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MULTI-MOTION TOOTHBRUSH

FIELD OF THE INVENTION
The invention relates to the field of toothbrushes, and more particularly, the invention

relates to field of electrically powered toothbrushes.

BACKGROUND OF THE INVENTION
The art is replete with techniques for transforming the rotational output of a motor or other
electromotive power source into desired brushing motions. Many techniques include a shaft
as component of the drive train. The shaft may rotate, oscillate, or reciprocate. The shatft is
coupled to a bristle holder. Most often, the bristle holder is driven by the shaft in a rotating or
oscillating manner about an axis which is normal to the longitudinal axis of the shatft.

These electric toothbrushes typically provide only a single brushing motion. While
single brushing motions are beneficial, it believed that multi-motion electric toothbrushes can
provide superior cleaning action. Further, there is a desire to combine the cleaning action
provided by the bristles of a rotating or oscillating bristle holder with the cleaning action of

bristles that only reciprocate along a longitudinal axis of the electric toothbrush so as to more

closely replicate a manual tooth brushing motion.

BRIEF SUMMARY OF THE INVENTION
The present invention provides an electric toothbrush, comprising: a handle having a motor
disposed therein; a drive system operatively connected to said motor, said drive system
comprising a shaft with a longitudinal axis and configured to reciprocate along its longitudinal
ax1s and an arm extending from an end of the shaft in generally the same direction as the
longitudinal axis of said shaft; a head having a longitudinal axis which extends in generally
the same direction as the longitudinal axis of said shaft; a neck disposed between said handle
and said head; a first bristle holder operatively connected to said arm to oscillate or rotate; and

a second bristle holder operatively connected to said shaft to reciprocate in generally the same

1
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direction as said longitudinal axis of said head but not to rotate or oscillate; and wherein said
second bristle holder comprises a row of bristle tufts oriented generally transverse to said
longitudinal axis of said head.

The present invention also provides an electric toothbrush comprising: a handle having
a motor disposed therein: a drive system operatively connected to said motor, said drive
system comprising a shaft with a longitudinal axis, wherein said shaft reciprocates; a head
having a longitudinal axis; a neck disposed between said handle and said head; a first bristle
holder associated with said head which oscillates or rotates; a second bristle holder associated
with said head which reciprocates in generally the same direction as said longitudinal axis of
said head but does not rotate or oscillate, wherein said second bristle holder further comprises
a first T-shaped block which depends from a bottom surface of said second bristle holder,
wherein said T-shaped block slideably engages a first pair of projections of said head to guide
the movement of said second bristle holder, wherein said drive system is operatively
connected to said first and second bristle holders; and wherein said second bristle holder
comprises a row of bristle tufts oriented generally transverse to said longitudinal axis of said
head.

The present invention also provides a detachable head for use with an electric
toothbrush, said detachable head comprising: an elongate body comprising a drive system with
a shaft with a longitudinal axis and an arm extending from an end of the shaft in generally the
same direction as the longitudinal axis of the shaft, a head having a longitudinal axis which
extends 1n generally the same direction as the longitudinal axis of said shaft, and a first end
opposite a second end, wherein said first end may be detachably coupled to the electric
toothbrush, said shaft configured to reciprocate along its longitudinal axis; a first bristle holder
comprising a first plurality of bristle tufts, wherein said first bristle holder is operatively
connected to said arm of said drive system to oscillate said first bristle holder about an axis
substantially perpendicular to said longitudinal axis of said head: a second bristle holder
comprising a second plurality of bristle tufts, wherein said second bristle holder is operatively

connected to said shaft of said drive system to reciprocate said second bristle holder in
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generally the same direction as said longitudinal axis of said head, wherein said second bristle
holder does not rotate or oscillate; wherein a bottom surface of said second bristle holder
contacts a top surface of said head; and wherein said head comprises an aperture and said
second bristle holder comprises a depending element which depends from said bottom surface

of said second bristle holder, and wherein said depending element is received through said

aperture of said head.

The present invention also provides a detachable head for use with an electric
toothbrush, said detachable head comprising: an elongate body comprising a head, a drive
system, and a first end opposite a second end, wherein said first end may be detachably
coupled to the electric toothbrush, said head having a longitudinal axis; a first bristle holder
comprising a first plurality of bristle tufts, wherein said first bristle holder is operatively
connected to said drive system to oscillate said first bristle holder about an axis substantially
perpendicular to said longitudinal axis; a second bristle holder comprising a second plurality
of bristle tufts, wherein said second bristle holder is operatively connected to said drive system
to reciprocate said second bristle holder in generally the same direction as said longitudinal
axis of said head, wherein said second bristle holder does not rotate or oscillate: and said drive
system comprising a shaft configured to reciprocate along a longitudinal axis in generally the
same direction as the longitudinal axis of said head and an arm extending from an end of the

shatt, wherein said arm generally extends in the direction of said longitudinal axis of said

head, and wherein said shaft is coupled to said second bristle holder and said arm is coupled

to said first bristle holder.

