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ORAL CARE DEVICE WITH SENSING
FUNCTIONALITY

FIELD OF THE INVENTION

[0001] The present invention relates to an oral care device
for performing an oral cleaning and/or treatment function.

BACKGROUND OF THE INVENTION

[0002] WO2018065373A1 discloses a tracking system for
recording the position of a toothbrush during toothbrushing,
the system comprising: a toothbrush, the toothbrush com-
prising: a head portion; a handle portion; an orientation sen-
sor; a sensor for detecting contact between the toothbrush
and the jaw of a user; and a magnetic sensor; and a magnetic
field generator; wherein: the magnetic sensor detects the
absolute position of the toothbrush within the field created
by the magnetic field generator.

[0003] Regular monitoring of oral health is important to
prevent development of disease or abnormality in the
gums or teeth. It is known to incorporate features in oral
care devices such as toothbrushes to monitor brushing tech-
nique and provide feedback to a user to improve technique,
with the aim of preventing decline in oral health through
caries and gum disease.

[0004] However, such features alone cannot always pre-
vent problems in the mouth occurring, and regular monitor-
ing is important for early detection and treatment. For exam-
ple, gingivitis is a disease of the gums and cannot always be
avoided through brushing technique. Other conditions can
also cause gum inflammation, accumulation of blood (e.g.
at gum-line between teeth and gums, or perfused in inflamed
tissue) and bleeding into the mouth.

[0005] It would be of value to provide an oral care device
capable of detecting such abnormal conditions or features in
the mouth during use of the oral care device so that a user
can be alerted to potential problems.

SUMMARY OF THE INVENTION

[0006] The invention is defined by the independent
claims. The dependent claims define advantageous
embodiments.

[0007] According to an aspect of the invention, there is
provided an oral care system. The system comprises a clean-
ing and/or treatment portion for an oral care device, at least a
section of which is for being received in use in an oral cavity
of a user for a cleaning or treatment function.

[0008] The cleaning or treatment portion comprises a
magnetic field source for generating a reference magnetic
field the oral cavity when received therein, and a magnetic
field sensing arrangement, arranged to detect a magnetic
field strength of the reference field, or changes therein, at
one or more spatial locations.

[0009] The system further includes a processing arrange-
ment, arranged to receive a sensor output from the magnetic
field sensing arrangement. It is adapted to perform sensing
of'blood in gum tissue or in the oral cavity, based on analysis
of the sensor output.

[0010] Preferably, the magnetic field source and the mag-
netic field sensing arrangement are comprised by said at
least section of the cleaning and/or treatment portion for
being received in use in the oral cavity of the user.
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[0011] Preferably, the magnetic field sensing arrangement
is different to the magnetic field source.

[0012] Preferably, the magnetic field sensing arrangement
is arranged to detect the magnetic field strength at one or
more spatial locations in the oral cavity.

[0013] The processing arrangement may be adapted to
detect one or more pre-determined features, detection of
each feature being based on application of one or more
pre-defined detection criteria related to the sensor output.
For example, the detection criteria may relate to character-
istics or properties of the sensor output such as a magnitude
of detected field strength, a spatial distribution or pattern or
field strength, and/or temporal variations in field strength
matching a defined temporal pattern. These are just illustra-
tive examples. The features may be anatomical or physiolo-
gical features.

[0014] The general concept of embodiments of the inven-
tion is the use of magnetic fields for sensing of blood in the
oral cavity or gum tissue, and the detection of features (e.g.
oral health-related features) based on this sensing.

[0015] Due to the iron content in hemoglobin, blood has
magnetic properties. It is the only magnetic fluid in the body.
This allows for sensing and detection of blood magnetically.
Many oral pathologies or abnormalities are characterized by
an unusual presence or concentration of blood. For example,
gingivitis or other gum disease can cause gum inflammation
which is characterized by an unusual accumulation of blood
in the gum tissue, which causes swelling and redness. There
is a greater concentration of blood (amount of blood per unit
volume of gum) in the inflamed area of the gum than would
be present in healthy gum. Furthermore, many oral defects
can cause bleeding, e.g. gum or tongue lesions, gum disease,
tooth problems. In this case, the fluids of the mouth contain
blood when in a healthy state, they should not contain blood.
There may additionally or alternatively be an accumulation
of droplets of blood on the surfaces in the mouth e.g. at a
gum-line between teeth and gums or in pockets or blisters in
the oral cavity.

[0016] When blood is present in the reference magnetic
field, its magnetic properties cause it to interact with the
field, distorting the shape of the field, or altering distribution
of field strength. This alteration to the reference field can be
detected with a magnetic sensor, and, dependent upon the
characteristics of the sensing signal, different blood-related
features can be detected and distinguished.

[0017] In general, the reference field may be a static or
time-varying/alternating field. The field source can be pas-
sive (a permanent magnet) or active (an electromagnetic
source).

[0018] According to one or more embodiments, the pro-
cessing arrangement may be adapted to detect one or more
(health or medical) abnormalities in the gum tissue or oral
cavity based on the analysis of the sensor output and for
example based on one or more detection criteria related to
the sensor output. For example, it may be adapted to detect
abnormal presence or concentration of blood in gum tissue
or in the oral cavity, the detection based on analysis of the
sensor output.

[0019] According to one or more embodiments, the pro-
cessing arrangement may be adapted to detect at least one
of: inflammation (i.e. excess blood perfusion) or a condition
indicate thereof, static blood on a surface of the gums, static
blood at a gum-line between teeth and gums, or bleeding. It
may also be operable to detect an accumulation or pooling
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of blood beneath a tissue surface, for example in a blister.
The processing arrangement may be operable to detect a
plurality of different types or classes of abnormality based
on blood sensing, for example each associated with a
respective set of detection criteria related to (characteristics
of) the sensor output signal.

[0020] In accordance with one or more embodiments, the
processing arrangement may be adapted to detect spatial
and/or temporal variations in the magnetic field detected at
the magnetic sensing arrangement. One or more features
may be detected based on the spatial and/or temporal varia-
tions in the magnetic field strength. If the field is an alter-
nating field, detection of a feature may be based on spatial or
temporal variations in the baseline or envelope or amplitude
of the magnetic signal.

[0021] For example, detection of a feature or abnormality
may be based on detection criteria which relate to a spatial
pattern or distribution of field strength across a plurality of
sensed locations (e.g. an asymmetry). Alternatively, it may
be based on sensing a temporal fluctuation in field strength
at a single (or multiple) locations, indicative of the sensor
passing over a particular location containing the relevant
blood feature or abnormality.

[0022] With regard to the spatial variation option, in one
set of embodiments, the magnetic field sensing arrangement
comprises a plurality of magnetic field sensing elements,
disposed spaced from one another. A spatial variation in
the magnetic field strength may be detected based on varia-
tions in magnetic field strength detected by different of the
sensing elements.

[0023] A presence or localized accumulation of blood in a
certain area may be detected based on an asymmetry or dis-
parity between the detected field strengths at the different
spatial locations. In some examples, the processing arrange-
ment is adapted to estimate a location of a site of a feature or
abnormality based on the detected spatial variation in the
sensed magnetic field between the spatial locations.

[0024] With regards to the temporal variation option, in
one set of embodiments, the processing arrangement is
arranged to receive a sensor signal of magnetic field strength
over time for the one or more locations, and detect a feature
based on a detected temporal fluctuation in the signal.
[0025] In this mode of detection, the signal is monitored
whilst a user moves the oral care device cleaning and/or
treatment portion around the mouth. A fluctuation indicates
presence of blood accumulation (or other abnormality) at
the instant location of the field sensing arrangement at the
time of detecting the fluctuation.

[0026] In some embodiments, detection of a feature or
abnormality may be based on a combination of spatial and
temporal variations in field strength. For example, detection
of a feature, such as an abnormal presence or concentration
of blood, may be based on detecting temporal variations or
changes in a spatial field distribution across the different
sensing spatial locations.

