforntaiibnZnto2ie B3R LM ct,
~allowing faregeneration ability of the .bone. to exhibjt, and helping the bone 5to reconstruct. This
O#Y &Hﬁeﬁ%&%ﬁy wiat 90 osgé(s OF% g?gf(gzg, 1C acl W]gl one op f%rp € %%g %?‘Tﬁ%}iﬂ’g"ﬁ’g’%afﬁ%eren tly

technique Is Intended to cure tfe bone y using the curing abilt

has. For exivingleadapanestvblinespinineshaiant AppbcatipsRublicaliap f3R-ARND 12009-61109

discloses a guided bone reaeneration membrane and a production method thereof, wherein guided

bone regeMBPREEPEIBTMSESirasid prifhyaicsip fermreahyfienvepatift sevioa owelikfxorptsifonand a
second ngRER BRGNSl pIEh RS I IGRuEn ARKe ey contaips 3 AORfIRQRpleasable
calcium carbonate and a biodegradable resin‘as principal componéents, arid the
and Y Ota, " Preparation of Calcium Carbonate Composite and Their Apatite-Forming Ability in
15 Simulated Body Fluid", J. Ceram. Soc. Japan, 112, S804-808 (2004)). These findings demonstrate that
the use of vaterite, which can gradually release silicon, is believed to be a key to provide a material

that produces more rapid bone reconsiruction.

[0007] To use a material for filling bone defects, the affected area (bone defect) is incised and a
dense or porous material, having such a size as to fill the affected area sufficiently, is directly

20 implanted therein, or a granular material is charged into the affected area.

[0008] "To ensure bone formation, it is desirable to implant or bury such a material in the affected
area without a gap (clearance). However, it is not easy to process a dense or porous material so as to fit
the dimensions of the affected area snuggly. In addition, a granular material, if charged into the
affected area, often drops off from the affected arca after the surgery (implantation). These techniques

25 are therefore susceptible to improvements.

[0009] Independently, there is also known a guided bone regeneration technique that uses a



second nonwoven fabric layer contains a biodegradable resin as a principal component. It has been
reported that the use of this membrane gives satisfactory proliferation of murine osteoblast-like cells
(MC3T3-E1 cells), and when a bone defect formed in a rabbit cranial bone is covered by such a
membrane, satisfactory bone formation (osteogenesis) is observed (see T. Wakita, A. Obata and T.
15 Kasuga, "New Fabrication Process of Layered Membranes Based on Poly (T actic Acid) Fibers for
Guided Bone Regeneration”, Materials Transactions, 50 [7], 1737-1741(2009)). This membrane,
however, is not usable as a materi%I for filling bone defects because it has a small thickness of from

230 to 300 TIPSR SRATHBH RS BLHP RS Hisror et boan secacmtionisabriave ds6800.4 g/cm3 or

more, is gehgvally ighdQ.beiHsad-asa- malry: il : MMARY.OF THE
INVENTION [OOl%%%gordingly, an ob?ect olf the p?é)s*t’g%ﬁirﬁ%%r%?glr? fglgtg%p%%?i%%%aﬁﬁ%emrevn\}g%?hg formed

of a bioresbididsetm fuerforfitiegisogdhd sfectspwhichsmaterialanay hevied sUstaiodalgase
system Wiirtlpo%]ec@ ac (kzmic | compositign as to guide bone reconstruction ability effectively and has a

fstird el R 2R B thedmsriectbebrnd Salrsnacheragpre

three-dimensional stru

25[0011]kp RBSASRRCIHRIHRSRNL IMNGRLER Blates (AR ﬁ@e&mﬂgiw%ﬁmu%%&ﬁ%%%? pets, wherein
plurality o

the fiber wadding having a flocculent three-dimensional structuré including a fibers. The

fibers conteie Aasiotdgiendaibies rBeimrasplpiusipat doreporent Bachcaptditutuniad;sasoaxana) [00121In
one aspegt, fi in 3, fiber wadding af the invention may be coated with  hydroxyapatite on their
surfaceséﬁﬂﬁ%ag%%@g%é%é%%% %"r%]eg)}) BE fﬁ%?’(?&%qf’(f’é%‘%/aﬁ G5 sloRecEnarebodthersniers may
contain silgwpsie dispeboas K GRIRHN SRHIRRRIB I HOrRRFIGIRSHIOALRIR PDEASREG 108 Migsent
invention relates a fiber wadding for filling bone defects comprising a plurality of fibers comprising a
biodegradyBlanésiseend vepuatsphbse leedsiimybiahsbn fret microparfiblis|andereinithe plurality of

fibers are entangled with each other in three dimensjonal directions to form a fiber wadding such that a
buﬁ(ojjenss%%r}” gaﬁ?)‘ég? Wa .n%a%"&?é%%‘%‘.5%%%%4%@6&%?%&@5@6&&%9%@%?@éé‘?ﬁ invention

relates tosesiropaecingatorfilirgdoanmsetesisremmeizing A RiwakbriRigdegredahlefners

containing a plurality of calcium carbonate micro-particles and siloxane. The biodegradable fibers are
three-dinfepfatemh &y batangldbicasmistme st ratitbawmordl Hreasionbspacestafidoliksesral tens of

T e S SRR PSR, o
density ofnbizebftiey satisfactory bone formation (osteogenesis) is observed (see T. Wakita, A, Obata and T,
15 Kasuga, "New Fabrication Process of Layered Membranes Based on Poly (Lactic Acid) Fibers for
Guided Bone Regeneration", Materials Transactions, 50 [7], 1737-1741 (2009)). This membrane,
however, is not usable as a material for filling bone defects because it has a small thickness of from
230 to 300um. In addition, the bulk density of such membranes, estimated to be about 0.4 g/c:m3 or

more, is generally too high to be used as a material for filling bone defects.
20 SUMMARY OF THE INVENTION

[0610] Accordingly, an object of the present invention is to provide a fiber wadding formed of a
bioresorbable material for filling bone defects, which material may have a sustained release system
with such a chemical composition as to guide bone reconstruction ability effectively and has a

three-dimensional structure having such a flexibility as to fit in an affected area satisfactorily.

23 0011} In one aspect, the present invention relates to a fiber wadding for filling bone defects,

wherein the fiber wadding having a flocculent three-dimensional structure including a plurality of



15wadding as measured in accordance with BS L 1097 is from about 0.005 g/cm3 to about 0.3 g/cm3.
[00151in one aspect, the present invention relates to a fiber wadding for filling bone defects comprising
a plurality of fibers that contain a biodegradable resin, vaterite phase calcium carbonate
micro-particles and siloxane. The plurality of fibers are entangled each other in three dimensional
directions to form a fiber wadding structure such 20that the fiber wadding has substantially a same
flexibility in all three-dimensional directions thereof. A bulk density of the fiber wadding is about 0.005

g/cm3-0.3.9/cm3,,compressibility af he{iﬂ% wadding as measured in accordance with MS L 1097 is
from abo%%%la%a%eafg%%st %%%%?la%%oég% igfgﬂl}g%%ggwlg?iﬁm&%%ﬂ’&%%%%ﬁred in
accordanggwith JIS L 1097 is from about 5% to about 76% BRIEF DESCRIPTION OF THE
DRAWINGS 25[0016]Other objects, features and advantages of the present invention will be

understo re 6 fully from the following detailed cription made with eference to the

accom paﬁ@#gf draqv‘\ﬂr?aé.a?ﬁeﬁ%’e%g% lﬁlnag{é%’%bﬁi%ﬁﬁ?%e"[ﬁ gﬁgf\ﬁéugﬂ I@?{}SM@W@N of a common
electrospifaingyipehieicn eiclPQIBIRICTIZ Shaus AR RIRNAANbVRYOLAR £l8rtosRipRRg.technique
according to an Sembodiment of the present invention; [0019]FIG. 3 depicts the appearance of a
threé-dinibersisnEshivtureyoioatibeiioratelihgparedareddme cafrmistcmingivatédenith 10-min squares;
[0020]FIG. 4 shows a scanning electron micrograph (SEM) of fibers constituting the three-dimensional
structure poesfiber wandingderapareein: Exanmpledad 00021 IFIG:D: I8 Araiaph-abavieg the amounts of

silicon ions released from aensional structure of Si-PLA15, prepared in Example 1, into a cell culture
medium: comprising a plurality of fibers comprising a biodegradable resin and vaterite phase calcium carbonate

micro-particles, wherein the plurality of fibers are entangled with each other in three dimensional

directions to form a fiber wadding such that a bulk density of the fiber wadding is 0.005 - 0.3 giem’.

10 [0014] In one aspect, the present invention relates to a fiber wadding for filling bone defects comprising a
phurality of biodegradable fibers containing a phurality of caleium carbonate micro-particles and siloxane. The
biodegradable fibers are three-dimensional& entangled each other o create three-dimensional spaces of about several
tens of micrometers or more throughout the fiber wadding structure such that the fiber wadding has a sufficient
flexibility in all three-dimensional directions thereof without forming a flat mat structure, Bulk density of the fiber

15 wadding as measured in accordance with JIS L 1097 is from about 0.005 glem” to about 0.3 glom’.

