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(57) Abstract

This disclosure presents an invention for providing an apparatus and method for oral hygiene and treatment within the oral cavity.
The apparatus includes an elongate member (103) having a head portion (102) formed on one end thereof and a plurality of light emitting
diodes (LEDs) (110) mounted on the head (102) for emitting radiation in a preselected bandwidth centered at a wavelength suitable for
treatment in the oral cavity. The method thereof includes exposing the preselected area of the oral cavity to radiation from the apparatus.
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APPARATUS FOR TREATMENT OF THE ORAL CAVITY
FIELD OF THE INVENTION |

The present invention relates to

apparatus for dental hygiene and therapy in the
5 oral cavity.
BACKGROUND OF THE INVENTION
Light therapy is known for treating a

variety of patients’ complaints and ailments. A
device suitable for administrating light therapy

10 is disclosed in United States Patent 4,930,504
to Diamantopoulos et al. Diamantopoulos et al.
hypothesize that their device may be used for
example to treat inflammations, wounds, burns,
chronic ulcerations including diabetic ulcers,

15 deficient circulation, pain, nerve regeneration,
eczema shingles, infection, scars, acne, bone
fractures, muscle and ligament injuries,
arthritis, osteo-arthritis, rheumatiodal
arthritis, skin grafts, gingival irritationm,

20 oral ulcers, dental pain and swelling,
cellulitis, stretch marks, skin tone, alopecia
areata, trigeminal neuralagia, herpes, zosten,
sciata, cervical erosions and other conditions.

Diamantopoulos et al. describe the use

25 of an array.-of substantially monochromatic

radiation sources of a plurality of wavelengths,

preferably, of at least three different wave



WO 95/10243 , ' PCT/US94/11401

-2 -

lengths. The radiation sources are arranged
such that radiation of at least two different
wavelengths passes directly or indirectly
through a single point located within the

5 treated tissue.

Use of LED’s in administrating light
therapy for the treatment of certain ailments
and complaints is disclosed in published UK
application GB 2212010A.

10 The oral cavity is a sensitive area of
the body. People normally eat every day, and
teeth and gums must be cleaned to prevent dental
disease such as dental cavities and gum disease.
At present, oral disease prevention is normally

15 accomplished through regular oral hygiene,
including, particularly, the use of the
ubigtuous toothbrush to keep teeth clean.
Effective use of the toothbrush, however,
requires proper brushing action.

20 Electric toothbrushes provide
automated movement of a toothbrush head. This
is usually accomplished by having the toothbrush
head associated with a vibrating unit which
causes the head, and hence the bristles mounted

25 thereon, to vibrate, and thus produces effective
brushing action. Electric toothbrushes have
proven to be convenient.

The toothbrush, however, is not an
appropriate device for treating eruptions and

30 lesions of the skin within the oral cavity.
Moreover, despite good oral hygiene practice,
other ailments can produce pain and suffering
within the oral cavity, such as gingival
irritation, oral ulcers, and dental pain and

35 swelling.

SUMMARY OF THE INVENTION

The present invention seeks to provide
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apparatus and a method for oral hygiene and
treatment within the oral cavity.

There is thus provided in accordance
with a preferred embodiment of the present

5 invention apparatus for brushing teeth and
providing treatment including prophylactic
treatment for possibly one or more of gingival
irritation, oral ulcers, dental pain and
swelling among other diseases (hereinafter

10 referred to as "oral ailments") by illumination,
including at least one light emitting diodes
(LEDs), each diode including apparatus for
emitting non-coherent narrow band light in a
preselected bandwidth centered at a wavelength

15 suitable for prophylactic treatment of oral
ailments.

Further in accordance with a preferred
embodiment of the present invention, the
apparatus includes means for concentrating the

20 light of at least one LED and for projecting the
light to an oral zone, preferably the gums, for
biostimulative treatment thereof, wherein
preferentiallyAthe light emitted by each of the
plurality of diodes has substantially the same

25 wavelength.

Further in accordance with another
aspect of the present invention, the plurality
of LEDs is arranged on the head of a toothbrush,
which is preferably an electric toothbrush. The

30 plurality of LEDs preferably includes one or
more circular or linear arrays of LEDs
preferably arranged in an area outside the
bristle area on the head of the toothbrush.

In an alternative embodiment of the

35 present invention, LEDs are arranged in a
waterproof enclosure resembling a toothbrush

lacking bristles.
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Still further in accordance with a
preferred embodiment of the present invention,
the preselected bandwidth comprises a narrow red
light bandwidth centered at a wavelength of

5 approximately 660 nm.

