TOOTHBRUSH . s BACKGROUND OF THE | NVENTI ON 1.

Field of the Invention - The' present invention relates to a
t oot hbrush whi ch has an 5 i nproved cleaning effect for details in the
oral cavity such as i nterdental portions, cervical portions, pit &
fissure where WD 9746137 I s considered that plaques are |iablreTti97/01966
accunul ate and it is difficult to renove the accunul ated pl agues
wi th an ordinary t oot hbrush. 10 1 2. Description of the Rel ated
Art
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Since plaques are apt to accunulate in interdental portions,

cervical portions, pit & fissure and the |ike and yet it is
difficult to renmove the accumul ated pl aques, a toothbrush whi ch can
effectively clean these details in the oral cavity 15 has been

desi red. wo 97146137 As the toothbrush for the purpose of e¢lgapsigodshese
details in the oral cavity, there is known a toothbrush whose- end
is sharply tapered as disclosed in Japanesg Unexani ned Pat ent
Publication No. 141923 of 1994. 20 Since this toothbrush has

tapered fil anent advant age that the end of the fil anent
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25 stiffness, of the filanent is apt to be insufficient and the

total area of the end surfaces of the filanments in contact with a
site to be cleaned is snmall, it has such a di sadvant age t hat its
smeeplng force is weak and a satisfactory plaque renova

w0 97/46137 ef f ect cannot al ways be obt ai ned. PCT/IP97/01968Nn t he
other hand, there is avail able a techni que by which details can be
cleaned with a conposite nonofil anment whose 3end portion is divided

into a plurality of superfine fibers.
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5 Exanp] es of such a techni que include Japanese Unexam ned Pat ent

Publication No. 277117 of 1994, No.231813 of 1995 and No. 99604 of
1991. The term "conposite nonofilament” neans that a single

nonofilament is formed by conposing different materials of fibers.
10 wenanaase Unexanmi ned Patent Publication No. 277cimeéreiess,

for exanple, proposes a use of a conposite filanent prepared by
coating a bundl e of superfine fibers therepf with a synthetic
resin, and renoving the coated resin froma predeterm ned range
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machi ne, planting the obtained nonofilanents in a handle, and 20

I mrersi ng end portions of the nonofilanents in a hydrol yzing agent
such as an aqueous sol ution of sodium hydrate to have the end
portions corroded so as to divide the end portions at random
A brush usi ng wdhendlsave conposite nonofil anments whose each 2&rups70m66
portion is divided into several superfine fibers is soft and does
not injure an object to be cl eaned because she superfine fibers at
the end of the nonofilanent are brought into contact with the
object to be cl eggade i+ BmL I — —mTEiT C LT MB~OWAL, HE
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brush can exhibit appropriate stiffness because portions of the
nonofi | ament other than the end portion are integrated.

However, since the technique proposed by Japanese Unexam ned
Patent Publication No. 277117 of 1994 relates toa 5 general Dbrushes

including cgfoom¥eshi Ng brushes, painting br ushese/asholobe | | ke,
I nvestigations on problens specific to t oot hbrushes are

unsati sfactory and hence, a probl em occur s when this technique is
applied to a toothbrush. I n other words, Japanese Unexam ned
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such a conposite nonofil anent, since water remains in a space

between core filanents, various bacteria are apt to propagate I n
the space, which is insanitary. Further, the coated resin 15 encl osi ng
the core filanments has such a problemthat it readily cracks and
is inferior invoemssdity. Further, in the teclpcrapsso19ss

di scl osed in Japanese Unexam ned Pat ent Publication No. 231813 of
1995, since an end portion of t he monofilament containing a
conponent easy to be dissolved is divided into a plurallty of

fibers by the f
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use. . . A techni que which overcones the above problens to sone
extent is disclosed in Japanese Unexam ned Patent Publication

- 3- No. 99604 of 1991. A conposite nonofil anent used
herein is prepared by form ng sheath/core type conposite fiber
portion wo 946i®y be referred to as "conposite portion" pergpaididser) in
whi ch a sheath portion is studded with core portions nade from a
5 resin different from that of th& sheath portion in a
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predeterm ned range of the nonofilanment froma planted base

portion and a group of core filanments in an end portion from t he
conposite portion by exposing only the core portions. Since a
resinis filled between the core filanments in this 10 conposi te

monof i | ament , weedras13does. not enter the planted base PGISOT/IR66 1 om
the core filanment base portion and there is no risk that the base

portion of the
nunber and t he

core filanment cracks during ® use. Further, since the
di aneter of the core- filaments can be controlled, a
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obt ai ned and

that it can e used as
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20 Is directed to general brushes including car washi ng brushes,
pai nting brushes, and the |like, no consideration is given to

specific conditions when this technique is applied to a t oot hbrush,
and the configuration of a toothbrush making the nost use of an
advant age of wiolvras@pnposite nonofilanment is not 25 pr croxapshidibesr ei n.
SUWWARY OF THE | NVENTI ON The present invention has been nade
in view of the above ci rcunst ande8 and therefore has an object to
provi de a -4-
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t oot hbrush whi ch. has an excellent cleaning effect for details in

the oral cavity where it is considered that plaques are liable to
accurmul ate and it is difficult to renove the accurul at ed pl aques
wi th an ordi nary toothbrush, such as 5 i nterdental portions, cervical
portions, pit wWobveasme. More specifically, the pregemgpra7owsati on
has an object to provide a t oot hbrush whose filanents have a
stiffness in spite that they are dolsoft to the gumtissue that
they do not injure or hurt the gumtissue, and is excellent in
pl ague renovi ng ef F%b{ EEROxH hal & efane -
condi tions of a conposit ﬂ " r?o%?% a?eﬁﬂvbﬁlﬁc %%Qzﬁd(fadrnmﬁi@%a‘bﬁg
object in cons&lékéﬁﬂr@ﬁﬁﬁ%l 1 102 i3pRabl ens i nherent in a toothbrush.
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To sol ve the probl ens described above, the inventors of t he present

I nvention have conducted an intensive study on the 15 characteristic
properties of a toothbrush required to inprove cl eani ng properties
for details in the oral cavity, such as I nterdental portions,
cervical portweosnmeit & fissure, and have reached pofspohisss ON
that a toothbrush for attaining the above object nust have the
followi ng features. 20 Firstlyy 2as a basic configuration of
a conposite nonofi |l ament nmay be enpl oyed what is disclosed in

PR & o EYL S PN e AT ks T R

studded wi th mae~ﬁmmmma&ﬁ%' rtmer@as'iﬁf& 0Ng ot e &hﬁat%mémﬁx
portion encl oses the core portions and L1s a space betwee
adj acent core5p'nmkhh$~’-3ﬁﬁ5abtdhm@cﬁhhfﬁmﬁmﬁ}iﬁﬁ%ﬁﬂfﬁM% Ehbird
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a structure .that.a predetermned |l ength of the core portions only
are exposed to constitute core filanent portions on an end

-b5- portion side (to be referred to as "sheath/core type
conposite fiber", a portion where a sheath portion and core
portions are WO9746137present on a base portion side is referPGRAPOYOIAES
"conposite portion"). A polyamde resin is used as a material of
the core 5 portion (to be referred tb%s "core component” hereinafter)
and a polyester resin is suitably used as a material of the sheath

CHEICBALS 3EENEZF L TWA I LI 2 MRUEVRETE AR
BEi-TWB I LNEBEINB,
<HE 2 : WAKE>
KA OWTORRICTOVWTHRRE,
5 YU RI-BAEHMT S v v~V 2BWVWT, 3 1T CORKPTHES
00 g% RBTIAF VIREMISHLTIOO000 X b =2DT S5y ¥
Y 7RITV. RIREOKFOEMEMET 3 L THAREREL L. CCTK
ROBHREBR I 4RTT LS ILMPRBIc B 3RRBEOR/IBEZAMmMENRL
N TSy v RTROBBEOKEEZEBmmEBLIEEIC (B/A) X1 0
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portion (to.be referred to as "sheath conponent” hereinafter).

