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BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present invention relates to a toothbrush that effectively
removes plaque attached to or deposited on all portions of tooth
surface, interdental space, and cervical margin, and that performs
toothbrushing efficiently.
2. Description of the Prior Art

‘Conventionally known toothbrushes have round tufts b each
having a diameter approximately ranging from 1.6 to 2.0 mm to
stru_cture the tufting area a, which tufts are arranged at a
speéified sbacing c, as illustrated in Fig. 27. Most of the known
toothbrushes have a flat tip profile of the tuft or a
unidirectionally skewed tip profile on every tuft. That type
configurétion of these known toothbrushes comes from the method
for implanting the tufts thereinto.

For implanting tufts, firstly a tufting base having tufting

holes is prepared by injection molding method, then a small metallic

~ jig called the anchor is pressed against each of the tufts having

specified length to let the tuft implant into each of the tufting
holes along with the anchor while folding the tuft into U-shape.
Both ends of the anchor is forcibly wedged into a part of peripheral
wall of the tufting hole to fix thé anchor thereto, then the

irregular tip of the tuft is cut to make even the tip-profile of

the tuft.
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Since the conventional toothbrushes secure the fixation of
tufts by forcibly wedging the ends of anchor into the peripheral
wall of the corresponding tufting holes, degradation of mechanical
strength of the tufting base becomes a problem. To maintain a
specified mechanical strengi:h of the tufting base, the size of the
tufting hole needs to be at or below the specified diameter.
Accordingly, a specific space between adjacent tufting holes is
necessary to be maintained.

Further, since cutting of tuft tip portion is performed on
each of the densely gathered tufts within the tufting area after
the fixation of the tuft, the cutting to form a complex profile
is difficult. Consequently, most of conventional working surfaces
are either the flat one parallel to or the unidirectionally skewed
one to the face of head part of handle.

Those types of conventional toothbrushes have the following
problems. As .shown in Figs. 28 and 29, since the area occupied
by the space ¢ is large in the total tufting area, the contact
between the tooth surface A and the tuft. b is insufficient. 1In
addition, since each tuft has round cross section giving no
directional orientation and since each tuft has a diameter
approximately ranging from 1.6 to 2.0 mm, there is a defect that
the whole tuft group is inferior lin hardness resulting in poor
brushing efficacy .on the tooth surface and in poor durability.

As a toothbrush proposed to solve the above-mentioned

problems, the one disclosed in Japanese Unexamined Utility Model
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Application No. Sho. 63-99527 is known. This toothbrush is
configured such that at least one of the tufts implanted into the
tufting base is formed into a wide tuft which extends to the whole
width or to the whole length of the tufting base. With this
arrangement, the contact area betwéen the tuft and thé tooth surface
is increased and the mutual supporting effect of densely gathered
filaments is enhanced, to thereby increase the hardness of tuft

and improve the plaque removal efficacy on the tooth surface and

the durability of tuft.

Further, by utilizing the difference of hardness between the
wide tuft and the ordinary round tuft, the wide tuft having higher
hardness placed adjacent to the round tuft, which is warpéd by
contacting the tooth surface, is enabled to position at cervical
margin and interdental space, thereby enabling scraping out the
plaque deposited at a deep region of cervical margin and interdental
space.

By locating a wide tuft extending to whole width or whole

length of the tufting base, the improvements of plaque removal

.efficacy and durability are attained. Nevertheless, the plaque

removal efficacy on interdental space and cervical margin is not
satisfactory. <That is, that type of toothbrush allows easy
insertion of the wide tuft having high hardness into the cervical
margin by warping the round tufts adjacent to the wide tuft.
However, as shown in Figs. 29 and 30, the interdental space B and

the cervical margin C are unexpectedly deep and narrow, so that
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it is not easy to make the tuft tip to reach the deepest bart of
the interdental space and the cervical margin even when the wide
tuft is attached to the dentition to let the wide tuft enter into
the interdental space B and the cervical margin C.

In addition, that type of toothbrush has a wide tuft extending
to whole width or whole length of the tufting base, and the filaments
are densely ‘gathered in a continuous style for over the width of
a single tooth. Therefore, the number of filaments which come to
the opening of interdental space B tends to'excéed the number
actually allowed to enter. As a result, there is a problem that
the filaments clog the inlet of the interdental space, resulting
in fail to make the tip of filaments reach the deepest part of the
interdental space.

Further, since the toothbrush of this type has the wide tuft
exténding to whole width or whole length of the tufting base, so
that the hardness of the wide tuft tends to become excessive.
Accordingly, there is a problem that particularly when the wide
tuft extends to the whole length of the tufting base, the tuft loses
its adequate flexibility to give elastic deformation which conforms
to the undulation of the dentition surface, and a gap appears
between the tooth surface and the tuft, resulting in degradation
of effect of simultaneoﬁs brushing on teeth.

Furthermore, since that type of toothbrush has a wide tuft
which is not divided into separate tufts, air permeability of the

tuft is poor and drying thereof is difficult, and further the
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removal of food residue atféched to the tufting area is difficult.
As a result, there is a problem that the tufts. at inner rows are
likely contaminated.

