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DEVICE AND SYSTEM FOR CREATION OF OPTICAL BUBBLES IN NON-TRANSPARENT
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by provide optical windows for both light treatment and
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through non-transparent topical substances applied to a
body tissue such as teeth or gum tissue.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to per-
sonal care appliances including dental mouthpieces and
related methods for enhancing performance of optical
testing and treatments while applying a non-transparent
topical substance on a body tissue such as teeth and
gum tissue in a user’s mouth.

BACKGROUND OF THE INVENTION

[0002] Lighttreatmentscan be used totreator manage
dental plague and gum inflammation. Efficacious results
of such techniques employing light have been observed
to reduce the growth rate of oral biofilm and the inflam-
matory response of oral gum cells.

[0003] A particular application of optical sensors for
oral healthcare is applying diffuse reflectance spectros-
copy to detect gum inflammation or dental caries. Cam-
era images have shown potential for use with artificial
intelligence applications employing optical sensors to de-
tect the level of gum inflammation.

[0004] A problem insuch and otherlightdiagnostic and
therapeutic techniques employing optical sensors during
brushing of the teeth is the presence of toothpaste. The
particles and small air bubbles entrained in toothpaste
scatter emitted light in the foam thus reducing light trans-
mittance.

[0005] Further obscuring light transmittance are bub-
bles created by bristle movement of a power toothbrush
due to continuously mixing in air from the environment
into the toothpaste, causing foam formation. Typically,
these bubbles are small, and refract or scatter light which
results in decreased light penetration/transmittance .
[0006] Added colorants in toothpaste may also reduce
transmittance by absorbing light. Such absorption, to-
gether with scattering, leads to toothpaste used with con-
ventional toothbrushes and mouthpieces blocking light
transmittance. Even a 1 mm layer of toothpaste foam is
virtually impenetrable by the light.

[0007] Moreover, even optical sensing of light emitted
in thinner layers has proven problematic due to the var-
iability in the thickness of the toothpaste foam layer and
particles in the sensor output path. Stable, precise optical
measurementis undermined or disabled by the constant-
ly changing layer thickness of the toothpaste during
brushing.

[0008] Variable light transmission resulting from the
toothpaste scattering and absorption of light impedes
and/or prevents stable, precise operating of an optical
sensor and therefore disrupts or disables reliably meas-
uring tooth color during brushing. The variation of optical
signal due to the toothpaste can be high, obscuring the
teeth, in some areas while leaving them visible to some
degree in other areas. Such light scattering and light ab-
sorbing properties of toothpaste have heretofore im-
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posed substantial limitations to application of light trans-
mission dental techniques while cleaning teeth with
toothpaste.

[0009] Unfortunately, problems with techniques em-
ploying light transmittance and optical sensors to treat a
user's teeth when simultaneously rubbing toothpaste
with a toothbrush persist.

SUMMARY OF THE INVENTION

[0010] According to various embodiments of the
present invention, a device, system and method is pro-
vided whereby a personal care appliance having one or
more treatment modules includes one or more artifices
that create one or more optical bubbles in a non-trans-
parenttopical substance including butnotlimited to tooth-
paste foam on a body tissue such as teeth or gum tissue,
for enhancing light and optical sensor transmission ap-
plied in dental treatments and techniques.

[0011] In various embodiments, the personal care ap-
pliance may be a toothbrush having a plurality of bristles
with one or more artifices, where the non-transparent top-
ical substance is a toothpaste foam, configured to create
one or more optical bubbles on teeth or gum tissue.
[0012] Various embodiments of the present invention
provide optical bubbles by integrating active gas injection
and/or one or more artifices including specialized bristle
configurations in a personal care appliance such as a
toothbrush or mouthpiece having a surface with a plural-
ity of bristles disposed thereon configured to create op-
tical bubbles while brushing the teeth or gum tissue in
the mouth of a user.

[0013] In various embodiments, air bubbles of 1 mm
or larger diameter provide optical windows for both light
treatment and optical sensing applications where light
path would otherwise be blocked by fluidic ingredients,
such as saliva, foam, scattering gels, creams and light-
absorbing colorants.

