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Description

FIELD OF THE INVENTION

[0001] This invention relates to the field of oral health care, and in particular to the field of oral cleaning modules.

BACKGROUND OF THE INVENTION

[0002] Within the area of oral cleaning, it remains a challenge to optimize the structure and configuration of cleaning
elements, such as bristles or fibres, on an oral cleaningmodule so that cleaning elements of different arrangements, e.g.,
different lengths or angles, canwork together optimally at the same time.Different arrangements of cleaning elements are
beneficial for optimal cleaning performance of different types of teeth respectively, as well as for different areas of each
tooth.
[0003] Forexample, theoptimal tuft configuration (length, area, bristles type, angle) for interdental andgumline cleaning
greatly differ fromone another. Straight tufts (i.e., a 90-degree roll angle) with long thin cleaning elements are preferred for
interdental cleaning, and 45-degree angled tufts with long or short thin cleaning elements are preferred for gumline
cleaning. Optimization for all critical cleaning zones thus requires at least two different tuft configurations.
[0004] The simple combination of these different tuft configurations into one cleaningmodule with a flat and unchange-
able platen shape does not deliver optimal cleaning performance for both hard-to-reach areas, i.e., gumline and
interdental. This is because uniform or suitable clamping (i.e., compression of bristles / cleaning elements against an
oral surface such as a tooth) is not guaranteed for each tuft / bristle.
[0005] In other words, to transfer energy from the cleaning unit to a tooth surface, for example, aminimumcompression
of a tuft against the tooth surface is required, i.e. a nominal compression percentage.When combining tuft configurations
in the same cleaning unit, if the platen is rigid and straight, as is traditional, a uniform load or displacement is applied,
resulting in different compression percentages for each tuft configuration with the risk that short and angled tufts are not
properly clamped/compressed, thus not providing optimal cleaning performance. In somecases, some tuftsmaynot even
reach the target tooth at all. Further, long tufts may be over-compressed, whichmay not only reduce cleaning efficacy, but
alsomay permanently deform and damage the bristles as well as damaging soft tissue (e.g. gums) surrounding the tooth.