Additionally in accordance with a
preferred embodiment of the present invention, a
continuous wave LED driver is provided for
driving the LEDs in a continuous wave (CW) mode.

10 Still further in accordance with a
preferred embodiment of the present invention,
each of the LEDs emits a cone of light, and the
LEDs are configured and arranged such that at
least one linear array of LEDs forms an

15 aggregation of cones of light whose projection
onto an area within the oral cavity illuminates
a desired zone for prophylactic treatment, due
to the partial overlapping of substantially
pafallel, offsetting, circular spots of light

20 projected by the LEDs of the linear array. 1In a
preferred embodiment of the present invention,
the projection from the linear array is
particularly suited for illuminating a region of
the gums, while brushing teeth.

25 In an alternative embodiment of the
present invention, a plurality of LEDs providing
therapeutic illumination are situated on the
head of an elongate member (not having bristles
as in a toothbrush). The elongate member is

30 ergonomically designed to irradiate "hard to
reach" areas of the oral cavity.

There is also provided in accordance
with a preferred embodiment of the present
invention, a method for oral hygiene and

35 prophylactic treatment of the oral cavity
comprising the steps of exposing an oral area,

preferably the gums, to radiation from at least
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one LED, while brushing one’s teeth, or as a
regular part of oral hygiene.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be

5 understood and appreciated more fully from the
following detailed description, taken in
conjunction with the following drawings in
which:

Figure 1 is a perspective view of oral

10 hygiene and prophylactic treatment apparatus,
constructed and operative in accordance with a
preferred embodiment of the present invention;

Figure 2 is a top view schematic
illustration of the apparatus of Figure 1;

15 Figure 3 is a side view schematic
illustration of the apparatus of Figure 1,
showing a plurality of cones of light emanating
from an LED array, in accordance with a
preferred embodiment of the invention;

20 Figure 4 depicts an angular
displacement of the cones of light of Figure 3
from the normal to the plane that bristles are

mounted on;
Figure 5 depicts an illumination

25 pattern projected by the LED array of Figure 3;
Figure 6 depicts a preferred and
normal use of the apparatus of Figures 1-5 by a
person;
Figure 7 is a simplified block diagram
30 of the circuitry useful for the operation of the
apparatus of Figures 1 - 6 and Figure 9;
Figure 8 is a schematic illustration
of the circuitry useful for the operation of an
LED array, in accordance with a preferred

35 embodiment of the invention;
Figure 9 is a schematic diagram of

prophylactic treatment apparatus, constructed
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and operative with an alternative embodiment of
the present invention; and
Figure 10 is a schematic illustration
of circuitry useful for the operation of the
5 apparatus depicted in Figure 9.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to Figure 1, there is shown
oral prophylactic treatment apparatus including
a toothbrush 101 comprising a head 102, a handle
10 103, and bristles 104 which are mounted on a
bristle area 107 of head 102. Preferably, the
oral prophylactic treatment apparatus also
comprises a vibrator unit 105 for vibrating head
102, and hence bristles 104 mounted thereon, to
15 provide automated brushing action.
In a preferred embodiment of the
invention as shown in Figure 1, a linear array
109 of LEDs 110 is mounted on toothbrush head
102 on a strip 111 located outside the bristle
20 area 107 of toothbrush head 102. When connected
to a driving control unit 120, subsequently
described in greater detail, LEDs 110 function
as a radiation source to provide illumination
for prophylactic treatment and/or relief of oral
25 ailments, such as gingival irritation, oral
ulcers, and dental pain and swelling. It should
be noted that LEDs 110 are preferably mounted on
toothbrush head 102 such that linear array 109
lies on a plane angled away from the bristle
30 plane 113 of toothbrush head 102 as shown in
Figure 4.
In an alternative embodiment of the
invention (not shown), LEDs 110 may be mounted
within bristle area 107 such that bristles 104
35 surround LEDS 110.
Referring additionally to Figure 4,
each of the LEDs 110, when appropriately driven,
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projects a cone of light 401 whose illumination
pattern is preferably circular 402. The right
perpendicular bisector 403 of cone of light 401
is preferentially angled at an angle 404 (alpha)
5 from the normal to bristle plane 113, and

preferentially perpendicular to the plane of
linear array 109. The aggregation of cones of
light 401 from the LEDs 110 within linear array
109 preferentially forms an elongated

10 illumination pattern that is substantially
rectangular as depicted in Figure 5.