[0014] Awiderange of artifices, as defined below, may
be employed in or on the treatment modules. Some em-
bodiments may feature toothbrushes with hollow cored
bristles in communication with pressurized air. In such
embodiments, an air or pneumatic pump activated by a
driving mechanism injects air through the hollow cores
of the bristle to provide "air nozzles" for blowing bubbles
in the substance on the surface of the target tissue, e.g.,
teeth or gums. In some embodiments, the air flow source
may be activated to inject air pulses of a predetermined
volume such as, e.g., 0.01 ml, to create large optical bub-
bles that may measure greater that 1 mm in diameter.
[0015] Among advantages provided by such pressu-
rized toothbrush embodiments are enhanced control of
bubble position, timing, and size. Due to the viscosity and
surfactants of toothpaste imparting sufficient stability to
the optical bubble, proper timing and synchronization of
light or optic sensing through the optical bubble may be
employed to enhance efficacious of the light-based sens-
ing or treatment.
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[0016] When used for dental treatment, employing air
stream flow through a hollow bristle core with air blowing
features in a toothbrush, efficacies of the embodiments
may be enhanced by utilizing pulsed air injections. Ad-
vantages of employing pulses, rather than steady
streams, of air includes reducing power needs and the
size of a membrane and/or a piston pump entailed to
create the air bubbles.

[0017] Efficacies of treatments and techniques may be
enhanced by synchronized timing of the pulses that inject
air providing bubbles, with optical sensor measurements
or light treatment pulses. Synchronizing the air injection
pulses with the light treatment pulses so bubble formation
provides an optical window for enhancing a dental or oth-
er therapeutic treatment utilizing light transmittance
and/or optical sensing such as, e.g., shooting a photo-
graph, emitting a treatment light pulse or recording a
spectrum parameter. Thus, synchronizing the optical
bubble and light transmittance or optical sensing opera-
tion provides efficacious and efficient power consump-
tion and reliable, consistent results.

[0018] Further efficacies and advantages of controlled
bubble position, size and timing may be provided by syn-
chronized combination of this personal care appliance
such as a toothbrush or brushing mouthpiece with light
treatments or optical sensors providing enhanced com-
binations.

[0019] For example, efficacious performance of light
accelerated whitening (LAW) could be enhanced by com-
bining or integrating an embodiment of the pressurized
optical bubble toothbrush or mouthpiece into a whitening
operation. Injection of larger optical bubbles, thereby pro-
viding an optical window for enhancing the intensity of
light reaching the teeth of a user, offsets or reduces the
attenuating of light transmittance caused by light scatter-
ing small oxygen bubbles resulting from the breakdown
of hydrogen peroxide in whitening gels. Injecting optical
bubbles into the whitening gel may thus improve the per-
formance of a LAW mouthpiece and similar light treat-
ment applications.

[0020] Various embodiments of this personal care ap-
pliance and system are capable of providing optical bub-
bles in non-transparenttopical substances such as tooth-
paste foam without the need for a pressurized air mech-
anism. For example, optical bubbles may be provided in
the form of encapsulated gas, such as air, stabilized in
atransparent biocompatible shell. Embodiments utilizing
such encapsulated gas configurations may support larg-
er bubbles of greater than 2 mm diameter in toothpaste.
[0021] In some embodiments, one or more treatment
modules such as toothbrush bristles may have artifices
in the form of variously configured protuberances or con-
cavities. For example, some bristle tips may feature a
thickened end such as, for example, a broad plate. Some
embodiments may include hollow cavities, such as ap-
ertures or holes, disposed through one or more of the
plurality of the bristles. The hollow cavity may in some
embodiments be disposed perpendicularly on or through
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a bristle tip. The hollow cavity may be disposed in alower
portion proximate to the base or between the bristle tip
and base of the one or more of the plurality of bristles
proximate to an upper portion of the base of the treatment
module so as to clear a path for the light or optical sensing
signal.

[0022] Various embodiments of the present invention
may therefore employ a wide range of artifices or config-
urations such as, e.g., holes, broader tips, semi-spherical
or other shaped inlets or protuberances capable of cre-
ating air bubbles in of a sufficient size to create optical
windows. That is, artifices of the various embodiments
may be configured to enable mixing bubbles of suitable
diameter into toothpaste with the application of apt tra-
jectories. Artifice configurations could be disposed on the
bottom portion of a toothbrush to provide a light path for
sensing or treatment. Embodiments relying on such
physical configurations offer advantages of a streamlined
device and system eliminating the need for a pressure
source such as, e.g., an air pump.

