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(57) ABSTRACT 

A toothbrush has a handle, a neck attached to the handle, and 
a head attached to the neck. The toothbrush also has a bristle 
holder and a light emitting element. The bristle holder has a 
plurality of bristles extending therefrom. The light emitting 
element is disposed in the bristle holder and is capable of 
providing light having Wavelengths between about 370 nm 
to about 770 nm and having an FDRT of greater than about 
30 mW/cm2 With a detector distance of greater than about 
0.55 cm and a detector aperture area of less than about 3.14 
cm2. 
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ILLUMINATED ELECTRIC TOOTHBRUSHES 
EMITTING HIGH LUMINOUS INTENSITY 

TOOTHBRUSH 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/832,168 ?led on Apr. 4, 2004, Which 
claims the bene?t of US. provisional application Ser. No. 
60/501,266 ?led Sep. 9, 2003, each of Which is herein 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to illuminated electric 
toothbrushes that utiliZe a light emitting diode, particularly 
a light emitting diode that illuminates the brushing area. 

BACKGROUND OF THE INVENTION 

[0003] Lighted toothbrushes have traditionally been 
manual brushes having a light disposed on or in the handle 
of the toothbrush With ?ber optics carrying the light from the 
handle to the head of the toothbrush. HoWever, light that is 
transmitted by ?ber optics often diminishes in luminous 
intensity and/or ?ux density as it is transmitted. Therefore, 
it Was desired to have a light disposed in or on the head of 
the toothbrush such that no ?ber optic materials are neces 
sary to transmit the light. Additionally, it Was desired to have 
an electric lighted toothbrush. 

[0004] In order for a light to be disposed on the head of a 
toothbrush, especially an electric toothbrush, the siZe must 
be minimiZed to alloW suf?cient space for bristles, and 
sufficient space for the mechanics of the electric toothbrush. 
A standard light emitting diode may be of the proper siZe; 
hoWever such a device may not be able to deliver light 
having suf?cient luminous intensity and/or ?ux density to 
provide an oral care bene?t. A high poWer non-standard light 
emitting diode may be able to deliver the desired luminous 
intensity and/or ?ux density. HoWever, the high poWer 
diodes use a high current level, and thus generate a high 
level of heat. Generating a high level of heat in the oral 
cavity can overheat the pulp chamber, Which can result in 
pulpitis or other damage to oral tissues. Accordingly, there 
is a need for an illuminated electric toothbrush comprising 
a light emitting diode that emits light having a luminous 
intensity of at least about 7 candelas and/or ?ux density of 
at least about 30 mW/cm2 Which can safely be used safely 
in the oral cavity Without damaging the teeth and/or other 
oral surfaces. 

SUMMARY OF THE INVENTION 

[0005] A toothbrush in accordance With some embodi 
ments of the present invention includes a handle, a neck 
attached to the handle. The toothbrush further comprises a 
bristle holder having a plurality of bristles extending there 
from and a light emitting element. The light emitting ele 
ment is disposed in the bristle holder, Wherein the light 
emitting element is capable of providing light having Wave 
lengths betWeen about 370 nm to about 770 nm and having 
an FDRT of greater than about 30 mW/cm2 With a detector 
distance of greater than about 0.55 cm and a detector 
aperture area of less than about 3.14 cm2. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The invention may take physical form in certain 
parts and arrangements of parts, embodiments of Which Will 
be described in detail in this speci?cation and illustrated in 
the accompanying draWings Which form a part hereof, and 
Wherein: 

[0007] FIG. 1 is a cross-sectional vieW of a light emitting 
diode. 

[0008] FIG. 2 is a cross-sectional vieW of a light emitting 
diode having more than one light emitter, and a single 
optical output. 

[0009] FIG. 3 is a perspective vieW of an illuminated 
electric toothbrush in accordance With the present invention. 

[0010] FIG. 4 is a top planar vieW of the electric tooth 
brush of FIG. 3. 

[0011] FIG. 5 is a cross-sectional side elevational vieW of 
the electric toothbrush of FIG. 3. 

[0012] FIG. 6 is a cross-sectional side vieW of the head of 
the electric toothbrush. 

[0013] FIG. 6a is a cross-sectional side vieW of the head 
of the electric toothbrush. 

[0014] FIG. 7 is a partial front elevational vieW of a head 
and neck of another embodiment of the present invention. 

[0015] FIG. 8 is a partial front elevational vieW of a head 
and neck of yet another embodiment of the present inven 
tion. 

[0016] FIG. 9 is a partial front elevational vieW of a head 
and neck of still another embodiment of the present inven 
tion. 

[0017] FIG. 10 is a partial front elevational vieW of a head 
and neck of yet another embodiment of the present inven 
tion. 

[0018] FIG. 11 is a partial front elevational vieW of a head 
and neck of yet another embodiment of the present inven 
tion. 

