OF INV N
Dental magnetic attachment

UND OF THE INVENTION
Field of the Invention :
The present invention relates to a dental magnetlc
attachment which stabilizes a denture on tooth roots.

Description of the Related Art

Various tybes of dental attachment utilizing magnetic

attraction as shown in Figs. 11, 12, and 13 (Japanese patent

application Laid-Open (Kokai) No.
up to date.

1-303145) has been developed

In Fig. 11, a denture oonsists of artificial teeth

95 and the denture base 94. The artificial teeth are made of

ceramics of plastics, and the denture base is made of pléstics

and the like. In the denture base dental magnetic attachment

is embedded facing to the keeper 93. The keeper 93 is embedded

in the top of the root surface 930. The root surfacé 930 is

formed on the top of the tooth.root 92. The denture is retained

“by magﬁetic aﬁtractive force acting between the attachment and

the keeper. In Fig. 11, 96 indicates gingiva, 99 indicates a

denture placed on upper palate. _
A"dental magnetic attachment shown in Figs. 12 and 13
comprises'a magnet body 81, a pair of yoke plates 82, a spacer'

83, a keeper 93 and a cap 84 to cover periphery of these

elements exgept on the side of the keeper 93. The elemenps

except magnet are welded together on the side of the keeper.

The magnet body sandwiohed'by a pair of yoke plates is placed




on the spacer and has its magnetic poles to face the yoke

plates. The yoke plates and the keeper are made of corrosion

resistant soft magnetic material. The cap and the spacer are

made of corrosion resistant non-magnetic material,

Miniaturizing in size is strongly required for dental
magnetio gttaéhments so that it can be fit in the denture base
having narrouw free space of approximateiy 2 mm in the height.
Even miniaturizing small amount of 0.1-0.3 mm in the height
brings considerable advantage in design and preparation of
dentures.

Other' major requirements are strong magnetio attracti#e-
foroe above 500 gf and sufficient corrosion resistance in oral
cavity. Magnetic force which intensity is proportionél.to the
magnet‘size is contradictory to miniaturization of the
attachments.

Attachments having the structure mentioned above face

difficulty in further miniaturization while keeping enough
attraotive force with them.

UMMARY OF THE_INVENTION
An object of the invention is to provide a dental magnetic
attachment having exceedingly small size, enough corrosion
resistance and sufficient attractive foroe.
A dental magnetic attachment acoordiﬁg to the present

invention comprises a magnet body with a magnet cover, a pair

of yoke plates and a keeper. The'magnet'body and the magnet

cover are fixed together by insertion or resin adhesive. The



yoke plates and the magnet cover are welded ‘together. The

magnet body with the cover is sandwiched by a pair of yoke
plates and has its magnetic poles to face the yoke plates. The

material of the yoke plates and the keeper may be the same as

those of prior art. The material of the magnet cover may be

the same as the cap of prior art.

The Pt'esent dental magnetic attachment is embedded in the

denture base to face to the keeper. The keeper is embedded in

the top of the root surface.' |
Notable difference between prior art and present invention

is the method of sealing of corrosive magnet. In prior art the

whole elements including magnet are covered by a -cab. On the
other hand, present invention the lateral faces of magnet are

sealed by the magnet cover as shown in Fig. 1.

A rare-earth permanent magnet, such as Sm~Co magnet or Nd-

Ee-B magnet, having a maximum energy product of at least 20

. MGOe is recommendably used for the magnet body. A corrosion

resistant soft magneﬁic alloy having saturation magnetic flux
density of at least 13000G and permeability of at least 3000 is
.re'commenda'bly used for the yoke plates and the keeper.

Suitable material is ferritic stainless steel such as 19Cr-2Mo-
T4 steel of 17Cr-2Mo-Ti steel. |

The kinds of corrosfon resistant non-magnetic material
used for magnet cover are SUS316L stainless steel, Ti and its
alloys, Pd-Co-Ni alloys, Au and its alloys; and Au-Pd alloy.

The yoke plates and the magnet cover are welded or

soldered along periphery of the magnet cover. Laser welding

and electron beam welding forms superior Join‘c surface whioh is



gooa in.flatness and narrow in welding width.