SUMMARY OF THE INVENTION

[0006] The invention is defined by the claims.
[0007] According to examples in accordance with an aspect of the invention, there is provided a cleaningmodule for an
oral cleaning device.
[0008] The cleaning module comprises: a support surface that is non-flat with respect to a reference plane which
connects oneendof the cleaningmodule to another opposite endof the cleaningmodule,wherein theorthogonal distance
of the support surface from the reference plane varies along the reference plane; and at least two groups of cleaning
elements extending from the support surface, wherein the groups of cleaning elements define a different physical
parameter compared to one another.
[0009] Proposed concepts thus aim to provide schemes, solutions, concept, designs, methods and systems pertaining
to a cleaning module for an oral cleaning device. In particular, embodiments aim to provide a cleaning module for an oral
cleaning device comprising at least two different groups of cleaning elements extending from a non-flat support surface.
[0010] In other words, it is proposed that by having two ormore different groups of cleaning elements, i.e. two groups of
cleaning elements that differ in at least one physical parameter to one another, cleaning elements can be provided that are
optimal for cleaning different dental areas, e.g. gumline and interdental. However, in order to counteract the fact that these
different groups of cleaning elements may have different lengths, roll angles, etc., and so may interact with oral surfaces
sub-optimally if extending fromaflat support surface (e.g. short bristlesnot reaching the toothbecause the longbristles are
keeping the support surface at a certain distance from the tooth), a non-flat support surface can be provided such that, for
example, short bristles may extend from a ’higher’ portion of the support surface than longer bristles.
[0011] By configuring the support surface to be non-flat, multiple different groups of cleaning elements (for instance,
cleaning elements configured for cleaning different parts of a subject’s mouth) can all be provided on the same support
surface, which can have a shape designed to facilitate the cleaning elements interacting with dental surfaces in specific
ways. For example, it may be desired that, in use, all cleaning elements have a specific uniform target compression
percentage, and so, a non-flat support surface may be provided to accommodate this, factoring in the different physical
parameters of each group of cleaning elements (e.g., height, angle of extension, stiffness, etc.).
[0012] In summary, flat support surfaces, as is traditional, can lead to sub-optimal cleaning when integrating groups of
cleaning elements that vary in at least one physical parameter to one another. However, different groups of cleaning
elements are vital to ensure optimal cleaning of different parts of a subject’smouth. For example, long straight bristles are
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preferred for interdental cleaning yet angled, short bristles are preferred for gumline cleaning.With both groups extending
from a flat support surface, the gumline bristles may fail to reach the gumline, with the support surface being kept at a
certain distance from a subject’s tooth which is optimal for cleaning with the long interdental bristles. In some cases, the
long interdental bristles may be stiff enough to physically keep the support surface at a certain distance from the subject’s
tooth. Thus, by configuring the support surface to be non-flat, different portions of the support surface can be configured to
accommodate the needs of different groups of cleaning elements.
[0013] This invention may thus be of particular use in brushing mouthpieces or in manual or powered toothbrushes.
[0014] In some embodiments, the groups of cleaning elementsmay define, in use, a target interaction profile describing
a variation of an interaction parameter of the groups of cleaning elements with respect to an oral surface. In other words,
when the cleaning module is being used, the individual cleaning elements will each have an interaction parameter with
respect to the oral surface (e.g., how compressed they are against the oral surface) and together, the interaction
parameters of the groups of cleaning elements respectively can be taken as an interaction profile. The target interaction
profile can then be understood as the expected interaction profile of the cleaning module when in use, i.e., how each
cleaning element is expected to interact with an oral surface in use. The shape of the support surface can then be
configured in order to facilitate, in use, a target interaction profile. In other words, the shape of the support surface can be
configured to, in use, facilitate a target interaction parameter of each group of cleaning elements with respect to an oral
surface.For instance, itmaybedesired thatonegroupof cleaningelementshavea target compressionpercentage, inuse,
of 40% and another of 50%; this can then be understood as the target interaction profile which the groups of cleaning
elements define. It is understood that, in reality, an oral surface is unlikely to be completely flat, and so, for defining the
target interaction profile, the oral surface may be understood as an outermost plane tangential to a target tooth / gum.
[0015] In some embodiments, the physical parameter of each group of cleaning elements may be configured based on
the location of each group on the support surface and the target interaction profile. In other words, for a target interaction
profile, the physical parameter(s) of each group of cleaning elements respectively may be configured to facilitate this
profile in use. For instance, if the target interaction profile is a substantially uniform target interaction profile, and if the
support surface is convexly shaped, a group of cleaning elements that is located at the apex of the curvemay be relatively
short compared to a group of cleaning elements that is located to the side of the curve - thus facilitating, in use, a
substantially uniform target compression percentage for all the groups of cleaning elements. This feature therefore allows
for the configuring of groups of cleaning elements to facilitate a target interaction profile while accounting for the shape of
the support surface (and the shape of the interacting oral surface).
[0016] In some embodiments, the target interaction profile may comprise a substantially uniform target interaction
profile,wherein thegroupsofcleaningelementshaveasubstantially identical interactionparameterwith respect to theoral
surface. This facilitates embodiments of the cleaning module in which all the cleaning elements can, for example, have
substantially the same target compression percentage - and thus, in use, should each compress against almost-flat oral
surfaces in a substantially similar way. For example, it has been found that regardless of length, bristles typically have the
same compression percentage that is optimal for cleaning. The target interaction profile can thus be configured to reflect
this.
[0017] In some embodiments, the substantially identical interaction parameter with respect to the oral surface may
comprise a target compression percentage for each group, in use, between 20% and 60%. This has been found to be a
beneficial rangeof compression for groups of cleaning elements, especially bristles.More specifically, the rangeof 30% to
50% has been found to be beneficial, and even more specifically, 40% has been found to be beneficial.
[0018] In someembodiments, an interactionparametermay comprise at least oneof: a target compression percentage;
a target compression value; and a percentage of cleaning elements engaging with an oral surface. A target compression
percentage can be understood as, in use, the percentage of the length of the cleaning elements that will be compres-
sed/bent by the oral surface. In otherwords, a target compression percentage can be understood as the percentage of the
cleaning element length that is, in use, superfluous to the distance from a proximal end of the cleaning element to a target
oral surface. A target compression value can be similarly understood, however, describing the absolute length of the
cleaning element that will be compressed in use instead of a percentage of length. Alternatively, or in addition, the
interaction parameter may comprise the percentage of cleaning elements within a group that will, in use, engage with an
oral surface.Thecleaningmodule can thereforebeconfigured to facilitate, for example, aminimumpercentageof cleaning
elements within a group that will engage with an oral surface, thus facilitating more comprehensive oral cleaning.
[0019] In some embodiments, a physical parametermay comprise at least one of: spatial layout; height profile; stiffness
profile; angular profile; size of cleaning elements; size of group; number of cleaning elements within a group; and
comprising material of the cleaning elements. These are all parameters which can be varied for groups of cleaning
elements, and different combinations of physical parameters may be optimal for different cleaning functions. The size of
the cleaning elements or groups can be understood as their diameter, circumference (circular or rectangular, etc.), or
perimeter length. In other words, the size can be understood as the spatial footprint on the support surface. The height
profile of the groups of cleaning elements can be understood as the cleaning elements’ length(s). For example, all the
cleaningelements inagroupmayhave thesame lengthor theymayhave lengths that vary fromoneanother according toa
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(height) profile for the group.
[0020] In some embodiments, at least one portion of the support surface may have an orthogonal distance from the
referenceplaneof at least 1mm. In someembodiments, at least oneportionof the support surfacemayhaveanorthogonal
distance from the reference plane of at least 2mm. In this way, a minimum deviation in the support surface’s shape from a
flat support surface is provided such that groups of cleaning elements that substantially vary from one another in at least
one physical parameter can be supported to facilitate, for example, a substantially uniform target interaction profile. In
other words, this feature ensures that the support surface is not merely non-flat in any trivial way, but instead substantially
non-flat. Non-flat can be understood as any surface that cannot be completely defined in a two-dimensional space (a
plane), but only in three-dimensional space.
[0021] In some embodiments, the support surface may comprise at least one of: a curved surface; a concave curved
surface; a convex curved surface; a stepped surface; an angled linear surface; a zig-zag linear surface; a sinusoidal
surface; and a semi-circular surface. These are all types of non-flat surfaces that can support two or more groups of
cleaning elements, and have been found beneficial in some way.
[0022] In some embodiments, at least one group of cleaning elements may comprise an angled group of cleaning
elements that extends inadirectionnon-orthogonal to the referenceplane. In thisway,when the cleaningmodule is placed
parallel to an oral surface, i.e., with the reference plane parallel to the oral surface (or a tangent of the oral surface), at least
some cleaning elements will be angled with respect to the oral surface, and therefore can be more optimal for some
cleaning purposes, e.g., gumline cleaning.
[0023] In some embodiments, the support surface may be concave in two dimensions with respect to the reference
plane. This hasbeen found tobeabeneficial shape for integrating different groupsof cleaning elements suited for different
cleaning purposes.
[0024] In someembodiments, the support surfacemaybeconvex in twodimensionswith respect to the referenceplane.
This has been found to be a beneficial shape for integrating different groups of cleaning elements suited for different
cleaning purposes.
[0025] In some embodiments, at least one group of cleaning elements may comprise a non-angled group of cleaning
elements that extends in a direction orthogonal to the reference plane. In this way, when the cleaning module is placed
parallel to an oral surface, i.e., with the reference planeparallel to the oral surface, at least some cleaning elementswill not
be angled with respect to the oral surface (i.e., will be straight), and therefore, can be more optimal for some cleaning
purposes, e.g., interdental cleaning.
[0026] According to another aspect of the invention, there is provided a toothbrush device comprising the cleaning
module of any above-described embodiment.
[0027] According to another aspect of the invention, there is provided a brushingmouthpiece device comprising at least
one cleaning module of any above-described embodiment.
[0028] In some embodiments, the brushing mouthpiece device may comprise a cleaning module comprising a non-flat
support surface of a first shape and at least one further cleaningmodule comprising a non-flat support surface of a second
shape, wherein the first shape and second shape are different compared to one another. In this way, for example,
alternating shapesof support surfacemaybeprovided, thatwhenmovedbackand forth,mayprovidea toothwith cleaning
from multiple groups of cleaning elements positioned in different ways. This may thus provide more complete cleaning.
Alternatively, support surfaces of a plurality of different shapes can be provided, configured specifically for different teeth.
[0029] In some embodiments, the first shape may comprise a concave curved surface and the second shape may
comprise a convex curved surface. This has been found to be a beneficial combination of support surface shapes.
[0030] Thus, theremay be proposed concepts for providing a cleaningmodule for an oral cleaning device comprising a
non-flat support surface and at least two different groups of cleaning elements.
[0031] These and other aspects of the invention will be apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] For a better understanding of the invention, and to showmore clearly how it may be carried into effect, reference
will now be made, by way of example only, to the accompanying drawings, in which:

