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(57) ABSTRACT 

Described are a handpiece, a coupling, and a device With a 
laser source and handpiece for emitting a laser beam for 
dental treatment. In order to avoid damage to the healthy tooth 
tissue, an improved determination of the tooth temperature by 
measurement of at least part of the heat radiation emitted from 
the treatment area using a temperature sensor, preferably an 
infra-red sensor, is carried out. Upon reaching or exceeding a 
temperature threshold, the emission of the laser beam to the 
treatment area is interrupted or the poWer output of the laser 
source reduced or the user made aWare of the violation of the 
threshold value using an acoustic or visual signal. The tem 
perature sensor can be located, e. g., on the handpiece or on the 
coupling, such as on the coupling tube. 
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DENTAL LASER TREATMENT DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuation of US. 
patent application Ser. No. 11/118,304, ?led Apr. 28, 2005, 
Which claims priority fromAustrian PatentApplication No.A 
730/2004, ?led Apr. 28, 2004. These applications are incor 
porated herein by reference. 

FIELD 

[0002] The present invention relates to a handpiece, a cou 
pling and a device With a laser source and handpiece for 
emitting a laser beam for dental treatment. 

DESCRIPTION OF PRIOR ART 

[0003] The aim of every therapeutic or diagnostic treatment 
is, beside the treatment of actual medical problems, to avoid 
side effects such as injuries to healthy tissue. In the case of 
dental treatment using laser beams the tooth is subject to heat 
caused by energy transfer, Whereby healthy tooth material 
adjoining the carious regions, and the tooth pulp With its 
associated nerve endings in particular, is affected. If in?am 
matory processes occur, pain attacks can be initiated at pulp 
temperatures as loW as 370 C. and irreversible damage be 
caused by long-term thermal stressing up to and including 
complete loss of vitality of the treated tooth. 
[0004] Despite the use of cooling media, in particular cool 
ing liquids or cooling air, su?icient cooling of the healthy 
tooth tissue surrounding the treatment area is not fully guar 
anteed. In order to avoid damage to the healthy tooth tissue a 
device and a method for monitoring the tooth temperature is 
disclosed in EP 941 707 A2, Which alloW use of the operating 
parameters of the laser, the treatment duration and informa 
tion on the tooth to be treated to calculate the temperature 
prevalent in the tooth. The disadvantage of this device is that 
determination of the tooth temperature is performed solely by 
means of the calculations carried out by the control unit, 
based in part on the values entered before treatment com 
mences, and therefore does not re?ect the actual treatment 
situation at the tooth. The calculated values therefore provide 
the user only With an approximate estimate of the temperature 
conditions at the tooth. Moreover, the input of parameters 
before each treatment is time-consuming for the user. 
[0005] The present invention therefore has the aim of pro 
viding a device for emitting a laser beam for dental treatment 
With an improved determination of the tooth temperature. 

