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(57) Abstract: A power toothbrush (10) for dental plaque detection, including a detec
tion component (100) configured to generate an air or fluid stream (30) and enable pas
sage of the generated stream through a stream probe ( 1 12) to detect plaque. The head of
the toothbrush has a bristle array that is engaged in a mechanical motion during opera
tion of the toothbrush. The stream probe is positioned on or within the bristle array to
minimize unwanted movement of the stream probe caused by the mechamcal motion of
neighboring bristles. Methods include detecting plaque using a stream probe of a power
toothbrush.
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CLEANING DEVICE WITH MECHANICAL
MOTION AND PLAQUE DETECTION STREAM PROBE

Field of the Invention
[0001]

The present disclosure is directed generally to a dental cleaning device with a brush

member having bristles with mechanical motion and a stream probe used to detect plaque.
Background
[0002]

Periodontal diseases are thought to be infectious diseases caused by bacteria present in

dental plaques. Removal of dental plaques is highly important for the health of oral cavities.

Tooth brushing is a highly effective method to remove dental plaque from the teeth, provided the
toothbrush is actually used in such a fashion to reach all areas where plaque resides.
[0003]

Power toothbrushes can enhance the removal of dental plaque. Such power

toothbrushes have a set of bristles attached to a brush head which is moved by a driver that
causes the bristles to scrub dental surfaces. The brush head of a power toothbrush can be

designed to simultaneously exhibit multiple different types of motion, including rotary motion,
back and forth motion, and a variety of other forms of motion.
[0004]

Further, since users cannot see the presence of dental plaque with the naked eye, a

variety of plaque detection apparatuses have been developed to aid in the detection of dental
plaque. For example, one type of dental plaque apparatus that is effective in detecting dental

plaque utilizes a detection probe through which a flow, such as an air flow, is pumped and of
which the pressure modulations in response to contact with dental plaque that temporarily
obstructs the probe, or clean surfaces that do not obstruct the probe, can be monitored to detect
the presence or absence of dental plaque.
[0005]

When using a plaque detection stream probe with a power toothbrush that has moving

bristles, the stream probe may produce false positive signals indicating the presence of plaque on

clean teeth. These false positive signals can be caused by, among other things, non-optimal

movement of the stream probe resulting from movement of neighboring bristles.
[0006]

Accordingly, there is a need in the art for methods and apparatus for preventing

unwanted movement of a stream probe in a power toothbrush with rapidly moving bristles.

Summary of the Invention
[0007]

The present disclosure is directed to inventive methods and apparatus for dental

plaque detection using a power toothbrush with rapidly moving bristles. Various embodiments
and implementations herein are directed to a plaque detection method and apparatus in which a
stream probe is positioned at a location within a bristle array that minimizes unwanted movement
and prevents false positive signals. Using the various embodiments and implementations herein,
effective detection and removal of dental plaque can be substantially improved by combining a
stream probe with a power toothbrush having bristles that exhibit one or more types of
mechanical movement.
[0008]

For example, in some embodiments, the plaque detection apparatus of the dental

cleaning device includes a detection module with an air or fluid stream generator that applies air
or fluid to the dental surface via a stream probe, and a pressure sensor that is configured to

measure feedback from the air applied to the dental surface in order to characterize the dental
surface. The stream probe is positioned within a bristle array on the head member of the dental

cleaning device, which can have one or more types of mechanical movement. The stream probe
position within the bristle array can be configured to minimize movement of the stream probe
which in turn minimizes false signals to the detection module.
[0009]

Generally in one aspect, an apparatus for plaque detection includes: (i) a body portion;

(ii) an elongated head member extending from the body portion, the elongated head member

comprising a bristle array having a plurality of bristles and configured for a mechanical motion,
where the bristles comprise a range of bristle velocities when the bristle array is engaged in the
mechanical motion; and (iii) a detection component configured to generate an air or fluid stream
and allow passage of the air or fluid stream through a stream probe, where passage of the air or
fluid stream through the stream probe enables detection of plaque based on measurement of a
signal caused by the plaque at least partially obstructing passage of the generated air or fluid

stream through the stream probe; (iv) where the stream probe is positioned at a first location on
the bristle array where the bristle velocity proximal the stream probe is less than a maximum
bristle velocity within the range of bristle velocities.
[0010]

According to an embodiment, the bristle velocity proximal the stream probe is

substantially zero.