BRIEF DESCRIPTION OF THE DRAWINGS

1b
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It 1s believed that the present invention will be better understood from the
tollowing description taken in conjunction with the accompanying drawings in which:

FIG. 1 1s a planar, partial sectional, top view of an electric toothbrush made in
accofdance with the present invention, wherein the electric toothbrush incorporates a
rotating or shaft;

FI1G. 2 1s a planar, partial section top view of a first embodiment of a toothbrush
head suitable for use with the electric toothbrush of FIG. 1;

FIG. 3 1s an elevational, partial sectional side view of a second embodiment of a
toothbrush head suitable for use with the electric toothbrush of FIG. 1;

FI1G. 4 1s an elevational, partial sectional side view of a third embodiment of a
toothbrush head suitable for use with the electric toothbrush of FIG. 1, wherein the
second bristle holder is shown in a first position;

FIG. 5 1s an elevational, partial sectional side view of the toothbrush head of FIG.
4, wherein the second bristle holder is shown in a second position;

FI1G. 6 1s an elevational, partial sectional side view of a fourth embodiment of a
toothbrush head suitable for use with the electric toothbrush of FIG. 1;

FIG. 7 1s a perspective view of a cam suitable for use with the toothbrush head
shown 1n FIG. 6;

FIG. 8 1s a perspective view of another cam suitable for use with the toothbrush
head shown in FIG. 6;

FIG. 9 1s a perspective view of an electric toothbrush made in accordance with the
present invention, wherein part of the toothbrush housing has been removed in order to
1llustrate otherwise hidden features and wherein the electric toothbrush incorporates a
shaft which reciprocates;

FIG. 10 1s an exploded perspective view of a first embodiment of a toothbrush
head suitable for use with the electric toothbrush of FIG. 9;

FIG. 11 1s an exploded perspective view of a second embodiment of a toothbrush
head suitable for use with the electric toothbrush of FIG. 9;

FIG. 12 1s an exploded perspective view of a third embodiment of a toothbrush

head suitable for use with the electric toothbrush of FIG. 9;
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FIG. 13 is an exploded perspective view of a fourth embodiment of a toothbrush head
suitable for use with the electric toothbrush of FIG. 9;

FIG. 14 is a side elevational view of a toothbrush bristle tuft pattern suitable for use
with the electric toothbrushes of FIGS. 1 and 9, wherein some of the bristle tufts form an acute
angle with the top surface of the bristle holders;

FIG. 15 is a front elevational view of the toothbrush head ot FIG. 16;

FIG. 16 is a side elevational view of toothbrush bristle tuft pattern suitable for use with

the electric toothbrushes of FIGS. 1 and 9; and
FIG. 17 is a perspective view of the toothbrush head of FIG. 16.

DETAILED DESCRIPTION OF THE INVENTION
Reference will now be made in detail to various embodiments of the present invention,
examples of which are illustrated in the accompanying drawings wherein like numerals
indicate the same elements throughout the views and wherein numerals having the same last
two digits (e. g. , 20 and 120) connote similar or corresponding elements. As will be
appreciated, the present invention is directed to electric toothbrushes (including electric
toothbrushes having replaceable heads) and electric toothbrush heads having first and second

moving bristle holders. The first bristle holder rotates or oscillates while the
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second bristle holder reciprocates in the longitudinal direction of the head. In a more preferred
form, the first bristle holder rotates or oscillates but does not reciprocate, translate, or perform
any other non-rotational or oscillatory motion, and the second bristle holder reciprocates but does
not rotate or oscillate. As used herein, the term "rotate" is intended to refer to a unidirectional
angular motion (e. g. , a constant clockwise motion) while the term"oscillate"is intended to refer
to vibratory angular motion (e. g. , repeated cycles of clockwise rotation and counter clockwise
rotation). Vibration is any periodic movement having repeated cycles. Vibratory motion can have
one or more frequencies and amplitudes. Vibratory motion that is substantially linear is referred
to herein as a reciprocating motion.

The present invention can be used in combination with electric toothbrushes and electric
toothbrush heads that include shafts that rotate, oscillate, or reciprocate (as well as combinations
thereof) to impart motion to the first and second bristle holders. In addition, the present invention
can be used 1n combination with electric toothbrushes and electric toothbrush heads where the
shaft 1s operatively connected to both the first and second bristle holders or only one of the bristle
holders. In the latter instance, the bristle holders are themselves interconnected so that a motion

1S imparted to the bristle holder that is not directly coupled to the shaft.

Reterring to FIGS.1 to 9, some exemplary electric toothbrushes made in accordance with
the present invention will now be described. These electric toothbrushes utilize a shaft that
rotates. While these embodiments will be described with respect to the particular motor and shaft
arrangement 1llustrated in FIG.1 for purposes of simplicity and clarity, it will be appreciated that
other motor and rotating (or oscillating) shaft arrangements can be substituted. For example, US
Patent Nos. 5,617,603; 5,850,603; 5,974,615, 6,032,313; 5,732,432; 5,070,567; 5,170,525;
5,410,942 3,588,936, 5,867,856; and 4,397,055 disclose other motor and rotating or oscillating
shaft arrangements that might be suitable.

Turning to FIG. 1, the electric toothbrush comprises a toothbrush head 20, a body or
handle 22, and an elongated neck 24 there between. As used herein, the term "forward"is
intended to refer to the direction from the handle to the head while the term"rearward"is intended

to refer to the direction from the head to the handle. In addition,
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the term "longitudinal" is intended to refer to a lengthwise feature of an element as seen from a
top planar view thereof. For example, a longitudinal axis is an axis passing through the longest
dimension of an element, such as the head or a shaft. A longitudinal direction is a direction that
generally corresponds to a longitudinal axis but which may not line in the same plane as the
longitudinal axis. For example, the longitudinal axes of a shaft and a toothbrush head may not
line in the same plane but generally extend in the same direction from a top planar view.
Similarly, a neck and head that are angled with respect to each other may not have longitudinal
axes which lie in the same plane, but do have axes which extend in the same general longitudinal
direction from a top planar view. The electric toothbrushes of the present invention typically
have an elongate head with a longitudinal axis passing through the longest dimension thereof.
This axis typically extends in the same general direction as the longitudinal axes of the
toothbrush neck and/or shafi. By the phrase "same general direction", some angular deviation is
contemplated between the axes. The second bristle holder of these toothbrushes reciprocates in
the same general direction as one or more of these axes. More preferably, the second bristle
holder of these toothbrushes reciprocates in substantially the same or the same direction as one
or more of these axes, although hereafter for simplicity only reciprocation in the same general
direction is discussed.