It is preferable that the yoke plate 12 has round or
inclined face izs on the upper side opposite to magnet as shown
in Fig. 5. It is also preférable that the magnet body and the
maghet cbver have inclined face 134 on the opposite si@e to the
keeper as shown'in Fig. 8. The shape mentioned above causes no
deterioration in magnetic attractive force because it does not
disturb the flow of magnetic flux. And it enables the volume of
the attachment to become small. The shape also provides easy
insertion of the attachment to the denture base. _

Furthermore it is preferable that the yoke plate héve a
groove on the outer side, The groové makes strong adhesion of
the attaohment to the denture base. Namely, the attachment is-
fixed to the denture base made of resin or the llke with
adhesive. Resin deterioration is apt to cause trouble that the

.attachment falls off from the denture base.

" However the groove fiiled with resin holds the attachment
_meohanically-to the denture base. So tﬁat it can prevent
fallihg off of attéchment from the denture. base.

The groove is formed along the outer side of the'keeper.

The groove can be formed to cover the whole outer side of the
yoke plate of a part of it.

| Although the'invehtion presented above is désoritéd for

the case that the keeper is set in the root surface and'the

attachment in the denture base, the present invention ihciudes

the case in which the keeper and the attachmént are placed vise

versa. In latter case the structure of the attachment is the



. same as the one deseribed above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an' exploded perspective view of the first
- embodiment of a dental attachment according to the present
invention;

?ig. 2 is a perspective view of the first embodiment of a
dental attachment according to the present invention;

Fig. 3 is a séctional illustration taken along line A-A of
Fig. 2; '

Fig. 4 is a diagéam to illustrate the dimension of the
firsﬁ embodiment along the diréction of thickness;

Fig. 5 1is perspective view of the secoﬁd embodiment of a
dental attachment according to the present invention;

Fig. 6.is a diagram to illustrate the dimension of the
second embodiment along the direction of width;

Fig. 7 is a diagram'to illustrate the dimension of the .
seoond embodiment along the direction of width;

Fig. 8 is a perspective view of the third embodiment of a
dental atfachment acéording to the present invention:

Fig. 9 is a diagram to illustrate the dimension of the
third embodiment along the direction of_width;

Fig. 10 is a diagfam to illustrate the difference between
‘prior art (A) and present invéntion (B);

Fig. 11 is an illustration of the denturé utilizing prior
art; |

Fig. 12 is-an illustration of the dental magnetic

attashment by prior art;



Fig. 13 is and exploded perspective view of the dental

magnetic attachment by prior art;

. ED_EMBODIMENTS OF ESENT ENTIO

Three kinds of the embodiments according to the present
invention will be described with reference to Fig. 1 to Fig. 9.-

The first example, as shown in Fig. 1 to Fig. 4, comprises
a magnet body 11 with a magnet cover 13, a pair of yoke plates
12 and a keeper 3. The yoke plates and the magnet cover are
1asér we1§ed together. - The magnet body with the ocover is
. sandwiched by a pair of the yoke plates and have its magnetic
pole to face the yoke plétes. The yoke plateé and the keeper
are made of 19Cr-2Mo-Ti stainless steel. The magnet cover is
made of SUS316L stainless steel.

The magnet body 11 is inserted.in the opening 131 of the
magnet cover 13. Shape and dimension of the magnet body 11 are
as same as those of opening 131. The magnet body 11 and the
magnet cover 13 are fixed together by insertion.

The magnet body 11 is a rectangular plate. The shape of
magnet cover and its opening is rectangular. Outer side of the
yoke plates 12 is round when they rare viewed from top of the
attachment and flat in opbosite side which faces to the magnet.

Second example as shown in Fig. 5 to FIg. T has yoke
plates 12 with inclinéd faces 125 and grooves 126 on the side
opposite to the magnet.

The inclined face 125 is formed on the upper side opposite

to the keeper and its inclination is about 30 degrees. The



gréove 126 formed along the round outer side of the ydke plate
has a constant depth. Other specifications are as same as the
first e¥ample.

. Third example as shown in FIg. 8 and Fig. 9 has a magnet
cover 13 with inclined faces 134 on the opposite side to the
keeper. Accordingly the magnet tody 11 has same inclingd face
on the same side. Other specifications are as same as the
second example. |

Now four kinds of dental magnetic attachﬁents,_Sample 1,
Sample 2, Sample 3 ahd'§amplé 4, were produced accordihg to the
presgnt inyention and the attractive force (gf) and reluctance
against falling off (kgf) were measured as shown in table 1 to
table 6. _

An attachment produced by prior art is also submitted to
same measurements as comparison. |

The structure of sample 1 corresponds to that of the first
embodiment of present invented attachment, sample 2 t§ the
second embodiment, and sample 3 and 4 to the embodiment 3.

The dimension, magnetic properties and the material ﬁsed
. for elements of the sample 1 through 4 and a comparative sample
are shown in tables 1 to 5. The elements mentioned above are
the magnet body, the magnet cover, the yoke plates, the groove
and the keeper.

