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(57) Abstract

A toothbrush (1) employing a force indicator which visually and tactually signals the user that a predetermined brushing
force has been exceeded. The force indicator is comprised of a resilient twin beam structure located between the toothbrush han-
dle (2) and the toothbrush head (5) which includes a scrubbing or polishing medium, typically bristles (13). The twin beam struc-
ture is itself comprised of a back side beam (15) and a face side beam (14). During normal use, the back side beam (15) is subject-
ed to compressive stress whereas the face side beam is subjected to tensile stress (14). The at rest configuration of the back side
beam permits it to behave as an upwardly convex arch upon initial application of compressive force resulting from a user grip-
ping the handle (2) and bringing the bristles (13) or other cleansing or scrubbing medium in contact with the teeth and gums.
When a predetermined force is exceeded, the back side beam (15) resiliently buckles and inverts to a downwardly convex arch
configuration. In a preferred embodiment, the general planes of the back side (15) and face side beams (14) are nonparallel with
a convergent taper from the brush handle (2) in the direction of the brush head (5). The disclosed twin beam structures resist def-
lection up to a predetermined force which is determined primarily by their material properties and their precise geometric confi-
guration. Attempting to exceed the predetermined force which the toothbrush (1) is capable of tansmitting by applying additional
manual force to the brush handle (2) results in resilient buckling of the back side beam (15) in the twin beam structure, followed
by substantial deflection of the brush head (5) relative to the brush handle (2) without a corresponding increase in the force appli-
ed to the teeth and gum tissue via the bristles (13) on the brush head (5).




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

AT Austria Fi Fiolund Ml Mali

Al Australia FR France MN Mongolia

BB Barbados GA Gabon MR Mauritania

BE Belglum GB United Kingdom MW Malawi

BF Burkina Faso GN Guinca NL Netherlands

BG Bulgaria GR Greece NO Norway

BJ Benin HU Hungary PL Poland

BR Bravil 14 Ircland RO Romania

CA Canada IT laly RU Russian Federation
CF Central Afescan Republic JP Japan Sb Sudan

G Congo KP Democratic People’s Republic SE Sweden

CH Switserfund of Korca SN Senegal

Ci Cote d'lvoire KR Republic of Korca suU Sovict Union

[&5] Cameromy Ll Licchtenstein ™ Chad

Cs Crechoslovakia LK Sri Lanka TG Togo

DE CGiermany LU Luxcmbourg us United States of America
DK Denmark MC Monaco

ES Spain MG Madagascar

L 24

4



WO 92/15224

10

15

20

25

30

PCT/US92/00680

1
TOOTHBRUSH EMPLOYING RESILIENTLY BUCKLING ARCH
TO INDICATE EXCESSIVE BRUSHING PRESSURE

TECHNICAL FIELD
The present invention relates to brushes and in particular
to toothbrushes that eliminate or at least reduce damage to teeth and
gum tissue due to the application of excessive manual force during
brushing.

BACKGROUND OF THE INVENTION
It has been recognized for some time that vigorous brushing
of the teeth with excessive force can cause damage to tooth material
and gum tissue. Consequently, there have been attempts in the prior
art to produce toothbrushes that yield in response to excessive

manual force on the handle.

Toothbrushes having a flexible neck located between the
brush head containing the bristles and the handle have been disclosed
in the prior art. For example, U.S. Pat. No. 759,490 issued to Yates
on May 10, 1904 discloses a toothbrush having an interposed piece of
flexible resilient material between a rigid brush head and handle.
The object of the flexible resilient neck is to permit the bristle
head to yield relative to the handle when excessive force is applied,
thus reducing the danger of injury to the teeth and gums. Yates
further discloses reinforcing the flexible resilient material of the
neck with a second flexible resilient material, such as flat or round
wire comprised of spring steel, encased within the first material.

U.S. Pat. No. 1,471,626 issued to Pachmayr on October 23,
1923 discloses a toothbrush having two cantilever flattened springs
supporting a bristle carrying portion. However, the purpose of the
flattened springs is not to 1imit the forces transmitted to the teeth
and gums, but to engage a boss which secures the bristle carrying
portion in either a parallel or angular position relative to the
brush handle.