The handle is hollow and includes a motor 26 and batteries 28 for powering the motor.
A rechargeable power source can be substituted for the batteries. The head 20 has a longitudinal
ax1s 30 passing there through. The longitudinal axis 30 extends in the same general longitudinal
direction as a longitudinal axis 32 of a shaft 34. The shaft 34 is housed at least partially within
neck 24. A first bristle holder 36 is disposed at a first end of the head 20, wherein the first end
1s at the forward most point of the head 20. While the first bristle holder 36 is illustrated as
circular in shape, other shapes can be utilized. Further, while the first bristle holder 36 is
disposed at the first end of the head 20, it will be appreciated that it can be disposed away from
the first end and other features, such as stationary bristles, might be disposed between the first
bristle holder 36 and the first end of the head 20. The first bristle holder 36 includes at least one

slot for receiving a remote-most end of the rotating shaft 34, as described in U. S. Patent 5,625,

916. The remote-most end of the shaft 34 is bent
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or offset from the longitudinal axis 32 of the shaft 34 and engages the slot to oscillate the first
bristle holder 36 about a pin (not shown). In other words, the first bristle holder 36 oscillates
about an axis approximately normal to the longitudinal axis 30,32 of the head 20 and/or the
shaft 34. In this embodiment, the first bristle holder only oscillates and does not reciprocate,
translate, or perform any other non-rotational motion.

A second bristle holder 38 is disposed adjacent the first bristle holder 36. The second
bristle holder 38 reciprocates in the same general longitudinal direction as longitudinal axis
30 ot the head 20. In this embodiment, the longitudinal direction of reciprocation is also the
same as the longitudinal direction of the longitudinal axis 32 of the shaft 34. While it is
desirable to locate the second bristle holder 38 directly adjacent the first bristle holder 36, it
1s contemplated that a gap may be provided between the first and second bristle holders. In
addition, the gap between the first and second bristle holders might be filled with stationary
bristles which are embedded in fixed or stationary third bristle holder (not shown) which
forms part of the toothbrush head. Further, while the first bristle holder 36 has been described
as adjacent the first end of the head 20, it is contemplated that the second bristle holder 38
might be disposed adjacent the first end of the head 20 and driven in the same manner as
described below with respect to FIG. 2.

In addition, the electric toothbrush of FIG. 1 might be provided with a replaceable
head. A suitable arrangement that can be adapted to the present invention is disclosed in US
patent no. 5,617, 601.

Referring to FIG. 2, a first embodiment of a toothbrush head suitable for use the
electric toothbrush of FIG. 1 will now be described in more detail. The second bristle holder
38 has a pair of opposed projections 40, one of which is illustrated, which are slideably
received by slots 41, one of which is illustrated, of the head 20 to guide the second bristle
holder 38 in its longitudinal motion. The slots are aligned in generally the same longitudinal
direction as the longitudinal axis of the head 20. The second bristle holder 38 is driven in a
reciprocating longitudinal motion by the movement of the first bristle holder 36 through a pair
of opposed hemispherical protrusions 42,44 that engage one another to displace the second
bristle holder 38 against a biasing element, such as spring 46. As the protrusions cyclically

engage and disengage each other as the first bristle holder 36 oscillates, the second bristle

holder 38 is moved away from and then
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back toward the first bristle holder 36 with the cooperation of the spring 46. The protrusions are
rigidly mounted to or integrally formed with the first and second bristle holders. As the motor
26 of the electric toothbrush rotates the shaft 34, the remote end of the shaft engages the slot of
the first bristle holder 36 to oscillate the first bristle holder. As the first bristle holder 36
oscillates, the protrusion 44 disposed on the first bristle holder 36 comes into contact with the
surface of the protrusion 42 on the second bristle holder 38, thereby displacing the second bristle
holder 38 away from the first bristle holder in the same longitudinal direction as the longitudinal
axis of the head 20. As the shaft 34 continues to rotate, the protrusion 44 of the first bristle holder
36 disengages from the other protrusion 42 so that the spring 46 can urge the second bristle
holder 38 back toward the first bristle holder 36, thus completing one cycle. As the first bristle
holder 36 reverses its direction of rotation, this cycle 1s repeated.

Referring to FIG. 3, a second embodiment of a toothbrush head suitable tor use with the
electric toothbrush of FIG. 1 will now be described. The head 120 also includes a second bristle
holder 138 that 1s slidably mounted 1n slots (not shown, but which can be the same arrangement
as the projection 40 and slot 41 arrangement 1llustrated in FIG. 2). The second bristle holder 138
1s reciprocatingly driven in the same general longitudinal direction as the longitudinal axis ot the
head 20 and/or shaft 134. A cam 48 included on the shaft 134 operatively interconnects the shaft
134 with second bristle holder 138. Optionally, the shaft 134 can be supported by shaft supports
50. The shaft supports 50 may include C or U shaped portions (not shown) that receive the shaft
34. Other means for retaining the shaft 134 in a support are known in the art. The cam 48 can

comprise a shaped element or bead, with an appropriate eccentric configuration, placed or