[0015] In one aspect, the present invention relates to a fiber wadding for filling bone defects comprising a
plurality of fibers that contain a biodegradable resin, vaterite phase calcium carbonate micro-particles and siloxane.
The phirality of fibers are entangled each other in three dimensional directions to form a fiber wadding structure such
20 that the fiber wadding has substantially a same flexibility in all three-dimensional directions thereof. A bulk density of
the fiber wadding is about 0.005 g/em®™0.3 g/em?’, corapressibility of the fiber wadding as measured in accordance
with JIS 1. 1097 is from about 10% to about 55%, and compression recovery of the fiber wadding as measured in

accordance with JIS L 1097 is from about 3% to about 76%
BRIEF DESCRIPTION OF THE DRAWINGS

25 [0016] Other objects, features and advantages of the present invention will be understood more



[0022]FIG. 6 is a graph showing the amounts of silicon ions released from a three-dimensional
structure of Si-PLAS0, prepared in Example I, into a cell culture medium; [0023]FIG. 7 shows a
scanning electron micrograph (SEMI) of fibers constituting a Si - 15CaCO3/PLA three-dimensional
structure prepared in Example 2; [0024]FIG. 8 shows a scanning electron micrograph (SEMI) of fibers
constituting a Si - CaCO3/PLA three-dimensional structure obtained after soaking in 1.5 SBF, the Si -
CaCO3/PLA three-dimensional structure prepared in Example 2; [0025]FIG. 9 depicts an X-ray
diffractior}aﬁllat oﬂ%‘)fﬁ%ﬂSWSi - gzé%03 PLA three;%me si%nal 20structure prepared in Example 2,
before and after soaking in £.5° = GUPBICIEG TS GHESh SO Min ey SRR aSIME - e8IBh Bliferation
testing ofige Jfawizac: O3/PLA three-dimensional structure coated with hydroxyapatite prepared in
Example 2 and of a comparative sample. 7 [0027]FIG. 11 shows a SEM photo of micro-particles of a
silicon re(i%f ble calciym, carbonate obtained by carbonation Sgrocess, 100281FIG. 12 shows an
explanatdly View of aii eloet SSBiRmnG oS 4o By S AR RINEBRH5EAEEFthe present invention:
5[00291FIG. 13 (A) shows an explanatory view of measurement of bulk density of the fiber wadding
prepareditfBlampld(s 2plowi ayspkmeiney are e kndesty wivwinf ebaisueaventiag compressibility of
the P’ber \évlggg&r}gegfgpt%ege@n_é%rqugns, in wh_ich a weight is placgd on a cover. FIG. 13 (_C) is an
explanatory view of measurement of compression recovery of the fiber wadding prepared in Example

3, in which the Wei%ht is removed from the cover. 10DETAILED DESCRIPTION
[0619] 1G. 3 depicts the appearance of a three-dimensional structure of a fiber wadding

prepared in Example 1, indicated with 10-mm squares;

[0020] FIG. 4 shows a scanning electron micrograph (SEM) of fibers constituting the

three-dimensional structure of a fiber wadding prepared in Example 1;

10 [0021] F1G. 5 is a graph showing the amounts of silicon ions released from a three-dimensional

structure of Si-PLAs, prepared in Example 1, into a cell culture medium;

[6022] FIG. 6 is a graph showing the amounts of silicon ions released from a three-dimensional

structure of Si-PLAs,, prepared in Example 1, into a cell culture medium;

[66G23] FIG. 7 shows a scanning electron micrograph (SEM) of fibers constituting a Si -

15 CaCOs/PLA three-dimensional structure prepared in Example 2;

[0024] FIG. & shows a scanning electron micrograph (SEM) of fibers constituting a Si -
CaCOy/PLA three-dimensional structure obtained after soaking in 1.5 SBF, the Si - CaCO+/PLA

three-dimensional structure prepared in Example 2,

[0025] FIG. 9 depicts an X-ray diffraction patterns of the Si - CaCO+/PLA three-dimensional

20 structure prepared in Example 2, before and after soaking in 1.5 SBF;

[0026] FIG. 10 is a graph showing the results in cell proliferation testing of a Si - CaCOy/PLA
three-dimensional structure coated with hydroxyapatite prepared in Example 2 and of a comparative

sample.



[0030]The present invention will be described further with reference to various embodiments in the
drawings. Embodiments of the present invention relates to bioactive materials for filling bone defects.
The materials comprise fiber wadding. Such a material has a flocculent three-dimensional structure of
a fibrous substance that comprises a biodegradable resin as a principal component. The 15fibrous
substance contains or bears a siloxane. [0031]As used herein, a flocculent three-dimensional (3D)
structure is a loose fluffy 3D structure. A biomaterial of the invention having such a loose fluffy 3D

structure e d ed b varrogi;slﬁr srcal chemical. ara eters, such as its weight, bulk density,
compres%ﬁ com%}refsjlsrgn WeASVORPARING) BEGRETHE %F ffcerislss aﬁlﬁfﬁﬁﬁffbﬁ% horats
parametessunay becasternongsbusing known 20standard methods, such as the Japanese Industrial
Standard (XIS) methods particularly JIS L 1097 method. 100321A siloxane is any chemical compound

composeﬁgﬁ nits rm éRZSI here R i dro en atom or a hydrogcarbon pimp (e.qg.,
methyl, e 8"E)ropﬁ an Cibty a‘éﬁxgl)ane L) %r ong%stﬁﬂlﬁ'ﬂ ré}ﬂfg%aéﬁ Eﬁic $80. A siloxane
suitable fembiséiméthEmbpeimenis«atithe 25invention can be any siloxane that can release Si in vivo.
See e.g., Wakita et al., "Preparation of S electrospun siloxane-poly (Iactic acid)-vaterite hybrid fibrous

merebangs iy uided bone aERIAN: Compes, Sl Technd) 2010 10,0580 4080,

[0033]Bioactive materia € Invention may e prepare using ele

Electrospindiiggysesag gleetigat shame. tesqum&rs/amgﬂwmwy;% SnenERiGreLRINENO scale)
5fibers from a liquid or a slurry. When a sufficiently high voltage is applied to a liquid droplet, the body

of the Im&%é%ﬁié@”@ﬁ%@?ﬁrmédﬂémﬁﬁéwgm&%mtw@d?@maghﬁd@tdaé%merme@he surface
tension t I her ion force exceeds the surface tension, a stream
apRsthe droplst isstratshed. Whsndh Il LgRusien foree ox mmlor e N H&Fel%ular

of liquid erupts from the sur ace. This point of eruption Is known as'a

cohesionpofithediguidaissu fjdienbi¢highwtiehsiseandddhnobbreakup and a charged liquid 10jet is
formed. As the jet dries in flight, the mode of current flow changes from ohmic to convective

10 DETAILED DESCRIPTION

[0030] The present invention will be described further with reference to various embodiments in
the drawings. Embodiments of the present inyention relates to bioactive materials for filling bone
defects. The materials comprise fiber wadding. Such a material has a flocculent three-dimensional
structure of & fibrous substance that comprises a biodegradable resin as a principal component. The

15 fibrous substance contains or bears a siloxane.

[0031] As used herein, a flocculent three-dimensional (3D) structure is a loose fluffy 3D structure.
A biomaterial of the invention having such a loose fluffy 3D structure may be defined by various
physical/chemical parameters, such as its weight, bulk density, compressibility, compression recovery
ability, as described herein.  These physical/chemical parameters may be determined using known

20 standard methods, such as the Japanese Industrial Standard (JIS)methods, particularly JIS L 1097
method.

[0032] A siloxane is any chemical compound composed of units of the form (R,Si0),, where R is
a hydrogen atom or a hydrocarbon group (e.g., methyl, ethyl, propyl, and butyl). Siloxane has a
backbone comprising altemating Si and O. A siloxane suitable for use with embodiments of the

25 invention can be any siloxane that can release Siin vivo. See e.g., Wakita et al., “Preparation of



as the charge migrates to the surface of the fiber. The jet is then elongated by a whipping process
caused by electrostatic repulsion initiated at small bends in the fiber, until it is finally deposited on a
grounded collector. The elongation and thinning of the fiber resulting from this bending instability leads
to the formation of unifoon fibers with nanometer-scale diameters. 15100341While the voltage is
normally applied to the solution or slurry in a regula electrospinning process, according to
embodiments of the present invention, the voltage is applied to the collector, not to the polymer

solution (g slurry), and, therefore, the polymer solution.js grounded. The polymer solution or slurry is
sprayed i%}r%t f%?é%? i Cﬁafgngﬁﬁ? ié‘g’cfﬁéz Q}D fg‘afé”ffif g%‘l%} ﬁ%ﬁﬁ’é’ﬁrﬁ%)fﬂﬁefi@ér@”ﬂ@ié’ﬁlﬂﬁngled to form a
three-dimepsienalstruciifs20a3a1Alte matively  gsmagetial for filling bone defects having a
three-dimensional structure and being satisfactorily flexible can also be obtained by canying out the

Unprove trospigning.technique, followed by soakijng the electrospun materjal in a buffer solution
that is su Ogr%ﬁturate%l% Vﬁ?&%%%%%ﬁa%h%. %%fﬁ%g!?ﬁ 168%5 8%%&8&8%@8&&% with
embodimeRts-efpihsmaveatieniasideRasynihpiic Relyme sy sealy 85 melmthyviens.glycels (PEGS),

polycaprolactones (PCLs), poly(lactic acids) (PLAs), polyglycolic acids (PGAs), and copolymers of
PEG andfibers figmadgridar olymersWoger sylioignsiyhigotieltas isigiieldeilimyididmagmit teid, chitin,

and chit . Preferr xamples of the hiodegradable resin. include a poly(lactic acid) (PLA); and a
copolym?e%%% 8%%% E%%tiﬁeg%l}l sgn%rggdpolg%ﬁ% ic Sé%%feﬁyilﬁﬁ? ﬁléﬂ © fﬁgﬁ%é‘%%&% @%Bﬁ%%% ige
copolymenrfkQadiceandingdsiembedimeantswhihennwention eropateralsiar filling beng defects may
be Sproduced in the following manner. Initially, a solution is prepared by dissolving a biodegradable
resin (suéhcad PLIud guiitipre Be pEfece gl hisomifiprpesIcidrewd mradierioromethiine. An
agueous ' o] iethoxysilane (ARIES) is added to the solution. In this.procedure, the
weight raﬁgig%{l%%g%%lg}%%%?@%&%g ,}A\Slg%fgfnﬁs%p%égm ﬁgrrgﬁnm :?)e.%)lﬂtg rf%q? %ll(?[;}lgks%?g &by from

1:0101 tojdr 6 Oarfloy. weight jek diteisbricay se: moss of ARTE Soif added man-axsessivabelarge amount,
10is dissolved out in early stages of soaking in the aqueous solution and, therefore, not so effective.