Still further, to improve the interdental space cleaning
effect, an angular profile brush is proposed in Japanese Unexamined
Utility Model Application No. Sho. 62-102432, Japanese Unexamined
Utility Model Application No. Sho. 62-106522, and United States
Design Patent (USD) No. 332,873. 1In that type of toothbrush,
however, two tufts form a single angle profile. Accordingly, since
there is a space between mutual holes to tuft and there is a
relatively large space between tufts, the contact area with tooth
surface is similar with that of conventional toothbrush. Therefore,

actual result of plaque removal efficacy is not sétisfactory.

BRIEF_SUMMARY OF THE INVENTION

~ The present invention was completed in .view of the state
described above. Therefore, an obﬁect of the present invention
is to provide a toothbrush which enhances the accessibility of wide
tuft to cervical margin and to interdental space while maintaining
the effeét of tooth surface brushing by the wide tuft, and performs
the removal of plaque deposited on these portions effectively, and
which has a plaque removal efficacy for all the regions of tooth |
surface, cervical margin, and interdental space, and has a good
toothbrushing effect. Another object of the present invention is
to Iprovide a toothbrush having an optimum arrangement of wide tufts

to attain the balanced plaque removal efficacy on the above
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described portions without sacrificing the effect of simultaneous
brushing of a plurality of dentition.

According to the present invention which achieved to solve
the above-described problems, there is provided a toothbrush having
a tufting area at a head part of a handle, characterized in that
the tufting area compriées a plurality of tufts in which at least
one of the tufts is wide along the longitudinal direction of a
tufting base 6n the tufting area and the profile of tip portion
of the tuft is converged toward the tip having a shape of dot, line,
or plane. The converged profile described above is assumed, for
example, a plurality of skewed surfaces surrounding the cross
section of the tuft while converging toward the top edge, or what
is called roof shape in Japanese house.

An adequate range of profile and size of the converging portion
formed at the tip-portion of the wide tuft is determined depending
on the interdental gap and depth at the target region for brushing.
In general, the size range of the converging portion is that the
size of the tip profile is larger than 0 mm and not larger than
8 mm in major axis (w) and larger than 0 mm and not larger than
3 mm inminor axis (d), and that the size of the root of the converging
portion is from 3 to 10 mm in major axis (W) and from 1 to 3 mm
in minor axis (D), and that the height (h) of the converging portion

is from 0.5 to 4 mm.
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The wide tufts having convérged tip-portion are preferably
arranged at outermost periphery of the tufting area along the outer
profile of the tufting base.

Filament structui:-ing the wide tuft may be thinner than the
filament in other tufts. |

A preferable example of toothbrush is the one having a
plurality of wide tufts each of which has a converging portion at
a tip portion thereof to converge toward the tip having a shape.
of dot, line, or plane, and which plurality tufts are arranged on
both lateral sides of the tufting base along the 'outer profile
thereof while directing the wide face of the tuft. in- the

longitudinal direction of the tufting base, wherein the size of '

- a tip portion of the wide tuft is larger than 0 mm and not larger _

than 8 mm in major axis (w) and larger than 0 mm and not larger
than 3 mm inminor axis (d), and the size of the root of the converging
portion of the wide tuft is from 3 fo 10 mm in major aﬁ:is (W) an(_i
from 1 to 3 mm in minor axis (D), and the height (h) of the converging
portion is from 0.5 to 4 mm, and wherein a plurality of round tufts
each of which has 1.6 to 2.0 mm of root diameter are arranged along
the longitudinal direction of the tufting base at ‘a lateral -
intermediate position between the wide tuft rows. The term“larger
than 0 mm” given as the lower limit of major axis and minor axis
of the tip-portion size described in the above-given figures is
assumed that only a single filament exists at the .ti'p of the tuft

in each described side.
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Tt is more preferable that the tip of the tufting base has
a tip-thinning round edge, wherein three tufts each of which has
4.0 to 10.0 mm’ of root area are arranged at the tip-thinning edge
part in a triangle arrangement while placing the apex of the
triangle arrangement comes to the tip of the round edge of the
tufting base..

A prof_ilé of converging portion formed at the tip-portion of
the-wide tuf_t may adopt the one, for example, converging starting
from outer periphery of the tuft and converging _toward a single
point folhlov.nring a smooth curve to form a nearly hemispherical
converging po,ri;ion.

Since an area where wide tufts are arranged in place of
conventional round tufts has no wide gap which was seen in
cp_nve'ntiohal round tuft arrangement, so that the wide tufts
simgltaneously touch the whole teeth surface, and efficient
cleaning of the tooth surface is achieved. Also, since the
tié-por_fion of the tuft is converged, the tip of tuft readily
reaches j.nterdental space and cervical margin, thus the plaque
deposited on these regions ié easily scraped out.

The numbér of filaments structuring the wide tuft- is larger
than that of the round tuft. Since these many filaments support
one another, the tuft increases its stiffness and becomes durable.
Accordingly, the tip of the converging portion formed at the tip
portion of tl_ie wide tuft readily reaches the deep portion of

cervical margin and interdental space. In addition, since thewide
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tuft simultaﬁeously touches a plurality of cervical margins, the
removal of plaque deposited on the cervical margins is pérfofmed
efficiently.

When the tip size and height of the converging portion are
specified in accordance with the second aspect of the invention
responding to the relation with the size of target tooth, brushing
with the toothbrush according to the present invention by the
scrubbing method allows the tip portion of the converging pofti’on
to enter into the interdental space smoothly and allows to reach
the deepest part of the interdéntal space. At the same time, the
filaments which are densely gathered within a range defined by the
size of the root of converging portion forcibly enter ‘“the
interdental spacé to remove the plaque deposited thereto ‘by the
strong rubbing action of the filaments against the inner wall

lsurface of the interdental space.