Further, the nunber of core filanments is selected froma range of 2
to 5. 10 A di ameter of the conposite portion is preferably
sel ected froma range of 0.15 to 0.3 mm a dianeter of the core

filament, frogpasasge of 0.03 to 0.07 nm and a |ength of tpgper01966
exposed core filanent, froma range of 0.2 to 4.0 mm nore

preferably 0.5 to 4.0 mm 15 Ayl gngth fromthe planted base
portion to the distal end of the sheath/core type conposite fiber
planted is prefgi gly set to a range of 7 to 11 mm A
pr edet er m ned # g of an end portion of the conposite portion is
preferably tapered. 20 A degree of tapering the end portion of
t he conposite
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portion is such that when a dianeter of the root portion of the

conposite portion is 100% and the boundary between the exposed core
filament and the conposite portion is nmade a reference point, a
dianmeter at a position 1 nmfromthe reference point 25 toward the
side of the cwmeeaéBT portion is 70 15% a dianeter PLTIRYIIWE: | on 3
mmfromthe reference point, 89 8% the: . dianmeter at a position 5
nmfromthe reference point, 93 + 1 594
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A toot hbrush of the present invention is configured such that all

or part of 2 to 5 core filanments exposed at the end of each
conposite nonofilanment are inserted into details in the or al
cavity, such as interdental spaces, cervical portions, pit 5 &
fissure, andwiowue@nposite portion |ocated behind thereof PCTIPIIOINGI Nt ai nS
the stiffness of the whole conposite nonofil anent. The core
filaments are fine filanments, thereby bei®g easily inserted into
t hese portions and soft. Further, since they are made from a
pol yam de resi%% hey exhibit appropriate water 10 absorption
properties anf%3 e wel | adapted to the teeth and gum Therefore,
the core filanments do not injure or hurt the gum ti ssue even when
t hey cone intO‘CUﬂfaCr‘Wlfh the—ggm Fumtirer,—stept h conponent
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core portions conpactly, and therefore water does not enter the 15
conposite portion fromthe core filanment base portion and the
conposite portion does not crack fromthe core filanent base
portion during use. In addition, as the sheath conponent is a

pol yester resiwpovasibas | ow water absorption properties, PCT/IPI7TI0a966 by
bei ng excellent in underwater use. 20 When a di aneter of the
conposite portion is set to a range 1 Tof 0.150 to 0.300 mMm a

di aneter of the core filanent a range of 0.03 to 0.07 mm and a
l'length of the exgo ~fplq$g§g r:a £ toéﬁkﬂﬁ@nb
insertibility i nt 0 det al fﬁe?l ﬂimw@ﬂig‘%ca%)@&)r%a%ﬁabl Ity for??he
i nner mﬂscﬁﬁﬁﬁﬂ%mﬂﬂﬁﬁﬂﬁmBMQMTm%wdmiﬁmEﬁﬁﬂﬁﬁ57—"
removi ng plaques Wi t he reached core filaments are nore
brererred R G A7 o1 T T 4 BRI ) LT B 5K o

araWGOf05&%ﬁ£wmkmm<r;bmmu%m§MTatb\gtom;bm<mmﬁ
5 PRVDIHL. 7= -MISKTRERICEMRT ZENMLEE THATEY
RORBARBNADTHD, BT —MISTREENEL TR->TY
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insertibility into details in the oral cavity, reachability for

-7- the inner parts of details in the oral cavity and the
ef fect of renovi ng plagues with reached core filaments are nuch
nor e preferred. When a length fromthe planted base
portion to thwoednsmsied 5 -end of the planted sheat h/ cor ectiyPaomesposite
fiber is in a range of 7 to 11 mm sufficient stiffness for
obtaining a cl eaning effect, exckl#ent insertibility into an
i nt er dent al
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space and good mani pul ati on ease can be obtai ned.
Insertibility into and reachability for details are 10 further

enhanced by tapering a predeterm ned range of the end portion of

t he conposite portion. BRI EF DESCRI PTI ON OF THE
DRAW NGS wo 97146137 | n t he acconpanyi ng draw ngs: PCTAPIFPIY66 1 i s
a front view show ng a toothbrush according to 15 an enbodi nent of the
present invention; " Fig. 2 istan enlarged front view show ng
part of a planted portion where bundl es of conp03|te nonof i | ament s

e P b s B9 AR RS TR AR g

i nventi on; %mrﬁmréﬁﬂwﬁﬁﬁ%ﬁwtﬁwvaww@ BB UERSHELH LD

of the conposite nono
ENRTE B,
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Figs. 5A and 5B are conceptual diagrans show ng how t he core

filaments of the conposite nonofilanent are inserted into details
in the oral cavity; 25 Fig. 6 is a diagram for explaining

a conposite nonofi | ament before planting; Fig. 7is a
di agram f or awvpymdémrng how t he conposite nmonof i | amept1/iEv7pi9eat ed
into a planting hol e; Figs. 8A to 8C are diagrans

showi ng ot her exanpl es of a conpogi t e nonofil ament having different
nunbers of core _

—BiFFLVwWbD LIS, _
EoILHAHOEEEXO0. 150~0. 300mm. SEOEHZER%.0. 03~
0. 05mm. REDOBHEZ]. 0~2. 5mmicRELBE. DEAHER
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filanments; . X Figs. 9A to 9C are di agranms show ng ot her exanpl es

of a 5 conposite nonofilanent having different core fil anment shapes;
Figs. 10A to 10D show various shapes of a filanent used to confirm
the effect of the present invention, in which Fig. 10A shows the
conposi te nono¥obmsest of the present invention, 10B rPeT/HP7BIvG6t
havi ng a tapered end portion, 10C a filanment having 10 a sharply
tapered end portion and 10D a filanent haging a rounded end
portion; Fig. 11A shows a test tool used for testing cleaning

properties for details, 11B a diagr hﬁﬁyﬁﬁiﬁﬁﬁg st of cl eani ng
properties for details, and 11C a dia regi on where
artificial mpW£mmﬂmwﬁE&Wﬁ%®¢k UT~F§E§®@AS%5Qﬁ%ﬁE§
di agr ans shomnng how the filanments of
T BBERSRMENREES ICEES O,
FREES N BBUHAHHIEEERH o —FEORI T D B L B
5 PoRBPEEBZHL. TREDEMTS>VWTREBOAEBHEIET2~5%
DEEVFERERIIEBTS 4,
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t oot hbrushes to be tested are located in the space of a test t ool

and regions where artificial plaque has been renoved by -~ brushi ng;
20 Fig. 13 is a graph showing the rel ati onship between the
di stance fromthe end of each filanment used in each toothbrush to
be tested and wos7dsanet er of the filament; and HOTgR7/dige6ar e
di agrans for explaining a nethod of evaluating durability. 25
DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCODI MENTS Now, the
present invention is described in detail. Fig. 1 shows a standard
type of a toothbrush which consists of a pl anted portion 1 and a
handl e 2. The toothbrush which the 1./190
-0-

X 1

1




present invention is directed to includes not only such a standard

type but al so those which consist of planted portions 1 and handl es
2 having different shapes. The planted portion 1 is formed by
assenbl i ng bundles 3 of filanments as shown in 5 Fig. 2 and each

bundl e 3 of fiwad®#187 consists of 10 to 40 fil ament s PCRIPYTR1966
nonofi | ament which is a single fiber is general ly used as the
filament 4, however a conposite a2npnopi | anent whose end portion is
separated into several filaments is used in the present invention.
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10 .Fig. 3 illustrates a conposite nonofil anent 4A used in the

present invention. The conposite nonofil ament 4A consists of a
conposite portion 5 and a separated portion 6. The specific

configuration of this conposite nonofilament is inportant in t he
present i nvent wor7/4613D As shown in Fig 4, the conpoichar®Piidéson 5
has such a cross-sectional structure that it consists of three core
portions 7 spaced apart from one another, and sheath portion 8 whi ch
encl oses the core portions and fills ggé%éé)betmeen t he core
portions, and the core portions 7 and the sheath portion 20 8 are
integrated with each ot her. The separated portion 6 is forned
by renoving the sheath portion to expose only the core portions 7
at a predeterm ned | Bhgth fromthe conposite portion 5 and three

core filanents 7A

(a)

. 4A

——5

6 A;@t\ "

7A




are spaced apart . fromone another and |ocated at the vertex 25

positions of an equilateral triangle. Since the sheath portion
7 is present between the core portions 7 without a space |eft
t her ebet ween, wat er does not remain in the conposite portion 5.
Therefore, varweW¥4@latteri a PCT/IP97h966
do not propagate and the stiffness of the entire conposite
nonofil ament is increased. A predeterm ned range of an end
portion of the conposite
4/10
X 6
7A 5 7A
EéEZ; 1 ‘jﬁ;

X 7




portion 5 is tapered. The tapering of the conposite portion 5 5 can be
carried out sinultaneously with the dissolution of the sheat h
portion 7 which is carried out during the production of t he
conposite fiber and the degree of tapering can be adjusted by
control ling thgo@dhgaet ution. As for the degree otrirapmtIssg,
when a di aneter of the root 10 portion is 100% and the boundary

bet ween t he exposed core filaments and the conposite portion is
made a reference point, tapering is preferably carried out such

t hat the di aneter of t he nongfljapent at a position where the

di stance "d" fromthe reference point toward the conposite portion
is 1 nmbecones 70 15 15% the dianmeter at a position where the
distance d is 3 mm B8 becones 89 8%and the dianeter at a position
where the distance d is 5 mm becones 93 7% The above range of the

(a) (b) (c)
8 8 8
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8 8 8
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di amet er at ,each position does not mean that any di aneter can be

selected if it is within the above range. If the dianeter 20 at one
position is close to an upper limt of that range, the di aneters at
ot her positions are adjusted to values close to upper limts of the
respective ranyes7/46137 ~ Insertibility into and reachagripeyoidesr
details are further enhanced by tapering the conposite portion 5.