[0027] In accordance with one or more embodiments, the
oral care system may further comprise an electromagnetic
cleaning and/or treatment arrangement. This comprises: a
conductor arrangement, comprising one or more conductive
elements (e.g. single or multi- loop coils, or electrodes. It
further comprises a signal generator adapted to generate a
radiofrequency (RF) and/or microwave frequency alternat-
ing electromagnetic field when said generator is operatively
coupled to the conductor arrangement comprising one or

Oct. 19, 2023

more conductive elements. It preferably may further com-
prise a controller, which is operatively coupled with the gen-
erator. The controller may be operable in at least a cleaning
or treatment mode in which the controller is adapted to con-
trol the signal generator to generate an alternating electro-
magnetic field using the conductor arrangement, for per-
forming an oral cleaning or treatment function when the
conductor arrangement is received in the oral cavity.

[0028] Electromagnetic fields, particularly at radio fre-
quencies (RF), are known to be effective for use in cleaning
or treatment of tooth surfaces or gum tissue. For example,
they can loosen biofilm coverings on tooth surfaces.

[0029] In different embodiments, the EM cleaning and/or
treatment arrangement (abbreviated herein: EMCTA), and
the field source and field sensing arrangement, may coop-
erate or interact functionally or structurally to provide
synergistic effects, or to reduce components. They may
share certain components, or they may interact electromag-
netically. A summary of the different options will now be
outlined.

[0030] In one set of embodiments, the EMCTA may be
provided functionally and structurally separate from the sen-
sing components.

[0031] Alternatively, in at least one set of embodiments,
the signal generator and conductor of the EMCTA may pro-
vide the magnetic field source for generating the reference
magnetic field. In other words, the field generating compo-
nents of the EMCTA are harnessed for the dual function of
generating the reference field in this option.

[0032] Within this set of embodiments, optionally, in one
subset of embodiments, the magnetic component of the
alternating EM field generated in the cleaning or treatment
mode provides the reference magnetic field. In other words,
the same field used for cleaning or treatment is also simul-
taneously harnessed as the reference field for performing the
sensing.

[0033] Alternatively, in a different subset of embodiments,
the EMCTA is used to generate the reference field, but it
does this in a different mode or phase, so that the reference
field is different to the cleaning or treatment field. For exam-
ple, the controller is further selectively configurable in a
blood sensing mode in which the signal generator is con-
trolled to generate a different magnetic or electromagnetic
field using the conductor arrangement, for use as the refer-
ence field. The different field may be a DC magnetic field in
some examples. This may be achieved through switching in
a rectifier to the generator circuit and driving a coil with a
DC current. Additionally or alternatively, the different field
may be a lower frequency alternating field to the cleaning
and/or treatment field.

[0034] In compatibility with any of the above described
options, in accordance with one or more embodiments, the
magnetic field sensing arrangement may be arranged to be
powered through inductive or capacitive coupling of energy
from the EM field generated by the signal generator and
conductor arrangement.

[0035] Depending upon the particular feature or abnorm-
ality which is to be detected, the processing of the sensor
signal and/or the detection criteria applied may vary.

[0036] In some embodiments, analysis of the sensor out-
put is based on filtering or other spectral processing or ana-
lysis. For example, in accordance with one or more embodi-
ments, the processing arrangement may receive a sensor
signal of magnetic field strength over time for the one or
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more locations from the sensing arrangement, and is adapted
to process the signal to remove frequency components
within a pre-defined range of frequency components.
[0037] In one set of examples, the pre-defined range of
frequency components may be a range of frequency compo-
nents associated with a defined heart rate frequency. This
embodiment is helpful for distinguishing static blood from
flowing blood. This is useful in detection of an accumulation
of droplets of blood on the surfaces in the mouth e.g. at a
gum-line between teeth and gums or in pockets or blisters in
the oral cavity.

[0038] In accordance with one or more embodiments, the
processing arrangement may be arranged to receive a sensor
signal of magnetic field strength over time for the one or
more locations from the sensing arrangement, and is adapted
to detect presence of blood in fluids within the oral cavity
based on processing the magnetic field signal to extract fre-
quency components above 10 Hz.

[0039] Some oral care devices may actuate an oscillation
of the cleaning and/or treatment portion (abbreviated herein:
CTP), for example a powered toothbrush. In the presence of
oscillation of the CTP, fluids in the mouth exhibit turbulence
motion with high frequencies. Blood in the fluid will also
move at this high frequency. Signal components associated
with movement of (magnetic) blood in the fluids can be iso-
lated by selecting just high frequencies, e.g. above 10 Hz.
[0040] In accordance with one or more embodiments, the
processing arrangement may be arranged to receive a sensor
signal of magnetic field strength over time for the one or
more locations from the sensing arrangement, and to detect
presence of inflamed gum tissue (or a condition indicative
thereof) based on an amplitude in the signal and/or based on
a level of a baseline of the signal

[0041] This can be useful for detecting inflamed tissue (or
a condition indicative thereof). For example, gingivitis has
been found to be associated with at least 50% increased
blood flow in the area of the affected tissue. This may lead
to an increase in the amplitude of the oscillations. However,
it may in some cases lead to a decrease in the amplitude of
oscillations, since more blood is retained in the inflamed
region between blood pulses, reducing the oscillation
amplitude.

[0042] Gingivitis is also associated with a larger than typi-
cal accumulation of a blood in region of the inflamed gum
tissue, which leads to a detectable rise also in the baseline of
the signal.

[0043] In accordance with one or more embodiments, the
oral care system may comprise the oral care device, and
wherein the oral care device comprises the cleaning and/or
treatment portion and the processing arrangement. Non-lim-
iting examples of an oral care device include a powered
toothbrush, a brushing mouthpiece device, an oral irrigator
and a powered flossing device. Optionally, the cleaning and/
or treatment portion may be releasably coupleable with a
further portion of the oral care device, wherein the further
portion comprises the processing arrangement.

[0044] Examples in accordance with a further aspect of
the invention provide a method of sensing in an oral cavity
of a user. The method comprises: generating a reference
magnetic field in the oral cavity; sensing a magnetic field
strength of the reference field at one or more spatial loca-
tions within the oral cavity to generate a sensing output sig-
nal; performing sensing of blood in gum tissue or in the oral
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cavity, based on analysis of the sensing output signal; and
generating a data output based on a result of the sensing.
[0045] Examples in accordance with a further aspect of
the invention provide a computer program product compris-
ing computer program code, the computer program code
being executable on a processor. When the processor is
operatively coupled with a magnetic field sensing arrange-
ment arranged to sense a magnetic field strength or changes
therein at one or more spatial locations in an oral cavity,
responsive to generation of a reference magnetic field in
the oral cavity by a field source, the code is configured to
cause the processor to: receive a sensor output from the
magnetic field sensing arrangement indicative of a magnetic
field strength or changes therein of the reference field at one
or more spatial locations in the oral cavity; perform sensing
of blood in gum tissue or in the oral cavity, based on analysis
of the sensor output; and generate a data output indicative of
the sensing.

[0046] 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

[0047] For a better understanding of the invention, and to
show more clearly how it may be carried into effect, refer-
ence will now be made, by way of example only, to the
accompanying schematic drawings, in which:

[0048] FIG. 1 shows a block diagram of an example oral
care system,

[0049] FIG. 2 illustrates an example system in use, with
the reference field exposed to normal fluid;

[0050] FIG. 3 illustrates an example system in use, with
the reference field exposed to blood;

[0051] FIGS. 4 shows an example cleaning and/or treat-
ment portion of a system comprising a plurality of magnetic
sensing elements;

[0052] FIG. 5 illustrates use of an example system having
a plurality of magnetic sensing elements;

[0053] FIG. 6 shows an example electromagnetic cleaning
and/or treatment arrangement (EMCTA);

[0054] FIG. 7 shows part of an example system which
comprises an EMCTA;

[0055] FIG. 8 shows part of a further example system
which comprises an EMCTA;

[0056] FIG. 9 shows part of a further example system
which comprises an EMCTA, and wherein the magnetic
sensing arrangement is inductively powered by the
EMCTA;

[0057] FIGS. 10 illustrates an example oral care system in
which a processing arrangement is integrated in the oral care
device; and

[0058] FIG. 11 illustrates a further example oral care sys-
tem comprising a processing arrangement separate from the
oral care device.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0059] The invention will be described with reference to
the Figures.

[0060] It should be understood that the detailed descrip-
tion and specific examples, while indicating exemplary
embodiments of the apparatus, systems and methods, are
intended for purposes of illustration only and are not
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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 under-
stood 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 indi-
cate the same or similar parts.

