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CLEANING APPLIANCE

FIELD OF THE INVENTION

The present invention relates to a dental cleaning appliance. In a preferred embodiment,
the appliance is an electric toothbrush having a fluid delivery system for delivering a
fluid to the teeth of the user. This fluid may be toothpaste, or a fluid for improved
interproximal cleaning. Alternatively, the appliance may not include any bristles or
other elements for brushing teeth, and may be in the form of a dedicated interproximal
cleaning appliance. The invention also relates to a cleaning tool for use with a dental

cleaning appliance.

BACKGROUND OF THE INVENTION

Electric toothbrushes generally comprise a cleaning tool which is connected to a handle.
The cleaning tool comprises a stem and a brush head bearing bristles for brushing teeth.
The brush head comprises a static section which is connected to the stem, and at least
one moveable section which is moveable relative to the static section, for example with
one of a reciprocating, oscillating, vibrating, pivoting or rotating motion, to impart a
brushing movement to bristles mounted thereon. The stem houses a drive shaft which
couples with a transmission unit within the handle. The transmission unit is in turn
connected to a motor, which is driven by a battery housed within the handle. The drive
shaft and the transmission unit convert rotary or vibratory motion of the motor into the
desired movement of the moveable section of the brush head relative to the static

section of the brush head.

It is known to incorporate into an electric toothbrush an assembly for generating a jet of
fluid for interproximal cleaning. For example, US 8,522,384 describes an electric
toothbrush in which the handle of the toothbrush defines a fluid chamber for storing a
liquid such as water, and a slidable cover for enabling the fluid chamber to be accessed
for replenishment by a user. A fluid path connects the fluid chamber to a nozzle located

on a static portion of the brush head. A pump located within the fluid path is actuated
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upon user operation of an actuator on the handle to pump fluid from the fluid chamber
to the nozzle for release under pressure from the nozzle.

SUMMARY OF THE INVENTION

The present invention provides a dental cleaning appliance comprising:

a pump which generates a burst of working fluid having a volume which is less
than Iml;

a control circuit for activating the pump;

a nozzle for delivering the burst of working fluid to the teeth of a user; and

a fluid conduit for conveying working fluid from the pump to the nozzle;

wherein the nozzle comprises a fluid chamber extending about a longitudinal
axis and a channel for conveying working fluid from the fluid chamber to a fluid outlet
from the nozzle, the fluid chamber comprising a tangential fluid inlet for conveying
working fluid substantially tangentially into the fluid chamber to generate angular
momentum of the working fluid about the longitudinal axis of the fluid chamber to
cause the burst of working fluid to break up to form a spray which is delivered to the
teeth of the user.
Each burst of working fluid preferably has a volume which is preferably less than 0.5
ml. In a preferred embodiment, the volume of the burst of working fluid delivered to

the teeth of a user is in the range from 0.1 to 0.4 ml, and is preferably around 0.25 ml.

Within the fluid chamber, the nozzle thus generates angular momentum of the working
fluid about the longitudinal axis of the fluid chamber. The working fluid is conveyed to
the fluid outlet of the nozzle by a channel extending between the fluid chamber and the
fluid outlet. The burst of working fluid is projected outwardly from the fluid outlet and
breaks up to form a spray. The spray of working fluid expands out of the fluid outlet of
the nozzle and is generally conical in nature after the fluid outlet. The working fluid
ejected from the nozzle is encouraged to break up and form a divergent spray with
droplets because sufficient angular momentum and flow disruption has been introduced
into the flow within the fluid chamber. This action, together with sufficient momentum
in the general direction of the flow, enables matter located within an interproximal gap

of a user’s teeth to be dislodged by the working fluid.
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We have found that delivering such a burst of working fluid as a spray of droplets, that
is formed from a nozzle having an angled inlet as opposed to an axial inlet, delivered to
an interproximal gap is more effective at dislodging matter therein. This can enable a
user to reduce the number of bursts of working fluid which are required to dislodge
matter therein, reducing the time required to perform an entire teeth cleaning operation
and reducing the risk that a fluid reservoir for supplying working fluid to the nozzle will

become exhausted prior to the completion of the teeth cleaning operation.

The fluid inlet is in the form of a tangential inlet for conveying the fluid substantially
tangentially into the fluid chamber. The fluid chamber preferably has, in a plane which
is orthogonal to the longitudinal axis, a cross-section which is substantially circular in
shape. The fluid chamber may be cylindrical, spheroidal or spherical in shape. However,
the fluid chamber may adopt any other shape which can generate angular momentum in
the burst of working fluid received by the fluid chamber. For example, the cross-section

of the fluid chamber may be oval, elliptical, or polygonal.

The diameter of the fluid chamber is preferably in the range from 2 to 6.5mm and in a

preferred embodiment is around 4 mm.

An outlet port from the fluid chamber is preferably located on the longitudinal axis of
the fluid chamber, and thus orthogonal to the tangential inlet of the fluid chamber. The
fluid outlet of the nozzle is preferably in axial alignment with the outlet port of the fluid
chamber. The channel extending between the outlet port of the fluid chamber and the
fluid outlet of the nozzle is preferably cylindrical in shape, and preferably has a

diameter which is smaller than the diameter of the fluid chamber.