[0023] Artifices such as holes, inlets and the like in
treatment modules such as toothbrushes could be placed
under the optical sensor or treatment illumination. Timing
of sensing and light transmission may be synchronized
with the artifice or bristle movements. For example, this
system could provide a timing feature whereby an image,
measurement or light emission is transmitted through an
optical bubble immediately after the artifice or bristle is
pushed past a treatment area.

[0024] A system for creating one or more optical bub-
bles in a non-transparent topical substance such as
toothpaste or toothpaste foam applied to a surface of
tooth or gum tissue in a mouth of a user is further pro-
vided. The system includes employing a personal care
appliance with one or more artifices disposed on an upper
surface of one or more treatment modules. Various ex-
emplary embodiments of the personal care appliance
may deploy a treatment module in the form of a tooth-
brush having a plurality of bristles configured to thereby
inject the one or more optical bubbles in a toothpaste.
Such and other embodiments may include a pressure
source and/or a driving mechanism capable of activating
the treatment modules.

[0025] A methodology for creating one or more optical
bubbles in a non-transparent topical substance such as
a toothpaste or toothpaste foam is also described and
claimed herein. Such procedures include providing a per-
sonal care appliance having a driving mechanism cou-
pled with one or more treatment modules with hollow
cored bristles. Activating the driving mechanism and
pressure source forces air through hollow cores so as to
create one or more optical bubbles in the substance.
Such optical bubble creation provides an optical window
for project a light or optical sensing signal.

[0026] Various embodiments providing dental treat-
ment applications may include anhydrous toothpastes
capable of forming optical bubbles of 1 mm or more di-
ameter when in contact with water and/or saliva. Some
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embodiments mightinclude combinations of bicarbonate
and acidic powders emanating an effervescing effect
when in contact with a liquid, such as, e.g., included in
popping candy compositions.

[0027] It should be appreciated that all combinations
of the foregoing concepts and additional concepts dis-
cussed in greater detail are contemplated as being part
of the inventive subject matter disclosed herein. In par-
ticular, all combinations of claimed subject matter ap-
pearing at the end of this disclosure are contemplated
as being part of the inventive subject matter disclosed
herein.

[0028] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Fig. 1A is an image of needle simulating a bristle of
a tooth brush and an optical bubble created in tooth-
paste foam covering model black teeth.

Fig. 1B is a closeup of the optical bubble shown in
Fig. 1A showing the transparent window where-
through portion of the black surface of the model
teeth is visible.

Fig. 2Ais a simplified drawing of a power toothbrush
according to a various embodiments featuring bris-
tles with a hollow core for creating one or more optical
bubbles.

Fig. 2B is a cross sectional view taken along lines
2B - 2B of Fig. 2A showing the concealed hollow
core in dashed lines.

Fig. 2C is a plan bottom view of the bristles of the
power toothbrush of Figs. 2A and 4B illustrating a
composite of optical bubbles in a field of view.

Fig. 3A is a simplified diagram illustrating a special-
ized bristle in the form of a broad plate.

Fig. 3B is a simplified diagram illustrating a special-
ized bristle in the form of a hollow cavity.

Fig. 4 is a flow chart showing the successive steps
employed to accomplish an optical bubble creation
operation.

Fig. 5 is a schematic illustration of a transparent cap-
sule creating optical bubbles when mixed with tooth-
paste.

Fig. 6 is a schematic illustration of an anhydrous sub-
stance creating optical bubbles when mixed with a
non-transparent topical substance such as tooth-
paste.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] The disclosed subject matter will become better
understood through review of the following detailed de-
scription in conjunction with the figures. The detailed de-
scription and figures provide example embodiments of
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the invention described herein. Those skilled in the art
will understand that the disclosed examples may be var-
ied, modified, and altered without departing from the
scope of the invention described herein.

[0031] Throughout the following detailed description,
representative examples of features of are disclosed to
illustrate aspects of the claimed invention. Related fea-
tures in the examples may be identical, similar, or dis-
similar. The reader should understand that a given fea-
ture need not be the same or similar to the specific por-
trayal. It should therefore be understood that the repre-
sentative embodiments illustrated in the figures are
adapted to a power brushing toothbrush or mouthpiece.
However, it should be understood that the claimed and
described features of other embodiments of the claimed
invention may be adaptable to other applications, includ-
ing, for example, fluid ejection cleansers, and dental
treatment and bleaching applications.

