1 CORE/ SHEATH COWPCSI TE FI LAMENT FOR TOOTHBRUSHES, AND TOOTHBRUSH
USI NG SAME Technical Field The present invention relates to a
core/sheath conposite filanent for toothbrushes which can be
preferably used for renoving stains (cél or) fromthe surface of
teeth, and a toothbrush using the core/sheath conposite filanment.
Background Art [00021 As a filanment for toothbrushes, there
have been proposed a filanent which is nade of a single synthetic

resin materj | |

| angt hui se. OREBHIRAT GO TS Rt TRV RO SRS S AR
contact area of surface COW@@FI@BE&W[F%@ nt and the surface
of teeth is set to be |arge, thereby 1 nprovi ngAt e stain renoval
property (See Patent Docunent 1, for exanple), and a core/sheath
conposite filanment which is conposed of a bristle which is forned
from an ul t¢ahing Fiklger made of pol yam de and a rubber |ayer which
covers the bristle, and has less irritation to guns (See Patent
Docunent Z[pober exanple). [00031 Further, as a core/sheath
conposite filanment whose cross section has a shape other than a

circul ar shape, THSRs62/@vBEEn PERROS 82 BoelRABAERPo SHTRRTh LS for
filament having a core and a sheath which are respectively nade

of pol yet hybelitaubBsephidadtat Be prcte RALY REY FENR RSP HHAL Blofor) from

(hereinafter, abbreviated as PBT), polyester elastoner and PBT,

pol ypr opy|itieesutrfice pif tdahpaed andoffblush @lsitf {hel Rbs/shepiht dodd pseeand
PBT, polyester elastoner and pol yethyl ene terephthalate, or the |iKke,
wher ei n a fiaesmtsecti on of the core, the cross section being

per pendi cular to the |l engthw se direction of the fiber, is forned
into a star shape, an eight-leaf shape, or the like, and a cross
section of the sheath, the cross section being perpendicular to the

| engt hwi se&BatikgectndArof the fiber, is formed into a triangul ar shape,
a square shape, or an eight-|eaf shape (See Patent Docunent 3, for
exanpl e), [8802la core/sheath composite filanent which includes a
conductive polynmer which is nade of polyester containing conductive
particles as a fsaafilrRmarpiontentbhnasimsntirere bnsedteny eroolsyderfilahiatt i s
made of polyethylene terephthal ate as a core conponent, wherein a
cross sectWlgighds mase or anglermynshelds rexds maeriaband werspenoiscektiont o
the | engthwi se direction of the fiber, is formed into a circular
shape or @erpentigulaio shajpmethwiseadizedsinn isdormed inlo a testabgdah shape
cross section being perpendicular to the | engthwi se direction of the
fiber, isSpdhakbhq sadagt aepf gurtace spalset betweegutdertamendandtive ( See
Pat ent Docungent 4, for exanple). Citation List Patent Literatures
[0004] P&pstace phiaathdis sat; tojm larse, thenehysingnysimatherttamotamenal 2:
JP-A No. Hb5- 1232%&@Pstent Docunent_ 3: JP-A No. 2009-89920 3 Patent
Docurent 2roR3tAUnge Patsat Dosypmentd, dorexaraple), apsha pene/sheatinremposite

Probl em [ Q0051 . C
[ gﬂament which is composed of a bristle which is formed from an ultrafine

fiber made of polyamide and a rubber layer which covers the bristle, and has
less irritation to gums (See Patent Document 2, for example).
[0003]

Further, as a core/sheath composite filament whose cross section has
a shape other than a circular shape, there have been proposed a core/sheath

composite filament having a core and a sheath which are respectively made



In the nmeantime, although the nmechani smof renoving stains fromthe
surface of teeth has not yet been clarified so far, it is known that
it is possible to efficiently renove stains by formng the cross
section of the filanment, the cross sect on being perpendicular to the
| engt hwi se direction, into a rectangul ar shape as described in Patent
Docunment 1. However, when a filanment which is made of a single
synthetic resin material is used as described in Patent Docunent 1,
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or obl erts 1 A PRECIRACSE G oph PR e e B s nerer it hplale (bt obe.
bt ai ned, b ti f f .t t oot h t d
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filament for toothbrushes accor 0 gsent einventi o
a core m f §7C ' j . ' 1l
over i ng. ¢ psax RSk o SR SRR, (A Sueob 0N Pl Behticlgr,

with the syhRabhgitvhist 1ieeHsh bf tid ﬁE?ﬁ fof el inf¥15 k8LA flaf fifiPo, a
section of the core/sheath conposite filament, the cros% sect | 1
bei ng per pepdie Hhﬁﬁe,tdgo%g%ighﬁwfr%%?@ (9ed P&en®Mochdn® 3RS é){?:l{ngplﬁ),

guadr angul ar shape. n the core/sheath conposi

filament fgiq é@@idﬂﬂé&%ﬁ%ﬁmﬁ%gi@@ B1AMEnE A FRAIARN WHIERLVE polymer

perpendi cul ar to the I engthw se direction has a quadrangul ar shape,
it is possihich ibensdd bff wolgscy caailife BRI SdtRp 4181 s PERRRNL Y When
used in a toothbrush. Although the nmechani sm of renoving stains has
not yet begmmnentbhndd so-taidudtivel golphes wikeh idahds bapiScadeRe
efficiently renoved by using a fiber having a quadrangul ar cross
section adgereplithelqie @asentore oy@pbhent, viidreih 4 brd2ecerte: PPERI ke, dtha set
the contact area of surface contact between the surface of teeth and
t he cor e/ shestdectionhesng peifichdimmbir toothHedchgtlgeisadiieatisn of thesfibened vy
brush the surface of the teeth with corners of the core/sheath
conposi t e ferhednimio havewgr ahgpadr angiahaolarshepe sead beposs secaddiof tloa,
it is presuned that stains can also be efficiently renoved by

brushi ng aheetlagheceosshmotion beutgperpehdrniai toytherdehgttvwdse dheetiaf of
teeth. Further, since the sheath is nmade of an el astoner in the
present i rthedibenrs fouveed hitne whremilyeshare o1ch geadumtgulmeshape Eee
dentifrice are put between the core/sheath conposite filanment and the
surface ofPatert Rocument dnfer sispailede particles are rubbed on the
surface of teeth while digging into and 5 being held by the

el astonmer, thereby making it possible to efficiently renove dental

pl ague and_ stains, In addition to this, the frictional resistance
anong t he @Etashisit h conposite filanments and the frictional
resistanc&)betmeen the core/sheath conposite filanments and the
tufting pratentbieraiyses o be large by the el astoner, it is possible
to inprovT @?ﬁ pul I out strength of the core/sheath conposite
filaments99%M4led in the tufting plate. [00091 Further, since
the core is conposedlﬁg a synpg,tic resin fiber, it is possible to
obtain the coref aHatilPogpptst d AiNaddhe 333940y a noderate hardness
which is usable_,in a.toothbrus ppropriately adjusting the
constituent matBAFERE, Qq%@?ﬂﬁﬁggﬁ;éIihdiﬁﬂg332%e of the core.

Furthermore. evgR L9y Lhe £92AN0Yfhoumpge L 111 ament has an



[00121 (Claimb5) 7 It is a preferred enbodi nent that a cross
section of the core, the cross section being perpendicular to the

| engt hwi se direction, has a circular shape. Al though the cross
sectional shape of the core can be arbigtrarily determned, it is
preferable to formthe cross section of the core into a circular
shape so that the hardness, nanely stiffness, of the core/sheath
conposite filanent can be set to be uniformover the entire

ci rcunference because _the core is provided mainly for ensuring the
har dness of the %@ﬁéﬁ@ﬁ@aﬂwnééhéByfbb-ﬂD@ﬁﬂ@ﬁﬁbﬁs descri bed above.
[00131 (Ol ai m 6) It is a preferred enbodi nent that the

di aneter of the core is set in the range of 0.12 to 0.27 mm The

di anmet er 05 the core is preferably set to 0.12 nmor nore, since the
dur abi | i t ySPERRE L na)%n the dianeter is less than 0.12 nm
Further, the upgﬁr IE it value of the diameter of the core is
preferably @gPl Boblemm or 1ess in order to prevent the core/sheath
conposite legfent from becom ng too hard, thereby preventing the
feeling of @@ frombeing deteriorated. [0014] (Claim7) It is
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hol es, the tufting holes belng adjacent "to eac
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| ocated on a straight line parallel tot Inal” directron of

the toot hhpstbriish baendtid didiRidatRe blie: {ipfsustcals ﬁfoﬂgﬂ%ﬂ 4rg the
( t . wever, It

tufting plate in an aligned arrangenent (natrix state

is a pref girbgd tepheddRAtandnde diaphultis tﬁﬁ@réd{fcﬁaﬁ,d?ﬂd‘tﬁéﬂ'%eggg%Eglge

plate in a zigzag arrangenent so that the surface of teet

uni for ny derthis hiptle ofbRGMihNEs ddthAgRakddensity in a tip potion (a
portion which slides on teeth) of the brush portion is | ow between
the adj oi d0®@Blt ufts, and a portion having low filament density slides
on the same part of the surface of teeth when brushing teeth by the
Bass brushi ng nitisach djedthd theplrésegt Shvakterbidishivide febkftheatiner eby
creating a portion which remains unbrushed in the part on which the
porti on havinpgsiteildmbatfnttosidneiitlyesskhithsdnibite et @ leat Bhidksthe
stain renoval ability. In this regard, the arrangenent of the tufts
(tufting durasiitpanteeling of wg wheh esedvit bosthbpetes! @ Iedeprone to
longitudinal 9 direction of the toothbrush (hereinafter, referred
to as a rdwing mden tufjedanto & heftihg phite omdarakes di podsivle thenpicre
(hereinafter, referred to as a colum direction), may be a zigzag
state in @hghemovhbpspeohpapdiartoofhloeshestn®thd fretshbailng gt t he
tufting holes being | ocated nearest to each other in adjoining

col urms, fidament.| ocated on a straight line which is parallel to the

| ongi tudi nal direction of the toothbrush, an aligned state in which
each of centers of the tufting holes, the tufting hol es being | ocated

nearest to each other in adjoining colums, is all |ocated on a
Solution to Problem



[0017] (d aim10) It is a preferred enbodi nent that the tufts
include a tuft configured by bundling a plurality of the core/sheath
conposite filanents and tufted in a central part of the tufting plate
and a tuft configured by bundling a pldrality of nonofil aments nade
of a hard synthetic resin and tufted in a peripheral part of the
tufting plate. Such a configuration nmakes it possible to adjust the
brush stiffness without exerting any effect on the feeling of use by
virtue 10, of ﬁhe nonof il ament which is nade of a hard synthetic
resin whil @07 the same tine i nproving the stain renoval power by
virtue of the c%e/sheg h cl{)rrposit,e filament. As_a result of this, it
becones possi bl el B&CHE ﬁlﬁﬁt GoEpeiesiilasnett fonfooshkrushes aeepgding to the
correspondigﬁ% to.IPref_,erences of users. Awgvanta eqous Effects of