Fig. 1 schematically illustrates a cross-section of a cleaning module comprising two different groups of cleaning
elements and a flat support surface;
Fig. 2A schematically illustrates a cross-section of a cleaning module for an oral cleaning device according to a
proposed embodiment;
Fig. 2B is a simple illustration of an example target interaction profile of the cleaning module of Fig. 2A;
Fig. 3 is a simple illustration for explaining target compression percentages and target compression values;
Fig. 4A schematically illustrates a cross-section of a cleaning module for an oral cleaning device according to a
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proposed embodiment;
Fig. 4B is a simple illustration of an example target interaction profile of the cleaning module of Fig. 4A;
Figs. 5A-E schematically illustrate example shapes of support surfaces according to proposed embodiments;
Fig. 6 schematically illustrates a simplified toothbrush device comprising a cleaningmodule according to a proposed
embodiment;
Fig. 7 schematically illustrates an example brushing mouthpiece device; and
Fig. 8 schematically illustrates an example layout of cleaning modules of two different shapes within a brushing
mouthpiece device according to proposed embodiments.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0033] The invention will be described with reference to the Figures.
[0034] It should be understood that the detailed description and specific examples, while indicating exemplary
embodiments of the apparatus, systems and methods, are intended for purposes of illustration only and are not intended
to limit the scope of the invention. These and other features, aspects, and advantages of the apparatus, systems and
methods of the present invention will become better understood from the following description, appended claims, and
accompanying drawings. It should be understood that the Figures are merely schematic and are not drawn to scale. It
should also be understood that the same reference numerals are used throughout the Figures to indicate the same or
similar parts.
[0035] Variations to the disclosed embodiments can be understood and effected by those skilled in the art in practicing
the claimed invention, from a study of the drawings, the disclosure and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality.
[0036] Implementations in accordance with the present disclosure relate to various techniques, methods, schemes
and/or solutions pertaining to cleaning module for an oral cleaning device. According to proposed concepts, a number of
possible solutionsmay be implemented separately or jointly. That is, although these possible solutionsmay be described
below separately, two or more of these possible solutions may be implemented in one combination or another.
[0037] Embodiments of the invention aim to provide a cleaning module for an oral cleaning device. Proposed concepts
thusaim to provide a cleaningmodule for anoral cleaning devicewhich includesanon-flat support surfaceandat least two
different groups of cleaning elements, wherein the groups are different by virtue of defining at least one different physical
parameter compared to one another.
[0038] In otherwords, it is proposed that by having two different groups of cleaning elements, i.e. two groups of cleaning
elements that differ in at least one physical parameter to one another, cleaning elements can be provided that are optimal
for cleaningdifferent dental areas, e.g. gumlineand interdental.However, in order to counteract the fact that thesedifferent
groups of cleaning elements may have different lengths, roll angles, etc., and so may interact with oral surfaces sub-
optimally if extending from a flat support surface (e.g. short bristles not reaching the tooth because the long bristles are
keeping the support surface at a certain distance from the tooth), a non-flat support surface can be provided such that, for
example, short bristles may extend from a ’higher’ portion of the support surface than longer bristles.
[0039] Referring now to Fig. 1, there is depicted a schematic illustration of a cross-section of a cleaning module 50
comprising two different groups of cleaning elements, 52 and 53 respectively, and a flat support surface 51. A cleaning
module can also be understood, for example, as a cleaning section or a cleaning unit.
[0040] Ascanbe seen,when the support surface 51 is flat, if the groups of cleaning elements, 52 and53, define physical
parameters respectively that differ too greatly from one another (in this case, length and angle of extension) then during
use, one group of cleaning elements 53 may be restricted from interacting with an oral surface 150, such as a tooth. This
therefore results in sub-optimal cleaning of a subject’s oral surfaces. This is true evenwhen the cleaning elements are not
bristles or tufts of bristles, etc., but projections for fluid jets (e.g., air-jets, waterjets, air‑ and water-jets). For instance,
waterjets work optimally at a certain distance from a subject’s teeth / gums. This is also true even when the cleaning
elements are electrodes or antenna for cleaning oral surfaces with electromagnetic fields - they too work optimally at a
certain distance from a subject’s teeth / gums.
[0041] An oral surface can be understood as a dental (tooth) surface or gum surface.
[0042] Referring now to Fig. 2A, there is depicted a schematic illustration of a cross-section of a cleaningmodule 100 for
an oral cleaning device according to a proposed embodiment.
[0043] The cleaning module 100 comprises a support surface 110 that is non-flat with respect to a reference plane 120
which connects one end 110a of the cleaningmodule to another opposite end 110b of the cleaningmodule. The reference
plane 120 canbe understood as the axis shown in the figure (extending in the y-direction) also extending in z-direction (i.e.
into the page) fromoneend of the support surface 110 (i.e. an end in the z-direction) to its opposite end. In otherwords, the
reference plane 120 can be understood as representing the tooth-facing surface of an imaginary flat support surface. The
reference plane 120 can also be understood as a plane in which opposite ends, 110a and 110b, of the support surface 110
are positioned, as well as opposite ends in the z-direction. In other terms, the reference plane 120 can be understood as
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passing through opposite ends, 110a and 110b, of the support surface 110, as well as the opposite ends in the z-direction.
In yet other terms, the referenceplane120 canbeunderstoodasaplane inwhich, for example, at least three corners of the
support surface110arepositioned.Thesupport surface110beingnon-flatwith respect to the referenceplane120canalso
be understood as the support surface 110 being non-parallel with the reference plane 120. Non-flat can be understood as
any surface that cannot be completely defined in a two-dimensional space (a plane), but only in three-dimensional space.
[0044] Alternatively, the referenceplane120couldbeunderstoodas themedianplaneof thesupport surface110, e.g., a