[0032] The terms "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. The phrase "and/or," as used herein in the specifi-
cation 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 present in other cases. Multiple ele-
ments listed with "and/or" should be construed in the
same fashion, i.e., "one or more" of the elements so con-
joined. 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.

[0033] As used in the specification and in the claims,
"or" is synonymous to "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 un-
listed 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 inter-
preted as indicating exclusive alternatives (i.e., "one or
the other but not both") when preceded by terms of ex-
clusivity, such as "either," "one of," "only one of," or "ex-
actly one of."

[0034] In the claims, as well as in the specification
above, all transitional phrases such as "comprising," "in-
cluding," "with," "having," "containing," "involving," "hold-
ing," "composed of," and the like are to be understood to
be open-ended, i.e., to mean including but not limited to.
[0035] As used herein, "artifice" is defined as a config-
uration, substance or mechanism incorporated or com-
bined with a personal care appliance including without
limitation a toothbrush, mouthpiece, including bristles
and floss capable of use for or in connection with creating
one or more optical bubbles in toothpaste. The term "ar-
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tifice" includes without limitation a hole, inlet, indentation,
semi-spherical or otherwise shaped concavity, protuber-
ance, thickening, narrowing or any other configuration
incorporated a specialized bristle. "Artifice" may further
refer to an ingredient or aggregate incorporated in tooth-
paste including but not limited to a transparent capsule
containing air or substance that is activated to effuse or
create a fizzing action in toothpaste.

[0036] As used herein, a "driving mechanism" refers
to any mechanical, electrical, electromechanical, vibra-
tory, ultrasonic, pneumatic or computer-enabled power
source or driving mechanism adaptable for intraoral ap-
plications. For example, batteries may drive electrical
motors for intraoral embodiments. Facile embodiments
may employ small coin batteries, alkaline or lithium, and
rechargeable batteries. An off-the-shelf on/off switch 34
can be used to activate the driving mechanism. As can
be readily seen, the driving mechanism may be activated
and deactivated by an on/off switch 34 with depressible
activator (push button, rocker, or membrane button).
[0037] As used herein, "non-transparent topical sub-
stance" refers to any therapeutic fluid, ointment, lotion,
cream, salve or similar personal care product to the skin
or other tissue of a person or animal.

[0038] As used herein, "optical bubble" is defined as a
bubble filled with gas, such as, e.g., air, in toothpaste, of
a sufficient size to create an optical window capable of
enhancing light transmittance and/or optical sensing uti-
lized in a combined or synchronized diagnostic or ther-
apeutic technique including a dental treatment or tech-
nique.

[0039] As used herein, the term "personal care appli-
ance" and "treatment module" refers to a device or con-
figuration having a treatment module including one or
more artifices, such as described above, for applying a
fluid, ointment, lotion, cream, salve or similar personal
care product to the skin, tooth, gum or other tissue of a
person or animal.

[0040] As used herein, a "pressure source" refers to
manual or mechanical application of force to atoothbrush
orother personal care device. As such, the resulting pres-
surization may be exerted by brushing or otherwise
cleaning tissue by hand or by an electric toothbrush or
dental appliance.

[0041] As used herein, "toothpaste" refers to any den-
tal agent for cleaning, whitening, lightening, sanitizing or
layering on the teeth and gum tissue, The term "tooth-
paste" explicitly includes toothpaste foam produced
when toothpaste is combined with saliva and other ad-
ditives, either naturally occurring in the mouth or added
when the teeth and gum tissue are being brushed during
dental cleaning or other treatment. As such, "toothpaste"
includes, without limitation, commercially available den-
tal cleaning compositions sold under numerous house-
hold brands, dental abrasives and bleaches, whiteners,
lighteners or colorants, mouthwashes, gels, creams, lo-
tions, ointments, and combinations thereof in a tooth-
brush foam.
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[0042] Theterm "toothbrush" as used inthe claims and
specification is defined to include any manual or power
dental cleaning appliance, including a conventional man-
ual toothbrush or a commercially available power tooth-
brush or separate toothbrush head, such as, e.g., the
Philips Sonicare® power toothbrush and replacement
brush heads, as well as dental mouthpieces that are fitted
on the upper and/or lower teeth and gum tissue of a user.
[0043] As used herein, "toothpaste foam" refers to any
derivative or combination of toothpaste, as defined
above. The term "toothpaste" explicitly includes tooth-
paste foam produced when toothpaste is combined with
salivafood particles or other residues, substances and/or
colorants, either naturally occurring in the mouth or add-
ed when the teeth and gum tissue are being brushed
during dental cleaning or other treatment.