U.S. Pat. No. 4,520,526 issued to Peters on June 4, 1985
discloses a toothbrush having a flexible joint between the head
portion and handle portion. This flexible joint permits the head
portion to flex in a vertical plane relative to the handle portion.
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One means disclosed to producz such a flexible joint is by thinning
the toothbrush body by removing material from the top and/or bottom
of the toothbrush body. The thinning at the flexible joint weakens
the flexible portion, permitting the head portion to flex relative to
the handle portion during brushing. Alternatively, Peters discloses
a hollow which extends horizontally through the body member of the
toothbrush forming a flexible joint comprising a thin top resiliently
flexible horizontal member and a thin bottom resiliently flexible
horizontal member. The purpose is again to weaken the body member to
form a flexible portion which permits the head portion to flex
relative to the handle portion during brushing. The object of such
prior art toothbrushes is to provide a brush head which deflects
relative to the brush handle in direct response to applied pressure
to avoid damaging tooth material and gum tissue. While actual
executions vary, the technique of such prior art toothbrushes is to
lessen the rigidity of the neck portion by removing material or by
substituting a less rigid material 1in the neck portion. The
principal of operation of such prior art flexible neck toothbrushes
is the same, i.e., increasing the force on the handle results in a
corresponding deflection of the brush head relative to the brush
handle. For effective cleaning of the teeth, some pressure needs to
be applied to the brush head by the user. With prior art flexible
neck toothbrushes of the type described in the preceding paragraphs,
deflection of the brush head corresponds directly to the applied
force on the handle, i.e., the flexible joint connecting the handle
and the brush head behaves as a simple spring constant. With no
clear indication of excessive pressure, the user applies his or her
customary manual force on the brush handle and compensates for the
resulting deflection by adjusting to the resulting angle of the brush
head relative to the handle.

Although the desired object of prior art flexible neck
toothbrushes is to avoid damaging teeth or gums, the disclosed means
for accomplishing this is to simply reduce the stiffness of the neck

- portion of the toothbrush and thereby force the user to compensate by

bending the brush handle to a greater degree. In this respect, none
of the aforementioned flexible neck toothbrushes of the prior art
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provide means to indicate eicessive pressure other than some
ambiguous amount of bending. Further, excessive bending of the brush
head relative to the brush handle makes the toothbrush annoying to
use, and the accompanying loss of brush control can itself result in
tissue damage.

One attempt to overcome problems of the aforementioned type
is disclosed in U.S. Patent No. 4,476,604 issued to White et al. on
Oct. 16, 1984. White discloses a pressure sensing device for holding
a toothbrush for the purpose of indicating that a predetermined force
is being applied against the teeth. Although the device provides a
distinct signal upon attaining a predetermined force and further
achieves this result with minimal deflection of the brush head
relative to the handle, the solution disclosed by White is complex
and requires an electric battery, a lightbulb and an electric
circuit.

0BJECTS OF THE INVENTION

Accordingly, it is an object of this invention to provide
an improved toothbrush having a force indicator which limits the
application of brushing force against tooth surfaces and gum tissue
to a predetermined value and which clearly signals the user when the
predetermined force has been exceeded.

It is a further object of this invention to minimize the
deflection of the toothbrush head relative to the handle up until the
predetermined force has been exceeded so that the user is not
required to continually compensate for unwieldy movement of the brush
head during brushing.

It is still a further object of this invention to provide a
toothbrush which provides a clear visual and tactile signal to the
user that the predetermined force has been exceeded.

DISCLOSURE OF THE INVENTION
A toothbrush having a brush head joined to a brush handle
by means of a twin beam structure comprising a face side beam on the
bristle side of the brush and a back side beam opposite the face side
beam. The twin beam structure, which acts as a force indicator,
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resists deflection of the brush4head relative to the brush handle up
to a predetermined force above which the back side beam resiliently
buckles, resulting in significant deflection of the brush head
relative to the brush handle. This resilient buckling provides a
1imit to the amount of force which can be applied to the teeth and
gums by the brush head and a distinct signal to the user that the

predetermined force has been exceeded.