SUMMARY 

[0006] Disclosed beloW are representative embodiments 
that are not intended to be limiting in any Way. Instead, the 
present disclosure is directed toWard novel and nonobvious 
features, aspects, and equivalents of the embodiments of the 
Wire strapper dispenser for use With a press and methods 
described beloW. The disclosed features and aspects of the 
embodiments can be used alone or in various novel and non 
obvious combinations and sub-combinations With one 
another. 
[0007] The invented handpiece, Which can be executed as a 
straight or contra-angle handpiece With an angled head, 
depending on the application, or the invented coupling, are 
equipped With a temperature sensor, e. g., an infra-red sensor, 
Which measures the intensity of the heat radiation emitted by 
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the tooth and in particular by the tissue around the treatment 
area (and thus the temperature of the tissue around the treat 
ment area). The heat radiation emitted by the tooth is in the 
Wavelength range greater than 5.0 pm and is thus suf?ciently 
differentiated from the Wavelength of the laser beam, Which 
does not exceed 3.5 pm. Preferentially, therefore, a tempera 
ture sensor With a measuring range not beloW 5.0 um is used, 
ensuring that the temperature sensor does not react to the laser 
beam. Alternatively, the temperature sensor can be ?tted With 
a ?lter, preferably a spectral ?lter, Which ?lters out Wave 
lengths smaller than 5.0 pm. 
[0008] In a ?rst embodiment the temperature sensor is ?tted 
to the outside of the handpiece, preferably on the outerperim 
eter of the distal end of the handpiece in the immediate vicin 
ity of the ori?ce for emitting the laser beam. In accordance 
With a second preferred embodiment, the temperature sensor 
is located inside the handpiece, in particular in the optical 
path of the laser light or inside the coupling, alloWing better 
protection from soiling and damage. 
[0009] If the temperature sensor is located inside part of the 
handpiece/ coupling in particular, Which is held in the hand by 
the user for a prolonged period, there is a danger of the body 
heat of the user Warming the hand grip sleeve and the radia 
tion of the hand grip sleeve subsequently in?uencing and 
falsifying the measurement of the heat radiation. The hand 
piece and/or the coupling is therefore preferably equipped 
With an inner sleeve located inside the hand grip sleeve and 
connected to ?xed components Within the handpiece. A gap 
betWeen the hand grip and the inner sleeve serves as an 
insulator. In addition, the gap betWeen the tWo sleeves can be 
connected to a rotor Wheel, preferably located in the control 
unit, Which forces cooling air into the gap by means of a 
supply tube. The heat is convectively transported from the 
handpiece With the cooling air by means of an opening in the 
proximal area of the handpiece/coupling or via a return air 
line in the supply tube and the radiation of the hand grip sleeve 
thus reduced. 
[0010] Additional protection from the radiation of the hand 
grip sleeve is achieved by casing the temperature sensor, 
preferably in a metallic encapsulation, With a WindoW of Zinc 
selenide or germanium to alloW passage of the heat radiation 
and a bore for the signal Wire, sealed from the interior of the 
handpiece by a seal, preferably an O-ring. This also protects 
the temperature sensor from direct contact With vapours or 
chemicals during cleaning or disinfection. 
[0011] Determination of the temperature at the treatment 
location is limited to a relatively small range betWeen 
approximately 370 C. (body temperature of a healthy human) 
and approximately 430 C. (thermal stimulus threshold of the 
nerves in the pulp). The thermal Wavelengths corresponding 
to this temperature range are thus situated approximately in 
the range of about 9.0 to about 9.4 pm. It folloWs that in a 
preferred embodiment the detection range of the temperature 
sensor may be limited to a range of about 9.0 to about 9.4 pm, 
in particular a range of about 9.10 to about 9.35 um, or the 
temperature sensor be ?tted With a ?lter Which separates out 
the Wavelengths outside of this range. 
[0012] With the help of the procedure for controlling the 
poWer output of a laser source in a device for emitting a laser 
beam for dental treatment and the process steps: 
[0013] emission of a laser beam to a treatment area, 

[0014] measurement of at least part of the heat radiation 
emitted from the treatment area by means of a temperature 
sensor, preferably With an infra-red sensor, 
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[0015] emission of a signal by the temperature sensor pro 
portional to the intensity of the heat radiation, 
[0016] guidance of the signal to and processing by the 
evaluation and control electronics, 
[0017] interruption of emission of the laser beam to the 
treatment area or reduction of poWer output of the laser source 
the chance overheating and damage of the healthy tooth tissue 
and the pulp neighbouring the treatment area is reduced dur 
ing treatment. 
[0018] The process for Waming a user about the reaching or 
exceeding a given temperature threshold during dental treat 
ment With the process steps: 
[0019] emission of a laser beam to a treatment area, 
[0020] measurement of at least part of the heat radiation 
emitted from the treatment area by means of a temperature 
sensor, preferably With an infra-red sensor, 
[0021] emission of a signal by the temperature sensor pro 
portional to the intensity of the heat radiation, 
[0022] guidance of the signal to and processing by the 
evaluation and control electronics, 
[0023] generation and emission of an acoustic or visual 
signal When reaching or exceeding the temperature threshold 
by an electrical acoustic or light element connected to the 
electronics, preferably a LED, provides immediate alarming 
of the user if critical temperature ranges are reached or 
exceeded. Preferably, When reaching or exceeding the tem 
perature threshold, the emission of the laser beam to the 
treatment area is interrupted or the poWer output of the laser 
source reduced. 