[0044] Now referring to the exemplary embodiments
illustrated in Figs. 1A - 2B, specialized bristles of a tooth-
brush 10 for creating one or more optical bubbles 2 in
toothpaste 4 are discussed. Figs. 1A and 1B show optical
bubbles 2 in a non-transparent topical substance 4 lying
on a black surface which simulates tooth tissue. The foam
in these figures is a toothpaste foam derived from a com-
mercially available toothpaste. The bubbles were formed
by compressing a syringe to inject air through a needle
into the non-transparent topical substance, replicating a
treatment module 14 in the form of hollow core 20 inject-
ing air into the foam toothpaste 4 layer, thereby forming
an optical bubble 2. As shown in Fig. 1B, this results in
formation of a substantially transparent optical bubble 2
through which the underlying black surface is clearly
seen.

[0045] Ithasbeenfound thatthe viscosity of toothpaste
foam 4 enables keeping the optical window hole largely
intact for a few seconds following bursting of optical bub-
ble 2 following its collapse. Therefore, efficacy of the op-
tical bubble 2 is not directly dependent on the injected
air volume or bubble stability. Although complete clear-
ance of foam elements obfuscating transparency in a
field of view 18 may not be achieved, adjacent optical
bubbles 2 may enlarge the available area sufficiently for
transmission of light employed in dental or other diag-
nostic and therapeutic treatments. To maximize the op-
tical window area, an injected air pulse and resulting bub-
ble volume can be increased.

[0046] Thus the effect imparted by the surface pres-
sure of optical bubble 2 that pushes away toothpaste
foam 4 locally and the stabilizing viscosity of toothpaste
foam 4 typically enables optical bubble 2 to remain in
place for several seconds. Such stability of optical bubble
2 thus keeps a substantially transparent optical window
intact for a sufficient time to facilitate techniques employ-
ing light transmittance such as, for example, teeth light-
ening, and/or optical sensing for, e.g., taking photo-
graphs in order to monitor, diagnose and treat dental dis-
ease such as, e.g., periodontitis, while teeth and gum
tissue are being brushed.

[0047] As described in detail and illustrated in Figs 3 -
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3B, the number, spacing and artifice configurations may
be adapted to adapted to create and position optical bub-
bles in accordance with the transmittance and field of
view criteria of particular dental procedures. For exam-
ple, procedures requiring less precision such as, e.g.,
teeth bleaching, a larger number of adjacent optical bub-
bles with more light scattering and absorbing substances
may obstruct the field of view may be suitable. A more
closely abutted and smaller number of optical bubbles 2
providing commensurately less light scattering and ab-
sorbing foam elements and thereby a more transparent
field of view could be employed for procedures requiring
high levels of clarity in the field of view and corresponding
precision such as, e.g., dental x-rays or photography.
[0048] As illustrated in the exemplary embodiment
shown in Figs. 2A - 2C, to further increase the optical
window area, multiple hollow bristles 20 can be combined
to clear an expanded field of view 18. As best shown in
the schematic illustration of Figs. 2B and 2C, four hollow
bristles 16 creating four adjacent spherical optical bub-
bles 2 to enlarge the portion of the field of view 18 pro-
vided by their respective optical windows thereby en-
hancing the light transmittance and optical sensing there-
through.

[0049] As illustrated in Figs. 2A - 2C, toothbrush 10 is
configured with one treatment module 12 including a plu-
rality of bristles 16 having one or more artifices. Various
embodiments such as in a brushing mouthpiece may em-
ploy two or more treatment modules 12, for example, as
when the mouthpiece has segmented arches.