The diameter of the channel is preferably in the range from 1.5 to 3 mm, and in a
preferred embodiment is around 2 mm. The transition between the fluid chamber and
the channel may be tapered and/or stepped; in a preferred embodiment the outlet port is
frustoconical in shape, tapering inwardly in a direction extending from the fluid

chamber to the channel.



10

15

20

25

30

The fluid outlet of the nozzle preferably has a diameter which is smaller than the
diameter of the channel. The fluid outlet preferably has a diameter in the range from 0.5
to 1.5 mm, and in a preferred embodiment is around 0.7 mm. The transition between the
channel and the fluid outlet may be tapered and/or stepped; in a preferred embodiment
the transition is frustoconical in shape, tapering inwardly in a direction extending from
the channel to the fluid outlet. The longitudinal axis of the fluid chamber preferably
passes through the fluid outlet of the nozzle, and so the longitudinal axis of the fluid
chamber may be referred to as a nozzle axis on which the fluid chamber and the channel

are centered.

The nozzle and the fluid conduit preferably form part of a fluid delivery system. The
fluid delivery system is preferably configured to deliver working fluid to the inlet of the
fluid chamber at a static pressure in the range from 3 to 10 bar. The fluid delivery
system preferably comprises a pump and a control circuit for actuating the pump to eject
a burst of working fluid towards the nozzle. As mentioned above, the volume of each
burst of working fluid which is generated by the fluid delivery system is less than 1 ml,
preferably less than 0.5 ml. In a preferred embodiment, the volume of the burst of
working fluid generated by the fluid delivery system is in the range from 0.1 to 0.4 ml,
and is preferably around 0.25 ml.

As the nozzle is moved between adjacent teeth of the user, the user may depress a
button of a user interface provided on a handle of the appliance to actuate the pump to
cause a burst of working fluid to be ejected from the nozzle. Alternatively, the appliance
may be configured to actuate the delivery of working fluid to the teeth of the user
automatically depending on the magnitude of an output from a sensor for detecting that
the nozzle is located within an interproximal gap. For example, the sensor may be in the
form of a light detector, such a camera or a light sensor, for receiving light, such a
visible light or infrared light, reflected from a user’s teeth. As another alternative, the
appliance may be configured to actuate the delivery of working fluid to the teeth of the

user automatically at a fixed frequency, for example between 0.5 and 5 Hz. The pump is
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preferably a positive displacement pump, such as a piston pump or a diaphragm pump.
A hydraulic accumulator may be provided between the pump and the nozzle for storing
working fluid at a pressure in the range from 3 to 10 bar. In this case, the fluid delivery
system may comprises a valve, such as a solenoid valve, located downstream from the
accumulator, and the control circuit may be configured to change the position of the
valve from a closed position to an open position to release working fluid from the

accumulator.

The nozzle may be moveable relative to a handle of the appliance. The nozzle is
preferably moveable relative to the handle in a direction which extends generally
parallel to or generally along the nozzle axis. The nozzle is preferably biased for
movement relative to the handle in such a direction that the nozzle is urged against a
user’s teeth during use of the appliance. The fluid conduit is preferably moveable with

the nozzle.

The nozzle may be connected to an arm, and that arm may be biased for movement
relative to the handle in a direction which urges the nozzle against a user’s teeth during
use of the appliance. For example, the arm may be urged to move in that direction by a
resilient member which engages the arm. Alternatively, the arm may be deformed
elastically in such a manner that relaxation of the arm urges the nozzle against the user’s

teeth.

In a preferred embodiment, the fluid conduit is biased for movement relative to the
handle in a direction which urges the nozzle against a user’s teeth during use of the
appliance. This fluid conduit may thus serve to bias the nozzle for movement relative to
the handle in such a direction that the nozzle is urged against a user’s teeth during use of
the appliance. The fluid conduit may be moveable relative to the handle in one of a
number of different ways. For example, the fluid conduit may be slidable, pivotable,
rotatable or otherwise translatable relative to the handle. Alternatively, the fluid conduit

may be extendable or expandable.
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In a preferred example, the nozzle is moveable relative to the handle about an axis. The
nozzle is preferably pivotable about the axis. This axis is preferably substantially
orthogonal to the longitudinal axis of the handle. The axis is preferably angled to the

nozzle axis, and is more preferably substantially orthogonal to the nozzle axis.

The fluid conduit preferably has a rigidity which is such that the fluid conduit does not
deform, bend or kink as the fluid conduit moves with the nozzle relative to the handle.

The fluid conduit is preferably formed from one of metallic and plastics material.

The nozzle is preferably biased for movement relative to the handle by a resilient
member. The resilient member may engage a component to which the nozzle is
connected. For example, the nozzle may be connected to a support for supporting the
nozzle, and the support may be arranged to be moveable relative to the handle. The
support may be biased for movement relative to the handle. As the support moves
relative to the handle, the nozzle and the fluid conduit may move relative to the handle,
preferably about an axis. Alternatively, the resilient member may engage the fluid
conduit. The resilient member preferably exerts a force on the fluid conduit, or the
support, which is of a sufficient magnitude to allow the nozzle to move, against the
biasing force of the resilient member, as it is pressed against the user’s teeth, and

without exerting an excessive force on the teeth which is uncomfortable for the user.

