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Description
Field of the Invention

[0001] The presentdisclosure is directed generally to oral care methods and systems for assessing a health parameter
of gingival tissue.

Background

[0002] US 2006/0234383 discloses a skin tissue assessment device consists of a fluid pressure system, an optical
system, and a micro-controller. Compression of bladder by actuator displaces the fluid within the bladder into chamber
causing diaphragm to inflate and apply pressure onto the tissue surface in order to initiate a blanch. The diaphragm is
deflated after a predetermined time, either by releasing the actuator or opening exhaust valve. Throughout the blanching,
the optical system illuminates the blanch area and the returned light data is collected at regular intervals for several
wavelengths from the point when the blanch is initiated, throughout the blanching and a predetermined time thereafter
during the recovery phase. The micro-controller controls the process and analyses the returned signals to provide
assessment of the tissue surface area.

[0003] US 2016/038033 discloses an oral care device configured to assess a health parameter of gingival tissue of a
user, the device comprising an optical sensor configured to obtain a plurality of optical signals from the gingival tissue
and a feedback module.

[0004] It is estimated that 50% of the adult population in the United States is affected by periodontal disease, with
severity of disease ranging from gingivitis to periodontitis. However, consumers are often not able to detect early signs
of periodontal disease. Accordingly, such diseases may only be detected during dental visits when the disease is already
advanced and significantly harder to treat.

[0005] Inflammation of tissues within the mouth is one of the key signs of periodontal disease. Detecting inflammation
could signal the possible existence of a disease state, and would alert the individual to the need for consulting a profes-
sional for attribution of the deviation to a particular clinical picture and any necessary treatment, as finding inflammation
is merely a finding of a deviation from a normal situation, and does not yet provide any indication as to the cause of the
inflammation and thus does not yet enable to determine the appropriate treatment. However, existing oral care devices
are unable to identify or quantify inflammation of tissues, and thus periodontal disease is not detected.

Summary of the Invention

[0006] Accordingly, there is a continued need in the art for improved oral care methods and devices that assess a
health parameter of gingival tissue. The invention is defined by the independent claims. The dependent claims define
advantageous embodiments.

[0007] The present disclosure is directed to inventive methods and systems for assessing a health parameter such
as inflammation using capillary refill time. Various embodiments and implementations herein are directed to an oral care
device configured to assess the health of gingival tissue during an oral care routine. The oral care device comprises a
force-generating module that applies a direct or remote force to gingival tissue by applying a burst of compressed air or
a burst of liquid to the gingival tissue. The oral care device also comprises a sensor that quantifies capillary refill time
ofthe gingival tissue following the application of force. The oral care device analyzes the capillary refill time and determines
whether there is inflammation or any other detectable health parameter to report. The oral care device may alert the
user in real-time or via a post-cleaning report to the existence of inflammation. The oral care device may also comprise
a sensor that quantifies a baseline or status of the gingival tissue prior to the application of force.

[0008] The invention may further include obtaining, with the sensor, a baseline optical signal from the tissue prior to
the application of force.

[0009] The invention may further include detecting a proximity to the tissue.

[0010] The invention may further include communicating the quantified health parameter to a remote third party.
[0011] The sensor may comprise a light source and an optical sensor.

[0012] The force-generating module may apply force via the expulsion of air.

[0013] Quantifying a health parameter of the user may comprise a determination of an amount of time the tissue takes
to reach a predetermined perfusion threshold following the application of force, or an amount of time the tissue takes to
reach a stable perfusion level following the application of force. Quantifying a health parameter of the user may comprise
a determination of an amount of time the tissue takes to substantially match the obtained baseline optical signal.
[0014] The health parameter may be inflammation of gingival tissue.

[0015] The term "controller" is used generally to describe various apparatus relating to the operation of an oral care
apparatus, system, or method. A controller can be implemented in numerous ways (e.g., such as with dedicated hardware)
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to perform various functions discussed herein. A "processor" is one example of a controller which employs one or more
microprocessors that may be programmed using software (e.g., microcode) to perform various functions discussed
herein. A controller may be implemented with or without employing a processor, and also may be implemented as a
combination of dedicated hardware to perform some functions and a processor (e.g., one or more programmed micro-
processors and associated circuitry) to perform other functions. Examples of controller components that may be employed
in various embodiments of the present disclosure include, but are not limited to, conventional microprocessors, application
specific integrated circuits (ASICs), and field-programmable gate arrays (FPGAS).

[0016] The term "user interface" refers to an interface between a human user or operator and one or more devices
that enables communication between the user and the device(s). Examples of user interfaces that may be employed in
various implementations of the present disclosure include, but are not limited to, switches, potentiometers, buttons, dials,
sliders, track balls, display screens, various types of graphical user interfaces (GUIs), touch screens, microphones and
other types of sensors that may receive some form of human-generated stimulus and generate a signal in response
thereto.

[0017] It should be appreciated that all combinations of the foregoing concepts and additional concepts discussed in
greater detail below (provided such concepts are not mutually inconsistent) are contemplated as being part of the
inventive subject matter disclosed herein. In particular, all combinations of claimed subject matter appearing at the end
of this disclosure are contemplated as being part of the inventive subject matter disclosed herein.

[0018] 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

[0019] Inthe drawings, like reference characters generally refer to the same parts throughout the different views. Also,
the drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating the principles of
the invention.