The PLA_%&?&%W%@ e o ibodthaes wholvzeisdtos kbipreerseventration of
e o Cadte SOl Bt RIARY (1A 10 B BB R R AR A SRR T

maintain satisfactory spinning con imethylfonnamide and/or me m d to the

solution igrapdopostiarncaf Ekeiitnatipe rodnhinyineig eable sesidlative 40mEh BEaiaEBREIR

leads to the formation of uniform fibers with nanometer-scale diameters.

15 [0034] While the voltage is normally applied to the solution or slurry in a regular electrospinning
process, according to embodiments of the present invention, the voltage is applied to the collector, not
to the polymer solution (or slurry), and, therefore, the polymer solution is grounded. The polymer
solution or shurry is sprayed into fibers while applying the voltage in this manner, and the fibers are

entangled to form a three-dimensional structure.

20 [0035] Alternatively, a material for filling bone defects having a three-dimensional structure and
being satisfactorily flexible can also be obtained by carrying out the improved electrospinning
techmique, followed by soaking the electrospun material in a buffer solution that is supersaturated with

hydroxyapatite.

[0636] Examples of biodegradable resins usable with embodiments of the invention include
25 synthetic polymers, such as polyethylene glycols (PEGs), polycaprolactones (PCLs), poly(lactic acids)
(PLAs), polyglycolic acids (PGAs), and copolymers of PEG and PCL; and natural polymers, such as



15dichloromethane. 10038]A liquid having a greater relative dielectric constant than that of the
biodep-ad able resin may be added to the resulting solution to produce a spinning solution for the
preparation of a three-dimensional structure. Typically, when the biodegradable resin is a poly Oactic
acid), a liquid having a greater relative dielectric constant than that of lactic acid may be added.
Examples of the 20liquids having a greater relativeédielectric constant than that of lactic acid (relative
dielectric constant: 22.0) include methanol (relative dielectric constant: 32.6), ethanol (relative
dielectric gonstant: 24.6)..ethyleng glycol (relatiye dielectric constant: 37.7), 1,2-propanediol (relative
dielectricf%glr?étcgﬂﬁgg%f) , Iél,c'S%lf)l%u’ta %%%Tcgal%gé?o H(Irlé?g |\?Eél%&%al%?tlf?gegg‘ggf(ém%aéi.Og))tg%cetonitrile
(relative ditrgthicabRrstariicRiad) pprapianiudia)(Rlatyadielesits:censtaptidthdl. heapsniyile (relative
dielectric constant: 25.2), 25sulfolane (relative dielectric constant: 43.3), and nitromethane (relative
dielectricROOMgRRIc3519)(TAHY Granbisec aridafhcclivecklropmiamsdvantageously water (relative dielectric
constant: 70 to 80) may be used. However, water is immiscible with and completely separated from
chloroforppsnp/or AQcdighigtomeibdineiisettiasaaalvent fordhg BEALRORvelgis pigblem, an
amphiphilic liquid, such as methanol, ethanol, propanol, and/or acetone, is preferably in coexistence

withthe SBRFERtaHA Sl Sianaanip il Rdtlatonisaseretdn drehwiniedrardible refatve
dlelectrlc(msat@pf%ﬂﬁ Losma@% %ﬁ%&rg_ %!Eﬁ'%l%lg% atercﬁaflasﬁ%gocﬂ%(r)gl%:l le QOt%’l‘”th the solvent

(such as chloroform and/or 5dichloromethane) an s an example, 0.5t05¢ o%qt]ﬁeé)uasmphiphilic
liquid (susttusismoé tirainaprattiandippyaan oh FATEYDIs adéto nethassh@idnlo & ehfprateimaalbe added per
1 g of the PLA. 100391A spinning solution may be further combined with a calcium carbonate to form
2 slurry (SSTRR IR THES RoRSo-Aoie SR bsselaration) A step P sok e e b Bspun
article in fer seil ' SAtUR i \: ite.10 fo ] le

hyd roxya%é?tﬁ£%%iﬁ§e%% gﬁw%%i%%%ﬁable h%%ﬁ%{%gﬁé%pﬁ%?% #e#ﬁ?éﬂ%%&ﬁ%%%ﬁ%’r

adhesionis Thsobmbuntioédtie stala vivehibpnate ispassikijubéhpadcénrtdiyryyeigls effiess: iheause the
calcium carbonate, if added in an amount of more than 60 Eercen d%weight, maybe difficult to mix

with the SOt tRE S s ehEgn M Kb &othiOall Ui dlsorarsnirasignadths an amount
less thanpt O\RRTEEBNRWRIghEMAY Aah e P I BAMANRERR U Q&@ﬁ%ﬁiggﬁ%ﬁ%y- The solution or

slurry may 15further include one ormore inorganic substances which are Vivo without
problemsnaintain satisfactory spinning conditions, dimethylformamide and/or methanol may be added to the

solution in a proportion of about 50 percent by weight or less relative to chloroform and/or

15 dichloromethane.

[0638] A Hquid having a greater relative dielectric constant than that of the biodegradable resin
may be added to the resulting solution to produce a spinning solution for the preparation of a
three-dimensional structure.  Typically, when the biodegradable resin is a poly (lactic acid), a liquid
having a greater relative dielectric constant than that of lactic acid may be added. Examples of the
20 liquids having a greater relative dielectric constant than that of lactic acid (relative dielectric constant:
22.0} include methanol (relaﬁve dielectric constant: 32.6), ethano! (relative dielectric constant; 24.6),
ethylene glycol (relative dielectric constant: 37.7), 1.2-propanediol (relative dielectric constant: 32.0),
2,3-butanediol, glycerol (relative dielectric constant: 42.5), acetonitrile (relative dielectric constant:
37.5), propionitrile (relative dielectric constant: 29.7), benzonitrile (relative dielectric constant: 25.2),
25 sulfolane (relative dielectric constant: 43.3), and nitromethane (relative dielectric constant : 35.9).
Any of these are effective, but most advantageously water (relative dielectric constant: 70 to 80) may

beused. However, water is immiscible with and completely separated from chloroform and/or

J



Examples of such inorganic substances include hydroxyapatite, tricalcium phosphate, calcium sulfate,
sodium phosphate, sodium hydrogen phosphate, calcium hydrogen phosphate, octacalcium
phosphate, tetracalcium phosphate, calcium pyrophosphate, and calcium chloride. f0040]Iin
accordance with embodiments of the invention, a material for filling bone defects can 20also be a
substance containing a biodegradable resin as a principal component and further containing or bearing
a siloxane. This substance may be prepared by preparing calcium carbonate micro-particles bearing

siloxane dispersed.therein (Si-CaCO3), typically by.the hod described in, J nese Unexamined
Patent Aglp ication Publica |3%%5&%§%6¥%§§£10§§%§g§1&35 @ﬁ%&%"é?&r}%}@%w&&‘nf‘& less of the
Si-CaCOg migrepal titlemiRihé, hieamau Rike-She aCoRRRIckapaticasds: preferably from

10 to 60 percent by weight relative to the PLA, as in the calcium carbonate. To uniformly disperse the
micro-particiesighenhiitsstavics iy prehsrablgrprepbndidbin ivdaslpily erbcRtcacdsBhic aCo® as

micro-patficles in predetermined. propartions in a heati neader.to 11 give a composite. The
composit%l?g %ﬁeeaﬁﬁ) %goﬁ\%é in‘fhe %Ccﬁ)\lfg—:- 18%%%%%&%%%%@% fﬁ?%ﬁﬁ%ﬁ%%%%? a common

electrospifing teahnigLmdasalitisteade diinbl& 0 5,18 Tharge:isnappiiad oy aveliags swipiiol to a nozzle
of a syringe 2. In this manner, a positive charge is applied to a spinning solution; and the solution is

slowly exzHdel Frepatei o atrione 2 Wi et satheaddiiodidig bebeMed larger than the

surface tension, the solution is stretched into fibers and travels toward a collector 3 which is connected

with a greersdjelectrogen D thrvayis hefeallecan@ntiershlyentahibaisolutianeyaperates, thereby
forming a thin layer of nonwoven fabric of fibers. This technique, however, does not produce a

three-dimERLiFaT TS helps fritrssdumsarmbsting dhiimg buabmpibs tiasepsagpdidefitentration of
the spinningraqltion dhe s elaalyant soniained e eplution. Jagstpply speed.of the solution,
I e dis and coﬁector). This is

. a.
the spinning time, the applied voltage, and th ance between the nozzle

bedause tirecresithealteofbildnadebiyeprasihdepositactondie collectiuBaithehargettuthamselves
and repel each other. The repulsion impedes the deposition in a thickness direction. In this connection,

the fibrouR¥ FessrA'BFVEEPAEHT thee s BRRTEssBLRY Bridketise Asrg wht ripsEcAeRitsifent
the collea T ol e B et i
FIG. 2, agive a homogeneous slurry.  However, the calcium carbonate, if added in an amount less than 10
percent by weight, may not exhibit its advantageous effects remarkably.  The solution or slurry may
15 further include one or more inorganic substances which are usable in vivo without problems.
Examples of such inorganic substances include hydroxyapatite, tricalcium phosphate, calcium sulfate,

sodium phosphate, sodium hydrogen phosphate, calcium hydrogen phosphate, octacalcium phosphate,

tefracalcium phosphate, calcium pyrophosphate, and calcium chiloride.