In a preferred embodiment, the resilient member forms a part of the fluid delivery
system, and is preferably in the form of a resilient section of the fluid conduit which is
connected to the nozzle. That resilient section of the fluid conduit may be twisted, bent,
compressed or otherwise deformed so as to exert a force on the nozzle which urges it to

move relative to the handle against a user’s teeth during use of the appliance.

Thus, the fluid delivery system may comprise a nozzle from which the burst of working
fluid is delivered to the teeth of a user, and a fluid conduit having a relatively rigid
section which is pivotable about an axis, and a relatively flexible, resilient section for

urging the nozzle, and the relatively rigid section of the fluid conduit, to pivot about the



10

15

20

25

30

7

axis in a direction which urges the nozzle against a user’s teeth during use of the
appliance. Alternatively, the sections of the fluid conduit may be provided by discrete

connected components.

The appliance preferably comprises a cleaning tool which is detachably connected to the
handle. The fluid delivery system may thus comprise comprises a cleaning tool conduit
system and a handle conduit system. The handle conduit system preferably comprises a
fluid inlet port for receiving working fluid from a fluid outlet port of a fluid reservoir.
The handle conduit system comprises a plurality of conduits for conveying working
fluid between the fluid inlet port, the pump and a fluid outlet port of the handle. The
cleaning tool conduit system preferably comprises a fluid inlet port for receiving a burst

of working fluid from the handle fluid outlet port, the nozzle, and the fluid conduit.

The appliance preferably comprises a head, and a stem extending between the head and
the handle. The nozzle preferably protrudes outwardly from, and is moveable relative
to, the head. The nozzle is preferably biased for movement relative to the head in a
direction which extends away from the head. The nozzle is preferably moveable
between a distal position and a proximal position relative to the head. The nozzle is

preferably biased for movement towards the distal position.

To facilitate the movement of the nozzle along the teeth of user during use of the
appliance, the head preferably comprises means for engaging the teeth of the user, with
the nozzle being moveable relative to the engaging means as it moves between its distal
and proximal positions. For user comfort, the engaging means may be formed from
resilient or elastomeric material. The engaging means may have a substantially flat
upper surface, a curved upper surface, or a stepped upper surface. For example, the
engaging means may have a concave upper surface. When the nozzle is in its distal
position relative to the head, the tip of the nozzle preferably protrudes outwardly beyond
at least some of the engaging means so that, when the nozzle is pressed against a user’s
teeth, the nozzle moves away from the distal position and towards the proximal

position.
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The appliance may be in the form of a dedicated interproximal cleaning appliance for
cleaning between the gaps in the user’s teeth. For such an appliance, the engaging
means may comprise a single resilient member which surrounds the nozzle.
Alternatively, the engaging means may comprise a plurality of resilient members
arranged adjacent to the nozzle. The resilient members may be located on opposite sides
or ends of the head, or arranged about the nozzle. For example, the resilient members
may be arranged circumferentially about the nozzle. The resilient member(s) may be

formed from elastomeric material.

Alternatively, the appliance may be in the form of a toothbrush which has the additional
function of improved interproximal cleaning through the emission of a burst of working
fluid into the interproximal gap. Where the appliance is in the form of a toothbrush, the
engaging means preferably comprises a plurality of bristles. The bristles are preferably

arranged around the nozzle, and may be arranged circumferentially about the nozzle.

The plurality of bristles may be attached to a static section of the head, which section is
not moveable relative to the handle. Alternatively, or additionally, a plurality of bristles
may be attached to a moveable section of the head, which section is moveable relative
to the handle. In a preferred embodiment, the appliance comprises a brush unit
comprising a bristle carrier and a plurality of bristles mounted on the bristle carrier, with
the bristle carrier being moveable relative to the handle. The nozzle is preferably biased
for movement relative to the brush unit in a direction extending away from the brush

unit.

In addition to the movement of the nozzle relative to the brush unit, the brush unit is
preferably moveable relative to the nozzle. The movement of the brush unit relative to
the nozzle, to enable the ends of the bristles to be swept over the surfaces of the teeth of
the user, may thus be independent from the movement of the nozzle relative to the

handle. The bristle carrier may translate, rotate, pivot or vibrate relative to the nozzle.



10

15

20

25

30

9

The working fluid is preferably a liquid working fluid, and is preferably water. The
appliance preferably comprises a fluid reservoir for storing working fluid, and from
which working fluid is supplied to the fluid delivery system. The handle of the
appliance may comprise the fluid reservoir. For example, the fluid reservoir may be
fully contained within a body of the handle. Alternatively, an external wall of the handle
may at least partially delimit the fluid reservoir. At least part of that external wall may
be transparent to allow a user to see the volume of working fluid contained within the
fluid reservoir. Alternatively, the fluid reservoir may be housed within the stem. As
above, an external wall of the stem may at least partially delimit the fluid reservoir, and
at least part of that external wall may be transparent to allow a user to see the volume of
working fluid contained within the fluid reservoir. As an alternative to housing the fluid
reservoir within the stem, the fluid reservoir may be connected to the stem so as to be
located externally of the stem. This can allow the fluid reservoir to be detached from the
stem for replenishment or replacement as required. Alternatively, the fluid reservoir
may be partially delimited by an external wall which is connected to the stem. Again, at
least part of that external wall may be transparent to allow a user to see the volume of
working fluid contained within the fluid reservoir. To maximize the capacity of the fluid
reservoir and to provide for a relatively even weight distribution about the longitudinal
axis of the appliance, the fluid reservoir preferably extends about, or surrounds, the

stem.