I nvent i on PERFERY nvention ingudss gicqre madeind acomiheiperisin S5rpasf e
filament for topaothbrushes and fhe toothbrus sing the same, it is
possi bl e t%"’s"’l}gf‘PE‘%gﬁgﬁ’W‘éﬂ%‘Eﬁ the; goze, Lhﬁi cpEBeine Prde ef 2y elastewer he

core/sheath co ite filament whose cross sectjon perpendicular to
Uhe | engt RGP SuEh She RERthe g SRR RGaP Ly DRR SR, WUSH RS TRES
filament constituting the brush portian. Further, since the sheath of
the core/ s%eggltoﬁ oﬁh%g%ge{sglepﬁ5?%&?51%%8%&% 64058 feHULPEREr , when
fine abrasjy i.cl taibned iin a.denti.frice. are put, between the
cor of sheat PORSRBIsLIGRrE ARG iy PR &0t foln il & diaarRBegiing
abrasive p i.cl es are rubbed on the surface of teeth while digging
into and being held by the el astonmer, thereby nmaking it possible to
efficientlpygpgpove dental plaque and stains Furthermore, since the
core is conposed of a synthetic resin fiber, it is possible to obtain
t he core/sheath j i DAy d ich
is usable in a t:{%g'g{ﬁ%?tegﬁl%‘;hgg%ﬁ%f#?ﬁ%ﬁ?ﬂtagl}}&géﬁ%gu%’ g%%%ttp?uent
materi al, & Fa Y=o i (167 £ ., €ven
Though t e cor ol Eheat heRanparydtlo WFcRlRvie dleBELAT:E o */ 0N ch
nmeans _thatc%dsfcfrhhéﬁla‘i’@hﬁﬁy,si%% P&ss@bl@_@@%ﬁﬁid%ﬁs‘/‘@ﬁ@uﬁe o GR4 S/ R RER
conposite filanment and guns or the inside of 'a nouth beconmes strong,
it is pQSSf.lﬂéP@rtSerﬁéfp%é%ﬁﬁl A RSothbradIt | QBh&h (REREEYadiom JREMSILE
11 feeling of use since the sheath portion of the core/sheath
conposi t e dthirdMRRindtSyet B¥eh efhrbe®d ﬁh‘ﬁ%tngﬁsuﬂéﬂ addikhidR.cafiyice the
core made of a synthetic resin is covered by the sheath conposed of
an el ast or#fficiehtlyir8ndeed byl 1&ih® a fBAY R VI igRbHHeNE 82 PEr088 &L IRNad he
synthetic resin fiber, thereby making it possible to renmedy a problem
in that the theipstéenttihpentiin, tdigeeit bsborfies pabillbtio aBPltid @ndiktaliehioty
is therefore decreased. In addition to this, the frictional
r esi st anceuafmngohhiet betwéahtat fur¢arndseéth dnd ateedre/shogtt fBnposite
frictional resistance between the core/sheath conposite filaments and
the tufti rfdapleat o de darprdmd slsbeo babgglyymishehelsasfaes®r thd tectl with
possible to inprove the pullout strength of the core/sheath conposite
filament s comidredfithe tdve/dshetith ngmpbatefildneef hdeagr @iddranghlatkeoss
Drawi ngs [ 00191 Fig. 1 (a), Fig. 1 (b) and Fig. 1 (c) are
front vi ewsctearh haldibignaittiafpréngned the sathsecancalghboeiffigeratiga of
the tufting plate of a toothbrush, wherein the arrangenment of tufts
in the toothisved bydiroshingrareeakistoferrhagsngtubbdr tlasticity pnithe duffaes ent
fromthat in the other two toothbrushes. Fig. 2 (a), Fig. 2
(b) and Fitgeth? @irtleresincethe sheaid ieavidstban alpstorher in the pleate and a
nei ghboring area of the tufting plate of a toothbrush, wherein the
ar r angenemnvesitiqnyfhen fine hbrasve hartides shdwamddningadéntofridiays pud (a)
to 2 (c) is different fromthat in the other two toothbrushes.
Fig. 3 (apehwermrihe coze(sbpatdy eomhpaenite filaaventearhthehowiang of teatht thegfine
pl ate and a nei ghboring area of the tufting plate of a toothbrush,
abrasive particles are rubbed on the surface of teeth while digging into and



[ 0020] Herei nafter, enbodi ments of the present invention wll
be described with reference to the draw ngs. As shown in Figs.
1 to 4, a toothbrush 10 includes a handle 12 which is provided with a
tufting plate 11 in a tip portion ther&of and a brush portion 14

whi ch is conposed of the tufting plate 11 and a plurality of tufts 13
tufted in the tufting plate 11. As a filanment constituting the tuft
13, there is used a core/sheath conposite filanment 1 which includes a

core 2 vvhigh |3?eir§1ge gf synthetic resin fiber and a sheath 3 which
i ntegral | yP¥5% Kdhe srastomgn dhexebygnakige ihrossibleitepdiciendy rpmove

o angitiil plite A et | IRoDiEPR R ity (e icbanal st
A P PR N i
T N e A e
power ed to%’t%bfrggg%b?’ﬁh? ﬁgasgo b eré’lsglr%ﬁ%g)z'ﬁ‘pmvet%{w PUrRY ﬁ%’ﬁﬁg‘g‘ ‘1{5‘

i ncl udes a,gr,i o) wn ieh is to he by a hand for
a brushi ng"h%p"'é’?%’??%éﬁ?l c%m%%&%@%%%&%@%%%ﬂmeﬁgﬁgé’llgtgnti nuously
fromthe %bggporti on, and the tufting plate 11 which is provided in

atip portion of the neck portion 15, and is' integrally nolded by
i njection noldi aind, i ' i Ciresin .material., In
this regard, it II?%%&%&%%IS%‘?E?%%% gglgﬁgﬁ%@&g%}?\t&e gﬁﬁm\l\% I%:eﬁ ﬁs}s

formed in Iﬁ)‘éﬁi{}l@t&@%&% tﬁ@%e%h@ﬁ%mdﬂgﬁéedﬁﬁlﬁéﬁti vﬁné %tlﬁg&quge by

injection nolding, the primary nol de rticle 1s the i n"anot her

mol d, and 1a3dabtd whkdPisRREbICR @%tﬁbﬁd%} n&%%?ﬂ%?%&?%%@l n:eCh are

made of an el astoner, for exanple, are As a

synt heti c cbﬁ§ﬂi£hémt1ﬁ£ﬁe@1a1%3&ibhiéttéﬁ&la& Bge NROGE thelcore! t FLtHRPERLL! ©

to use a hard synthetic resin material such as pol ypropyl ene,

pol yet hyl esen thehyletiy taeAhkefILhPe: & BlanRRl N4l M SRGILESERIY Ral:ah e,
pol yet hyl ene napht hal ate, pol ytrinethyl terephthal ate, polycarbonate,

pol yoxy methyd ethat Sifa00r @aiskll O d EdrtRet 8% WRen the core/sheath composite
acrylonitrile-butadi ene-styrene resin, cellul ose propionate,

pol yam de filapleyrahtun@bh ties stdcof Andubl b¥ednbaé®ond At i 1€ to

[ 0022] The tufting plate 11 is fornmed into a flat plate-Ilike

shape havisngpeessebt angtition oid ggebhapadpfaertheffagienyboes GRS are

rounded off in order to carry out a brushing operation inside a nouth

snoot hl y. sBeptlupaitionyofahetcufd/tingthebepodiie dilembat feebviered Beahr ont

face of the tufting plate 11 in a predeterm ned arrangenent. The

ar r angeneriastémehe Inuddditignheihes thécore made ofd by titlrtic nssielebvdredd.

For exanple, the arrangenent of the tufting holes 16, with respect to

t he | ongi budhashedil enhposedaff aphalasiandireit 1 possiblewodiedacd ilannflawrecd he

direction perpendicular thereto (a colum direction), may be a zigzag

state i n whwelenen teasynibriicpesin fifercerrans making e pasbtliletp rohedy 46,

the tufting holes 16 being | ocated nearest to each other in adjoining

col utms, PEolem incwt dle bnush siprauirfiee of ithe tadthbinshssypandlohiebntd dhe he

| ongi tudi nal direction of the toothbrush, an aligned state in which

each of cdnrahiditnis thesefoue dpengaber.es 16, the tufting holes 16 being

| ocat ed nfare t to each other in adjoining colums, is all |ocated on

a strai ghtOQ%i%ae which is parallel to the longitudinal direction of

t he toot hbrush, or a corrpo%i te state which conbines the zigzag state

with the aligne®laims @ anddhparticular, it is possible to employ an

al i gned arrangepent, where a brush portion 14T in which three colums

of the tufting Hbthis ragargs ¥ is grsefrrsed pypbadiaenicthat the coegs agndst eftze,

a brush portion 14Min which three colums of the tufting holes 16
polyester-based synthetic resin fiber and the sheath is made of a



As a nethod for tufting the tufts 13 into the tufting plate 11, it is
possible to enploy a nethod in which the tufting holes 16 each having
a bottomare fornmed on the tufting plate 11 at the tine of nolding
the handle 12, and the tufts 13 are theéh tufted into the tufting

hol es 16 using an anchor wire. In this regard, it is also possible to
enploy a method in which the tufting plate 11 is configured to be
divided into a front part and a back part, tufts are inserted into
through holgs which . are fornmed in the front part of the tufting

pl ate, bas éﬁ%lﬁ'aorﬂaf“‘e? 81%@%?61{ ﬁ%ﬁ@uf %sspawéﬂy,ﬁé#ﬁ mrdrelemradyernbediment
means so that filanments of each.of the tufts are fused wth each

ot her, and tﬁ?mtethﬁa(‘t?ﬁe bsaF‘F‘%SfO?PH ’bﬁlﬁlf]@pﬁ@el‘ﬁpgﬂ@eaﬁge { it thenshasgh is
bonded to the, f

Cufting pl SR A pofSiprbadehongitpipti liouior Ikl "hewte ol 15
or B tutt GREBRENE SHRBUER S BRTRRENee nesid Sontsiel cotTH a1
can a'so b eRhReHIROSHE wlnlPeta Pt ful FH R ehiTne oo e ne
monof i | arre@&lﬁ}é?si?er ﬁlalfﬁ(grgc. i %‘lﬁﬂ%lxgq}lél%lﬁé}%?ﬁ%p gms(%ﬁ%r fsyprrghai 'EOLP%ZSQnge

arbitrarily’s In"view of "the stren

Lot nd LS Olabl KOOI AT 15 ) AWML, et AR Gob s
the tufts a}?ermpq%ggceaasfou{&@ﬁ{d tHet syn%pgéﬁggeda@@m@g& m%it%gﬁg; s

havi ng differen aracteristics be-ar epending on's
the tufting,glate 11 in which each of the tufts 13 is used. For
exanpl e, the core/sheath conposite filanments 1 are arranged in a
central paJgp19f each of the tufts 13 and the nonofilanments 5 are
arranged in an outer circunferential part of each of the tufts 13.
Further, the nunbefinph) the filaments which are tufted into each of
the tufting holes 16 can be arbitrarily set. Nanely, it is possible
to tuft the samdtmirpesfedied diBbbdibRrhat Yid ianrg%%eﬁ%tagﬁ@ic@'clftﬂé ch%%
e

tufting holes 16 provided on the tufting plate 11, and al so possi

to tuft thectibhioftkatoriyieath edmbbstd FilANBN S 1WthD rEE8PELH. 11Qo @2 Of
the tufting holes 16 dependi ng on the provided positions of the

tufting hahen.16WhAQR6]length on eddly $iH€bf tlaScioBOWVSELIoN & t8S core/idath O
2(c) and Fig. 3 (a), it is also possible to tuft the tufts 13A each
of which ienmbepedddrehténlessthen OorLishatbhe sanpasiléas ih eapats 1
and the tufts 13B each of which is 18 conposed of only the

monof i | anentderaté haodeess bt i tgothbatich ddnriot ba dbtxRds tied Guraiiety fshe
tufts 13A and the tufts 13B are tufted in a mxed state, it is