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly
pointing out and distinctly claiming the present invention, it is
believed the present invention will be better understood from the
following description in conjunction with the accompanying drawings
in which:

Figs. 1, 2, and 3 are side elevation views of a toothbrush
of the present invention at various stages of brush head deflection;

Figs. 1A, 2A, and 3A are enlarged partial side views of the
toothbrush shown in Figs. 1, 2, and 3, respectively;

Figs. 4 and 5 are partial side views of a flexible neck
toothbrush of the prior art in an at rest and flexed condition,
respectively;

Fig. 6 1is a force/deflection graph for an exemplary
embodiment of a toothbrush of the present invention, a computer model
of the exemplary toothbrush of the present invention, and a computer
model of a flexible neck toothbrush of the prior art;

Fig. 7 1is an enlarged partial side elevation view of
alternative toothbrush of the present invention;

Fig. 8 1is an enlarged partial side view of another
toothbrush of the present invention;

Fig. 8A is a greatly enlarged side elevation view of the
inset 8A shown in Fig. 8; and

Figs. 9-12 are enlarged partial side elevation views of
still other toothbrushes of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In Fig. 1 a toothbrush of the present invention, generally
denoted by 1, is shown. It includes a brush handle 2 having a face
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side 3 and a back side 4, a brjzh head 5 having a face side 6 with
attached bristles bundles 13 and a back side 7, and a force indicator
10 connecting brush handle 2 to brush head 5.

Force indicator 10 comprises a resilient twin beam
structure having a face side beam 14 and an back side beam 15. Face
side beam 14 extends between the face side 3 of handle 2 and the face
side 6 of brush head 5. Back side beam 15 extends between and is
substantially rigidly connected to the back side 4 of handle 2 and
the back side 7 of brush head 5.

The general plane of back side beam 15 tapers relative to
the general plane of face side beam 14 from brush handle 4 toward
brush head 5 at angle "X". In use, manual force is applied to brush
handle 2 to bring bristle bundles 13 in contact with the surfaces of
teeth and gums of the user. When an initial force is applied to the
back side 4 of brush handle 2, as indicated by the bold arrow "H", a
reactionary force is applied to the bristle bundies 13 by the teeth
and gums, as indicated by the bold arrow "F". Force "H" applied to
brush handle 2 is translated to brush head 5 via force indicator 10.

Fig. 1A is an enlarged partial section of the toothbrush of
Fig. 1 with particular emphasis on force indicator 10. In
translating force from brush handle 2 to brush head 5, face side beam
14 is subjected to tensile stress, as indicated by the arrow set "T",
while back side beam 15 is subjected to compressive stress, as
indicated by the arrow set "C".

The at rest configuration of back side beam 15 permits the
back side beam 15 to behave as an upwardly convex arch when subjected
to initial compressive stress. The taper of the general plane of
back side beam 15 relative to face side beam 14 at angie "X" provides
a vertical component which stiffens the twin beam structure of force
indicator 10. Back side beam 15 also includes a taper in
cross-section from point "J" at the junction of back side beam 15
with the back side 4 of brush handle 2 toward point "K" and from
point "L" at the junction of back side beam 15 with the back side 7
of brush head 5 toward point "K", forming a point of weakness at
point "K".
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Fig. 2 shows toothbrush 1 with an increased force applied

to the back side 4 of handle 2, as indicated by the bold arrow "H'",
opposed by reactionary force "F’" applied to the bristle bundles 13
of brush head 5, as indicated by the bold arrow "F’'".

Fig. 2A is an enlarged partial section of toothbrush 1 of
Fig. 2. The increased force transiation through force indicator 10
generates increased tensile stress in face side beam 14 and increased
compressive stress in back side beam 15. The increased compressive
stress in back side beam 15 resiliently deforms back side beam 15 and
permits limited displacement of brush head 5 in the same direction as
reactionary force "F’". Point "L" is similarly displaced relative to
point "K" on back side beam 15 so that the compressive stresses in
back side beam 15 approach a more linear alignment, as indicated by
the arrow set "C’". The limited resilient deformation of back side
beam 15 permits face side beam 14 to bend counterclockwise to a
limited degree relative to brush handle 2.