FIG. 1 is a schematic representation of an oral care device, in accordance with an embodiment.

FIG. 2 is a schematic representation of a brush head of an oral care device, in accordance with an embodiment.
FIG. 3 is a schematic representation of an inflammation analysis system, in accordance with an embodiment.
FIG. 4 is a schematic representation of an inflammation analysis system, in accordance with an embodiment.
FIG. 5 is a flowchart of a method for assessing a health parameter of a user, in accordance with an embodiment.
FIG. 6 is a graph of tissue recovery time following the application of force, in accordance with an embodiment.

Detailed Description of Embodiments

[0020] The present disclosure describes various embodiments of a system for assessing inflammation of gingival
tissues using an oral care device. More generally, Applicant has recognized and appreciated that it would be beneficial
to provide a system to assess one or more health parameters using capillary refill time. Accordingly, one aspect of the
invention described or otherwise envisioned herein provide a device such as an oral care device configured to measure
capillary refill time of a tissue, such as gingival tissue. The oral care device may comprise a force-generating module
that applies a direct or remote force to gingival tissue, and a sensor that quantifies capillary refill time of the gingival
tissue following the application of force. Based on the capillary refill time, the oral care device can determine whether
there is inflammation or any other detectable health parameter to report, and can share that information with the user
or a third party. The oral care device may also include a sensor that quantifies a baseline or status of the tissue prior to
the application of force.

[0021] The embodiments and implementations disclosed or otherwise envisioned herein can be utilized with any oral
device, including but not limited to a toothbrush, a flossing device such as a Philips AirFloss®, an oral irrigator, or any
other oral device. One particular goal of utilization of the embodiments and implementations herein is to assess inflam-
mation of gingival tissues using an oral care device such as, e.g., a Philips Sonicare® toothbrush. However, the disclosure
is not limited to a toothbrush and thus the disclosure and embodiments disclosed herein can encompass any oral device.
[0022] FIG. 1 shows an embodiment of an oral care device 10 with a body portion 12 and a head member 14 mounted
on the body portion. Head member 14 typically includes at its end remote from the body portion an element for oral care
(e.g. a brush head).

[0023] Head member 14 may be mounted so as to be able to move relative to the body portion 12. The movement
can be any of a variety of different movements, including vibrations or rotation, among others. Head member 14 may
be mounted to the body so as to be able to vibrate relative to body portion 12. The head member 14 can be fixedly
mounted onto body portion 12, or it may alternatively be detachably mounted so that head member 14 can be replaced
with a new one when the cleaning components of the device are worn out and require replacement.
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[0024] Body portion 12 may include a drivetrain 22 for generating movement and a transmission component 24 for
transmitting the generated movements to head member 14. For example, drivetrain 22 can comprise a motor or elec-
tromagnet(s) that generates movement of the transmission component 24, which is subsequently transmitted to the
brush head member 14. Drivetrain 22 can include components such as a power supply, an oscillator, and one or more
electromagnets, among other components. In this embodiment the power supply comprises one or more rechargeable
batteries, not shown, which can, for example, be electrically charged in a charging holder in which oral care device 10
is placed when not in use.

[0025] Although in the present embodiment the oral care device 10 is an electric toothbrush, it will be understood that
in an alternative embodiment the oral care device is a manual toothbrush (not shown). In such an arrangement, the
manual toothbrush has electrical components, but the brush head is not mechanically actuated by an electrical compo-
nent.

[0026] Body portion 12 is further provided with a user input 26 to activate and de-activate movement generator 22.
The user input 26 allows a user to operate the oral care device 10, for example to turn the oral care device 10 on and
off. The user input 26 may, for example, be a button, touch screen, or switch.

[0027] The oral care device 10 includes one or more sensors 28. Sensor 28 is shown in FIG. 1 within body portion
12, but may be located anywhere within the device, including for example within head member 14. Many different types
of sensors could be utilized, as described or otherwise envisioned herein. These sensors may provide complementary
information about the position of the device with respect to a user’s body part, a fixed point, and/or one or more other
positions. Sensor 28 may be disposed in a predefined position and orientation in the oral care device 10, and the brush
head is in a fixed spatial relative arrangement to sensor 28. Therefore, the orientation and position of the brush head
can be easily determined based on the known orientation and position of the sensor 28.

[0028] The information generated by the first sensor 28 is provided to a controller 30. Controller 30 may be formed of
one or multiple modules, and is configured to operate the oral care device 10 in response to an input, such as input
obtained via user input 26. The sensor 28 may be integral to the controller 30. Controller 30 can comprise, for example,
at least a processor 32, a memory 34, and a connectivity module 38. The processor 32 may take any suitable form,
including but not limited to a microcontroller, multiple microcontrollers, circuitry, a single processor, or plural processors.
The memory 34 can take any suitable form, including a non-volatile memory and/or RAM. The non-volatile memory may
include read only memory (ROM), a hard disk drive (HDD), or a solid state drive (SSD). The memory can store, among
other things, an operating system. The RAM is used by the processor for the temporary storage of data. An operating
system may contain code which, when executed by controller 30, controls operation of the hardware components of
oral care device 10. Connectivity module 38 may transmit collected sensor data, and can be any module, device, or
means capable of transmitting a wired or wireless signal, including but not limited to a Wi-Fi, Bluetooth, near field
communication, and/or cellular module.