[0061] The invention provides an oral care system for sen-
sing blood in an oral cavity and in gum tissue. The sensing is
performed magnetically using a magnetic field source and
magnetic sensing arrangement incorporated into a cleaning
or treatment portion of an oral care device (e.g. a brush head
of a toothbrush or mouthpiece part of a brushing mouthpiece
device). The field source generates a reference field and the
sensing arrangement is arranged to sense the field strength
of the reference field at one or more spatial points. Since
blood is magnetic, when brought into the reference field, it
magnetically interacts with the field, which may alter field
strength, field shape, or flux distribution. This enables pre-
sence of blood to be detected. Since the field sensor provides
a quantitative output, it also allows for more specificity in
sensing. In particular, it allows for detecting specific oral
blood-related features, e.g. abnormalities or disease states
associated with abnormal presence of blood or abnormal
amounts or concentrations of blood. For example, this can
be based on application of detection criteria which relate to
one or more properties of the sensed field (e.g. magnitude,
frequency composition, temporal variations, or spatial var-
iations across an area). These criteria can for example be
pre-determined in advance and known to be associated
with particular oral features, and then applied in use.
[0062] FIG. 1 shows a schematic block diagram of com-
ponents of an example oral care system according to one or
more embodiments.

[0063] The system 10 comprises a cleaning and/or treat-
ment portion 14 (abbreviated herein: CTP) of an oral care
device, at least a section of which is for being received in
use in an oral cavity of a user for a cleaning or treatment
function.

[0064] The CTP 14 comprises a support structure 22
which carries: a magnetic field source 16 for generating a
reference magnetic field in the oral cavity when received
therein, and a magnetic field sensing arrangement 18,
arranged to detect a magnetic field strength of the reference
field, or changes therein, at one or more spatial locations.
[0065] The system further includes a processing arrange-
ment 20, arranged to receive a sensor output from the mag-
netic field sensing arrangement 18 and adapted to perform
sensing of blood based on the sensor output.

[0066] More particularly, it is preferably adapted to detect
oral features based on sensing of blood in or on the gum
tissue or in the oral cavity, the detection based on the sensor
output. For example, it may be adapted to detect abnormal
presence or concentration of blood in or on the gum tissue or
in the oral cavity, the detection based on analysis of the sen-
sor output.

[0067] Embodiments are based on detecting blood fea-
tures in the oral cavity, or tissue within the oral cavity.
This can for example include one or more of: an abnormal
presence of blood (e.g. where blood should not normally
be), e.g. in the mouth (indicative of bleeding), or abnormal
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concentration or volume of blood, e.g. in gums (indicative
of inflammation) or on the surfaces of gums, e.g. as droplets.
[0068] A cleaning and/or treatment portion (abbreviated
herein: CTP) 14 means a portion of an oral care device
which is designed to be received in the mouth for a cleaning
and/or treatment function. For example, it may comprise a
toothbrush head. It may comprise the head of a flossing or
oral irrigation device. In other examples, it may form a
mouthpiece portion of a brushing mouthpiece device. In
some cases, the whole oral care device 1s received in the
mouth (e.g. in the case of a cleaning mouthpiece unit).
Here the whole device forms the CTP. In use, the CTP 14
may be physically separable from the oral care device 12,
e.g. a removable toothbrush head. In other examples it may
be integrally comprised by the oral care device.

[0069] The support structure may for example comprise a
platen of a toothbrush, or a biting surface of a mouthpiece
unit, or any other body or structure which may act as a car-
rier or housing for the magnetic source and magnetic sen-
sing arrangement.

[0070] There are different options for the architecture of
the system which will be discussed in more detail later.
[0071] With regards to the magnetic field source, this may
be a passive field source (e.g. a permanent magnet) or an
active field source, e.g. a coil, solenoid or an electrode
pair. By way of example, a permanent magnet may comprise
a ferrite magnet or a rare earth metal based magnet such as
alloys of NdFeB or SmCo. By way of a contrary example, a
solenoid or loop coil can be driven with a DC current to
generate a static magnetic field, or with an AC current to
generate an alternating magnetic field.

[0072] In general, the reference field may be a static field
or a time varying field, e.g. an alternating field. It is pre-
ferred that a static field be used. Where a time-varying
field source is used, e.g. an alternating magnetic field, the
detection criteria may need to be adjusted compared to
those of a static field. For example, if a detection criterion
comprises detecting a change or variation in detected field
strength (for a static field), this may need to be defined as a
change or variation in a baseline of the detected field
strength, or an envelope of field strength (for an alternating
field).

[0073] With regards to the magnetic field sensing arrange-
ment 18, this may comprise a single magnetic field sensing
element of a plurality of sensing element. It may sense the
magnetic field strength at a single location or at a plurality of
locations. By way of non-limiting examples, suitable
options for sensing the magnetic field include one or more
(giant) magneto resistance sensors, or one or more Hall
effect sensors. For example, commercially available giant
magneto-restrictive (GMR) sensors can be provided with
very small dimensions (e.g. in the order of 1 x 1 x
0.5 mm) and can operate at very low power levels (e.g.
nanowatts at 0.9 Volt).

[0074] The magnetic sensing elements of the magnetic
sensing arrangement 18 can be disposed on an exposed sur-
face of a support structure 22 of the CTP 14, for example on
the platen of a brush. Alternatively, they may be at least
partially embedded in the support structure body. The
same is true of the magnetic field source. In the case of a
brush head for example, they may be positioned at a base of
the bristle field, on or in the support structure. In further
examples, the magnetic sensing elements and/or the mag-
netic field source may be embedded or carried by protruding
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elements which upstand or extend from an upper surface of
the support structure 22, and hold the sensing elements and/
or field source at an elevated level relative to the support
structure. For example, they may be held at, or proximal
to, the level of the tips of the bristles (where bristles are
included).

[0075] Preferably, the magnetic source and the sensing
arrangement are positioned so as to be as close as possible
to the gum region during use of the CTP 14 for its cleaning
or treatment function. This makes it more sensitive to detec-
tion of abnormal concentrations of blood in the gums, indi-
cative of gingivitis, or to bleeding from the gums.

[0076] An example workflow of the operation of the sys-
tem can be understood as follows.

[0077] The cleaning or treatment portion 14 is received in
the oral cavity. The magnetic field source 16 is active (if it is
a non-passive field source).

[0078] Due to its magnetic properties, any blood (e.g. a
blood accumulation) within the area covered by the refer-
ence field will interact magnetically with the field and
cause changes or disturbances in the shape of the field, or
field strength distribution of the field, compared to a state in
which there is no external matter in the field. This is detect-
able by the magnetic field sensing arrangement 18. Depend-
ing upon the size, shape and character of the blood feature,
the interaction with the reference field will differ and thus
will be associated with a different detectable signature or
fingerprint in the sensing signal.

[0079] This is illustrated schematically in FIGS. 2 and 3
which show an example support structure 22 of a CTP 14,
carrying a field source 16 and a field sensing arrangement
18, being held over an area 34 within the oral cavity. The
area might for example be a recess at the base of the mouth,
or at the gum line, or any other area. The field source 16 is
shown generating a static reference magnetic field 32, the
field lines of which are schematically illustrated. FIG. 2
schematically illustrates a region of fluid 36, e.g. saliva,
which is brought into the area of the reference field. FIG. 3
schematically illustrates a region of blood 38 which is
brought into the area of the field. The region of blood
might for example represent a build-up or accumulation of
perfused blood within inflamed tissue caused by gingivitis.
Due to its magnetic properties (diamagnetic in this exam-
ple), the blood acts to distort the shape of the field, in parti-
cular by extending the field lines along its length. In the
illustrated example, this acts to spread the area covered by
the field, thus reducing the flux density in the area of the
field sensor 18. As a result, the field sensor detects a lower
field strength reading. This represents just one example of
how a blood feature might distort or influence a field. By
contrast, the (non-magnetic) fluid 36 does not have any dis-
torting influence on the field 32, or negligible influence.
[0080] The field sensing arrangement 32 senses magnetic
field strength at one location or multiple locations. FIG. 3
shows one location for illustration. The sensing data is com-
municated to the processing arrangement 20 (not shown in
FIGS. 2 or 3).