[0040] In accordance with embodiments of the invention, a material for filling bone defects can

20 also be a substance containing a biodegradable resin as a principal component and further containing
or bearing a siloxane. This substance may be prepared by preparing calcium carbonate micro-particles
bearing siloxane dispersed therein (5i-CaCO3), typically by the method described in Japanese
Unexamined Patent Application Publication (JP-A) No. 2008-100878; and mixing 60 percent by
weight or less of the Si-CaCO; microparticles with PLA.  The amount of the Si-CaCO;

25 microparticles is preferably from 10 to 60 percent by weight relative to the PLA, as in the calcium
carbonate. To uniformly disperse the micro-particles, the substance is preferably prepared by

kneading the PLA and Si-CaCQ; micro-particles in predetermined proportions in a heating kneader to



three-dimensional structure of a fiber wadding can be formed by carrying out electrospinning while
grounding the nozzle of the syringe 2 (i e, without applying a charge thereto). At the same time, a
positive charge is applied to the collector 3. According this technique, if a regular spinning solution 20is
slowly extruded from the tip of the nozzle, the spinning solution would fall as droplets, because the
solution is not charged. However, when the spinning solution further contains a liquid, such as water,
having a greater relative dielectric constant than that of the biodegradable resin, the liquid may be
affected by the electric ﬂelﬁi and the_spinning solution may be drawn toward the collector by the action
of poIariz%YSﬁ.cﬂ?%%ﬁSas : W@@Bﬂﬁﬁﬁf@%ﬁ?@ﬁ%ﬂ%%&%ﬁ%@ﬁt B SRRt RIEHASSAIN P8rms 25
three-dimensional deposits on the collector 3, without suffering from electrostatic repulsion. In this
process, thddhfuid (solerdor) ioagobendivideddnioming ocimiqre, sty #hdsasaiddFewn fiehuthenozzle of the
syringe 2 towa (gthe ollectcg%?. These st angs are entangled to form a flocculent 12 _
three-dim%’ﬁsi%;ngl %Yr‘ﬂ?ﬁfr%u ﬁetoc%ﬂgﬁ[ﬁro 2 fYBAS Fo a‘??&W%ﬁ?&ﬂ?ﬁ%ﬁ@ﬁ?&WSﬁhﬁ%éﬂﬁpH%ever, the

spinning solufignishauieibavarmomedat v Wesesiv Hdhempinnipgsiution Rasangaessively

high viscosity, it may not reach the collector 3 even when affected by the electric field. Accordingly, the
diardeter @idperibiedd Soutrstiarese bonsitatifiathentie dadismietision atratiuctime fiveparettracdeording to

embodlm%‘rg[tasnpf th naveﬂxlf?n may be sugst%tlalléég%irolla%%) the viscosity of the spinning solution.

When the Spinning Solution s SRV MA LA Br8E &R ds oty ddbbsit more

easily to farradIRaGIMANSIORALET SIS AhiNE.REOUS SUPSIARGS Wauld et likelyrhave smaller

fiber diameters. Typically, when a spinning solution is prepared by dissolving PLA in chloroform to give
a solutioricchofeiWedehy alidiipansnet atidewdmmentieretotrtiseme suttiri§dibnoudi Butibtapaeings a fiber
diameter Ina.rang oLab ut 0.05 pm.to gfbtgut 10 msolf iS acceptable n%] gtg gél ply a positive charge,

but a negative c‘ha%‘%, 0 eeC%%(fFélcaglro , as dsﬁglgn%gsl he%%)lﬂ’ d%”&lﬁfi% R iward the

coltector byl ardionplRptadzation AR g rasutingthregpinensianalsirugturg.afa fiber

wadding may be cut into a piece of a 15required size, and the cut piece may be soaked in a buffer
solution, betesiihgrearamdibssdisapnos bhiate terryssitbe besivyad atlitita dnyithe resipdeposited

hydroxyapatite at the surface of,the fibrous skeleton with hy(i.r)L?x apatite, Examples of the buffer
solution for ugg%gcr?é%ﬂgiﬁrc L(J%eér eﬁﬁr}%{ %rﬂ‘séaévse(%ﬂﬁigﬁp fgﬁ&]%ﬁ%l %g‘%li’%f’h(iﬂénf%g@?sa & concentration
substantiady€ttiainte thiekirergasitdian qanGsbiatomni) AYNBoRRsMaLsiRlatethbedy.fiuid, or SBF)
and a solution (1.5 SBF) containing 20ions in concentrations 1.5 times those of SBF. The 1.5 SBF is

more ad\@ﬁ?éﬁ%‘gh@eb‘ S ta%ih gy most solvent evaporated. However, a trace amount of the

15 solution deposits intact (i.e., containing the solvent) on the collector 3.

[6042] In contrast, according to embodiments of the present invention, as illustrated in FIG. 2, a
three-dimensional structure of a fiber wadding can be formed by carrying out electrospinning while
grounding the nozzle of the syringe 2 (i.e., without applying a charge thereto). At the same time, a
positive charge is applied to the collector 3. According this technique, if a regular spinning solution
20 is slowly extruded from the tip of the nozzle, the spinning solution would fall as droplets, because the
solution is not charged. However, when the spinning solution further contains a liquid, such as water,
having a greater relative dielectric constant than that of the biodegradable resin, the liquid may be
affected by the electric field, and the spinning solution may be drawn toward the collector by the
action of polarization. In this case, the spinning solution is not charged by itself and readily forms
25 three-dimensional deposits on the collector 3, without suffering from electrostatic repulsion. In this

process, the liquid (solution) may be divided into two or more strands and drawn from the nozzle of

the syringe 2 toward the collector 3.  These strands are entangled to form a flocculent



substance can be coated with hydroxyapatite more rapidly. [0045]According to the present
embodiment, there is provided a flexible material for filling bone defects, which material has a
three-dimensional structure of a fiber wadding including a fibrous substance, in which the fibrous
substance contains a biodegradable resin, represented by poly(lactic 25acid) (PLA), as a principal
component, and further contains or bears siloxaneiilhere is also provided a filling material for
bone-repairing, in which the surface of the fibrous substance constituting the 13 three-dimensional
structure | d Wlth tite. Such a material, which includes communicating space for the
entrancetlgf 5?%0%{ SP%\PS%&&B W% the affected area, can be easily prepared by adopting
the technique for producing a nonwoven fabric through electrospinning to the production of the
three-dimiéféibnal §t®@dinwehiﬁph@tdm@n9mhemmjﬂlngﬁbr dheapsmibakbitubhyshaxyapatite can be easily
performed ll%?/ spa |f|l“lxg the electrgspun article i ffer solution su ersaturated with hydroxyapatite,
and the coAtad AbSSrBabIS Hyd @%a?é?ﬂg%%? Lfb%?}f&éﬁ‘?&jﬁgfr}’. {eR VESR LERBERS A 046 1A
fiber Wadﬂ‘i@@)ﬁ%tﬁumgvm&%m&d’? @l@éﬂﬁdﬁ@ﬁs salistagioiy, iexibilityin alhibreg,dimensional
directions so as to fit in a bone defect derived from the three- dlmen3|onal structure constituted by the
fibrous s@b@%@ﬁ@@%ﬁh@ﬁ@@ﬁiﬂwﬁﬁﬂwﬁm} shyaeidin grwmﬂ)stam@ahg/tﬁmmdmmm@ﬁheee
dimensional cg{ectlgdg % flbue }lwadctirlr}? glg %HOI tend to.f nn a flat mat structure in WhICh fibers are
entangled and extended in tvo dimensional direetith Sl@ﬁg fi B@%ﬁﬂa’ﬂ% SVheHisHRBPRoliferation

ansional

in Ce||U|aE@fﬂﬁkﬁ)h@5§§élﬂ¢ﬁlﬂﬂyQ§%@Ol§t@§k§* kcqrlieMEbaha-Eda BUSOANARXERIR IR lRQRE.reconstruction

ability. Bulk density of the fiber wadding of this embodiment is much lower than'masking membrane of
prior art é@%ﬁﬁ%@@wnﬁé Feyerpiad Hye Sibrans 8e00ce 100l 11064 kel deordingl ik fher someters.
embodlmfnts %{etsse%{weqtlggﬂ flbers d{f e fibe Wadflqj‘ g.are formed of a composite of
silicon-re alciwn carbonate anda g¥aosa 8 loroformh (0 give 2 sofuon,

10 foﬂowed by adding ethanol and water thereto, the resulting fibrous substance has a fiber diameter in a

range of about 0.05 pm to about 10 pm. It is acceptable not to apply a positive charge, but a negative
charge, to the collector 3, as long as the spinning solution can be drawn toward the collector by the

action of polarization.

[0044] The resulting three-dimensional structure of a fiber wadding may be cut into a piece of a
15 required size, and the cut piece may be soaked in a buffer solution, containing calcium ions and
phosphate ions and being saturated with respect to hydroxyapatite, to coat the surface of the fibrous
skeleton with hydroxyapatite. Examples of the buffer solution for use herein include a Tris buffer
solution (pH 7.2 to 7.4) containing ions at a concentration substantialty equal to the inorganic ion
concentration in human plasma (simulated body fluid, or SBF) and a solution (1.5 SBF) containing
20 ions in concentrations 1.5 times those of SBF. The 1.5 SBF is more advantageous, because the fibrous

substance can be coated with hydroxyapatite more rapidly.