If the 25 degree of tapering 1is higher than that described above,
insertibility into and reachability for details are inproved but
strength and cl eaning properties deteriorate. If the degree of

tapering is |lower than that described #&d\vep strength

10

(a) (b) ©) (d)




can be mai ntai ned and cl eaning properties are inproved but
insertibility and reachability deteriorate. Wen the degree of

tapering is within the above range, insertibility and reachability
are both inproved while strength and cleaning 5 properties are

mai nt ai ned. WO 97/46137 The core portion 7 (core filanment 7ACTiIRIMOA%6 from
a pol yam de resin whereas the sheath portion 8 is nmade froma

pol yester resin. Since the polyamde resin core filament 7A
exhi bits appropriate water absorption proferti@ and is well 10

adapted to teeth and gumand relatively soft, it does not I njure
the gumtissue. On the other hand, since the pol yester resin sheath
portion 8 has | ow water absor ptBon ipropertiegaand
30
31
30
32*\»
(b)

(c)




is excellent in underwater use, it prevents the fatigue of the

conposite nonofilanment. 15 Use of a polyamde resin as a core
conponent and a pol yester resin as a sheath conponent provides an
advant age in the production of a filanent. That is, the
conposite wo o7asof i | ament used in the present inventionpcg/ypyropssed by
first spinning a conposite fiber in which a sheath portion is
studded 20 with core portions, bundling a | arge nunber of the
conposite fibers, imersing the bundle in a solution and dissol ving
t he sheath portion to a predeterm ned depth fromboth end surfaces
of the bundle to forma separated paﬁg}qq)consisting of exposed

core filaments. Since the solution ich selectively dissolves 25 only
t he pol yester resin w thout dissolving the polyam de resin does not
cause an increase in viscosity and generates no
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noxi ous gas, it has such an advantage that it can be easily

handl ed. -12-

A nunber of core filanents 7A constituting the separated portion 6
is also inportant in the present invention. The nunber of the
core filamentswoAMas®2 to 5. If the nunber is nor e tecavIPSI/O1dicy
may contact one another, thereby causing 5 cracki ng and produci ng

residual water. The optimal nunber of
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core filanments 7A is 3. The di aneters of the conposite

portion 5 and the core filament 7A and the |length of the exposed
core filament 7A are al so inportant factors. 10 A

di aneter D1 of the conposite portion 5 is preferably 0.150 to
0.300 mMm |If tweoewiaseter is less than 0.150 mm the PCTPS7i0N956 S
wll be insufficient and durability will deteriorate. On the other
hand, if the dianeter is nore than 0.300 mm the stiffness will be
too high and the gumtissue nay be injured. 15 A di ameter D2 of
the core filament 7A is preferably 0.03 to 0.07 mm |If the dianeter
is less than 0.03 nm the core filament 7A wll becone too soft and
the effect of renoving pl aques with a distal end portion of the
core filament 7A cannot be exp«icégdl 001 the other hand, if the

di aneter is nore

X 1 4




520 than 0.07 mm the distance between the core filanments wll be

short and the core filanents will contact one another, thereby

causi ng cracki ng and produci ng residual water. Reachability for
details in the oral cavity will also deteriorate. A length L1
of the exposed core filament 7A is preferably 25 set to a range of 0.5
to 4.0 m |If the length is |ess than 0.5 mm the core filanment 7A
will be not |ong enough to reach the inner parts of the teeth such
as interdental portions, cerpoCrHBRUSH I ons, pit & fissure.

Al t hough the | arger the - 13-

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a toothbrush which has an
5 improved cleaning effect for details in the orai cavity such as
interdental portions, cervical portions, pit & fissure where it
is considered that plaques are liable to accumulate and it is
difficult to remove the accumulated plaques with an ordinary
toothbrush.

10 2. Description of the Related Art

Since plaques are apt to accumulate in interdental
portions, cervical portions, pit & fissure and the like and yet
it is difficult to remove the accumulated plaques, a toothbrush
which can effectively clean these details in the oral cavity

15 has been desired.

As the toothbrush for the purpose of cleaning these
details in the oral cavity, there is known a toothbrush whose
end is sharply tapered as disclosed in Japanese Unexamined
Patent Publication No. 141923 of 1994.

20 Since this toothbrush has tapered filaments, it has an
advantage that the end of the filament can be easily inserted
into details in the oral cavity. On the other hand, since it
has a relatively sharp end structure, it has a disadvantage
that it injures or hurts the gum tissue. Further, since the

25 stiffness of the filament is apt to be insufficient and the
total area of the end surfaces of the filaments in contact with
a site to be cleaned is small, it has such a disadvantage that

its sweeping force is weak and a satisfactory plaque removal

-1-



| ength of the exposed core filament 7A the higher the effect of

cleaning thin deep portions becones, durability deteriorates. The

| engt h of the exposed core filanent with which practi cal

durability can be maintained is not nore than 4.0 mm A length 5 L1
of the exposed core filanment 7A is directly reflected upon

reachability for the inner parts of the teeth such as I nterdent a
portions, cervical portions, pit & fissure. An aver age depth of
pit & fissdrgert ¢afhBtMEN#A¢saBeavBitadgaen.dth thereof is 0.064 nm
(Shi ka Shinpo, volume 22, pp. 377-381, 10 1929) and the degree of

i nt erdent al sepenathenotbenshdmi, dbere is availdbldapareciBocuePdy etideh,
vol une 31(2), pp. 608-629, 1989). Degree of interdental
separationdetﬁgfg can be cleane& with a composite monofilament whose end
portion is divided into a plurality of superfine fibers.
5 Examples of such a technique include Japanese Unexamined Patent
Publication No. 277117 of 1994, No.231813 of 1995 and No. 99604
of 1991. The term "composite monofilament” means that a single
monofilament is formed by composing'different materials of
fibers.

10 | Japanese Unexamined Patent Publication No. 277117 of 1994,
for example, proposes a use of a composite filament prepared by
coating a bundle of superfine fibers thereof with a synthetic
resin, and removing the coated resin from a predetermined range
of an end portion thereof to expose the superfine fibers.

15 Also, Japanese Unexamined Patent Publication No. 231813 of
1995 proposes a technique in which a composite monofilament is
used which is prepared by spinning a polymer mixture containing
a component easy to be dissolved, using a melt spinning
machine, planting the obtained monofilaments in a handle, and

20 immersing end portions of the monofilaments in a hydrolyzing
agent such as an aqueous solution of sodium hydrate to have the
end portions corroded so as to divide the end portions at
random.

A brush using the above composite monofilaments whose each

25 end portion is divided into several superfine fibers is soft
and does not injure an object to be cleaned because the
superfine fibers at the end of the monofilament are brought

into contact with the object to be cleaned. 1In addition, the
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< 0.050 [err]m 1.8% 15 0.050 [err]m

29. 0% 0.110 [err]m 21. 0%

0.150 [err]m 25. 0% > 0.150 [err]m
5.8% 20 If the degree of interdental separation is

approxi matel y within the above nuneral range, the conposite
nonofi | anment can be used practically. The di aneter

of the conposite portion 5 is particularly

preferably 0.150 to

0.300 mm titsti ednt exhobit hepErdsr fddca@AtEFndds becadde PSSLt IHLIE the
preferably 0.03 to 0.05 mm and the length L1 of the exposed cor
filament 7Mopsrfiilemieat! pyiveef dihalnl the @nido portion aZeb imegrated.

one of the nost preferred exanpl es of the present

10

15

20

25

owever, since the technique proposed by Japanese
Unexamined Patent Publication No. 277117 of 1994 relates to a
general brushes including car washing brushes, painting
brushes, and the like, investigations on problems specific to
toothbrushes are unsatisfactory and hence, a problem occurs
when this technique is applied to a toothbrush.

In other words, Japanese Unexamined Patent Publication No.
277117 of 1994 discloses a technique in which a bundle of core
filaments is integrated by coating with a resin. However, in
such a composite monofilament, since water remains in a space
between core filaments, various bacteria are apt to propagate
in the space, which is insanitary. Further, the coated resin
enclosing the core filaments has such a problem that it readily
cracks and is inferior in durability.

Further, in the technique disclosed in Japanese Unexamined
Patent Publication No. 231813 of 1995, since an end portion of
the monofilament containing a component easy to be dissolved is
divided into a plurality of fibers by the dissolution of the
component easy to be dissolved, it is difficult to control the
number and diémeter of core filaments. In addition, like
Japanese Unexamined Patent Publication No. 277117 of 1994,
there is a fear that initial stiffness may not be maintained
due to the cracking of the root of a separated portion during
use.

A technique which overcomes the above problems to some

extent is disclosed in Japanese Unexamined Patent Publication

-3
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-14- I nvention, there is exenplified that the dianeter

D1 of the conposite portion is 0.20 mm the dianeter D2 of the
core filament is 0.04 nm the length L1 of the exposed core
filanment is 2.00 mm the nunber of the core filanents is 3, the
core 5 conponent which is also a material of the core filanment is
nyl on 610, and the sheath conponent is pol ybutyl ene t erepht hal at e

which is a saturated pol yester resin.
No. 99604 of 1991. A composite monofilament used herein is

prepared by forming sheath/core type composite fiber portion
(to be referred to as "composite portion" hereinafter) in which
a sheath portion is studded with core portions made from a
5 resin different from that of the sheath portion in a
predetermined range of the monofilament from a planted base
portion and a group of core filaments in an end portion from
the composite portion by exposing only the core portions.
Since a resin is filled between the core filaments in this
10 composite monofilament, water does not enter the planted base
portion from the core filament base portion and there is no
risk that the base portion of the core filament cracks during
use. Further, since the number and the diameter of the core
filaments can be controlled, a composite monofilament having a
15 desired specification can be obtained and there is the
possibility that it can be used as a composite monofilament for
a toothbrush which lays stress on cleaning properties for
details.
However, since the technique disclosed in this publication
20 is directed to general brushes including car washing brushes,
painting brushes, and the like, no cdnsideration is given to
specific conditions when this technique is applied to a
toothbrush, and the configuration of a toothbrush making the
most use of an advantage of this composite monofilament is not
25 proposed therein.
SUMMARY OF THE INVENTION
The present invention has been made in view of the above

circumstances and therefore has an object to provide a

-4



Al so, the length fromthe planted base portion to the di stal end

of the sheath/core type conposite fiber planted is 10 preferably in
the range of 7 to 11 mm |If the length is too | ar ge, mani pul ation
ease in the mouth will deteriorate and the nmonofil ament will be
too soft with the result that a sufficient cl eani ng effect cannot
be obtained. On the other hand, if the |l ength is too snall, the
fibers will be less flexible during 15 brushing with the result that a
feeli ng of tosehbrhbkhbehwohskasdan excellent cleaaihgbekfegt fontdetabls

I nt er dent al portion wll deteriorate. The conposite
monof i | amefn ithe m@hmvmyngere it is copgpgered ithagugnlagursnaret hat
the core filaments 7A are exposed at both ends or one end thereof.