The length 502 of the rectangular
illumination pattern is slightly longer than the
length of linear array 109. The width 503 of

15 the rectangular illumination pattern is
dependent upon the distance "D" along the
bisector 403 from the LED array 110 to the
illuminated area, and the angular spread (beta)
406 of the cone of light 401. Thus, the width

20 nwr (503) of the substantially rectangular
illumination pattern is defined by the
relationship

w=2 *D * ggrt( sec? (beta/2)-1 ).

The intensity of light on the

25 illuminated area varies in accordance with the
strength of the light output of each LED 110 and
the concentration of LEDs 110 on toothbrush
head 102.

It will be appreciated that the

30 particular arrangement of LEDs 110 corresponding
to the angular displacement 404 of LEDs 110 in
the present preferred embodiment of the
invention, as shown in Figures 1 - 5, is
particularly suited for illuminating the dental

35 and gum region of the oral cavity while brushing
one’s teeth, as depicted in Figure 6.

Referring additionally to Figure 7,
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there is shown a compact light source 701
(corresponding to linear array 109 located on
strip 111 of toothbrush head 102) and an
associated control unit 702 (corresponding to
5 driving control unit 120) which preferably

features a CW (continuous wave) mode of
operation. Light source 701 comprises a
plurality of LEDs 704 which receive power via a
driver circuit 706. Preferably, each of the

10 LEDs 704 emits light of substantially the same
frequency. The control unit 702 contains a
power supply 707 and a timer 710 which can be a
standard timer circuit provided with "get time"
switches as normally used in electric clocks,

15 and whose function is to disable the control
circuit 702 after a preset time has elapsed.

An amplitude and/or duty cycle
variation circuit 712 provides a voltage signal
with variable amplitude and/or duty cycle which

20 is fed to the driver 706 of the light source
701. Thus, the light source 701 emits light
continuously with a magnitude determined by
amplitude/duty cycle variation circuit 712.

Additionally, Figure 8 shows a

25 preferred embodiment for the driving of LEDs 110
in detail. LEDs 110 are arranged in the form of
an LED matrix 820 comprising a plurality of
parallel branches, each of which contains a
predetermined number of LEDs 110 connected in

30 series. Thus, in Figure 8, three LEDs 822a,
823a, and 824a are connected in series and
constitute part of a parallel branch 825 of
diode matrix 820. The voltage flowing through
this branch is limited by means of a series

35 resistor 826a, and the resulting branch is
connected between a high voltage D.C. rail 828
and low voltage D.C. rail 830. Thus, one
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terminal of the series connected voltage-
limiting resistor is connected to the high
voltage rail 828, whilst the cathode of LED 824a
is connected to the low voltage rail 830. The
circuitry of all other branches of the LED
matrix 820 is identical to the circuitry, thus
far described, of branch 825.

According to an alternative embodi-
ment, the LEDs may be driven by a current
source.

The operation of the electrical
circuit is as follows. The amplitude and/or
duty variation circuit 712 operates to provide a
voltage with variable amplitude and/or duty
cycle between high voltage supply rail 828 and
low voltage rail 830. Thus, by varying the
setting of the amplitude/duty cycle variation
circuit 812, the overall current flowing through
LED matrix 820 can be varied, thereby varying
the light intensity of light source 701.

A preferred power level is between 10
and 30 mW/cm2 and, more preferably,
approximately 20 mW/cmz. The exact wavelength
of the illumination is confined within a
relatively narrow bandwidth (+/- 25 nm) and its
central value may be predetermined by suitable
selectioh of LEDs in LED matrix 820. It is
believed that red light, centered at a frequency
of 660 nm, is particularly suitable for
prophylactic treatment of human tissue. The
average intensity of the emitted illumination
may be varied, and the treatment time may be
preset by means of timer 710, which preferably
includes an integral timer circuit.

Thus, the invention affords low cost
apparatus for oral hygiene and prophylactic

treatment in the oral cavity, by providing a
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toothbrush bearing a source of non-coherent
radiation, preferably generated in CW mode,
which is projected into the oral cavity,
particularly onto the gums. Moreover,
preventive treatment, the efficacy of which is
dependent upon regular use of the prophylactic
illumination provided by the present invention,
is enhanced by the unobtrusive daily ritual of
brushing one’s teeth.

It will be appreciated that the
particular features of the methods and apparatus
shown and described herein may be employed
separately or in combination in any suitable
manner so as to enhance efficacy of treatment.

An alternative embodiment of the
present invention places two LEDs 110 at the end
of apparatus resembling a toothbrush, minus the
bristles, as depicted in Figure 9.