[0019] FIG. 12 is a partial front elevational vieW of a head 
and neck of still another embodiment of the present inven 
tion. 

[0020] FIG. 13 is a perspective vieW of another embodi 
ment of the illuminated electric toothbrush of the present 
invention in Which the toothbrush includes a head and neck 
that can be separated from the handle. 

[0021] FIGS. 14 and 15 are partial side elevational vieWs 
illustrating installation of a replaceable head and neck onto 
a handle or body portion of the illuminated electric tooth 
brush of FIG. 11. 

[0022] FIG. 16 is a schematic of an electrical con?gura 
tion suitable for use With the present invention. 

[0023] FIG. 17 is a graph of the spectral distribution for a 
variety of colors for light-emitting diodes that are suitable 
for use With the present invention. 

[0024] FIG. 18 is a graph of the spectral distribution for a 
light-emitting diode that emits a White light that is suitable 
for use With the present invention. 
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[0025] FIG. 19 is a graph illustrating a light radiation 
pattern suitable for use With the present invention. 

[0026] FIG. 20 is a diagram illustrating the geometry of 
the void betWeen the light emitting diode and the surface to 
be exposed to light. 

[0027] FIG. 21 is a diagram illustrating the test method for 
measuring average intensity of the light Within a particular 
solid angle. 

[0028] FIG. 22 is a diagram illustrating the test method for 
measuring the affect of the illuminating electric toothbrush 
on the temperature at the surface of the teeth. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0029] All printed publications, patents, and patent appli 
cations referenced herein are incorporated herein by refer 
ence. Generally, the present invention relates to an electric 
toothbrush having one or more light-emitting diodes 
(“LED”) disposed on or in the head of the electric tooth 
brush. More speci?cally, the electric toothbrushes are used 
in personal hygiene to clean one’s teeth and gums using a 
motorized movement, While the LEDs illuminate the region 
of brushing, including the teeth and/or gums. Additionally, 
the LEDs can provide an oral care bene?t, such as Whiten 
ing. 
[0030] As used herein, the term “light” is intended to 
encompass the spectrum of both visible and non-visible 
(e.g., ultraviolet and infra-red) light. There are tWo systems 
for measuring light: radiometry and photometry, Wherein 
radiometry is measurement of electromagnetic radiation 
Within the frequency range betWeen 3><10ll and 3><10l6 HZ 
and photometry is the measurement of electromagnetic 
radiation that is detectable by the human eye. As knoWn in 
the art, radiometric units include: Energy (NeWton meter or 
joules), PoWer or Radiant Flux Which is the How of Energy 
With respect to time (joules/second or Watts), Irradiance or 
Flux Density Which is poWer per unit area (Watts/m2), 
Radiant Intensity Which is poWer per unit solid angle (Watts/ 
steradian), and Radiance Which is the poWer per unit pro 
jected area per unit solid angle (Watts/m2-steradian). Equiva 
lent photometric units include: PoWer or Luminous Flux 
(lumen) and Luminous Intensity (lumen/sr or candela). 
Another characteristics of the light that Will be discussed is 
the vieWing or half angle. As described herein the half angle 
is tWo times the included angle (in degrees) betWeen the 
peak and the point on one side of the beam axis at Which the 
luminous intensity is ?fty percent of the maximum or half of 
the beam angle. Yet another characteristic that Will be 
discussed hereafter relates to the amount of heat or Emission 
Temperature (Celsius) Which is generated by an LED at a 
tooth surface. Additionally, the total electric poWer con 
sumed by the LED (“poWer dissipation”) disposed on the 
head of the illuminated electric toothbrush Will be charac 
teriZed. For simplicity herein, units may be discussed in 
either radiometric units or photometric units, although radio 
metric units are preferred. Intensity can be either luminous 
intensity measured in candelas (or lumens/steradian), or ?ux 
density measured in Watts/meter2. 

[0031] All test methods described herein are performed 
When the illuminated electric toothbrush is operated at the 
current normally draWn to operate the device When the brush 
is fully charged and turned on, the bristles are moving, and 
the LED is illuminated. 
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[0032] Characteristics of the LEDs of the present inven 
tion are discussed more fully beloW. 