molded over and firmly secured to the shaft 134. In one arrangement, the cam 48 1s cylindrically
shaped with a pair of acutely angled surfaces 52, 54 which are inclined in the same direction and
at the same angle of inclination, but which are disposed at opposite ends of the cam 48. In other
words, the angled surfaces 52, 54 are merely the surface resulting from a diagonal slice through
the cylinder of the cam 48. The direction of inclination and angle of inclination can be varied as
desired to change the frequency and stroke of the second bristle holder 138. First and second cam

tollowers 56, 58 depend from a bottom surface 60 of the second bristle holder 138. The cam

followers 56, 58 are
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offset or spaced from each other so that cam 48 is disposed between the cam followers 56, 53
which straddle and/or capture the cam 48. The angled surfaces 52, 54 of the cam 48 shdingly
engage the free ends of the cam followers 56, 58. As the shaft 134 rotates, the first acutely angled
surface 52 of the cam 48 comes into contact with a surface of the first cam follower 56 and drives
the cam follower, and therefore, the second bristle holder 138, away from the first bristle holder
36 in a direction generally the same as the direction of the longitudinal axis of the head 120. The
second bristle holder 138 is guided by the longitudinally extending slots. As the shaft 134
continues to rotate, the cam 48 disengages from the first cam follower 56. The second acutely
angled second surface 54 of the cam 48 then comes into contact with a surface of the second cam
follower 58 and drives the second cam follower 58, and therefore the second bristle holder 138,

back toward the first bristle holder 36.

Referring to FIGS. 4 and 5, a third embodiment of a toothbrush head suitable for use
with the electric toothbrush of FIG.1 will now be described. The head 220 includes a second
bristle holder 238 that is slidably mounted in slots (not shown, but the same arrangement as the
projection 40 and slot 41 arrangement illustrated in FIG. 2). The second bristle holder 238 1s
reciprocatingly driven in the same general longitudinal direction as the longitudinal axis of the
head 220 and/or shaft 234. A cam 248 included on the shaft 234 operatively interconnects the
shaft 234 with second bristle holder 238. Optionally, the shaft 234 can be supported by shatt
supports 50. The shaft supports 50 may include C or U shaped portions (not shown) that receive
the shaft 234. Other means for retaining the shaft 234 in a support are mown in the art. The cam
248 is provided in the form of a plurality of bends 62,64 in the shaft 234. The bends are
sinusoidal or curvilinear in nature in that each bend has one or more adjacent arcuate portions.
The bends each have an apex and the apexes are disposed on opposite sides of the shaft 234.
A hemispherically-shaped cam follower 256 depends from a bottom surface 60 of the second
bristle holder 238 and is disposed between the apexes of the cam 248. As the shaft 234 rotates,
a first surface 66 of the cam 248 comes into contact with a first surface 68 of the cam follower
256 and drives the cam follower 256, and therefore the second bristle holder 238, away from the

first bristle holder 36 in a longitudinal direction generally the same as the longitudinal axis of

the head 220. As the shaft 234 continues to
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rotate, the forward most apex passes the cam 248 and disengages from the first cam follower
surface 68. As shown in FIG. 5, a second surface 70 of the cam 248 then comes into contact with

a second surface 69 of the cam follower 256 and drives the cam follower 256, and therefore the
second bristle holder 238, back toward the first bristle holder 36. The stroke and frequency ot
the reciprocating motion of the second bristle holder 238 can be varied by changing the spacing
between the apexes and/or the amplitude, shape, or height of the apexes.

Referring to Fig. 6, a fourth embodiment of a toothbrush head suitable for use with the
electric toothbrush of FIG. 1 will now be described. The head 320 includes a second bristle
holder 338 that is slidably mounted in slots (not shown, but which can be the same arrangement
as the projection 40 and slot 41 arrangement illustrated in FIG. 2). The second bristle holder 338
1s reciprocatingly driven in the same general longitudinal direction as the longitudinal axis of
the head 320 and/or shaft 334. A cam 348 included on the shaft 334 operatively interconnects
the shaft 334 with second bristle holder 338. Optionally, the shaft 334 can be supported by shatft
supports 50. The shaft supports 50 may include C or U shaped portions (not shown) that receive
the shaft 334. Other means for retaining the shaft 334 in a support are known 1n the art. The cam
348 1s provided in the form of a cylindrically-shaped bead placed or molded over and firmly
secured to the shaft 334. As shown 1n FIGS. 7 and 8, the cam 348 includes a spiral or helical
groove 372 or 472 respectively. The spiral or helical groove 372 or 472 extends around the
circumference of the bead and spirals about a longitudinal axis of the bead which may, for
example, coincide with the longitudinal axis 432 of the shaft 334. The stroke and frequency of
the motion imparted to the cam follower 356 by the cam 348 can be varied by changing the
shape and dimensions of the groove. For example, the spiral groove 372 of cam 348 1s sinusoidal
in shape and would provide one complete stroke of the second bristle holder 338 (1.e., one cycle
away from and back toward the first bristle holder 36) for one revolution of the shaft 334. FIG.
8 1llustrates an alternate cam 348 having a helical groove 472 which 1s provided in the form of
figure eight. This would only provide one-half of a stroke (1.e., only either translation toward or
away from the first bristle holder 36) for one revolution of the shaft 334. A cam follower 356

depends from a bottom surface 60 of the second bristle holder 338. The cam follower 356 is
slidably received within the groove 372. As the shaft 334
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rotates, a first surface 354 of the spiral groove 372, such as a side wall thereof, comes into
contact with a first surface of the cam follower 356 and drives the cam follower 356, and
therefore the second bristle holder 338, away from the first bristle holder 36 in a longitudinal
direction generally the same as the longitudinal axis of the head 320. As the shaft 334 continues
to rotate, the cam follower 356 reaches an apex 74 of the spiral groove 372 and the first surtace
354 of the spiral groove 372 disengages from the first surface 354 of the groove 372. A second
surface 352 of the groove 372, such as the opposite side wall of the groove 372, then comes 1nto
contact with a second surface of the cam follower 356 and drives the cam follower 356, and
therefore the second bristle holder 338, back toward the first bristle holder 36.