Fig. 3 shows toothbrush 1 with a further increased force
applied to the back side 4 of handle 2, as indicated by the bold
arrow "H’’" opposed by a reactionary force "F’’" applied to the
bristle bundles 13 of brush head 5, as indicated by the bold arrow
"Froe,

Fig. 3A is an enlarged partial section of the toothbrush 1
of Fig. 3. Increased angular displacement of brush head 5 relative
to brush handle 2 beyond that shown in Figs. 2 and 2A, wherein the
compressive stresses in back side beam 15 are in relative alignment,
permits resilient deformation and buckling of back side beam 15
causing it to invert to a downwardly convex arch, as generally shown
in Figs. 3 and 3A. This configuration causes a collapse in the force
translation capacity of force indicator 10, thereby permitting
further rapid displacement of brush head 5 relative to brush handle
2. This event is sometimes termed "over-center" or "oil can" effect.
It is both visually and tactually perceived by the user of the
toothbrush and is intended to provide a signal to the user to relieve
the excessive applied pressure so that the brush can resiliantly
restore itself to its at rest configuration, as shown in Fig. 1
before the user resumes the brushing process.
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Figs. 4 and 5 illustrate the operation a flexible neck

toothbrush of the type disclosed in the prior art. FIG. 4 is a
partial side view of such a prior art toothbrush 41. Toothbrush 41
comprises a brush handle 42, a brush head 43 having attached bristle
bundles 44, and a shaped hollow 45 forming flexible members 46 and 47
in the neck area. In Fig. 5, a force "U" is shown applied to
toothbrush handle 42 which is opposed by a reactionary force "V"
which is applied to the bristle bundles 44 of brush head 43. Unlike
the arched twin beam structure of the present invention, the planar
configuration of the prior art horizontal flexible members permits
immediate downwardly convex bending of uppermost flexible member 46.
In Fig.5, the interior of flexible member 46 is just about to contact
the interior of flexible member 47. The transition between the at
rest condition of prior art toothbrush 41 illustrated in Fig. 4 to
the stressed condition of prior art toothbrush 41 illustrated in Fig.
5 occurs without the benefit of a distinct signal to the user that a
predetermined force has been exceeded.

Fig. 6 is a Force/Displacement graph containing three
curves: one for an exemplary embodiment of an arched twin beam
toothbrush of the present invention, such as embodiment 1 shown in
Figs. 1-3A; one for a computer generated Finite Element Analysis
model * of a toothbrush having the structure of the exemplary
embodiment; and one for a computer generated Finite Element Analysis
model of a flexible neck toothbrush of the prior art, such as the one
shown in Figs. 4 and 5.

The polymeric material of the exemplary integrally molded
embodiment of the present invention used to generate the experimental
data shown as curve 500 in Fig. 6 was general purpose polypropylene
homopolymer with a flexural modulus of 210,000 psi. Force indicator
10 of the exemplary embodiment measured 1.12 in. long with a taper of
the general plane of back side beam 15 relative to the general plane
of face side beam 14 (angle "X" in Fig. 1) of § degrees. Face side
beam 14 measured 0.06 in. thick and back side beam 15 tapered from

~0.10 in. at point "J" and 0.06 in. at point "L" to 0.035 in. at point

"K". The average width of back side beam 15 measured 0.25 in. and
the average width of face side beam 14 measured 0.38 in.
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The method used to gengrate the "Arch Twin Beam Exemplary
Model" curve data shown as curve 600 in Fig. 6 was an INSTRON
EXTENSOMETER, as available from Instron Corporation of Canton,
Massachusetts. This is a commonly used industrial tool to analyze
the response of materials and structures to applied forces.

The Force/Displacement curves 600 and 700 in Fig. 6 of the
"Arch Twin Beam Computer Model" and the "Prior Art Computer Model®,
respectively, were generated using a computer Finite Element Analysis
(FEA) system modeling tool known as ABAQUS, as available from HKS,
Inc. of Providence, Rhode Island. Finite Element Analysis is a
commonly used tool to analyze the response of mechanical components
to applied forces. The dimensions and material characteristics of
the exemplary model of the toothbrush of the particularly preferred
embodiment were used as input for the "Arch Twin Beam Computer
Model".