possi bl e twfaioraage atauffficicrtictainfrembi aheffat canpasiedofifdd, arGntise
having different characteristics depending on sites of the tufting
pl ate 11 iathehhahd.euben the idvethwhteachsidaids ¥a.crbor seexianpifehe t he tufts
13B each of which is conposed of the nonofilanents 5 are arranged in
a per i phercare/pagathgontgesite fflamegt pt mtoee than 88D mine thefd srclBdbianhiof
which is conposed of the core/sheath conposite filanments 1 are

ar r anged ithgf Hastthe hped fohe tathbersh andtiie feslingof ase batanads part of
the tufting plate 11. For exanple, as shown in Figs. 2 (a) to 2 (c)
and Fig. zi%é%r)tqraited-i sThereéigl tha lengds pyreach eideadtthb cousdsesction of the
vari ous hardness corresponding to preferences of users by virtue of
t he nonof icPERERRatE cpmipeRite dilameat if preferably sstrimHdweirange of f. Ivitiol (230

i nproving the stain renoval power by virtue of the core/sheath
conposi te™®anment 1 by configuring the tufts 13 in such a nanner
that tufts 13.that are indicated by black (not gray) circles are
conposed i@ﬂvﬂe tuft 13B which is conposed of the nonofilanents 5 and

t he ot her tufts( ?5' ar5 conposed of the tuft 13A which is conposed of
1m



As the synthetic resin material constituting the core 2, it is
possible to use a synthetic resin material such as a pol yam de-based
synthetic resin material, a polyester-based synthetic resin material,
and a pol yol efi n-based synthetic resin7material. In particular, Nylon
610, Nylon 612 and the |ike can be used as a pol yam de- based
synthetic resin material, polybutylene terephthal ate (PBT),

pol ytrinethyl ene terephthal ate (PTV, polyethylene terephthalate (PET)
and the |like can be used as a pol yester-based synthetic resin
material, and poltyphdsgiesrad erﬁgﬂlﬁwnbﬁbaamsm@m Rethe9rphg seepsas
a polyolefln based synthetic _resi terial. [0031] As the

el ast omer SSHOR;helng ﬁ@rﬁ%@%%%ﬂ@ gth%%ég@%% has g gigcylar shape.

h I PE h b
t hor mopl 2ot BOBERLLD AEHS CEHEA S8 SR FHL 5D THEFRDR! deiermined,
O ags%ae?q@agmM%@%&ﬁ%@ﬂgfc&é{;D m;%p”e
pol yest er - ﬁF%%g g@grno Iastl e{ tone TPE%) ased
h | F e pa Has QrelRhen it
Aetpi K yitimsion il t&rg?%zaa@eethe Ty
t her nopl as S ¢ i
I
P ef or abl oG8 TR hes ol PR P Rncaf Bt RREAbRE o532
A ther mplﬁ&%%tedsa%sgﬁgg?tagopeam cally conposed of a hard segnent (a

resin conponen segnent (a rubber conponent). However, a

pol yvi nyl @hhg i de- based thernoplastic el astomer is an exception. In

particular, 1n a polystyrene-based thernopl astic el astomer,

pol ystyrene is q@gﬂn t he hard segnent, and butadiene is used as the
soft segnent. Further, in a polyolefin-based thernnplastic el ast oner,

a pol yol ef i n- bagee é}ﬂ?éi}éﬁtédcerﬁﬁédlﬂle%ttﬁét Ble (gla ?Sﬁsef. ey @&Q&Vé&ggband

pol yethyl ene is used as the hard segnent, sed r

such as an}RtRynkeReoPIoRYd.8nenkub %re &Eﬁ&eﬁd}%@ Bore is prx efe1 ably set to
et hyl ene- propyl ene- di ene rubber (EPDM is used as the soft segment.

In a pol yus ebhanexiased shiertrerhagbiliy ¢ ash0a%d wﬁ@h )ﬁHé ai1agR:iis1dsged
as the hard segnent, and polyol, polyester or the ke is used as the

sof t segneghlan 0.12 aBO! Yegtiedr; ﬂﬂa’s drem iRl as bi ﬂa@ﬁﬁ%&&@?bf tHRAdo¥esd er
is used as the hard segnent, and aliphatic pol yether, polyester or

the like igrefisabiyastiib® S0iim 9edeRTh.orller & PRib¥afikiecdr8sddath

t hernopl astic el astonmer, nylon oligomer is used as the hard segnent,
and pol yolconfilsite gilaement fidne bbédeRingStat $ald ahetdls; afventagrhafeelig of
pol yvi nyl chl ori de-based thernoplastic elastoner, it is possible to
use pl ast iwgedesnbeghd detaiorperd.zed pol yvinyl chloride,

acrylonitril e-butadi ene rubber (NBR) nodified polyvinyl chloride, and
the |ike. [popad] The Type D duroneter hardness specified in
JIS K 6253 of the elastoner constituting the sheath 3 is preferably
in the range of (Gt® 94D, nore preferably in the range of 55D to
72D, even nore preferably in the 22 range of 60D to 72D, and the
nost pref er abl yIt is albe apanfperet e@bbdinget2bas anceteheutfadd efttdleishiet:th
may be significantly deteriorated when the Type D durometer hardness
is | ess thafora7dm irdnd emcaneskatreso antube géwtletastassed inwardleddeed
when the Type D duroneter hardness is nore than 94D. [00341

The cor e/ shentdseciipoobaiblef fol lzatdat dantifsiceram af@vtarepoiioneofitbe loukerown
conposite nelt spinning method. In particular, the synthetic resin
material confck ofithaghedtd. c heroforndt iswossitde toaficiertleelean the
constituting the sheath 3 are respectively nelted and discharged from

a conposi tsariee of tkathsphie sedickntinrping the deniifricer ethshapdacecdol ed,

stretchedt %EF then subjected to heat-setting to thereby manufacture
ee



24 core/sheath conposite filanent 1 is less than 0.14 mm it is not
possible to sufficiently ensure the dianmeter D1 of the core 2 and the
t hi ckness of the sheath 3, on the other hand, in a case where the
length Li is nore than 0.30 mm the ingertability into interproxinal
portions and the feeling of use are deteriorated. Therefore, the

|l ength Li is set in the range of 0.14 to 0.30 mm preferably in the
range of 0.16 to 0.24 mm and particularly preferably in the range of
0.18 to 0.22 mm Further, in a case where the diameter D1 of the core
2 is less {0R%l0.12 mm it is not possible to sufficiently ensure the
durability of the toothbrush 10, on the other hand, in a case where
the diameter D1 {@aimBe than 0.27 nm the outer diameter of the

core/ sheath conposite filanment 1 becones too |arge, thereby
deteriorating t hEh¢ fepshbeshl aecgrding do the Bresepkinnentionrintludes aryushe
feeling of use. Therefore, the diameter Dl is set in the range of
0.12 to 0. portiomhappgrachdbing platetans & ahgalisy obtufts tuftest otherjufting
particularly preferably in the range of 0.16 to 0.19 nmm [00381

In view of Péitﬁ’ Bhexaie tﬁ%‘ﬂ% iaclyding theegrelslcath omnositp idamenbier ¢ o
use the core/sheath conposite fil nt. 1 ich is configured in such
a manner t Wﬁgﬂ?&’ﬁﬁﬂ%@q 3 tﬁ’&cféo’gﬁﬁﬁéhy e dhe coxe %ﬁt%h SPRPESIEPBT) |
t he sheath i s made of, I ter-based thernopl astic el ast r

the of ous SEepsiegren i thb et ERns, lkﬁmgﬁﬁf@q Hitaim e e cfigriag
into a squ re‘%paeﬁpor a rhonbi c shape, the length on each side of
the cross S®ETTS Y$he core/sheath conposite filament 1 is set in

t he range ﬁﬁﬂ% 14 to 0.30 nm preferably in the range of 0.16 to 0.24
nm and parti Llarly preferably in the range of 0.18 to 0.22 nm and

t he di aneter of(b?e cgfe 2 is set in the range of 0.12 to 0.27 mm
25 preferably in f ange of 0.15 to 0.20 mm and particularly

Purts. ?g' 2 rangdgis 8 9?%%9%3%1%@?5%@9??jf@ff?%%'é"‘SL%@%E%H%’@@F%?%;%% ink'"®
conpose Oﬂolgggelgi%:’eﬁ{j?%gﬁgg eﬁ%ﬂ&ﬂ'?%rtiﬁ tfh'e 1@1?5?%%11 t?‘{}gcfg&? P% ie g.lei S

tufts 13 arrange eri ral part g p
d - ' : . - L ISt
fo 2 (o), iepHiEr Bl R FBRG RolBARETpelh 08 A EIME e by 1fthl?
abi |11y Whiohgi@Qatinidabclibf of ¥he Ridihbiusiith dHacuiesl Bmgpf THE %ufzg galS
) e a re 1

t oot hbrush 1 Therefore, suc configuration 1s erred.

Furt her, . b Gy I ' | . [ § S
Furher BE el ool Saa RS Nkl d A ABRRIELLR skt
possi bi | i t}owbddy, 18 -Sh@dIrELERBHIASHT tHaX tHB¥ulSGeaeu s Ui Il B,
On the other hand, when the bristle density is nore than 21 (the

number of glage ik Eziggagm@fﬁﬁge/m&ﬁ%)o, thbb @h& shifade BORSLIDEAL bY ubi@tmife
feeling of use may be deteriorated. Therefore, the bristle density is

pref er abl ynsehed sih&etHeigen it dbdisity i3’ fip pRtibHRoreén WitcH Hiddd\h
holes / cnR), nore preferably in the range of 17 to 21 (the nunber of

the tuftingetiDlodshé beadh poivh isNewisiveh ehe hafiyingtulfieaf@BgRrabn18
to 21 (the nunber of the tufting holes / cnR). [0040] Furthernore,
when the lhidwhg dow didghbnt deheisslideoBilie sathe pags Stthefsesse of tddih
bristle becones too strong, thereby deteriorating the feeling of use.
On the ot hehemamashingescthie tiei Badsehhehfidmieshsboetidllidg simket he
stiffness of the bristle becones too weak, thereby deteriorating the
feel i ng ofbruskimsmetiidd, aBerebguctating A obtivs hiligh eérhedis ufincehdd gl v,
the bristle length is preferably set in the range of 8.5 to 12 mm
and parti chearary oprvedfieh abé portion Révingd owdilgencaft d@nbity alidfs amal
Further, the length of the core/sheath conposite filanent 1 and the
| engt h of delieriomatofg thendain Smenallediket o ths egaed, the aatspeetief
different. [00411 Next, evaluation tests of the toothbrush in
the tufts (tufting holes) on the tufting plate, with respect to the longitudinal



As the nonofilanment 5 which is made of a single synthetic resin
material, there were manufactured a filanment No. 1 which is nade of
nyl on and whose cross section perpendicular to the | engthw se
direction has a circul ar shape having @ dianeter of 0.19 mm as shown
in Fig. 5 (a) and Table 1, a filament No. Al which is nmade of nylon
and whose cross section perpendicular to the | engthw se direction has
a gl asses-Ili ke shape having the |longest length L5 of 0.25 nm and the
shortest length L6 of 0.10 nmas shown in Fig. 6 (a) and Table 1, a
filament Ndirepdomaf die ﬁogthiaﬂdehéhenmdnelandemd@ asreogwy dettion and
perpendi cul ar to the | engthw se direction has an ei ght-1|eaf shape
havi ng t hetkg dixeetion Berpeadiqulpsthsrety, (horainafier, shlswred to 45 gycolanb) and
Table 1, and a filanment No, AS which is made of nylon and whose cross
secti on pedﬁéﬁfd%)umy hepa @rgéagéﬁ@eﬁwv%}@cmaﬁ&asrt@nem@ of qentaisicd thhape
havi ng a sh ter. dia onal 1,3 of 206 mm _a Ion%er di agonal L4 of
0.32 mm tipg hgleg. kh ﬁu%a‘taqh@?ﬁhew lpcated menest dneaph Prheriiy. 5 (b)
and Table 1 g}0421 27 and a filament No. A4 each of which has a
quadr angul 3fiolHBgcolrRRs.4h Dohlngated i astrainks ine whichisopeallpbinsthe

pol ybutyl Gl FGH B BERCLPE SR CHEh O A aRgac el ogev bebiaeeh Has o
her mopl acErto o da TERTRE RO ot e holee helyE kAot (1 cbne