[0050] Still referring to Figs. 2A - 2C, the exemplary
artifice illustrated is configured as a hollow core 20 inte-
grally disposed in four adjacent bristles 16, wherein the
artifice is configured as a hollow cores 20 in communi-
cation with hollow cores 20 depicted by phantom lines in
Fig. 2B. As shown by exemplary power toothbrush 10,
switching on of actuator 34 powers driving mechanism
30 to activate treatment module 14. Driving mechanism
30 also activates pressure source 32 such that activation
of the pressure source 30 forces or injects air through
the hollow core 20 to thereby create the one or more
optical bubbles 2.

[0051] In embodiments such as exemplified in Figs. 3
- 3B, lengths of bristles 16 are configured for creating
optical bubbles 2 of diameters of about 1 mm. Composi-
tions for bristles 16 may include, e.g., nylon or other suit-
able biocompatible material. Optical bubble creation may
be enhanced by pulses of air having a volume of about
0.01 ml, which may provide such optical bubble of 1mm
or greater diameter. Suitable air pressure and volumes
for creating optical bubbles 2 may by varied to accom-
modate toothpaste viscosity, type of dental procedure
and other factors.

[0052] In various embodiments such as illustrated in
Figs. 2A - 2C, dental appliance 100 is capable of deliv-
ering pulses of pressure for forcing air through the hollow
core 2 into the toothpaste 4 at predetermined intervals.
Such delivery of pulsed pressure may be directed so at
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least a portion of the optical bubbles are abutted such
that an optical window of the combined adjacent bubble
provide a field of view 18 diameter that is greater than
any one of the optical bubbles 2.

[0053] By timing pulses of air pressure at predeter-
mined intervals, optical bubbles 2 are capable of being
synchronized so as to remain on a working surface 6 of
the teeth or gum tissue of a user’s mouth 8 for a sufficient
time to allow a light or an optical sensing signal employed
in a dental treatment to be projected through the one or
more optical bubbles 2 once they are formed.

[0054] Such and other advantages imparted by an air
pump as a pressure source, such as employed in the
exemplary embodiment described above, enhancing
control of bubble timing, size and position are substantial.
An air pump provides a further advantage of enabling
regular higher-pressure pulses to prevent blockage of
the hollow bristles from dental plaque or other chemical
residue within the hollow core 20 potentially impairing or
disabling optical bubble creation by the dental appliance.
This pressure cleaning cycle of the hollow core 20 of
bristles 16 may be done when washing the brush under
the tap, for example.

[0055] Some embodiments may employ bristle tips
having artifices capable of creating larger bubble sizes
in the toothpaste foam are illustrated such as the exem-
plary bristle tips shown in Figs. 3A and 3B. Fig. 3A illus-
trates a thickened bristle end in the form of broad plate
22, which may in some embodiments measure about 1
mm in width thick disposed on an end of one or more of
the plurality of bristles for creating optical bubbles 2.
[0056] Now referring to Fig. 3B, bristles 16 may also
include a holes or apertures with a pair opposed openings
such as hollow cavity 24 for creating optical bubbles 2
disposed on a bristle tip as shown. For example, as illus-
trated in Fig. 3B, air cavities 24 are created by swinging
and entraining the bristles 16 away in a direction B and
captured within hollow cavity 24 with air. The return mo-
tion of the bristles into the toothpaste layer may induce
the air from hollow cavity 24 to remain as a large bubble
in the toothpaste foam 4, thus providing optical window
capable of light and optical sensing transmittance. Swirl-
ing a bristle with hollow cavity 24 in toothpaste 4 in di-
rection B may induct flow through hollow cavity 24 where-
by one or more optical bubbles 2 having a diameter of
greater than 1 mm may be created.

[0057] While Figs. 3A and 3B respectively depictbroad
plate 22 and hollow cavity 24 on a bristle tip, artifices may
also be disposed adjacent to a bristle base or between
a tip and base. In some embodiments, one or more of
the bristles 16 may be configured to provide a hollow
cavity 24 disposed in a lower portion of the one or more
of the plurality of bristles 16 proximate to the upper portion
of the base 12 of the treatment module 14 so as to clear
a path for the light or the optical sensing signal.

