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(57) Abstract:  An apparatus for
preventing tooth decay by treating the
tooth surface, including the occlusal
surface and unexposed surfaces such
as subgingival, interproximal, and
contact areas, with a laser (10) with a
coherent or noncoherent light source,
and method thereof, are described.
Embodiments of the system described
herein are used to make the tooth
more resistant to acid and Dbetter
able to bond fluoride, thus requiring
a lower concentration of fluoride.
Several embodiments of the invention
also allow the treatment to penetrate
deeper into the tooth than previously
accomplished with other systems, and
can be used in a dental office or at
home.
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METHOD AND LASER APPARATUS FOR PREVENTING TOOTH DECAY

FIELD OF THE INVENTION
[0001] This invention relates to an apparatus and a method for preventing tooth

decay using electromagnetic radiation.

BACKGROUND OF THE INVENTION

[0002] Tooth decay is caused by demineralization of the tooth structure at either
the enamel or root surface. The enamel is a thin layer (1-2 mm) composed of a crystal-type
structure of hydroxyapatite or calcium phosphate hydroxide, containing large amounts of
calcium and phosphorus. Dental enamel is a porous material and although it contains about
96% by weight of mineral, this is equivalent to approximately 85 percent by volume. The
remaining 15 percent by volume is made up of water, protein and lipid, which form the
diffusion channels through which acids an'd‘minerals can travel into or out of the tooth.
The dentin, the major part of the core of the tooth, is composed of CaCOs, a chalk-like
material. Although it is 70% by weight of mineral, it also contains 20% by weight organic
and 10% by weight water. This corresponds to 47% by volume mineral.

[0003] Tooth decay, or dental caries results from the growth of bacteria on the
tooth. The bacteria metabolize sugars to acid which can dissolve the tooth. The bacteria
grow as a plaque on the tooth and conventional treatment involves periodic removal of the
plaque and strengthening of the tooth to make it more resistant to the acid produced by the
bacteria.

[0004] The majority of tooth decay occurs in the occlusal and unexposed
surfaces of the tooth. The tooth is composed of the lingual (back), buccal (front), and
occlusal (top) surfaces. The lingual and buccal surfaces are considered to be "flat"
although there are grooves and fissures.. The occlusal surface is very uneven, composed of
pits, fissures, and protuberances. Because ?o.f the way the teeth are formed in the mouth,
there are also unexposed surfaces of the tooth, such as subgingival surfaces, interproximal
surfaces, and contact surfaces.

[0005] Methods to prevent tooth decay have typically concentrated on the

buccal and lingual surfaces. Unexposed surfaces are usually not treated. Sealants are
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consistently used on the occlusal surfaces because other methods are relatively ineffective
on the occlusal surfaces due to the very different structure and composition of the occlusal
surface. The differences include a harder and more fissured surface, the enamel is
generally thicker and the structure possésseé a different angulation of prisms. In addition,
fluoride has previously been shown to be ineffective on the occlusal surface.

[0006] Common professional methods to prevent tooth decay have included
fluoride, pit and fissure sealants, and varnishes. However, none of these methods
individually protect all of the tooth surfaces nor are they permanent, usually lasting less
than 5 years. In addition, heat treatment has been explored as an alternative method. By
treating the tooth with a very high heat, from 250-1000°C, the structure of the tooth is
changed, making it mote resistant to acid. This method has never been used clinically
because of safety concerns. Because most of the changes to the tooth occur at a very high
heat, 1200°C, some changes occur between 500°C and 1000°C and a few were seen at
temperatures as low as 250°C to 400°C, there is the potential for thermal damage to the
underlying pulpal tissue, adjacent soft tissue and osseous structures. Therefore, although
the effects of laser irradiation on dental caries and tooth structure were explored some 30
years ago, the risk of thermal damage to the adjacent hard tissue and pulp was such that
much of the research was abandoned. Several laser wavelengths\' have been explored,
including CO, and Nd:YAG, but both produce a significant amount of heat on the surface
of the tooth and in the pulp and provide only a shallow treatment of the tooth itself. With
improved laser technology, a number of different types of lasers with varying tissue
penetration and energy levels have been developed.

(0007} The structural changes produced during the application of heat by CO;
and Nd:YAG lasers at these very high heats include a change in the phosphate molecule in
the hydroxyapatite. This makes the tooth less soluble and increases resistance to decay.
However, the level of heat produced by these lasers has not been used clinically because it
has been shown to damage the tooth structure itself as well as potentially damaging soft
tissue.