[0024] A procedure for intermittent emission of a laser 
beam and measurement of the heat radiation With the process 
steps: 
[0025] emission of a laser beam to a treatment area, 
[0026] interruption of the laser beam emission 
[0027] measurement of at least part of the heat radiation 
emitted from the treatment area by means of a temperature 
sensor, preferably With an infra-red sensor, 
[0028] emission of a signal by the temperature sensor pro 
portional to the intensity of the heat radiation, 
[0029] guidance of the signal to and processing by the 
evaluation and control electronics, 
[0030] reneWed emission of the laser beam to a treatment 
area if the given temperature threshold is not reached or 
exceeded reduces the danger of in?uencing detection of heat 
radiation by the temperature sensor, in particular for laser 
sources that emit long Wave radiation, e.g. CO2 lasers. Pref 
erably, When reaching or exceeding the temperature thresh 
old, the emission of the laser beam to the treatment area is 
again interrupted or the poWer output of the laser source 
reduced or an acoustic or visual signal generated and emitted. 
[0031] The invention is described beloW based on preferred 
embodiments and With reference to the draWings provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 shoWs the invented device for emitting a laser 
beam for dental treatment. 
[0033] FIG. 2 shoWs a ?rst embodiment of the invented 
handpiece. 
[0034] FIG. 3 shoWs an embodiment of the invented cou 
pling With a handpiece. 
[0035] FIG. 4 shoWs a second embodiment of the invented 
handpiece. 
[0036] FIG. 5 shoWs a third embodiment of the invented 
handpiece. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] The invented device 100 for emitting a laser beam 
for dental treatment in accordance With FIG. 1 consists of a 
casing 101, containing the laser source and a control device 
With evaluation and control electronics, preferably as part of 
a microprocessor. The electronics serve as open and closed 
loop controls for the operating parameters, for example the 
poWer output of the laser source or volume control of the 
cooling media Water and air, and for processing the signals 
from the sensors, Which are connected to the handpiece 1 or 
the coupling 20. On the display 102, Which is connected to the 
electronics, the user can read off operating data and select 
programmes or alter parameters With the help of a numbers of 
push buttons 103. Via an interface 104 the evaluation and 
control electronics are connected to a printer for output of the 
operating settings and treatment parameters. Preset operating 
programs and editable settings and parameters are stored in 
one or more memories connected to the electronics or can be 

accessed from there. A supply tube 105 containing lines for 
cooling liquid, cooling air, a ?bre optic cable for the laser 
beam and further lines for signal transmission and electricity 
supply to illumination elements connects the coupling 20 and 
the handpiece 1 to the laser source and electronics Within 
casing 101 and the connections for the external sources of 
electricity, compressed air and liquids. Of course, instead of 
the supply tube 105 an articulated mirror arm may be used to 
transmit the laser beam. The laser source can be any source 
emitting a laser beam in the Wavelength range from about 400 
nm to about 3 .5 um, in particular from about 700 nm to about 
1.064 nm. 