[0081] The processing arrangement 20 applies at least one
detection assessment. This may comprise an algorithm or a
set of rules encoded in the programming of the processing
arrangement. The processing arrangement may be operable
to selectively apply one of a plurality of different detection
assessments, each for detecting a different oral abnormality
or feature, e.g. a blood feature or property or pathology.
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Depending upon the feature to be detected, the blood distri-
bution properties associated with that feature can be
expected to interact with the reference field in a different
way, and thus is associated with different observable sensing
signal properties, or changes in sensing signal properties.
[0082] A given detection assessment is associated with
one or more assessment criteria relating to the field sensing
data from the field sensing arrangement 18. This may relate
to temporal variations in the field, a spatial distribution of
the field across different locations, a threshold magnitude
for the field, a threshold change in the field compared to a
reference value or distribution, and/or any other criterion as
may be desired or required for detecting a particular abnor-
mal state. The processing arrangement 20 may be adapted to
communicate with a local or remote datastore which stores
the detection criteria. A datastore may be comprised as part
of the processing arrangement in some examples, or it may
be remote and communicable via a communication inter-
face. Optionally, the processing arrangement may be switch-
able between different detection modes, each for detecting a
different blood abnormality or feature, and wherein in each
mode, a different detection assessment is applied for detec-
tion. Alternatively, the processing arrangement 20 may be
operable to detect any of a plurality of types of abnormality
in a single mode.

[0083] A successful or positive outcome of the detection
assessment may correspond to the meeting of all, or a
defined subset of, the detection criteria for that assessment.
Optionally, if detection of the relevant feature or abnormal-
ity is positive, a notification signal may be generated. This
may cause generation of a sensory output via a user output
element, such an auditory alert, or illumination of one or
more lights, or haptic feedback via a handle of the oral
care device for example. Alternatively, the signal may be
coupled to a further datastore or analysis module arranged
to compile results of the detection for later retrieval and pre-
sentation to the user.

[0084] In some examples, a datastore may store a record
of one or more reference sensing signals associated with
normal state of the oral cavity and associated with a clini-
cally abnormal state of the oral cavity. Determination of an
abnormality may comprise comparing a detected signal with
the reference signals.

[0085] There are different options for the structural con-
figuration of the sensing components in the oral cleaning or
treatment portion 14. There are also different options for the
detection assessments which may be performed, and the
related criteria, depending upon the blood feature or
abnormality to be detected.

[0086] In accordance with at least a first set of embodi-
ments, the magnetic sensing arrangement 18 comprises a
single magnetic sensing element, for example in the form
of a giant) magneto resistance sensor or a Hall effect sensor.
This example is schematically illustrated in FIG. 2 and FIG.
3.

[0087] In operation, the CTP 14 is moved by the user
across the oral cavity area of interest and the output of the
magnetic sensor 18 is monitored by the processing arrange-
ment 20. If the CTP 14 passes over a body area where no
major concentrations of blood are present (for example the
teeth) there will be little change in the output of the mag-
netic sensor (see FIG. 2). However, diamagnetic (or para-
magnetic) blood will disturb the magnetic field and the sen-
sor output will be modified. In general, the presence of the
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blood will cause the field lines to spread further, whereby a
reduction in (field strength) signal is to be expected (FIG. 3).
However, for some other geometries, an increase in field
strength signal would also be possible (for example if the
sensor 18 is positioned close to the gum and partially sur-
rounded by inflamed, blood rich areas).

[0088] Detection may thus be based on sensing a change
in the sensed magnetic field. In other words, in this embodi-
ment, detection is based on sensing temporal changes in the
sensor output signal, representative of the reference field
being passed over an area which contains a relevant blood
feature, for example an accumulation of blood, either
beneath the tissue surface or in the mouth. In a received
signal of magnetic field strength over time from the field
sensing arrangement 18, this can be detected as a fluctuation
in the field signal. Since the field properties have changed, it
is an indication that there is a localized area with a higher
concentration of blood than other areas. Based on an
assumption that other areas are normal, this means that the
localized area has a blood concentration or accumulation
outside of normal levels. Thus an abnormality can be
detected based on detecting a temporal fluctuation in the
field signal. It is noted that in the case of an alternating
field, detection may be based on a temporal fluctuation in a
baseline of the field signal, or an amplitude or envelope of
the field signal.

[0089] A fluctuation indicates presence of blood at the
instant location of the field sensing arrangement at the
time of detecting the fluctuation. This also allows for loca-
lization of the blood feature. For instance, sensory feedback
could be given as a fluctuation is sensed, so that a user is
alerted that the current location of the CTP 14 is a location
of a feature such as an abnormality. A fluctuation in this
context may mean for example an increase or decrease in
the signal by a pre-defined threshold amount within a pre-
defined time window. This can be set at a level to rule out
simple background fluctuations due to noise.

[0090] In accordance with one or more embodiments, the
processing arrangement may further comprise a position
determining functionality for determining an indication of
a position of at least the magnetic sensing arrangement in
the mouth at any given time. By way of example, the docu-
ments US 2020/069042 and US 2020/022488 each disclose
suitable example systems for determining a position of a
CTP 14 (e.g. a toothbrush head) within the oral cavity.
[0091] The processing arrangement 20 may be adapted to
determine a location of a site of blood presence based on
identifying a detected location of the magnetic sensing
arrangement at the time of detection of the fluctuation in
the magnetic signal. This can be used to check that the
higher than usual blood presence or accumulation is in fact
unusual for the particular location concerned. If blood pre-
sence, or high blood concentration, is detected at a location
that is not normal (for example while brushing occlusal or
facial tooth side) this indicates the blood is abnormal. Addi-
tionally or alternatively, it may simply enable precise
recording of the locations of each detected abnormality,
which may be stored in a datastore for example and
retrieved at the end of the use session.

[0092] An arrangement with a single magnetic sensor can
be prone to noise from magnetic fields caused by external
factors (e.g. magnetic shielding materials or even the earth’s
magnetic field). It also in general may not be able to detect
abnormalities if the field source and sensor arrangement are
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being held static in the mouth, as for example is the case for
some types of mouthpiece devices. Thus in accordance with
a further set of one or more embodiments, the magnetic field
sensing arrangement 18 may comprise a plurality of mag-
netic field sensing elements.

[0093] One example is shown in FIGS. 4A and 4B. In this
example, the cleaning and/or treatment portion 14 is a brush
head for a toothbrush, but the type of cleaning and/or treat-
ment unit is not essential to the technical effect of the embo-
diment. The magnetic sensing arrangement 18 comprises a
set of four magnetic sensing elements, 18a, 185, 18¢, 185,
being spaced from one another, and from the magnetic field
source 16. FIG. 4A schematically shows example positions
of the sensing elements 18a-18¢ and the field source 16. The
sensing elements are arranged in a 2X2 array formation. The
sensing elements have a vertical separation, AY, and a hor-
izontal separation, AX, both of which can be adjusted. By
way of one non-limiting example, the horizontal spacing
may be configured to be approximately half the width of a
typical tooth (e.g. around 5-10 mm), while the vertical spa-
cing may be made in order of 10 mm. More or fewer than
four sensors may be provided. FIG. 4B schematically shows
a side elevation of the arrangement, with the sensor ele-
ments (only two 18a, 186 are visible) disposed on a surface
of the support structure 22 of the cleaning and/or treatment
portion 14 and at a base of the bristle 42 field. In other exam-
ples the sensor elements and optionally the field generator
could be incorporated into the tips of protruding members
which extend to the level of the bristles 46 so that the sen-
sors are closer to the gums during use.

[0094] In this set of embodiments, detection of a blood-
related feature can be done based on spatial variations in
the magnetic field strength detected by different of the sen-
sing elements 18a, 185, 18¢, 184. For example, a simple
asymmetry in the detected field strength between one set
of one or more sensing elements located at one region of
the support structure 22, and another set of one or more sen-
sing elements which is spaced from the first at another
region, indicates that the amount of blood being detected
at those two regions is different. Based on an assumption
that the region with one of the higher or lower detected
field strength is healthy (depending upon the structural con-
figuration, the healthy side could have a higher reading or
lower - see discussion above), this means the region with
other of the higher or lower detected field strength must be
located at a region of abnormal blood concentration. Thus,
detection of an abnormality can be made.