[0029] Oral care device 10 may include a user interface 46 configured to provide information to a user before, during,
and/or after a cleaning session. The user interface 46 can take many different forms, but is configured to provide
information to a user. For example, the information can be read, viewed, heard, felt, and/or otherwise interpreted con-
cerning inflammation of one or more tissues within the mouth. The user interface 46 may provide feedback to the user
that includes information about where tissues are inflamed, and/or how much inflammation is present. Accordingly, the
user interface may be a display that provides information to the user, a haptic mechanism that provides haptic feedback
to the user, a speaker to provide sounds or words to the user, or any of a variety of other user interface mechanisms.
The user interface 46 may include sending information from the oral care device to a user’'s smartphone by means of a
wireless method (e.g. Bluetooth, WiFi), whereby the smartphone rather than the oral care device provides the information
to the user. In a system comprising an oral care device and a smartphone, all or part of the tasks of the controller 30
may be carried out by the smartphone.

[0030] FIG. 2 shows an embodiment of a head member 14 of an oral care device. Head member 14 comprises one
or more sensors 28, and one or more force-generation modules 52. Although head member 14 in FIG. 2 comprises two
sensors 28a and 28b, and two force-generation modules 52a and 52b, the device may comprise a single sensor and
module, or a plurality of sensors and modules. Additionally, although the sensor and module are shown within the head
member 14 of the oral care device, it should be noted that the sensor and module could be located elsewhere on the
device. Additionally, although the sensor and force-generation module are shown in very close proximity, in some
embodiments the sensor and force-generation module could be located remotely from one another.

[0031] The sensor 28 is any sensor capable of quantifying capillary refill time of tissue following an application of force.
Sensor 28 may also be configured to obtain a baseline of the issue prior to the application of force. Sensor 28 may be
a single sensor or a sensor array. Sensor 28 may comprise one or more light sources 54 (shown in FIG. 3). The light
source is configured to illuminate the tissue at a wavelength that allows for detection of capillary refill. Sensor 28 may
also comprise one or more optical sensors 56 (shown in FIG. 3) configured to detect capillary refill. For example, sensor
28 can characterize capillary refill of gingival tissue using a color ratio over either a specific band of wavelengths (such
as red over green), or a dedicated set of wavelengths (such as 480 nm over 660 nm).
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To obtain a baseline tissue measurement, sensor 28 obtains information about the color or other appearance of the
gingival tissue prior to the application of force. Sensor 28 may obtain an image or average R, G, and B values if the
optical sensor targets the visible spectrum. Sensor 28 may also or alternatively measure reflectivity values at a given
wavelength if there is a multi-spectral sensor. For example, the multi-spectral sensor could be a spectrometer or photocell
in combination with a set of given LEDs providing illumination at given wavelengths. The force-generation module may
utilize liquid as a medium to apply force. Sensor 28 may thus utilize polarized light and include a cross-polarizer located
in front of the optical sensor to reduce the impact of specular reflections.

[0032] The force-generation module 52 applies a brief force to the tissue. Force-generation module 52 applies a burst
of compressed air or a burst of liquid to the tissue. Using liquid to apply force may result in specular reflections which
could reduce the signal to noise ratio of the measurement, and thus compressed air might be preferred in some embod-
iments. In a practical embodiment, the system is incorporated in an interdental cleaning device like the Philips Airfloss,
which uses (bursts of) air and micro-droplets of fluid, and measurement takes place before cleaning each interdental
space. By doing so, measurements can be made without a user noticing anything as they take place during a normal
flossing routine as the measurements would use the same flow of air and micro-droplets of fluid as already used for
flossing.

[0033] FIG. 3 shows an embodiment of an inflammation analysis system 300. Inflammation analysis system 300 may
include a controller 30 comprising a processor 32 and amemory 34. The inflammation analysis system 300 also comprises
a force-generation module 52 configured to apply a force on one or more tissues. The inflammation analysis system
300 also comprises a sensor 28 configured to obtain information about the tissue before and/or after the application of
force, and can include a light source 54 and an optical sensor 56, which may be an optical sensor, a multi-spectral
sensor, or any other sensor. The inflammation analysis system 300 also includes a user interface 46, which provides
information to the user about the status of the tissue. User interface 46 can be or can comprise a feedback module that
provides direct feedback to the user via a haptic signal, audio signal, visual signal, and/or any other type of signal.
[0034] Inflammation analysis system 300 can be implemented in a mechanical or electric toothbrush 10, as shown in
FIG. 1. Alternatively, inflammation analysis system 300 can be implemented as any device configured to come into
proximity with tissues that can be quantified. For example, inflammation analysis system 300 can be implemented as
another oral care device such as a flossing device, an oral irrigator, a tongue cleaner, or any other oral care device.
Inflammation analysis system 300 can be implemented as a shaver, a skin care device, or any other device.