1S 015, mtERe? PARGR I SR P LR Ton BB e ‘3@%?%1‘3%1

e oo ahen i f alReudy BEaR SOPRTEIR! ol AL aRE3RS RETE kyhe, b,
he d

| ongt L:E?tcﬁon mitheQind hE-8L 8% 00 LR fégw%am%%r ChEtHiR sheoiRedtn, ¢ e
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Fur tpor - oty e EpmeEHe iR topl AR AR Mled d bR U e Akt o

t oot hbr usfg gwﬂi & %1g§g1 msgrg csungﬁ% 8 ‘é' &F&lggg%ic{éqnpm 41?%41!% &at@as

circular tuftin es an orne e en reron

t oot hbr Usrhl%%‘}ﬁnn%ﬁsl? Lﬁ?g{feﬂus tcb'lfl(%]&w% rbf@freﬁq}) G “h?l gﬂg SECRORREHE

filaments No wer e into t tlng the tufts

vere tri mpgdagedent dokbder %1% Wfﬂgaﬁﬁé@%te aa[}gi & Efdst% 'll\%%l'ﬁa’lg &gar d

further processed so as to be rounded Fur t'her,

to the fi I@qeggé)lhﬁns/ﬂfthet&&mgﬁﬁoleg ﬂ%ﬁ%gﬁessﬁm alélcoﬁaﬁhleu S each

having a bristle | ength of nm wer e manufactured 1 n suc nner
that each mbvided it Ubli&ctiRly wéh@q th Bl Tat argeaiﬁﬁﬁéélﬁ@nﬁ”%éétﬂgr QH%}?S
and tips of the tufts were trimed so as | at a brushing surface,
and the titps MBMBeAdrdthgy, processed so as to be rounded of f. [0044]
28 Next, the brush strength, the durability, the stain
renmoval aHdDDitly, and the feeling of use in each of the
above-descri bed six types of toothbrushes were neasured using a
measur i ng net hodClafiincto)wi I | be described later. The result will be
shown in Table 1. Further, the result of an evaluation test for the
feeling of use byisfd peeferibfieailodiinkht Beatsitewufisinfaldlear Quft EQHRlred
[ Table 1] Filament (Toot hbrush) No. Cross sectional shape of fil anent
Mat eri al Diydmetding arph)raBry shitist coeeyghdathNoanikite filaments and tufted in a

central part of the tufting plate and a tuft configured by bundling a plurality
of monofilaments made of a hard synthetic resin and tufted in a peripheral
part of the tufting plate. Such a configuration makes it possible to adjust

the brush stiffness without exerting any effect on the feeling of use by virtue



Durability Spread index Stain renoval ability Feeling of use 1
Circul ar shape Nylon 0.19 32.3 B 190 100 A Mbderate Al d asses-li ke
shape Nyl on Longest: 0.25 Shortest: 0.10

10

of the monofilament which is made of a hard synthetic resin while at the
same time improving the stain removal power by virtue of the core/sheath
composite filament. As a result of this, it becomes possible to design

toothbrushes of various hardness corresponding to preferences of users.

Advantageous Effects of Invention
[0018] ,
According to the core/sheath composite filament for toothbrushes and
the toothbrush using the same, it is possible to sufficiently ensure the stain
removal property since the core/sheath composite filament whose cross
section perpendicular to the lengthwise direction has a quadrangular shape
is used as the filament constituting the brush portion. Further, since the
sheath of the core/sheath composite filament is composed of an elastomer,
when fine abrasive particles contained in a dentifrice are put between the
core/sheath composite filament and the surface of teeth, the fine abrasive
particles are rubbed on the surface of teeth while digging into and being held
by the elastomer, thereby making it possible to efficiently remove dental
plaque and stains. Furthermore, since the core is composed of a synthetic
resin fiber, it is possible to obtain the core/sheath composite filament having
a moderate hardness which is usable in a toothbrush by appropriately
adjusting the constituent material, the diameter and the like of the core.
Furthermore, even though the core/sheath composite filament has an
angular shape, which means that irritation caused by a contact between the
core/sheath composite filament and gums or the inside of a mouth becomes

strong, it is possible to suppress the irritation and thereby to improve the



15.9 C 254 39 C TOO soft and unusabl e A2 Ei ght-1eaf shape Nyl on
Maxi mum di aneter: 0.20 29.6 C 244 140 A Mderate A3 Quadrangul ar
shape Core: PET (0.15 mm) Sheath: TPE (1172) Length on each side:
0. 16 11

feeling of use since the sheath portion of the core/sheath composite filament
is covered by an elastomer. In addition, since the core made of a synthetic
resin is covered by the sheath composed of an elastomer, it is possible to
reduce the influence of water on the synthetic resin fiber, thereby making it
possible to remedy a problem in that the bristle tips of the brush spread out
and the durability is therefore decreased. In addition to this, the frictional
resistance among the core/sheath composite filaments and the frictional
resistance between the core/sheath composite filaments and the tufting plate
are made to be large by the elastomer, it is possible to improve the pullout

strength of the core/sheath composite filaments tufted in the tufting plate.

Brief Description of the Drawings
[0019]

Fig. 1 (a), Fig. 1 (b) and Fig. 1 (¢) are front views each showing a
tufting plate and a neighboring area of the tufting plate of a toothbrush,
wherein the arrangement of tufts in the toothbrush shown in each of Figs. 1
(a) to 1 (o) is different from that in the other two toothbrushes.

Fig. 2 (a), Fig. 2 (b) and Fig. 2 (¢) are front views each showing a
tufting plate and a neighboring area of the tufting plate of a toothbrush,
wherein the arrangement of tufts in the toothbrush shown in each of Figs. 2
(a) to 2 (¢) is different from that in the other two toothbrushes.

Fig. 3 (a) and Fig. 3 (b) are front views each showing a tufting plate
and a neighboring area of the tufting plate of a toothbrush, wherein the
arrangement of tufts in the toothbrush shown in Fig. 8 (a) is different from

that in the toothbrush shown in Fig. 8 (b).



19.5 B 189 179 B Soft but. usable A4 Quadrangul ar shape Core: PBT
(0,16 mm) Sheath: TPE (D72) Length on each side: 0.18 29.9 A 147 177
A Moderate A5 Rhonbi ¢ shape Nyl on Shorter diagonal: 0.206 Longer

di agonal : 0. 32 12

Fig. 4 (a) is a cross sectional view showing a core/sheath composite
filament according to one embodiment of the present invention, and Fig. 4 (b)
is a cross sectional view showing a core/sheath composite filament according
to another embodiment of the present invention.

Fig. 5 (a), Fig. 5 (b), Fig. 5 (¢), Fig. 5 (d) and Fig. 5 (e) are cross
sectional views each showing a filament of a comparative example.

Fig. 6 (a) and Fig. 6 (b) are cross sectional views each showing a

filament of a comparative example.

Description of Embodiments
[0020]

Hereinafter, embodiments of the present invention will be described
with reference to the drawings.

As shown in Figs. 1 to 4, a toothbrush 10 includes a handle 12 which
1s provided with a tufting plate 11 in a tip portion thereof and a brush
portion 14 which is composed of the tufting plate 11 and a plurality of tufts
13 tufted in the tufting plate 11. As a filament constituting the tuft 13,
there is used a core/sheath composite filament 1 which includes a core 2
which is made of a synthetic resin fiber and a sheath 3 which integrally
covers the core 2 and is made of an elastomer that is compatible with the
synthetic resin constituting the core 2, and has a quadrangular cross section
in the plane perpendicular to the lengthwise direction. In this embodiment,
although a description will be made with regard to a case where the
core/sheath composite filament of the present invention is applied to a

toothbrush 10 of manual type, it is also possible to apply the core/sheath



Length on each side: 0.19 17.3 C 218 172 B Soft but usable 29 [0046]
[ Tabl e 2] Toot hbrush No. Subject 1 Subject 2 Subject 3 Subject 4

Subj ect

13

composite filament of the present invention to a brush portion of a powered
toothbrush in the same manner.
[0021]

The handle 12 includes a grip portion (not shown) which is to be held
by a hand for a brushing operation, a neck portion 15 which extends
continuously from the grip portion, and the tufting plate 11 which is provided
in a tip portion of the neck portion 15, and is integrally molded by injection
molding and the like using a synthetic resin material. In this regard, it is.
also possible to employ a handle 12 which is formed in such a manner that a
primary molded article is molded by injection molding, the primary molded
article is then set in another mold, and an anti-slip portion and a finger
putting portion which are made of an elastomer, for example, are then
postformed thereon. As a synthetic resin material constituting the handle
12, it is possible to use a hard synthetic resin material such as polypropylene,
polyethylene, polyethylene terephthalate, polybutylene terephthalate,
polyethylene naphthalate, polytrimethyl terephthalate, polycarbonate,
polyoxymethylene, styrene-acrylonitrile resin,
acrylonitrile-butadiene-styrene resin, cellulose propionate, polyanide,
polymethyl methacrylate, and polyarylate, for example.

[0022]

The tufting plate 11 is formed into a flat plate-like shape having a
rectangular or egg-shaped front face whose corners are rounded off in order
to carry out a brushing operation inside a mouth smoothly, A plurality of
tufting holes 16 are formed in the front face of the tufting plate 11 in a

predetermined arrangement. The arrangement of the tufting holes 16 is
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arbitrarily determined. For example, the arrangement of the tufting holes
16, with respect to the longitudinal direction of the handle 12 (a row
direction) and the direction perpendicular thereto (a column direction), may
be a zigzag state in which at least one pair of centers of the tufting holes 18,
the tufting holes 16 being located nearest to each other in adjoining columns,
is not located on a straight line which is parallel to the longitudinal direction
of the toothbrush, an aligned state in which each of centers of the tufting
holes 16, the tufting holes 16 being located nearest to each other in adjoining
columns, is all located on a straight line which is parallel to the longitudinal
direction of the toothbrush, or a composite state which combines the zigzag
state with the aligned state. In particular, it is possible to employ an
aligned arrangement where a brush portion 14T in which three columns of
the tufting holes 16 are continuously arranged in a zigzag state, a brush
portion 14M in which three columns of the tufting holes 16 are continuously
arranged in an aligned state, and a brush portion 14T in which three
columns of the tufting heles 16 are continuously arranged in a zigzag state
are provided in the tufting plate 11 from the tip side thereof in this order, as
a tufting plate 11A shown in Fig. 1 {a) and a tufting plate 11G shown in Fig. 3
(a), a zigzag arrangement where only a brush portion 14T in which ten
columns of the tufting holes 16 are continuously arranged in a zigzag state is
provided in the tufting plate 11, as a tufting plate 11B shown in Fig. 1 (b), a
zigzag arrangement where fifteen columns of the tufting holes 16 are
continuously arranged in a zigzag state so as to increase the arrangement
density of the tufting holes 16 compared to the tufting plate 11B, as a tufting

plate 11C shown in Fig. 1 (¢), and an aligned arrangement where only a
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brush portion 14M in which eight columns of the tufting holes 16 are
continuously arranged in an aligned state is provided in the tufting plate 11,
as a tufting plate 11H shown in Fig. 3 (b). Further, it is also possible to
employ a zigzag arrangement where a brush portion 14T in which three
columns of the tufting holes 16 are continuously arranged in a zigzag state, a
brush portion 14M in which two columns of the tufting holes 16 are
continuously arranged in an aligned state, and a brush portion 14T in which
five columns of the tufting holes 16 are continuously arranged in a zigzag
state are provided in the tufting plate 11 from the tip side thereof in this
order, as a tufting plate 11D shown in Fig. 2 (a), a zigzag arrangement where
a brush portion 14T in which three columns of the tufting holes 16 ave
continuously arranged in a zigzag state, a brush portion 14M in which two
columns of the tufting holes 16 are continuously arranged in an aligned state,
and a brush portion 14T in which six columns of the tufting holes 16 are
continuously arranged in a zigzag state are provided in the tufting plate 11
from the tip side thereof in this order, as a tufting plate 11E shown in Fig. 2
(b), and a zigzag arrangement where only a brush portion 14T in which eight
columns of the tufting holes 16 are continuously arranged in a zigzag state is
provided in the tufting plate 11, as a tufting plate 11F shown in Fig. 2 (¢).