Table 6 shows the dimension, attractive force, reluctance
of falling off of assembled attachments.

The dimension of the top. side is defined by widfh and
thickness of the top side (the opposite to the keeperi of the

attachment. -



The width mentioned above means the length of the top face
measured along the diréction parallel to the magnet polé face,
as shdwg Fig. 1. The thickness mentioned above means the
length of the top face measured along'the direction normal to
the magnet pole face, as shown in FIg. 1. |

The dimension of the bottom side is defined by width and
thickness of the bottom side (facing to the keeper) of the
attachment. -

The sample 1 with no inclined face in the upper part has
the dimensions of the top side equals to that of bottom side as
shown in Table 6. The samples 2, 3, and 4 with inclined face
have ‘the dimensions of the top side different from that of
bottom side. The dimensions of bottom side of samples 1
through 4 are fixed to the common value. The thickness of the
comparative sample is 0.2 mm longer than that of samples of
present invention. The maximum height means the height of
aésembled attachment. The shoulder height means the height
from bottom to the lower end of inclined face.

The magnetic attractive force between the attachment and
the keeper was measured by an Instron type tensile measuring
apparatus. The reluctance of falling off is defined by fensile
force és pulling out attachment from the denture base measured
bj the apparatus mentioned‘abovet The attachments were
cemented in resin denture base with adhesive cdmmonly used in

prosthetics.

The specifications of the attachments as shown in tables 1
to 5 is described as folows.
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. At first, the speciication of sample 1 shown in table 1 is
descfibed using Fig. 4. The magnet body 11 has the thickness
~ t2 of 1.0 mm, the thickness of material R of 0.1 mm, the width
wWof .2 m.

The yoke plate 12 has the thicknesé't1 of 1.0 mm, the
height H of 2.1 mm, the width w (sée Fig. 7) of 4.2 mm.

The keepers of sample 1 through 4 have the thickness K2 of
3.0 mm, the width of 4.2 mm which are same as that of
attachments, and the height K1 of 1.0 mm. The keeper of
comparative sample has same width and height of sample 1
through 4, but the thickness of 3.2 mm.

| For example 2, 3 and 4 having inclined face, shoﬁlder
height h2 defined in Fig. 6 are shown in table 2, 3 and 4.
Also, the width, depth and length of the grooves are shown,

Now the results of measurements given in.tabie 6 are
described as follows. | | |

The attractiire force of sample 1 equal to that of the
comparative sample, although sample 1 has smaller size with 3.0
mm, thickness which is 0.2 mm less than that of comparative
one. Here the samples have same width of 4.2 ﬁm.

Sample 2 has edual attractive force to the comparative
sample although the volume of sample 2 is reduced by inclined
face at the upper part of yoke plates. This means that
inclined face provides increase of attractive force per unit
volume. .

Sample 3 also has same level of attractive force in spite
of further miniaturization by placing inclined fac,eé in both

yoke plates and the magnet body.
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Sample 4 has same dimension as sample 3 but Nd-Fe-B magnhet
higher energy product of 35MGOe is used in it. The Nd-Fe-B
magnet increases the attractive force than that of the

comparative sample.

Sample 2, 3 and 4 having grooves 126, 127 shows réluctance

in falling off from the denture base.



Table 1. Dimension of the Elements of Sample 1

11

Dimension (mm)

Magnetic property

Matenal

magnct body

thickness 1.0
height 1.9
width4.0

32MGOc

magnct cover

thickness 1.0

height 2.1

width 4.2

material thickness 0.1

permeability=1.02

'ISUS316L

yoke plate

thickness 1.0
height 2.1
width 4.2

1.6T

19Cr-2Mo-Ti .

groove

nonc

keeper

height 1.0

1.6T

19Cr-2Mo-Ti

Table 2. Dimension of the Elements of Sample 2

Dimension (mm)

Magnetic property

Material

magnet body

thickness 1.0 -
height 1.9
width 4.0

32MGQe

magncet cover

thickness 1.0

height 2.1

width 4.2

matenial thickness 0.1

permeability=1.02

SUS316L

yoke plate

thickness 1.0
height 2.1

shoulder height 1.64
width 4.2

1.6T

19Cr-2Mo-Ti

groove

width 0.2
depth 0.2
length 4.2

keeper

height 1.0

1.6T

19Cr-2Mo-Ti




Table 3. Dimension of the Elements of Sample 3

12

Dimension {mm)