As mentioned above, the cleaning tool is preferably detachably connected to the handle.
This can allow a handle to be provided with a set of similar cleaning tools, each with a
respective different identifier for use by a different user. This can also allow a handle to
be provided with a set of dissimilar cleaning tools. For example, the set of cleaning
tools may be selected from two or more of a first type of cleaning tool with a nozzle and
a moveable brush unit, a second type of cleaning tool with a nozzle and a static brush
unit, a third type of cleaning tool with a nozzle and no bristles, and a fourth type of
cleaning tool with a moveable brush unit and no nozzle. A number of respective

different cleaning tools of the same type may also be provided, for example, of the first
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type of cleaning tool, with bristles having a respective different stiffness, or with

nozzles having respective different fluid outlet sizes.

The appliance is preferably a handheld appliance which includes all of the
aforementioned components of the appliance. The cleaning tools may be sold as stand-
alone items, for example as spare parts or as alternative cleaning tools for use with an

existing handle.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred features of the present invention will now be described by way of example

only with reference to the accompanying drawings, in which:

Figure 1(a) is a right side view of a dental cleaning appliance, Figure 1(b) is a front

view of the appliance, and Figure 1(c) is a left side view of the appliance;

Figure 2 illustrates schematically components of a fluid delivery system for delivering a

burst of a working fluid to the teeth of a user;

Figure 3 is a right side perspective view, from above, of a cleaning tool of the appliance;

Figure 4 is a right side perspective view, from above, of a handle of the appliance;

Figure 5 is a side sectional view of a lower part of the cleaning tool;

Figure 6 is a perspective view of a conduit system of the cleaning tool;

Figure 7 is a side sectional view of an upper part of the cleaning tool;

Figure 8 is a perspective view of a nozzle of the conduit system;

Figure 9 is a rear sectional view through a fluid chamber of the nozzle;
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Figures 10(a) to 10(e) are a series of photographs showing the ejection of a burst of

working fluid from the nozzle of Figure 8; and

Figures 11(a) to 11(e) are a series of photographs showing the ejection of a burst of

working fluid from a nozzle having a fluid inlet located opposite to the fluid outlet.

DETAILED DESCRIPTION OF THE INVENTION

Figures 1(a) to 1(c) illustrate external views of an embodiment of a dental cleaning
appliance 10. In this embodiment, the appliance is in the form of a handheld appliance,
which is in the form of an electric toothbrush having an integrated assembly for

dispensing a working fluid for improved interproximal cleaning.

The appliance 10 comprises a handle 12 and a cleaning tool 14. The handle 12
comprises an external body 16 which is gripped by a user during use of the appliance
10. The body 16 is preferably formed from plastics material, and is preferably generally
cylindrical in shape. The handle 12 comprises a plurality of user operable buttons 18,
20, 22 which are located within respective apertures formed in the body 16 so as to be
accessible to the user. The handle 12 may comprise a display which is positioned so as

to be visible to a user during use of the appliance.

The cleaning tool 14 comprises a stem 26 and a head 28. The stem 26 is elongate in
shape, which serves to space the head 28 from the handle 12 to facilitate user operability
of the appliance 10. In this embodiment, the head 28 of the cleaning tool 14 comprises a
brush unit 29, which comprises a bristle carrier 30 and a plurality of bristles 32 mounted
on the bristle carrier 30. However, in other embodiments the cleaning tool 14 may be
provided without a brush unit 29 so that the appliance is in the form of a dedicated

interproximal cleaning appliance for cleaning between the gaps in the user’s teeth.

The cleaning tool 14 also comprises a fluid reservoir 34 for storing a working fluid, and

a nozzle 36 for delivering one or more bursts of working fluid to the teeth of the user
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during use of the appliance 10. The fluid reservoir 34 is connected to the stem 26. The
fluid reservoir 34 extends at least partially around the stem 26. In this embodiment
which includes a brush unit 29, the brush unit 29 extends at least partially around the

nozzle 36.

The nozzle 36 forms part of a fluid delivery system 40 for receiving working fluid from
the fluid reservoir 34 and for delivering bursts of working fluid to the teeth of a user
during use of the appliance 10. Each burst of working fluid preferably has a volume
which is less than 1 ml, more preferably less than 0.5 ml, and in this example is around
0.25 ml. The tip of the nozzle 36 comprises a fluid outlet 42 through which a burst of
working fluid is delivered to the teeth of the user. The fluid delivery system 40 is
illustrated schematically in Figure 2. In overview, the fluid delivery system 40
comprises a fluid inlet 44 for receiving working fluid from the fluid reservoir 34. In this
embodiment, the working fluid is a liquid working fluid, which is preferably water. The
fluid delivery system 40 comprises a pump assembly 46 for drawing working fluid from
the fluid reservoir 34 through the fluid inlet 44, and for delivering a burst of working
fluid to the nozzle 36. The pump assembly 46 is located within the handle 12, and
comprises a positive displacement pump 48 and a drive for driving the pump 48. The
drive preferably comprises a motor 50. A battery 52 for supplying power to the motor

50 is also located in the handle 12. The battery 52 is preferably a rechargeable battery.