Dimensions for the flexible neck toothbrush of the prior
art used in the Finite Element Analysis were 1.12 in. long by 0.06
in. high by 0.38 in. wide for shaped hollow 45 and 0.06 for the
thickness of flexible members 46 and 47. The flexural modulus of
210,000 psi of general purpose polypropylene homopolymer was again
used as the material characteristic.

The vertical axis of the graph in Fig. 6 represents force
in pounds applied to the center of the brush face in each case and
the horizontal axis represents the displacement of the center of the
brush face in inches in response to the applied force, as measured
from each brush head’s at rest position. Point "0" on the graph is
the origin and represents the initial application of force.

The close match of the curves 500 and 600 of the Arch Twin
Beam Exemplary Model and the Arch Twin Beam Computer Model,
respectively, demonstrates that the computer model is a good
representation of the experiential data and is able to predict the
reaction to applied force with a reasonably high level of accuracy.

Referring to Figure 6 and the Force/Displacement curve 500
of the "Arch Twin Beam Exemplary Model" of the present invention, the
stiffened arch configuration of the back side beam 15 of force
indicator 10 of the present invention permits just 0.2 inches of
displacement of brush head 5 relative to brush handle 2 from 0 (point
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9
"0" in Fig. 6) to about 2.25 pounds of force (point "A" in Fig. 6)

Point "B" on curve 500 represents the force which
resiliently deforms back side beam 15 of toothbrush 1 into the
configuration where the compressive forces in back side beam 15 are
in substantial linear alignment, as generally shown in Fig. 2A.
Attempting to apply additional force beyond the level indicated as
point "B" on curve 500 causes back side beam 15 to resiliently buckle
into a downwardly convex arch, resulting in substantial loss in force
translation capacity of force indicator 10, accompanied by
substantial displacement of brush head 5 relative to brush handle 2.
The rapid reversal in force translation capacity enables the force
indicator 10 of the present invention to tactually and visually
indicate to the user that a predetermined force has been exceeded.

While not an absolute requirement of the present invention,
the region of formed weakness at point "K" in back side beam 15, as
generally shown in Fig. 1, enhances the aforementioned resilient
buckling behavior to make the user acutely aware that the
predetermined force limit has been exceeded.

Point "C" on curve 500 of the "Arch Twin Beam Exemplary
Model" corresponds substantially to the configuration of toothbrush 1
shown in Fig. 3, where back side beam 15 has inverted to a downwardly
convex arch. Point "D" on curve 500 represents the point at which
the interior surface of back side beam 15 contacts the interior of
surface of face side beam 14. Beyond point "D", on curve 500, force
translation through force indicator 10 increases but the excessive
displacement of brush head 7 relative to brush handle 2 positions the
handle 2 in an awkward angle for brushing. Rather than continuing to
brush with the twin beam structure in a buckled condition, it is
expected that the user will relieve the applied force so that back
side beam 15 can resiliently reset to its upwardly convex
configuration, as generally shown in Fig. 1, before resuming
brushing.

Referring to the "Prior Art Computer Model" curve 700 in
Fig. 6, which predicts the behavior of a prior art flexible neck
toothbrush of the type shown in Figs. 4 and 5, point "0" on the graph
of Fig. 6 is the origin and represents the initial application of
force. Point "D'" on the "Prior Art Computer Model" curve 700
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corresponds to the condition of prior art toothbrush 51 in Fig. 5,

wherein the interior surface of flexible beam 46 contacts the
interior surface of flexible beam 47. As can be seen from a
comparison of curve 700 with curves 500 and 600 in the graph of Fig.
6, horizontal flexible members 46 and 47 of prior art flexible neck
brush 41 do not produce the distinct resilient buckling behavior of
the outwardly convex arch of the force indicator 10 of the present
invention.