The pl anti hdabiet hko accumukﬁﬁﬁxﬁ% dnotf| sibhEkChht o & pEERPVRg BBEe i s

carried Ougcgﬁmulated plaques with an ordinary toothbrush, such as

5 interdental portions, cervical portions, pit & fissure. More
specifically, the present invention has an object to provide a
toothbrush whose filaments have a stiffness in spite that they
are so soft to the gum tissue that they do not injure or hurt
the gum tissue, and is excellent in plaque removing effect, and

10 also has an object to define the conditions of a composite
monofilament which can attain the above object in consideration
of problems inherent in a toothbrush.

To solve the problems described above, the inventors of
the present invention have conducted an intensive study on the

15 characteristic properties of a toothbrush required to improve
cleaning properties for details in the oral cavity, such as
interdental portions, cervical portions, pit & fissure, and
have reached a conclusion that a toothbrush for attaining the
above object.must have the following features.

20 Firstly, as a basic configuration of a composite
monofilament may be employed what is disclosed in Japanese
Unexamined Patent Publication No. 99604 of 1991, that is, what
has a composite sectional structure that a sheath portion is
studded with core portions and a resin constituting the sheath

25 portion encloses the core portions and fills a space between
adjacent core portions on a planted base portion side and has
a structure that a predetermined length of the core portions

only are exposed to constitute core filament portions on an end
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bundling 10 to 40 of the conposite nonofil anments 4A and pl anti ng

the bundle into a planting hole 21 while an anchor 20 Is applied to
the bundle at a central position in a 25 | ongi tudi nal direction to
bend the bundle of the filanments |ike a U shape as shown in Fig. 7
The position of bending the conposite nonofilanent 4A is general ly
the central position in a |ongitudinal direction of

- 15- the filanent. However, it may be shifted fromthe
central portion side (to be referred to as "sheath/core type composite

fiber", a portion where a sheath portion and core portions are
present on a base portion side is referred to as "composite
portion”"). A polyamide resin is used as a material of the core

5 portion (to be referred to as "core component” hereinafter) and
a polyester resin is suitably used as a material of the sheath
portion (to be referred to as "sheath component" hereinafter).
Further, the number of core filaments is selected from a range
of 2 to 5.

10 A diameter of the composite portion is preferably selected
from a range of 0.15 to 0.3 mm; a diameter of the core
filament, from a range of 0.03 to 0.07 mm; and a length of the
exposed core filament, from a range of 0.2 to 4.0 mm, more
preferably 0.5 to 4.0 mm.

15 A length from the planted base portion to the distal end
of the sheath/core type composite fiber planted is preferably
set to a range of 7 to 11 mm.

A predetermined range of an end portion of the composite
portion is preferably tapered.

20 A degree of tapering the end portion of the composite
portion is such that when a diameter of the root portion of the
composite portion is 100% and the boundary between the exposed
core filament and the composite portion is made a reference
point, a diameter at a position 1 mm from the reference point

25 toward the side of the composite portion is 70 *15%; a diameter
at a position 3 mm from the reference point, 89 % 8%; the
diameter at a position 5 mm from the reference point, 93 *

7%.



position to produce a difference between the both end positions of
the bent filanent. As the cross-sectional structure of the
conposite portion 5 5, various structures may be enpl oyed such as one
in which two core filaments are formed as shown in Fig. 8A, one in
whi ch four core filaments are fornmed as shown in Fig. 8B, and one
I n which five core filaments are forned as shown in Fig. 8C, in
addition to one shown in Fig. 4. The cross section of the core 10

filament may beaekboghbiushFoF tHe) prieseatgih@entlibngis 2Bhfigured such

rectangul ar (Fig. 9C) and the Ilike. EXAMPLE Exanpl es
of the preshat ahleori partinolf t2sics Svgiorie Miakements exposmsbratcarhel esdoott to
verify the effect of these exanples are 15 descri bed hereinafter.

each composite monofilament are inserted into details in the
oral cavity, such as interdental spaces, cervical portions, pit
5 & fissure, and the composite portion located behind thereof
maintains the stiffness of the whole composite monofilament.
The core filaments are fine filaments, thereby being easily
inserted into these portions and soft. Further, since they are
made from a polyamide resin, they exhibit appropriate water

10 absorption properties and are well adapted to the teeth and
gum. Therefore, the core filaments do not injure or hurt the
gum tissue even when they come into contact with the gum.

Further, sheath component fills spaces around and between
core portions compactly, and therefore water does not enter the

15 composite portion from the core filament base portion and the
composite portion does not crack from the core filament base
portion during use. In addition, as the sheath component is a
polyester resin, it has low water absorption properties,
thereby being excellent in underwater use.

20 When a diameter of the composite portion is set to a range
of 0.150 to 0.300 mm; a diameter of the core filament, a range
of 0.03 to 0.07 mm; and a length of the exposed core filament,
a range of 0.2 to 4.0 mm, insertibility into details in the
oral cavity, reachability for the inner parts of details in the

25 oral cavity and the effect of removing plaques with the reached
core filaments are more preferred. When the length of the
exposed core filament is set to a range of 0.5 to 4.0 mm,

insertibility into details in the oral cavity, reachability for
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A sheath/core type conposite fiber in which a sheath portion was
studded with three core portions at an area ratio of the sheath
portion to the core portions of 9:1 was nelt spun usi ng

pol ybutyl ene terephthal ate having an intrinsic viscosity 20 of 1.0 as
a sheath conmponent and nylon 610 having a rel ative viscosity of 2.7
as an core conponent. The t hus obt ai ned conposite fiber was
extruded into water, cooled to be solidified, drawn to 4.5 tines in
wat er heat etlet dnf6F epaft<s afhdletails int hhe onah chivyitat rarsp e edtfetR00€,
subj ected to relaxation 25 thermal setting in a dry heat atnosphere,
and taken wpmonviag plaques jwibh freamhed oinrg nfilaments/ @xee mygle more
conposite fiber having a dianeter of 0.200 mm The
sheat h/ cor BX&FFETEHmposi te fibers thus obtai ned were

When a length from the planted base portion to the distal
5 end of the planted sheath/core type composite fiber is in a
range of 7 to 11 mm, sufficient stiffness for obtaining a
cleaning effect, excellent insertibility into an interdental

space and good manipulation ease can be obtained.

Insertibility into and reachability for details are

10 further enhanced by tapering a predetermined range of the end
portion of the composite portion.
BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
Fig. 1 is a front view showing a toothbrush according to
15 an embodiment of the present invehtion;
| Fig. 2 is an enlarged front view showing part of a planted
portion where bundles of composite monofilaments are planted;

Fig. 3 is a diagram for explaining the configuration of a
composite monofilament used in the present invention;

20 Fig. 4 is a sectional view of a composite portion of the
composite monofilament;

Figs. 5A and 5B are conceptual diagrams showing how the
core filaments of the composite monofilament are inserted into
details in the oral cavity;

25 Fig. 6 1is a diagram for explaining a composite
monofilament before planting;

Fig. 7 is a diagram for explaining how the composite

monofilament is planted into a planting hole;

-8-



-16- bundl ed to a di aneter of 45 mm packaged and cut to

a |l ength of 27 mm Thereafter, the bundle of the
sheath/core type conposite fibers was i Mmersed into a heated

sol ution of sodium hydrate while both cut end surfaces were
exposed to dissolve 5 and renmove the sheath conmponent made from
pol ybut yl ene terephthal ate of both end portions selectively so as
to expose the core portions made from nyl on 610. After the above

treatment was nmadeys.a sROMGOSEC car®n@iadpamst shewing 3dthex| erRgmples of a
composite monofilament having different numbers of core
filaments;

Figs. 9A to 9C are diagrams showing other examples of a

5 composite monofilament having different core filament shapes;

Figs. 10A to 10D show various shapes of a filament used to
confirm the effect of the present invention, in which Fig. 10A
shows the composite monofilament of the present invention, 10B
a filament having a tapered end portion, 10C a filament having

10 a sharply tapered end portion and 10D a filament having a
rounded end portion;

Fig. 11A shows a test tool used for testing cleaning
properties for details, 11B a diagram showing the test of
cleaning properties for details, and 11C a diagram showing a

15 region where artificial plaque has been removed;

Figs. 12A to 12D are diagrams showing how the filaments of
toothbrushes to be tested are located in the space of a test
tool and regions where artificial plaque has been removed by
brushing;

20 Fig. 13 is a graph showing the relationship between the
distance from the end of each filament used in each toothbrush
to be tested and the diameter of the filament; and