[0095] Optionally, detection criteria for the detection
assessment may include a threshold for the asymmetry of
disparity, e.g. a minimum percentage disparity in sensor
readings between two sensing locations in order for detec-
tion of an abnormality to be made. Optionally, in addition or
alternatively, the detection criteria may include a threshold
for the level of the sensed field strength at the higher
strength sensing location or lower strength sensing location
in order for a detection to be made. This can be set at a level
that rules out for example detection due to one area of the
sensing arrangement 18 simply being overlaid an area of
normally zero blood presence, e.g. the tip of a tooth.

[0096] In a simplest case, this set of embodiments may
implemented with a sensing arrangement 18 comprising
two sensing elements, located spaced from one another in
or on the support structure, e.g. on different sides of the
support structure. This example is illustrated in FIG. 5. As
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shown, on the side at which there is presence of an accumu-
lation of blood 38, e.g. due to gingivitis, the blood distorts
the field, leading to a higher or lower sensor reading depend-
ing upon the sensor positioning (lower in this case). On the
other side, a relative higher reading is detected.

[0097] Optionally, in this set of embodiments, localization
of the abnormality relative to the areca of the sensing
arrangement may be determined, based upon where the
altered field strength is detected. Where there are only two
sensors, this can only be done if it is known in advance
whether blood will increase or decrease the detected field
strength in the relevant area (and this typically will be
known). Where there are more than two sensors, it might
be done by identifying which of the sensing elements has a
field reading which differs from all of the others by some
threshold amount and then assuming the abnormal blood
feature is located beneath or adjacent the location of this
sensing element.

[0098] In some examples, an array of sensing elements
may be provided, spanning a sensing area of the sensing
arrangement. In this case, more precise localization of the
abnormality may be possible, by identifying the particular
local region of the sensing area at which sensing elements
are detecting the disparate field strength (compared to the
other areas). The location of this area gives a location of
the abnormality relative to the sensing area of the sensing
arrangement. In the case of a cleaning or treatment portion
that spans a large area of the oral cavity, e.g. a mouthpiece
unit, this can allow for precise localization of an abnormal-
ity across said whole large area of the mouth. In other cases,
it may allow for localization within a more confined region
of the mouth spanned by the sensing area.

[0099] A size of the detected area of disparate field
strength can also be used to estimate a size or extent of the
area of abnormal blood presence or concentration, e.g. only
aregion at the gum-line has bleeding or inflammation, while
other areas do not (by way of one example). Thus, an embo-
diment with a plurality of sensing elements is able to sense a
spatial shape, pattern or distribution of blood.

[0100] The latter feature may also be used as part of the
detection criteria for detecting an abnormality. In some
examples, the detection criteria may include detection of a
certain spatial distribution of the field strength across the
sensing area (across the different sensing locations) of the
sensing arrangement 18. For example, a set of one or more
reference field distributions or patterns may be stored in a
datastore and wherein detection of one or more types or
classes of abnormality is dependent upon detecting the rele-
vant reference field distribution.

[0101] In certain examples, this embodiment can also
incorporate features discussed above relating to detection
of a feature or abnormality based on detecting temporal var-
iations or changes in field strength. For example, in some
embodiments, detection of an abnormality may be based
on detecting temporal changes or variation in a spatial
field distribution across the different sensing spatial loca-
tions. If the field distribution changes by a defined threshold
amount or in a defined way, detection may be triggered.
Thus, optionally, detection of an abnormality may be
based on a combination of spatial and temporal variations
in field strength.

[0102] A field distribution in the context of this disclosure
may correspond to the relative field levels detected at each
of the sensing locations of the sensing elements 18a, 186,
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18¢, 184 (relative to one another), or a distribution of the
absolute values across the locations.

[0103] The magnetic field sensing elements 18a, 185, 18¢,
18d are preferably in a fixed spatial arrangement.

[0104] In accordance with either the single sensor or mul-
tiple sensor option, the lateral distance between the mag-
netic sensing element(s) and the magnetic field source may
be adjusted to adjust a sensitivity. For example, the system
may be made sensitive to blood closer to the (gum) surface
by moving the sensor 18 laterally closer to the field source
16, and may be made sensitive to blood further from the
surface by moving the sensor further from the field source.
[0105] In accordance with either the single sensor element
or multiple sensor element option, detection of inflamed
gum tissue (or a condition indicative thereof), for example
gingivitis, may be performed based on detection of a certain
threshold field magnitude or a certain reference change in
field shape. This is particularly due to the fact that oxyge-
nated blood is diamagnetic whilst the de-oxygenated blood
is paramagnetic. These would distort a field in which they
are present in different ways. Thus, based on a set of one or
more reference criteria for field magnitude or pattern
changes for different of diamagnetic and paramagnetic
blood, the system can be adapted to detect a level of oxyge-
nation of the blood. This would increase specificity in
detecting Gingivitis, as for Gingivitis, the blood is more
de-oxygenated than in healthy gum tissue.

[0106] In accordance with one or more embodiments, the
oral care device may additionally comprise an electromag-
netic cleaning or treatment functionality.

[0107] Electromagnetic fields, particularly at radio fre-
quencies (RF), are known to be effective for use in cleaning
or treatment of tooth surfaces or gum tissue. For example
they can loosen biofilm coverings on tooth surfaces which
can actively assist during cleaning of teeth with the cleaning
or treatment portion 14. Radio frequencies can also stimu-
late gum tissue which can have local therapeutic effects. A
suitable range of frequencies for the cleaning or treatment
mode may be for example between 1 MHz and 10 MHz
[0108] Thus, in accordance with one or more embodi-
ments, the oral care system may further comprise an electro-
magnetic (EM) cleaning and/or treatment arrangement 60.
The EM cleaning or treatment arrangement 60 may be
abbreviated herein: EMCTA.

[0109] Component parts of an example EM cleaning and/
or treatment arrangement 60 are shown in FIG. 6. The
arrangement 60 comprises: a conductor arrangement 24,
comprising one or more conductive elements 52. It further
comprises a signal generator 62 adapted to generate a radio-
frequency (RF) and/or microwave frequency alternating
electromagnetic field 56 when said generator 62 is opera-
tively coupled to the conductor arrangement 24.

[0110] Optionally, the arrangement 60 may comprise a
controller 66 operatively coupled in use with the signal gen-
erator 62 for selectively activating the generator in a clean-
ing or treatment mode. The controller may implement the
cleaning or treatment mode by controlling operation of the
signal generator when a cleaning or treatment mode is selec-
tively activated. In some examples, activation of a cleaning
or treatment mode may be user-actuated, e.g. with a physical
button on the device, or external thereto, or with operatively
coupled software (e.g. a smartphone app). The controller
may be comprised by the oral care device, or may be exter-
nal thereto, but operatively connected to the signal genera-
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tor. In other examples, the signal generator itself may com-
prise a processor or IC chip permitting local activation and
implementation of a cleaning or treatment mode.

[0111] The generator 62 is an oscillatory signal generator,
e.g. an oscillator. It generates an alternating drive signal
which is coupled to the conductor arrangement 24, causing
emission of EM radiation, or generation of an EM field. The
oral care device may comprise a local power store, e.g. a
battery, for powering the generator 62.

[0112] The conductor arrangement 24 may for example
comprise a pair of electrodes 52 driven with cyclically
opposing polarities by the generator 62, to cause generation
of an alternating field between the electrodes. This option is
shown in FIG. 6, where the conductor arrangement 24 com-
prises a pair of electrodes 52a, 52b. These may be laminar in
shape in some examples. An alternative possibility is use of
one or more inductive coils or wire loops, driven with an
alternating current to induce generation of an alternating
field along an axial direction of the loop or coil.

[0113] The conductor arrangement may be comprised or
carried by the oral cleaning or treatment portion (CTP) 14,
e.g. by the support structure 22. Optionally, the signal gen-
erator 62 may be comprised by a body portion of the oral
cleaning device. The conductor arrangement 24 and signal
generator 62 may be permanently electrically coupled or
may be releasably electrically coupleable, for example
with connection becoming established upon mechanical
coupling of the CTP to a body portion of the oral cleaning
device.

[0114] In accordance with one set of embodiments, the
signal generator 62 and conductor arrangement 24 may pro-
vide the magnetic field source 16. In other words, the
EMCTA 60 is used to generate the reference magnetic
field 32.

[0115] In some examples of this, the magnetic component
of the EM alternating field 56 generated in the cleaning or
treatment mode provides the reference magnetic field 32 for
use in sensing blood. The reference field is thus formed by
the EM cleaning or treatment field. The EM cleaning and
blood detection can thus be done simultaneously. In this
case, the reference field is an alternating AC field.