[0038] The invented handpiece 1 shoWn in FIG. 2 is 
designed as a contra angle handpiece With a hand grip 3 and 
an angled head 2. By means of the ?bre optic cable 8, Which 
protrudes into the handgrip sleeve 4 of the handpiece 1, the 
laser beam 10 is transmitted into the distal area of handgrip 
section 3, Where it exits the ?bre optic cable 8. After passing 
through an optical element, for example a convex lens 7, the 
laser beam 10 is de?ected toWards the exit aperture 6 in the 
head 2 of the handpiece 1 by a mirror 5 in the head, exits the 
handpiece 1 through the exit aperture 6 and is projected onto 
the treatment area 51 of the tooth 50. In order to avoid ingress 
of particles (ablated tissue, cooling liquid, etc.) into the hand 
piece 1 thus causing soiling of the mirror 5 in particular and 
other optical elements 7, a protective glass can be ?tted to the 
exit aperture 6. The protective glass is preferably designed as 
a lens or With a refraction index Which is variable across the 
cross-section for conditioning the passing beam 10, 12. 
[0039] The energy transferred by the laser beam 10 leads to 
Warming of the tooth 50 and the tissue surrounding the treat 
ment area 51 in particular. Part of this energy is emitted by the 
tooth 50 as heat radiation 12 (infra-red radiation in particular 
at a Wavelength greater than 5.0 um) to a half-space. At least 
part of this heat radiation 12 enters the handpiece 1 through 
the exit aperture 6 and can here be detected by a temperature 
sensor 11, in particular an infra-red sensor for Wavelengths 
greater than 5.0 um, preferably an infra-red sensor for Wave 
lengths in the range of about 9.0 pm to about 9.4 pm, most 
preferably in the range of about 9.10 pm to about 9.35 pm. 
The temperature sensor 11 generates a signal corresponding 
to the intensity of the heat radiation 12 (and thus the tempera 
ture of the tissue surrounding the treatment area 51), Which is 
transmitted to the evaluation and control electronics 15, 
Which are formed as part of the handpiece 1 (see FIG. 4), the 
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coupling 20 or the device 100, via a signal Wire 9. The evalu 
ation and control electronics, preferably forming an integral 
part of the microprocessor in the device 100, receive, process 
and compare the signals to a preset temperature threshold and 
interrupts the laser beam 10 to the treatment area if the tem 
perature threshold is reached or exceeded, preferably by clos 
ing a shutter in the path of the laser beam 1 0. Alternatively, the 
poWer output of the laser source can be reduced or the user be 
made aWare of exceeding the threshold value by an acoustic 
or visual signal, for example by illumination of a Warning 
light. 
[0040] The temperature threshold (or a temperature range) 
is stored in a memory connected to the electronics. It is 
entered by the handpiece 1 or device 100 manufacturer. HoW 
ever, the user can preferably edit the temperature threshold 
via the push buttons 103 (FIG. 1) and thus take special treat 
ment requirements into consideration, e. g. for an already 
in?amed tooth, by reducing the threshold value. 
[0041] In accordance With FIG. 2, the temperature sensor 
11 is located in the head 2 of the handpiece 1, alloWing 
favourable proximity of the temperature sensor 11 to the 
treatment area 51 and thus to the source of the heat radiation 
12. The temperature sensor 11 is preferably located behind 
the mirror 5 and thus outside of the optical path of the laser 
beam 10. The mirror 5 is designed as a semi-transparent 
mirror Which re?ects Wavelengths beloW 3.5 pm, preferably 
beloW 1.1 pm, i.e. the laser beam 10 or plasma radiation 
occurring as a result of the treatment of the tooth and Which is 
transmitted for evaluation to an evaluation device forming 
part of the laser treatment device, and Which is transparent to 
Wavelengths above 5.0 um, preferably betWeen about 9.0 to 
about 9.4 pm, most preferably betWeen about 9.10 to about 
9.35 pm, i.e. heat radiation 12. 

[0042] If it is not possible, for example due to space con 
siderations, to locate the temperature sensor 11 in the head 2 
of the handpiece 1, the temperature sensor 11 may be located 
in the grip 3. The temperature sensor 1 1 is preferably arranged 
betWeen the distal opening 6 and the nearest optical element 
for the laser beam, for example a lens 7 or a scanner, in order 
to ensure that the properties of the optical element (and any 
folloWing optical elements), for example transmission or 
re?ection properties, only need be optimised for the laser 
beam 10. 