Figs. 14 are diagrams for explaining a method of
evaluating durability.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the present invention is described in detail. Figqg.
1 shows a standard type of a toothbrush which consists of a

planted portion 1 and a handle 2. The toothbrush which the

-9-



exposed core filanments at both ends of the conposite portion 10 was
obt ai ned. The 24 conposite nonofil anments were fornmed and was
i npl anted i nto each bundl e by an anchor to manufacture a

t oot hbrush having a planted portion consisting of planting hol es
(3 row, 8 line). The whol e shape of the toothbrush was 15 standard as
shown in Fig. 1. The conposite nonofil anent after pl anted have a
di rensional relation that a conposite portion has a di aneter of
0.200 mm andesdmngihvefitBofl My adilrexpededo includedr aoti loanint subhva a

di ameter of 0.040 mmand a |length of 2.0 mm arranged at the end of
t he conposist@ndardi sypeVibeh abgplthose@@hich manstiisty ofaplaartede poattionsi ng
this toothbrush, it was verified that the distal end of_ the
filament cduldbdandias & hawiamaitferent shapesent Fhepaansed Eorhion
portion,lﬂf e} Eé%ﬁg ebyﬁggsgggfing bundles 3 of filaments as shown in
5 Fig. 2 and each bundle 3 of filaments consists of 10 to 40
filaments 4. A monofilament which is a single fiber is
generally used as the filament 4, however a composite
monofilament whose end portion is separated into several
filaments is used in the present invention.
10 Fig. 3 illustrates a composite monofilament 4A used in the
present invention. The composite monofilament 4A consists of
a composite portion 5 and a separated portion 6. The specific
confiquration of this composite monofilament is important in
the present invention.
15 As shown in Fig 4, the composite portion 5 has such a
cross—séctional structure that it consists of three core
portions 7 spaced apart from one another and sheath portion 8
which encloses the core portions and fills spaces between the
core portions, and the core portions 7 and the sheath portion
20 8 are integrated with each other.

The separated portion 6 is formed by removing the sheath
portion to expose only the core portions 7 at a predetermined
length from the composite portion 5 and three core filaments 7A
are spaced apart from one another and located at the vertex

25 positions of an equilateral triangle.
Since the sheath portion 7 is present between the core

portions 7 without a space left therebetween, water does not

remain in the composite portion 5. Therefore, various bacteria
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and the filament was stiff enough to renove plaques. Thi s

t oot hbrush havi ng an excellent effect of cleaning details in 25 t he
oral cavity, was soft to the gumso that it did not injure or hurt
the gumtissue, and was excellent in plague renoving ef fect and
durability. A description is subsequently given of tests which
have -17- been
conducted to verify these effects. Fil aments shown in Figs. 10A

to 10D wer@oused iprdpgdtsst and thied.stlffden\sofi the entire composite
monofilament is increased.
A predetermined range of an end portion of the composite
portion 5 is tapered. The tapering of the composite portion 5
5 can be carried out simultaneously with the dissolution of the
sheath portion 7 which is carried out during the production of
the composite fiber and the degree of tapering can be adjusted
by controlling the dissolution.
As for the degree of tapering, when a diameter of the root
10 portion is 100% and the boundary between the exposed core
filaments and the composite portion is made a reference point,
tapering is preferably carried out such that the diameter of
the monofilament at a position where the distance "d" from the
reference point toward the composite portion is 1 mm becomes 70
15 + 15%, the diameter at a position where the distance d is 3 mm
becomes 89 * 8% and the diameter at a position where the
distance d is 5 mm becomes 93 * 7%. The above range of the
diameter at each position does not mean that any diameter can
be selected if it is within the above range. If the diameter
20 at one position is close to an upper limit of that range, the
diameters at other positions are adjusted to values close to
upper limits of the respective ranges.
Insertibility into and reachability for details are
further enhanced by tapering the composite portion 5. If the
25 degree of tapering is higher than that described above,
insertibility into and reachability for details are improved
but strength and cleaning properties deteriorate. If the

degree of tapering is lower than that described above, strength
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conposite nonofilament having three core filanents at the end of a
conposite portion as an exanple of the present invention. 5 Fig. 10B
shows a nyl on nonofil ament whose 1.50 mm end portion i s tapered,
Fig. 10C shows a nylon nonofil anent whose 8. 00 nm end portion is
sharply tapered, and Fig. 10D shows a nyl on nonof i | ament whose 0.2
mnm end portion is rounded. A dianeter of the planted base portion
is 0.210 nmmfor the filanment having 10 a tapered end portion in Fig.

10B, 0.180caw fu méentalingBntand cleanid@vph@pérshes plaret apgsesivendbut
portion in Fig. 10C and 0.210 nm for the filanment having a rounded
end portioanserfiililip andd reachabilditgndeterddrate. r ddterpdhel degoket b
conposite portion of .. exanple of the present invention is 0.200 nm
N ne sanpl &8perdng ighj sH NI erthe t3ROVengEdN®E, t henepbsbilibye 88Ati on

and the  eachabl13Ty %rd' bblf Sprdidd ' oRi 18" SRRl hnd" cT¥anAY' O
5 properties are maintained.
The core portion 7 (core filament 7A) is made from a
polyamide resin whereas the sheath portion 8 is made from a
polyester resin. Since the polyamide resin core filament 7A
exhibits appropriate water absorption properties and is well

10 adapted to teeth and gum and relatively soft, it does not
injure the gum tissue. On the other hand, since the polyester
resin sheath portion 8 has low water absorption properties and
is excellent in underwater use, it prevents the fatigque of the
composite monofilament.

15 Use of a polyamide resin as a core component and a
polyester resin as a sheath component provides an advantage in
the production of a filament. That is, the composite
monofilament used in the present invention is prepared by first
spinning a composite fiber in which a sheath portion is studded

20 with core portions, bundling a large number of the composite
fibers, immersing the bundle in a solution and dissolving the
sheath portion to a predetermined depth from both end surfaces
of the bundle to form a separated portion consisting of exposed
core filaments. Since the solution which selectively dissolves

25 only the polyester resin without dissolving the polyamide resin
does not cause an increase in viscosity and generates no
noxious gas, it has such an advantage that it can be easily

handled.

=12~



exanpl es of the present invention. (Test 1: cleaning properties

for details) As shown in Fig. 11A two L-shaped acrylic plates
30 and 20 30 were arranged to face each other, a 0.1 nmm w de groove 31
was formed between the acrylic plates and artificial plaque was

applied to opposing surfaces thereof to prepare a test tool 32. A

t oot hbrush was pressed against a top end surface of the test - tool
32 by force of a 300 g |l oad as shown in Fig. 11B and 25 brushi ng was
carried out at &n mmier e airé filamehts Seetbmdtituting 20 sdpardta
direction perpendicular to the |ongitudinal direction of the

acrylic pl &¥stion A8 dFovilsh Fmpertant, in the prgsenti ninpeobioni es Thor

?i%?i 's V\erneun%/eax!* U&E ei(:jhgncgpe%ffamggts 7A is 2 to 5. If the number is

more than 5, they may contact one another, thereby causing

5 cracking and producing residual water. The optimal number of
core filaments 7A is 3.

The diameters of the composite portion 5 and the core
filament 7A and the length of the exposed core filament 7A are
also important factors.

10 A diameter D1 of the composite portion 5 is preferably
0.150 to 0.300 mm. If the diameter is less than 0.150 mm, the
stiffness will be insufficient and durability will deteriorate.
On the other hand, if the diameter is more than 0.300 mm, the
stiffness will be too high and the gum tissue may be injured.

15 A diameter D2 of the core filament 7A is preferably 0.03
to 0.07 mm. If the diameter is less than 0.03 mm, the core
filament 7A will become too soft and the effect of removing
plaques with a distal end portion of the core filament 7A
cannot be expected. On the other hand, if the diameter is more

20 than 0.07 mm, the distance between the core filaments will be
short and the core filaments will contact one another, thereby
causing cracking and producing residual water. Reachability
for details in the oral cavity will also deteriorate.

A length L1 of the exposed core filament 7A is preferably

25 set to a range of 0.5 to 4.0 mm. If the length is less than
0.5 mm, the core filament 7A will be not long enough to reach
the inner parts of the teeth such as interdental portions,

cervical portions, pit & fissure. Although the larger the
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of a region where the artificial plaque on the opposing surfaces of
the acrylic plates was renoved. The artificial pl ague renoved area
was neasured using an i mage anal yzer (LA- 555 manufactured by Piers
Co.). The results are shown in Table 5 1. Figs. 12A to 12D show end
portions of the above filanents inserted into the groove and the
regions of the artificial pl ague to be renoved.

length of the exposed core filament 7A the higher the effect of
cleaning thin deep portions becomes, durability deteriorates.
The length of the exposed core filament with which practical
durability can be maintained is not more than 4.0 mm. A length
5 L1 of the exposed core filament 7A is directly reflected upon
reachability for the inner parts of the teeth such as
interdental portions, cervical portions, pit & fissure. An
average depth of pit & fissure is 1.050 mm and an average width
thereof is 0.064 mm (Shika Shinpo, volume 22, pp. 377-381,
10 1929) and the degree of interdental separation is as follows

(J. Japan. Soc. Periodont, volume 31(2), pp. 608-629, 1989).