[00645] According to the present embodiment, there is provided a flexible material for filling bone
defects, which material has a three-dimensional structure of a fiber wadding including a fibrous
substance, in which the fibrous substance contains a biodegradable resin, represented by poly(lactic

25 acid) (PLA), as a principal component, and further contains or bears siloxane. There is also provided a

filling material for bone-repairing, in which the surface of the fibrous substance constituting the



100481Similarly to the exemplary embodiment discussed above, micro-particles of calcium carbonate
of vaterite phase may be used as Si-releasable calcium carbonate, Si content of which may 20be, for
example, 2 wt% (herein after referred to as 2SiV). As disclosed in detail in the Japanese Unexamined
Patent Application Publication (JP-A) No. 2008-100878, Si releasable calcium carbonate can be
obtained by using carbonation process, in which cagbonate gas is sprayed into a suspension of a
mixture of methanol, slaked lime, and organic silicon compound. FIG 11 shows an SEM photo of the
micro-pa%;lg:sag cdcigfnﬁcarbonate,évﬁi(:}ﬂ i %irsclosed in_the (JP-A) No. 2008-100878. 25Although
diameters 0f the Ticro-partalas TR sAdY 13%' SoRBHTE PP ddpatsrY EcBalgEDN conditions,

preferablediangaiefthesisamstel.chihadigraiparicles }ﬁ{gr&%ﬁ f%ﬂ;}g&%& et %a,l%gg 491A

composite of silicone releasable calcium carbonate and biodegradable polymer may be formed by
heating/kprReBHPIgraradiRi A pigilfconchateritéoppredersgmubpoiytac ibrcitirongh ebpotypiatief polylactic

acid and polyglycalic acid. Molecular weights of the polylactic acid or.a copolymer of polylactic acid
and polygﬁlfg)%gug%%i g%g Bﬁs]?%efé%b‘}‘f ‘%F’b%%%ﬁt‘i&tﬁeto %bﬁ%ﬁ%l?“rﬁ%r%?é‘?% Bitah Daediiable elasticity of
the fiber waridingpdite 28 camentRiihe 6ompesitais MefBIpRMLAAIdBaTIS gRmPosite may be

dissolved using a solvent (such as CHCL3) to obtain a spinning solution. The spinning solution thus
obtained fyiyBEpiwcELkdudivy spiiberandthdirepgdithyetebledsginnirpatiéchlioo $ri0B BlEa:process

the spinnﬁga%!%tliﬁ)a@ igé(gs{ia%er wadding using elecnospinning, as illustrated in 10FIG 12, a positive

voltage is applied to the spinning solution in a state that a container of the collector filled with ethanol
is grounded. The spinning solution is then made into fibers and the electrospun fibers are attracted
and travdPf#¢he confirinerdsingier E8ihadior daftrtetve herrobthetshimmimyddiytionisremiporated in the

B B L B G e S L Bl PR i O spinning

accumulated in the ethanol of the container to form a cotton like structure.

conditionsh¢stseiirg dree donsitydak theispinpingrs eltien kinds:ofsehent.SuRPYraPaRA, e period of
electrospinning, the voltage applied, the distance between the nozzle and ethanol in the container of

the colledSt ) UEraP TSRS Gr trie Tt vade arjrede bl aemiddéetvedostd@udicscdiameter of

fiber wadgling @f %ﬁﬁ%@ﬁé@?ﬁt s ieferably from about 0.05 flill to about 30 gm, preferably from

about 0.1 gm to about 20 gm, angh more pre gté%qﬁnffgarr?upa a(:)fg Mo g U ostecblastlke ol
(MC3T3-E1 cells) and excels in bone reconstruction ability. Bulk density of the fiber wadding of this
embodiment is much lower than masking membrane of prior art as disclosed, for example, by JP-A

15 2009-61109.

[0047] According to the some embodiments of the present invention, fibers of the fiber wadding

are formed of a composite of silicon-releasable calcium carbonate and a biodegradable polymer.

[0048] Similarly to the exemplary embodiment discussed above, micro-particles of calcium
carbonate of vaterite phase may be used as Si-releasable calcium carbonate, Si content of which may

20 be, for example, 2 wi% (herein afier referred to as 2SiV).  As disclosed in detail in the J apanese
Unexamined Patent Application Publication (JP-A) No. 2008-100878, Si releasable calcium carbonate
can be obtained by using carbonation process, in which carbonate gas is sprayed into a suspension of a
mixture of methanol, slaked lime, and organic silicon compound.  FIG. 11 shows an SEM photoof
the micro-particles of calcium carbonate, which is disclosed in the (JP-A) No. 2008-100878.

25 Although diameters of the micro-particles vary and may be changed by adjusting the production

conditions, preferable range of the diameter of the micro-particles are approximately 0.5-1.5 pm.



20to about 20 gm. Bulk density of fiber wadding as measured in accordance with HS L 1097 is from
about 0.005 g/cm3 to about 0.3 g/cm3, preferably from about 0.01 g/cm3 to about 0.1g/cm3, more
preferably from about 0.014 g/cm3 to about 0.021 g/cm3. Compressibility of the fiber wadding of this
embodiment is from about 10% to about 55%, preferably from about 20% to about 55%, more
preferably from 29% to 55%. Compression recovery of the fiber wadding of this embodiment is 25from
about 5% to about 76%, preferably from about 7% to about 76%, more preferably from about 44% to

about 589 Advantage of the invention 100521Because fiber wadding of the present invention is
formed ol QAFL cas ST BRG  LATBB I SO R A B DR H e AOAE Tl
proliferatigpmamgyRarg/Rxsalien Rongsecansincliena bl annRicadithmas king sgreprane, the

bulk density of a fiber wadding of the Spresent invention is very low. In-addition, a fiber wadding of the
inventiondbpiéxiistes apid inselvebiveric etabticidpl Tnbreforghtit daheipelgastly Fifié drin dhrelyoreddefects

during sur nd can be implanted in the bane. defects without leayance). EXAMPLE 1 and
EXAMPLE 3 FUBSS R GRS b I AT et Qo LR t
several 1Qaxappiesdeaiovrawiiish telaejomsoduciondmeaihodsafibeerdinansignal stwetures. It

should be noted, however, that these examples are illustrated for better understanding of the present
invention Btcareviganan erbesalisdimingiedvopd s thie prisSen tarmbentionpianaeskiligdrintite art
would apg)re%%te c’glgu%tov iou0 mo 'fligaat'ons. are p ssti(pge \g/it_ho td%partin fr?rm the.scope of the
invention RAW Materals seéafﬁ xa%p?é’ AR xampﬁeeb‘ﬁééfaﬁ Hﬂggly gcﬁséj%fﬂﬂPLA):
PURASQGRBnRud0ly(L-lactide), having a molecular weight of from 20 x 104 to 30 x 104, is from
PURAC Biochem (a division of CSM; Netherlands). Chloroform (CHCI3): analytical grade reagent, with

R e e T
2010055 kRl aan pegiopedotaleiappisienaiesthirtaGiaskMatesiie cantainingrsiokaesndgrms of
filled with ethanol is grounded. The spinning solution is then made into fibers and the electrospun

fibers are attracted and travel to the container of the collector, while solvent of the spinning solution is
evaporated in the electric field during that process. Those fibers attracted to the container of the
collector are accumulated in the ethanol of the container to form a cotton like structure. By changing
15 the spinning conditions (such as the density of the spinning solution, kinds of solvent, supply speed,
time period of electrospinning, the voltage applied, the distance between the nozzle and ethanol in the

container of the collector), desired morphology of the fiber wadding can be aéhjeved.

[0051] Outside diameter of fiber wadding of this embodiment is preferably from about 0.05 um
to about 30 um, preferably from about 0.1 pm to about 20 um, and more preferably from about 10 pm

20 to about 20 um. Bulk density of fiber wadding as measured in accordance with JIS L 1097 is from
about 0.005 g/en’ to about 0.3 g/em’, preferably from about 0.01 g/em’ to about 0.1g/em’, more
preferably from about 0.014 g/em’ to about 0.021 g/em’. Compressibility of the fiber wadding of
this embodiment is from about 10% to about 55%, preferably from about 20% to about 55%, more
preferably from 29% to 55%. Compression recovery of the fiber wadding of this embodiment is

25 from about 5% to about 76%, preferably from about 7% to about 76%, more preferably from about

449% to about 58%.



a silicon ion content of 2.9 percent by weight and prepared by using slaked lime (Microstar T; with a
purity of 96% or more; Yabashi Industries Co., Ltd., Japan), methanol (analytical grade reagent; with a
purity of 99.8% or more; Kishida Chemical Co., Ltd., Japan), APTES, and carbon dioxide gas
(high-purity liquefied carbon dioxide gas; with a purity of 99.9%; Taiyo Kagaku Kogyo K.K., Japan).
25Electrospinning Conditions in Example 1 and ExXample 2 16 [0056]Spinning solution feed rate: 0.1
mUnain, [0057]Applied voltage: A voltage was applied to the plate collector at 25 kV, while the nozzle
being grounded, [0058]Distance betwee Qeqpozzl &zlinlg‘;[gn%glate collector: 100 mm, 5[0059]Spinning
time: about 60 minutes Example | 1006 B Eg§(( g? Was added to ultrapure water (0.5 g) with
stirring to give a solution. The solution was added dropwise to an 8% by weight PLA solution in CHCI3

so as to §WeHn APrERsdihent ooty arsntonericeisdestcdf, Sottsaratilbyaltiviing. During this
procedurg, APTES was. 10 Egg lve a siloxane,. To resulting mixtures. were added 1.5 g of
ethanol ar?{j 1ng o?ﬁ!raéurﬁ? vé\ilzgtge@%? 9 |vggsi\§ﬁﬂmsg%sg§1ﬁﬁ%Rg(?}%?h}’%%%n’saﬁ}%gﬁ?ﬁﬁ%ﬁﬁ?}%g%%?e subjected
to electraspinsingrandtifierabymypialdbdithresidinenrsibnaksiusitersachinchdingmifibigussubstance
containing a biodegradable resin as a principal component and containing or bearing a siloxane

(hertinafbEySiHb L SHdiadssFiC e s Braddierradihsraxadding offhe Anwriopisdspibleapdbevely).

15[0061] ' 'Eﬁ;}hﬁl r f ingthree-dir jonal structure (Sair-}PLA15). FIG. 4
shows a E%%ﬁ%rﬁjg Egl%ctrbn r%ﬁ{:lé?cr%?g %%%?}(%%%iy?%ﬁ% B%QESS %rpe%@’%g%n Sﬁlﬁergtﬁnng fhatb the steric

of this steric structure,
structureiispdafieddudabstrudttresintludingditdeadre)ng diameters of from several tens of nanometers
to eight micrometers. The structures under this condition had a weight of 40 mg. The structures did not

lose their flexibility and elasticity evenafigy tpey \veig $9akgs;ip # cell culture medium and

20recovered therefrom.
{0053} The present invention will be illustrated in further in detail with reference to several
10 examples below, which relate to production methods of three-dimensional structures. It should be
noted, however, that these examples are illustrated for better understanding of the present invention
and are never intended to limit the scope of the present invention. One skilled in the art would

appreciate that various modifications are possible without departing from the scope of the invention.
Raw Materials Used in Example 1 and Example 2

15 [6054] Poly(lactic acid) (PLA): PURASORB PL. Poly(L-lactide), having a molecular weight of
from 20 x 10% to 30 x 10%, is from PURAC Biochem (a division of CSM; Netherfands). Chloroform
(CHCLy): analytical grade reagent, with a purity of 99.0% or more, is from Kishida Chemical Co., Ltd.,
Japan. y-Aminopropyltriethoxysilane (APTES): (TSL8331, with a purity of 98% or more, GE Toshiba

Silicones Co., Ltd., Japan).