In this regard, even in the composite arrangement which combines the
aligned state with the zigzag state, the tufting plate 11A shown in Fig. 1 ()
and the tufting plate 11G shown in Fig. 3 (a) are categorized as the aligned
arrangement since each of the tufting plate 11A and the tufting plate 11G is
provided with three or more continuous columns of the tufting holes 16 in an

aligned state. On the other hand, the tufting plate 11D shown in Fig. 2 (a)
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and the tufting plate 11E shown in Fig. 2 (b) are categorized as the zigzag
arrangement since each of the tufting plate 11D and the tufting plate 11E is
provided with two or less continuous columns of the tufting holes 16 in an
aligned state.

[0023)

When the tufting holes 16 are arranged in a zigzag state, it is
preferable to provide five or more continuous columns of the tufting holes 16
s0 as to prevent unbrushing. For example, it is preferable to provide five
continuous columns of the tufting holes 16 as in the tufting plate 11D in Fig,
2 (a), six continuous columns of the tufting holes 16 as in the tufting plate
11E in Fig. 2 (b), eight continuous columns of the tufting holes 16 as in the
tufting plate 11F in Fig. 2 (¢), ten continuous columns of the tufting holes 16
as in the tufting plate 11B in Fig. 1 (b), or fifteen continuous columns of the
tufting holes 16 as in the tufting plate 11C in Fig. 1 (0).

[0024]

As a method for tufting the tufts 13 into the tufting plate 11, it is
possible to employ a method in which the tufting holes 16 each having a
bottom are formed on the tufting plate 11 at the time of molding the handle
12, and the tufts 13 are then tufted into the tufting holes 16 using an anchor
wire. In this regard, it is also possible to employ a method in which the
tufting plate 11 is configured to be divided into a front part and a back part,
tufts are inserted into through holes which are formed in the front part of the
tufting plate, base end portions of the tufts are then melted by heating
means so that filaments of each of the tufts are fused with each other, and

the back part of the tufting plate is then put on and bonded to the front part
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of the tufting plate to thereby foxm the tufting plate 11,
[0025]

As the tuft 13, a tuft 13 which is composed of only the core/sheath
composite filaments 1 can be used, or a tuft which is composed of the
core/sheath composite filaments 1 and monofilaments 5 made of a hard
synthetic resin in a mixed state can also be used. When the core/sheath
composite filaments 1 and the monofilaments 5 are used in a mixed state,
the mixture ratio can be arbitrarily set in view of the strength, the durability
and the feeling of use of the toothbrush 10. The mixture ratio can also be
changed depending on sites of the tufting plate 11 in which each of the tufts
13 is tufted. TFurther, it is also possible that filaments having different
characteristics be arranged depending on sites of the tufting plate 11 in
which each of the tufts 13 is used. For example, the core/sheath composite
filaments 1 are arranged in a central part of each of the tufts 13 and the
monofilaments 5 are arranged in an outer circumferential part of each of the
tufts 13. Further, the number of the filaments which are tufted into each of
the tufting holes 16 can be arbitrarily set. Namely, it is possible to tuft the
same number of the filaments with respect to all of the tufting holes 16
provided on the tufting plate 11, and also possible to tuft the different
number of the filaments with respect to each of the tufting holes 16
depending on the provided positions of the tufting hole 16.
fo026]

Further, as shown in Figs. 2 (a) to 2(c) and Fig. 3 (a), it is also
possible to tuft the tufts 13A each of which is composed of only the

core/sheath composite filaments 1 and the tufts 13B each of which is



5,0 A5 Index 22323 B Point 33535 3.8 A. Mode ate (in the
range of 4.0 to 5 0) B: Soft but usable (3.0 or nore but |ess than

4. 0)
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composed of only the monofilaments 5 in one tufting plate 11 in a mixed state.
When the tufts 13A and the tufts 13B are tufted in a mixed state, it is
possible to arrange tufts each of which is composed of filaments having
different characteristics depending on sites of the tufting plate 11 in which
each of the tufts is tufted. For example, the tufts 13B each of which is
composed of the monofilaments 5 are arranged in a peripheral part of the
tufting plate 11, and the tufts 18A each of which is composed of the
core/sheath composite filaments 1 are arranged inside the peripheral part,
that is, in a central part of the tufting plate 11. For example, as shown in
Figs. 2 (a) to 2 (¢) and Fig. 3 (a), it is possible to design the toothbrushes 10 of
various hardness corresponding to preferences of users by virtue of the
monofilament 5 which is made of a hard synthetic resin while improving the
stain removal power by virtue of the core/sheath composite filament 1 by
configuring the tufts 13 in such a manneyr that tufts 13 that are indicated by
black (not gray) circles are composed of the tuft 13B which is composed of the
monofilaments 5 and the other tufts 13 are composed of the tuft 13A which is
composed of the core/sheath composite filaments 1, namely, the tufts 13A
each of which is composed of the core/sheath composite filaments 1 are
arranged in the central part of the tufting plate 11 and the tufts 13B each of
which is composed of the hard monofilaments 5 are arranged in the
peripheral part of the tufting plate 11. Further, it is preferable to tuft the
tufts 13A each of which is composed of the core/sheath composite filaments 1
in the end portion of the tufting plate 11 at the side of the handle 12 as
shown in Fig. 2(a), instead of the tufts 13B each of which is composed of the

monofilaments 5 as shown in Figs. 2 (b), 2 (c) and 3 (a). Namely, since there
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It is understood from Table 1 that when the cross section of the
filament, the cross section being perpendicular to the | engthw se
direction, has a quadrangul ar shape sugdh as a square shape and a
rhonbi ¢ shape as in the toothbrushes No. A3 to No. A5, the stain
removal ability is inproved conpared to the toothbrushes No. 1, No.

Al and No. A2 in each of which the filanent whose cross section has a
circul ar shape, a gl asses-1like shape or an eight-|leaf shape is used.

[ 0048] has brem whéely aelepted o bausdeane méthod it kehick dssbasdcesf fonofecthe
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increased in a c Sﬁ mh?[e the filanment having a core/sheath structure
in which tﬂ@m§ﬁé§ﬁ eitaltingplate 14 atéha siderdithe handigleonpared to a
case where tgg filament which is made of a single synthetic resin
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pol yest er phefseablyiset mphasinge ol t6 one26aans hewdmdrticklagly frafetabay th
Table 3, and a filanment No. 8 which is configured in the sane manner
the range of 0.20 to 0.22 mm.



[ 0052] Next, the brush strength, the spread index, the
durability, the stain renoval ability, and the feeling of use in each
of the toothbrushes No. 1 to No. 9 were neasured. Further, the brush
strength, the spread index, and the stayn renoval ability in each of
the toothbrushes No. 10 to No. 14 were neasured. The results will be
shown in Table 3 and Table 4. [00531 34 16l ddJ:64vmiS Lila : G no
Quadr angul ar shape (Filanment No. 7) Length on earl; side: n IR ST T)
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[c029

As shown in Fig. 4, the core/sheath composite filament 1 includes a
core 2 which is made of a synthetic resin fiber and a sheath 3 which
integrally covers the core 2 and is made of an elastomer that is compatible
with the synthetic resin constituting the core 2. |
[0030]

As the synthetic resin material constituting the core 2, it is possible
to use a synthetic resin material such as a polyamide-based synthetic resin
material, a polyester-based synthetic resin material, and a polyolefin-based
synthetic resin material. In particular, Nylon 610, Nylon 612 and the like
can be used as a polyamide-based synthetic resin material, polybutylene
terephthalate (PBT), polytrimethylene terephthalate (PTT), polyethylene
terephthalate (PET) and the like can be used as a polyester-based synthetic
resin material, and polypropylene, polyethylene and the like can be used as a
polyolefin-based synthetic resin material.

[0031]

As the elastomer constituting the sheath 3, it is possible to use a
thermoplastic elastomer (TPE) such as a polystyrene-based thermoplastic
elastomer (SBC), a polyolefin-based thermoplastic elastomer (TPO), a
polyviny! chloride-based thermoplastic elastomer (TPVC), a
polyurethane-based thermoplastic elastomer (PU), a polyester-based
thermoplastic elastomer (TPEE), and a polyamide-based thermoplastic
elastomer (TPAE), for example. Among these elastomers, a polyester-based
thermoplastic elastomer and a polyamide-based thermoplastic elastomer

(TPAE) are preferably used, and a polyester-based thermoplastic elastomer
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is particularly preferably used due to the excellent handleability thereof.
[0032]

A thermoplastic elastomer is basically composed of a hard segment (a
resin component) and a soft segment (a rubber component). However, a
polyvinyl chloride-based thermoplastic elastomer is an exception. In
particular, in a polystyrene-based thermoplastic elastomer, polystyrene is
used as the hard segment, and butadiene is used as the soft segment.
Further, in a polyolefin-based thermoplastic elastomer, a polyolefin-based
synthetic resin material such as polypropylene and polyethylene is used as
the hard segment, and an olefin-based rubber such as an ethylene-propylene
rubber (EPR) and an ethylene-propylene-diene rubber (EPDM) is used as the
soft segment. In a polyurethane-based thermoplastic elastomer,
polyurethane is used as the hard segment, and polyol, polyester or the like is
used as the soft segment. In a polyester-based thermoplastic elastomer,
polyester is used as the hard segment, and aliphatic polyether, polyester or
the like is used as the soft segment. In a polyamide-based thermoplastic
elastomer, nylon oligomer is used as the hard segment, and polyol, polyester
or the like is used as the soft segment. As a polyvinyl chloride-based
thermoplastic elastomer, it is possible to use plasticized highly polymerized
polyvinyl chloride, acrylonitrile-butadiene rubber (NBR) modified polyvinyl
chloride, and the like.
[0033]

The Type D durometer hardness specified in JIS K 6253 of the
elastomer constituting the sheath 3 is preferably in the range of 27D to 94D,

more preferably in the range of 55D to 72D, even more preferably in the
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range of 60D to 72D, and the most preferably in the range of 65D to 72D
since the tuftedability may be significantly deteriorated when the Type D
durometer hardness is less than 27D, and on the other hand, the elasticity is
reduced when the Type D durometer hardness is more than 94D,

[0034]

The core/sheath composite filament 1 is manufactured by a
well-known composite melt spinning method. In particular, the synthetic
resin material constituting the core 2 and the elastomer material
constituting the sheath 3 ave respectively melted and discharged from a
composite extruder so as to be formed into a desired shape, cooled, stretched,
and then subjected to heat-setting to thereby manufacture the core/sheath
composite filament 1. Further, it is possible that the core/sheath composite
filaments 1 are bundled and cut into a predetermined length, and then the
tip portion of each of the filaments 1 is formed into an arbitrary shape such
as a spherical shape, a hemispherical shape, and a sharp-pointed shape.
[0035]

Although a cross section of the core 2, the cross section being
perpendicular to the lengthwise direction, can be formed into an arbitrary
shape such as a polygonal shape, an oval shape, a circular shape, and a star
shape, the cross section of the core 2 is preferably formed into a circular
shape so that the hardness, namely the stiffness, of the core/sheath
composite filament 1 becomes uniform over the entire circumference.