Degree of interdental separation Rate

< 0.050 um 1.8%
15 0.050 Um 29.0%
0.110 Um 21.0%
0.150 um . 25.0%
> 0.150 uUm 5.8%
20 If the degree éf interdental separation is approximately

within the above numeral range, the composite monofilament can
be used practically.
The diameter D1 of the composite portion 5 is particularly
preferably 0.150 to 0.300 mm, the diameter of the core filament
25 7A particularly preferably 0.03 to 0.05 mm, and the length L1
of the exposed core filament 7A particularly preferably 1.0 to
2.5 mm.

As one of the most preferred examples of the present

-14-
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invention, there is exemplified that the diameter D1 of the
composite portion is 0.20 mm, the diameter D2 of the core
filament is 0.04 mm, the length L1 of the exposed core filament
is 2.00 mm, the number of the core filaments is 3, the core
component which is also a material of the core filament is
nylon 610, and the sheath component is polybutylene
terephthalate which is a saturated polyester resin.

Also, the length from the planted base portion to the
distal end of the sheath/core type composite fiber planted is
preferably in the range of 7 to 11 mm. If the length is too
large, manipulation ease in the mouth will deteriorate and the
monofilament will be too soft with the result that a sufficient
cleaning effect cannot be obtained. On the other hand, if the
length is too small, the fibers will be less flexible during
brushing with the result that a feeling of use will be worsened
and insertibility into an interdental portion will
deteriorate.

The composite monofilament is, as shown in Fig. &6,
supplied in such a manner that the core filaments 7A are
exposed at both ends or one end thereof. The planting of the
composite monofilaments into a planting hole is carried out by
bundling 10 to 40 of the composite monofilaments 4A and
planting the bundle into a planting hole 21 while an anchor 20
is applied to the bundle at a central position in a
longitudinal direction to bend the bundle of the filaments like
a U shape as shown in Fig. 7.

The position of bending the composite monofilament 4A is

generally the central position in a longitudinal direction of

-15-
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[err]

the filament. However, it may be shifted from the central
position to produce a difference between the both end positions
of the bent filament.

As the cross-sectional structure of the composite portion
5, various structures may be employed such as one in which two
core filaments are formed as shown in Fig. 8A, one in which
four core filaments are formed as shown in Fig. 8B, and one in
which five core filaments are formed as shown in Fig. 8C, in
addition to one shown in Fig. 4. The cross section of the core
filament may be elliptic (Fig. 9A), triangular (Fig. 9B),
rectangular (Fig. 9C) and the like.

EXAMPLE

Examples of the present invention and tests which have
been carried out to verify the effect of these examples are
described hereinafter.

A sheath/core type composite fiber in which a sheath
portion was studded with three core portions at an area ratio
of the sheath portion to the core portions of 9:1 was melt spun
using polybutylene terephthalate having an intrinsic viscosity
of 1.0 as a sheath component and nylon 610 having a relative
viscosity of 2.7 as an core component. The thus obtained
composite fiber was extruded into water, cooled to be
solidified, drawn to 4.5 times in water heated to 60° C and
then in a dry atmosphere at 120° C, subjected to relaxation
thermal setting in a dry heat atmosphere, and taken up in a
linear form to obtain a sheath/core type composite fiber having
a diameter of 0.200 mm.

The sheath/core type composite fibers thus obtained were

-16-



It is understood fromthe test results that all the t oot hbrushes of

exanpl es of the present invention having _exposed core filanments at
the end of conposite filanment have cl eaning properties for details.
Particularly, a toothbrush 5 having a core portion dianmeter of 0.040
nm and an exposed core portion Iength of not less than 1.5 mm has
extrenely excell ent cl eaning properties for details. In contrast,
it was verified that the toothbrushes of conparative exanples

having a tdpeidXed to a diemeétper bEods anfl, pfdldigildy anarenedtend PeRgtpHLHave
alittle 27 mnm. Thereafter, the bundle of the sheath/core type
composite fibers was immersed into a heated solution of sodium
hydrate while both cut end surfaces were exposed to dissolve
5 and ' remove the sheath component made from polybutylene
terephthalate of both end portions selectively so as to expose
the core portions made from nylon 610. After the above
treatment was made, a composite monofilament having 2 mm-long
exposed core filaments at both ends of the composite portion
10 was obtained.

The 24 composite monofilaments were formed and was
implanted into each bundle by an anchor to manufacture a
toothbrush having a planted portion consisting of planting
holes (3 row, 8 line). The whole shape of the toothbrush was
15 standard as shown in Fig. 1. The composite monofilament after
planted have a dimensional relation that a composite portion
has a diameter of 0.200 mm and a length of 8.0 mm and exposed
core filaments have a diameter of 0.040 mm and a length of 2.0
mm arranged at the end of the composite portion. When regular
20 brushing was carried out using this toothbrush, it was verified
that the distal end of the filament could be inserted into an
interdental portion, cervical portion, pit or fissure with ease
and the filament was stiff enough to remove plaques. This
toothbrush having an excellent effect of cleaning details in
25 the oral cavity, was soft to the gum so that it did not injure
or hurt the gum tissue, and was excellent in plaque removing

effect and durability.

A description is subsequently given of tests which have
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10 cleaning properties for details but are not satisfactory and a

t oot hbrush havi ng a rounded end portion has al nost no cl eani ng

properties for details. The above differences of the
artificial plaque renoved area are produced as follows. In the
t oot hbrushes of the 15 present invention, the separated portion as a
group of core filaments can be inserted deep into the groove and
the inserted separated portion can maintain the dianmeter up to an

end bgmr tcondidesgoto Werddyi hee d¥ress. flfiﬂ&ﬂéﬁtgogﬁbwhutmng
the separated portion can sweep the interior surface of the 20 groove
i ndependentfigs . EV@A itP A0D tweareorsed i iankhes tessat beig. 10A shower ked
into the groove, some of them can be inserted and hence, can renove

the artifi &%PO@%@%Q%L@W WeFimdotthiiee core filgmented agothieoends

: m_al |
the toot hbr"fsa compogl ellr)]m!':tllgon 1a25Aafnr %xa%lple of the present invention.

5 Fig. 10B shows a nylon monofilament whose 1.50 mm ‘end portion
is tapered, Fig. 10C shows a nylon monofilament whose 8.00 mm
end portion is sharply tapered, and Fig. 10D shows a nylon
monofilament whose 0.2 mm end portion is rounded. A diameter
of the planted base portion is 0.210 mm for the filament having

10 a tapered end portion in Fig. 10B, 0.180 mm for the filament
having a sharply tapered end portion in Fig. 10C and 0.210 mm

.for the filament having a rounded end portion in Fig. 10D. A
diameter of the root portion of the composite portion of
example of the present invention is 0.200 mm. Nine samples

15 which differ in the length of the exposed core portion and the
diameter of the core portion were prepared for evaluation as

examples of the present invention.
(Test 1: cleaning properties for details)

As shown in Fig. 11A, two L-shaped acrylic plates 30 and

20 30 were arranged to face each other, a 0.1 mm wide groove 31
was formed between the acrylic plates and artificial plaque was

applied to opposing surfaces thereof to prepare a test tool 32.

A toothbrush was pressed against a top end surface of the test

tool 32 by force of a 300 g load as shown in Fig. 11B and

25 brushing was carfied out at an amplitude of 5 mm and a speed of
250 rpm in a direction perpendicular to the longitudinal
direction of the acrylic plates. As shown in Fig. 11C,

cleaning properties for details were evaluated on an area "S"

-18-



that area. On the other hand, as for a toothbrush having a 25 sharply

tapered end portion, though the sharply tapered end portion can be
inserted into the groove, the artificial plaque cannot be renoved
conpletely as shown in Fig. 12C because the filament is tapered off
and the nunber of the end of filanents

-21- is only 1 against one filanment. The reason why the
t oot hbrush havi ng a rounded end portion has al nbst no cl eaning

properties of a regiom ddtenid sthe, astShbedaln pgliaguel2bn thgé dppditg
portion Ofsurfaces of the acrylic plates was removed. The artificial
plaque removed area was measured using an image analyzer (LA-

555 manufactured by Piers Co.). The results are shown in Table

5 1. Figs. 12A to 12D show end portions of the above filaments

inserted into the groove and the regions of the artificial

plaque to be removed.
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and the like. Fig. 13 is a graph showing the insertibility into

and reachability for details of each filanent out of these 20 factors.
This figure illustrates Exanple 2 of the present i nvention as a
typi cal exanple of the present invention. It is under stood from
this graph that the reason why Exanple 2 of the present invention
can exhibit cleaning properties for details Is that, in the
exanpl e of the present invention, a group of 25 core filaments having
a dianeter of 0166 isn anedemseoed fipohothe testaressiliisontRa® ablawaljefrom
the distal end and each core filanment has ability to enter each

detai | indtopdbhrigheRerefis examples t pé dth@etRFesift t Haventieant Bavingng

tapered end portions and, ) ) -22-
exposed core filaments at the end of composite filament have

cleaning properties for details. 'Particularly, a toothbrush.

5 having a core portion diameter of 0.040 mm and an exposed core

portion length of not less than 1.5 mm has extremely excellent

cleaning properties for details. In contrast, it was verified

that the toothbrushes of comparative examples having a tapered

end portion and a sharply tapered end portion have a little

10 cleaning properties for details but are not satisfactory and a

toothbrush having a rounded end portion has almost no cleaning
properties for details.