20 16055} Siloxane-doped calcium carbonate (Si-CaCO3): Vaterite containing a siloxane in terms of
a silicon ion content of 2.9 percent by weight and prepared by using slaked lime (Microstar T; with a
purity of 96% or more; Yabashi Industries Co., 1td., Japan), methanol (analytical grade reagent; with a
purity of 99.8% or more; Kishida Chemical Co., Ltd., Japan), APTES, and carbon dioxide gas
(high-purity liquefied carbon dioxide gas; with a purity of 99.9%; Taiyo Kagaku Kogyo K.K., Japan).

25 Electrospinning Conditions in Example 1 and Example 2



100621Each of the above-prepared steric structures was cut to a piece 10 mm wide, 10 mm long, and
1 mm thick, soaked in 4 ml of cell culture medium a-MEM, held at a temperature of 37 C in an
incubator in an atmosphere of 5% carbon dioxide gas, and the cell culture medium was exchanged
with fresh one on Day 1, Day 3, and Day 5. FIG. 5 and FIG. 6 show the release amounts of silicon
25ions when the stelae structures were soaked in tkie cell culture medium as measured through 17
inductively coupled plasma emission spectrometry. The data demonstrate that both the samples (steric
structure]sgd'%gase a Ialr?%eS (ﬁlqlourgte(afrasliéi_(ﬁ)p igns.on Day 1, and thereafter released silicon ions in a
significantly decreased a ounEO]E}u? continued 10 Telease silicon ions at least up to Day 7. Si-PLA50
released about 6.5 ppm of silicon ions on Day 1 but released 1 ppm or less of silicon ions 5from Day 6
to Day 7,[8Ming Swplisdyiglneaitferelies rensnpliad o Sicplaid )l Bstanap s RY00833AhSh@aE O3/PLA
three-di%%&sﬁi] noqlln%g&lcture was prepared by kneading PLA and Si-CaCO3 in a heating kneader at
200C for 15 minutes t6 give a Si-CaCO3/PLA composite containing 40 percent by weight of
Si--CaCO3; mixing 1.67 g of the SiCaCO3/PLA composite with 108.33 g of CHC13 to give a solution;
adding 1 8E¥s ethBRisinesdetvs ot Grupatevskibomistarelissiatioflangive a spinning solution; and
subjecting the spinning solution to electrospinning under the above-mentioned conditions. [0064]The
prepared[oiifse-dingrismonalistrutivirecd agmdiocculent appearance substantially the same as that
shown in FIG. 3 and had superior flexibility and elasticity. FIG. 7 is a scanning electron 15 micrograph
(SEM) of the Si-CaCO3/PLA three-dimensionalﬁ%targgﬁgrle, demonstrating that this steric structure is a
structure including fine fibers having diameters of about 0.1 to about 3um and spherical calcium
carbonate @qarticles havingédiameters of about lum embedded between the fibers. The fibers have

small dialh8&ks, aktl LR &\ Fasrdindde PlrRrEHAB &P fhondtirriinnalip ieise srlabouiTéeveral tens of
o A eaeR AR AN S TEIS 0B 10 AR ERIIR FUEL e, iprieace 20

!
amount of silicon ions from this steric structure was determine e procedure of Example 1 to find

that the sterenstilCflregalddstid giliegrionsyinfdimotihts efrbid: ApmieRR Q% PRPTEDMDAY 2 to
Day 3; 0.4 ppm from Day 4 to Day 5; and 0.4 ppm from Day 610 Day 7, indicating that the release in
tracé am8 i &t ?&?Ié%ﬁﬂﬂ‘ﬁébd.l SRBTREISURS SFiaifedassqittbrrotarfgie pfece 10 mm

wide 10 minJancang L dhisks 23soaledin G Ml L. SRE R st al 376 lorne day. The
sample piece was therecgfter }r)técovgered from 1.568%F and o%servg?%nﬁr a{gs&égre]%ﬁ%)&aggf%n
microscopel (BEbY) vieldmd et dnlengemlisnibenres each including a fibrous substance containing a

biodegradable resin as a principal component and containing or bearing a siloxane (hereinafter these

steric structures are referred to as Si-PLA ;s and Si-PLA, respectively).

15 [0061] F1G. 3 depicts the appearance of the resulting three-dimensional structure (Si-PLA 15), FIG.
4 shows a scanning electron micrograph (SEM) of this steric structure, demonstrating that the steric
structure 1s a flocculent structure including fibers having diameters of from several tens of nanometers
to eight micrometers. The structures under this condition had a weight of 40 mg. The structures did
not lose their flexibility and elasticity even after they were soaked in a cell culture medium and

20 recovered therefrom.

[0062] Each of the above-prepared steric structures was cut to a piece 10 mm wide, 10 mm long,
and 1 mm thick, soaked in 4 ml of cell culture medium o-MEM, held at a temperature of 37 °C in an
ncubator in an atmosphere of 5% carbon dioxide gas, and the cell culture medium was exchanged
with fresh one on Day 1, Day 3, and Day 5.  FIG. 5 and FIG. 6 show the release amounts of silicon

25 1ons when the steric structures were soaked in the cell culture medium as measured through



18 of aggregated particles as shown in FIG. 8 precipitated and that there remained spaces of about
several tens of micrometers so as to allow cells to enter therein. FIG. 9 shows X-ray diffraction
patterns of the sample piece before and after soaking in the 1.5 SBF, demonstrating that peaks
derived from hydroxyapatite were observed in the sample piece after the soaking. These results
demonstrate that the 5surfaces of fibers constituting the Si--CaCO3/PLA three-dimensional steric
structure can be easily coated with a hydroxyapatite merely by soaking the steric structure in 1.5 SBF.

100661FIG, 10 shows haw:cellular.numbers (in terms. of cellular numbers per 1 cm?2) vary after the
_inoculatio]fl%(l)1 %%piﬁ(éu {s%%%]ﬁfénsfi-‘fmlessé%zﬁgp %ﬁ?ﬁﬁ&#ﬁ%@‘%&?&&?&%@ﬂ@?&ﬁﬁﬁ%ﬁ structure
and on aeempaaivessamRMedd hernanax: plagticdisssin el cultiire)-Jne-compay ativs,tdsample

Thermanox had been treated on its surface for improving cell proliferation and for use in cell culture.
The dataifherigyifconde disased amesntHaisentinediensteagivdisonuets hidghstupelh Beyith capability than
that of the.syrface-treated ¢ arativ mple and is expected as a material whjch.excels in bone
reconstru%%%%ﬁﬁ@asﬁ%g}ﬁo@hgspf%?B%eﬂ Uttire %ﬁ%?&‘%ﬁi@%ﬁ%‘@b&%ﬁ??ﬁﬁ  Feditivton using
24-well plate, DH0SH] Ol typewmiding, asigablagtlike:orlls (MGSTRPEA cells; Riken Institute of Physical
and Chemical Research, Japan). [0069]Cell inoculation number: 1x104 cells/well. 2010070]Medium:
a.-MEM (containing 10% fetal bovine serum). J@)%?l f\e/lsdium exchange: on the day following the
inoculation, thereafter every other day [0072]Sampr)li1 piéce: The sample 3D steric structure was cut to

a piece 10 mm Ion%: 10 mm wide, and 10 min thick (i.e., a 10-mm cube).
[6063] Si-CaCO+/PLA three-dimensional structure was prepared by kneading PLA and

Si-CaCOs; in a heating kneader at 200°C for 15 minutes to give a Si-CaCOy/PLA composite
containing 40 percent by weight of Si--CaCOs; mixing 1.67 g of the Si—CaCO3/PLA composite with

10 8.33 g of CHCl, to give a solution; adding 1.5 g of ethanol and 1 g of ultrapure water to the sohution to
give a spinning solution; and subjecting the spinning solution to electrospinning under the

above-mentioned conditions,

[0064] The prepared three-dimensional structure has a flocculent appearance substantially the
same as that shown in FIG. 3 and bad superior flexibility and ¢lasticity. FIG. 7 is a scanning electron
15 micrograph (SEM) of the Si-CaCO4/PLA three-dimensional structure, demonstrating that this steric
structure is a strocture including fine fibers having diameters of ébout 0.1 to about 3um and spherical
calcium carbonate particles having diameters of about 1 um embedded between the fibers. The fibers
have small diameters, and spaces (clearances) between fibers are sufficiently large of about several
tens of micrometers or more so as to give sufficient spaces to allow cells to enter therein. The release
20 amount of silicon ions from this steric structure was determined by the procedure of Example 1 to find
that the steric structure released silicon ions in amounts of 5.3 ppm on Day 1, 0.8 ppm from Day 2 to
Day 3; 0.4 ppm from Day 4 to Day 5; and 0.4 ppm from Day 6 to Day 7, indicating that the release in

trace amount of sitlicon ion contimzed.