[0035] FIG. 4 shows an embodiment of an inflammation analysis system 400. Inflammation analysis system 400 may
comprise a device 10 and a user interface device 46. Device 10 includes a controller 30 comprising a processor 32, a
memory 34, and a connectivity module 38. The inflammation analysis system 400 also comprises a force-generation
module 52 configured to apply a force on one or more tissues. The inflammation analysis system 400 also comprises
a sensor 28 configured to obtain information about the tissue before and/or after the application of force, and can include
a light source 54 and an optical sensor 56, which may be an optical sensor, a multi-spectral sensor, or any other sensor.
[0036] User interface device 46 is configured to communicate information to a user of device 10. Accordingly, user
interface device comprises a feedback mechanism that provides direct feedback to the user via a haptic signal, audio
signal, visual signal, and/or any other type of signal. User interface device 46 may be any device, including but not limited
to a base or charging station, a smartphone, a tablet, a laptop, a desktop, a wearable device, a smart mirror, or any
other device.

[0037] The connectivity modules 38 and 38b can be any module, device, or means capable of transmitting a wired or
wireless signal, including but not limited to a Wi-Fi, Bluetooth, near field communication, and/or cellular module. The
connectivity module of device 10 is configured, programmed, or designed to communicate with the user interface device
46, and the connectivity module 38b of the user interface device 46 is configured, programmed, or designed to commu-
nicate with device 60. The connectivity modules may communicate directly via a wired and/or wireless connection, or
they may communicate via a wired and/or wireless network 62. For example, user interface device 46 may be a smart-
phone, and connectivity module 38 of device 10 may communicate with the smartphone via Bluetooth. Connectivity
module 38 of device 10 may communicate with a router via a WiFi signal, and that signal can then be transmitted to a
local or remote receiver.

[0038] Referring to FIG. 5, in one embodiment, is a flowchart of a method 500 for assessing a health parameter using
capillary refill time. In step 510, a health parameter analysis system is provided. The health parameter analysis system
may be any of the devices or systems described or otherwise envisioned herein. For example, the health parameter
analysis system may be an inflammation analysis system 300 or 400, or oral care device 10. Although method 500 is
described within the framework of an oral care device 10, the method can be implemented using any other health
parameter analysis system.

[0039] In step 520 of the method, the system obtains a baseline optical signal or other baseline information from the
tissue to be analyzed. The baseline optical signal or information is obtained by sensor 28, and comprises one or more
optical signals or other spectral sensor data. For example, sensor 28 may comprise a light source 54 configured to
illuminate the tissue. The sensor may obtain R, G, and B values if the optical sensor targets the visible spectrum, or
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may measure reflectivity values at a given wavelength if there is a multi-spectral sensor. The sensor may obtain a
baseline using a color ratio over either a specific band of wavelengths (such as red over green), or a dedicated set of
wavelengths (such as 480 nm over 660 nm). The baseline information may be stored temporarily or permanently for
additional analysis. The system may continuously obtain baseline information, may periodically obtain baseline infor-
mation, and/or may obtain baseline information only in response to a trigger.

[0040] For example, at optional step 515 of the method, the system detects tissue and activates sensor 28 to obtain
the baseline information. The system may comprise a contact detection capability using a proximity signal such as an
optical measurement using emitter/receiver architecture. Contact may be defined as the point where the signal detected
by the receiver exceeds a pre-determined value, for example. This may help the system decipher between tissue and
teeth when used in the mouth, for example. Many other methods of tissue detection and proximity detection are possible.
In a preferred embodiment, a first step in the proposed invention of detecting that the measurement device is in contact
with gingival tissue is performed using the optical sensor 28 as follows:

- Contact detection using a proximity signal - optical measurement using emitter/receiver architecture- where contact
is detected when the signal observed by the receiver exceeds a pre-determined value.

-  Tissue characterization using the optical properties of gingival tissue, e.g. by color segmentation using a color ratio
either over a specific band of wavelength (e.g. red over green) or a dedicated set of wavelength (e.g. ratio 480 over
660 nm).

[0041] At step 530 of the method, a force is applied to the tissue by the force-generation module 52 of the oral care
device 10. Force-generation module 52 applies a burst of compressed air or a burst of liquid to the tissue. Using liquid
to apply force may result in specular reflections which could reduce the signal to noise ratio of the measurement, and
thus compressed air might be preferred in some embodiments.

[0042] Oral care device 10 may comprise a plurality of sensors 28 and a plurality of force-generation modules 52. The
sensors and force-generation modules may all work together in tandem, or they may operate individual or in small
clusters depending on one or more parameters such as the location within the mouth, the proximity of tissue, and others.
[0043] At step 540 of the method, the sensor 28 of the oral care device obtains an optical signal from the tissue to
which pressure has been applied. Once the force has been applied, the sensor collects one or more optical measurements
- such as average color values or reflectivity values obtained at one or more wavelengths - to characterize the response
of the tissue over time. The sensor may stop obtaining measurements when the collected time series reaches a stable
level, such as below a predetermined threshold. Alternatively, the sensor may stop obtaining measurements after a
predetermined period of time, such as milliseconds or seconds.

[0044] Referring to FIG. 6 is a graph 600 of a signal collected from a tissue over time. At time 610, the system obtains
baseline information about the tissue, which is one or more optical signals obtained from the tissue. At time 620, force
is applied to the tissue. At time 630, the sensor of the device obtains a series of optical signals from the tissue as the
tissue refills with blood following the application of pressure. The refill time 640 is the period of time during which the
tissue recovers from the application of pressure until it reaches a stable or consistent level, or until it reaches the measured
baseline level.