[0116] In accordance with a further set of examples, the
blood sensing and EM cleaning and/or treatment functions
are performed in separate modes. For example, the control-
ler 66 is further selectively configurable in a blood sensing
mode in which the signal generator 62 is controlled to gen-
erate a different magnetic or electromagnetic field using the
conductor arrangement 24, for use as the reference field 32.
Thus in this case, cleaning and the sensing cannot be done
absolutely simultaneously. However, it would be possible
(optionally) to generate the cleaning and sensing fields in
alternating switching fashion, e.g. in alternate duty cycle
phases of a duty cycle control, so that they can operate
quasi simultaneously.

[0117] The different field may be a DC field in some
examples. This may be achieved through switching in a rec-
tifier between the generator 62 and conductor arrangement
(preferably a coil) when switching to blood sensing mode
and thereby driving the coil with a DC current. Additionally
or alternatively, the different field may be a lower frequency
alternating field to the cleaning and/or treatment field.
[0118] It is also possible to generate a cleaning and/or
treatment field 56 and a different sensing reference field 32
exactly simultaneously in a hybrid cleaning/treatment and
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sensing mode, using the same generator 62, but using sepa-
rate conductor arrangements 24 for generating the respec-
tive fields. This can be done through providing a rectifier
between the oscillatory generator 62 and the conductor
arrangement (e.g. loop coil) used to generate the reference
field 32, while the generator 62 is connected without rectify-
ing components to the conductor arrangement 24 of the EM
cleaning and/or treatment arrangement 60. This allows a DC
reference field 32 to be created at the same time as an AC
cleaning/treatment field 56. However, it is possible in this
case that the fields might interfere with another and thus
the detection criteria used to detect abnormal blood features
would need to be configured to account for the potential
change in the sensing field characteristics, e.g. a separate
set of detection criteria for when the hybrid cleaning and
sensing mode is active.

[0119] FIG. 7 and FIG. 8 schematically illustrate two
examples in which the EMCTA 60 components are used to
generate the reference magnetic field 32. In the example of
FIG. 7, the conductor arrangement 24 comprises a pair of
electrodes 52a, 52b. These may be covered with a protective
coating in some examples. They may be embedded within
resilient protruding members in some examples. The elec-
trodes are provided protruding from a surface of the support
structure 22 of the oral cleaning or treatment portion 14. An
alternating electromagnetic field is generated between the
electrodes 52 through application of an AC voltage or cur-
rent across the electrodes by the generator 62 (not shown in
FIG. 7). The magnetic components of this AC EM field form
the reference field 32. Two example sensor elements 18a
18b of a magnetic sensing arrangement 18 are shown dis-
posed on the surface of the support structure 22 within the
reference field 32. These may instead be provided at the
level of the tips of the electrodes 52 and/or a bristle field
(where one is included).

[0120] In the example of FIG. 8, the conductor arrange-
ment 24 comprises a loop coil 54. In a blood sensing
mode, this may be driven with a DC current to generate a
static reference magnetic field 32. In a cleaning and/or treat-
ment mode, it may be driven with an AC current to generate
an alternating EM field. Alternatively, the alternating AC
field for cleaning and/or treatment may be used also for
the reference field. For illustration, a single sensing element
18 is shown within the reference field, although more may
be provided in other examples.

[0121] Optionally, there may be provided a second con-
ductor arrangement (e.g. coils instead of electrodes) and
optionally a second signal generator for generating the mag-
netic field for use in blood detection. Generation of the
reference magnetic field may be completely separate from
the EMCTA components in some examples, i.e. there is a
separate field source for the reference field.

[0122] In compatibility with any of the above described
options, in accordance with one or more embodiments, the
magnetic field sensing arrangement 18 may be arranged to
be powered through inductive or capacitive coupling of
energy from the EM field 56 generated by the EMCTA sig-
nal generator 62 and conductor arrangement 24.

[0123] This could be done within the cleaning and/or
treatment mode, or within the dedicated sensing mode dis-
cussed above. Thus here, the field being used to transfer the
power to the sensors is the same field being used to perform
the cleaning and/or treatment function, and/or to perform the
sensing function. Alternatively, it could be done within a
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further dedicated power transfer mode, in which the control-
ler 66 controls generation of an EM field using the conduc-
tor arrangement 24 for the primary purpose of powering the
magnetic sensing arrangement 18. Here, EM cleaning and/
or treatment is not active during the power transfer mode. A
separate field may be generated for the reference field 32.
[0124] This set of embodiments has the advantage that no
additional active or powered components need to be inte-
grated in the oral care device or system in order to power
the sensors (they are inherently powered by means of the
power source for the EMCTA 60. Additionally, it is not
necessary to run separate power supply lines to the active
field sensing arrangement. If the main power source for the
oral care device is for example in a handle portion, while the
CTP 14 is at a head area, this is a significant simplification in
manufacture.

[0125] Inductive or capacitive coupling can be done
through providing a transmitting inductive coil or a trans-
mitting pair of capacitor plates connected across the oscilla-
tory generator 62, and a receiving inductive coil or a receiv-
ing pair of capacitor plates (respectively) connected across
the magnetic sensing arrangement (or across a single mag-
netic sensing element in some examples), and with a recti-
fier provided between the receiving coil or plates and the
sensor. An example is schematically illustrated in FIG. 9
which shown a transmitting inductive coil 54 connected
across the generator 62, and a receiving inductive coil 72
connected across an example magnetic sensing arrangement
or element 18, with a rectifier 74 between the receiving coil
72 and the magnetic sensing element 18. The transmitting
inductive coil and receiving inductive coil may be arranged
in axial alignment (not shown in FIG. 9), and spaced from
one another axially, in electromagnetic coupling arrange-
ment. Where capacitive coupling is used, the transmitting
capacitive plates and receiving capacitive plates may be
arranged in facing relationship, and spaced from one
another, in electromagnetic coupling arrangement.

[0126] Additionally or alternatively, in cases where the
reference field 32 is not generated by the EMCTA 60, it
would also be possible to provide the magnetic field source
16 (in cases where it is an active field source) arranged to be
powered through inductive or capacitive coupling of energy
from the EM field generated by the signal generator and
conductor arrangement.

[0127] For example, an active field source 16 may be pro-
vided, e.g. a DC or AC driven coil or solenoid, and wherein
the driving of the active field source is powered by the RF
generator. For example, it may be powered through induc-
tive or capacitive coupling of electrical energy from the RF
conductor arrangement (capacitively if the conductor
arrangement comprises electrodes; inductively if the con-
ductor arrangement comprises one or more coils).

[0128] Depending upon the particular abnormality which
is to be detected, the processing of the sensor signal and/or
the detection criteria applied may vary.

[0129] In accordance with one or more embodiments, the
processing arrangement 20 may be arranged to receive a
sensor signal of magnetic field strength over time for the
one or more sensing locations of the sensing arrangement
18, and is adapted to process the signal to remove frequency
components within a pre-defined range of frequency compo-
nents associated with a defined heart rate frequency.

[0130] This embodiment is helpful for distinguishing sta-
tic blood (such as in droplets on the surface of the gum tis-
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sue) from flowing blood. This is useful in detection of pock-
ets of blood or blisters from inflamed tissue, for example
associated with gingivitis, as the former is characterized by
a build-up of static blood in the inflamed tissue.

[0131] For example, it is known from other technical
fields, not related to oral care, that a magnetic field can be
used as part of a device for sensing a heart-beat. Even in
places where there are no major veins and arteries (e.g. the
lung surface) there is still some blood perfused into the skin
which may also produce a signal in a magnetic sensor. Thus,
inflamed tissue due to gingivitis would also be expected to
exhibit some blood-flow related signal components. In order
to eliminate these signal components, and isolate compo-
nents related to the static blood, e.g. droplets on the gum
surface or in pockets or blisters, the sensor output may be
analyzed as a function of frequency, and the frequency com-
ponents approximately matching a heartrate frequency (e.g.
0.5-5 Hz, e.g. 1-3 Hz) removed or filtered. One or more
band-pass filters may be used for example. By eliminating
these components, the remaining signal is representative of
the static blood, making the output of the sensor more spe-
cific to unwanted blood in the mouth or gums as opposed to
arterial blood in the gums.