Referring to Figure 9, a head 900
attached to a neck 902 is screwably connected
via a threaded sleeve 913 and a threaded
receptor 914 to a handle 904. Preferably, head
900 is ergonomically shaped for easy placement
within the oral cavity. The relative thinness
of neck 902 allows a person to close one’s teeth
while head 900 is within the oral cavity. A
relatively thick handle 904 is provided for ease
of holding the apparatus and for containing
batteries 906 disposed within. Preferably, the
apparatus is constructed out of soft and non-
abrasive material suitable for use in the mouth,
such as an acetale plastic, Delrin. The
apparatus is essentially waterproof as head 900
is composed of a single piece and LEDs 110,
disposed within head 900, have openings which
are sealed. Furthermore, an O-ring 908 ensures

the waterproofness of the battery housing,
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namely handle 904. LEDs 110 are activated by
rotating handle 904, in a switchable manner well
known in the art.

LEDs 110 are situated at the end of

5 head 900 to allow for farther reach to the ends
of the gums compared to a toothbrush. LEDs 110
are placed within a channel 916. Channels 916
project cones of LED light which preferably
overlap to form a relatively intense spot of

10 light for projecting onto the gums. Channel 918
is used to store circuit components such as
resistors.

It is believed that the apparatus
depicted in Figure 9 to be useful for the

15 therapeutic treatment of gum diseases and other
oral cavity disorders.

Figure 10 depicts a circuit diagram
useful for powering LEDs 110 in the arrangement
depicted in Figure 9.

20 It will be appreciated by persons
skilled in the art that the present invention is
not limited by what has been particularly shown
and described hereinabove. Rather the scope of
the present invention is defined only by the

25 claims which follow.
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CLAIMS
1. Apparatus for oral hygiene and
prophylactic treatment of the oral cavity
comprising:
5 a toothbrush including a head with
bristles; and
a plurality of light emitting diodes
(LEDs) mounted on the head and emitting
radiation in a pre-selected bandwidth centered
10 at a wavelength suitable for prophylactic
treatment in the oral cavity.
2. Apparatus for treatment of the oral
cavity comprising:
an elongate member having a head
15 portion formed on one end thereof; and
a plurality of light emitting diodes
(LEDs) mounted on the head for emitting
radiation in a preselected bandwidth centered at
a wavelength suitable for treatment in the oral
20 cavity.
3. Apparatus according to claim 1 or
claim 2, wherein the radiation emitted by the
plurality of LEDs is projected onto desired
zones in the oral cavity for biostimulative
25 treatment thereof.
4. Apparatus according to claim 1, 2, or

3, wherein each of said LEDs emits non-coherent

radiation.
5. Apparatus according to any of the
30 preceding claims, wherein each of said LEDs

emits radiation of substantially the same
wavelength and there are no other LEDs having
other wavelengths.
6. Apparatus according to any of the

35 preceding claims wherein the plurality of LEDs
emit a plurality of cones of light which form a

projection shape including an aggregation of
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partially overlapping illuminated spots.
7. Apparatus according to claim 5,
wherein said plurality of LEDs comprises a
linear array of LEDs.

5 8. Apparatus according to any of the
preceding claims, wherein the pre-determined

bandwidth comprises a narrow red light

bandwidth.
9. Apparatus according to claim 8,
10 wherein the narrow red light bandwidth is

centered at a wavelength of approximately
660 nm.

10. Apparatus according to any of the
preceding claims, and further comprising a

15 continuous wave LED driver for driving the
plurality of LEDs in a continuous wave (CW)
mode.

11. Apparatus according to claim 1 and any
of claims 3 - 10, wherein the projection shape

20 of illuminated radiation is substantially
rectangular.

12. Apparatus according to any of claims 1
and 3 - 11, wherein said toothbrush is an
electric toothbrush.

25 13. Apparatus according to claim 14,
wherein the elongated member and associated head
is waterproof.

14. A method for prophylactic treatment of
the oral cavity comprising the steps of:

30 providing apparatus for prophylactic
treatment of the oral cavity according to any of
claims 1 - 15; and

exposing a preselected area of the
oral cavity to radiation from the apparatus.

35 15. A method for oral hygiene and
prophylactic treatment of the oral cavity

comprising the steps of:
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providing apparatus for prophylactic
treatment of the oral cavity according to claim
1 and any of claims 3 - 13; and
brushing one’s teeth,
5 wherein preselected regions of the
oral cavity are irradiated by radiation from

LEDs.
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