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(54) RECOGNIZING DEVICE FOR TOOTH STATE

(57)Abstract:

PROBLEM TO BE SOLVED: To recognize the influence of

carious tooth and bacterial plaque and the infection of a

tooth by bacteria with high detecting precision and

reliability.

SOLUTION: This device has a light source 1 directed to a

tooth 4 to be inspected and generating an exciting emitted

light for exciting a fluorescent emitted light 10 in the tooth

4; a detecting device 8 for detecting the fluorescent emitted

light 10 from the tooth 4; and a spectrum filter 7 set in the

front of the detecting device 8. The wavelength of the

exciting emitted light 9 of the light source 1 is set between

600nm and 670nm. The intensity difference between the

fluorescence spectrum in carious tooth area and the

fluorescence spectrum in healthy tooth area is extended by

these means, and the recognition of a carious tooth is

facilitated.
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation,

1 .This document has been translated by computer. So the translation may not reflect the original

precisely.

2 **** sj10ws the worcj which can not be translated.

3. In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1]A light source (1) made to generate excitation radiation light (9) which makes a gear

tooth (4) which should be inspected direct and excites fluorescence synchrotron radiation (10) in

the gear tooth (4).

A sensing device (8) which detects fluorescence synchrotron radiation (10) of the above-

mentioned gear tooth (4).

A spectrum filter (7) installed in anterior part of the above-mentioned sensing device (8).

Wavelength of excitation radiation light (9) which is a recognition device of a state of a gear

tooth provided with the above, and is generated from the above-mentioned light source (1) is

among 600 (nm) to 670 nanometers.

[Claim 2]A recognition device of a state of the gear tooth according to claim 1 constituted so that

the above-mentioned spectrum filter (7) may pass synchrotron radiation of long wave length

from 670 nanometers.

[Claim 3]A recognition device in a state of the gear tooth according to claim 1 or 2 where

wavelength of excitation radiation light (9) generated from the above-mentioned light source (1)

is from 630 nanometers to 650 nanometers.

[Claim 4]A recognition device in a state of the gear tooth according to any one of claims 1 to 3

where the above-mentioned spectrum filter (7) is constituted by a colored glass interception filter

or diffraction grating.

[Claim 5]A recognition device in a state of the gear tooth according to any one of claims 1 to 4

where the above-mentioned spectrum filter (7) is weak fluorescence.

[Claim 6]A recognition device in a state of the gear tooth according to any one of claims 1 to 5

where the above-mentioned spectrum filter (7) passes synchrotron radiation which has

wavelength in 800 nanometers from 670 nanometers.

[Claim 7]A recognition device in a state of the gear tooth according to any one of claims 1 to 5

where the above-mentioned spectrum filter (7) and a spectrum filter which passes synchrotron

radiation with a wavelength of 800 nanometers or less further in series are provided.

[Claim 8]A recognition device in a state of the gear tooth according to any one of claims 1 to 7

of having at least one photo-diode as a photosensitive element in the above-mentioned sensing

1



device (8).

[Claim 9]A recognition device in a state of the gear tooth according to any one of claims 1 to 8

where an evaluation system (12) which determines a dental state is connected to the above-

mentioned sensing device (8) based on fluorescence synchrotron radiation (10) of a gear tooth

(4) inspected by the sensing device (8) concerned.

[Claim 10]A recognition device in a state of the gear tooth according to any one of claims 1 to 9

where an amplifier for amplifying fluorescence synchrotron radiation (1) of the above-mentioned

gear tooth (4) is provided.

[Claim 1 1]A recognition device in a state of the gear tooth according to any one of claims 1 to 10

where the above-mentioned sensing device (8) has a photoelectric electron multiplier tube.

[Claim 12]A recognition device of a state of the gear tooth according to any one of claims 1 to

12 spread with a light pipe (3, 6) by the above-mentioned excitation radiation light (9) and

fluorescence synchrotron radiation (10) of the above-mentioned gear tooth (4).

[Claim 13]Via a lens system connected with the excitation radiation light (9) concerned,

excitation radiation light (9) generated by the above-mentioned light source (1) is led to a light

pipe (3), and And/. Or a recognition device of a state of the gear tooth according to claim 12

spread for a gear tooth via a lens system installed in a termination of the above-mentioned light

pipe (3).

[Claim 14]Via a lens system connected with the fluorescence synchrotron radiation (10)

concerned, the above-mentioned fluorescence synchrotron radiation (10) is supplied to a light

pipe (6), and And/. Or a recognition device of a state of the gear tooth according to claim 12 or

1 3 spread to a spectrum filter via a lens system installed in a termination of the above-mentioned

light pipe (6).

[Claim 1 5]A recognition device in a state of the gear tooth according to any one of claims 12 to

14 where a light pipe (3, 6) which became independent, respectively was provided in the above-

mentioned excitation radiation light (9) and the above-mentioned fluorescence synchrotron

radiation (10).

[Claim 16]A recognition device in a state of the gear tooth according to any one of claims 12 to

14 where a light pipe common to the above-mentioned excitation radiation light (9) and the

above-mentioned fluorescence synchrotron radiation (10) was provided.

[Claim 17]A recognition device in a state of the gear tooth according to claim 16 where a beam
eliminator for separating the above-mentioned fluorescence synchrotron radiation (10) is formed

between the above-mentioned light source (1) and the above-mentioned light source side

termination of the above-mentioned light pipe (3).

[Claim 1 8]A recognition device of a state of the gear tooth according to claim 16 or 17

characterized by comprising the following.

At least one optical fiber (3) for the above-mentioned light pipe to spread the above-mentioned

excitation radiation light (9).

Two or more optical fibers for spreading the above-mentioned fluorescence synchrotron

radiation (10) (6a).