[0043] FIG. 4 shoWs an embodiment in Which the tempera 
ture sensor 11 is located in the optical path of the laser beam 
10 in the grip 3. For the term optical path We understand the 
cavity for passage of the ?bre optic cable 8 or the free laser 
beam 10 in the handpiece 1. In contrast to FIG. 2, the laser 
source 17 here is located in the handpiece 1, making a ?bre 
optic cable 8 for transmitting the laser beam 10 redundant. A 
tWo-part protective glass cover 6A, 6B is ?tted to the exit 
aperture 6, Whereby the tWo protective glasses 6A, 6B possess 
different properties for preparing the different types of radia 
tion, preferably different focal lengths or different refraction 
indices, or the glasses 6A, 6B are manufactured from differ 
ent materials. Of course, instead of a tWo- or more part pro 
tective glass a one-piece glass can also be used, divided into 
tWo or more areas of differing properties. The properties of 
protective glass 6A are optimised for the laser beam 10, Which 
preferably passes through protective glass 6A. It is preferably 
manufactured from quartz glass and in designed as a convex 
lens, Which bundles the laser beam 10 passing out through the 
handpiece 1. Protective glass 6B is preferably manufactured 
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from Zinc selenide or germanium and also designed as a 
convex lens, but intended to bundle the heat radiation 12 for 
transfer into the handpiece 1. 
[0044] By means of a mirror 13 the heat radiation 12 
advances further to one or more ?lters 14, Whereby the ?lter 
14 is either a resonator (Etalon), transmission ?lter, refraction 
?lter (prism) or diffraction ?lter (grid). The ?lter 14 ?lters 
Wavelengths smaller than 5.0 pm, preferably outside of the 
range of about 9.0 to about 9.4 pm, in particular of about 9.10 
to about 9.35 pm. The ?ltered heat radiation 12 ?nally arrives 
at the temperature sensor 11, Which sends a signal corre 
sponding to the intensity of the heat radiation 12 along the 
signal Wire 9 to an ampli?er 18 located in the grip 3 and 
further to the evaluation and control electronics 15 located on 
a circuit board. The electronics 15 are connected to the laser 
source 17 by a further signal Wire 16 Which affects an inter 
ruption of the laser beam 10, or a reduction in the poWer 
output of the laser source 17, if a temperature threshold is 
reached or exceeded. Of course, further optical elements for 
preparing the heat radiation 12 may be located betWeen the 
mirror 13 and the temperature sensor 11, for example lenses. 
An additional digitisation unit (analogue-digital converter) 
can be connected to the temperature sensor 11 to convert the 
analogue signal of the temperature sensor 11 to a digital 
signal, making the signal transmission independent of the 
current strength. 
[0045] FIG. 3 shoWs the invented coupling 20 connected to 
the handpiece 1, Which serves as a connector betWeen the 
handpiece 1 and the supply tube 105 (FIG. 1). The coupling 
20 is preferably implemented as a rotary coupling, enabling 
the user to rotate the handpiece 1 against the coupling 20 and 
the neighbouring components during treatment. The laser 
beam 10 is transferred to the mirror 5 via the optical path in 
the coupling 20, by means of optical elements, for example a 
lens 7, through the optical path in the coupling tube 21 and the 
distal end of the grip 3. The heat radiation 12 emitted by the 
treatment area 51 is also de?ected by the mirror 5 into the 
optical path of the laser beam 10. The Wide re?ection range 
(about 400 nm to about 10.60 pm) of the mirror 5 is preferably 
achieved by multiple coating of the mirror surface to facilitate 
selective re?ection of certain Wavelength ranges. Altema 
tively, a purely metal mirror can be employed. 
[0046] The temperature sensor 11 for measuring the heat 
radiation 12 is ?tted to the coupling tube 21, preferably in the 
optical path of the laser beam 10. Favourable for this arrange 
ment is that by freeing the handpiece 1 from the coupling 20, 
the temperature sensor 1 1 can be removed from the handpiece 
1 and the handpiece 1 thus be sterilised Without further prob 
lems. This is particularly important for applications involving 
the removal of tissue and simultaneous use of cooling media, 
in particular cooling liquids, as the danger of particles and 
pathogens entering the handpiece 1 on droplets of liquid is 
particularly great and can lead to cross-contamination 
betWeen patients. Also, With the temperature sensor 11 
located on the coupling 20, no contacts, for example sliding 
contacts and sliprings, are required to transfer the signals 
across the handpiece 1/coupling 20 interface. The transmis 
sion and evaluation of the signal from the temperature sensor 
11 corresponds to the description to FIGS. 2 and 4. To avoid 
repetition, this Will not be dealt With further here. 
[0047] The length of the coupling tube 21 is preferably 
dimensioned such that the distal end of the coupling tube 21 
reaches close to the head 2 of the handpiece 1 and the tem 
perature sensor 11 is located in the distal area of the coupling 
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tube 21. This, in turn, allows close proximity of the tempera 
ture sensor 11 to the treatment area 51 and thus to the source 
of the heat radiation 12, Which results in a reduction in attenu 
ation and scattering of the heat radiation 12 With increasing 
distance. 
[0048] In place of the tWo mirrors 5, 13, only one mirror 5 
is used in the handpiece 1 shoWn in FIG. 5. The mirror 5 has 
a front surface 5B (i.e. a side close to the laser source) and a 
rear surface 5A (i .e. a side further aWay from the laser source). 
Both sides 5A, 5B are coated With different materials, such 
that only one of the tWo types of radiation 10, 12 is selectively 
re?ected respectively by one of the tWo sides 5A, 5B. In FIG. 
5, for example, the front surface 5B re?ects radiation beloW 
about 3.5 pm (laser beam 10) and alloWs radiation above 
about 5.0 pm (heat radiation 12) to pass, Which is then 
re?ected by the rear surface 5A. In this Way it is possible to 
achieve beam separation and heat radiation 12 is de?ected to 
temperature sensor 11 located in the side of the optical path of 
the laser beam 10. To amplify the de?ection the tWo re?ecting 
sides 5A, 5B are arranged approximately antiparallel. 
[0049] The invention is not restricted to the described 
embodiments, but encompasses all possible embodiments 
that do not alter the basic design principle of the invention and 
analogous functions. 