A. Flux Density at a Representative Tooth Surface 

(‘(FDRT’9) 
[0033] This test is intended to represent the radiant ?ux 
density projected onto a tooth surface in W/m2. A detector 
calibrated in Watts having a detector aperture area of less 
than about3.14, 1.77, 1.54, 1.33, 1.23, 1.13, 1.04, 0.95, 0.87, 
0.79, 0.70, 0.64, 0.50, and/or 0.46 cm2 and/or greater than 
about 0.28, 0.31, 0.32, 0.33, 0.38, 0.44, 0.46, and/or 0.50 
cm and a detector aperture diameter of at least about 0.60, 
0.63, 0.64, 0.70, 0.76, 0.80, 0.90, 0.95, 100,105, 1.10, 1.15, 
and/or1 cm and/or less than about 2.0, 1.50, 1.40, 1.30, 1.25, 
1.20, 1.15, 1.10, 1.00 cm, and the detector aperture has a 
distance (“detector distance”) of greater than about 0.55, 
0.60, 0.63, 0.64, 0.66, 0.68, 0.70, 0.72, 0.74, 0.76, 0.80, 0.85, 
0.90 and/or 1.0 cm, and/or less than about 2.0, 1.5, 1.4, 1.3, 
1.25, 1.20, 1.15, 1.10, 1.05 and/or 1.0 cm from the light 
emitting point of the LED. Traditionally, the detector com 
prises an iris that can provide a detector aperture area of the 
desired siZe. The LED should be positioned facing the 
detector aperture, and the mechanical axis of the LED 
should pass through the center of this detector aperture. The 
detector measures radiant ?ux (Watts) at the detector. The 
detector measures the radiant ?ux over the entire detector 
aperture area. Therefore, the resulting number is a total value 
of the radiant ?ux. The FDRT is the total value of the radiant 
?ux divided by the Spherical Area of the cap 1109 (as shoWn 
in FIG. 20 Which illustrates the geometrical relationship 
betWeen the LED and the surface to be exposed to light). The 
spherical area of the cap can be calculated by the folloWing 
equations: 

Where: 

R=‘/12+d2/4 

[0034] S=spherical area of the cap 

[0035] 1=detector distance 

[0036] d=diameter of detector aperture area. 

FDRT=Total Radiant Flux(Watts)/S 

This radiant ?ux (Watts) is divided by the spherical area 
of the cap to result in ?ux density at a representative 
tooth surface (W/m2). An example of a device suitable 
for measuring the FDRT includes the OL 730CV Radi 
ometer/Photometer manufactured by Optronic Labora 
tories, Inc. of Orlando, Fla. As illustrated in FIG. 21 
detector distance “1” (as shoWn at 1200) is the distance 
betWeen the light emitting point 1205 of LED 1275 and 
the entrance aperture 1201 of detector 1203. This 
detector distance “1” (as shoWn at 1200) is measured 
from the light emitting point 1205 of the LED 1275 to 
the plane of the detector aperture 1201 of the detector 
1203. 

[0037] The FDRT of the inventive illuminated electric 
toothbrush is from at least about 30, 35, 40, 45, 50, 55, 60, 
70, and/or 100 mW/cm2 and/or less than about 300, 250, 
200, 150, and/or 100 mW/cm2 or any combination of these. 
It is believed that toothbrushes comprising LEDs that indi 
vidually emit light at the aforementioned FDRT can result in 
Whitening and other oral care bene?ts When used in the 
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mouth alone or in combination With other oral care compo 
sitions. To achieve these oral care bene?ts at least one of the 
LEDs disposed on the head of the toothbrush must emit light 
having an FDRT of at least about 30 mW/cm2. Light having 
a higher FDRT may also result in Whitening or other oral 
care bene?t, hoWever if 300 mW/cm2 is exceeded a user may 
need to take safety measures to prevent damage to the oral 
cavity. 

B. Percent Total Luminous Flux Within a Solid 
Angle 

[0038] In one embodiment of the LED of the electric 
toothbrush, at least about 75%, 80%, 85%, 90%, 95%, 100% 
of the total poWer (Watts) of the LED is contained Within the 
solid angle With a vertex in the center of the LED of at least 
about 0, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.9, 0.95, and/or 
1 steradian (“sr”) and/or less than about 6.3, 5.5, 5, 4.5, 4, 
3.5, 3, 2.5, 2, 1.5, 1.3, 1.2, 1.1, and/or1 sr. The solid angle 
having a vertex in the light emitting point of the LED can be 
calculated using the equations beloW: 

h=R-a and 

Rdm 
[0039] 0t=solid angle (sr) 

[0040] S=spherical area of the cap 

[0041] a=axial distance 

[0042] b=diameter of the dimensional area 

[0043] These calculations are similar to the calculations as 
used above to calculate the FDRT, and the axial distance and 
dimensional area have similar values to the detector distance 
and detector area, hoWever no detector is present in the 
calculation of the solid angle. 