[0036]
A cross section of the sheath 3, the cross section being perpendicular

to the lengthwise direction, is formed into a quadrangular shape such as a
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rectangular shape, a square shape, and a rhombic shape. Accordingly, the
contact area between the sheath 3 and the surface of teeth is set to be large
and corners are formed on the sheath 3, thereby improving the stain removal
ability. Especially, the core/sheath composite filament 1 whose cross section
is formed into a square shape or a rhombic shape is preferred because the
stain removal ability thereof is not likely to change according to the tuft
direction of the tufts 13 compared to the core/sheath composite filament 1
whose cross section is formed into a rectangular shape. Further, although
four outer surfaces of the sheath 3 may be each formed into a flat surface, it
is preferable to form each of the outer surfaces of the sheath 3 into a concave
surface 4 which is gently depressed inwardly (toward the central portion of
the core/sheath composite filament 1) as a core/sheath composite filament 1A
shown in Fig. 4(b). With such a configuration, the concave surfaces 4 of the
sheath 3 can hold a dentifrice, therefore, it is possible to efficiently clean the
surface of teeth while sufficiently rubbing the dentifrice on the surface of
teeth.

[0037]

When the length 1.1 on each side of the quadrangular cross section of
the core/sheath composite filament 1 is more than 0.30 mm, the insertability
into interproximal portions and the feeling of use are deteriorated. Further,
when the diameter D1 of the core 2 is less than 0.12 mm, it is not possible to
sufficiently ensure the durability of the toothbrush 10. Furthermore, when
the thickness of the sheath 3 is less than 0.01 mm, a problem such as
separation of the sheath 38 from the core 2 occurs. Accordingly, in a case

where the length L1 on each side of the quadrangular cross section of the
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core/sheath composite filament 1 is less than 0.14 mm, it is not possible to
sufficiently ensure the diameter D1 of the core 2 and the thickness of the
sheath 3, on the other hand, in a case where the length L1 is more than 0.30
mm, the insertability into interproximal portions and the feeling of use are
deteriorated. Therefore, the length L1 is set in the range of 0.14 to 0.30 mm,
preferably in the range of 0.16 to 0.24 mm, and particularly preferably in the
range of 0.18 to 0.22 mm. Further, in a case where the diameter D1 of the
core 2 is less than 0.12 mm, it is not possible to sufficiently ensure the
durability of the toothbrush 10, on the other hand, in a case where the
diameter D1 1s more than 0.27 mm, the outer diameter of the core/sheath
composite filament 1 becomes too large, thereby deteriorating the
insertability into interproximal portions and the feeling of use. Therefore,
the diameter D1 is set in the range of 0.12 to 0.27 mm, preferably in the
range of 0.16 to 0.20 mm, and particularly preferably in the range of 0.16 to
0.19 mm.

[0038]

In view of all of the factors described above, it is preferable to use the
core/sheath composite filament 1 which is configured in such a manner that
the core 2 is made of polybutylene terephthalate (PBT), the sheath 3 is made
of a polyester-based thermoplastic elastomer, the cross section of the
core/sheath composite filament 1 is formed into a square shape or a rhombic
shape, the length on each side of the cross section of the core/sheath
composite filament 1 is set in the range of 0.14 to 0.30 mm, preferably in the
range of 0.16 to 0.24 mm, and particularly preferably in the range of 0.18 to

0.22 mm, and the diameter of the core 2 is set in the range of 0.12 to 0.27 mm,
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preferably in the range of 0.15 to 0.20 mm, and particularly preferably in the
range of 0.16 to 0.19 mm. Further, when each of the tufts 13 arranged in
the central part of the tufting plate 11 is composed of the core/sheath
composite filaments 1 and each of the tufts 13 arranged in the peripheral
part of the tufting plate 11 is composed of the monofilaments 5 made of nylon
as shown in Figs. 2 (a) to 2 (¢), it is possible to sufficiently ensure the stain
removal ability while ensuring the durability and the feeling of use of the
toothbrush 10. Therefore, such a configuration is preferred.

[0039]

Further, when the tufting holes density in the brush portion 14 is less
than 16 (the number of the tufting holes / cm2), there is a possibility that the
stain removal ability may become insufficient. On the othexr hand, when the
bristle density is more than 21 (the number of the tufting holes / cm2), there
1s a possibility that the feeling of use may be deteriorated. Therefore, the
bristle density is preferably set in the range of 16 to 21 (the number of the
tufting holes / ecm?2), more preferably in the range of 17 to 21 (the number of
the tufting holes / cm?), and the most preferably in the range of 18 to 21 (the
number of the tufting holes / cm?2).

[0040]

Furthermore, when the bristle length is less than 8.5 mm, the
stiffness of the bristle becomes too strong, thereby deteriorating the feeling
of use. On the other hand, when the bristle length is more than 12 mm, the
stiffness of the bristle becomes too weak, thereby deteviorating the feeling of
use as well as reducing the brushing effect. Accordingly, the bristle length

is preferably set in the range of 8.5 to 12 mm, and particularly preferably in
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the range of 9.0 to 10 mm. Further, the length of the core/sheath composite
filament 1 and the length of the monofilament 5 may be set to be same, or
also to be different.

[0041]

Next, evaluation tests of the toothbrush in which the core/sheath
composite filament is used will be deseribed.

| At first, an evaluation test regarding the cross sectional shape of the
filament will be described.

As the monofilament 5 which is made of a single synthetic resin
material, there were manufactured a filament No. 1 which is made of nylon
and whose cross section perpendicular to the lengthwise direction has a
circular shape having a diameter of 0.19 mm as shown in Fig. 5 (a) and Table
1, a filament No. A1 which is made of nylon and whose cross section
perpendicular o the lengthwise direction has a glasses-like shape having the
longest length L5 of 0.25 mm and the shortest length L6 of 0.10 mm as
shown in Fig. 6 (a) and Table 1, a filament No. A2 which is made of nylon and
whose cross section perpendicular to the lengthwise direction has an
eight-leaf shape having the greatest diameter D5 of 0.20 mm as shown in Fig.
6 (b) and Table 1, and a filament No. A5 which is made of nylon and whose
cross section perpendicular to the lengthwise direction has a rhombic shape
having a shorter diagonal L3 of 0.206 mm, a longer diagonal L4 of 0.32 mm,
and a length on each side of 0.19 mm as shown in Fig. 5 (b) and Table 1.
[0042]

Further, as the core/sheath composite filament 1 which is composed

of a core/sheath composite fiber, there were manufactured a filament No. A3
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and a filament No. A4 each of which has a quadrangular cross section, and
includes the core 2 whose cross section has a circular shape and whose
constituent material is polybutylene terephthalate and the sheath 3 whose
cross section has a square shape and whose constituent material is a
polyester-based thermoplastic elastomer, as shown in Fig. 1 (a) and Table 1.
In the filament No. A3, the diameter D1 of the cross section of the core 2 is

| 0.15 mm, the length 1.1 on each side of the cross section of the sheath 3 is
0.16 mm, and the Type D durometer hardness specified in JIS K 6253 of the
sheath 3 is 72D. Further, in the filament No. A4, the diameter D1 of the
cross section of the core 2 is 0.16 mm, the length L1 on each side of the cross
section of the sheath 3 is 0.18 mm, and the Type D durometer hardness of the
sheath 3 is 72D.
[0043]

Further, a toothbrush No. 1 was manufactured in such a manner that

a toothbrush bundle provided with a rectangular tufting plate which has
circular tufting holes and is formed in the end portion of the toothbrush shaft
was prepared, tufts each of which is composed of the filaments No. 1 were
tufted into the tufting holes, tips of the tufts were trimmed so as to flat a
brushing surface, and the tips were further processed so as to be rounded off.
Further, also with regard to the filaments No. Al to No. A5, toothbrushes No.
Al to No. A5 each having a bristle length of 10 mm were manufactured in
such a manner that each of the tufts was tufted into the respective tufting
holes, and tips of the tufts were trimmed so as to flat a brushing surface, and
the tips were further processed so as to be rounded off.

{0044]
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Next, the brush strength, the durability, the stain removal ability,
and the feeling of use in each of the above-described six types of toothbrushes
were measured using a measuring method which will be described later.

The result will be shown in Table 1. Further, the result of an evaluation

test for the feeling of use by five subjects will be shown in Table 2.

[0045]
[Table 1]
Filament Brush Btain
Cross seclional Spread
(Toothbrush) Material Diameter (mm) strength | Durability removal Feeling of nse
shape of filament index
No. {Nfera?) ahility
i Circular shape Nylon .19 323 B 190 100 A Moderate
Glasses-like Longest: 0.25 Toosoft
Al Nylon 15.9 C 254 3 C
shape Shortest: 0.10 and nnusable
Maxtmum dizmeler!
A2 Eight-leaf shape Nylhn 29.6 C 24 0 ) A Moderate
0.20
Quadrangular | Core: PBT (0.15 mm) Soft
A3 Length on each side: 0.16 195 B 189 178 B
shape Sheatl: TPE (D72) bt usable
Quadrangular | Core: PBT (0.16 mm)
Ad Length on each side: .18 29.9 A 147 171 A Moderae
shape Sheath: TPE (D72)
Shorter diagonal: 0.206
Soft
Ab Rhombic shape Nylon Longer diagonal: 0.32 17.3 ¢ 218 172 B
but usable
Length on each side: 0.38
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[0046]
[Table 2]
Toothbrush Subject | Subject [ Subject | Subject | Subject | Average Evaluati
No. 1 2 3 4 5 value vatuaton
1 Index 3 3 3 2 3 A
Point 5 5 b 3 5 4.6
Al In(?ex 2 1 1 1 1 C
Point 3 1 1 1 1 1.4
A2 Inc?ex 3 2 3 3 3 A
Point. 5 3 5 5 5 4.6
| A3 Incliex 2 3 2 2 2 B
Point 3 5 3 3 3 3.4
Ad In(‘lex 5 3 3 3 3 A
Point 5 5 5 5 5 5.0
A5 Inc?ex 2 2 3 2 3 B
Point 3 3 5 3 5 3.8

A: Moderate (in the range of 4.0 to 5.0)
B: Soft but usable (3.0 or more but less than 4.0)
C: Too soft and unusable (1.0 or more but less than 3.0)

[0047]

1t is understood from Table 1 that when the cross section of the
filament, the cross section being perpendicular to the lengthwise direction,
has a quadrangular shape such as a square shape and a rhombic shape as in
the toothbrushes No. A3 to No. A5, the stain removal ability is improved
compared to the toothbrushes No. 1, No. Al and No. A2 in each of which the
filament whose cross section has a circular shape, a glasses-like shape or an
eight-leaf shape is used.
[0048]

Further, even in a case where the cross section of the filament has a
quadrangular shape, the toothbrush No. A4 in which the filament which is
made of only nylon and has the rhombic cross section is used has higher

brush strength, namely is not likely to be buckled, but has lower spread
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index compared to the toothbrush No. A5 in which the filament which is
composed of the core/sheath composite fiber and has the square cross section
s qsed, for example. This shows that the spread of the filaments is
suppressed due to the elasticity of the sheath and the durability is thus
increased in a case where the filament having a core/sheath structure in
which the sheath is made of an elastomer is used compared to a case where
the filament which is made of a single synthetic resin material is used.
[0049]

Next, an evaluation test regarding the arrangement of the tufts will
be described.