We claim: 
1. A device for emitting a laser beam for dental treatment 

With a laser source, the device comprising: 
a handpiece having an exit aperture through Which the laser 
beam is directed toWard a treated tooth; 

a coupling for connecting the handpiece to the laser source, 
Wherein the coupling is arranged betWeen the exit aper 
ture of the handpiece and the laser source, the coupling 
comprising a temperature sensor that detects heat radia 
tion emitted by the treated tooth; 

Wherein the coupling and the temperature sensor are 
detachable from the handpiece. 

2. The device according to claim 1, Wherein the tempera 
ture sensor comprises an infrared sensor. 

3. The device according to claim 1, Wherein the tempera 
ture sensor is located inside the coupling or on the coupling. 

4. The device according to claim 1, Wherein the tempera 
ture sensor is located in an optical path of the laser beam. 

5. The device according to claim 1, Wherein the tempera 
ture sensor is located outside of an optical path of the laser 
beam. 

6. The device according to claim 1, Wherein the handpiece 
comprises a mirror Which is con?gured to de?ect the heat 
radiation emitted by the treated tooth toWards the temperature 
sensor in the coupling. 

7. The device according to claim 1, Wherein the handpiece 
comprises a mirror Which is con?gured to de?ect the laser 
beam toWards the treated tooth and to de?ect the heat radia 
tion emitted by the treated tooth toWards the temperature 
sensor in the coupling. 

8. The device according to claim 1, comprising an evalua 
tion and control circuit, Which receives signals from the tem 
perature sensor, processes the signals and, if a preset tempera 
ture threshold is reached or exceeded, interrupts the laser 
beam to the treatment area or reduces the poWer output of the 
laser source or brings the violation of the threshold value to 
the attention of the user through an acoustic or visual signal. 

9. The device according to claim 1, Wherein the tempera 
ture sensor detects Wavelengths greater than 5.0 um or Wave 
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lengths in the range from about 9.0 pm to about 9.4 pm or 
Wavelengths in the range from about 9.10 pm to about 9.35 
pm. 