When the wide tu'fts having converging portion are arranged
at outermost periphery of the tufting area along the outer profile
of the tufting_ base, the wide tufts contact the cervical margin
smoothly.

If the filament structuring the wide tuft is thinnéf than the
f_ilament of othe.r tufts, the wide tuft provides a soft touch and
has strong stiffness. Therefore, the tuft performs excellent plaque
removal efficacy while suppressing excessive stimulation to -
gingiva.
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Further, when approximately hemispherical converged portion
is formed on the tip of wide tuft, the spherical surface touches
gingiva to press a relatively wide area thereof without damaging
the gingiva. Therefore, an excellent massage efficacy is provided,
and an excellent cleaning effect is given to the interdental
papilla.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view showing a typical example of toothbrush
.according to the present invention;

Fig_. 2 is a perspective view showing a tufting area of the
toothbruéh in Fig. 1;

Fig. 3 is a front view showing the tufting area of the
toothbrush in Fig. 1;

Fig. 4 is a side view showing the tufting area of the toothbrush
in Fig. i;

Fig. 5 is a vertical sectional view showing the tufting area
of the toothbrush in Fig. 1;

Figs. 6(a) to 6(c) illustrate individual stages for preparing
profile of the tip of a tuff;

Fig. 7 is a perspective view showing a wide tuft;

Fig. '8'(a) illustrates width and thickness of tooth, and Fig.
8(b) illustrates height of tooth;

Fig. 9(a). illustrates a dimensional relation of tooth width,
teeth pitch, and converging portion of a wide tuft, and Fig. 9(b)
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illustrates the state that the converging portion touches the teeth
surface;

Fig. 10 1s a front view illustrating the-state that the tufting
area touches the teeth surface;

Fig. 11 is a plan view illustrating the state that the tufting
area touches the teeth surface;

Fig. 12 is a plan view illqstrating the state that the
converging portion of a wide tuft enters into an interdental space;

Fig. 13 is a front view illustrating the state that the
converging portion of a wide tuft enters into a cervical margin;

Figs. 14(a) to 14(c) are front view illustrating the tufting
area in which an arrangement of tufts at the tip-thinning portion
is changed in accordance with another embodiment;

Fig. 15 is a front view illustrating the tufting area where
all the tufts are wide tufts;

Fig. 16 is a front view illustrating the tufting area where
the tufting base having a simple round tip-thinning portion is
arranged with wide tufts;

Figs. 17(a) to 17(c) illustrate other examples of the present
invention;

Figs. 18(a) to 18(c) show a modification example of the
converging portion formed at the tip of the wide tuft, where Fig.
18(a) is a fronﬁ view, Fig. 18(b) is a side view, and Fig. 18(c)

is a perspective view;
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Figs. 19(a) to 19(c) show a modificatidn example of the
converging portion formed at the tip of the wide tuft, where éig.
19(a) is a front view, Fig. 19(b) is a side view, and Fig. 19(c)
is a perspective view;

Figs. 20(a) to 20(c) show a modification example of the
converging portion formed at the tip of the wide tuft, where Fig.
20(a) is a front view, Fig. 20(b) is a side view, and Fig. 20(c)
is a perspectivé view;

Figs. 21(a) to 21(c) show a modification example of the
converging portion formed at the tip of the wide tuft, where Fig.
21(a) is a front view, Fig. 21(b) is a side view and Fig. 21(c)
is a perspective view;

Fig. 22 is a side view of a modification example of the
converging portion formed at the tip of the wide tuft; |

Figs. 23(a) to 23(g) showamodification example of converging
portion formed at the tip of the wide tuft;

Fig. 24 is a perspective viewshowing the toothbrush according
ﬁo another exampie of the present invention in which the cohverging
portion having an approximately hemispherical shape is formed at
the tip of the wide tuft;

Figs. 25(a) to 25(c) show the tufting area of the toothbrush
according to the example shown in Fig. 24, in which the converging
portion having an approximately hemispherical shape is formed at
the tip of the wide tuft, where Fig. 25(a) is a side view, Fig.

25(b) is a front view, and Fig. 25(c) is a plan view;
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Figs. 26(a) to 26(c) illustrate each step of the preparing
method of forming the converging portion having an approximately
hemispherical shape;

Fig. 27 is a front view showing the tufting area of a
conventional toothbrush;

Fig. 28 is a front view illustrating the state that the tufting
area of the conventional toothbrush contacts the tooth surface;

Fig. 29 is a plan view illustrating the state that the tufting
area of the conventional toothbrush contacts the tooth surface;
and

Fig. 30 is a front view illustrating the state that the tuft

of the conventional toothbrush is hard to enter the cervical margin.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Nekt, the present invention is described in more detail with
reference to the accompanying drawing. Fig. 1 is an entire view
showing a toothbrush according to the present invention having a
tufting area 2 at the tip portion of the handle 1.