[0045] At step 550 of the method, the system quantifies, based at least in part on the obtained optical signals from
the tissue, one or more health parameters of the user. For example, based on the obtained information and the capillary
refill time, the system determines that the tissue is inflamed. Controller 30 of the oral care device 10 may analyze the
obtained information to determine whether the analyzed tissue is inflamed. For example, the controller may determine
how long it takes for the tissue to reach a stable or consistent level, or how long it takes for the tissue to arrive back at
an obtained baseline level.

[0046] The metric used to characterize the inflammation level may be obtained by quantifying the time between the
maximum signal value - induced by the external force - and the moment the tissue response reaches a stable level, or
the moment the tissue reaches the baseline level. The measurement principle used is based on the vasodilation response
of the tissue. The vasodilation response can be detected by applying pressure to the tissue, which causes expulsion of
blood from the tissue, and then observing the refill. This is termed the capillary refill time. This time is directly correlated
to the blood perfusion level of the observed tissue, and a rapid refill time indicates high blood perfusion, which in turn is
indicative of a higher inflammation level. Indeed, when tissues are inflamed the vessels tend to dilate which increases
blood perfusion and lowers capillary refill time. However, the system can utilize any predefined or programmed correlation
or correlation factor.

For example, the system or device calculates the capillary refill time (CRT) using Equation 1:

CRT =To-T, (Eq. 1)
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where To correspond to the time where the maximum is observed, and T, correspond to the moment the absolute value
of the signal is below a pre-determined threshold, is stable, or is substantially equivalent to the baseline level.

[0047] The system or device may compare the CRT to a database of CRT times correlated to an inflammation level.
The database may comprise, for example, a table of CRT/inflammation level correlations, or the system may comprise
an algorithm that analyzes one or more CRT values and determines a likely inflammation level.

[0048] In addition to an inflammation level, the system or device can quantify a wide variety of other health parameters.
The system or device can utilize the method described or otherwise envisioned herein to quantify health parameters
such as hydration of the tissue and/or a variety of other local or systemic health parameters.

[0049] At step 560 of the method, the system or device provides feedback to the user regarding the quantified health
parameter. The user interface/feedback module 46 of the oral care device 10, for example, can provide direct and/or
indirect feedback to the user while the oral care device is being used, or after a cleaning session. As an example, the
device can provide direct feedback to the user after each measurement using audio, visual, haptic, and/or digital feedback
whenever inflammation is detected, or whenever an inflammation level above a predetermined value is detected. As
another example, the device can provide direct feedback to the user via audio, visual, haptic, and/or digital feedback
only when an inflammation level above a predetermined value is detected by two or more sensors. This may prevent
false positive alerts. The predetermined inflammation level may be based on a variety of factors, including but not limited
to the baseline information obtained by the device, a set of measurements obtained over time, an external source such
as a dental professional, and other factors.

[0050] The system or device may provide feedback to the user after a cleaning session is complete. As an example,
the system or device may provide feedback once a cleaning session is complete by means of visual representation
where the inflammation levels are displayed. The feedback may include, for example, a mouth map - using location
sensing technology during measurement - either in their absolute form to show the inflammation levels or in relative
forms to highlight one or more specific sites. To that end, the sensors 28 can comprise, for example, a 6-axis or a 9-
axis spatial sensor system, and can include one or more of an accelerometer, a gyroscope, and/or a magnetometer to
provide readings relative to axes of motion of the oral care device, and to characterize the orientation and displacement
of the device. For example, the sensor 28 can be configured to provide readings of six axes of relative motion (three
axes translation and three axes rotation), using for example a 3-axis gyroscope and a 3-axis accelerometer. According
to an embodiment, sensor 28 is configured to generation information indicative of the acceleration and angular orientation
of the oral care device 10. For example, the sensor system may comprise two or more sensors 28 that function together
as a 6-axis or a 9-axis spatial sensor system. According to another embodiment, an integrated 9-axis spatial sensor can
provide space savings in an oral care device 10.

[0051] At optional step 570 of the method, the quantified health parameter is stored and/or communicated with a third
party, either locally or remotely. For example, a patient may be instructed to use the oral care device during an appointment
with a dental care professional, to assess inflammation. The inflammation information will then be communicated to the
dental care professional, using a report or other mechanism. As another example, a user may collect health parameter
information that is automatically or periodically transmitted to a remote healthcare professional or other intended or
authorized entity where it can be analyzed continuously or during an appointment with the user.

[0052] Alldefinitions, as defined and used herein, should be understood to control over dictionary definitions, definitions
in documents incorporated by reference, and/or ordinary meanings of the defined terms.

[0053] The indefinite articles "a" and "an," as used herein in the specification and in the claims, unless clearly indicated
to the contrary, should be understood to mean "at least one."

[0054] The phrase "and/or," as used herein in the specification and in the claims, should be understood to mean "either
or both" of the elements so conjoined, i.e., elements that are conjunctively present in some cases and disjunctively
presentin other cases. Multiple elements listed with "and/or" should be construed in the same fashion, i.e., "one or more"
of the elements so conjoined. Other elements may optionally be present other than the elements specifically identified
by the "and/or" clause, whether related or unrelated to those elements specifically identified.