10. The device according to claim 1, comprising an inner 
sleeve in the coupling for shielding the temperature sensor 
from heat radiation across an outer sleeve of the coupling. 

11. The device according to claim 1, Wherein the coupling 
comprises a rotary coupling for rotating the handpiece rela 
tive to the coupling. 

12. The device according to claim 1, Wherein the coupling 
further comprises one of a supply tube or an articulated mirror 
arm. 

13. A device for emitting a laser beam for dental treatment 
With a laser source, the device comprising: 

a handpiece for transmitting the laser beam, the handpiece 
having an exit aperture through Which the laser beam is 
directed toWard a treated tooth and a temperature sensor 
that detects heat radiation emitted by a treated tooth. 

14. The device according to claim 13, Wherein the tempera 
ture sensor comprises an infrared sensor. 

15. The device according to claim 13, Wherein the tempera 
ture sensor is located on an outer perimeter of a distal end of 
the handpiece. 

16. The device according to claim 13, Wherein the tempera 
ture sensor is located in the vicinity of the exit aperture 
through Which the laser beam is directed toWard the treated 
tooth. 

17. The device according to claim 13, Wherein the tempera 
ture sensor is located in an optical path of the laser beam. 

18. The device according to claim 13, Wherein the tempera 
ture sensor is located outside of an optical path of the laser 
beam. 

19. The device according to claim 13, Wherein the hand 
piece comprises a grip part for manually holding the hand 
piece and a head part having the exit aperture through Which 
the laser beam is directed toWard the treated tooth, Wherein 
the temperature sensor is located in one of the grip part and 
the head part. 

20. The device according to claim 13, Wherein the tempera 
ture sensor is located betWeen the exit aperture through Which 
the laser beam is directed toWard the treated tooth and the 
nearest optical element for the laser beam. 

21. The device according to claim 13, Wherein the hand 
piece comprises a mirror Which is con?gured to de?ect the 
laser beam toWards the treated tooth and to de?ect the heat 
radiation emitted by the treated tooth toWards the temperature 
sensor. 

22. The device according to claim 21, Wherein the mirror 
has a front surface and a rear surface With different coatings 
for selective re?ection of the laser beam and the heat radiation 
emitted by the treated tooth. 

23. The device according to claim 13, Wherein the hand 
piece comprises a semi-transparent mirror Which is con?g 
ured to de?ect the laser beam and Which is transparent to heat 
radiation emitted by the treated tooth, Wherein the tempera 
ture sensor is located at the rear of the mirror and the heat 
radiation gets to the temperature sensor through the mirror. 

24. The device according to claim 13, Wherein the hand 
piece comprises a ?rst mirror con?gured to de?ect the laser 
beam and a second mirror con?gured to de?ect the heat 
radiation emitted by the treated tooth toWards the temperature 
sensor. 

25. The device according to claim 13, comprising an evalu 
ation and control circuit, Which receives signals from the 
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temperature sensor, processes the signals and, if a preset 27. A method for determining the temperature of a tooth 
temperature threshold is reached or exceeded, interrupts the Which is irradiated With a laser beam, the method Comprising: 
laser beam to the treatment area or reduces the poWer output amitting _a laser beam towards the_ tooth, 
of the laser source or brings the Violation of the threshold lmerruPnng the laser beam emlsslon’ _ _ _ 
Value to the attention of the user through an acoustic or Visual measttnng .at least a part Ofthe heat radlanon emmed from 
Signal‘ the~1rrad1ated tooth by means of a temperature sensor or 

an 1nfra-red sensor to determ1ne the temperature of the 
26. The device according to claim 13, Wherein the tempera- tooth’ 

ture Sensor detects Wavelengths greater than 5-0 P-m or Wave‘ emitting a laser beam toWards the tooth if a given tempera 
tengths in the range from about 9-0 P-m to about 9-4 Hm Or ture threshold of the tooth is not reached or exceeded. 
Wavelengths in the range from about 9.10 um to about 9.35 
pm * * * * * 