Fig. 2 is a perspective view of the tufting area 2. Fig. 3
is a front view showing the tufting area 2 where description of
filaments is omitted. Fig. 4 is a side view showing the tufting
area. Fig. 5 is a vertical sectional view showing the tufting area
along the lateral center line thereof. The tufting area 2 consists
of a tufting base 3 and a group of tufts 4 vertically implanted
into the tufting base 3. The tufting base 3 consists of a body

portion 3a and a tip-thinning portion 3b with a rounded profile.
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The tuft group 4 consists of three rows arranged inthe lateral
direction of the body portion 3a of the tufting base 3, and the
tuft is wide along the longitudinal direction of the tufting base
3 while arranging the wide tufts 5,5,.., which have converged tip
portion, along the outer profile of the tufting base 3.

- Implanting that type of wide tufts 5 into the tufting base
3 is readily performed by positioning every tuft which was profiled
with a plurality of skewed surfaces surrounding the cross section
of the tuft while converging toward the top edge thereof, or what
is called roof shape in Japanese house, in a die for molding the
tufting base, and by integrating the root of the tuft with the
tufting base 3 using a synthetic resin injected into the die. The
implanting method differs from conventional piling method in which
the tuft is piled into the tufting hole using an anchor.

Although not shown, other method may be applied. For example,
the neck of the tuft to be implanted is fused with the surface of
the tufting base which accepts the tuft, and the tuft is welded
to the surface of the tufting base.

- Profiling the tip portion of the tuft is conducted by, for
example, a method illustrated by Figs. 6 (a) to 6(c). The method
comprises: (1) the step for inserting a tuft 11 into a cylinder
which is provided with a clamp 12 at a midway in the longitudinal
direction thereof, which clamp 12 stops and releases the front/rear
movement of the tuft 11 by the vertical movement, (Fig. 6(a)); (2)

the step for releasing the tuft 11 from the state of fixing by the
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clamp 12 and for profiiing the tip portion of the tuft in roof shape
by pressing a profiling rod 13 against the tip of the tuft, which
profiling rod has a tip poi:tion in a counter-shape to the target
profile of the tuft tip, (Fig. 6(b)); and (3) the step for holding
the tuft 11 by vertical movement of the clamp 12 and for cutting
the neck portion of the tuft by a cutter 14 into even the root of
the tuft, (Fig. 6(c)).
| As shown in Figs. 1 to 4, the area be‘_tween the wide tufts 5,
has a plurality of round tufts 6 each having a neck diameter ranging
from 1.6 to 2.0 mm. The illustrated example has only a single row
of the round tufts 6 in the center of the lateral width direction
of the tufting base. Howéver, the round tufts may be arranged in
plural rows.

At the tip-thinning portion 3b of the tufting base,
three tufts 7, 7, 7, each of which has a large neck area ranging
from 4.0 to 10.0 mm? are arranged in a triangle arrangement while
placing the apex of the triangle arrangement comes to the tip of
the triangle edge of the tufting base. The large neck area tufilzs
7, 7, 7 are in an oval shapé in Fig. 3, ::hough they may be in a
round shape.

Detail of the wide tuft 5 is shown in Fig. 7. The wide tuft
5 has a stereoscopic shape with elliptical section at its implanting
neck portion and roof profile at its end portion. The converging
portion 5a is configured by extending the filaments longer toward

inside of the tuft. The neck size and shape of the converging portion

This Sheet Has Been Replaced

=l i




5a are the same as those of the above-described neck of the tuft
at its implanting section. All the filaments in the tuft are
vertically stood from the tufting base. However, the filaments
may be inclined toward the center of the tuft (not shown).

The dimensions of the end portion of converging portion 5a,
namely major axis (w), minor axis (d), and converging portion height
(h), are determined taking into account of the size of tooth shown
in Figs. 8(a) and 8(b) and Figs. 9(a) and 9(b). As shown in Fig.
8(a), the définition is given as (w’) for the tooth width along
the dentition ¢ (d7) for the tooth depth in the direction of crossing
the tooth width direction nearly orthogonally, and (h’) for the
tooth height which corresponds to the length of tooth exposed on

the gingiva as shown in Fig. 8(b). Then, the average dimensions
of the todth crown on a permanent tooth expressed by the function
of these height (h’), width (w’), and depth (d’) aJ;e given in Table
-1, which expression is in accordance with the “Anatomy of Teeth”,
Dr. Kotaro Fujita, (Kinbara Publication Co., Ltd.) Tﬁus, the total

average of each of height (h’), width (w’), and depth (d’) becomes

h’" = 8.5 mm, w = 8.3 mm, and d’ = 8.9 mm.
—_—
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[Table 1]

List of average dimensions of crowns on permanent teeth

(Unit: mm)

Central Lateral Canine First Second
incisor incisor premolar premolar
Upper h’ 11.7 9.6 10.9 8.4 7.6
jaw
w’ . 7.9 . .
dar . 8.3 . .
Lower h’ . . 10.3 - .
jaw
W' L ] L ] - L ]
d' - - - - L]
First molar [Second molar |[Third molar
Upper h’ 7.2 7.0 6.0
jaw
w’ 10.6 9.6 8.9
da’ 11.8 11.6 10.6
Lower h’ 7.9 7.2 7.1
jaw
w' 11.4 11.6 10.5
a’ 10.8 10.9 10.1
Upper jawlLower JjawFront teeth|Back teeth|Total
average average average average average
h’ 8.6 8.4 10.1 7.5 8.5
w’ 8.3 8.3 6.9 9.1 8.3
da’ 9.3 8.4 6.9 10.1 8.9

Note: The front teeth average deals with canine, and the back teeth

average deals with premolar and molar.