The above differences of the artificial plaque removed

area are produced as follows. In the toothbrushes of the

15 present invention, the separated portion as a group of core

filaments can be inserted deep into the groove and the inserted

separated portion can maintain the diameter up to an end

portion thereof. 1In addition, the core filaments constituting

the separated portion can sweep the interior surface of the

20 groove independently. Even if all the core filaments cannot be

inserted into the groove, some of them can be inserted and

hence, can remove the artificial plaque within the width of the

planted portion of the toothbrush as shown in Fig. 12A from all

that area. On the other hand, as for a toothbrush having a

25 sharply tapered end portion, though the sharply tapered end

portion can be inserted into the groove, the artificial plaque

cannot be removed completely as shown in Fig. 12C because the

filament is tapered off and the number of the end of filaments
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a rounded end portion are alnost the sane as those of their
pl anted base portions up to a position close to the ends of the

filanments. (Test 2: durability) 5 A description is
subsequently given of a durability test. Using a
brushi ng machi ne manufactured by Sunstar, Inc., 10, 000 strokes of
brushing were carried out on the surface of an epoxy plate under a
| oad of 300 g under water at 37[err] C, and 10 the spread index of a

swept surfabe oy rfeagaiedtt onevéiilament. The reason why the toothbrush

having a rounded end portion has almost no cleaning properties

for details is, as shown in Fig. 12D, that the end portion of

the filament cannot be inserted into the groove because the

5 width of the groove used in this test is smaller than the width

of a groove based on the design concept of these filaments.

There are a large number of details in the oral cavity that

cannot be cleaned with these toothbrushes having tapered end

portion and a rounded end portion. When evaluated from a view

10 point of cleaning properties for details, it is understood that

toothbrushes having tapered end portions and a rounded end

portion are unsatisfactory in terms of cleaning the oral
cavity.

The cleaning properties for details are connected with the

15 insertibility into and reachability for details of a filament,

the characteristic properties and form of an inserted filament,

the stiffness of the entire filament including a root portion

and the like. Fig. 13 is a graph showing the insertibility

into and reachability for details of each filament out of these

20 factors. This figure illustrates Example 2 of the present

invention as a typical example of the present invention. It is

understood from this graph that the reason why Example 2 of the

present invention can exhibit cleaning properties for details

is that, in the example of the present invention, a group of

25 core filaments having a diameter of 0.06 mm are present up to

a position 2.0 mm away from the distal end and each core

filament has ability to enter each detail individually whereas

the diameters of the filaments having tapered end portions and
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durability. The spread index neans a nunerical value

represented by (B/A) x 100 when the horizontal width of the ~ swept
surface in an initial state is "A'" mmand the horizontal ~width of
the swept surface after brushing is "B "nmmas shown in Figs. 14.

The results are shown in Table 2.

a rounded end portion are almost the same as those of their
planted base portions up to a position close to the ends of the
filaments.
(Test 2: durability)
5 A description is subsequently given of a durability
test.
Using a brushing machine manufactured by Sunstar, Inc.,
10,000 strokes of brushing were carried out on the surface of
an epoxy plate under a load of 300 g under water at 37° C, and
10 the spread index of a swept surface was measured to evaluate
durability. The spread index means a numerical value
represented by (B/A) x 100 when the horizontal width of the
swept surface in an initial state is "A" mm and the horizontal
width of the swept surface after brushing is "B "mm as shown in

Figs. 14. The results are shown in Table 2.
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[err] It is understood fromthe test results that

t he exanpl es of the present invention have |less fatigue and are
superior in durability to toothbrushes having sharply tapered end
portion, tapered end portions and a rounded end portion as
conparative 5 exanples. Particularly, a toothbrush having an exposed
core

‘It is understood from the test results that the examples
of the present invention have less fatigue and are superior in
durability to toothbrushes having sharply tapered end portion,
tapered end portions and a rounded end portion as comparative

5 examples. Particularly, a toothbrush having an exposed core
portion length of not more than 1.0 mm has extremely small
fatique. This is because the shorter the exposed core
filaments, the physically stronger the core filaments become.
(Test 3: feeling of use)

10 A sensory test was made on a feeling—of use. Fifteen
employees of Sunstar, Inc. used the toothbrush of the present
invention and two different toothbrushes as comparative
examples alternately for 30 days (the total number of days
using each toothbrush is 10) and answered gquestionnaires.

15 Questions are about bleeding and irritation. The results are

shown in Table 3. Example 8 typifies the present invention.
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fatigue.

portion length of not nmore than 1.0 nm has extrenely small
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15

As shown in Table 3, the toothbrush of the present
invention is superior in feeling of use with little bleeding
and no irritation such as a pain or prickling. In contrast,
toothbrushes having a tapered end portion and a sharply tapered
end portion as comparative examples cause excessive loss of
blood and irritates a lot. 1In the example of the present
invention, since thin and soft core filaments come into
cohtact, they touch soft and rarely irritate. On the other
hand, since the filament of a toothbrush having a tapered end
portion is thick and hard up to a position where it contacts
the gum, it irritates a lot. The end portion of a toothbrush
having a sharply tapered end portion is hard and sharp.

The results of overall evaluations on cleaning properties
for details, durability and a feeling of use are shown in Table

4-
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As was described above, the toothbrush of the present
invention is satisfactory in all of cleaning properties,
durability and a feeling of use and can be rated extremely high
as a toothbrush which lays stress on cleaning properties for
details.

Since the toothbrush of the present invention uses a
composite monofilament in which a composite portion having a
polyester resin sheath portion studded with 2 to 5 of polyamide
resin core portions is present over a predetermined range from
a planted base portion and a separated portion consisting of 2
to 5 of core filaments formed by exposing a predetermined
length of the core portions only is present on the side of a
distal end thereof from the composite portion, all or part of
the core filaments constituting the separated portion are
inserted into details in the oral cavity which are sites to be
cleaned and reach the inner part of each detail, and the
composite portion located behind the core filaments serves to
maintain the stiffness of +the whole composite filament.
Therefore, plaques in details in the oral cavity where plaques
are liable to accumulate and it is difficult to remove the
plaques by an ordinary brush, such as an interdental portion,
cervical portion, pit & fissure, can be removed effectively.

Since the core filaments are thin and soft and made from
a polyamide resin, they.have appropriate water absorption
properties and are well adapted to the tooth and gum, they do
not injure or hurt the gum tissue.

Since the sheath portion is present between the core

portions such that it fills spaces between the core portions in
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As shown in Table 3, the toothbrush of the present I nvention is

superior in feeling of use with little bl eeding and no irritation
such as a pain or prickling. In contrast, t oot hbrushes having a
tapered end portion and a sharply tapered 5 end portion as
conparati ve exanpl es cause excessive |oss of ~ blood and irritates a
| ot . In the exanple of the present I nvention, since thin and soft
core filaments cone into contact, they touch soft and rarely

irritate. tbetnempehéte portiomandateirncimdshenét| @mer otha tcomipaaritsh
having a t?ﬁ§gf¥&§gmgnd remains therein, and the composite portion does
not crack from the core filament base portion during use. In
addition, since the sheath portion is made from a polyester
5 resin, it has low water absorption properties and is excellent

in underwater use.

Thus, according to the present invention, a toothbrush
which is almost satisfactory in terms of all of cleaning
properties for details, durability and feeling of use which

10 have been difficult to be satisfied at the same time can be
obtained.

When a diameter of the composite portion is set to 0.150
to 0.300 mm, a diameter of the core filament to 0.03 to 0.07 mm
and a length of the exposed core filament to 0.2 to 4.0 mm, the

15 insertibility into details in the oral cavity and reachability
for the inner part of each detail in the oral cavity and the
plaques removing function with the reached core filaments of
the toothbrush are more preferred. When the length of an
exposed core filament is set to 0.5 to 4.0 mm, the

20 insertibility into details in the oral cavity and reachability
for the inner part of each detail in the oral cavity and the
plaque removing function with the reached core filaments of the
toothbrush are much more preferred.

Further, when the diameter of the composite portion is set

25 to 0.150 to 0.300 mm, the diameter of the core filament to 0.03
to 0.05 mm and the length of the exposed core filament to 1.0
to 2.5 mm, the insertibility into details in the oral cavity

and reachability for the inner part of each detail in the oral

-30-



10 portion is thick and hard up to a position where it contacts

the gum it irritates a lot. The end portion of a toothbrush havi ng
a sharply tapered end portion is hard and sharp. The results
of overall evaluations on cleaning properties for details,
durability and a feeling of use are shown in Table 15 4.

cavity and the plaque removing function with the reached core
filaments of the toothbrush are the most preferred.
When a length from the planted base portion to the distal
end of the sheath/core type composite fiber planted is in the
5 range of 7 to 11 mm, a toothbrush has a sufficient stiffness
for obtaining a cleaning effect and excellent insertibility
into an interdental portion and is easily manipulated.
When a predetermined range of the end portion of the
composite portion is tapered, insertibility into and
10 reachability for details are further improved. Particularly,
when a diameter of the root portion of the composite portion is
100% and the boundary between the exposed core filaments and
the composite portion is made a reference point, the end
portion of the composite portion is tapered such that the
15 diameter of a composite portion at a position 1 mm from the
reference point toward the side of the composite portion is 70
* 15%; a diameter at a position 3 mm from the reference point,
89 * 8%; and a diameter at a position 5 mm from the reference
point, 93 * 7%. In this case, the toothbrush can exhibit
20 excellent insertibility and reachability while maintaining

sufficient strength and cleaning properties.
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What is claimed is:
1. A toothbrush comprising by planting sheath/core type
composite fibers in a planting base, wherein:

said sheath/core type composite fiber further comprises:

a composite portion consisting of a sheath portion made
from polyester resin and 2 to 5 of core portions made from
polyamide resin dispersed therein having a predetermined length
from a planted base portion; and