[0132] In some examples, the oral care device may include
a heart rate sensing element, e.g. embodied in a handle por-
tion of the device. The pre-defined range of frequencies for
filtering the magnetic sensing signal may be set based on the
detected heart rate.

[0133] It is noted that where the reference field 32 is an
alternating field, it may be that the blood flow causes oscil-
lation in the baseline or envelope of the (alternating) sensor
signal. Thus, here the spectral analysis and filtering may be
applied to the baseline or envelope of the signal. For exam-
ple, the baseline or envelope signal may be extracted first
from the raw sensing signal.

[0134] In accordance with one or more embodiments, the
processing arrangement 20 may be arranged to receive a
sensor signal of magnetic field strength over time for the
one or more sensing locations of the sensing arrangement
18, and to detect presence of inflamed gum tissue (or a con-
dition indicative thereof) based on an amplitude of oscilla-
tions the signal (or in an envelope or baseline of the signal in
the case of an alternating reference field), or based on a mag-
nitude of a baseline of the signal.

[0135] This can be useful for detecting inflamed tissue (or
a condition indicative thereof). For example, gingivitis has
been found in studies to be associated with increased blood
flow in the area of the affected tissue. For example, in one
study, it has been found that blood flow through gums with
moderate gingivitis and periodontal disease is elevated by at
least 50%. This leads to a change in the baseline of the sen-
sor signal, since there is a greater concentration or amount
of blood in a given area, leading to a greater distortion in the
reference field. Thus changes in the baseline can be used to
detect inflamed tissue. Additionally, presence of inflamed
tissue can lead to changes in the amplitude of oscillations
in the signal. For example, the oscillation amplitude may
decrease since more blood is retained in the inflamed tissue
between blood pulses, and so the cyclical variation in blood
volume in the given area is less. Thus the oscillation ampli-
tude is decreased. In other cases, the amplitude may
increase, due to increased blood flow in the inflamed area.
Pre-stored detection criteria may be applied which define
threshold changes in the baseline and/or oscillation ampli-
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tude, depending upon the particular tissue inflammation fea-
ture being detected, and the structure and intended operation
of the device.

[0136] In accordance with one or more embodiments, the
processing arrangement may be arranged to receive a sensor
signal of magnetic field strength over time for the one or
more locations from the sensing arrangement, and is adapted
to detect presence of blood in fluids within the oral cavity
based on processing the magnetic field signal to extract fre-
quency components above 10 Hz.

[0137] This can be useful in cases in which the sensing is
done during normal use of the oral care device, and where
the oral care device is adapted to actuate an oscillation or
vibration of at least a portion of the CTP (for example, a
powered toothbrush with oscillating head). In the presence
of oscillation of the cleaning or treatment unit, contacting
fluids in the mouth exhibit turbulence motion with high fre-
quencies. This can be used to isolate signal components
associated with (magnetic) blood in the oral cavity fluids,
rather than normal blood flow in the tissue (with much
lower frequencies corresponding to heart rate, e.g. in the
order of 0.5-5 Hz).

[0138] For example, free blood in toothpaste may be dis-
turbed by high frequency sonic or rotation oscillation
motions (e.g. in the order of 80-250 Hz). Under normal phy-
siological conditions, the blood flow in capillaries has a pul-
sation frequency of approximately 0.5-3 Hz, whereas under
for example sonic motion, turbulent flow can be expected
having motion frequencies up to 80-100 Hz, about 2-3
orders of magnitude higher. Thus, the processing arrange-
ment 20 may be adapted to apply a high pass filter or other-
wise select a higher frequency band of the sensing signal to
be analyzed to differentiate blood within in toothpaste dur-
ing brushing from blood flow through the gum tissue.
[0139] In accordance with one or more embodiments,
detection results collected over a plurality of different sen-
sing sessions (e.g. a plurality of different use sessions of the
oral care system) may be stored in a local or remote datas-
tore, to enable longitudinal monitoring of oral health. For
example, gingivitis is known to recur periodically, for exam-
ple following a period of less strict dental hygiene. A long-
itudinal measurement of the distribution of blood in the
mouth would therefore be of value for identification of
recurrence of gingivitis. Any of the approaches described
above could be tracked across a series of oral care (e.g.
brushing) sessions and the (re)appearance of unexpected
presence or concentrations of blood in the mouth or gums
may be flagged, and an alert message generated to alert a
user or dental practitioner.

[0140] There are different options for the architecture of
the system 10 which is provided by the invention. The sys-
tem includes a cleaning and/or treatment portion (CTP) 14
for an oral care device, at least a section of which is for
being received in an oral cavity of a user for a cleaning or
treatment function. The magnetic field source 16 and the
magnetic field sensing arrangement are carried by or com-
prised by a support structure of the CTP 14. The CTP which
is thus provided may be a separable cleaning or treatment
unit which, in use of the system, is designed to releasably
couple to a further body portion of an oral care device 12.
For example, the CTP 14 may be a removable toothbrush
head attachment for a powered toothbrush. An example in
shown schematically in FIG. 10A and FIG. 10B. In this
example, the processing arrangement is provided integrated
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in the (body portion 15 of) the oral care device 12. The CTP
14 is a toothbrush head in this example, and the support
structure is the platen 22 of the toothbrush head. The head
is releasably coupleable with the body portion 15. The body
portion forms a handle.

[0141] A signal connection is provided between the pro-
cessing arrangement 20 integrated in the body portion 15 of
the oral care device 12 and the sensing arrangement 18 inte-
grated in the CTP 14. If the field source 16 is an active field
source, a power supply line may be provided between a dri-
ver or power unit in the body portion 15 and the field source
16 in the CTP. The signal connection, or electrical connec-
tion, is established when the brush head 14 is connected or
mated to the body portion 15. The device may further
include an actuation mechanism for applying a vibration or
oscillation to the brush head in use. A toothbrush is only one
example of a suitable oral care device. Other examples
include a brushing mouthpiece unit, and oral irrigator, or a
powered flossing device.

[0142] In some embodiments of the system, the whole oral
care device 12 may be provided. However, at minimum, just
the cleaning and/or treatment portion (CTP) 14 and the pro-
cessing arrangement 20 need to be provided, wherein the
CTP is configured for releasably coupling to a body portion
15 of an oral care device when in use. For example, in some
embodiments, the processing arrangement 20 may be com-
prised in a separate device or unit from the oral care device.
An example of this arrangement is shown schematically in
FIG. 11. By way of one example, the processing arrange-
ment 20 could be provided by the native processing compo-
nents of a mobile computing device such as a smartphone,
wearable computing device (e.g. smartwatch) or tablet com-
puter. The system 10 may in this case include a communica-
tion interface 92 to which the sensor output signal of the
sensing arrangement 16 is coupled, and arranged for com-
municating the sensor output signal to the processing
arrangement 20 in the separate unit (e.g. mobile computing
device). This may be a wireless communication interface
92, e.g. employing Bluetooth, W-Fi, wireless LAN, or
even a wired (or other physical) connection in other
examples.

[0143] In some examples, the CTP 14 may form an inte-
gral part of the oral care device 12, for example in the case
of a brushing mouthpiece device. In this case, providing the
CTP necessitates providing the whole oral care device.
[0144] Examples in accordance with a further aspect of
the invention provide a method of sensing in an oral cavity
of a user. The method comprises: generating a reference
magnetic field in the oral cavity; sensing a magnetic field
strength of the reference field at one or more spatial loca-
tions within the oral cavity to generate a sensing output sig-
nal; and performing sensing of blood in gum tissue or in the
oral cavity, based on analysis of the sensing output signal.
The method further comprises generating a data output
based on the sensing.

[0145] The method may further comprise detecting one or
more blood-related features in the oral cavity or the gums,
based on the analysis of the sensing output signal.

[0146] The one or more features may correspond by way
of example to (health or medical) abnormalities in the gums
or in the oral cavity based on the analysis of the sensing
output signal, for example abnormal presence or concentra-
tion of blood in gum tissue or in the oral cavity. This detec-
tion may be based on application of one or more detection
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criteria related to characteristics or properties of the sensing
output signal.