Interdental width is assumed as the same as the center distance

between adjacent teeth, which is illustrated in Fig. 9(a).

If the

size of adjacent teeth is nearly equal to each other, the center
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distance betweeﬁ adjacent teeth becomes nearly equal to the tooth
width (w’), so that the interdental width can be expressed by the
dimension (w’).

Since the interdental depth may be assumed as a half of the
tooth depth (d’) at the most, or (d’/2), the interdental depth can
be expressed by the dimension (d’/2).

When these interdental width (w’) and interdental depth (d’/2)
are taken into account, the dimensions of major axis (w) and minor
axis (d) at the end of a convergihg pertion 5a, height (h) of the
converging portion 5a, and major axis. (W) at the neck of the
converging portion 5a are determined as follows.

Regarding the size of the end portion of the converging portion
5a, the major axis (w) is larger than 0 mm and not larger than 8
mm. When a tooth having minimum interdental width (w’) is
considered, a preferable major axis (w) is larger than 0 mm and
not larger than 5 mm, and a preferable minor axis (d) is larger
than 0 mm and not larger than 3 mm. When the capability of insertion
into interdental space and cervical margin is considered, a
preferable minor axis (d) is larger than 0 mm and not larger than
1 mm. Since the average of interdental width (w’) is 8.3 mm, if
only the major axis (w) at the converging portion 5a is 8 mm or
less, the converging portion 5a smoothly comes into interdental
space as shown in Fig. 9(a) and Fig. 9(b). The height (h) of the
converging portion 5a is in a range of from 0.5 to 4 mm. Althqugh

the average of interdental depth (d’/2) is 4.45 mm, the height (h)

“This Sheet Has.Been Replaced

| NWHWARDAL )




of the converging portion 5a is set to slightly smaller than the
value of interdental depth'(d'/2). The reason of setting smaller
than the interdental depth (d’/2) is to enhance the plaque removal
efficacy by entering the converging portion 5a into interdental
'space and also to forcibly introduce the portion of densely gathered
filaments into the interdental space succeeding to the converging
portion 5a. By the forceful introduction of the portion of densely
gathered filaments succeeding to the converging portion 5a deep
into the interdental space, the plaque deposited on the inside wall
surface of the interdental space is effectively removed by the
strong rubbing action of the forcibly entered filaments against
the inside wall surface of the interdental space. For fully
performing of the rubbing action of the forcibly introduced
filaments, the major axis (W) at the root of the converging portion
5a is preferably set to slightly la:;ger than the interdental width.
The upper limit of the major axis (W) at the root of the converging
portion 5a is aroﬁnd 10 mm. If a tooth has the smallest interdental
width (w’), most preferable upper limit of the major axis (W) is
around 6 mm. If the major axis (W) exceeds 10 mm, the portion of
densely gathered filaments become difficult to enter succeeding
to the converging portion 5a because individual filaments hinder
one another in their way. When the major axis (W) is taken as 6
mm or less, the portion of densely gatherea”filaments smoothly
enters interdental space for all sizes of teeth. The rubbing action

induced by the introduction of the portion of densely gathered
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filaments is not necessarily required for all interdental spaces,
and a shallow interdental space does not need such an action.
Accordingly, for a shallow interdental space, the major axis (W)
of 3 mm or more is sufficient in practical use. The reason why
the lower limit of the major axis (W) is set to 3 mm is that the
major axis (W) lower than 3 mm provides too thin thickness of tuft,
which reduces the contact area against interdental space and
cervical mé.rgin, and results in degradation of cleaning effect and
in poor stiffness of tuft. Therefore, f.he major axis (W) at the
root of the converging portion 5a 15 specified to a range of from
3 to 10 mm. If only the major axis (W) is in a range of from 3
to 10 mm, the igdividual wide tufts 5 show adequate elastic
deformation confoiming to the undulation of the dentition surface.

In the above-description, the lower limit of the major axis
(w) and minor axis (d) at the tip of the converging portion 5a is
“larger than 0 mm”. The expression is based on the assumption that
the tip of the converging portion may be structured by only a single
filament on both or either one of the major axis direction and the
minor axis direction. The present invention deals also with the
tuft that has an end having a shape of dot or line. When, however,
the tip becomes a dot. shape, the capability of insertion into
interdental space and cervical margin is improved, but the contact
pressure of the tip against a tooth decreases to tend to degrade
the strong brusﬁing effect on the target region (hereinafter

referred to simply as “brushing effect”). Although a line shaped

This Sheet Has Been Repl

HIIIIHIIIIHHIIIHH! )



end which has a minor axis (d) near to 0 mm provides favorable
insertion into cervical margin, the brushing effect tends to
degrade as in the case of dot shaped end. Accordingly, the minor
axis (d) is preferably increased within a range not to degrade the
capability of insertion, and the upper limit of the minor axis (d)
is around 3 mm.

Too short minor axis (D) at the root of the converging portion
5a fails to provide sufficient stiffness in the minor axis
direction. When the mindr axis (D) exceeds 3 mm, the stiffness
becomes too strong, and the arrangement of three rows or more in
lateral direction on the tufting base becomes difficult. In this
respect, the side dimension within a range given above allows
favorable brushing to remove plaque attached to the tooth surface
without damaging gingiva using ordinary nylon filament having a
size of 8 mil (1 mil = 0.0254 mm).