As can be seen from Fig. 6, flexible neck toothbrushes,
such as toothbrush 41 of the prior art require substantial defiection
of the brush head 43 relative to the brush handle 42 just to bring
the bristies 44 into effective contact with the user’s teeth. It is
contemplated that such prior art brushes will Tikely be used in a
substantially deflected condition throughout the brushing process.
Accordingly, a user of a prior art flexible neck toothbrush must
compensate for this relatively large deflection of the brush head by
rotating the handle at an angle relative to the brush head during
brushing.

Since access to the oral cavity is limited, the deflected
position of the brush head of prior art flexible neck toothbrushes
relative to the handle requires additional stretching of the mouth in
order to maintain contact of the bristles with the tooth and gum
surfaces. Furthermore, each time the bristies of prior art flexible
neck toothbrushes lose contact with a tooth’s surface, such as at the
end of a vertical brushing stroke, the brush head springs to its at
rest position. Not only does the user need to re-establish the
desired force and its required deflection for the next brushing
stroke, but the stored spring energy of the flexible neck has the
potential to cause tissue damage as the brush head rebounds to its at

rest position.
Figs. 7 through 12 depict alternative toothbrush

embodiments of the present invention.

Fig. 7 is a partial view of toothbrush 71 of the present
invention which includes force indicator 70. Force indicator 70
comprises back side beam 75 and face side beam 74. The general plane
of back side beam 75 is parallel with the general plane of face side
74. Back side beam 75 tapers from points "P" and "R" to "Q" to form
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an arch. The at rest configura%%on of back side beam 75, i.e. an
arch, permits back side beam 75 to behave as an upwardly convex arch
when subjected to initial compressive stress. Any attempt to
translate force beyond a predetermined level through force indicator
70 will cause back side beam 75 to undergo resilient buckling and
invert to a downwardly convex arch.

The parallel alignment of the general planes of backside
beam 75 and face side beam 74 of the Fig. 7 embodiment does not
provide the same vertical component nor the same degree of stiffening
as the twin beam structure 10 disclosed in Figs. 1-3A. As a result,
twin beam structure 70 exhibits a lower spring constant or a less
stiff structure than tapered twin beam structure 10 shown in Fig. 1.

Nonetheless, the upwardly arched configuration of back side
beam 75 still exhibits the same general type of resilient deformation
and buckling as back side beam 15 when a predetermined force is
exceeded, thereby causing it to invert from an upwardly convex arch
to a downwardly convex arch configuration generally similar to that
shown in Figs. 3 and 3A. This inversion of the arch provides a
visual and tactile signal to the wuser that the particular
predetermined force which the brush was designed to exert has been
exceeded.

Fig. 8 shows a partial side view of another toothbrush 81
of the present invention, wherein the force indicator 80 comprises
face side beam 84 and back side beam 85. Back side beam 85 includes
a hinge 86. Fig. 8A is an enlargement of the detail of hinge 86 in
back side beam 85. Hinge 86 may be integrally molded of a polymeric
material such as polypropylene to provide what is known to those
skilled in the art as a "living hinge". The location of hinge 86 at
the upper surface of back side beam 85 enables it to concentrate
applied compressive stress along the upper surface of back side beam
85 so that in its at rest configuration, back side beam 85 behaves as
an upwardly convex arch when subjected to initially applied
compressive forces.

In use, manual force is applied to brush handle 82 in order
to bring bristle bundles 83 into contact with the user’s teeth and
gums. Force indicator 80 translates the applied force from handle 82
to the brush head 87. At some predetermined force, which is
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determined primarily by such factors as the material of construction

and the precise geometric configuration of the twin beam structure
(particularly the back side beam 85), back side beam 85 resiliently
buckles and inverts to a downwardly convex arch configuration. The
relatively small cross-section of hinge 86 generates Tittle
resistance to bending. Accordingly, the lack of bending resistance
permits back side beam 85 to resiliently deform and buckle quite
rapidly, providing a very distinct tactile and visual signal to the
user that the predetermined force has been exceeded.