[0008] The action of the laser, as well as other types of tooth treatments, to
produce resistance of the tooth to acid can be envisioned as follows: it has been
hypothesized that tooth enamel crystals ("hydroxyapatite") possess two types of sites from
which dissolution can occur. The first type of site (the "thermal" site) is less resistant to

dissolution by acids under conditions typically found in the oral environment than is the
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second type of site (the "chemical" site). The treatment of tooth enamel by carbon dioxide
laser irradiation or by high temll)eratures eliminates or reduces the thermal sites, leaving
only the chemical sites for dissolution to occur. Once the thermal sites have been
eliminated, the tooth enamel is then treated to eliminate the chemical sites with dissolution
rate inhibitors or chemical agents. However, even if such laser treatments were clinically
usable for safety reasons, they have the disadvantage that they produce only a surface
treatment and cannot protect all of the ftooth structure, particularly the occlusal and
unexposed surfaces.

[0009] Therefore, all of these methods are rendered undesirable by that fact that
they can only provide temporary treatment, act only at a very shallow depth of the tooth at
the lingual and buccal surfaces, and some cannot be used due to safety issues. In addition,

none of the above methods can be used in a non-professional setting.

SUMMARY OF THE INVENTION

[0010] One aspect of the invention is a method of treating a living tooth in a
mammal's mouth, comprising irradiating the unexposed and occlusal surfaces of said tooth
with light having a wavelength in the range of between from about 400 nm to about 810
nm, and an energy and an energy density sufficient to vaporize water and organic material
without damaging the pulp of the tooth. "In one embodiment, the treatment heats the
localized sites to a temperature of no more than about 250 °C. In a further embodiment, the
treatment heats the localized sites to a terﬁperature of no more than about 200 °C. In a
further embodiment, the treatment heats the localized sites to a temperature of no more than
about 100 °C. In a further embodiment, the treatment heats the localized sites to a
temperature of no more than about 50 °C. In one embodiment, the unexposed surfaces are
the subgingival, interproximal, and contact areas of the tooth.

[0011] Preferably, the vaporization of organic material and water occurs from 3
microns to 50 microns beneath the surface of the tooth. The energy density may be
between about 5 J/em® to 65 J/em?, preferably about 5 J/em?® to 30 J/em?, and more
preferably between about 5 J/em? to 12 J/em>.

[0012] In one embodiment, the method further includes bonding a chemical
agent to the crystalline structures of the tooth after removal of the organic compound.

[0013] In one embodiment, the light beam is a coherent light source, such as a

laser, preferably an argon laser or a diode laser. In one embodiment, the argon laser beam
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is applied at 250mW. In a further embodiment, the light beam is an incoherent light
source, preferably an LED.

[0014] In one embodiment, the chemical agent is fluoride, including an
effective concentration of fluoride is less than or equal to 200 ppm of stannous fluoride
(0.08%) or 1000 ppm of sodium fluoride (0.275%). Typically the fluoride acts by binding
to hydroxide groups within the hydroxyapatite crystal.

[0015] In one embodiment, the laser is applied for 10 seconds for each treated
surface. Alternatively the tooth is treated for a period of time of more than 1 sec for each
treated surface. .

[0016] A further aspect of the invention is an apparatus for the treatment of a
tooth, comprising a handpiece and a light source having a wavelength in the range of
between from about 400 nm to about 810 nm. In one embodiment, the light is output
transverse to the longitudinal axis of the handpiece. The handpiece is adapted to provide at
least two spot sizes for the output beam. Preferably, this is accomplished by providing
interchangeable tips, one of which provides a relatively large spot size for treating lingual
and buccal surfaces, and the other of which pfovides a relatively small spot size for treating
at least interproximal surfaces.

[0017] In one embodiment, a method of treating between teeth is disclosed,
which includes irradiating said tooth surface with the laser of Claim 24. In further
embodiment, the method further comprises applying fluoride to a tooth surface, including

the occlusal and unexposed surfaces prior to or after irradiation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 is a side view of a preferred embodiment of the laser handpiece
of the invention.

[0019] Figures 2A and B are side views of an embodiment of the laser
handpiece in which exchangeable tips provide collimated and focused beams. In Figure 2A
the diameter of the resulting beam is 8 mm. In Figure 2B the diameter of the resulting
beam is 0.2 mm.

[0020] Figures 3A and B are side views of an embodiment of the laser
handpiece in which the tip is exchangeable. In Figure 3A the diameter of the resulting beam

is wide. In Figure 3B the diameter of the resulting beam is narrow.
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[0021] Figure 4 is a side view of an embodiment of the laser handpiece in
which the beam is directed using a mirrored metal tubing. In this figure, the diameter of the
resulting beam is narrow.