The filament structuring a wide tuft 5 is preferably thinner
than the filament structuring the found tuft 6. Since the wide
tuft contains lots of filaments, thinner filament can alsomaintain
the hardness of the whole tuft. Therefore, the efficient removal
of plaque attached to the tooth surface is attained while providing
the __soft touch on the gingiva.

" According to Figs. 1 to 4, the wide tuft 5 has the dimensions
of major axis (W) of 4.6 mm and minor axis (D) of 1.6 mm. Three
tufts are arranged in the longitudinal direction of the tufting

base. The number of wide tufts 5 along the longitudinal direction
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of the tufting base is not limited to three. Nevertheless, for
the wide tuft 5 having the above-described dimensiohs, the number
is preferably 3 or less.

That type of toothbrush is particularly suitable for brushing
by a scrubbing method. According to the scrubbing method, the
longitudinal direction of the handle is fit for the direction of
dentition, and the brushing face of the tufts is pressed against
the teeth surface while keeping the direction of matching, then
the tufts are finely reciprocated in mesial and distal line
directions. The brushing method performs most effective brushing
against the teeth surface and most effective plaque removal. That
is, the toothbrush has wide tufts 5 at the body portion 3a of. the
tufting area 2 so that the gap between tufts is small, which
arraﬁgement performs simultaneous contact of lots of tufts to the
teeth surface A as shown in Fig. 10 and Fig. 11, toachieve efficient
brushing on the teeth surface. The converging portion 5a which
is formed at the end portion of the wide tuft 5 enters into
interdental spaée , as shown in Fig. 11, and the end of the tuft
reaches deep into the interdental space to remove the plaque
deposited therein. A similar effect is attained also to the
cervical margin, and the converging portiori 5a easily enters
cervical margin € as shown in Fig. 13. Even when the scrubbing
method is not applied, a simple brushing under a condition to match

the major axis of wide tuft with the tooth axis allows the end of
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thé tuft to reach deep into the interdental space B, as shown in
Fig. 12.

Since the wide tuft 5 contains large number of filaments
supporting one another, the stiffness as the total wide tuft 5 is
strong, and the plaque removal efficacy is very high. Although the
tuft is in a wide shape, the wide face does not extend to the whole
length of the tufting base, and a plurality of wide tufts are
arranged along the longitudinal direction of the tufting base.
Accordingly, the wide tuft 5 is allowed to give adequate elastic
deformation along the dentition, and the row of wide tufts 5 allows
air permeation, which functions keeps the tufting area in clean
state.

Since a densely gathered tufting portion is formed at the
tip-thinning portion of the tufting base by the triangle
arrangement of tufts each having large cross sectional area, the
densely gathered tufting portion is used to scraping out the plaque
deposited in interdental space and cervical margin, and further
in deep section on occlusal surface. of molar.

. Hereunder, the description is made of another embodiment.

Figs. 14(a) to (¢) show different modes of tuft implanted to
the tip-thinning portion 3b of the tufting base of the above-
described toothbrush. Fig. 14(a) shows an arrangement' placing
round tufts 6 having ordinary size at the tip-thinning portion 3b.
Fig. 14(b) shows an arrangement placing a single very thick round

tuft 8. Fig. 14(c) shows an arrangement changing the single tuft
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in Fig. 14(b) jto a tuft 9 having similar figures to the outer profile
of the tufting base. All of these arrangements provide the plaque
removal efficacy by the tuft implanted at the tip-thinning portion
3b adding to the plaque removal efficacy by the wide tufts 5
implanted in the tufting body portion 3a. Particularly in Fig.
14(b) and Fig. 14(c), since the single tuft is very thick, and the
stiffness of the single tuft is véry strong, the plaque removal
efficacy is high. The filament struéturing the large cross
sectional tuft may be thin similar to that of filament structuring
the wide tuft 5 to perform high plaque removal efficacy while
keeping the soft touch to gingiva.

Fig. 15 shows an arrangement giving all the tufts on the body
portion 3a of the tufting base are wide tufts.

Fig. 16 shows a tufting base having a tip~thinning portion.
In that ecase, no fuﬁdamental difference occurs in terms of plaque
removal efficacy with the wide tuft 5, though the positioning of
the tip portion of thé tufting base to a narrow region in deep part
of oral éavity is not easy.

Fig.._ 17(a) shows an arrangement of four rows of tufts along
lateral direction of the tufting base. Fig. 17(b) shows an
arrangement of four wide tufts 5 along the longitudinal direction
of the tufting base. Fig. 17(c) shows an arrangement of two wide
tufts 5 along the longii:udinal direction of the tufting base.

Various profiles are applicable as the shape of converging

portion formed at the tip portion of the wide tuft 5. For example,
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the converging portion having an end in line shape (Figs. 18(a)
to 18(c)), the.one having an end in dot shape (Figs. 19(a) to19(c)),
thé one having an end skewed to raise toward an edge along wide
axis of the tuft 5 (Figs. 20(a) to (c)), the one having two end
(Figs. 21(a) to 21(c)) are applicable. An end portion having an
end plane of specific area.may be applicable (not shown). These
converging portions are symmetrical to the centerline along the
wide face direction of the wide tuft 5. However, as shown inFigs.
22(a) to 22(g), the converging portion may be asymmetrical to the
centerline along the wide face direction.