[0055] As used herein in the specification and in the claims, "or" should be understood to have the same meaning as
"and/or" as defined above. For example, when separating items in a list, "or" or "and/or" shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly indicated to the contrary, such as "only one of’ or "exactly one
of," or, when used in the claims, "consisting of," will refer to the inclusion of exactly one element of a number or list of
elements. In general, the term "or" as used herein shall only be interpreted as indicating exclusive alternatives (i.e. "one
or the other but not both") when preceded by terms of exclusivity, such as "either," "one of," "only one of," or "exactly
one of."

[0056] As used herein in the specification and in the claims, the phrase "at least one," in reference to a list of one or
more elements, should be understood to mean at least one element selected from any one or more of the elements in
the list of elements, but not necessarily including at least one of each and every element specifically listed within the list
of elements and not excluding any combinations of elements in the list of elements. This definition also allows that
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elements may optionally be present other than the elements specifically identified within the list of elements to which
the phrase "at least one" refers, whether related or unrelated to those elements specifically identified.

[0057] It should also be understood that, unless clearly indicated to the contrary, in any methods claimed herein that
include more than one step or act, the order of the steps or acts of the method is not necessarily limited to the order in
which the steps or acts of the method are recited.

In the claims, as well as in the specification above, all transitional phrases such as "comprising," "including,
"having," "containing," "involving," "holding,
to mean including but not limited to.

[0058] While several inventive embodiments have been described and illustrated herein, those of ordinary skill in the
art will readily envision a variety of other means and/or structures for performing the function and/or obtaining the results
and/or one or more of the advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the inventive embodiments described herein. More generally, those skilled in the art will readily
appreciate that all parameters, dimensions, materials, and configurations described herein are meant to be exemplary
and that the actual parameters, dimensions, materials, and/or configurations will depend upon the specific application
or applications for which the inventive teachings is/are used. Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific inventive embodiments described herein.
It is, therefore, to be understood that the foregoing embodiments are presented by way of example only and that, within
the scope of the appended claims, inventive embodiments may be practiced otherwise than as specifically described
and claimed. Inventive embodiments of the present disclosure are directed to each individual feature, system, article,
material, kit, and/or method described herein. In addition, any combination of two or more such features, systems,
articles, materials, kits, and/or methods, if such features, systems, articles, materials, kits, and/or methods are not
mutually inconsistent, is included within the inventive scope of the present disclosure.

carrying,"
composed of," and the like are to be understood to be open-ended, i.e.,

Claims

1. An oral care device (10) configured to assess a health parameter of gingival tissue of a user, the oral care device
comprising:

a force-generating module (52) configured to apply a momentary force to the gingival tissue by applying a burst
of compressed air or a burst of liquid to the gingival tissue;

a sensor (28) configured to obtain a plurality of optical signals from the gingival tissue over time after the
momentary force has been applied;

a controller (30) configured to quantify, based at least in part on an analysis of the plurality of optical signals, a
health parameter of the gingival tissue, wherein the health parameter is based at least in part on an amount of
time the gingival tissue takes to recover to the application of force; and

a feedback module (46) configured to provide information to the user regarding the quantified health parameter.

2. The oral care device of claim 1, wherein the sensor is further configured to a baseline optical signal from the tissue
prior to the application of force.

3. The oral care device of claim 2, wherein the controller is configured to determine an amount of time the gingival
tissue takes to substantially match the obtained baseline optical signal.

4. Theoralcare deviceofclaim1,2,or 3, whereinthe sensor (28) comprises a light source (54) and an optical sensor (56).

5. The oral care device of any of the preceding claims, wherein the force-generating module (52) is configured to apply
force via the expulsion of air.

6. The oral care device of any of the preceding claims, wherein the controller is configured to determine an amount of
time the tissue takes to reach a predetermined perfusion threshold following the application of force, or an amount
of time the tissue takes to reach a stable perfusion level following the application of force.

7. Theoralcare device of any of the preceding claims, wherein the health parameter is inflammation of the gingival tissue.

8. An oral care method (500) for assessing a health parameter of gingival tissue of a user by means of an oral care
device, the oral care method comprising the steps of:
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applying (530) a momentary force to the gingival tissue by applying a burst of compressed air or a burst of liquid
to the gingival tissue;

obtaining (540) after the momentary force has been removed, a plurality of optical signals from the gingival
tissue over time;

quantifying (550), based at least in part on the plurality of optical signals, a health parameter of the gingival
tissue, wherein the health parameter is based at least in part on an amount of time the gingival tissue takes to
recover to the application of force; and

providing (560) information to the user regarding the quantified health parameter.

The oral care method of claim 8, further comprising the step of obtaining (520) a baseline optical signal from the
tissue prior to the application of force.

The oral care method of claim 8 or 9, further comprising the step of detecting (515) a proximity to the gingival tissue.

The oral care method of any of the preceding claims 8-10, further comprising the step of communicating (570) the
quantified health parameter to a remote third party.

The oral care method of any of the preceding claims 8-11, wherein the applying step includes applying force via the
expulsion of air.

The oral care method of any of the preceding claims 8-12, wherein the step of quantifying a health parameter of the
user comprises a determination of an amount of time the tissue takes to reach a predetermined perfusion threshold
following the application of force, or an amount of time the tissue takes to reach a stable perfusion level following
the application of force.

The oral care method of claim 9, wherein the step of quantifying a health parameter of the user comprises a
determination of an amount oftime the gingival tissue takes to substantially match the obtained baseline optical signal.