[0022] Figures 5A and B are side views of an embodiment of the laser
handpiece in which the beam is directed by bending the fiber. In Figure 5A the diameter of

the resulting beam is wide. In Figure 5B the diameter of the resulting beam is narrow.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0023] A preferred method and apparatus are disclosed herein which change the
solubility of the surfaces of a tooth without significant production of heat, typically using
temperatures of less than 200°C and evén as low as 50°C. The method and apparatus allow
for a deeper treatment of the tooth, as well as the use of a lower concentration of fluoride,
and have the potential to allow one to keep teeth completely free of caries for the lifetime
of the patient. The preferred embodiment advantageously allows for the treatment of all
surfaces of the tooth, including the occlusal surface as well as the unexposed surfaces of the
tooth. The preferred method uses a visible light beam alone or in combination with a
chemical agent to prevent dental caries. Surprisingly, while the action of a visible light
beam and the action of fluoride both act separately to increase resistance of the tooth to
decay, the action of the two together is not additive, but synergistic.

[0024] While not limiting the scope to any particular theory or mechanism of
action, the following theoretical considerations may explain the synergistic combination
which is observed in the practice of this method. Certain of the theories and information
about fluoride may be additionally found in Higuchi, et al. U.S. Patent No. 4,877,401,
incorporated herein by reference. -

[0025] The application to thé tooth of light from a suitable light source (i.e. an
argon laser) at low power acts on the "thermal sites" or localized sites which contain
concentrations of water and/or organic material beneath and in proximity to the surface of
the tooth. This results in a much reduced temperature (usually around 100°C) which
produces considerably less heat than CO, or comparable lasers. The visible light beam
reduces the carbonated phase of the hydroxyapatite, making the tooth more resistant to
attack. The removal or vaporization of carbonate lowers the solubility and changes the
water content of the hydroxyapatite. It also changes the phase of the hydroxyapatite and

makes it more pure. There is a reduction in the size of the hydroxyapatite crystal as well as
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an increased hardness in the tooth structure. The treatment may remove water from the
structure of the tooth, providing an ion imibalance which atracts fluoride. All of these
changes result in the increased capability of the tooth to resist demineralization, a precursor
to tooth decay.

[0026] Fluoridation, or other chemical agents act on the “"chemical sites” by
binding to hydroxide radicals and sterically or chemically preventing the action of acid on
those sites. However, fluoride can accumulate in the body and too much fluoride can result
in fluorosis, a syndrome whereby teeth are discolored, resulting in white splotchy areas on
the enamel during development which may be accompanied by other symptoms. Children
are particularly susceptible to fluorosis and can obtain too much fluoride simply from tap
water and toothpaste which is accidentally swallowed during brushing. In addition, more
serious diseases have been linked to too much fluoride including iodine deficiency
disorders, confusion, drowsiness, and listlessness. Advantageously, it was found that the
above-mentioned laser treatment results in a situation in which less fluoride is necessary to
provide a protective result, thus reducing thé incidence of fluorosis. Without being limited
to a particular theory, it is thought that because of a shrinkage of the hydroxyapatite crystal
during laser treatment, there are fewer "chemical" sites exposed and thus, less fluoride is
necessary to provide the same protection.

[0027] Although the light source of the preferred embodiment produces
coherent light, sources that produce incoherent light may also be used. The sources should
be selected to increase the acid resistivity of tooth enamel at low power (producing less
heat). Preferably, the source emits one or more wavelengths which are not absorbed by
water, but are absorbed by organic compounds. Preferably, the wavelengths are between
about 400 and 810 nm, more preferably between about 457 and 514 nm, such as produced
by an argon gas laser. Solid date lasers, diode lasers, and light emitting diodes (LEDs) that
emit light within the 400 - 810 nm range may also be used. In one embodiment, the argon
laser is used into the green region of 512 nm..

[0028] The light sources need orily be used at low power to produce the desired
effect. For argon lasers, the applied light beam may have an energy density below about 65
J/em?, preferably about 30 J/em?, preferably an energy density below about 12 J/cm? and in
some cases may be used below about 6 I. Jem?.,

[0029] Preferably, a chemical agent, such as fluoride, is applied to the tooth

surface in connection with treatment by the light beam. For example, the fluoride can be
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applied as a paste before treatment with the laser or after treatment with the laser.
Alternatively, the fluoride can be applied as a mouthwash or as part of a toothpaste. The
fluoride may also be applied as a patch, providing a low concentration of fluoride in a
timed-release manner. For example; mucoadhesive fluoride tablets conmsisting of a
bioerodible matrix which dissolves completely after depletion can be used such as those
described in Bottenberg et al. J Dent. Res. 77(1): 68-72. Treatment with the light beam
allows the fluoride to penetrate 50 - 100 microns beneath the surface of the tooth.