plane tangential to the centre of the support surface 110. In this alternative case, the reference plane 120 can be
understood as plane in which, for example, at least three non-colinear points of the support surface 110 are positioned.
[0045] Thesupport surface110 is configuredsuch that theorthogonal distanceof the support surface from the reference
plane120varies along the referenceplane. For example, theorthogonal distance122of oneportionof the support surface
110 from the reference plane 120 is indicated. This value therefore changes, continuously or discontinuously, at different
points on the reference plane 120. For instance, considering merely the y-direction, as one moves from the bottom of the
reference plane120 to the top, the orthogonal distance of the support surface 110 from the reference plane increases from
zero to a maximum and then back to zero again. In some embodiments, the support surface 110 can be substantially
inflexible, i.e., the shape of the support surface can be substantially unchangeable.
[0046] In some embodiments, the curve of the support surface 110may be configured such that, in use, the curve goes
from thebottomofa tooth150 to the topof the tooth.Alternatively, or inaddition, thecurveof thesupport surface110maybe
configured such that, in use, the curve goes across the width of a tooth 150. Having the support surface 110 non-flat in
either or both of these dimensions is beneficial for facilitating a desired target interaction profile, such as a substantially
uniform interaction profile. In someembodiments, the cross-module of the cleaningmodule100 shown inFig. 2Amay thus
be substantially the same as the cleaningmodule’s 100 cross-section in the z-direction, such that the support surface 110
forms a two-dimensional concave shape with respect to the reference plane 120. A two-dimensional concave shape has
been found to be beneficial for integrating different groups of cleaning elements suited for different cleaning purposes, as
well as being relatively efficient to manufacture. Similarly, the support surface 110 may be convex in two dimensions with
respect to the reference plane 120 (i.e., the orthogonal distance of the support surface from the reference plane is inverted
to that seen in Fig. 2A). This has also been found to be a beneficial shape for integrating different groups of cleaning
elements suited for different cleaning purposes, as well as being relatively efficient to manufacture.
[0047] In this embodiment, a substantial portion of the support surface 110 has an orthogonal distance from the
reference plane 120 of at least 2mm. This is not an essential component of the invention, however. In other embodiments,
at least oneportionof thesupport surfacemayhaveanorthogonal distance from the referenceplaneofat least 1mm. In this
way, a minimum deviation in the support surface’s 110 shape from a flat support surface is provided such that groups of
cleaningelements that substantially vary fromoneanother inat least onephysical parameter canbesupported to facilitate,
for example, a substantially uniform target interaction profile. In other words, this feature ensures that the support surface
110 is not merely non-flat in any trivial way, but instead substantially non-flat.
[0048] The cleaning module 100 also comprises two groups of cleaning elements, 112 and 114, extending from the
support surface110.Thegroupsof cleaningelements, 112and114, defineadifferent physical parameter compared toone
another. In other words, the two groups of cleaning elements, 112 and 114, are each unique in at least one physical
parameter such as length, angle, stiffness, size of cleaning element, etc. A physical parameter can be understood as a
physical property of a group of cleaning elements, such as the size of the group or the number of cleaning elements in the
group, and/or a physical property of the cleaning elements themselves within the group, such as their height, roll angle,
stiffness, comprising material, etc. In some embodiments, all the groups of cleaning elements may extend in a direction
non-parallel to the reference plane.
[0049] In some embodiments, a physical parametermay comprise at least one of: spatial layout; height profile; stiffness
profile; angular profile; size of cleaning elements; size of group; number of cleaning elements within a group; and
comprising material of the cleaning elements. These are all parameters which can be varied for groups of cleaning
elements, and different combinations of physical parameters may be optimal for different cleaning functions. An angular
profile can be understood as the roll angle of the cleaning elementswithin the group. A stiffness profilemay be understood
as the stiffness per unit length value of the cleaning elements. The size of the cleaning elements or groups can be
understoodas their diameter, circumference (circular or rectangular, etc.), or perimeter length. In otherwords, the size can
be understood as the spatial footprint on the support surface. The height profile of the groups of cleaning elements can be
understood as the cleaning elements’ length(s). For example, all the cleaning elements in a group may have the same
length or they may have lengths that vary from one another according to a (height) profile for the group.
[0050] A cleaning element may comprise at least one of: a bristle; a tuft of bristles; a flexible elastomeric rod; a fibre; a
group of fibres; and an elongate projection that has an orifice for a fluid-jet. These elements have been found to be
beneficial in cleaning oral surfaces. A bristle is a single filament, typically nylon,which is used to clean oral surfaces. Thus,
a tuft of bristles is a bundle of closely-packed filaments where one proximal end of each bristle is attached to the support
surface 110 (either independently or fused-together), and the other end of each bristle is free and used for cleaning of an
oral surface 150 (through brushing the oral surface with the bristle(s)).
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[0051] In this embodiment, the groups of cleaning elements comprise one that is angled 114 and one that is non-angled
112. The angled group of cleaning elements 114 comprises cleaning elements that extend in a direction non-orthogonal to
the reference plane 120. In this way, when the cleaningmodule 100 is placed parallel to an oral surface 150 (i.e. when the
reference plane 120 is parallel to the oral surface, or a tangent of the oral surface), such as is the case here, at least some
cleaning elements 114will be angledwith respect to the oral surface, and therefore can bemore optimal for some cleaning
purposes, e.g., gumline cleaning.
[0052] In other words, an angled group of cleaning elements is a group of cleaning elements that is attached to the
support surface 110 at an angle that is not perpendicular to the reference plane 120. That is, the cleaning elements of an
angled group form/define an angle with respect to the reference plane 120 that is less than 90° and greater than 0°. An
angled group of cleaning elementsmay therefore be thought of as comprising cleaning elements that are tilted, slanted or
angled with respect to the support surface.