[0058] Variously sized and shaped bristle configura-
tions may be used to create useful optical window in the
form of bubbles of a 1 mm diameter or larger optical bub-
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bles 2. Artifices for creating optical bubbles 2 may be
variously configured to incorporate a range of angled,
curved, linear and curvilinear profiles. For example, the
thickened bristle end may be curved, linear, curvilinear,
and incorporate various geometric shapes such as par-
allelograms, polygons, circles, ovals and combinations
thereof. While shown as perpendicularly adjoined on re-
spective bristle tips in Figs. 3A and 3B, junctions of the
exterior sidewalls of the bristles and such protuberances
or cavity inlet walls may be tapered or configured in var-
ious angles.

[0059] Embodiments for creating optical bubbles 2 in
toothpaste 4 employing specialized bristle design and
brushing motion without an air pump as a pressure
source 32 eliminate the cost and maintenance of an elec-
tromechanical component. As shown and described with
respect to Fig. 3B, apt swirling of such and other special-
ized bristles 16 may create larger bubbles when passing
through the toothpaste foam.

[0060] Now referring to Fig. 4, the various illustrated
embodiments provide a system and method for creating
one or more optical bubbles 2 in a toothpaste 4 applied
to a surface 6 of a dental arch or gum tissue in a mouth
8 of a user. This entails providing a personal care appli-
ance 100 including a driving mechanism 30 coupled with
one or more treatment modules 14 with bristles 16 having
hollow cores 20 disposed along a substantially longitu-
dinal axis of the one or more of the plurality of bristles.
Hollow cores 20 are in communication with a pressure
source such that switching an actuator 34 and activating
the driving mechanism 30 thereby activates treatment
module 14 and pressurizes pressure source 32 to force
air through hollow cores 20 so as to create one or more
optical bubbles in toothpaste and transmitting a light or
optical sensing signal of a dental procedure through the
optical bubbles. When a dental treatment operation is
complete, toothbrush 10 is removed from the user's
mouth 8.

[0061] Now referring to schematic illustrations of Figs.
5 and 6, some embodiments may feature an artifice in
the form of an substance added to a non-transparent
topical substance 4 such as a toothpaste foam. Fig. 5
depicts a transparent capsule 28 enclosing air for inte-
grating optical bubbles 2/28. The diameters of transpar-
entcapsules 28 are atleast 1 mm and thereby can create
optical bubbles when mixed with toothpaste. Since the
capsules are not prone to spontaneous bursting, trans-
parent capsules 28 provide stable and durable optical
bubbles 2/28, which may be more stable and durable as
compared to optical bubbles 2 created by directly inject-
ing or forcing air into the toothpaste foam.

[0062] Now referring to Fig. 6, an artifice is provided in
the form of an anhydrous substance 29 including a bi-
carbonate and an acidic component capable of effervesc-
ing when disposed in the toothpaste foam 4 to thereby
create the one or more optical bubbles 2 when disposed
in the toothpaste foam 4. Other substances capable of
effervescing may be used.

10

15

20

25

30

35

40

45

50

55

Claims

1. A personal care appliance (100) for creating one or
more optical bubbles (2) on a tissue of the body (6),
comprising:
one or more treatment modules (14) having a surface
whereon one or more artifices are disposed, wherein
the one or more artifices are configured to create
one or more optical bubbles (2) in a non-transparent
topical substance (4) when the one or more treat-
ment modules (14) is directed onto the tissue (6).

2. Thepersonalcare appliance (100) of claim 1, where-
in the personal care appliance (100) is a toothbrush
(10), wherein the one or more treatment modules
(14) include a plurality of bristles (16) disposed on
the toothbrush (10) and wherein the one or more
artifices are configured to create one or more optical
bubbles (2)inthe non-transparent topical substance,
and wherein the tissue (6) is a tooth or gum tissue.

3. Thepersonal care appliance (10) of claim 2, wherein
the one or more treatment modules (14) include a
hollow core (20) that is longitudinally aligned within
in one or more of the plurality of bristles (16), and
wherein the hollow core (20) is in communication
with a pressure source (32) such that activation of
the pressure source (32) is capable of forcing air
through the hollow core (20) to thereby create the
one or more optical bubbles (2).