[0030] Fluoride (F1-) interacts at several stages of the caries process to inhibit
progression or enhance reversal. The following three mechanisms of action are now
considered to be the most important way in which fluoride works. First, fluoride has
antibacterial properties at lower pH in the plaque when it enters the bacterial cell as HFL.
When fluoride enters the bacteria it interferes with the enzymes inside the bacteria, slowing
down or inhibiting acid production. Second, when fluoride is present in the aqueous phase
on and within the tooth at the same time as an acid challenge, it dramatically inhibits
dissolution of calcium and phosphate at the crystal surfaces in the subsurface regions of
enamel. If fluoride is present in the tooth ¢rystals where it is incorporated systematically
during tooth development, it will dissolfze out during the demineralization process and help
to inhibit subsequent demineralization. Lastly, fluoride present in the aqueous phase at the
crystal surfaces within the tooth speeds up the recrystallization by helping to bring calcium
and phosphate ions together. This provides a much more acid-resistant "new" crystal
surface.  During subsequent acid challenges following ingestion of fermentable
carbohydrates the acid bypasses this resistant mineral, and is forced to go deeper into the
tooth before mineral can be dissolved making decay less and less likely to progress.
Remineralization following demineralization in this way makes the tooth more and more
resistant as time progresses with these natural pH-cycles. Examples of other suitable
chemical agents include: ethane-1-hydroxy-1,1-di-phosphonic acid, and dodecylamine
HCl. The fluoride (or other chemical) composition may be any mouthwash, toothpaste,
gel, restorative material, paste, patch, etc. that uses existing or lower concentrations of
fluoride in association with laser treatment.~ The restorative material may be placed on the
tooth and cured with a laser. It has been shown herein that the restorative material may
contain lower concentrations of fluoride an(i still be equally effective.

[0031] In the method disclosed herein, the aforementioned change to the tooth

surface caused by treatment with light may occur at 250°C, at 200°C, and may occur as low
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as 100°C or even 40°C, because the organic material vaporizes at about 100°C or in some
cases as low as 40°C. Thus, the changes may occur at 110°C, 120°C, 130°C, 140°C,
150°C, 160°C, 170°C, 180°C, 190°C, 210°C, 220°C, 230°C, and 240°C. However, in
some embodiments, the changes may occur as low as 50°C, including 60°C, 70°C, 80°C,
90°C, and the method may work at lower temperatures, including 40°C.

[0032] As mentioned, the teeth may be treated with fluoride before or after
lasing. The fluoride may be left prior to lasing or the tooth may be lased immediately after
application of the fluoride. Alternatively, fluoride may not be added at all.

[0033] The light beam may be used at a spot size of from about 5 to about 8
mm, including 5.5 mm, 6 mm, 6.5 mm, 7 mm, and 7.5 mm. However, it is advantageous to
be able to vary the spot size so that smaller spot sizes may be used to treat smaller areas.
Smaller spot sizes may range from about lmm to about 4mm, including 1.5mm, 2 mm, 2.5
mm, 3 mm, and 3.5mm. Preferably, the spot size is larger for the flatter lingual and buccal
surfaces and smaller for the occlusal and interproximal surfaces.

[0034] In one embodiment, a variety of exchangeable tips that produce different
spot sizes may be attached to the handpiece. Tips producing the larger spot sizes would be
used to treat the flatter areas of the tooth and the tips producing the smaller spot sizes
would be used to treat the areas of the tooth which are more difficult to reach as well as the
more uneven areas of the tooth such as the oeclusal surfaces.

[0035] Through use of the preferred wavelengths, the treatment of the tooth
with light vaporizes water and organic material to a depth of up to 50 microns to 2500
microns beneath the surface of the tooth, without thermal damage to the tooth structure.
The light may also be used to treat subgingival tooth surfaces covered by thin (i.e., less
than 200 or 300 microns) gum tissue. The light penetrates through the thin layer of gum
into the tooth. In addition, the laser may be effectively used to treat crevices, contact areas,
and interproximal areas. For example, light may be directed between a pair of adjacent
teeth that are contacting each other. The direction of the light beam would be parallel to
the contact surfaces. The beam is able to penetrate several (e.g., 2-3) millimeters into the
tooth so that in some cases the beam will pass completely through the area where the
surfaces are in contact. Accordingly, the preferred methods are useful not only for exposed
easily accessible surfaces, but can be used to treat virtually every surface of the tooth,

including unexposed surfaces.
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[0036] The preferred embodiments of the laser handpiece for use with the
methods disclosed herein will now be described with reference to the figures. As shown in
Figure 1, an optical fiber 75 is connected to transmit light from a light source 10 to a dental
handpiece 100. Preferably, the light source is a conventional argon gas laser. The optical
fiber has a core, a cladding and a protective jacket. The core preferably consists of glass
(quartz or fused silicon) and has a diameter of 400 to 600 microns. The cladding may be of
the same material as the core, but doped to provide a lower index of refraction. The jacket
may be of plastic. The dental handpiece may be ergonomically similar to conventional
handpieces used by dental professionals. Thus, the dental handpiece is envisioned to be
small, lightweight and easy to use. Typically, the dental handpiece will have a switch for
activating the laser 10, and the laser 10 will preferably be powered by A.C. through an
electrical cable 2.