As the monofilament 5 which is made of a single synthetic resin
material, there were manufactured a filament No. 1 which is made of nylon
and whose cross section perpendicular to the lengthwise direction has a
circular shape having a diameter of 0.19 mm as shown in Fig. 5 (a) and Table
3, and a filament No. 2 which is made of nylon and whose cross section
perpendicular to the lengthwise direction has a rhombic shape having a
shorter diagonal L3 of 0.206 mm, a longer diagonal L4 of 0.832 mm and a
length on each side of 0.19 mm as shown in Fig. 5 (b) and Table 3, a filament
No. 3 which is made of nylon and whose cross section perpendicular to the
lengthwise direction has a triangular shape having a height T1 of 0.20 mm
as shown in Fig. 5 (c) and Table 3, and a filament No. 4 which is made of a
polyester-based thermoplastic elastomer and whose cross section has a
circular shape having a diameter of 0.2 mm as shown in Table 3.

[0050]

Further, as the core/sheath composite filament 1, there were
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manufactured a filament No. 5§ which includes the core 2 whose cross section
has a circular shape having a diameter D2 of 0.15 mm and whose constituent
material is polybutylene terephthalate and the sheath 3 whose cross section
has a circular shape having a diameter D3 of 0.20 mm and whose constituent
material is a polyester-based thermoplastic elastomer as shown in Fig. 5 (d)
and Table 3, a filament No. 6 which includes the core 2 whose cross section
has a circular shape having a diameter D4 of 0.12 mm and whose constituent
material is polybutylene terephthalate and the sheath 3 whose cross section
has a triangular shape having a height T2 of 0.20 mm and whose constituent
material is a polyester-based thermoplastic elastomer as shown in Fig. 5 (e)
and Table 3, a filament No. 7 which includes the core 2 whose cross section
has a circular shape having a diameter D1 of 0.16 mm and whose consiituent
material is polybutylene terephthalate and the sheath 3 whose cross section
has a square shape having a length L1 on each side of 0.18 mm and whose
constituent material is a polyester-based thermoplastic elastomer as shown
in Fig. 4 (e) and Table 3, and a filament No. 8 which is configured in the same
manner as the filament No. 7 excepting that the diameter D1 of the cross
section of the core 2 is set to 0.15 mm and the length L1 on each side of the
cross section of the sheath 3 is set to 0.16 mm.

[0051]

Further, a toothbrush having a bristle length of 10 mm was
manufactured in such a manner that a toothbrush shaft provided with a
rectangular tufting plate which has circular tufting holes and is formed in
the end portion of the toothbrush shaft was prepared, tufts each of which is

composed of the above-described filaments were tufted into the tufting holes,
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| Brush strength (N cnR) 36 [00551 (Brush Strength and Bristle
Density) Each of the toothbrushes was fixed to Autograph AGS
manuf act ured by Shi madzu Corporation wg ch corresponds to the
conpression testing machine specified in old JIS B 7733, conpression
| oad was applied to the toothbrush at a velocity of 10 nm mn, and

t he maxi mum val ue of the conpression | oad was then neasured. After
the nmeasurenent, the tuft area described in JIS S 3016 was

cal cul at edtipgrd thé enfimwiene brivahedesmantufieta brushing sorfocesaidthe ips
was then divided by the tuft area to thereb¥ obtain the conpression
| oad per uitere pthemprachesedraggts totheaiognded off.  Specifigalindpothbiashes
bristle density was cal cul ated by dividing the total nunber of the
tufting hoPs 1%8 Noriapach of mehiekithe fftseanposed afyhe fidamants Npehto
whi ch had en cal cul ated based on JIS S 3016. [00561 (Spread |Index
and Dur abi N y)are respectively; tyfted igthe errapgemantsdowanias Bahle Baviensy
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tooth), the cut enanel specinen was enbedded in a clear polyester

resin, andobiitn®dh NG ® 9f whits HRIGFHIBBASRLSITRMIERYs 85 pbRRNofThe OF
pol i shed. "Then, the surface of the specinmen was imersed in dilute

hydr ochl orfilen@sitsd NoO17 ££0theae0srdBeath@hRIE TE 88 el 1S3 RE: argpous
sodi um car bonate solution, then imrersed in 1% phytic acid sol ution,

and then rdsehed whith id @tﬂnﬁé@éﬁaﬂgﬁé o icE ambREPS) the monofildn®hdisidifs
broth was prepared in such a manner that 1.02 g of instant coffee,
1.02 g of rhndé afhylo@aandhadbng a0diaBicdeiSof0@SD mhis, BHE twltediifa aiRb@ERAL
produci ng bacteria (M crococcus luteus) culture were added to a
steril i zedntthyphinoeseaagymbaohd thathienthettbetitpash N sanEurtieersicdt g
broth were set in an incubator at 37C for 10 days. On the el eventh
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staining broth and rinsed with ion-exchanged water. The rinsed

speci men whs arseugeasers shown in Fig. 3 (b), a toothbrush No. 11 in which the

filaments No. 1 are tufted in the arrangement shown in Fig. 1 (b}, a
toothbrush No. 12 in which the filaments No. 7 each of which is composed of

the core/sheath composite filament 1 are tufted in the arrangement shown in



38 neasurenent specinmen, and L"1, a"l1l and b*1 of the nmeasurenent
speci nen were neasured as a baseline using a spectrophotoneter

manuf actured by M NOLTA CAMERA CO., LTD.. [0059] Next, the

t oot hbrushes 10 of No. 1 to No. 7 weregsequentially set in a brushing
machi ne manuf actured by Sunstar Inc., and the neasurenent specinen
manuf actured in the above-described manner was al so set in the

brushi ng machi ne. The toot hbrush 10 was noved 1500 strokes at a
constant pressure using a commercially avail able dentifrice. After
that, the Fidufine MotBpashrn i whicvibe flsmpngs Mod7lcash ofwhichnis
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actually b us% d their teeth using the toothbrushes No. 1 to No. 9
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measured. The results will be shown in Table 3 and Table 4.

[0053]
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[0055]

(Brush Strength and Bristle Density)

Each of the toothbrushes was fixed to Autograph AGS manufactured
by Shimadzu Corporation which corresponds to the compression testing
machine specified in old JIS B 7733, compression load was applied to the
toothbrush at a velocity of 10 mm/min, and the maximum value of the
compression load was then measured. After the measurement, the tuft area
described in JIS S 3016 was calculated, and the maximum value measured in
the compression test was then divided by the tuft area to thereby obtain the
compression load per unit area as the brush strength.

Further, the bristle density was calculated by dividing the total
number of the tufting holes 16 formed in the tufting plate 11 by the tuft area
which had been calculated based on JIS S 3016.

[0056]

(Spread Index and Durability)

Using a brushing machine manufactured by Sunstar Inc., 10000
strokes of brushing were carried out on the surface of an epoxy plate under a
load of 300 g in water at 37°C, and the spread index of the brushing surface
was measured to thereby evaluate the durability. In this regard, the spread
index means a numerical value represented by (B/A) x 100, where A (mm)
denotes the horizontal width of the brushing surface in an initial state, and
B (mm) denotes the horizontal width of the brushing surface after the
brushing. TFurther, in Table 1 and Table 3, “A” indicates that the value of
the durability is equal to or less than 170 and the durability is therefore

excellent, “B” indicates that the value of the durability is larger than 170 but
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equal to or less than 200 and the durability is therefore normal, and “C”
indicates that the value of the durability is larger than 200 and the
durability is therefore inferior.

[0057]

(Stain Removal Ability)

Stain removal ability was measured using a measuring method
which is a modification of the method described in the article (Stooky et al.,
Journal of Dental Research, 61, 1236-39, 1982). Hereinafter, the measuring
method will be described. At first, an enamel specimen of 4 mm square was
cut from a bovine permanent tooth (a permanent incisor tooth), the cut
enamel specimen was embedded in a clear polyester resin, and the surface of
the specimen was smoothed and then mirror polished. Then, the surface of
the specimen was immersed in dilute hydrochloric acid for 60 seconds, then
immersed in saturated aqueous sodium carbonate solution, then immersed
in 1% phytic acid solution, and then rinsed with ion-exchanged water.

[0058]

A staining broth was prepared in such a manner that 1.02 g of
imstant coffee, 1.02 g of instant tea, 0.75 g of pig’s gastric mucin, and a
pigment producing bacteria (Micrococcus luteus) culture were added to a
sterilized trypticase soy broth. Then, the specimen and the staining broth
were set in an incubator at 37°C for 10 days. On the eleventh day, 0.03 g of
ferric chloride hexahydrate was added thereto and the addition was
continued until L* defined in the L*a*b* color system of JIS Z 8729 became
32 to 35. Then, the specimen was removed from the staining broth and

rinsed with ion-exchanged water. The rinsed specimen was used as a
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measurement specimen, and L*1, a*1 and b*1 of the measurement specimen
were measured as a baseline using a spectrophotometer manufactured by
MINOLTA CAMERA CO., LTD..

[0059]

Next, the toothbrushes 10 of No. 1 to No. 7 were sequentially set in a
brushing machine manufactured by Sunstar Inc., and the measurement
specimen manufactured in the above-described manner was also set in the
brushing machine. The toothbrush 10 was moved 1500 strokes at a
constant pressure using a commercially available dentifrice. After that, the
measurement specimen was allowed to dry and L*2, a*2 and b*2 of the
measurement specimen were measured using the spectrophotometer
manufactured by MINOLTA CAMERA CO., LTD.. Further, L*3, a*3 and
b*3 were measured with respect to the specimen from which the remaining
stain was removed with a dental handpiece, and the stain removal rate (%)
was calculated using the following formulae.

[0060]

Removed Stain = [(I*2 — L*1)2 + (L*2 - L*1)2 + (L*2 — L*1)2]12

Total Stain (Total Removable Stain) = [(L*3 — L*1)2 + (I,*3 — L*1)2+
(L*3 — L*1)Z 12

Removed Stain Rate (%) = (Removed Stain) / (Total Stain (Total
Removable Stain))

[0061]

Further, the stain removal ability (%) of each of the toothbrushes No.

2 to No. 14, where the stain removal ability (%) of the toothbrush No. 1 which

has a common configuration is defined as 100, was calculated using the
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following formula.

Stain Removal Ability (%) = Removed Stain Rate (%) of Tested
Toothbrush / Removed Stain Rate (%) of Toothbrush No. 1
[oo62]

(Feeling of Use)

Five subjects actually brushed their teeth using the toothbrushes No.
1 to No. 9 and evaluated the feeling of use thereof. The evaluation of the
feeling of use was carried out in such a manner that the evaluation utilized a
five-level index regarding hardness and points were set corresponding to
each of the indexes as shown in Table 5, and the index and the point of the
feeling of use with respect to each of the tcothbrushes No. 1 to No. 9 by the
five subjects and the average value of the points were evaluated. The result

will be shown in Table 6.