[0011]

According to an embodiment, the mechanical motion is a rotational motion, or a back

and forth motion.
[0012]

Generally in another aspect, an apparatus for plaque detection includes: (i) a body

portion; (ii) an elongated head member extending from the body portion, the elongated head

member comprising: a first bristle array having a plurality of bristles and configured for a first
mechanical motion, and a second bristle array having a second plurality of bristles, where the
second bristle array does not engage in mechanical motion; and (iii) a plaque detection
component configured to generate an air or fluid stream and allow passage of the air or fluid
stream through a stream probe, where passage of the air or fluid stream through the stream probe
enables detection of plaque based on measurement of a signal caused by the plaque at least
partially obstructing passage of the generated air or fluid stream through the stream probe; (iv)
where the stream probe is positioned at a first location within the second bristle array.
[0013]

Generally in further aspect, an elongated head member includes: (i) a bristle array

including (1) a first bristle sub-array having a plurality of bristles and configured for a first
mechanical motion, and (2) a second bristle sub-array having a second plurality of bristles,
wherein the second bristle array does not engage in mechanical motion; and (ii) a stream probe
configured to allow passage of a generated air or fluid stream, wherein passage of the air or fluid
stream through the stream probe enables detection of plaque based on measurement of a signal
caused by the plaque at least partially obstructing passage of the generated air or fluid stream
through the stream probe; where the stream probe is positioned at a first location within the
second bristle sub-array.
[0014]

Generally, in another aspect, a method for detecting plaque includes the steps of: (i)

providing a power toothbrush having a body portion; a detection component configured to
generate an air or fluid stream and allow passage of the air or fluid stream through a stream
probe; an elongated head member extending from a body portion, the elongated head member

comprising a first bristle array having a plurality of bristles and configured for a first mechanical
motion, and a second bristle array having a second plurality of bristles, where the second bristle
array does not engage in mechanical motion; where the stream probe is positioned at a first

location within the second bristle array; and (ii) detecting, by the detection component of the
power toothbrush, the presence of plaque, including the steps of: generating an air or fluid stream;

passing the generated air or fluid stream through the stream probe; and detecting plaque based on
measurement of a signal caused by the plaque at least partially obstructing the passage of the
generated air or fluid stream through the stream probe.
[0015]

According to an embodiment, the apparatus and/or method include a third bristle array

having a plurality of bristles and configured for a second mechanical motion, the second
mechanical motion different from the first mechanical motion;
[0016]

According to an embodiment, the first mechanical motion is a rotational motion or a

back and forth motion, and the second mechanical motion is selected from the other of the
rotational motion and the back and forth motion.
[0017]

As used herein for purposes of the present disclosure, the term "controller" is used

generally to describe various apparatus relating to the operation of a stream probe apparatus,
system, or method. A controller can be implemented in numerous ways (e.g., such as with

dedicated hardware) 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 microprocessors 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).
[0018]

In various implementations, a processor or controller may be associated with one or

more storage media (generically referred to herein as "memory," e.g., volatile and non-volatile
computer memory such as RAM, PROM, EPROM, and EEPROM, floppy disks, compact disks,
optical disks, magnetic tape, etc.). In some implementations, the storage media may be encoded
with one or more programs that, when executed on one or more processors and/or controllers,
perform at least some of the functions discussed herein. Various storage media may be fixed
within a processor or controller or may be transportable, such that the one or more programs
stored thereon can be loaded into a processor or controller so as to implement various aspects of
the present invention discussed herein. The terms "program" or "computer program" are used

herein in a generic sense to refer to any type of computer code (e.g., software or microcode) that
can be employed to program one or more processors or controllers.
[0019]

The term "user interface" as used herein 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.
[0020]

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.

[0021]

These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiment(s) described hereinafter.

Brief Description of the Drawings
[0022]

In the 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.
[0023]

FIG. 1 is a schematic representation of a power toothbrush in accordance with an

embodiment.
[0024]

FIGS. 2A and 2B are schematic representations of a brush head of a power toothbrush

in accordance with an embodiment.
[0025]

FIG. 3 is a schematic representation of a plaque detection component of a power

toothbrush in accordance with an embodiment.
[0026]

FIG. 4 is a schematic representation of a stream probe, in accordance with an

embodiment.
[0027]

FIG. 5 is a schematic representation of a brush head of a power toothbrush in

accordance with an embodiment.
[0028]

FIG. 6 is a schematic representation of a brush head of a power toothbrush in

accordance with an embodiment.
[0029]

FIGS. 7A-7C are schematic representations of a brush head of a power toothbrush in

accordance with an embodiment.
[0030]

FIG. 8 is a flow chart of a method for detecting plaque using a power toothbrush in

accordance with an embodiment.