[0037] In another embodiment, shown in Figure 1B, the laser 10, fiber optic 75,
and dental handpiece 100 are integrated into a single hand-held unit. It is envisioned that in
this case, in order to provide an apparatus which is small and light enough to be held, the
light source may be a small diode laser which emits, for example, at from 468 to 810 nm.
In addition, the energy source may be A.C. power supplied through a cable or batteries that
are integrated into the hand-held unit.

[0038] The handpiece (Figure 1A) or the housing of the hand-held unit (Figure
1B) may be configured in any way known to one of skill in the art, particularly with a
shape that allows it to be easily held. In addition, the handpiece or housing may include
any type of material which allows it to be more easily gripped, including a rubber grip.
The handpiece or housing may be indented in the area which will be held, may be shaped
like a wand, and/or may be ergometric. The handpiece or housing may allow for angular
movements of the head or rotational movements of the head to make it easier for the user to
access an area of the tooth.

[0039] The laser handpiece of the preferred embodiment includes a body
portion 96 and a tip portion 98. The body portion 96 and tip portion 98 are connected by
screw threads or other suitable coupling devices so as to allow the tip portion 98 to be
detached from the body portion 96. The tip portion 98 thus may be removed and
exchanged with other tip portions 98 so as to allow for the production of two or more

distinctly different spot sizes, each of which corresponds to a different tip.
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[0040] Figures 2A and 2B show an internal optical assembly 101 of the laser
handpiece 100. The optical assembly 101 receives light from the optical fiber 75 and
redirects the light in a direction transverse to the longitudinal axis of the handpiece 100.
Preferably, the optical assembly 101 is disposed at the distal end of the handpiece housing
(represented by dashed lines in Figures 2A and 2B).

[0041] The optical assembly 101 of the laser handpiece comprises a collimating
lens 80 which collimates the light exiting the fiber optic 75. The collimated light is
reflected by a turning mirror 90 which redirects the light by approximately 90°. Although
the preferred mirror 90 is disposed at 45° relative to the longitudinal axis of the handpiece
100, it is envisioned that the turning mirror 90 may be disposed at other angles that would
transversely redirect the light, including from about 30° to about 160° relative to the
longitudinal axis, including 40°, 50°, 60°, 76°, 80°, 100°, 110°, 120°, 130°, 140°, and 150°.
An output window 110 is positioned to protect the inside of the handpiece from back
splatter. The device shown in Figure 2B differs from that shown in Figure 2A in that the
optical assembly 101 includes a focusing lens 120 disposed between the mirror 90 and the
output window 110. This focusing lens 120 focuses the light output from the handpiece to
a small spot having a diameter “d” 103. No such focusing lens is present in the device of
Figure 2A, and thus, the diameter "D" 102 of the resulting beam is relatively large. The
larger diameter 102 is sized to cover relatively large surfaces, such as the lingual (back) and
buccal (front) surfaces of the tooth. The diameter "d" 103 of the smaller beam is sized to
cover relatively small and/or uneven surfaces, such as the occlusal (top) and unexposed
surfaces (between the teeth, between the teeth and gums, etc). of the tooth.

[0042] In the preferred embodiment, a portion of the optical assembly 101,
namely, the collimating lens 80 and the reflecting mirror 90 are disposed within the body

- portion 96 of the handpiece, while the remafning optics are disposed in the tip portion 98 of
the handpiece. In the case of the tip portion 98 shown in Figure 2A, the remaining optics
comprise only the window 110, and in the case of Figure 2B, such optics comprise both the
window 110 and the focusing lens 120. Thus, when the tip of Figure 5A is in place, the
spot size of the output beam will be relatively large, and when the tip of Figure 5B is in
place, the output beam will have a relatively small spot size. Accordingly, it will be
appreciated that, by exchanging tip portions, the handpiece may be adapted to produce

either a relatively large spot size or a relatively small spot size.
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[0043] In some circumstancés, it may be advantageous to locate the reflecting
mirror 90 in the tip portion, leaving only the collimating lens 80 in the body portion of the
handpiece 100. This would allow the handpiece 100 to be adapted to output light at various
angles relative to its longitudinal axis simply by exchanging tip portions, each of which has
amirror 90 disposed at a different angle that corresponds to the desired output angle.

[0044] In another embodiment, the entire optical assembly 101 is disposed in
the tip portion 98. As shown in Figures 3A and 3B, a screw or leur connection 190 (or
other suitable coupling) may allow the removal of the tip 98 with spot size "D" 102 and the
attachment of the alternative tip with spot size "d" 103. Conversely, the tip 98 with spot
size "d" may be exchanged with the tip 98 of spot size "D"103. In one embodiment, the tip
98 or body 96 may be autoclavable. In a further embodiment, the body 96 may be
autoclavable and the tip 98 disposable.