The root shape of the wide tuft 5 is also arbitrary. For
example, various shapes may be applicable as illustrated in Figs.
23(a) to 23(g). These illustrated root shapes are novel ones, and
provide fresh design appearance. Various wide tufts having these
tuft end porfioqs and neck shapes are readily available by using,
for example, the‘- above-described tip profiling method and integral
tufting during injection molding process. |

The above-described converging portions have a constant or
nearly constant slope raising from the neck to the end thereof.

The angle of slope, however, may be varied. Fig. 24 and Figs.

25(a) to 25(c) show an example of varied slope angle at the

converging portion. According to the example, the profile of
converging portion formed at the tip portion of the wide tuft 5’
has an approximately hemispherical shape which starts from the

outer periphery of the tuft and converges to a single point while
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drawing a smooth curve. With that type of converging portion
profile, the spherical surface touches the gingiva to press over
a relatively wide area thereof without damaging thereto, which
assures an excellent massage efficacy and superior cleaning effect
on interdental papilla.

The forming method of +that type of approximately
hemispherical cohverging portion is similar with that of other
converging portions described above. For example, as shown in Figs.
26(a) to (c), a method touse a profiling rod 13a having a tip portion
in a counter-shape to the near hemispherical target profile of the
tuft. |
[Embodiments]

To confirm the efféct of the toothbrush according to the
invention, a comparison test was conducted on plaque removal
efficacy.

The test used a toothbrush according to the invention shown
in Fig. 1 and a conventional toothbrush. The applied toothbrush
according to the invention had the dimensions of 2.4 mm in major
axis (w), 0.5 mm in minor axis (d), 4.6 mm in major axis (W), and
1.6 mm in minor axis (D), and 1.0 mm in height (h) at the converging
portion, and had an arrangement of six rows of round tufts 6 in
series, each tuft having 2 mm in diameter, (refer to Fig. 3), and
had three thick tufts 7 each having 6.3 mm’ of root area, (refer

to Fig. 3).
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The applied conventional toothbrush had round tuft with 1.9
mm in diameter and with a flat tip (straight cut profile) for all
of the implanted tufts, and had simple round tip edge portion on
the tufting base, not tip-thinning profile.

The fest was conducted for 30 students of the department of
dentistry, who were accepted as in relatively good oral hygiene
condition. The selected target regions werel(l) central incisor,
(2) first premolar, (3) first molar, and (4) second molar. For
each of the selected tooth, plaque score was determined at: two
points on mesial and distal line angles of cheek and lips aspects;
one point on middle line of cheek and lips aspects; two points on
mesial and distal line angles of lingual and palatal aspects, and
one point on middle line.of lingual and palatal aspects; accounting
for total six points. The average amount of plaque removal for
each region or each tooth type was computed using the following
equation.

#(amount of plaque removal) = (amount of plaque score on the
control toothbrush) ~ (amount of plaque score on the toothbrush
according to the invention or on the conventional toothbrush)”

Total 30 subjects were divided into two groups each containing
15 subjects. Both groups used the control toothbrush for 3 days
as a preparation period. Then, one group used the toothbrush
according'to the invention for 4 days, and the other group used
the conventional toothbrush for 4 days. The plaque score was

determined at the end of both the preparation period and the
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experimental_ period. Then, both groups used the control toothbrush
again for 3 days as the preparation period, and each of the group
used corresponding toothbrush which was different from that used
in the preceding experimental period for 4 days. The plaque score
was determined at the end of both the preparation period and the
experimental period. The determination of the plaque score was
conducted by dyeing the plaque with a plaque dye solution, and by
applying a probe to each region. The probe was touched to the tooth
surface in parallel direction to the tooth axis, and the
determination was given in every 0.5 mm of plaque height from the
cervical margin. |
Although, the method and cycles of brushing were not
specified, and the toothpaste applied through the tgst period was |
a toothpaste of low abrasive type with no claimed therapeutic agent.

Result is shown in Table 2 and Table 3.
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[Table 2]

‘|Central |First First |[Second [Molar |Distal line angles

incisor |premolarimolar [molar of second molar
Example 0.34 0.35 0.47 0.59 0.54 0.57
Conventiona| 0.26 0.22 0.37 0.39 0.38 0.32
1 Example
[Table 3]

Total [Upper |Lower |Cheek and/Lingual Angles |[Center

jaw jaw lips and part of
aspects palatal cervical
aspects margin

Example 0.47 |0.51 |[0.42 |0.56 0.37 0.46 0.47
Conventiona [0.34 |0.38 |0.29 |[0.33 0.35 0.35 0.29
1 example '

(Unit: mm)

As shown in Table 2 and Table 3, the toothbrush according to
the invention is extremely superior in the plaque removal efficacy
at all the regions to the conventional toothbrush.

since the toothbrush according to the present invention
positions the wide tufts at the main part of tufting area and redﬁces
the gap in the main part of the tufting area in the longitudinal
direction thereof, the area of teeth surface contacting the tufts
simultaneocusly is increased to allow efficient brushing.on the
teeth surface. Since the tip portion of the tuft is converged,
the tip portion of the tuft easily reaches the interdental space
and the cervical margin,

and readily scrapes out the plaque

deposited on these regions, thus efficiently removes the plaque
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on all oral regions such as teeth surface, interdental space, and
cervical margin.