Detailed Description of Embodiments
[0031]

The present disclosure describes various embodiments of apparatus, systems, devices,

and methods for dental plaque detection using a power toothbrush with rapidly moving bristles.
More generally, Applicants have recognized and appreciated that it would be beneficial to
prevent false plaque detection signals by minimizing unwanted movement of the stream probe
utilized for detection. For example, unwanted movement of the stream probe is substantially
improved by positioning the stream probe at a location within a bristle array where motion of the
neighboring bristles is at a minimum. A particular goal of utilization of certain embodiments of
the present disclosure is to be able to detect plaque within a brush system with multiple bristle
arrays each exhibiting a different type of movement.
[0032]

In view of the foregoing, various embodiments and implementations are directed to

an apparatus and method in which a plaque detection device includes a detection module with an
air or fluid stream generator that applies air or fluid to the dental surface via a stream probe, and
a pressure sensor that is configured to measure feedback from the air applied to the dental
surface in order to characterize the dental surface. The stream probe is positioned with a bristle
array on the head member of the dental cleaning device, which can exhibit one or more types of
mechanical movement. The stream probe position within the bristle array is selected to minimize
movement of the stream probe to minimize false signals to the detection module.
[0033]

Bristle Movement and Plaque Detection

[0034]

Referring to FIG. 1, in one embodiment, a power toothbrush 10 that also detects the

presence of plaque on a dental surface. Power toothbrush 10 includes a body portion 1 and an
elongated head member 14 mounted on the body portion. Head member 14 includes a brush head
16 at its distal end. Brush head 16 includes a bristle array 18, which has a plurality of bristles 20,

and a stream probe 112. According to an embodiment, the bristles extend along an axis
substantially perpendicular to the head's axis of elongation, although other configurations are
possible. The active (electronic) components of the power toothbrush 10 are incorporated within,
or disposed externally on, the body portion 12. More particularly, a pressure sensing portion 120
and a pump portion 124 are incorporated within, or disposed externally on, body portion 12. The
pressure sensing portion 120 is in electrical communication with detection electronics 150.

[0035]

Bristle array 18 is configured on the brush head 16 so as to be able to move in one or

more directions, thereby imparting motion to the plurality of bristles 20. The movement of bristle
array 18, thereby bristles 20, can be any of a variety of different movements, including up and

down, side to side, and rotational, among others. For example, in accordance with an
embodiment, the bristle array 18 moves side-to-side at a first frequency, relative to the 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 bristles 20 or another component of the device are worn out and require replacement.
[0036]

Body portion 12 includes a movement generator 22 for generating movement and a

transmission component 24 for transmitting the movement to head member 14. For example,
movement generator 22 can comprise a motor or electromagnet(s) that generates movement of
the transmission component 24, which is subsequently transmitted to the head member 14.
Movement generator 22 may alternatively comprise any other known type of movement
mechanism capable of generating movement. The movement generator 22 can include movement
electronics 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 in FIG. 1, which can be electrically charged in a charging holder in which power
toothbrush 10 is placed when not in use. In this embodiment, body portion 12 is further provided
with an on/off button 26 to activate and de-activate movement generator 22. It is anticipated that
head member 14 can be affixed to and used with a body portion 12 of a powered oral care device,
such as a power toothbrush, varieties of which are commonly known in the industry.
[0037]

Referring to FIGS. 2A and 2B, in one embodiment, a head member 14 is provided,

separate from body portion 12. The head member includes a brush head 16 with a stream probe
112 and one or more bristle arrays 18 each having multiple bristles 20. The length of head
member 14 is configured to be suitable for cleaning both the anterior and posterior surfaces of a
human oral cavity. In FIG. 2A, brush head 16 includes a plurality of generally perpendicular
bristle arrays 18 each with a plurality of bristles 20. The generally perpendicular bristle arrays
can move together in a similar motion, or can have different motions. For example, every other

bristle array can move in a first direction while the neighboring arrays move in a second,
opposite direction. Some or all of the bristle arrays 18 on brush head 16 in FIG. 2A may be
replaced with a bristle array of another shape. For example, the top third or half, or the middle

third, or the bottom third or half, of the bristle arrays 18 may be replaced with a circular, square,
or other shaped bristle array. This bristle array can be configured to have a motion of a type,
direction, and/or speed different from the remaining generally perpendicular bristle arrays. For
example, the remaining generally perpendicular bristle arrays may have a side-to-side motion
while a circular array has a rotational motion. In FIG. 2B, brush head 16 includes a generally
circular or oval bristle array 18 with a plurality of bristles 20. Although only a few embodiments
are depicted, a wide variety of shapes, sizes, and combinations can be utilized to produce
maximum plaque removal.
[0038]