[0045] A further embodiment of the small spot size tip 98 is shown in Figure 4.
The tip 98 of Figure 4 is comprised of é light waveguide 175 which is bent to the correct
angle and is tapered to produce the desired spot size diameter "d" 103. The waveguide may
be a tapered glass or quartz fiber bundle, a glass tapered fiber, or a tapered metal tubing.
Preferably, the metal tubing has highly reflective interior walls. By way of example, the tip
98 may be removed from or attached to the body portion 96 using the screw or leur lock
190. Other spot sizes may be provided by varying the taper angle or providing no taper at
all.

[0046] In the embodiments shown in Figures 2-4, the turning of the beam was
accomplished using either a turning mirror 90 or an optical glass waveguide 175 or a
hollow tube of metal. However, the turning may be accomplished using any method
known to one of skill in the art. For example, in Figures 5A and 5B, the turning of the
beam is accomplished by bending the optical fiber 75. To produce the large spot size 102,
light from the fiber 75 is transmitted through the collimating lens 80 and then through the
window 110, as shown in Figure SA. To produce the small spot size 103, light from the
fiber is transmitted through a focusing lens 120° and then through the window 110, as
shown in Figure 5B. The lens 120’ differs from the lens 120 in that it receives a diverging
beam rather than a collimated beam, and thus, requires different refractive properties to
produce a focused output beam. Preferably, the lens (80 or 120%) and window 110 are
disposed in the removable tip portion 98 so as to permit varying the spot size by exchange

of tips.
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[0047] The diameters "D" or "d" are measured herein 1 inch from the end of the
tip 98 in a direction parallel to the output beam. However, it is to be understood that since
the spot size "D" is collimated one can be as close or far away as one prefers. Although,
closer is much easier. However, the larger diameter spot size "D" 102 may be from about 6
to about 10 mm from the tip, preferably about 8§ mm, including 6.5, 7, 7.5, 8.5, 9, and 9.5
mm. The smaller diameter spot size "d" 103 may be from about 0.1 mm to about 0.9 mm
from the tip, preferably 0.2 mm, but including 0.15 mm, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55,
0.6, 0.65, 0.7, 0.75, 0.8, and 0.85 mm.

[0048] The handpiece 100 housing may be manufactured of any material which
is strong, lightweight, and allows for attachment and detachment of the tips 98. In some
embodiments, the body 96, the tip 98, or the whole handpiece 100 may be sterilizable. The
sterilization may be accomplished using any method known to one of skill in the art. A
removable portion, such as the tip 98 or all of the handpiece 100 may be autoclavable.
Alternatively, the tips 98 may be disposable. Alternatively, the tips may be produced with
a disposable cover. )

[0049] The method of treating teeth with a laser will now be described with
reference to the following Examples wliiéh are presented to describe the preferred

embodiment, not to narrow the method.
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EXAMPLES
[0050] The following provide examples of methods for using the laser
handpiece of the preferred embodiment to treat a tooth with or without fluoride at home or

in a professional setting.

EXAMPLE 1

Treatment of all surfaces of the tooth

[0051] The dental professional applies fluoride at a concentration of about 200
ppm F1 of stannous fluoride or 1000 ppm F1 or sodium fluoride. Coherent light from an
argon laser is applied to the tooth at 250 to 300 mW for 10 seconds (or longer) at an 8 mm
diameter spot size on each of the surfaces. When occlusal and unexposed surfaces are
treated the diameter is reduced to 5 mm, preferably by using a tip which produces a smaller
spot size. This allows all of the surfaces of the tooth to be treated. Maintenance treatment
includes using a fluoride mouthwash containing low concentrations of fluoride once a day,
and fluoride patches containing low concentrations of fluoride applied weekly. The teeth
are laser treated every 2 to 5 years. The patient may also use a fluoride toothpaste having a
low concentration of fluoride. AltematiVely, the fluoride composition may be any
mouthwash, toothpaste, gel, restorative material, paste, patch, etc. that uses existing or

lower concentrations of fluoride.

EXAMPLE 2
Method of treating a tooth using an argon laser or a visible LED
[0052] Light from an argon laser or LED is applied to the tooth at 250 mW for
0.2 to 10 seconds at a 5 mm to 8 mm diameter spot size on all of the tooth surfaces.
Preferably, the treatment lasts from 1 to 10 seconds. The teeth may also be treated with

fluoride before and/or after lasing. Maintenance treatment is as in Example 1.

EXAMPLE 3
Method of treating a tooth using a laser handpiece of the preferred embodiment.
[0053] A laser handpiece configured ‘as described in Figure 2 is used to lase a
patient's teeth in a dental office. The tiﬁ with spot diameter of 8 mm was attached and the

teeth were lased, concentrating on the buccal and lingual surfaces. Then, the tip of 1 to 4
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mm spot size is used at about 0.2 mm from the tooth, concentrating on the occlusal and
unexposed surfaces, including the subgingival surfaces, the interproximal surfaces and the

contact surfaces. Each surface is exposed to the laser for 1 to 10 seconds.