[6065] The steric structure was cut to a sample piece 10 mm wide 10 mm long and 10 mm thick,
25 soaked in 40 ml of 1.5 SBF, and held at 37°C for one day. The sample piece was thereafter recovered

from 1.5 SBF and observed under a scanning electron microscope (SEM), to find that a large number



19 [0073]Cell counting method: The measurement was performed using the Cell Counting Kit-8
(cellular growth/cellular toxicity analytical reagent; Dojindo Laboratories, Japan) in accordance with the
protocols attached to the reagent. EXAMPLE 3 5[0074]Calcium carbonate of vaterite phase (189)
having a Silicon content of 2wt% (2SiV) and medical grade polylactic acid (42 g) were mixed and
heated/kneaded at 200C for 45 minutes. This is then cooled to obtain a composite (SiPVH composite),
wherein the 2SiV content is 30rwt%. 1007511g of SiPVH thus obtained is dissolved in chloroform

(9.3g) and_stirred to.obtai nn| ution.. Thi inning solution is loaded into an
electrosplrﬁﬁ% éc ine g%s ec?%spun to f%f%ﬁﬁg@r ﬁfiﬁdeﬁmdﬁ?@cﬁl%ﬂﬁmﬁtﬁmﬁons

Conditionsrabelaritasninninad ROARIS R sRes thatspinaing SBINIQN, ) 2irliain p¥eliage @pplied:

17k'V, and a distance between nozzle and collector (filled with ethanol): about 20 cm, Nozzle: syringe:
18G. [OO?WW@F@@%H@WS@ ﬁ@chﬁniﬂ&te@m@mmaltmtnb@mm@m recovered from
15the colﬁe gveg were are m E wadding recovered from the

collectors A ian%aly A r& denaty "eSthpre se%en yan e SRESHR W eSS red in

accerdan@@m&hoilﬁ;érs]&%u&uh@m@dmzﬁ E&%Z%]R@E]@ﬁ@[ O SRR/ASIRE Hé%%él{,fed using a
laser microscope from eighteen points. It was 20found that while the diameter of each fiber thus

measure@8ighifithaiydrarsaaierstiiutioakiange geric structure in 1.5 SBF.

0066} FIG. 10 shows how cellular numbers (in terms of cellular numbers per I cm?) vary after
the inoculation of murine osteoblast-like cells (MC3T3-E1) on the hydroxyapatite-coated steric
structure and on a comparative sample (Thermanox: plastic disc for cell culture). The comparative
10 sample Thermanox had been treated on its surface .for improving cell proliferation and for use in cell
culture. The data in FIG. 10 demonstrate that the steric structure gives much higher cell growth
capability than that of the surface-treated comparative sample and is expected as a material which

excels in bone reconstruction ability.
Conditions for Cell Culture Experiment
15 Cultivation:
[0067)  Cultivation using 24-well plate,

[0068] Cell type: murine osteoblast-like cells (MC3T3-E1 cells; Riken Institute of Physical and

Chemical Research, Japan).
[6069] Cell inoculation number: 1x10* cells/well,
20 [0070] Medium: a-MEM (containing 10% fetal bovine serum).
[0671] Medium exchange: on the day following the inoculation, thereafter every other day

[0072] Sample piece: The sample 3D steric structure was cut to a piece 10 mm long, 10 mm wide,

- and 10 mm thick (i.e., a 10-mm cube).



diameter was about 10 um21 um. 2) Bulk density [0079]Each of the samples 1-4 (average weight:
0.055g) was placed in a glass cylinder having 20 inner diameter of 22 nun. A circular glass cover
having approximately the same diameter (weight: 1.148 g) was placed on the fiber wadding in the
glass cylinder. Height of fiber wadding (ho) in the glass cylinder having the cover placed thereon was
measured. The bulk density of the fiber wadding wis calculated based on the volume of the fiber
wadding thus measured and its weight. (shown in FIG. 513 (A)). [0080]The result was that although

00150/ 0R Sl DO R S B O e 0SS 3 O P Caverage:

0.017 g/ce3)uld) nanshiibiandeRmpIessian; PRI Y HIRBLASSRWRIRFIGEL @), a weight

of 9.914q is placed on the glass cover placed in the glass cylinder. After 30 minutes passed, height of
the fiber W&@aHRFidtinchee dsscegiider in that state was measured. From the change before and
after placing the weight on the cover, compressibility of fiber wadding was calculated using following
foiniula. Compressibility (%) = (ho- hi)/ho x 1083.8}@8BRCompressibility of the fiber wadding of
samples 1-4 thus measured was: Sample 1: 45.56%, Sample 2. 34.90%, Sample 3: 29.01%, Sample

4 2 s 357 00ROV S ) U

i d from the
glass cover. After 30 minutes, height o iber In the glass cy |H§ﬂé§§1§$\;{§% ate was

measureehedieirthe polyrhangadieforevaneaited platingtieweight oootiersovemaneserprying the

weight from the cover, . ,
then cooled to obtain a composite (SiPVH composite), wherein the 251V content is 30w1%.

[0075] 1g of SiIPVH thus obtained is dissolved in chloroform (9.3g) and stirred to obtain a
spinning solution. This spinning solution is loaded into an electrospinning machine and electrospun to

10 obtain fiber wadding under the following conditions.
Conditions of electrospinning

{0076] Supply speed of spinning solution: 0.2 ml/min, Voltage applied: 1 7kV, and a distance

between nozzle and collector (filled with ethanol): about 20 cm, Nozzle: syringe:18G.

[6077] As shown in FIG. 12, the fibers accurnulated in ethanol at the collector are recovered from
15 the collector (FIG 12).  Samples 1-4 were prepared from the fiber wadding recovered from the
collectors and analyzed. Bulk density, compressibility and compression recovery were measured in

accordance with JIS L 1097.
1) Diameter of fibers

[06678] Diameters of fibers were measured using a laser microscope from eighteen points. It was
20 found that while the diameter of each fiber thus measured significantly varied, the distribution range of

- diameter was about 10 um ~ 21 um.
2) Bulk density

[0079] Each of the samples 1-4 (average weight: 0.055g) was placed in a glass cylinder having



20compression recovery of the fiber wadding was calculated using following formula: Compression
recovery (%) = (h2- hi)/(ho-hi) x 100 100841Compression recovery of fiber wadding of Sample 1-4 was
as follows: Sample 1: 58.47%, Sample 2: 44.02%, Sample 3: 56.14%, Sample 4: 57.20% (Average
53.96%). MS L1097 Test Method -1982 (confirmed in 2008) 21 190851Japanese Industrial Standards
(3IS) publishes standard method L 1097 for the tegting of synthetic fiber wadding in 1982, which is
confirmed in 2008 The testis conducted in a room with class 2 standard temperature and humidity

(temperaturg @tive hu l'[ 52 % accar oHS Z 8{7 %tand td concév of test
room). S%paralfnon of amp es e pleces f%\/é’g ﬁlgm&? yo ﬁaﬁﬁp %%ES&% ETuct and
leave eaqmpm@emasmscw@mﬁeﬁmem&hafg fh QU Q@R ERHIIN K S itesting. The test

samples of 20 x 20 cm size are piled up such that mass weight thereof becomes about 40g. Pieces of

test samSiess Ruldedss Ay st the peNsE ity ah Bieeesmayasisranuerhidnbulkoleatibinfohefivouraddigns 7] The
tests cou d tln for color, specific volum uI compressibilit (co sion,.recavery),
fiber Ieng\%1§ l% a%l}a |S'Py estTr%net mgpgr():fe&%\ﬁ{% urﬁ Utk Blen3|]ty§ TBE!S%% cﬁélvolum%ﬁl
measuredijameasuring the weight of the test samples prepared as 15descr|bed above. A thick plate
(a flat plate of 20 x 20 cm in size and 0.5 g/cm2) is placed on a test piece and a weight A (2 Kg) is

P (A 1o RS, HPDREFIA0S AR emAY S AN S SRRl B0

minutes in that state. T IS procedure is r peated three times.
sample was as follows: Sample 1: 0.015g/em’; Sample 2: 0.014 g/om® : Sample 3: 0.018 glem”; and

Sample 4: 0.021 g/em’ (average: 0.017 g/em?).
3) Compressibility and Compression recovery

10 [0081] As shown in FIG 13(B), a weight of 9.914g is placed on the glass cover placed in the glass
cylinder. After 30 minutes passed, height of the fiber wadding (h;) in the glass cylinder in that state
was measured. From the change before and afier placing the weight on the cover, compressibility of

fiber wadding was calculated using following formula.
Compressibility (%) = (hg~hy)/he x 100

15 [0082] Compressibility of the fiber wadding of samples 1-4 thus measured was: Sample 1:
45.56%, Sample 2: 34.90%, Sample 3: 29.01%, Sample 4; 37.80% (Average 36.82%).

[0083] Next, as shown in FIG. 13 (C), the weight is removed from the glass cover. After 30
minutes, height of the fiber wadding (hy) in the glass cylinder in that state was measured. From the
change before and after placing the weight on the cover and removing the weight from the cover,

20 compression recovery of the fiber wadding was calculated using following formula;
Compression recovery (%) = (b — hi )/ (hg-hy) x 100

[0084] Compression recovery of fiber wadding of Sample 1-4 was as follows: Sample 1: 58.47%,
Sample 2: 44.02%, Sample 3: 56.14%, Sample 4: 57.20% (Average 53.96%).

JIS L1097 Test Method — 1982 (confirmed in 2008)



A is removed and left for thirty minutes in that state, the heights of the sample at four corners are
measured and an average height is obtained. Specific volume is calculated using the following
20formula. The test should be performed with three samples and an average of the three samples is
obtained. Specific volume (cm3/g) = (20 x 20 x h0/10) / W 22 (g/), if desired. Compression elasticity
(compressibility, compression recovery) 100891Campression elasticity is measured by measuring
height at four corners of a test piece described above. A mass B (4 Kg) is placed thereon for 30

minutes. eights at four corners. are 5 ured. Thereafter, th i is removed, and the test
sample |§ﬁ§§f5 ror 3 th?ﬁr%?%%. Seﬁh%él%ﬁgag{g;ggsﬁ %ﬂglrlgsasﬁaj#f’éégff%\éﬁi%@ﬁé% \%iﬁ??%oiose are
obtained s@EMBR 6SSiRiIGRRGCORNRERIOR BEOVERT Arsorlculatadsinassardanaewikhioliawing
foimula. The test is conducted for three samples, and an average of the three samples is obtained.

Compres3isiidp@yad (g Hymexhbrosinotwmpiessidi tovetyitedumidighfitaden 1) x 100 ho:
average height at folr. c efpre placing weight B thereon (mm). hi: average height at four
corners v@ﬁ%%%%ﬁ%ﬁ% ‘E%%Z%Z%iﬁ%?e%rﬁ %1%’(?%?0 a%grrgig)%l height at four corners after weight B is
removed (mm). 15 [0090]While the above description is of the preferred embodiments of the present
invehtion, it would be appreciated by one SKife@YARESSFBIRE the invention may be modified, altered,
or varied without deviating from the scope and fair meaning of the following claims.