Referring to FIG. 3, in one embodiment, a detection component 100 of power

toothbrush 10 for detecting the presence of plaque on a surface is provided, exemplified by a
stream probe that includes a pressure sensor to demonstrate the principle of plaque detection by
pressure sensing and measurement. More particularly, detection component 100 of power
toothbrush 10 can include a pump portion 124, a pressure sensing portion 120, and a stream
probe 112 with an interior channel 115.
[0039]

Stream probe 112 has an open port 136 (as shown for example in FIG. 4), which can

be a variety of shapes. According to an embodiment, stream probe 1 12 defines an interior
channel 115 through which air or fluid stream 30 can be directed. The stream probe can be
configured, for example, such that air or fluid stream 30 is brought in contact with a dental
surface 33, such as a tooth, at stream probe 112. Under normal operating circumstances, the
detection component 100 will direct air or fluid stream 30 through interior channel 115 and out
through open port 136 to come in contact with dental surface 33. The interaction of the air or
fluid stream 30 with the dental surface 33 will cause a change in the flow of the air or fluid
stream, which can be detected by pressure sensing portion 120. For example, a signal indicating
the presence of plaque can be caused by the plaque at least partially obstructing the passage of
the generated air or fluid stream through open port 136 of the stream probe 1 12.
[0040]

For example, referring to FIG. 4, according to one embodiment, an apparatus and

accompanying method of detecting the presence of a substance on a surface is provided. The
pressure sensing portion 120 detects a change in the pressure in the detection component 100
which can change due to the surface being contacted by the air or fluid stream 30 in the stream
probe 112 at the open port 136.

[0041]

Location of the Stream Probe

[0042]

Referring to FIG. 5, in one embodiment, a head member 14 is provided, separate from

body portion 12. The head member includes a brush head 16 with one or more bristle arrays 18
each having a plurality of bristles 20. Stream probe 112 is depicted in the center of the bristle
array in FIG. 5, although the location of stream probe 112 can vary, as discussed in detail below.
[0043]

The bristle array 18 in FIG. 5, for example, can rotate back-and-forth in the direction

of arrow a . According to an embodiment, the bristle array does not complete a full rotation but
first rotates in a first direction, stops, and then rotates in the reverse direction, accomplishing a
back-and-forth motion multiple times per second and/or per minute. As the bristle array rotates
back and forth, the plurality of bristles similarly rotate back and forth in the same direction.
However, the velocity of each bristle can vary as depicted by the dotted arrow, which shows
velocity v increasing from a minimum at the center of the bristle array to a maximum at the outer
edge of the bristle array. The bristle velocity increases in an essentially liner manner as the
distance of the bristles form the axis of rotation increases.
[0044]

According to an embodiment, the stream probe 112 is positioned within bristle array

18 to minimize unwanted movement and thus minimize the occurrence of false positive signals.
For example, the stream probe can be positioned within a location where the probe velocity is
less than 50% of the maximum bristle velocity, approximately depicted by the dotted circle in
FIG. 5 . According to another embodiment, the stream probe 112 is positioned within a location

where the probe velocity is less than 20% of the maximum bristle velocity, within a location
where the probe velocity is less than 10% of the maximum bristle velocity. According to yet
another embodiment, the stream probe 112 is positioned within a location where the velocity is
substantially zero.
[0045]

Referring to FIG. 6, in one embodiment, a head member 14 is provided, separate from

body portion 12. The head member includes a brush head with multiple bristle arrays each
having a plurality of bristles 20. In this embodiment, the brush head includes a bristle array 20a
that rotates back and forth around an axis of rotation, as well as one or more bristle arrays 20b
that move back and forth. Stream probe 112 is depicted in the center of bristle array 20a in FIG.
6, although the location of stream probe 112 can vary, as discussed in detail below minimize

unwanted movement and thus minimize the occurrence of false positive signals. Here, the stream

probe 112 is positioned within a location where the velocity is as close to zero as possible,
although it will still experience some minimal rotational velocity.
[0046]