2 to 5 of exposed core filament portions obtained by
exposing said core portions only having a predetermined length
on an end side from the composite portion.
2. A toothbrush as claimed in claim 1, wherein a diameter of
said composite portion is 0.150 to 0.300 mm, and a diameter and
a length of said exposed core filament are 0.03 to 0.07 mm and
0.2 to 4.0 mm, respectively.
3. A toothbrush as claimed in claim 1, wherein the diameter
of said composite portion is 0.150 to 0.300 mm, and the
diameter and the length of said exposed core filament are 0.03
to 0.07 mm and 0.5 to 4.0 mm, respectively.
4, A toothbrush as claimed in any one of claims 1 to 3,
wherein a length from the planted base portion to the distal
end of planted sheath/core type composite fiber is 7 to 11
mm.
5. A toothbrush as claimed in any one of claims 1 to 4,
wherein a predetermined range of an end side portion of said
composite portion is tapered.
6. A toothbrush as claimed in claim 5, wherein when a

diameter of a root portion of said composite portion is 100%

-32-
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[err] As was descri bed above, the toothbrush of the
pr esent

and the boundary between the exposed core filament and the
composite portion is made a reference point, said tapered
composite portion has diameters of 70 * 15%, 89 * 8%, and 93 +

7% at positions 1 mm, 3 mm, and 5 mm from the reference point

Ny s W

toward the composite portion, respectively.
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invention is satisfactory in all of cleaning properties, durability

and a feeling of use and can be rated extrenely high as a

t oot hbrush which | ays stress on cleaning properties for 5 details.
Since the toothbrush of the present invention uses a conposite
nmonofilament in which a conposite portion having a pol yester resin
sheath portion studded with 2 to 5 of pol yam de resin core portions
is present over a predeterm ned range from 10 a planted base portion
and a separated portion consABSTRACHEf OF THE DISCLOSHREf core filaments
formed by exposi n%qq}glredegerm ned | ength of  the corehj)ortl ons only
is present on tHe 1s manufgetured &y Emwg fehaa e amame e

POr1 00, HAoffoBIEL Bloers in, ot ERaBRiRG BTN 1M Al agee
which are si{gs tBmPBsite fiber further comprises: a composite portion
5 consisting of a sheath portion made from polyester resin and 2

to 5 of core portions made from polyamide resin dispersed

therein having a predetermined length from a planted base

portion; and 2 to 5 of exposed core filament portions

obtained by exposing the core portions only having a

10 predetermined length on an end side from the composite

portion.

-34-



cl eaned and reach the inner part of each detail, and the conposite

portion | ocated behind the core filanments serves to mai ntain the
stiffness of the whole conposite filanent. Therefore, plaques in
details in the oral cavity where-plaques 20 are liable to accumul ate
and it is difficult to renove the- pl agues by an ordi nary brush,
such as an interdental portion, cervical portion, pit & fissure,
can be renoved effectively.. . Since the core filanents are thin
and soft and nade from ' a pdlyamldde resin, they have appropriate
wat er absorption 25 properties and are well adapted to the tooth and
gum they do not injure or hurt the gumtissue. Si nce
the sheath portion is present between the core portions such that
it fills spaces between the core portions in
- 29- Fig. 1
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the conposite portion, water does not enter the conposite position

and remains therein, and the conposite portion does not crack from
the core filanent base portion during use. In addition, since the
sheath portion is nade froma pol:yester 5 resin, it has | ow water
absorption properties and is excelleny 10 i n underwat er use.
Thus, according to the present invention, a toothbrush which is
al nost satisfactory in terns of all of cleaning properties for
details, durability and feeling of use which
Fig. 3
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10 have been difficult to be satisfied at the same tinme can be

obt ai ned. When a dianeter of the conposite portion is set to
0. 150 to 0.300 mm a dianmeter of the core filament to 0.03 to 0.07
nm . and a length of the exposed core filament to 0.2 to 4.0 mm the
15 insertibility into details*fg/p eooral cavity and reachability

for the inner part of each detail in“the oral cavity and the

pl aques renoving function with the reached core filanments of t he

t oot hbrush are nore preferred. When the length of an exposed core
filanment is set to 0.5 to 4.0 nm the 20 insertibility into details in
the oral cavity and redChagilidy for the inner part of each detai
in the oral cavity and the | pl aque renoving function with the
reached core filanents of the (gfxnhbrush are nmuch nore preferred.




Further, when the dianmeter of the conposite portion is set 25 to 0.150

to 0.300 mm the dianeter of the core filanment to 0.03 to 0.05 mm
and the length of the exposed core filament to 1.0 to 2.5 mMmm the
insertibility into details in the-oral cavity and reachability for
the inner part of each detail in the oral
- 30- - cavity and the plaque renoving function with the
reached core - filaments ¥/t bl t oot hbrush are the nost preferred.
Fig. 6
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When a length fromthe planted base portion to the distal end of

t he sheath/core type conposite fiber planted is in the 5 range of 7
to 11 mm a toothbrush has a sufficient stiffness for obtaining a
cleaning effect and excellent insertidbility into an interdenta
portion and is easily nmanipul ated.. When a predeterm ned range
of the end portion of the _ conposite portion is tapered,
insertibility into and 10 meachapi ity for details are further

i nproved. Particularly, ~ when a dianeter of the root portion of the
conposite portion is 100% and t he boundary between the exposed core
filaments and F i g. 8he conposite portion is nade a reference point, the
end portion-of the conposite portion is tapered such that the 15
di aneter of a conposite portion at a position 1 mmfromthe

reference point toward the side of the conpﬁsite portion is 70

(3) ( (c)
8 | . 8 8
o O
G Q) Re"o
7 N o
Fig. 9
(a) " (b) ' (c)
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[err] 15% a dianeter at a position 3 mmfromthe reference point,

89 8% and a dianeter at a.position 5 mmfromthe reference poi nt,
93 7% In this case, the toothbrush can exhibit 20 excel | ent
insertibility and reachability whi-l e maintaining sufficient
strength and cl eaning properties.*
-31- .
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What is clainmed is: 1 1. A toot hbrush conprising by planting

sheath/core type 2 conposite fibers in a planting base, wherein: 3
sai d sheath/core type conposite fiber further conprises: 4 a
conposite portion consisting of a sheath portion nade 5 from pol yester
resin and 2 to 5 of core portions:nade from 6 pol yam de resin
di spersed therein having a predeterm ne Adn@th 7 froma planted base
portion; and 8 . 2 to 5 of exposed core filanment portions obtained
by 9 exposing said core portions only having a predeterm ned | ength

' Fig. 11 (a)

o 7 .
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on an end side fromthe conposite portion. 1 2. A toot hbrush as
claimed in claiml, wherein a dianeter of 2 said conposite portion is
0.150 to 0.300 mm and a dianeter and 3 a length of said exposed core
filament are 0.03 to 0.07 nmand. . | 0.2 to 4.0 mm respectively. 1

3. A toothbrush as clainmed in claim1, wherein the dianeter 2 of
said conposite portion is 0.150 to 0.300 nm and the 3 di aneter and
the length of said exposed core filanent are 0.03 to 0.07 nmand 0.5
to 4.0 mm respectively. .1 - 4.8 /A poot hbrush as clainmed in any one of
claims 1 to 3, 2 wherein a length fromthe planted base portion to the
distal 3 end of planted sheath/core type conposite fiber is 7 to 11
mm 1 5. - Atoothbrush as clained in any one of clains 1 to 4,

Fig. 12
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2 wherein a predeterm ned range of an end side portion of said

conposite portion is tapered.

5, wherein when a 2
portion is 100%

1. 6. A toothbrush as clainmed in claim
di aneter of a root portion of said conposite

and the boundary between the exposed core filament and the
portion is made a reference point, said tapered 5
has dianeters of 70 15%
3 mm and 5 nmfromthe reference 80|nt

F ig;

13

89 8% and 93 [err] 6

4

3
conposite

conposite portion
7% at positions 1 mm

(c) Having sharply tapered end portion

---(b) Having tapered end portion

®
A
Q-
|

.-(d) Having rounded end portion

--(a) Present invention

0.250

0.150

Diameter of filament (mm)

8.0

1.0

6.0

3.0

4.0

3.0

)

20

1.0

0.0

Distance from the distal end of filament (mm)



toward the conposite portion, respectively.
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(57) Abstract

A tooth brush having an excellent cleaning effect to detail portions inside an
oval cavity to which bacterial plaque casily adheres, such as interdental portions,
dental neck portions, pils and fissures, etc., and from which removal of the plaque
50 deposited by a tooth brush has been regarded as difficult. The tooth brush has a
soft impact to the gingiva, does not damage the gingiva nor imparis a pain, is highly
stiff and has an excellent plaque removal effect. Sca-and-island type composite
fibers, in which two to five islands of polyamide resin are dispersed in a sea portion
of a polyester resin, are implanted to an implantation bed, the sea-and-island type
composite fiber so implanted has a composite portion comprising the island
portions and the sea portions over a predetermined length from the proximal end
portion of implantation, and only the island portions are disposed on the distal end
side from this composite portion in such a manner as to form two to five core hairs
of predetermined length.
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