A first conduit 54 connects the fluid inlet 44 of the fluid delivery system 40 to a fluid
inlet 56 of the pump 48. A first one-way valve 58 is located between the fluid inlet 44
and the pump 48 to prevent water from returning to the fluid reservoir 34 from the pump
48. A second conduit 60 connects a fluid outlet 62 of the pump 48 to the nozzle 36. A
second one-way valve 64 is located between the pump 48 and the nozzle 36 to prevent
water from returning to the pump 48. A control circuit 66 controls the actuation of the
motor 50, and so the motor 50 and the control circuit 66 provide a drive for driving the
pump 48. The battery 52 supplies power to the control circuit 66. The control circuit 66

includes a motor controller, which supplies power to the motor 50.
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In this embodiment, the control circuit 66 receives signals generated when the user
depresses the buttons 18, 20, 22 located on the handle 12 of the appliance 10.
Alternatively, or additionally, the control circuit 66 may receive signals which are
generated by a sensor located within the appliance, or which are received from a remote
device, such as a display or a personal device. For brevity, in the following description
the control circuit 66 receives signals which are generated when the user operates one of

the buttons 18, 20, 22.

The cleaning tool 14 is detachably connected to the handle 12. With reference to
Figures 3 to 5, the handle 12 comprises a male connector, preferably in the form of a
spigot 70, which is received by a complementary female connector, preferably in the
form of a recessed connector 72, of the cleaning tool 14. The recessed connector 72
defines a generally cylindrical recess 73 for receiving the spigot 70. The spigot 70
preferably protrudes outwardly from an end surface 74 of the body 16, and preferably in
a direction which is parallel to a longitudinal axis of the handle 12. The end surface 74
defines an annular seat 76 for receiving an annular bottom wall 78 of the fluid reservoir
34 when the cleaning tool 14 is mounted on the handle 12. The annular seat 76
comprises the fluid inlet 44 of the fluid delivery system 40. The fluid inlet 44 receives
fluid from a reservoir fluid outlet port 80 of the fluid reservoir 34 when the cleaning tool

14 is mounted on the handle 12.

The second conduit 60, which connects the fluid outlet 62 of the pump 48 to the nozzle
36, comprises a handle conduit section located within the handle 12, and a cleaning tool
conduit section located within the cleaning tool 14. The handle conduit section extends
from the fluid outlet 62 of the pump 48 to a handle fluid outlet port 82 located adjacent
to the spigot 70. The cleaning tool conduit section 84, illustrated in Figure 6, comprises
a cleaning tool fluid inlet port 86 for receiving fluid from the handle fluid outlet port 82
when the cleaning tool 14 is connected to the handle 12. The cleaning tool fluid inlet
port 86 protrudes from the base of the recessed connector 72. The recessed connector 72

is housed within, and connected to, a relatively wide base section 88 of the stem 26.
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As mentioned above, the cleaning tool 14 includes a bristle carrier 30 which is
moveable relative to the stem 26. The appliance 10 comprises a drive mechanism for
driving the movement of the bristle carrier 30 relative to the stem 26. The drive
mechanism comprises a transmission unit connected to the bristle carrier 30, and a drive
unit for driving the transmission unit to move the bristle carrier 30 relative to the stem

26.

The handle 12 comprises the drive unit of the drive mechanism. The drive unit
comprises a motor, preferably in the form of a dc motor, which is actuated by the
control circuit 66 in response to the user depression of one or more of the buttons of the
handle 12. The motor of the drive unit is connected via a gear train to a rotatable drive
unit coupling member 90 which protrudes outwardly from the spigot 70, and which

rotates relative to the body 16 upon actuation of the motor of the drive unit.

The cleaning tool 14 comprises the transmission unit of the drive mechanism. The
transmission unit comprises a transmission unit coupling member 92 which couples
with, and preferably receives, the drive unit coupling member 90 when the cleaning tool
14 is connected to the handle 12. The transmission unit coupling member 92 is
connected to, and is preferably integral with, one end of a connecting rod 94 housed
within the stem 26. The other end of the connecting rod 94 is connected to the side
surface of the bristle carrier 30 so that periodic rotation of the connecting rod 94 about a
15° angle results in a 15° sweeping movement of the bristle carrier 30 relative to the

stem 26.