The oral care method of any of the preceding claims 8-14, wherein the health parameter is inflammation of the
gingival tissue.

Patentanspriiche

1.

Mundpflegevorrichtung (10), die konfiguriert ist, um einen Gesundheitsparameter von Zahnfleischgewebe eines
Benutzers zu beurteilen, wobei die Mundpflegevorrichtung Folgendes umfasst:

ein Krafterzeugungsmodul (52), das konfiguriert ist, um eine Momentankraft an das Zahnfleischgewebe durch
Anlegen eines Pressluftstrahls oder eines Flissigkeitsstrahls an das Zahnfleischgewebe anzulegen;

einen Sensor (28), der konfiguriert ist, um eine Vielzahl optischer Signale von dem Zahnfleischgewebe Uber
die Zeit zu erhalten, nachdem die Momentankraft angelegt wurde;

eine Steuervorrichtung (30), die konfiguriert ist um basierend mindestens zum Teil auf einer Analyse der Vielzahl
optischer Signale einen Gesundheitsparameter des Zahnfleischgewebes zu quantifizieren, wobei der Gesund-
heitsparameter mindestens zum Teil auf einer Zeitmenge beruht, die das Zahnfleischgewebe bendtigt, um sich
von der Kraftanwendung zu erholen; und

ein Feedbackmodul (46), das konfiguriert ist, um Informationen zu dem Benutzer in Zusammenhang mit dem
quantifizierten Gesundheitsparameter bereitzustellen.

Mundpflegevorrichtung nach Anspruch 1, wobei der Sensor ferner zu einem optischem Basisliniensignal von dem
Gewebe vor dem Kraftanlegen konfiguriert ist.

Mundpflegevorrichtung nach Anspruch 2, wobei die Steuervorrichtung konfiguriert ist, um eine Zeitmenge zu be-
stimmen, die das Zahnfleischgewebe bendtigt, um im Wesentlichen mit dem erhaltenen optischen Basisliniensignal
Ubereinzustimmen.

Mundpflegevorrichtung nach Anspruch 1, 2 oder 3, wobei der Sensor (28) eine Lichtquelle (54) und einen optischen
Sensor (56) umfasst.
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Mundpflegevorrichtung nach einem der vorstehenden Anspriiche, wobei das Krafterzeugungsmodul (52) konfiguriert
ist, um Kraft Gber das Aussto3en von Luft anzulegen.

Mundpflegevorrichtung nach einem der vorstehenden Anspriiche, wobei die Steuervorrichtung konfiguriert ist, um
eine Zeitmenge zu bestimmen, die das Gewebe bendtigt, um einen vorbestimmten Perfusionsschwellenwert im
Anschluss an das Kraftanlegen zu erreichen, oder eine Zeitmenge, die das Gewebe benétigt, um einen besténdigen
Perfusionspegel im Anschluss an das Kraftanlegen zu erreichen.

Mundpflegevorrichtung nach einem der vorstehenden Anspriiche, wobei der Gesundheitsparameter Entziindung
des Zahnfleischgewebes ist.

Mundpflegeverfahren (500) zum Beurteilen eines Gesundheitsparameters von Zahnfleischgewebe eines Benutzers
mittels einer Mundpflegevorrichtung, wobei das Mundpflegeverfahren die Schritte umfasst des:

Anlegens (530) einer Momentankraft an das Zahnfleischgewebe durch Anlegen eines Pressluftstrahls oder
eines Flussigkeitsstrahls an das Zahnfleischgewebe;

Erhaltens (540), nachdem die Momentankraft entfernt wurde, einer Vielzahl optische Signale von dem Zahn-
fleischgewebe im Laufe der Zeit;

Quantifizierens (550) basierend mindestens zum Teil auf der Vielzahl optischer Signale eines Gesundheitspa-
rameters des Zahnfleischgewebes, wobei der Gesundheitsparameter mindestens zum Teil auf einer Zeitmenge
beruht, die das Zahnfleischgewebe bendtigt, um sich von der Kraftanwendung zu erholen; und

Bereitstellens (560) von Informationen zu dem Benutzer in Zusammenhang mit dem quantifizierten Gesund-
heitsparameter.

Mundpflegeverfahren nach Anspruch 8, das ferner den Schritt des Erhaltens (520) eines optischen Basisliniensignals
aus dem Gewebe vor dem Kraftanlegen umfasst.

Mundpflegeverfahren nach Anspruch 8 oder 9, das ferner den Schritt des Erfassens (515) einer Néhe des Zahn-
fleischgewebes umfasst.

Mundpflegeverfahren nach einem der vorstehenden Anspriiche 8 bis 10, das ferner den Schritt des Kommunizierens
(570) des quantifizierten Gesundheitsparameters zu einer entfernten Drittpartei umfasst.

Mundpflegeverfahren nach einem der vorstehenden Anspriiche 8 bis 11, wobei der Anlegeschritt das Anlegen von
Kraft Gber das AusstoRen von Luft aufweist.

Mundpflegeverfahren nach einem der vorstehenden Anspriiche 8 bis 12, wobei der Schritt des Quantifizierens eines
Gesundheitsparameters des Benutzers ein Bestimmen einer Zeitmenge umfasst, die das Gewebe bendtigt, um
einen vorbestimmten Perfusionsschwellenwertim Anschluss an das Kraftanlegen zu erreichen, oder eine Zeitmenge,
die das Gewebe bendtigt, um einen besténdigen Perfusionspegel im Anschluss an das Kraftanlegen zu erreichen.