Referring to FIGS. 9 to 13, more exemplary electric toothbrushes made in accordance
with the present invention will now be described. These electric toothbrushes utilize a shaft that
reciprocates. While these embodiments will be described with respect to the particular motor
and shaft arrangement illustrated in FIG. 9 for purposes of simplicity and clarity, 1t will be
appreciated that other motor and reciprocating shaft arrangements can be substituted. For
example, US patent nos. 5,226, 206; 5,524,312; 5,383,242; 5,465,444 5,504,959, 5,836,030;
4.845.795:; 5,404, 608; 5,359,747:; and 5,617,601 disclose other motor and reciprocating shaft
arrangements that might be suitable. In addition, the electric toothbrush of FIG. 9 might be
provided with a replaceable head. A suitable arrangement which can be adapted to the present
invention 1s disclosed in US Patent No. 6,836,917.

Turning to FIG. 9, the electric toothbrush comprises a toothbrush head 420, a body or
handle 422, and an elongate neck 424 there between. The drive train, which consists of the
shafts and gears that transmit motion from the motor to the first bristle holder 36, 1s similar to
that describe in US Patent No. 6,178, 579. The handle 422 1s hollow and includes a motor 426

and batteries (not shown) for powering the motor. A rechargeable power source can be
substituted for the batteries. The head 420 has a longitudinal axis 430 passing there through. The

longitudinal axis 430 extends in the same general longitudinal direction as a
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longitudinal axis 432 of a shaft 434. A first bristle holder 36 is disposed at a first end of the head
420, wherein the first end is at the forward most point of the head 420. While the first bristle holder
36 is illustrated as circular in shape, other shapes can be utilized. Further, while the first bristle
holder 36 is disposed at the first end of the head 20, it will be appreciated that it can be disposed
away from the first end and other features, such as stationary bristles, might be disposed between
the first bristle holder 36 and the first end of the head 20. In this embodiment, the first bristle holder
only oscillates and does not reciprocate, translate, or perform any other non-rotational or oscillatory
motion.

A second bristle holder 438 is disposed adjacent the first bristle holder 436. The second
bristle holder reciprocates in the same general longitudinal direction as longitudinal axis 430 of the
head 420. In this embodiment, the longitudinal direction of reciprocation is also the same as the
longitudinal direction of the longitudinal axis 432 of the shaft 434. While it is desirable to locate the
second bristle holder 438 directly adjacent the first bristle holder 36, it is contemplated that a gap
may be provided between the first and second bristle holders. In addition, the gap between the first
and second bristle holders might be filled with stationary bristles which are embedded 1n fixed or
stationary third bristle holder (not shown) which forms part of the toothbrush head.

A first gear 76 is operatively connected to and powered by the motor 426. A second gear 78
is operatively connected to the first gear 76. The rotational axis of the second gear 78 i1s
approximately normal to the rotational axis of the first gear 76 such that the teeth of the first gear
76 mesh with teeth of the second gear 78, thus causing second gear 78 to rotate as the first gear 76
rotates.

A first arm 79 is eccentrically and pivotably connected to the second gear 78 via a pin 80 or
other fastening device. Due to the eccentric connection, the rotational motion of the second gear 738
is converted into a reciprocating motion of the first arm 79. A second arm 82 is pivotably connected
to the first arm 78 via a pin 84 or other fastening device. The shaft 434 is fixedly secured, such as
by a press fit, to the second arm 82 and to a third arm 86 by a pin 88. The shaft 434 i1s housed at least
partially within the neck 424. The third arm 86 is connected at 1ts terminal end to the first bristle
holder 36 via a pin 90 or other fastening device. The terminal end of the third arm 86 1s offset from

the longitudinal axis of the shaft 434 so that 1t 1s pinned adjacent the outer periphery of the
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first bristle holder 36. This offset arrangement converts the reciprocating motion of the third arm
86 1nto an oscillating motion of the first bristle holder 36, wherein the first bristle holder 36
oscillates about an axis approximately normal to the axis 432 of the shaft 434.

Referring to FIG. 10, a first embodiment of a toothbrush head suitable for use with the
electric toothbrush of FIG. 9 will now be described. In the head 520, the pin 590 that interconnects
the shaft 434 with the third arm 86 also extends into the second bristle holder 538. The second
bristle holder 538 is thereby driven in the same general longitudinal direction as the longitudinal
ax1s of the head 520 and/or the shaft 434. A plurality of T-shaped (in cross section) blocks 92
depend from a bottom surface 60 of the second bristle holder 538. The T-shaped blocks 92 are
formed by an upstanding portion 94 which is connected to a transverse portion 96. Slots 98 are
formed between the bottom surface 60 of the second bristle holder 538, a side wall of the
upstanding portion 94, and an inner side wall of the transverse portion 96. The slots 98 extend in
the same general longitudinal direction as the longitudinal axis of head 520. Two pairs of
protrusions 100 extend from two cut-outs 102 in the housing. The cut-outs 102 receive the

T-shaped blocks 92. One of the cut-outs 102 also has a circular portion which receives the circular
shaped first bristle holder (not shown in FIG 10). The protrusions 100 are slidably received within
the slots 98 ot the T-shaped blocks 92 when the second bristle holder 538 is installed in the top
housing of the head 520. The protrusions 100 and slots 98 cooperate to direct the motion of the
second bristle holder 538 in the same general longitudinal direction as the longitudinal axis of the
head 520 and/or shaft 534 during use. The rearward most T-shaped block (i.e., the T-shaped block
located adjacent the neck) has a hole 104 which receives the pin 590.