[0053] The non-angled group of cleaning elements 112 comprises cleaning elements that extend in a direction
orthogonal to the reference plane 120, i.e. in the x-direction. In this way, when the cleaning module 100 is placed parallel
to the oral surface 150 (i.e., when the reference plane 120 is parallel to the oral surface 150), such as is the case here, at
least somecleaning elements 112will not beangledwith respect to theoral surface (i.e., will be straight), and therefore can
be more optimal for some cleaning purposes, e.g., interdental cleaning.
[0054] Referring now to Fig. 2B there is depicted a single illustration of an example target interaction profile 200 of the
cleaningmodule 100of Fig. 2A. The x-axis 210 represents positions along the support surface 110 in the y-direction of Fig.
2A. The y-axis 220 represents a target compression value of the groupsof cleaningelements, 112and114, inmm.A target
interaction profile is thus provided by the drawn line 230.
[0055] The groups of cleaning elements, 112 and 114, in Fig. 2A, can thus be understood as defining, in use, a target
interaction profile 230 describing a variation of an interaction parameter (in this case, a target compression value) of the
groupsof cleaningelementswith respect to the oral surface150. It should benoted, however, that considerationof a target
interaction profile is not essential to the invention.
[0056] It should also be noted that, in reality, the oral surface 150 is rarely homogenous and varies from tooth-to-tooth,
gum-to-gum, and person-to-person. When considering the target interaction profile then, the oral surface 150 can be
understood as the outermost plane tangential to the oral surface in question. In other words, when defining the target
interaction profile 230 when the oral surface 150 is not perfectly flat, a tangential plane of the section of the oral surface
which is closest to the support surface 110 can be used.
[0057] When the cleaning module 100 is being used, the individual cleaning elements will each have an interaction
parameter with respect to the oral surface 150 (e.g., how compressed they are against the oral surface) and together, the
interaction parameters of the groups of cleaning elements, 112 and 114, respectively may be taken as an interaction
profile. The target interaction profile can then beunderstood as the expected interaction profile of the cleaningmodule 100
when in use, i.e., how each cleaning element is expected to interact with an oral surface 150 in use. The shape of the
support surface110can thenbeconfigured inorder to facilitate, inuse,a target interactionprofile. Inotherwords, theshape
of the support surface 110 can be configured to, in use, facilitate a target interaction parameter of each group of cleaning
elements, 112and114,with respect to anoral surface150.Alternatively, andequally, it canbeconsidered that thephysical
parameters of the groups of cleaning elements can be configured in order to facilitate, in use, a target interaction profile for
a given support surface. For instance, it may be desired that one group of cleaning elements have a target compression
percentage, in use, of 40% and another of 50%; this can then be understood as the target interaction profile which the
groups of cleaning elements define.
[0058] It shouldbenoted that inusecanbeunderstoodas innormal use, i.e.,with the referenceplane120of thecleaning
module 100 parallel to an oral surface to be cleaned. In other words, whenever a feature is definedwith respect to ‘in use’,
the featuremust be consideredwith the reference plane 120 parallel to a tangent of the closest portion of an oral surface to
be cleaned.
[0059] The target compression value of the groups of cleaning elements, 112 and 114, represented by axis 220 can be
understoodas, inuse, theabsolute lengthof the cleaningelements thatwill be compressed/bent by theoral surface150. In
otherwords, the target compressionvaluecanbeunderstoodas theabsolute lengthof theportionof thecleaningelements
respectively (within a group) that is, in use, superfluous to the distance fromaproximal end of the cleaning element (where
it meets the support surface 110) to a target oral surface 150. This concept is explained in more detail in Fig. 3.
[0060] Moving from the bottom of the reference plane 120 in Fig. 2A upwards, the first group of cleaning elements 114
has a target compression value of 1mmand the second group of cleaning elements 112 has a target compression value of
4mm. This therefore comprises a simple target interaction profile and is accordingly represented by the line 230, which is
simply a line connecting the two data points. In other embodiments, in which more than two groups of cleaning elements
are present, the line 230 (and therefore the target interaction profile) may accordingly be more complex.
[0061] In other embodiments, an interaction parameter may comprise at least one of a target compression value; and a
percentage of cleaning elements engaging with an oral surface. The cleaning module can therefore be configured to
facilitate, for example, a minimum percentage of cleaning elements within a group that will engage with an oral surface,
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thus facilitating more comprehensive oral cleaning.
[0062] For example, the variation of surface depth of the support surface 110 can be configured to be a function of the
difference in lengthand roll angle (and/or anyother physical parameter) between thedifferent groupsof cleaningelements
and the target interaction profile. The shape of the support surface (and/or the physical parameters of the groups of
cleaning elements) can also be configured according to a target tooth (i.e., the tooth which it will be cleaning, in use), for
example, to accommodate for variations of tooth geometry such as size and shape.
[0063] Referring now to Fig. 3, there is depicted a simple illustration for explaining target compression percentages and
target compression values. Various different groups of cleaning elements, 31, 32, 33, and 34, extending from a non-flat
support surface (not-shown) can be seen interacting with an oral surface 150. Looking to group 31, a target compression
percentage can be understood, in use (as is the case here) as the desired percentage of the total length 40 of the cleaning
elementswithin the group thatwill be compressed/bent by the oral surface150. In otherwords, a compression percentage
can be understood as the percentage of the cleaning element length 40 that is, in use, superfluous (the length of the
superfluous portion is given by the arrows 45) to the distance from a proximal end of the cleaning element to a target oral
surface, i.e., length40minus length45. Inotherwords, a compressionpercentage canbeunderstoodas thepercentageof
the cleaning element length 40 that is, in use, overlapping with an outermost plane tangential to a target oral surface. In
other words, to obtain the compression percentage of a group of cleaning elements, take the length of superfluous portion
45, divide it by the total length 40 of the cleaning elements, and multiply by one hundred. An alternative definition can be
given by the following equation:

[0064] In equation1,CPstands for compressionpercentage,CLstands for cleaningelement length (i.e., length40), and
D stands for the distance from a proximal end of the cleaning element to a target oral surface 150 (i.e., length 40 minus
length 45). In someembodiments, Dmay be understood as the distance fromaproximal end of the cleaning element to an
outermost plane tangential to a target tooth.
[0065] All thegroupsof cleaningelements, 31, 32, 33, and34, thereforehavedifferent target compression values,which
is the absolute length of their superfluous portions, but the same target compression percentage. That is, in Fig. 3, each
group of cleaning elements, 31, 32, 33, and 34 has a target compression percentage of around 30%. That is, 30% of their
total length (e.g., length 40)will be compressed by an oral surface 150, in use; or, in otherwords, 30%of their total length is
superfluous to the distance, in use, from a proximal end of the cleaning elements to the target oral surface.
[0066] Referring now to Fig. 4A, there is schematically illustrated a cross-section of a cleaning module 400 for an oral
cleaningdeviceaccording toaproposedembodiment. Thecleaningmodule400 is substantially similar to that described in
relation to Fig. 2A, however, in this embodiment, there is provided a third group of cleaning elements 416. Further, both
groups 414and416, aswell as having different height and angular profiles to group 112, are alsomadeof a stiffermaterial.
[0067] In this embodiment, the physical parameters (in this case, comprising height profile, angular profile, stiffness
profile, size of cleaning elements, and number of cleaning elements within a group) of each group of cleaning elements,
112, 414, and 416, are configured based on the location of each group on the support surface 110 and a target interaction
profile. In other words, for a target interaction profile, the physical parameter(s) of each group of cleaning elements are
configured respectively to facilitate this profile in use.
[0068] More specifically, in this embodiment, the target interaction profile comprises a substantially uniform target
interaction profile, wherein the groups of cleaning elements, 112, 414 and 416, have a substantially identical interaction
parameterwith respect to the oral surface150. This facilitates the cleaningelements having, for example, substantially the
same target compression percentage (in this case, 40%, as can be seen in Fig. 4B) - and thus, in use, each cleaning
element should compress against the oral surface 150 in a substantially similar way. For example, it has been found that
regardless of length, bristles typically have the same compression percentage that is optimal for cleaning. The target
interaction profile can thus be configured to reflect this.
[0069] In other words, the cleaningmodule 400 facilitates improved cleaning at both gumline and interdental areas with
cleaning elements extending from the same cleaningmodule, compared to a cleaningmodule with a flat support surface.
Essentially, the proposed solution is to combine different cleaning element configurations for each of the critical cleaning
zones inonecleaningmoduleand todesign thesupport surfaceandcleaningelements toenablesubstantially uniformand
optimal compression (clamping) for all the groups of cleaning elements. Cleaning element layouts can be optimized for
various tooth geometries or locations (molar, premolar, buccal, lingual, upper or lower jaw, etc.).
[0070] Looking to Fig. 4B, there is depicted a simple illustration of an example target interaction profile of the cleaning
module 400 of Fig. 4A. It can therefore be seen that in the embodiment of cleaningmodule 400, the substantially identical
interaction parameter with respect to the oral surface 150 comprises a target compression percentage for each group, in
use, of 40%. That is, the target interaction profile represented by line 430 shows a uniform target compression percentage
of the groups of cleaning elements, 112, 414, and 416, across the support surface. Similarly to Fig. 2B, the x-axis 410
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represents positions along the support surface 110 in the y-direction of Fig. 4A. The y-axis 420 represents a target
compression percentageof the groups of cleaning elements, 112, 414 and416. A target interaction profile is thus provided
by the drawn line 430, wherein the target interaction profile comprises a substantially uniform target interaction profile. For
example, the target interaction profile may not be perfectly uniform due to curved tooth anatomy, and/or the target
interaction profile may deviate slightly from perfectly uniform to account for the curve of teeth.
[0071] In other embodiments, the substantially identical interaction parameter with respect to the oral surface 150may
comprise a target compression percentage for each group, in use, between 20% and 60%. This has been found to be a
beneficial rangeof compression for groups of cleaning elements, especially bristles.More specifically, the rangeof 30% to
50% has been found to be beneficial, and even more specifically, 40% has been found to be beneficial.
[0072] The graph 450 only shows the variation of the target interaction parameter in one direction (the y-direction), but
the concept may equally be extended to two directions, e.g., uniform in the z-direction too.
[0073] In an example embodiment, the cleaningmodule of an oral device (e.g., a brush head ormouthpiece) consists of
a support surfacewith a non-flat andunchangeable cross-sectionprofile shapeandwith groupsof cleaning elements (e.g.
tufts) with different roll angles. For example, some groups can be straight for interproximal and frontal tooth cleaning, and
other groups can be angled for cleaning gumline and occlusal areas. Essentially, the local curvature of the support surface
at each tuft can be configured based on the angle and length of the tuft to therefore facilitate, for example, a substantially
uniform compression profile. A similar compression percentage can therefore be applied, in use, to all tufts. For example,
the shape of the support surface can be configured such that the distance from the support surface from which the tufts
extend to the bristle tips is consistent, therefore facilitating uniform clamping for all tuft configurations of the cleaning
module. For example, different tuft configurations may be provided for interdental and gumline cleaning respectively. For
instance, the tuft configuration for interdental cleaning has bristle lengths of 10mm and a tuft roll angle of 90 degrees (i.e.
straight). For instance, the tuft configuration for gumline cleaning has a bristle length of 4mm and a tuft roll angle of 45
degrees (therefore resulting in an orthogonal height of the gumline tufts of 2.8mm). To facilitate a target substantially
uniform compression percentage profile of 40%, the support surface should therefore be configured to, in use, provide the
interdental tufts at a distance of 6mm from the target tooth and the gumline tufts at a distance of 1.7mm. The support
surface would therefore be configured such that the surface depth difference between the portions of the support surface
from which the different tufts emerge would be 4.3mm.
[0074] Referring now to Figs. 5A-E, there are depicted schematic illustrations of example shapes of support surfaces