The fluid reservoir 34 is mounted on, and extends at least partially around, the stem 26
of the cleaning tool 14. In this embodiment, the fluid reservoir 34 is annular in shape,
and so surrounds the stem 26. The fluid reservoir 34 is preferably located at or towards
the end of the stem 26 which is remote from the head 28, and so in this embodiment
extends around the base section 88 of the stem 26. The fluid reservoir 34 preferably has

a capacity in the range from 5 to 50 ml, and in this embodiment has a capacity of 25 ml.
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The fluid reservoir 34 is filled through a reservoir fluid inlet port 100 formed in the
external wall of the fluid reservoir 34. The fluid inlet port 100 is preferably formed in an
annular external side wall of the fluid reservoir 34. The reservoir fluid inlet port 100 is
sealed by a closure member 102. The closure member 102 is moveable relative to the
fluid reservoir 34 between a closed position, as shown in Figure 3, in which the closure
member 102 inhibits the leakage of working fluid from the reservoir fluid inlet port 100,
and an open position. In this embodiment, the closure member 102 is pivotably
connected to the fluid reservoir 34. The closure member 102 is locatable within, and
forms a fluid-tight seal against, the reservoir fluid inlet port 100. The closure member
102 comprises a head 104 which may be gripped by the user to move the closure
member 102 from the closed position to the open position, and which may be pushed by
the user towards the reservoir fluid inlet port 100 to return the closure member 102 to

the closed position.

The closure member 102 is connected to the fluid reservoir 34 by a pair of arms 106.
One end of each arm 106 is connected to the closure member 102, and the other end of
each arm 106 is connected to the fluid reservoir 34. In this embodiment, the arms 106
are integral with the closure member 102, with a portion of each arm 106 which is
remote from the closure member 102 being connected to the bottom wall 78 of the fluid
reservoir 34, for example using an adhesive or by welding. Each arm 106 comprises a
hinge 108, which may be formed from a part of the arm 106 which has a locally reduced
thickness, to enable the part of the arm 106 which is connected to the closure member
102 to pivot relative to the other part of the arm 106 which is connected to the fluid

reservoir 34.

To fill the fluid reservoir 34, the user detaches the cleaning tool 14 from the handle 12,
grips the head 104 of the closure member 102 between finger and thumb and pulls it out
from the reservoir fluid inlet port 100. The fluid reservoir 34 may then be filled by the
user, for example by locating the reservoir fluid inlet port 100 beneath a running tap.
Once the fluid reservoir 34 has been filled, the user pushes the head 104 of the closure

member 102 back into the reservoir fluid inlet port 100, and reconnects the cleaning tool
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14 to the handle 12. The pivoting connection between the closure member 102 and the
bottom wall 78 of the fluid reservoir 34 inhibits accidental loss of the closure member
102 while the reservoir fluid inlet port 100 is exposed, and enables the joint between the
closure member 102 and the fluid reservoir 34 to be located between the handle 12 and
the fluid reservoir 34 when the cleaning tool 14 is mounted on the handle 12. As shown
in Figure 3, the lower parts of the arms 106 of the closure member 102 are located
within a recessed section of the bottom wall 78 of the fluid reservoir 34 when the
closure member 102 is in its closed position so that the bottom surfaces of the lower
parts of the arms 106 are substantially flush with the bottom wall 78 of the fluid

reservoir 34.

At least part of the external wall of the fluid reservoir 34 is preferably transparent to
allow a user to observe the contents of the fluid reservoir 34, and so assess whether the
fluid reservoir 34 requires replenishment prior to the desired use of the appliance 10.
The external wall preferably has a shape which is symmetrical about the longitudinal
axis of the cleaning tool 14. The external wall preferably has a curved shape, more
preferably a convex curved shape, but alternatively the external wall may have a
polygonal or faceted shape. In this embodiment, the external wall has a spherical
curvature. As described below, the fluid reservoir 34 is mounted on the relatively wide
base section 88 of the stem 26, and so the external wall has opposed circular apertures
which are centred on the longitudinal axis of the cleaning tool 14 to allow the base

section 88 of the stem 26 to pass therethrough.

The fluid reservoir 34 further comprises an inner wall 112 which is connected to the
external wall, and which with the external wall defines the capacity of the fluid
reservoir 34. The inner wall 112 is tubular in shape. The ends of the inner wall 112 are
preferably circular in shape, and are connected to the external wall so as to form a fluid-
tight seal between the external wall and the inner wall 112. In this embodiment, the
fluid reservoir 34 is formed from two housing parts. A first housing part 114 comprises
an upper section of the external wall and the inner wall 112, and so the upper end of the

inner wall 112 is integral with an upper section of the external wall. A second housing
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part 116 comprises a lower section of the external wall and the bottom wall 78 of the

fluid reservoir 34.

To mount the fluid reservoir 34 on the stem 26, the circular aperture formed in the first
housing part 114 of the fluid reservoir 34 is aligned with the free end of the base section
88 of the stem 26, and the fluid reservoir 34 is pushed on to the stem 26. The internal
surface of the inner wall 112 of the fluid reservoir 34 bears against the base section 88
of the stem 26 so that frictional forces therebetween prevent the fluid reservoir 34 from
falling from the stem 26. To mount the cleaning tool 14 on the handle 12, the spigot 70
of the handle 12 is aligned with the recess 73 formed in the connector 72 of the cleaning
tool 14, and the handle fluid outlet port 82 located adjacent to the spigot 70 is aligned
with the cleaning tool fluid inlet port 86 of the cleaning tool 14. The cleaning tool 14 is
then pushed on to the spigot 70 so that the handle fluid outlet port 82 connects to the
cleaning tool fluid inlet port 86, and so that the fluid reservoir 34 engages the annular
seat 76 to connect the reservoir fluid outlet port 80 to the fluid inlet 44 of the fluid
delivery system 40. The internal surface of the connector 72 of the stem 26 bears against
the external surface of the spigot 70 so that frictional forces therebetween retain the
stem 26 on the handle 12. The connector 72 is preferably formed from resilient plastics
material which flexes as the connector 72 is pushed on to the spigot 70 to increase the
frictional forces therebetween. A spring clip 120 may be provided at least partially
about the connector 72 for urging the internal surface of the connector 72 against the

spigot 70.