[0044] A diagram of the void space Within Which the LED 
emits light toWards the surface to be exposed to light is 
shoWn in FIG. 20. The elements of the equation are depicted 
in FIG. 20 Wherein “or” is the solid angle (shoWn at 1110) 
With a vertex (shoWn at 1111) in the light emitting point 1113 
of the LED 1175. “a” (illustrated in FIG. 20 at 1101) is the 
vertical distance betWeen the emitting surface of the LED 
and the surface to be exposed to the light emitting from the 
LED (“axial distance”), “b” (shoWn at 1103) is the diameter 
of a circular area comprising the LED, and “S” (shoWn at 
1109) is the spherical area of the cap. “h” (shoWn at 1105) 
equals “R” (shoWn at 1107) minus “a” (shoWn at 1101). “b” 
can be at least about 0.60, 0.63, 0.64, 0.65, 0.70, 0.76, 0.80, 
0.90, 0.95 and/or 1.00 cm, and/or less than about 2.0, 1.50, 
1.40, 1.30, 1.25, 1.20, 1.15, 1.10, 1.05 and/or 1.00 cm. “a” 
can be greater than about 0.55, 0.60, 0.63, 0.64, 0.66, 0.68, 
0.70, 0.72, 0.74, 0.76, 0.80, 0.85, 0.90 and/or 1.00 cm, 
and/or less than about 2.0, 1.50, 1.40, 1.30, 1.25, 1.20, 1.15, 
1.10, 1.05 and/or 1.00 cm. 

[0045] To determine the percent of poWer Within the solid 
angle, ?rst, the total poWer emitted from the LED must be 
measured, and second, the poWer Within a particular solid 
angle area must be measured. Finally, the percent poWer 
Within a particular solid angle is calculated. The total poWer 
emitted from the LED can be determined by either the 
goniophotometer method and/or the integrating sphere 
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method. The goniophotometer method alloWs for the total 
radiant ?ux to be measured in Watts (When the goniopho 
tometer is calibrated in Watts). The rotating detector of the 
goniophotometer scans the surface of a spherical shaped 
area surrounding the LED. The partial ?uxes dCD incident on 
each element dA of the surface represent a total radiant ?ux: 

Which can be Weighted and integrated to give the value of 
the total radiant ?ux (I), 

[0046] Another method of measuring the total radiant ?ux 
from an LED is to use an integrating sphere (calibrated in 
Watts) to compare the tested LED to a standard LED With a 
similar spatial and spectral poWer distribution. If no per 
fectly matches standard is available, a correction for color 
can be calculated; hoWever a correction for spatial poWer 
differences is more dif?cult to calculate. Most integrating 
spheres are no more than 10 cm in diameter. Therefore, an 
auxiliary LED of the same type should be inserted into the 
integrating sphere to alloW for a correction to be applied for 
the self-absorption of the test LED. Spheres With tWo 
entrance and one exit port for the detector should Work. Both 
of these methods are described in ClE 127 (1997) entitled 
“Measurement of LEDs”, Which is published by the Inter 
national Commission of Illumination. 

[0047] Second, the poWer Within a particular solid angle is 
measured. To choose the solid angle Within Which the poWer 
is measured, the axial distance and diameter of dimensional 
area for the desired solid angle must be determined using the 
aforementioned equations. The axial distance value corre 
sponds to the detector distance value, and the diameter of the 
dimensional area value corresponds to the detector aperture 
area value. By choosing these values When performing the 
test, the poWer Within the desired solid angle is measured. If 
the detector has been calibrated in Watts, this results in total 
radiant ?ux Within the desired solid angle. 

[0048] The measurement of total radiant ?ux (Within a 
particular solid angle) of the LED involves a detector 
calibrated in Watts having a circular aperture 1201 With an 
area of less than about 3.14, 1.77, 1.54, 1.33, 1.23, 1.13, 
1.04, 0.95, 0.87, 0.79, 0.70, 0.64, 0.50, and/or 0.46 cm2 
and/or greater than about 0.28, 0.31, 0.32, 0.33, 0.38, 0.44, 
0.46, and/or 0.50 cm2, and a detector aperture diameter of at 
least about 0.60, 0.63, 0.64, 0.70, 0.76, 0.80, 0.90, 0.95, 
1.00, 1.05, 1.10, 1.15, and/or 1 cm and/or less than about 2.0, 
1.50, 1.40, 1.30, 1.25, 1.20, 1.15, 1.10, 1.00 cm. The LED 
should be positioned facing the detector aperture 1201 at a 
detector distance 1200 from the light emitting point 1205 of 
the LED 1275 of about 0.55, 0.60, 0.63, 0.64, 0.66, 0.68, 
0.70, 0.72, 0.74, 0.76, 0.80, 0.85, 0.90 and/or 1.00 cm, 
and/or less than about 2.0, 1.50, 1.40, 1.30, 1.25, 1.20, 1.15, 
1.10, 1.05 and/or 1.00 cm. The mechanical axis of the LED 
should pass through the center of this detector aperture. 

[0049] Finally, the percentage of light emitted Within the 
desired solid angle is calculated by the equation: 

Total Radiant Flux Within the Desired Solid Angle/ 
Total Radiant Flux 

=% of Light Emitted Within the Desired Solid Angle 
