As the shaft 434 reciprocates, the pin 590 also reciprocates thereby driving the rearward
T-shaped block 92 having the hole 104, and therefore the second bristle holder 538, in a
reciprocating longitudinal motion. In addition, the shaft 434 drives the third arm 86 in a
reciprocating motion which in turn drives first bristle holder 36 in an oscillating motion, as

previously described. In one embodiment, the first bristle holder 36 moves in counter-clockwise

direction as the second bristle holder 538 moves away from the handle 422 in a direction toward

the first bristle holder 36.
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Referring to FIG. 11, a second embodiment of a toothbrush head suitable for use
with the electric toothbrush of FIG. 9 will now be described. In the head 620, a second
bristle holder 638 1s disposed adjacent a first bristle holder 36. The second bristle holder
638 has first and second L-shaped (when viewed from the side) blocks 692 that depend
from a bottom surface 60 of the second bristle holder 638. While L-shaped blocks are
shown, other shapes can be substituted. The L-shaped blocks 638 are formed from an
upstanding portion 694 and a longitudinally-directed portion 696 that is aligned in the
same direction as the longitudinal axis of the head 620 and/or shaft 634. The L-shaped
blocks 692 are received within corresponding slots 602 such that the side walls of the L-
shaped blocks 692 and the side walls of the slots 602 cooperate to direct the reciprocating
motion of the second bristle holder 638. The underside of a cantilevered portion 106 of
the longitudinal portion 696 of the L-shaped blocks 638 engages an inner surface of the
toothbrush head housing to retain the second bristle holder 638 with the head 620. The
second bristle holder 638 includes a pin 105 which extends from the forward most L-
shaped block 692. The pin 105 may be molded and unitary with the L-shaped block 692.
The pin 105 is received in a hole 604 associated with the shaft 634 at about the point
where the shaft 634 and the third arm 86 are connected. As the shaft 634 reciprocates in
the same general direction as the longitudinal axis of the head 620, the pin 105 also
reciprocates in generally the same direction, thereby reciprocating the second bristle
holder 638 in the same general longitudinal direction as the longitudinal axis of the head
620 and/or shaft 634. The side walls of the slots 602 slidingly engage the side walls of
the L-shaped blocks 692, thereby preventingf the second bristle holder 638 from moving
significantly in a transverse direction. The third arm 86 also drives the first bristle holder
36 1n an oscillatory motion as previously discussed with respect earlier embodiments of
the present invention. _

Referring to FIG. 12, a third embodiment of a toothbrush head suitable for use
with the electric toothbrush of FIG. 9 will now be described. In the head 720, a second
bristle holder 738 is disposed adjacent a first bristle holder 36. The second bristle holder
738 has two L-shaped (in side view) blocks 692 and 792 disposed at the forward and
rearward edges of the second bristle holder 738. However T, I or other shaped blocks

could also be used. The blocks 692, 792 extend from a bottom surface 60 of the second
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bristle holder 738. The L-shaped block 692 is the same as previously described for FIG.
11. The L-shaped block 792 has a pair of opposed upstanding portions 794 which each
contain a U-shaped slot 706. The U-shaped slots 706 each receive a corresponding pin
108 which extends transversely from the shaft 734. As the shaft 734 reciprocates in the
same longitudinal direction as the longitudinal axis of the head 720, the pins 108 also
reciprocate, thereby driving the L-shaped blocks 692, 792 and the second bristle holder
738 in the same manner. The third arm 86, which is connected to the shaft 734, drives the.
first bristle holder 36 in an oscillatory motion as previously.

Referring to FIG. 13, a fourth embodiment of a toothbrush head suitable for use
with electric toothbrush of FIG. 9 will now be described. In the head 820, a second
bristle hblder 838 is disposed adjacent a first bristle holder 36. The second bristle holder
3838 has two L-shaped (in side view) blocks 692 and 892 disposed at the forward and
rearward edées of the second bristle holder 838. However T, I or other shaped blocks
could also be used. The blocks 692, 892 extend from a bottom surface 60 of the second
bristle holder 838. The L-shaped block 692 is the same as previously described for FIG.
11. The L-shaped block 892 has an upstanding portion 894 with a C-shaped slot 806 that
is sized to slideably receive the shaft 834. A pair of spaced apart rings 110 circumscribe
the shaft 834. When assembled, the shaft 834 is received in the C-shaped slot 806 such
that the upstanding portion 894 is disposed between the rings 110. As the shaft 834
reciprocates in the same general direction as the longitudinal axis of the head 820, the
rings reciprocate the L-shaped block 892 and therefore also the second bristle holder 838
in the same manner. The third arm 86 also drives the first bristle holder 36 m an
oscillatory motion as previously discussed. While embodiments of the present invention
have been illustrated for simplicity with tufts of bristles that extend in a direction
substantially perpendicular to the top surface of the bristle holders, it is contemplated that
the bristles might be arranged differently to complement or further enhance the motions
of the first and/or second bristle holders. Referring to FIGS. 14 and 15, some or all of the
bristles might extend in a direction which forms an acute angle 21 with the top surfaces
23, 33 of the first and second bristle holders 36, 38 and extends in a forward or rearward
direction, such as shown by way of example with respect to bristle tufts 25, 27, and 25

respectively. Referring to FIG. 15, in another embodiment, some of the bristles might
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extend outwardly away from head, in another direction, again forming an acute angle 31 with
respect to the top surface 23, 33 of the first and second bristle holders 33, 38, as shown by way of
example with respect to bristle tufts 35 and 37. Massaging bristles or bristles of varying height
might also be used, such as described in U. S Patent Nos. Des. 330,286, Des. 434,563. Other
preferred bristle arrangements suitable for use include those arrangements described in whole or
part in U. S Patents Nos. 6,006,394, 4,081,876, 5,046,213, 5,335,389; 5,392,483 ; 5,446,940;
4,894,880; and international publication no. WO 99/23910.