Turning to Figures 6 to 9, the cleaning tool conduit section 84 comprises a fluid conduit
130 for conveying fluid from the cleaning tool fluid inlet port 86 to the nozzle 36. The
nozzle 36 is mounted on a support 132 which supports the nozzle 36 for movement
relative to the handle 12 and to the stem 26 of the cleaning tool 14. The support 132
comprises an elongate body 134 which is connected to the stem 26 for pivoting
movement about a pivot axis P. For example, the support 132 may comprise a
cylindrical boss 136 which is retained between a pair of spaced recesses formed in the

base 88 of the stem 26. Pivot axis P passes through the stem 26, and is substantially
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orthogonal to the longitudinal axis of the stem 26. The support 132 is generally Y-
shaped, having a pair of arms 138 which extend upwardly from the body 134 and which
are each connected to a respective leg 140 of the body 142 of the nozzle 36.

The nozzle 36 is moveable relative to the handle 12 between a first, or distal, position,
and a second, or proximal, position. In the distal position, the tip of the nozzle 36
protrudes outwardly beyond the ends of the bristles 32, whereas in the proximal
position, the tip of the nozzle 36 is retracted relative to the ends of the bristles 32. In this
embodiment, the nozzle 36 is biased for movement towards the distal position. The fluid
conduit 130 comprises a relatively rigid section 144 which is connected to the nozzle
36, and a relatively flexible section 146 located between the relatively rigid section 144
and the cleaning tool fluid inlet port 86, and which is housed within the stem 26 so as to
be in an elastically deformed configuration. With reference to Figure 7, the internal
force created within the relatively flexible section 146 of the fluid conduit 130 acts in
such a direction to urge the relatively rigid section 144 of the fluid conduit 130 towards
the connecting rod 94. Through the connections made between the fluid conduit 130,
the nozzle 36 and the support 132, this internal force causes the nozzle 36 to pivot about
the pivot axis P in such a direction that urges the nozzle 36 towards the distal position

relative to the brush unit 29.

The fluid conduit 130 passes between the legs 140 of the body 142 of the nozzle 36 to
connect to a fluid inlet 150 of the nozzle 36. With particular reference to Figure 9, the
fluid inlet 150 is a tangential inlet which conveys fluid tangentially into a fluid chamber
152 defined by the body 142 of the nozzle 36. In this embodiment, the fluid chamber
152 is cylindrical in shape, and extends about a longitudinal axis X which is collinear
with the longitudinal axis of the nozzle 36. The diameter of the fluid chamber 152 is

preferably in the range from 2 to 7 mm, and in this embodiment is around 4 mm.

The body 142 of the nozzle 36 also defines a cylindrical fluid channel 154 which is
located downstream from the fluid chamber 152, and which conveys working fluid from

the fluid chamber 152 to the fluid outlet 42 of the nozzle 36. The fluid channel 154 is



10

15

20

25

30

19

centered on, and extends about the longitudinal axis X. The diameter of the fluid
channel 154 is preferably in the range from 1.5 to 3 mm, and in this embodiment is
around 2 mm. A fluid port 156 for conveying fluid from the fluid chamber 152 to the
fluid channel 154 is centered on the longitudinal axis X. The fluid port 156 is
frustoconical in shape, converging towards the fluid channel 154. The fluid outlet 42 of
the nozzle 36 is also centered on the longitudinal axis X. The fluid outlet preferably has
a diameter in the range from 0.5 to 1.5 mm, and in this embodiment is around 0.7mm.
The transition between the fluid channel 154 and the fluid outlet 42 of the nozzle 36 is
preferably frustoconicial so that there is a relatively gradual reduction in the diameter of

the fluid flow path between the fluid channel 154 and the fluid outlet 42.

To operate the appliance 10, the user presses buttons 18, 20, 22 located on the handle
12. The user switches on the appliance 10 by depressing button 18, the action of which
is detected by the control circuit 66. The user may select a mode of operation of the
appliance 10 by depressing button 20. For example, through pressing button 20 once,
the control circuit 66 may activate the motor to move the brush unit 29 relative to the
handle 12. Pressing that button 20 again may switch off the motor. When the button 22
is pressed, a burst of water is emitted from the nozzle 36. The control circuit 66
activates the pump 48 to urge a volume of water from a fluid chamber of the pump 48 to
the nozzle 36, and to replenish the fluid chamber through drawing a volume of water

from the fluid reservoir 34.