[0147] Examples in accordance with a further aspect of
the invention provide a computer program product compris-
ing computer program code, the computer program code
being executable on a processor. When the processor is
operatively coupled with a magnetic field sensing arrange-
ment arranged to sense a magnetic field strength or changes
therein at one or more spatial locations in an oral cavity,
responsive to generation of a reference magnetic field in
the oral cavity by a field source, the code is configured to
cause the processor to: receive a sensor output from the
magnetic field sensing arrangement indicative of a magnetic
field strength or changes therein of the reference field at one
or more spatial locations in the oral cavity; and performing
sensing of blood in gum tissue or in the oral cavity based on
analysis of the sensor output. The code may further cause
the processor to generate a data output indicative of the
sensing.

[0148] The code may further cause the processor to detect
one or more blood-related features in the oral cavity or the
gums, based on the analysis of the sensing output signal.
[0149] The one or more features may correspond by way
of example to (health or medical) abnormalities in the gums
or in the oral cavity based on the analysis of the sensing
output signal, for example abnormal presence or concentra-
tion of blood in gum tissue or in the oral cavity. This detec-
tion may be based on application of one or more detection
criteria related to characteristics or properties of the sensing
output signal

[0150] Embodiments of the invention described above
employ a processing arrangement. The processing arrange-
ment may in general comprise a single processor or a plur-
ality of processors. It may be located in a single containing
device, structure or unit, or it may be distributed between a
plurality of different devices, structures or units. Reference
therefore to the processing arrangement being adapted or
configured to perform a particular step or task may corre-
spond to that step or task being performed by any one or
more of a plurality of processing components, either alone
or in combination. The skilled person will understand how
such a distributed processing arrangement can be
implemented.

[0151] The one or more processors of the processing
arrangement can be implemented in numerous ways, with
software and/or hardware, to perform the various functions
required. A processor typically employs one or more micro-
processors that may be programmed using software (e.g.,
microcode) to perform the required functions. The processor
may be implemented as a combination of dedicated hard-
ware to perform some functions and one or more pro-
grammed microprocessors and associated circuitry to per-
form other functions.

[0152] Examples of circuitry that may be employed in var-
ious embodiments of the present disclosure include, but are
not limited to, conventional microprocessors, application
specific integrated circuits (ASICs), and field-programma-
ble gate arrays (FPGAs).

[0153] In various implementations, the processor may be
associated with one or more storage media such as volatile
and non-volatile computer memory such as RAM, PROM,
EPROM, and EEPROM. The storage media may be
encoded with one or more programs that, when executed
on one or more processors and/or controllers, perform the
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required functions. Various storage media may be fixed
within a processor or controller or may be transportable,
such that the one or more programs stored thereon can be
loaded into a processor.

[0154] Variations to the disclosed embodiments can be
understood and effected by those skilled in the art in practi-
cing 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.
[0155] A single processor or other unit may fulfill the
functions of several items recited in the claims.

[0156] The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0157] A computer program may be stored/distributed on
a suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such as
via the Internet or other wired or wireless telecommunica-
tion systems.

[0158] If the term “adapted to” is used in the claims or
description, it is noted the term “adapted to” is intended to
be equivalent to the term “configured to”.

[0159] Any reference signs in the claims should not be
construed as limiting the scope.

1. An oral care system, comprising:

an oral care device having a cleaning and/or treatment por-

tion, at least a section of the cleaning and/or treatment

portion for being received in an oral cavity of a user, the

cleaning and/or treatment portion comprising:

a magnetic field source for generating a reference mag-
netic field in the oral cavity when received therein, and

amagnetic field sensor arrangement, arranged to detect a
magnetic field strength of the reference field, or
changes therein, at one or more locations; and

a processor, in communication with the magnetic field sen-

sor arangement to receive a sensor output from the mag-
netic field sensor arrangement and adapted to analyze the
sensor output to determine the presence of blood in gum
tissue or in the oral cavity.

2. An oral care system as claimed in claim 1, wherein the
processor is adapted to detect one or more pre-determined
features of the sensor output based on application of one or
more pre-determined detection criteria related to characteris-
tics of the sensor output.

3. An oral care system as claimed in claim 2, wherein the
processor determines at least one chosen from the group con-
sisting of: gum inflammation, a condition indicative of gum
inflammation, static blood on a surface of the gums, static
blood at a gum-line between teeth and gums, and bleeding.

4. An oral care system as claimed in claim 1, wherein the
processor is adapted to detect variations in the magnetic field
detected at the magnetic field sensor arrangement.

5. An oral care system as claimed in claim 4, wherein the
magnetic field sensor arrangement comprises a plurality of
magnetic field sensors, disposed spaced from one another,
and wherein a spatial variation in the magnetic field strength
is detected based on variations in magnetic field strength
detected by different ones of the sensors.

6. An oral care system as claimed in claim 5, wherein the
processor is arranged to receive a sensor signal of magnetic
field strength over time for the one or more locations, and
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detect one or more features based on a detected temporal fluc-
tuation in the signal.

7. An oral care system as claimed in claim 1, wherein the
cleaning and/or treatment portion comprises:

an electromagnetic cleaning and/or treatment arrangement

comprising:

a conductor arrangement (24) comprising one or more
conductive elements;

a signal generator adapted to generate a radiofrequency
and/or microwave frequency alternating electromag-
netic field when said generator is operatively coupled
to the conductor arrangement; and

a controller, operable in at least a cleaning and/or treatment

mode in which the controller is adapted to control the
signal generator to generate an alternating electromag-
netic field using the conductor arrangement, for perform-
ing an oral cleaning or treatment function when the con-
ductor arrangement is received in the oral cavity.

8. An oral care system as claimed in claim 7, wherein the
signal generator and conductor arrangement provide the mag-
netic field source for generating the reference magnetic field.

9. An oral care system as claimed in claim 8, wherein:

the magnetic component of the alternating EM field gener-

ated in the cleaning and/or treatment mode provides the

reference magnetic field; or

the controller is further selectively configurable in a blood

sensing mode in which the signal generator is controlled

to generate a different magnetic or electromagnetic field
using the conductor arrangement, for use as the reference
field.

10. An oral care system as claimed in claim 8, wherein mag-
netic field sensor arrangement is powered through inductive
or capacitive coupling of energy from the EM field generated
by the signal generator and conductor arrangement of the elec-
tromagnetic cleaning and/or treatment arrangement.

11. An oral care system as claimed in claim 1, wherein the
processor is arranged to receive a sensor signal indicative of
magnetic field strength over time for the one or more locations
from the magnetic field sensor arrangement, and is adapted to
process the signal to remove frequency components within a
pre-defined range of frequencies.

12. An oral care system as claimed in claim 1, wherein the
processor is arranged to receive a sensor signal of magnetic
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field strength over time for the one or more locations from the
magnetic field sensor arrangement, and is adapted to deter-
mine presence of blood in fluids within the oral cavity based
on processing the magnetic field signal to extract frequency
components above 10 Hz, preferably above 50 Hz.

13. An oral care system as claimed in claim 1, wherein the
processor is arranged to receive a sensor signal of magnetic
field strength over time for the one or more locations from the
magnetic field sensor arrangement, and to determine the pre-
sence of inflamed gum tissue based on an amplitude of oscil-
lations in the signal and/or based on a level of a baseline of the
signal.

14. An oral care system as claimed in claim 1,

wherein the cleaning and/or treatment portion is releasably

coupleable with a further portion of the oral care device,
wherein the further portion comprises the processor.

15. A method of sensing in an oral cavity comprising:

generating a reference magnetic field in the oral cavity;

detecting a magnetic field strength of the reference field at
one or more spatial locations within the oral cavity to
generate a magnetic field strength signal;

sensing blood in gum tissue or in the oral cavity, based on

analysis of the magnetic field strength signal, and
generating a data output based on the sensing.

16. A non-transitory commuter-readable medium contain-
ing instructions which when executed on a processor which

is operatively coupled with a magnetic field arrangement

arranged to sense a magnetic field strength or changes
therein at one or more spatial locations in an oral cavity,
responsive to generation of a reference magnetic field in
the oral cavity by a field source, performs a method
comprising:

receiving a magnetic field strength signal from the mag-

netic field sensor arrangement indicative of a magnetic
field strength or changes therein of the reference field at
one or more spatial locations in the oral cavity;
determining blood in gum tissue or in the oral cavity, based
on analysis of the magnetic field strength signal, and
generating a data output indicative of the determination.

17. The oral care system of claim 14 wherein the further

portion of the oral care device comprises a handle.
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