Since a lot of filaments structuring the wide tuft support
one another, the wide tuft provides strong stiffness as a whole,
and effectively removes the plaque attached to the tooth surface
while maintaining durability of the tuft.

According to the second aspect of the present invention,
specifying individual dimensions of the converging portion in a
specific range allows the end portion of the converging portion
smoothly to enter the interdental space and the ce:vicai margin
to allow the tip to reach the deepest part of these regions, so
that the plaque in these regions are effectively removed. The
effect is particularly enhanced by brushihg_by the scrubbing
ﬁethod;

According to the third aspect of the present invention, the
arrangement of wide tufts at the outermost periphery along the dutér
profile of the tufting base ensures the simultaneous contact of
the whole wide tufts arranged at the outermost peﬁiphery of the
tufting base to thé teeth surface.

According to the fourth aspect of the present invention,
thinner filament structuring the wide tuft than.the filament
structuring other tufts allows to keep:the stiffness as the whoie
tufts while keeping soft touch to the gingiva so that excellent

plaque removal efficacy is attained without damaging gingiva.

“This Sheet Has Been Replaced

30 l



According to the fifth aspect of the present invention, when
a plurality of wide tufts each having a converging portion having
dimensions within the specified range are arranged on both edges
of lateral dq’.rection of the tufting base along the outer profile
of thereof and when a plurality of round tufts each of which has
1.6 to 2.0 mm of neck diameter are arranged along the longitudinal
direction of the tufting base at a lateral intermediate position
between the wide tuft rows, the fabrj_.cated toothbrush has balanced
functions that the plaque deposited on tooth surface and deposited
in interdental space and cervical margin is effectively removed,
'and that the tufts have adequate flexibility to show elastic
deformation along the ups and downs of the dentition surface.

According to the sixth aspect of the present invention, when
the tip of the tufting base has a tip-thinning round edge, and when
three tufts each of which has 4.0 to 10.0 mm’ of root area are arranged
at the tip-thinning edge part in a triangle arrangement while
placing the apex of the triangle arrangement -comes to the tip of
the round edge of the tufting base, the tip-thinning round edge
is easily pointed at an ora.l deep part, and the strong stiffness
of the thick tuft implanted in the round edge area removes the plaque
deposited at intricate regions of interdental épace and cervical
margin, further at occlusal surface of molar.

When a converging portion having an approximateiy
hemispheriéal shape is formed at the tip of the wide tuft, the

spherical surface touches the gingiva to press relatively wide area
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without damaging thereof, so that the excellent massage efficacy
is attained and the superior cleaning effect is achieved at

interdental papilla.
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WHAT IS CLAIﬁED IS: -

1. A toothbrush having a tufting area at a head part of a
handle, characterized in that at 1east one of a plurality of tufts
constituting the tufting area is wide extending along the
longitudinal direction of a tufting base, and a profile of tip
portion of the tuft is converged toward the end havincj a shape of
dot, line, or plane.

2. A toothbrush as claimed in claim 1, wherein: the size of
the end profile formed at the end portion of the wide tuft is larger
than 0 mm and not larger than 8 mm in major a#is (w) and 1arger
than 0 mm and not larger than 3 mm in minor axis (d); the size of
the root of the converged portion is from 3 to 10 mm in major axis
(W) and from 1 to 3 mm in minor axis (D); and the height (h) .of
the converged portion is from 0.5 to 4 mm.

3. A toothbrush as claimed in claim 1 or claim 2, wherein:
the wide tufts each having the converged pbrtion are arranged alon§
the outer profile of the tufting base at the outermost periphery
of the tufting area.

4. Atoothbrush as claimed in any one of claims 1 to 3, wherein:
a filament constitﬁting the wide tuft is thinner than a filament
in other tufts.

5. A toothbrush having a tufting area at a head part of a
handle, wherein: a plurality of wide tufts which are wide extending
along the longitudinal direction of a tufting base, and each of

which has a converging portion at an end portion thereof to converge
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toward a tip having a shape of dot, line, or plane are arfanged
on the width direction of the both side of the tufting base along
the outer profile thereof; and the size of an end portion of the
wide tuft is larger than 0 mm and not larger than 8 mm in major
axis (w) and larger than 0 mm and not larger than 3 mm in minor
axis (d); and the size of the root of the converged portion of the
wide tuft is from 3 to 10 mm in major axis (W) and from 1 to 3 mm
in minor axis (D); and the height (h) of the converged portion is
from 0.5 to 4 mm; and a plurality of round tufts each of which has
1.6 to 2.0 mm of neck diameter are arranged along the longitudinal
direction of the tufting base at a lateral intermediate position
between the wide tuft rows. |

6. A toothbrush as claimed in claim 5, wherein: the tip of
the tufting base has a tip-thinning round edge; and three tufts
each of which has 4.0 to 10.0 mm* of neck area are arranged at the
tip-thinning edge part in a triangle arrangement while placing the
apex of the triangle arrangement comes to the tip of the round edge
of the tufting base.

7. A toothbrush as claimed in claim 1, wherein: the wide tuft
has a converged portion at the tip thereof converging starting from
outer periphery of the tuft and converging toward a single point
following a smooth curve to form an approximately hemispherical

converging portion.
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