Fig. 9 is a partial side view of still another toothbrush
91 of the present invention, wherein the force indicator 90 comprises
face side beam 94 and back side beam 95. Back side beam 95 further
comprises beam segment 98 and beam segment 99 which form a stepped
cross-section.  The cross-section transitions from a greater
cross-section along beam segment 98 to a lesser cross-section along
beam segment 99 at point "S". The cross-sectional step formed at
point "S" enables the 1lesser cross-section beam segment 99 to
concentrate applied compressive stress at the upper surface of the
greater cross-section beam segment 98 so that in its at rest
configuration, back side beam 95 behaves as an upwardly convex arch
when subjected to initially applied compressive forces.

In use, manual force is applied to brush handle 92 in order
to bring bristle bundles 93 into contact with the user’s teeth and
gums. Force indicator 90 translates the applied force from handle 92
to brush head 97. Because of the Tlesser cross-section of beam
segment 99, most of the initial resilient deformation of back side
beam 95 in response to the compressive forces initially applied to
back side beam 95 occurs in beam segment 99. The deformation of beam
segment 99 permits back side beam 95 to resiliently buckle when some
predetermined force which the brush is designed to apply is exceeded,
thereby causing back side beam 95 to invert to a downwardly convex
arch configuration. The resilient buckling and inversion of back
side beam 95 provides a clear visual and tactile signal to the user

. that a predetermined force has been exceeded.

Fig. 10 is a partial side view of yet another toothbrush
101 of the present invention. Force indicator 100 comprises face
side beam 104 and back side beam 105. Back side beam 105 is thinnest
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near its center and is configured as an upwardly convex arch. Face

side beam 104 tapers from points "X" and "Z" to point "Y" so as to
form a downwardly concave arch. During brushing, initial translation
of force through force indicator 100 causes back side beam 105 to
behave as an upwardly convex arch. The reduced cross-section of face
side beam 104 at point "Y" concentrates the bending of face side beam
104 at point "Y" when brush head 107 is deflected relative to brush
handle 102. Nonetheless, like the toothbrush embodiments described
earlier herein, face side beam 104 is subjected to tensile stress
throughout the brushing operation. Accordingly, it bends rather than
buckles as force indicator 100 translates force between the brush
handle 102 and brush head 107.

Fig. 11 is a partial side view of another toothbrush 111 of
the present invention, wherein the force indicator 110 comprises face
side beam 114 and back side beam 115. Both back side beam 115 and
face side beam 114 are initially configured as upwardly convex arches
in their at rest condition. The resulting upwardly arched
configuration of force indicator 110 tilts the general plane of brush
head 117 slightly downward relative to the general plane of brush
handle 112. Nonetheless, toothbrush 111 functions in a manner
generaily similar to the previously described embodiments.

Fig. 12 is a partial side view of still another toothbrush
121 of the present invention, wherein the force indicator 120
comprises face side beam 124 and back side beam 125. Face side beam
124 extends between and is hingedly connected to face side 133 of
handle 122 at hinge 131 and substantially rigidly connected to face
side 136 of brush head 127. Back side beam 125 extends between and
is substantially rigidly connected to back side 134 of handle 122 and
back side 137 of brush head 127.

In use, manual force is applied to brush handle 122 in
order to bring bristle bundles 123 into contact with the user’s teeth
and gums. Force indicator 120 translates the applied force from
handle 122 to brush head 127. Face side beam 124 is subjected to
tensile force and rotates about a point of formed weakness at hinge
131 as back side beam 125 resiliently deforms in response to force
applied to handle 122 and opposed by the reaction force applied at
bristle bundles 123. Hinge 131 generally defines a point of rotation
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of brush head 127 relative to brush handle 122. At some

predetermined force which the toothbrush is designed to transmit to
the user’s teeth and gums, back side beam 125 resiliently buckles and
jnverts to a downwardly convex arch configuration, thereby providing
a visual and tactile signal to the user that the predetermined force
has been exceeded.

From the foregoing descriptions of particularly preferred
toothbrush embodiments of the present invention it will be understood
that altering the cross-sections of back side and face side beams of
the force indicator of the present invention will modify the
stiffness of the resulting twin beam structure and consequently the
distinctness of the buckling point which tactually and visually
signals the user that the predetermined force which the brush was
designed to transmit to the user’s teeth and gums has been exceeded.