[0063]
[Table 5] ,
Too soft Slightly soft | Moderate | Slightly hard | Too hard
Index
1 2 3 4 5
Point i 3 i 3 1

[0064]
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[Table 6]
Toothbrush Subject Subject; Subject Subject Subject: Average Evaluati
No. 1 2 3 4 ] value valnation
1 Index 3 3 3 2 3 A
Point 5 5 5 3 5 4.6
o Int?ex 2 2 3 1 3 B
Point 3 3 5 1 17} 3.4
3 In(f.ex 3 4 3 3 3 A
Paint b 3 5 5 b 4.6
4 Inc"'lex i 1 1 1 1 c
Point 1 1 1 i 1 1.0
5 Index 2 3 2 2 3 B
Point 3 5 3 3 5 3.8
6 Index 2 2 3 1 2 B
Point 3 3 5 1 3 3.0
7 Inc?ex 3 3 3 3 3 A
Point b & 5 b & 5.0
8 Inc?.ex 3 3 3 3 3 A
Point b b b 5 5 5.0
9 Ino?ex 3 3 3 3 3 A
Point b 5 b & b 5.0
A: Moderate (in the range of 4.0 to 5.0)
B: Soft but usable (3.0 or more but less than 4.0}
C: Too soft and unusable (1.0 or more but less than 3.0)
[0065]

It 18 understood from Table 3 that the toothbrush in which the
filament whose cross section has a quadrangular shape such as a rhombic
shape and a square shape is used has a superior stain removal ability than
that of thé toothbrush in which the filament whose cross section has a
circular shape or a trianglar shape is used. When the cross section of the
filament is formed into a quadrangular shape in this manner, the contact
area between the filament and the surface of teeth is increased, and corners
of the filament are strongly rubbed on the surface of teeth, thereby making it
possible to efficiently remove stains.

[0066]

Further, it is understood from the comparison between the
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toothbrush No. 11 and the toothbrush No. 5 that the stain removal ability in
a case where the core/sheath composite filament 1 which is provided with the
sheath made of an elastomer is used is higher than the stain removal ability
in a case where the monofilament 5 which is made of nylon is used, even
though both of the core/sheath composite filament 1 and the monofilament 5
have a circular cross sectional shape. By providing the sheath made of an
elastomer in the outer circumferential portion of the filament in this way, the
frictional resistance between the filament and the surface of teeth is
increased, thereby making it possible to efficiently remove stains. However,
the toothbrush No. 4 in which the filament which is made of only an
elastomer is used is too soft and the feeling of use thereof is thus bad.
Therefore, the toothbrush No. 4 is unusable as a toothbrush.

[0067]

Further, it is understood that, in a case where the tufts 13B each of
which is composed of the monofilaments 5 made of nylon are arranged in the
peripheral part of the tufting plate and the tufts 18A each of which is
composed of the core/sheath composite filaments 1 are arranged in the
central part of the tufting plate as the toothbrushes No. 8 and No. 9, it is
possible to increase the brush stren_gth while sufficiently ensuring the stain
removal ability compared to a case where a toothbrush includes only the
tufts 13 each of which is composed of the core/sheath composite filaments 1
as the toothbrush No. 7. This is obvious from the fact that, even in a case
where the tufts are arranged in the same arrangement as in the
toothbrushes No. 12 and No. 14, the toothbrush No. 14 in which the tufts

13B each of which is composed of the monofilaments 5 made of nylon are
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13: Soft but usable (3.0 or nore but ess than 4.0) C Too soft and
unusable (1.0 or nore but less than 3.0) [0065] It is
understood from Table 3 that the toothB2ush in which the fil anent
whose cross section has a quadrangul ar shape such as a rhonbic shape
and a square shape is used has a superior stain renoval ability than
that of the toothbrush in which the filanment whose cross section has
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On the other hand, Table 4 shows that, in a case where the tufts are
composed of only the monofilaments & made of nylon, the toothbrushes No. 1
and No. 10 with the aligned bristle arrangement which includes the brush
portion 14M in which three or more columns of the tufts are continuously
arranged in an aligned state as shown in Figs. 1(a) and 3(b) has equal or
superior stain removal ability compared to the toothbrush No. 11 shown in
Fig. 1 (b) with the zigzag bristle arrangement which includes only the brush
portion 14T in which the tufts are arranged in a zigzag state. Further,
Table 4 also shows that, in a case where the core/sheath composite filament 1
is used, the toothbrush No. 13 with the zigzag bristle arrangement which
includes only the brush portion 14T in which all of the tufts 13 are arranged
in a zigzag state as shown in Fig. 1 (b) has superior stain removal ability
compared to the toothbrush No. 12 with the aligned bristle arrangement
which includes the brush portion 14M in which three or more columns of the
tufts 13 are continuously arranged in an aligned state as shown in Fig. 1 (a),
contrary to the case where the monofilament 5 made of nylon is used.
Namely, it is understood that it is possible to improve the stain removal
ability in the core/sheath composite filament 1 by arranging the tufts in the

zigzag arrangement,
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nmonofilament 5 have a circular cross sectional shape. By providing
the sheath nade of an elastonmer in the outer circunferential portion
of the filanent in this way, the frict#8nal resistance between the
filament and the surface of teeth is increased, thereby naking it
possible to efficiently renove stains. However, the toothbrush No. 4
in which the filanment which is nade of only an elastonmer is used is
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Table 4 shows that, in a case ere the tufts are conposed o
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with the aligned bristle arrangenent which includes the brush portion
14M i n whi gtaih heeevalrabiitye col urms of the tufts are continuously
arranged in an aligned state as shown in Figs. 1(a) and 3(b) has
equal or superior stain renoval ability conpared to the toothbrush
No. 11 shown in Fig. 1 (b) with the zigzag bristle arrangenent which
i ncl udes oRbfertinve Fignshigorti on 14T in which the tufts are arranged
in a zigzag state. Further, Table 4 also shows that, in a case where
the core/sl8g0h conposite filament 1 is used, the toothbrush No. 13
with the zigzag bristle arrangenment which includes only the brush
portion 14T in vhi ch &oke/shedtheomifosiie FBameatarranged in a zi gzag
state as shown in Fig. 1 (b) has superior stain renoval ability
conpar ed to the oot hbovabhdddh compesith filameati gned bristle
arrangenent which includes the brush portion 14Min which three or
more col ums of 2he tGbres 13 are continuously arranged in an aligned
state as shown in Fig. 1 gg), contrary to the case where the
nonofi | ament 5 ade ofPhegtlon is used. Namely, it is understood that
it is possible to inprove the stain renoval ability in the

cor e/ sheat h conposi t eCpneaseetirfaceby arranging the tufts in the zigzag
arrangenent. 43 [0069 Further, the toothbrushes No. 12 and
No. 13 in which®8 he t@LF@ﬁéﬁﬁﬁnbf which is conposed of the
core/sheath filanments 1 are tufted have superior stain renova
ability, but sIﬂ&htIyT¢@MEFu%¥ush strength conpared to the

t oot hbrushes No.. .10 and No. 11 in which the tufts each of which is
conposed of thel%nnoffvgﬁﬁhPEW% made of nylon are tufted. On the

other hand, it i understo that, in the toothbrushes No. 8 and No.
ﬁA to lli—lS Qﬂlfting plates
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core/ sheath conposite filanent for toothbrushes conprising: a core

made of a synthetic resin fiber; and 44 a sheath integrally
covering the core, the sheath being nade of an el astomer conpatible
with the synthetic resin constituting the core, wherein a

cross section of the core/sheath conposite filanent, the cross
section being peiiendi ulgr to the lengthwi se direction, is forned
into a quadrangutar s ﬁ%ﬁe 2. The core/sheath conposite filament for
t oot hbrushes acc ding%&o claim1l, wherein the core is made of a

pol yest er - based nt h t resin fiber and the sheath is made of a

t her nopl astic el ong%#ﬁTPE). 3. The corel/sheath conposite filament
for toothbrushes cor gtoclaiml or 2, wherein the core is nmade
of pol ybutyl ene #ﬁ%egg%ﬁglate (PBT) and the sheath is nmade of a

pol yest er - based r stic elastoner (TPE). 4. The core/sheath
conposite fila it f or, t 0pt hbr.ushes according to any one of clains 1
to 3, wherein th Iené?ﬁsgﬁoé 2h side of the cross section of the
core/sheath co it el 1t. 1S in the range of 0.14 to 0.30 nm

5. The core/shea co%%géﬁgﬁpﬁ??anent for toothbrushes according to
any one of claingp t 4. gﬁﬁﬁn a cross section of the core, the
cross section being perpendicular to the | engthw se direction, has a
circul ar shape. 6 6: / sheath conposite filament for

t oot hbrushes acé%fdingk%g%g g?ﬁ\S, wherein the dianeter of the core
is in the range gf 0. ¥t Po/ MM 7. The core/sheath conposite
filanment for toothbrushes according to any one of clains 1 to 3,
wherein an outer surface of the sheath is fornmed into a concave shape
so as to be gently depressed i nwardly.



8. A toothbrush conprising a brush portion having a tufting plate and
a plurality of tufts tufted in the tufting plate, wherein the tuft

I ncl udi ng the core/sheath conposite filanment for toothbrushes
according to any one of claims 1 to 7 #8 used in the toothbrush. 9.
The t oot hbrush according to claim@8, wherein centers of tufting

hol es, the tufting holes being adjacent to each other in the

| ongi tudi nal direction of the toothbrush, have a portion not being

| ocat ed on(ﬁgﬁﬂﬁgjght line parallel to the longitudinal direction of
the toothbrushin the tufting plate. 10. The toothbrush according to
claim8 or 9, wherein the tufts include a tuft configured by bundling
a plurality of the core/sheath conposite filanments and tufted in a
central pant of,

R L S L Sl
in a peripheral part, QhabRealyhindie R fher; and
a sheath integrally covering the core, the sheath being made of an
elastomer compatible with the synthetic resin constituting the core,
wherein a cross section of the core/sheath composite filament, the

cross section being perpendicular to the lengthwise direction, is formed into a

guadrangular shape.

2. The core/sheath composite filament for toothbrushes according to claim 1,
wherein the core is made of a polyester-based synthetic resin fiber and the

sheath is made of a thermoplastic elastomer (TPE).

3. The core/sheath composite filament for toothbrushes according to claim 1
or 2, wherein the core is made of polybutylene terephthalate (PBT) and the

sheath is made of a polyester-based thermoplastic elastomer (TPE).

4. The core/sheath composite filament for toothbrushes according to any
one of claims 1 to 3, wherein the length on each side of the cross section of

the core/sheath composite filament is in the range of 0.14 to 0.30 mm.

5. The core/sheath composite filament for toothbrushes according to any
one of claims 1 to 4, wherein a cross section of the core, the cross section

being perpendicular to the lengthwise direction, has a circular shape.
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6. The core/sheath composite filament for toothbrushes according to claim 5,

wherein the diameter of the core is in the range of 0.12 to 0.27 mm.

7. The core/sheath composite filament for toothbrushes according to any
one of claims 1 to 3, wherein an outer surface of the sheath is formed into a

concave shape so as to be gently depressed inwardly. |

8. Atoothbrush comprising a brush portion having a tufting plate and a
plurality of tufts tufted in the tufting plate, wherein the tuft including the
core/sheath composite filament for toothbrushes according to any one of

claims 1 to 7 is used in the toothbrush.

9. The toothbrush according to claim 8, wherein centers of tufting holes, the
tufting holes being adjacent to each other in the longitudinal dirvection of the
toothbrush, have a portion not being located on a straight line parallel io the

longitudinal direction of the toothbrush in the tufting plate.

10. The toothbrush according to claim 8 or 9, wherein the tufts include a
tuft configured by bundling a plurality of the core/sheath composite
filaments and tufted in a central part of the tufting plate and a tuft
configured by bundling a plurality of monofilaments made of a hard

synthetic resin and tufted in a peripheral part of the tufting plate.