EXAMPLE 4
Apparatus and fluoride kit for home use

[0054] In example 4, the fluoride and laser handpiece of the preferred
embodiment are sold as a home kit. -A laser handpiece configured in accordance with
Figures 2A and B is provided with a ﬂuoﬁde paste to be added before treatment and a
fluoride mouthwash and toothpaste. Instructions are included which state how to apply the
fluoride solutions and how long to lase the teeth. The instructions also explain when each
tip is used during the process and provide safety instructions. A fluoride patch may also be
included in the kit.

[{0055] It will be understood by those of skill in the art that numerous and
various modifications can be made without departing from the spirit of the present
invention. Therefore, it should be clearly understood that the forms of the present
invention are illustrative only and are not intended to limit the scope of the present

invention.
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WHAT IS CLAIMED IS:

1. An apparatus for the treatment of a tooth, comprising

a handpiece having a longitudinal axis;

a light source having a wavelength in the range of between from about 400
nm to about 810 nm,;

wherein said handpiece is adapted to output light from said laser
transversely to said longitudinal axis to provide an output light beam, said
handpiece further adapted to provide at least two different spot sizes for said output
beam, one of said spot sizes being relatively large and sized to treat lingual, buccal
or occlusal surfaces of the teeth, thé other of the spot sizes being relatively small
and sized to treat interproximal surfaces of the teeth; and

wherein the light emitted by éaid light source has a power which provides an
energy and energy density for said output beam sufficient to vaporize water and
organic material in the tooth enamel without damaging the pulp of the tooth.

2. The apparatus of Claim 1, wherein said light source comprises a continuous
wave laser that provides a power for said output beam of no more than 350 watts.

3. The apparatus of Claim 1, wherein said handpiece and light source are
integrated into a single hand-held unit.

4. The apparatus of Claim 1, wherein said handpiece comprises a first tip and a
second tip, each having an output aperture through which said output beam is output, and
each of which provides a different spot size for said output beam, wherein said handpiece is
adapted to allow said tip to be exchanged with said second tip.

5. The apparatus of Claim 1, wherein said apparatus is in the form of a kit, said
kit comprising at least one source of fluoride. |

6. The apparatus of Claim 5, Wherein said fluoride is provided in the form
selected from the group consisting of one or more of the following: a mouthwash, a
toothpaste, a gel, a restorative material, and a patch.

7. A method of treating a living tooth in a mammal's mouth, comprising:

irradiating the unexposed and occlusal surfaces of said tooth with light having a
wavelength in the range of between from about 400 nm to about 810 nm, and an energy and
an energy density sufficient to vaporize water and organic material without damaging the

pulp of the tooth.
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8. The method of Claim '7, wherein said treatment heats the localized
sites to a temperature of no more than about 250 °C.

9. The method of Claim 7, wherein said treatment heats the localized
sites to a temperature of no more than about 200 °C.

10. The method of Claim 7, wherein said treatment heats the localized
sites to a temperature of no more than about 100 °C.

11. The method of Claim 7, wherein said treatment heats the localized
sites to a temperature of no more than about 50 °C.

12. The method of Claim 7, wherein the unexposed surfaces comprises
the subgingival, interproximal, and contact areas of the tooth.

13. The method of Claim 7, wherein the vaporization of organic material

and water occurs from 3 microns to 50 microns beneath the surface of the tooth.

14. The method of Clairn“7 , wherein the energy density is between about
5 J/em® to 65 J/cm?. -

15. The method of Claim 7, wherein the energy density is between about
5 J/em? to 30 J/em?.

16. The method of Claim 7, wherein the energy density is between about
5 J/em? to 12 J/em®,

17. The method of Claim 7, further comprising bonding a chemical
agent to the crystalline structures of the tooth after removal of the organic compound.

18. The method of Claim 7, wherein said light beam is a coherent light
source.

19. The method of Claim 18, wherein said coherent light source is a
laser.

20. The method of Claim 19, wherein said laser is an argon laser.

21. The method of Claim~19, wherein said laser comprises a diode laser.

22. The method of Claini 7, wherein said light beam is an noncohere’nt

light source.

23, The method of Claim 22,wherein said noncoherent light source is an’
LED. |

24, The method of Claim 17, wherein said chemical agent is fluoride.
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25. The method of Claim 24, wherein the effective concentration of
fluoride is less than or equal to 200 ppm of stannous fluoride (0.08%) or 1000 ppm of
sodium fluoride (0.275%).