The fluid delivery system is preferably configured to generate a burst of water which
has a static pressure in the range from 3 to 10 bar at the fluid inlet 150 of the nozzle 36.
As the water burst enters the fluid chamber 152 through the fluid inlet 150, water
droplets having both axial momentum and angular momentum are generated from the
water burst due to the angled entry of the water burst into the fluid chamber 152. The
water droplets pass through the fluid port 156 into the fluid channel 154, and are
subsequently emitted from the fluid outlet 42 of the nozzle 36.
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Figures 10(a) to 10(e) are a series of photographs, taken after 0 ms, 2ms, 4ms, 8ms and
12ms respectively, of the ejection of a water burst having a volume of 0.25ml from the
nozzle 36. The water ejected from the nozzle can be seen to be disrupted and in the
form of a divergent spray. For comparison, Figures 11(a) to 11(e) are a series of similar
5 photographs, taken after 0 ms, 2ms, 4ms, 8ms and 12ms respectively, of the ejection of
the same volume of water, again ejected in the form of a burst, from a similar nozzle
which has an axial inlet, that is, a fluid inlet located directly opposite to the fluid outlet,
in place of a tangential inlet. Not only is there considerably less fragmentation of the
water burst into water droplets, the profile of the water burst emitted from that nozzle is

10 also narrower in comparison to that emitted from the nozzle 36 having a tangential inlet.
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CLAIMS

1. A dental cleaning appliance comprising:

a pump which generates a burst of working fluid having a volume which is less
than 1ml;

a control circuit for activating the pump;

a nozzle for delivering the burst of working fluid to the teeth of a user; and

a fluid conduit for conveying working fluid from the pump to the nozzle;

wherein the nozzle comprises a fluid chamber extending about a longitudinal
axis and a channel for conveying working fluid from the fluid chamber to a fluid outlet
from the nozzle, the fluid chamber comprising a tangential fluid inlet for conveying
working fluid substantially tangentially into the fluid chamber to generate angular
momentum of the working fluid about the longitudinal axis of the fluid chamber to
cause the burst of working fluid to break up to form a spray which is delivered to the

teeth of the user.

2. An appliance according to claim 1, wherein the fluid chamber has, in a plane
which is orthogonal to the longitudinal axis, a cross-section which is substantially

circular in shape.

3. An appliance according to claim 2, wherein the diameter of the fluid chamber is

in the range from 2 to 7 mm.

4. An appliance according to claim 2 or claim 3, wherein the fluid chamber has an

outlet port located on the longitudinal axis of the fluid chamber.

5. An appliance according to claim 4, wherein the outlet port is in axial alignment

with the outlet of the fluid chamber.

6. An appliance according to claim 5, wherein the outlet port is frustoconical in

shape.
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7. An appliance according to any preceding claim, wherein the channel is
cylindrical in shape, and has a diameter which is smaller than the diameter of the fluid

chamber.

8. An appliance according to claim 7, wherein the fluid outlet has a diameter in the

range from 0.5 to 1.5 mm.

9. An appliance according to claim 7 or claim 8, wherein the transition between the

channel and the fluid outlet is frustoconical.

10.  An appliance according to any preceding claim, wherein the nozzle and the fluid
conduit form part of a fluid delivery system configured to deliver working fluid to the

inlet of the fluid chamber at a static pressure in the range from 3 to 10 bar.

11.  An appliance according to any preceding claim, comprising a handle, and

wherein the nozzle is moveable relative to the handle.

12. An appliance according to claim 11, wherein the nozzle is moveable relative to

the handle about an axis.

13. An appliance according to claim 12, comprising a support for supporting the

nozzle, the support being arranged for movement about the axis.

14.  An appliance according to claim 12 or claim 13, wherein the axis is angled to the

longitudinal axis of the handle.

15.  An appliance according to claim 14, wherein the axis is substantially orthogonal

to the longitudinal axis of the handle.
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16.  An appliance according to any of claims 12 to 15, wherein said axis is spaced

from the longitudinal axis of the fluid chamber.

17.  An appliance according to claim 16, wherein said axis is angled to the

longitudinal axis of the fluid chamber.

18. An appliance according to claim 17, wherein said axis is substantially

orthogonal to the longitudinal axis of the fluid chamber.

19.  An appliance according to any of claims 11 to 18, wherein the nozzle is biased
for movement in a direction which urges the nozzle against a user’s teeth during use of

the appliance.

20.  An appliance according to claim 19, wherein the nozzle is biased for movement

in said direction by a resilient member forming part of the fluid delivery system.

21.  An appliance according to any of claims 11 to 20, comprising a head, and a stem
extending between the head and the handle, and wherein the nozzle protrudes from the

head.

22.  An appliance according to claim 21, wherein the nozzle is moveable relative to
the head.
23. An appliance according to claim 22, wherein the nozzle is biased for movement

relative to the handle in a direction which urges the nozzle to move in a direction

extending away from the head.

24, An appliance according to claim 22 or claim 23, wherein the nozzle is moveable
relative to the head between a distal position and a proximal position relative to the

head.



10

24

25.  An appliance according to any of claims 22 to 24, wherein the head comprises
means for engaging the teeth of the user during use of the appliance, and wherein the

nozzle is moveable relative to the engaging means.

ABSTRACT

A fluid delivery system for a dental cleaning appliance includes a nozzle for delivering
a burst of working fluid to the teeth of a user, and a fluid conduit for conveying working
fluid to the nozzle. A body of the nozzle defines a fluid chamber and a channel for
conveying working fluid from the fluid chamber to a fluid outlet from the nozzle. The

fluid chamber has a tangential inlet for receiving working fluid from the fluid conduit.

(Figure 6)