While the electric toothbrushes of the present invention can be made with any combination
of bristle or massaging tip types, dimensions, combinations, angles and arrangements, a particularly
preferred arrangement is illustrated in FIGS. 16 and 17. The first bristle holder 36 has two
concentric rings of tufts, wherein the outer ring 39 has between 10 and 20 tufts and the inner ring
41 has between 6 and 10 tufts. In one embodiment, the outer ring 39 has 14 tufts and the inner ring
41 has 8 tufts. Between 1 and 2 tufts are disposed inside the inner ring 39 at the centre of the first
bristle holder. Tufts in the outer ring 39 alternate in height. In one embodiment there are seven tall
tufts 43 and seven shorter tufts 45. The difference in length between the tall tufts 43 and the shorter
tutts 45 1s between about 0.5 mm and about 2.5 mm in one embodiment and between about | mm
and about 2 mm 1n other embodiment. The tall and short tufts of bristles can be provided with
different characteristics. For example, the tali tufts of bristles may be relatively soft for gently
cleaning and massaging gums of a user while shorter tufts of bristles may be somewhat firmer for
interdental cleaning (or vice versa). This arrangement allows the longer (and typically softer
bristles) to be pressed, bent and deflected against the gums of the user before the shorter (and
typically firmer bristles contact the teeth and gums of the user. Therefore, for example, soft bristles
can be applied with more force while stiffer (and perhaps less comfortable bristles) are applied with
less force.

The first bristle holder 36 oscillates (i.e., the angle of rotation) between about 20 degrees
and about 45 degrees in one embodiment and between about 25 degrees and about 35 degrees in

another embodiment. The first bristle holder has a peak oscillation
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frequency between about 6,000 and about 10,000 cycles per minute in one embodiment
and between about 7,000 and 9,000 cycles per minute in another embodiment. A cycle1s
one complete clockwise and counter-clockwise rotation (or vice versa) when the batteries
are fully charged. It is contemplated that the oscillation frequency may drop outside of
these ranges as the batteries are drained by use. Since the same shaft is driving both the
first and second bristle holders, the second bristle holder would also have the same
frequency of operation. A cycle for the second bristle holder is one complete stroke
troward the handle and one complete stroke back toward the first bristle holder (or vice
versa).

The second bristle holder 38 has between 15 and 40 tufts in one embodiment and
between about 20 and about 30 tufts in another. The tufts are arranged in between about
5 and about 15 rows, as best seen in FIG. 16. The rows may be linear or curvilinear. The
tips of the tufts of bristles are provided with a linear, wave-like profile when viewed from
the side, as best seen in FIG. 16, although this profile can be more curvilinear. This
arrangement has between 2 and about 8 peaks 45 m one embodiment and between about 3
and about 6 peaks 45 in another embodiment, when viewed from the side. The peaks 45
are formed by adjacent tufts that have oppositely angled tuft end surfaces 47 and 49. The

same is true for the valleys 51. The distance from peak-to-peak is between about 2mm

tuft is cut at about 45 degrees. The tuft arrangement of the second bristle holder 38 has a
length between about Smm and about 20mm and a width between about 5mm and 15mm
‘1 one embodiment and a length between about 10mm and about 15mm and a width
hetween about 10mm and 15mm in another embodiment. The tuft pattern of the second
bristle holder 38 tapers toward the longitudinal axis of the toothbrush head as the taper
progresses rearward. The second bristle holder has a stroke (i.e., a displacement in one
direction) between about lmm and about 6mm 1n one embodiment and a stroke between
about 2mm and about 4mm in another embodiment. The wave-like tuft profile of the

second bristle holder 38 can also be used 1 an electric toothbrush embodiment where the
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second bristle holder 38 does not move, such as with the electric toothbrush described in
US patent no. 6,630,395.

The mvention has been described with reference to particular embodiments.
Modifications and alterations will occur to others upon reading and understanding this
specification. For example, while certain cams have been described as comprising bends
in a shaft and other cams have been described as including appropriately shaped beads
secured to a shaft, the cams are not Iimited to the suggested form. Indeed, bends may be
substituted for beads and beads may be substituted for bends and other shapes, sizes, and

configurations can be implemented. It is intended that all such modifications and

alterations are included insofar as they come within the scope of the appended claims or

equivalents thereof.
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WHAT IS CLAIMED IS:

1.

2.

An electric toothbrush, comprising:

a handle having a motor disposed therein;

a drive system operatively connected to said motor, said drive system
comprising

a shaft with a longitudinal axis and configured to reciprocate along its
longitudinal axis and an arm extending from an end of the shaft in generally the same
direction as the longitudinal axis of said shaft;

a head having a longitudinal axis which extends in generally the same direction
as the longitudinal axis of said shaft;

a neck disposed between said handle and said head;

a first bristle holder operatively connected to said arm to oscillate or rotate; and

a second bristle holder operatively connected to said shaft to reciprocate in
generally the same direction as said longitudinal axis of said head but not to rotate or

oscillate; and

wherein said second bristle holder comprises a row of bristle tufts oriented

generally transverse to said longitudinal axis of said head.