While bristle bundles are commonly used for scrubbing and
cleansing of teeth and gums, the present invention may be employed
with equal effectiveness with other scrubbing or polishing media,
such as elastomeric bumps, foams, etc.

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those skilled
in the art that various changes and modifications can be made without
departing from the spirit and scope of the present invention. It is
intended to cover, in the appended claims, all such modifications
that are within the scope of this invention.

What is claimed is:
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CLAIMS:

1. A toothbrush comprising a handle having a face side and
back side opposite said face side and a brush head having a face side
which carries bristles or other suitable medium for cleaning the
user’s teeth and gums and a back side opposite said face side, said
toothbrush further including a force indicator which simultaneously
visually and tactually signals the user when a predetermined brushing
force is exceeded, said force indicator comprising a resilient twin
beam structure having a first end connected to said brush handle and
a second end connected to said brush head, said resilient twin beam
structure comprising a face side beam extending between said face
side of said handle and said face side of said brush head and a back
side beam extending between and substantially rigidly connected to
said back side of said handle and said back side of said brush head,
said back side beam exhibiting an at rest configuration which will
permit said back side beam to behave as an upwardly convex arch when
said back side beam is initially subjected to compressive stress and
said face side beam is initially subjected to tensile stress
resulting from the user gripping said handle and bringing the
bristles on said brush head in contact with their teeth and gums, the
predetermined force which may be exerted on the user’s teeth and gums
being Timited by the maximum compressive force which said back side
beam can resist before it ceases to function as an upwardly convex
arch and undergoes temporary and resilient buckling and deformation
sufficient to cause it to invert to a downwardly convex
configuration, thereby providing a simultaneous visual and tactile
signal to the brush user that a predetermined brushing force has been
exceeded.

2. A toothbrush comprising a handle having a face side and
back side opposite said face side and a brush head having a face side
which carries bristles or other suitable medium for cleaning the
user’s teeth and gums and a back side opposite said face side, said
toothbrush further including a force indicator which simultaneously
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visually and tactually signals the user when a predetermined brushing
force is exceeded, said force indicator comprising a resilient twin
beam structure having a first end connected to said brush handle and
a second end connected to said brush head, said resilient twin beam
structure comprising a face side beam extending between said face
side of said handle and said face side of said brush head and a back
side beam extending between and substantially rigidly connected to
said back side of said handle and said back side of said brush head,
wherein the general plane of said back side beam convergently tapers
from said first end in the direction of said second end relative to
the general plane of said face side beam, said back side beam
exhibiting an at rest configuration which will permit said back side
beam to behave as an upwardly convex arch when said back side beam is
initially subjected to compressive forces and said face side beam is
initially subjected to tensile forces resulting from the user
gripping said handle and bringing the bristles on said brush head in
contact with their teeth and gums, the predetermined force which may
be exerted on the user’s teeth and gums being limited by the maximum
compressive force which said back side beam can resist before it
ceases to function as an upwardly convex arch and undergoes temporary
and resilient buckling and deformation sufficient to cause it to
invert to a downwardly convex configuration, thereby providing a
simultaneous visual and tactile signal to the brush user that a
predetermined brushing force has been exceeded.

3. The toothbrush of Claim 1 or Claim 2, wherein said back
side beam includes a point of formed weakness intermediate said first
end and said second end of said resilient twin beam structure.

4. The toothbrush of Claim 3, wherein said back side beam
tapers in cross-section from said first end to said point of formed

weakness.
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5. The toothbrush of Claim 3, wherein said point of formed
weakness in said back side beam comprises an incremental step to a
smaller cross-section.

6. The toothbrush of Claim 3, wherein said point of formed
weakness in said back side beam comprises a hinge.

7. The toothbrush of Claim 1 or Claim 2, wherein said face
side beam exhibits a substantially uniform cross-section
substantially throughout its length.

8. The toothbrush of Claim 1 or Claim 2, wherein said face
side beam contains a point of formed weakness intermediate said first
end and said second end of said resilient twin beam structure.

9. The toothbrush of Claim 8, wherein said point of formed
weakness in said face side beam comprises a hinge.
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