according to proposed embodiments. All the depicted support surfaces in Figs. 5A-E can facilitate the provision of a
substantially uniform target interaction profile, if provided with the necessary groups of cleaning elements, of which
examples have been provided. It should be noted that the exact shapes of the support surfaces and the configurations of
thegroupsof cleaningelementsmaybeadjusted fromwhat is shown.Figs. 5A-Eareonlyprovidedasexampleshapesand
configurations of groups of cleaning elements and should not be taken as limiting. It should be noted that throughout Figs.
5A-E, the direction of the cleaning elements and support surfaces is merely exemplary and in other embodiments, can be
orientated in any other suitable direction (for example, to clean different sides or the crowns of teeth).
[0075] For example, Fig. 5A depicts a cross-section of a curved support surface 510, more specifically of a concave
curved surface, from which two groups of cleaning elements extend, 512 and 514.
[0076] Fig. 5B depicts a cross-section of a curved support surface 510 comprising a curved convex surface. More
specifically, the surface is convex to such an extent that the surface becomes semi-circular also. From the support surface
520, three groups of cleaning elements extend, 522, 524, and 526.
[0077] Fig. 5C depicts a cross-section of a stepped support surface 530, wherein the orthogonal distance of the support
surface to the reference plane instantly jumps from one value to another. Two groups of cleaning elements, 532 and 534,
can be seen to extend from the support surface 530.
[0078] Fig. 5Ddepicts a cross-sectionof a support surface540comprisinganangled linear surface,wherein the support
surface is comprised of straight lineswhich are non-parallel to the reference plane. Specifically, the support surface 540 in
this case is a zig-zag linear surface comprising alternating angled linear sections of equal length. Three groups of cleaning
elements, 542, 544 and 546, can be seen extending from the support surface 540.
[0079] Fig. 5E depicts a cross-section of a sinusoidal support surface 550. Three groups of cleaning elements, 553, 554
and 556, can be seen extending from the support surface 550.
[0080] Referring now toFig. 6, there is depicteda schematic illustrationof a simplified toothbrushdevice 600 comprising
a cleaningmodule 400 according to a proposed embodiment. More specifically, the toothbrush device 600 comprises the
cleaning module 400 described in relation to Fig. 4A. In other embodiments, however, the toothbrush device 600 can
comprise a cleaning module of any herein disclosed embodiment.
[0081] The toothbrush device 600 comprises a handle 605 which connects to the support surface 110 (either directly or
indirectly). The toothbrushmaybemanual or powered. From thesupport surface, the threepreviously describedgroups of
cleaning elements, 414, 112and416, extend. A toothbrush device 600 capable of facilitating a substantially uniform target
interaction profile is therefore provided.
[0082] Referring now to Fig. 7, there is depicted a schematic illustration of an example brushing mouthpiece device 8.
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The device 8 comprises a mouthpiece portion 12 for at least partial receipt in the mouth during use. A body of the
mouthpiece portion defines an arcuate contour 30 shaped for approximately following a contour of at least a portion of a
user’s dental arch. The mouthpiece portion defines a tooth-receiving channel 16, the channel having a shape following
said arcuate contour 30, to permit receipt of a row of teeth into the channel. Other mouthpiece devices may comprise two
tooth-receiving channels, one for the lower jaw and one for the upper jaw. In other mouthpiece devices, there may be
provided even more than two tooth-receiving channels if they are not contiguous along the jaw, i.e., if there are provided
multiple distinct tooth-receiving channels for a single jaw.
[0083] In the context of such a such a device, at least one cleaning module could form part or whole of the mouthpiece
portion12of thedevice (whichdoesnot necessarily have tobea full-mouthUshape, as is thecasehere, but insteadcanbe
ahalf-mouth J shape), thus facilitating theextension of cleaning elements 20 from thesides of the tooth-receiving channel,
16a and 16b, towards oral surfaces. In other words, the shape of the mouthpiece portion 12 is not restricted to a C- or U-
shape, but can be a shape that enables brushing a segment of the jaw arch simultaneously (instead of only 1‑2 teeth as is
the case with standard powered or manual toothbrushes).
[0084] For example, the groups of cleaning elements 20mayextend into the channel 16 for engagementwith oral (tooth
and/or gum) surfaces during use. The mouthpiece device may further comprise a handle portion 52 for a subject to hold
onto during use. In some embodiments, the handle portion 52may comprise an actuation mechanism for driving periodic
motion of the cleaning modules (and therefore cleaning elements) within the channel 16.
[0085] Referring now to Fig. 8, there is depicted a schematic illustration of an example layout of cleaningmodules of two
different shapes, 801and802 respectively,within abrushingmouthpiecedevice8according toproposedembodiments. In
Fig. 8, it canbeseen that theoneof thewalls 16bof the tooth-receiving channel 16comprisesalternating cleaningmodules
of two different shapes (A and B), 801 and 802. The axis 30 represents the arcuate contour 30 of Fig. 7, though warped to
transform it, and the channel 16, into a straight line for ease of representation. In this embodiment, the otherwall 16a of the
channel comprises the same alternating shapes of cleaningmodules, 801 and 802. In other embodiments, the two walls,
16aand16b,maycomprisedifferent shapesof cleaningmodules to oneanother. For instance, the twowallsmaycomprise
different shapes of cleaning modules configured for cleaning the back and front of a tooth respectively.
[0086] In this way, for example, alternating shapes of support surface, 801 and 802,may be provided, that whenmoved
back and forth along the mesial-distal direction, may provide a tooth with cleaning from multiple groups of cleaning
elements positioned in differentways. Thismay thusprovidemore complete cleaning. For example, one shapeof cleaning
module may be configured for gumline cleaning and the other for interdental cleaning.
[0087] Inotherembodiments, cleaningmodulesof three, four, five, six, seven, oreight different shapesmaybeprovided,
such that different teeth may be provided with different shaped support surfaces configured specifically to clean those
teeth. For example, to facilitate this, the total width of a cleaning module can be less than one target tooth width. For
example, for full (U-shaped) or partial (J-shaped)mouthpieces, the support surface curvaturemay vary from tooth to tooth
to accommodate for teeth shape and size variations. In addition, in some embodiments, flexibility and means of varying
compression percentage during a brushing session (e.g., viamotors to alter distance of the cleaningmodules to the target
tooth), optimized for in-mouth location, can be enabled.
[0088] In this embodiment, the first shape 801may comprise a concave curved surface and the second shape 802may
comprise a convex curved surface. This has been found to be a beneficial combination of support surface shapes.