3

26. The method of Claim 20, wherein the argon laser beam is applied at
250mW.
27. The method of Claim 20, wherein the laser is applied for 10 seconds

for each treated surface.

28. The method of Claim 24, wherein said fluoride acts by binding to
hydroxide groups within the hydroxyapatite crystal.

29. The method of Claim 7, wherein said tooth is treated for a period of
time of more than 1 sec for each treated surface.

30. The method of Claim 17, wherein the chemical agent is applied as a
restorative agent selected from the group consisting of: a toothpaste, a mouthwash, a gel, a

paste, and a patch.

-17-



PCT/US03/06902

WO 03/076015

1/5

&/ I/

%m.\l/\

.

oo/

v/ 9L

74

N e

QN//

<ENYA




WO 03/076015
2/5

PCT/US03/06902

__________________________ ,\_ |
75 :’"/%
|
707
90 I
’\ — |
, I
| |
&0
—————————————————— cr—f—————t———1
| R
624 o\ T el
'\\v? 0zt
I
|
I
|
|
I
I
|
I
]
F16.25 . D
\_ .



PCT/US03/06902

WO 03/076015

3/5




WO 03/076015
4/5

700

775

103

790
e
— .
C
]

Bmm

/ 96
HG. 4

75

PCT/US03/06902



WO 03/076015 PCT/US03/06902
5/5

N—T T

F16. 54

102

N




INTERNATIONAL SEARCH REPORT '"*ef"a“‘.“f’*"*°a”°“ No
PCT/US 03/06902

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 A6IN5/067 A61N5/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 A6IN A61C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 00 67048 A (PREMIER LASER SYSTEMS INC) 1-6

9 November 2000 (2000-11-09)

page 5, line 18 -page 7, line 4

page 10, line 26 -page 11, line 4

page 12, line 25 -page 13, Tine 13

page 14, 1ine 23 -page 15, line 2
figures 1A,2

X DE 100 09 004 A (ORALIA DENTALPRODUKTE 1,2,4
GMBH) 11 October 2001 (2001-10-11)
paragraphs
‘0005!,°0006!,°0009!,°0011!-°0014!,°0017!-
‘00201
figure

-

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : ] . . -

'T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

'A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or Involve an inventive step when the document is taken alone
which Is cited to establish the publication date of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but inthe art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
13 June 2003 27/06/2003
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Lohmann, S

Form PCT/ISA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

Internati pplication No

PCT/US 03/06902

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

US 5 616 141 A (CIPOLLA ANTHONY J)
1 April 1997 (1997-04-01)
abstract
cotumn 4, 1ine 8 - line 27
figures 3,5,7

US 6 102 696 A (CREAMER ALAN AUSTIN ET
AL) 15 August 2000 (2000-08-15)
column 2, Tine 1 - 1ine 11
column 4, Tine 54 - Tine 58
figures 2,3

WO 98 58595 A (KIMMEL ANDREW I ;RIZOIU
TI0OANA M (US); BIOLASE TECHNOLOGY INC (US))
30 December 1998 (1998-12-30)
page 2, line 18 -page 3, line 29

page 9, line 26 -page 10, line 26

figure 1

EP 0 743 029 A (CERAMOPTEC GMBH)

20 November 1996 (1996-11-20)

column 1, Tine 48 -column 2, line 35
column 5, 1ine 53 -column 6, line 11

1,2,4

1,3

1-6

3,5,6

Form PCT/ISA/210 (continuation of second sheet) (July 1992)




lnter'nal application No.
INTERNATIONAL SEARCH REPORT PCT/US 03/06902

Box 1 Observations where certain cilaims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

7-30
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapy

2. I:I Claims Nos.:

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningiul International Search can be carried out, spegcifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4, D No required additional search fees were timely paid by the applicant. Consequently, this International Search Reportis
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 {continuation of first sheet (1)) (July 1998)




INTERNATIONAL SEARCH REPORT

ion on patent family members

Internati

pplication No

PCT/US 03/06902

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 0067048 A 09-11-2000 US 6439888 Bl 27-08-2002
AU 4698100 A 17-11-2000
CA 2370456 Al 09-11-2000
EP 1180983 A2 27-02-2002
Wo 0067048 A2 09-11-2000
US 2002182563 Al 05-12-2002

DE 10009004 A 11-10-2001 DE 10009004 Al 11-10-2001

US 5616141 A 01-04-1997  NONE

US 6102696 A 15-08-2000  NONE

WO 9858595 A 30-12-1998 AU 8155098 A 04-01-1999
EP 0996388 Al 03-05-2000
WO 9858595 Al 30-12-1998

EP 0743029 A 20-11-1996 US 5658148 A 19-08-1997
DE 69622324 D1 22-08-2002
DE 69622324 T2 13-03-2003
EP 0743029 A2 20-11-1996
N 6056548 A 02-05-2000

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