Referring to FIGS. 7A-7C, are variations of a head member 14 which each include a

brush head 16, each brush head including a bristle array 18. Each bristle array 18 has three bristle
sub-arrays 18a, 18b, and 18c, each of which has a plurality of bristles 20. In these embodiments,
first bristle array 18a with the plurality of bristles 20a rotates around an axis of rotation.
According to an embodiment, a bristle array may not complete a full rotation but can first rotate
in a first direction, stop, and then rotate in the reverse direction, accomplishing a back-and-forth
motion multiple times per second and/or per minute. The second bristle arrays 18b has a plurality
of bristles 20b that move back and forth. As the bristle array rotates back and forth, the plurality
of bristles similarly rotate back and forth in the same direction, with varying velocities. The
brush heads in FIGS. 7A-7C further include one or more third bristle arrays 18c with a plurality
of bristles 20c that are not powered by the toothbrush and thus do not undergo mechanical
motion.
[0047]

In FIG. 7A, the stream probe 112 is placed within bristle array 18, but at or near an

intersection of two or more bristle sub-arrays each having a different type, angle, and/or speed of
movement. By offsetting the stream probe 112 from center, the stream probe can be used to
detect plaque at or near the gum line, for example. Similarly, the stream probe 112 in FIG. 7B is
positioned at or near an intersection of two or more bristle sub-arrays each having a different
type, angle, and/or speed of movement. In FIG. 7C, stream probe 112 is placed within the
plurality of bristles of one of the bristle sub-arrays 20c in order to minimize unwanted movement
and thus minimize the occurrence of false positive signals.
[0048]

In addition to the embodiments depicted in FIG. 7, a wide variety of shapes, sizes, and

combinations of the brush head, the bristle arrays, and/or the bristles can be utilized to maximize
plaque removal while placing the stream probe 112 in a location that minimizes movement and
prevents false positive signals. For example, stream probe 112 can be located within, near, or
otherwise in proximity to a bristle array 18 in a first location where the velocity of the bristles is
at a minimum. For example, a bristle array 18 can rotate back-and-forth, among many other
forms of motion. According to an embodiment, the bristle array does not complete a full rotation
but first rotates in a first direction, stops, and then rotates in the reverse direction, accomplishing

a back-and-forth motion multiple times per second and/or per minute. As the bristle array rotates
back and forth, the plurality of bristles similarly rotate back and forth in the same direction.
However, the velocity of each bristle can vary, increasing from a minimum at the center of the
bristle array to a maximum at the outer edge of the bristle array. The bristle velocity increases in
an essentially liner manner as the distance of the bristles form the axis of rotation increases. In

this embodiment, the stream probe 112 could be positioned within bristle array 18 to minimize
unwanted movement and thus minimize the occurrence of false positive signals. For example,
the stream probe can be positioned within a location where the probe velocity is less than 50% of
the maximum bristle velocity, in order to minimize motion of the stream probe. According to
another embodiment, the stream probe 112 is positioned within a location where the probe
velocity is less than 20% of the maximum bristle velocity, or within a location where the probe
velocity is less than 10% of the maximum bristle velocity. According to yet another embodiment,
the stream probe 112 is positioned within a location where the velocity is substantially zero,
thereby most efficiently minimizing the motion of the stream probe.
[0049]

As another example, a bristle array 18 can move back-and-forth rather than rotating,

among many other forms of motion. As the bristle array moves back-and-forth, the plurality of
bristles similarly moves back-and-forth. However, the velocity of each bristle can vary
depending on the location of the bristle in the array and other factors. In this embodiment, the
stream probe 112 could be positioned within bristle array 18 to minimize unwanted movement

and thus minimize the occurrence of false positive signals. For example, the stream probe can be
positioned just outside the moving bristle array in order to minimize motion of the stream probe
or within a non-driven portion of the bristle array to minimize motion.
[0050]

Detection Methods

[0051]

Referring to FIG. 8, a flow chart illustrating a method 200 for detecting plaque on a

dental surface in accordance with an embodiment of the invention is disclosed. In step 210, a

power toothbrush 10 is provided. Power toothbrush 10 may be any of the embodiments described
herein or otherwise envisioned. For example, power toothbrush 10 can include a detection
component 100 with stream probe 112 according to any of the embodiments described herein or
otherwise envisioned. The stream probe of power toothbrush 10 is positioned within a first
location of the brush head's bristle array such that the velocity of bristles proximal the stream

probe is minimized. For example, the location of the stream probe 112 is such that the velocity of
bristles proximal the stream probe is less than a maximum bristle velocity within the range of
bristle velocities exhibited by the bristle array.
[0052]

In step 220, an air or fluid stream 30 is generated by the detection component 100. In

step 230, air or fluid stream 30 is passed through the stream probe 1 12 of power toothbrush 10.
In step 240, the power toothbrush 10 detects plaque on the dental surface caused by the
measurement of a signal resulting from the plaque at least partially obstructing the passage of
generated air or fluid stream 30 through stream probe 1 12.
[0053]

All definitions, 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.
[0054]

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."
[0055]

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 present in 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.
[0056]

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."