Claims

1. A cleaning module (100) for an oral cleaning device, comprising:

a support surface (110) that is non-flat with respect to a reference plane (120) which connects one end (110a) of
the cleaning module to another opposite end (110b) of the cleaning module, wherein the orthogonal distance of
the support surface from the reference plane varies along the reference plane; and
at least two groups of cleaning elements (112, 114) extending from the support surface, wherein the groups of
cleaning elements define a different physical parameter compared to one another.

2. The cleaningmodule of claim1, wherein the groups of cleaning elements (112, 114) define, in use, a target interaction
profile describing a variation of an interaction parameter of the groups of cleaning elements with respect to an oral
surface (150).

3. The cleaning module of claim 2, wherein the physical parameter of each group of cleaning elements (112, 114) is
configured based on the location of each group on the support surface (110) and the target interaction profile.

4. The cleaning module of claim 2 or 3, wherein the target interaction profile comprises a substantially uniform target
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interaction profile, wherein the groups of cleaning elements (112, 114) have a substantially identical interaction
parameter with respect to the oral surface (150).

5. The cleaning module of claim 4, wherein the substantially identical interaction parameter with respect to the oral
surface (150) comprises a target compression percentage for each group, in use, between 20% and 60%.

6. The cleaning module of any of claims 2 to 5, wherein an interaction parameter comprises at least one of: a target
compression percentage; a target compression value; and a percentage of cleaning elements engaging with a oral
surface (150).

7. The cleaningmodule of any prior claim, wherein a physical parameter comprises at least one of: spatial layout; height
profile; stiffness profile; angular profile; size of cleaning elements; size of group; number of cleaning elementswithin a
group; and comprising material of the cleaning elements.

8. The cleaning module of any prior claim, wherein at least one portion of the support surface (110) has an orthogonal
distance from the reference plane (120) of at least 1mm, and preferably, at least 2mm.

9. The cleaningmodule of any prior claim,wherein the support surface (110) comprises at least one of: a curved surface;
a concave curved surface; a convex curved surface; a stepped surface; an angled linear surface; a zig-zag linear
surface; a sinusoidal surface; and a semi-circular surface.

10. The cleaning module of any prior claim wherein at least one group of cleaning elements comprises an angled group
(114) of cleaning elements that extends in a direction not-orthogonal to the reference plane (120).

11. Thecleaningmoduleofanyprior claim,wherein thesupport surface (110) is concave in twodimensionswith respect to
the reference plane.

12. The cleaningmodule of any prior claim, wherein the support surface (110) is convex in two dimensionswith respect to
the reference plane.

13. A toothbrush device (600) comprising the cleaning module of any prior claim.

14. A brushing mouthpiece device (8) comprising at least one cleaning module of any of claims 1 to 12.

15. The brushing mouthpiece device of claim 14, wherein the brushingmouthpiece device comprises a cleaningmodule
comprising anon-flat support surfaceof a first shape (801) andat least one further cleaningmodule comprising anon-
flat support surface of a second shape (802), wherein the first shape and second shape are different compared to one
another.
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