The electric toothbrush of claim 1, wherein said second bristle holder is disposed

between said first bristle holder and said handle.

3.

The electric toothbrush of claim 2, wherein said first bristle holder and said second

bristle holder do not physically contact each other.

4.

The electric toothbrush of claim 3, wherein said shaft is coupled to said second bristle

holder, and wherein said arm is coupled to said first bristle holder.
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5. The electric toothbrush of claim 2, wherein said transverse row is arcuate, and wherein
said first bristle holder is generally circular, such that said transverse row partially wraps

around said first bristle holder.

6. The electric toothbrush of claim 1, wherein said shaft comprises a pin, wherein said

pin operatively connects said shaft and said second bristle holder.

7. The electric toothbrush of claim 1, wherein a bottom surface of said second bristle

holder contacts a top surface of said head.

8. The electric toothbrush of claim 7, wherein said head defines an aperture and said
second bristle holder comprises a depending element which depends from said bottom surface
of said second bristle holder, and wherein said depending element is received through said

aperture of said head.

9. An electric toothbrush comprising:

a handle having a motor disposed therein:

a drive system operatively connected to said motor, said drive system
comprising

a shait with a longitudinal axis, wherein said shaft reciprocates;

a head having a longitudinal axis;

a neck disposed between said handle and said head;

a first bristle holder associated with said head which oscillates or rotates:

a second bristle holder associated with said head which reciprocates in
generally the same direction as said longitudinal axis of said head but does not rotate
or oscillate, wherein said second bristle holder further comprises a first T-shaped block
which depends from a bottom surface of said second bristle holder, wherein said

I-shaped block slideably engages a first pair of projections of said head to guide the
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movement of said second bristle holder, wherein said drive system is operatively
connected to said first and second bristle holders; and
wherein said second bristle holder comprises a row of bristle tufts oriented

generally transverse to said longitudinal axis of said head.

A detachable head for use with an electric toothbrush, said detachable head
comprising:

an elongate body comprising a drive system with a shaft with a longitudinal
ax1s and an arm extending from an end of the shaft in generally the same direction as
the longitudinal axis of the shaft, a head having a longitudinal axis which extends in
generally the same direction as the longitudinal axis of said shaft, and a first end
opposite a second end, wherein said first end may be detachably coupled to the electric
toothbrush, said shaft configured to reciprocate along its longitudinal axis;

a first bristle holder comprising a first plurality of bristle tufts, wherein said
first bristle holder is operatively connected to said arm of said drive system to oscillate
said first bristle holder about an axis substantially perpendicular to said longitudinal
axis of said head;

a second bristle holder comprising a second plurality of bristle tufts, wherein
said second bristle holder is operatively connected to said shaft of said drive system
to reciprocate said second bristle holder in generally the same direction as said

longitudinal axis of said head, wherein said second bristle holder does not rotate or

oscillate;

wherein a bottom surface of said second bristle holder contacts a top surface
of said head; and

wherein said head comprises an aperture and said second bristle holder
comprises a depending element which depends from said bottom surface of said

second bristle holder, and wherein said depending element is received through said

aperture of said head.
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11.  The detachable head of claim 10, wherein a bottom surface of said first bristle holder

contacts said top surface of said head.

12.  The detachable head of claim 10, wherein said second bristle holder comprises a row

of bristle tufts generally transverse to said longitudinal axis of said head.

13.  Thedetachable head of claim 12, wherein said generally transverse row 1s arcuate, and
wherein said first bristle holder is generally circular, such that said generally transverse row

partially wraps around said first bristle holder.

14.  The detachable head of claim 13, wherein said second bristle holder is disposed

between said first bristle holder and said first end.

15.  The detachable head of claim 13, wherein said first bristle holder and said second
bristle holder do not physically contact other.

16.  The detachable head of claim 10, wherein said shaft is coupled to said second bristle

holder and said arm is coupled to said first bristle holder.

17. A detachable head for use with an electric toothbrush, said detachable head
comprising:
an elongate body comprising a head, a drive system, and a first end opposite

a second end, wherein said first end may be detachably coupled to the electric

toothbrush, said head having a longitudinal axis;
a first bristle holder comprising a first plurality of bristle tufts, wherein said
first bristle holder is operatively connected to said drive system to oscillate said first

bristle holder about an axis substantially perpendicular to said longitudinal axis:
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a second bristle holder comprising a second plurality of bristle tufts, wherein
said second bristle holder is operatively connected to said drive system to reciprocate
said second bristle holder in generally the same direction as said longitudinal axis of
said head, wherein said second bristle holder does not rotate or oscillate: and

said drive system comprising a shaft configured to reciprocate along a
longitudinal axis in generally the same direction as the longitudinal axis of said head
and an arm extending from an end of the shaft, wherein said arm generally extends in
the direction of said longitudinal axis of said head, and wherein said shaft is coupled

to said second bristle holder and said arm is coupled to said first bristle holder.

18. The detachable head of claim 17, wherein a bottom surface of said first bristle holder
and a bottom surface of said second bristle holder contact a top surface of said head, and
wherein said head comprises an aperture and said second bristle holder comprises a depending
element which depends from said bottom surface of said second bristle holder, and wherein

said depending element is received through said aperture of said head.

19.  The detachable head of claim 18, wherein said second bristle holder comprises a row

of bristle tufts generally transverse to said longitudinal axis of said head.

20.  The detachable head of claim 19, wherein said generally transverse row is arcuate, and
wherein said first bristle holder is generally circular, such that said generally transverse row

partially wraps around said first bristle holder, and wherein said second bristle holder is

disposed between said first bristle holder and said first end.
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