Magnetic property

Material

magnet body

thickness 1.0
height 1.9

shoulder height 1.64
width 4.0

32MGOe

magnet cover

thickness 1.0

height 2.1

shoulder height 1.64
maximum width 4.2

minimum width 2.4

material thickness 0.1

permeability=1.02

SUS316L

yoke plate

thickness 1.0
height 2.1

shoulder height 1.64
maximum width 4.2
minimum width 2.4

16T

19Cr-2Mo-Ti

groove

width 0.2
depth 0.2
length 2.0

keeper

height 1.0

1.6T

19Cr-2Mo-Ti

Table 4. Dimension of the Elements of Sample 4

Dimension {(mm)

Magnetic property

Material

magnet body

thickness 1.0
height 1.9

shoulder height 1.64
width 4.0

135MGOoe

Ndj4Fe7Bg

magnet cover

thickness 1.0

height 2.1

shoulder height 1.64
maximum width 4.2
minimum width 2.4

material thickness 0.1

1 permeability=1.02

SUS316L

yoke plate

thickness 1.0
height 2.1

|shoulder height 1.64

maximum width 4.2
minimum wiclth 2.4

1.0T -

19Cr-2Mo-Ti

|groove

width 0.2
depth 0.2
length 2.0

keeper

height 1.0

1.6T

19Cr-2Mo-Th
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Table 5. Dimension of the Elements of Sample 5

Dimersion (mm) Magnetic property Material
thickness 1.0
magnet body height 1.9 32MGOe SmyCoy4
width 4.0
thickness 1.0 ,
yoke plate height 2.0 1.6T 19Cr-2Mo-Ti
width 4.0
thickness 1.0
spacer height 0.1 permeability=1.02 SUS316L
width 4.0
periphery of assembled
cap attachment permeability=1.02 SUS316L-
material thickness 0.1 i
keeper height 1.0 1.6T ‘|19Cr-2Mo-Ti
Table 6. Results of the Measurements
sample 1| sample 2 | s: t comparative
) ampie 2 | sample 3| sample 4 sample
dimension of top side width 4.2 4.2 2.4 2.4 4.2
(mm) - thickness 3.0 1.4 1.4 1.4 3.2
dimension of bottom side | Wwidth 4.2 4.2 4.2 4.2 4.2
(mm) thickness- | 3.0 3.0 3.0 3.0 3.2
maximum  height (mm) 2.1 2.1 2.1 2.1 2.1
shoulder height (mm) 2.1 1.64 1.64 1.64 2.1
aftractive force (gf) 628 630 620 645 630
reluctance against falling off (kéf) 16 27 27 27 16
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Now the advantage of ﬁresent invention to prior art in
preparing'denture is described usiﬁg comparative samp;e in Fig.
10 (A) and sample 3 in Fig. 10 (B). _

As'shown in Fig. 16 (A), denture should be formed along.
the dottgd line 71 and 73. However comparative sample is large
inlthe height and the thickness so that the denture base has to
be formed along the line T11, and artificial tooth 95 along the
line 731. The line 711 causes unpleasant feeling of_having
alien substance in oral cavity. The line 731 causes mechanical
.weakness of artificial tooth.

One the other hand sample 3 having smaller size in the
height-and the thickness with the inclined face enables ideal
line .of 75 and T6. "Particularly the inclined faces 125
contribute to form the lines as Fig. 10(B) reveals. The linse
75 causes no ill feeling to tongue. The line 76 ensures
sufficient mechanical strength to artificial tooth.

As conclusion, present inventioﬁ provides significant

advantages is prepaping dentures.
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‘What is claimed is:

1. A dental magnetic attachment embedded in the denture
base so as to face a soft magnetic keeper embedded in the top
of the root surface comprising: _

" a magnet body with a magnet cover sandwiched by a pair of
yoke plates and have its magnetic pole to face the yoke plates,

a magnet cover hade of corrosion resistant non-magnetic
material covering lateral face of the magnet quy,

a pair of yoke plates made of corrosion resistant soft
magnetic material, '

a keeper made of corrosion resistant soft magnetic '
material, in condition that the yoke plates and the magnet
cover.wélded together.

2. The dental magnetic attachment as set forth in ciaim
1, wherein, a pair of -yoke plates has round or inclined face on
the upper side opposite to the magnet body.

3. The dental magnetic attachment as Set forth in claim
2, ﬁhefein, a palr of yoke plates has a groove on the outer
side of each.

L, The dental magnetic attachment as set forth in claim

2, vwherein, a magnet body and a magnet cpver have inclined face

on the opposite side to the keeper.