4. The personal care appliance (10) of claim 3, further
comprising a driving mechanism (30) wherein the
driving mechanism (30) activates the one or more
treatment modules (14) and the pressure source
(32), and wherein the hollow core (20) is longitudi-
nally aligned within the one or more of the plurality
of bristles (16), and wherein the hollow core (20) is
in communication with the pressure source (32) such
that activation of the pressure source (32) is capable
of injecting air through the hollow core (20) to thereby
create the one or more optical bubbles (2).

5. The personal care appliance (10) of claim 4, wherein
the pressure source (32) is capable of pulsating pres-
sure for forcing air through the hollow core (20) in
the toothpaste foam (4) at predetermined intervals.

6. The personal care appliance (10) of claim 5, wherein
the optical bubbles (2) are at least 1 mm in diameter.

7. The personal care appliance (10) of claim 5, wherein
an air volume injected by the pressure source (32)
is between about 0.01 and 0.015 ml.

8. The personal care appliance (10) of claim 5, wherein
the pulsating pressure creates at least two of the one
or more optical bubbles (2), wherein at least a portion
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of the at least two optical bubbles (2) are abutted to
thereby provide a field of view (18) traversing a di-
ameter of greater than a one of the at least two of
the one or more optical bubbles (2).

The personal care appliance (10) of claim 5, wherein
the pulsating pressure is capable of being synchro-
nized so the one or more optical bubbles (2) remain
on the surface (6) of the tissue (6) for subsequent
projecting of a light or optical sensing signal through
the one or more optical bubbles (2).

A system for creating one or more optical bubbles
(2) in a non-transparent topical substance (4) on a
body tissue (6) by a personal care appliance (100),
the system comprising:

one or more treatment modules (12) having one
or more artifices in communication with a pres-
sure source (32) such that the pressure source
(32) is capable of forcing air through the one or
more artifices to thereby create the one or more
optical bubbles (2); and

wherein the personal care appliance (100) in-
cludes a driving mechanism (30) capable of ac-
tivating the one or more treatment modules (14)
and the pressure source (32) to thereby create
the one or more optical bubbles (2) in the non-
transparent topical substance (4) while applying
the one or more treatment modules (14) to the
tissue surface (6).

A method for creating one or more optical bubbles
(2) in non-transparent topical substance (4) on a
body tissue (6), comprising:

providing a personal care appliance (100) hav-
ing one or more treatment modules (12) with an
one or more artifices disposed thereon, and
wherein the one or more artifices include a hol-
low core (20) disposed within the one or more
treatment modules (14), wherein the personal
care appliance (100) is coupled with a driving
mechanism (30), and wherein the personal care
appliance (100) includes a pressure source (32)
in communication with the hollow core (20) of
the one or more treatment modules (14);
applying the one or more treatment modules
(12) to the tissue (6);

actuating the driving mechanism (30) to thereby
activate the one or more treatment modules (12)
and the pressure source (32) so as to create the
one or more of optical bubbles (2) in the non-
transparent topical substance (4);

projecting a light or optical sensing signal
through the one or more optical bubbles (2); and
removing the personal care appliance (100)
from the tissue (6) when a personal care treat-
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13.

14.

15.

ment operation is completed.

. The method of claim 11, further comprising:

activating a pressure source (32) to thereby inject
pulses of air pressure at predetermined intervals
such that the one or more optical bubbles (2) remain
on the body tissue (6) for a sufficient time for subse-
quent projecting the light or optical sensing signal
through the one or more optical bubbles (2).

An artifice for creating one or more optical bubbles
(2/28) in a non-transparent topical substance (4) on
a surface of a body tissue (6).

when disposed in the toothpaste (4).

The artifice of claim 13, wherein the artifice is a trans-
parent capsule (28) enclosing air providing the one
or more optical bubbles (2/28), and wherein the
transparent capsule has a diameter of greater than
1 mm.

The artifice of claim 14, wherein the artifice is an
anhydrous substance (29) including a bicarbonate
and an acid, and wherein the anhydrous substance
(29) is capable of effervescing when disposed in the
non-transparent topical substance (4) to thereby cre-
ate the one or more optical bubbles (2).
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Provide a personal care appliance
with a treatment module, a pressure source
and a driving mechanism

l

Apply the treatment module of the
personal care appliance to a
surface of a body organ

l

Activate the driving mechanism to
thereby apply the pressure source so
as to create one or more optical bubbles

\

Remove the personal care appliance
upon completion of the procedure

FIG. 4
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