[0057]

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 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.
[0058]

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.
[0059]

In the claims, as well as in the specification above, all transitional phrases such as

"comprising,"

"including,"

"carrying,"

"having,"

"containing,"

"involving,"

"holding,"

"composed of," and the like are to be understood to be open-ended, i.e., to mean including but
not limited to. Only the transitional phrases "consisting of and "consisting essentially of shall
be closed or semi-closed transitional phrases, respectively.

Claims
What is claimed is:
1.

An apparatus (10) for plaque detection, the apparatus comprising:
a body portion (12);
an elongated head member (14) extending from the body portion, the elongated

head member comprising a bristle array (18) having a plurality of bristles (20) and configured for
a mechanical motion, wherein the bristles comprise a range of bristle velocities when said bristle
array is engaged in said mechanical motion; and

a detection component (100) configured to generate an air or fluid stream (30) and
allow passage of the air or fluid stream through a stream probe ( 1 12), wherein passage of the air
or fluid stream through the stream probe enables detection of plaque based on measurement of a

signal caused by the plaque at least partially obstructing passage of the generated air or fluid

stream through the stream probe;
wherein the stream probe is positioned at a first location on the bristle array where
the bristle velocity proximal the stream probe is less than a maximum bristle velocity within said
range of bristle velocities.

2.

The apparatus of claim 1, wherein the bristle velocity proximal the stream probe

is substantially zero.

3.

The apparatus of claim 1, wherein said mechanical motion is a rotational motion.

4.

The apparatus of claim 1, wherein said mechanical motion is a back and forth

5

An apparatus (10) for plaque detection, the apparatus comprising:

motion.

a body portion (12);
an elongated head member (14) extending from the body portion, the elongated

head member comprising: (i) a first bristle array ( 1 8a) having a plurality of bristles (20a) and
configured for a first mechanical motion; and (ii) a second bristle array (18b) having a second

plurality of bristles (20b), wherein the second bristle array does not engage in mechanical motion;
and
a detection component (100) configured to generate an air or fluid stream (30) and
allow passage of the air or fluid stream through a stream probe ( 1 12), wherein passage of the air
or fluid stream through the stream probe enables detection of plaque based on measurement of a

signal caused by the plaque at least partially obstructing passage of the generated air or fluid

stream through the stream probe;

wherein the stream probe is positioned at a location within the second bristle array.

6.

The apparatus of claim 5, further comprising a third bristle array (18c) having a

third plurality of bristles (20c) and configured for a second mechanical motion, the second
mechanical motion different from the first mechanical motion.

7.

The apparatus of claim 5, wherein said first mechanical motion is a rotational

motion or a back and forth motion.

8.

The apparatus of claim 7, wherein said second mechanical motion is selected

from the other of the rotational motion and the back and forth motion.

9.

An elongated head member (14) comprising:
a bristle array (18), the bristle array comprising: (i) a first bristle sub-array having

a plurality of bristles (20a) and configured for a first mechanical motion; and (ii) a second bristle
sub-array (18b) having a second plurality of bristles (20b), wherein the second bristle sub-array
does not engage in mechanical motion; and

a stream probe (112) configured to allow passage of a generated air or fluid
stream (30), wherein passage of the air or fluid stream through the stream probe enables
detection of plaque based on measurement of a signal caused by the plaque at least partially

obstructing passage of the generated air or fluid stream through the stream probe;
wherein the stream probe is positioned at a location within the second bristle subarray.

10.

The elongated head member of claim 9, wherein the bristle array further

comprises a third bristle sub-array having a plurality of bristles (20b) and configured for a

second mechanical motion, the second mechanical motion different from the first mechanical
motion.

11.

The elongated head member of claim 9, wherein said first mechanical motion is a

rotational motion or a back and forth motion.

12.

The elongated head member of claim 11, wherein said second mechanical motion

is selected from the other of the rotational motion and the back and forth motion.
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