[0086] Take pieces of wadding out of an unpackaged product and leave each piece in the room
for more than 8 hours.  Then, randomly pick samples for testing.  The test samples of 20 x 20 cm
size are piled up such that mass weight thereof becomes about 40g.  Pieces of test samples necessary

for conducting the test are left in that state for about one hour.

10 [0087] The tests could include testing for color, specific volume (bulk), compressibility

{compression, recovery), fiber length, and quality.
Test method
Specific Volume (Bulk Density)

[0088] Specific volume is measured by measuring the weight of the test samples prepared as

15 described above. A thick plate (a flat plate of 20 x 20 cm in size and 0.5 g/cm?) is placed on a test piece
and a weight A (2 Kg) is placed thereon for 30 minutes. Then, the weight A is removed and the test
sainple is left for 30 minutes in that state.  This procedure is repeated three times.  After the weight
Ajis removed and left for thirty minutes in that state, the heights of the sample at four comers are
measured and an average height 1s obtained.  Specific volume is calculated using the following

20 formula. The test should be performed with three samples and an average of the three samples is

obtained.

Specific volume (cm®/g) = (20 x 20 x hy/10)/ W

wherein by is an average value of the height at four corners of the test sample (mm), and W is the

25 weight of the test sample (g). The specific volume (cm’/g) can be readily converted into bulk density



23 CLAIMS WHAT IS CLAIMED IS: 1. A fiber wadding for filling bone defects comprising a plurality
of biodegradable fibers containing a plurality of 5calcium carbonate micro-particles and siloxane,
wherein the biodegradable fibers are three-dimensionally entangled each other to create
three-dimensional spaces of about several tens of micrometers or more throughout the fiber wadding
structure such that the fiber wadding has a sufficieti flexibility in all three-dimensional directions
thereof, and wherein bulk density of the fiber wadding as measured in accordance with 115 L
1097 is f{%? % 5{ 0 0 5 10g/cm3 to about 0.3 gcrn3. 2. The fiber wadding according to claim 1,
wherein GUSI iameter of the plurality of biodegradable fibers is from about 0.05 unto about 30 urn.

153. The fiber wadding agsﬁgg@gd@m&wcgﬁ@@mgﬁge rggggﬁq%@é% density of the fiber
wadding as measured in accordance with RS L 1097 is from about 0.01 gff|m3 to about 0.1 g/cm3. 4.

The fiber i}&fding 5&@?&%@?@@@#@%@?&“‘%@%@@1@1@@1&@me$ eladelingeas measured
in accordance, wit RS L 097 | f 4 gc about 0.021 5 The fiber wadding
accordlngg é[%J a?le)(/ig‘?}e of claims %%} ﬁ in eéigﬁnp?gésrg %@ym?%eé fibe \%2%@%%’%‘33&@%8 in
accaerdaneeawitbl)1 SHerd 4187, ibkospaBasich¥edoabaid B2 %mple & ithefibanwadding,according to
any one of claims 1-4, wherein compressibility of the fiber wadding as measured 25in accordance with

RS L 109FighfghiopeRm S0 Ha 8 etsBiet 5590 emeT Melwsef Wawwb@e%lngwmwbﬁéy@hdlalms 1-4,

wherein ¢Q &gg}p%g% %%Qg fégf% d|n meas n acc rda th JIS L 10 om about
29% to abo 55%. 308. T ? er{\}va dlng a%fcgrlr1 ?n‘g oanC3)/Wom %lm < eS ’ﬁé?g B’fessmn

recovery tafdhedfipls wad ding ascosfaseiec: maptardanemudth RS L 1097 is from about 5% to about
76%. 9. The fiber wadding according to any one of claims 1-7, wherein compression recovery of the

fiber wadding as measured in aqg&%g&g&%@;@__ kaliOOQJ iﬁ;ffh%quBBUt 7% to about 76%. 35
10 Compression recovery (%) = (o -— hy)/(hy —hy) x 100

hg : average height at four corners before placing weight B thereon (mm).
hy: average height at four corners with weight B placed thereon {mm).

hy: average height at four corners after weight B is removed (mm).
15

{0090] While the above description is of the preferred embodiments of the present invention, it
would be appreciated by one skilled in the art that the invention may be modified, altered, or varied

without deviating from the scope and fair meaning of the following claims.



10. The fiber wadding according to any one of claims 1-7, wherein compression recovery of the fiber
wadding as measured in accordance with Ms L 1097 is from about 44% to about 58%. 24 acid) or a
copolymer thereof.  12. The fiber wadding according to any one of claims 1-11, wherein the plurality
of fibers are coated with 5hydroxyapatite. 13 A fiber wadding for filling bone defects comprising a
plurality of fibers that contain a biodegradable resid3 vaterite phase calcium carbonate micro-particles
and siloxane, wherein the plurality of fibers are entangled each other in three dimensional directions
to form a fiber 10wadding structure such that tﬁw#vadding has substantially a same flexibility in all
three-dimensional directions thereof, and wheréin a bulk density of the fiber wadding is about 0.005
g/cm3-038194cm8 crampresmbility of the fiber wadding as measured in accordance with Ms L 1097 is
from about 10% to about 55%, and compression recovery of the fiber wadding as measured in
accordance with RS L 1097 is from about 5% 15to about 76%. 14. The fiber wadding according to
claim 13" wAdPEI BtasS&r (iEPREPBF SFTHE STUPAIRE b YLl R E U e oS it ABBIAE lim. 2015.
Theiber waHdiF AR EBFINR LA SR #aims 13 and 14, wherein outside diameter of the plurality

of fibers is from,RRMIEE ot BRI 2UMelEnd i fiRanWagldiRgIAGERTd IR CsARYANARhE1aImS
1315, wherein b ui%%@ﬂ%&&gat@%gzggim%%@f& MsesNIERIN ACRIAANGRMDuEady DS 1o o
about 0.01 urn to aho . M320 1. The fiber. wadding accardin any one of claims 13-16,
wherein the pluralﬁye%%l%lél?s ar%bltl:o%te V)\{/ji'[f‘ll %y ro%gpatﬁrg.wmj:%%c. Eigﬁt(tekcl)(ﬁ%otgl’ranwgladding according to
~any one of claimsrdi8 bk, duhireiiththB biodbgrdablswesin dsdniiacticitdls ). a0 3deapakymerithereof
10 g/c:m3 to about 0.3 g/cm3.

2. The fiber wadding according to claim 1, wherein outside diameter of the phirality of biodegradable fibers is from
about (.05 um to about 30 um.

15 3. The fiber wadding accerding to any one of claims 1 and 2, wherein bulk density of the fiber wadding as measured
in accordance with JES L 1097 is from about 0.01 g/em’ to about 0.1 glom”.

4. The fiber wadding according to claim 1 and 2, wherein butk density of the fiber wadding as measured in
accordance with JIS L 1097 is from about 0.014 g/em” to about 0.021 g/em’.

20
5. The fiber wadding according to any one of claims 1 -4, wherein compressibility of the fiber wadding as measured
in accordance with JIS L 1097 is from about 10% to about 55%.
6. The fiber wadding according to any one of claims 1-4, wherein compressibility of the fiber wadding as measured
25 in accordance with JIS 1. 1097 is from about 20% to about 55%.

7. The fiber wadding according to any one of claims 1-4, wherein compressibility of the fiber wadding as measured
in accordance with JIS L 1097 is from about 29% to about 55%.

30 8. The fiber wadding according to any one of claims 1-7, wherein compression recovery of the fiber wadding as
measured in accordance with JIS L 1097 is from about 5% to about 76%.

9. The fiber wadding according to any one of claims 1-7, wherein compression recovery of the fiber wadding as
measured in accordance with JIS L 1097 is from about 7% to about 76%.
33
10. The fiber wadding according to any one of claims 1-7, wherein compression recovery of the fiber wadding as
measured in accordance with JIS L. 1097 is from about 44% to about 58%.

11. The fiber wadding according to any one of claims 1-10, wherein the biodegradable fibers comprises poly(lactic



19. The fiber wadding according to any one of claims 13-18, wherein the plurality of fibers contain
siloxane dispersed in the vaterite phase calcium carbonate micro-particles. 35
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acid) ot a copolymer thereof.

12. The fiber wadding according to any one of claims 1-11, wherein the phurality of fibers ate coated with
5 hydroxyapatite.

13. A fiber wadding for filling bone defects comprising a plurality of fibers that contain a biodegradable resin, vaterite
Pphase caleiin carbonate micro-particles and siloxane,

wherein the plurality of fibers are entangled each other in three dimensional directions to form a fiber
10 waddmg structure such that the fiber wadding has substantially a same flexibility in all three-dimensional
directions thereof, and

wherein a bulk density of the fiber wadding is about 0005 glern™0.3 glem’® , compressibility of the fiber
wadding as measured in accordance with JIS L 1097 is from about 10% to about 55%, and
compression recovery of the fiber wadding as measured in accordance with JIS L 1097 is from about 5%
15 to about 76%.

14. The fiber wadding according to claim 13, wherein outside diameter of the plurality of fibers is from about 0.05um
to about 30um.

20 15. The fiber wadding according to any one of claims 13 and 14, wherein outside diameter of the plurality of fibers is
from about 0. 1um to about 20um.

16. The fiber wadding according to any one of claims 13-15, wherein bulk density of the fiber wadding as measured in
accordance with JIS L 1097 is from about 0.0 um to about 0.1 glem’.

25
17. The fiber wadding according to ary one of claims 13-16, wherein the plurality of fibers are coated with
hydroxyapatite.
18. The fiber wadding according to any one of claims 13-17, wherein the biodegradable resin is poly(lactic acid) or a
30 copolymer thereof.

19. The fiber wadding according to any one of claims 13-18, wherein the plurality of fibers contain siloxane dispersed
in the vaterite phase calcium carbonate micro-particles.

35