Mundpflegeverfahren nach Anspruch 9, wobei der Schritt des Quantifizierens eines Gesundheitsparameters des
Benutzers ein Bestimmen einer Zeitmenge umfasst, die das Zahnfleischgewebe benétigt, um im Wesentlichen dem
erhaltenen optischen Basisliniensignal zu entsprechen.

Mundpflegeverfahren nach einem der vorstehenden Anspriiche 8 bis 14, wobei der Gesundheitsparameter Entziin-
dung des Zahnfleischgewebes ist.

Revendications

1.

Dispositif de soins buccaux (10) configuré pour évaluer un parameétre de santé du tissu gingival d’un utilisateur, le
dispositif de soins buccaux comprenant :

un module générateur de force (52) configuré pour appliquer une force momentanée au tissu gingival en ap-
pliquant une rafale d’air comprimé ou une rafale de liquide au tissu gingival ;

un capteur (28) configuré pour obtenir une pluralité de signaux optiques du tissu gingival au fil du temps aprés
que la force momentanée a été appliquée ;
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un régulateur (30) configuré pour quantifier, sur la base au moins en partie d’'une analyse de la pluralité de
signaux optiques, un parametre de santé du tissu gingival, dans lequel le paramétre de santé est basé au moins
en partie sur la période de temps que le tissu gingival prend pour récupérer de I'application de la force ; et

un module de rétroaction (46) configuré pour fournir des informations a l'utilisateur concernant le parameétre de
santé quantifié.

Dispositif de soins buccaux selon la revendication 1, dans lequel le capteur est en outre configuré pour émettre un
signal optique de base venant du tissu avant I'application de la force.

Dispositif de soins buccaux selon la revendication 2, dans lequel le dispositif de commande est configuré pour
déterminer la période de temps que le tissu gingival prend pour s’adapter sensiblement au signal optique de base
obtenu.

Dispositif de soins buccaux selon la revendication 1, 2 ou 3, dans lequel le capteur (28) comprend une source de
lumiere (54) et un capteur optique (56).

Dispositif de soins buccaux selon 'une quelconque des revendications précédentes, dans lequel le module géné-
rateur de force (52) est configuré pour appliquer une force via I'expulsion d’air.

Dispositif de soins buccaux selon I'une quelconque des revendications précédentes, dans lequel le régulateur est
configuré pour déterminer la période de temps que le tissu prend pour atteindre un seuil de perfusion prédéterminé
a la suite de I'application de la force ou la période de temps que le tissu prend pour atteindre un niveau de perfusion
stable apres I'application de la force.

Dispositif de soins buccaux selon I'une quelconque des revendications précédentes, dans lequel le paramétre de
santé est I'inflammation du tissu gingival.

Procédé de soins buccaux (500) pour évaluer un parametre de santé du tissu gingival d’un utilisateur au moyen
d’un dispositif de soins buccaux, le procédé de soins buccaux comprenant les étapes consistant a :

appliquer (530) une force momentanée au tissu gingival en appliquant une rafale d’air comprimé ou une rafale
de liquide au tissu gingival ;

obtenir (540) une fois la force momentanée retirée une pluralité de signaux optiques du tissu gingival au fil du
temps ;

quantifier (550), sur la base au moins en partie de la pluralité de signaux optiques, un parametre de santé du
tissu gingival, dans lequel le paramétre de santé est basé au moins en partie sur la période de temps que le
tissu gingival prend pour récupérer de I'application d’'une force ; et

fournir (560) des informations a l'utilisateur concernant le parameétre de santé quantifié.

Procédé de soins buccaux selon la revendication 8, comprenant en outre I'étape d’obtention (520) d’un signal optique
de base du tissu avant I'application d’'une force.

Procédé de soins buccaux selon la revendication 8 ou 9, comprenant en outre I'étape de détection (515) d’'une
proximité avec le tissu gingival.

Procédé de soins buccaux selon I'une quelconque des revendications précédentes 8 a 10, comprenant en outre
I'étape de communication (570) du parametre de santé quantifié a une tierce partie éloignée.

Procédé de soins buccaux selon I'une quelconque des revendications précédentes 8 a 11, dans lequel I'étape
d’application comprend une force d’application via I'expulsion d’air.

Procédé de soins buccaux selon 'une quelconque des revendications précédentes 8 a 12, dans lequel I'étape de
quantification d’'un parameétre de santé de I'utilisateur comprend une détermination de la période de temps que le
tissu prend pour atteindre un seuil de perfusion prédéterminé aprés I'application de la force ou la période de temps
que le tissu prend pour atteindre un niveau de perfusion stable aprés I'application de la force.

Procédé de soins buccaux selon la revendication 9, dans lequel I'étape de quantification d’'un paramétre de santé
de l'utilisateur comprend une détermination de la période de temps que le tissu gingival prend pour s’adapter
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sensiblement au signal optique de base obtenu.

15. Procédé de soins buccaux selon 'une quelconque des revendications précédentes 8 a 14, dans lequel le paramétre

de santé est I'inflammation du tissu gingival.

12
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