[Claim 19]A recognition device of a state of the gear tooth according to claim 18 arranged at the

circumference centering on at least one optical fiber (3) for an optical fiber (6a) which spreads

the above-mentioned fluorescence synchrotron radiation (10) to spread the above-mentioned

excitation radiation light (9).

[Claim 20]A recognition device in a state of the gear tooth according to claim 19 where
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chamfering work is performed outside from at least one optical fiber (3) for an optical fiber

which spreads the above-mentioned fluorescence synchrotron radiation (10) to spread the above-

mentioned excitation radiation light (9) along a diametral direction.

[Claim 21]A recognition device in a state of the gear tooth according to any one of claims 1 8 to

20 where a diameter of the above-mentioned optical fiber is about 200 micrometers (micrometer).

[Claim 22]A recognition device in a state of the gear tooth according to any one of claims 1 to 21

where the above-mentioned light source (1) is a laser diode or HeNe laser.

[Claim 23]The above-mentioned excitation radiation light (9) is modulated periodically, and the

above-mentioned sensing device (8), A recognition device in a state of the gear tooth according

to any one of claims 1 to 22 of evaluating fluorescence synchrotron radiation (10) modulated

according to modulation frequency of the above-mentioned excitation radiation light (9), and

detecting a state of a gear tooth by influence or bacteria of a cavity and a dental plaque.

[Claim 24]A recognition device in a state of the gear tooth according to claim 23 where

modulation frequency of the above-mentioned excitation radiation light (9) is a range from 100

Hz to 20 kHz.

[Claim 25]A recognition device of a state of the gear tooth according to claim 23 or 24 realized

with opening diaphram turning around periodic abnormal conditions of the above-mentioned

excitation radiation light (9).

[Claim 26]A recognition device of a state of a gear tooth given in any of claim 23 or 24 they are

performed by periodic abnormal conditions of the above-mentioned excitation radiation light (9)

changing laser diode voltage supplied to the above-mentioned laser diode.

[Claim 27]A recognition device of a state of the gear tooth according to any one of claims 1 to

26 by which a measurement signal outputted from the above-mentioned sensing device (8) is

shown with a sound.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention]This invention relates to the recognition device in the dental state of

recognizing the influence of the cavity and dental plaque according to the whereas clause of

claim 1, or infection of the gear tooth by bacteria. The gear tooth which should be inspected

especially is made to direct and it is related with the recognition device in the dental state of

having a light source which generates the excitation radiation light which excites fluorescence

synchrotron radiation in the gear tooth, a sensing device which detects the fluorescence

synchrotron radiation of the above-mentioned gear tooth, and the spectrum filter installed in the

anterior part of the above-mentioned sensing device.

[0002]

[Description of the Prior Art] It is known that the influence of a cavity and a dental plaque or

infection of the gear tooth by bacteria can be discovered a sight-check or by using X-rays.

However, the result often satisfied depending on the sight-check is not obtained. It is because the

cavity which has it in the place which the cavity of an initial stage or a gear tooth cannot observe

easily is undetectable. If the influence of the health on the human body by X-rays is taken into

consideration in spite of having proved X-rays to be a method effective in detecting sick

generating of a cavity and other gear teeth on the other hand, this inspection method is not the

optimal. Therefore, the necessity for development of the new art which recognizes existence of

the cavity in a gear tooth detectable existed.
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[0003]The non-contact inspection method of the cavity in the gear tooth ofhuman being who
irradiates German patent DE303 1249C2 with a gear tooth by substantial monochromatic light is

proposed. The synchrotron radiation of substantial monochromatic light excites the fluorescence

synchrotron radiation in a gear tooth. It was discovered that the fluorescence spectrum reflected

from the field of a cavity and a healthy gear tooth shows a clear difference. Therefore, in the red-

spectrum field (wavelength of about 550-650 nm) of a dental fluorescence spectrum, the

intensity of the fluorescence synchrotron radiation of a cavity is dramatically stronger than a

healthy gear tooth. On the contrary, in the blue-spectrum field (wavelength of about 350-450 nm)
in a fluorescence spectrum, the intensity of the fluorescence synchrotron radiation of a decayed

tooth range and the field where a gear tooth is healthy is almost the same.

[0004]German JP,3031249,B C2 irradiated with the gear tooth with light with a wavelength of

410 nm, and has proposed detecting the fluorescence synchrotron radiation of the gear tooth of

the 1st wavelength of450 nm and the 2nd wavelength of 610 nm, i.e., blue, and a red-spectrum

field with a photodetector using two filters, for example. By carrying out subtraction processing

of the fluorescence synchrotron radiation intensity detected by such a method, a healthy gear

tooth and decayed tooth range are clearly distinguishable according to the difference of radiant

intensity.

[0005]The same method is stated also to S.Albin, other papers "fluorescence excited by the laser

in a gear tooth", Proc. SPIE 907, pages 96-98, and 1988. According to it, excitation by light with

a wavelength of 488 nm is proposed.

[0006]As an advantage which added the further improvement, German patent application

DE4200741A generated dental fluorescence synchrotron radiation with the excitation radiation

light from the wavelength 360 to 580 nm, and has proposed extracting fluorescence synchrotron

radiation with a wavelength of not less than 620 nm among dental fluorescence synchrotron

radiation. By these means, the difference of the wavelength of excitation radiation light and the

wavelength of the received fluorescence synchrotron radiation is large enough, and generating of

distortion of the decision result by excitation radiation light and fluorescence synchrotron

radiation lapping can be prevented.

[0007]E. In de Josselin de Jong, other papers "quantification method of change of the first

enamel cavity in the living body by laser induced fluorescense", Caries Res. 1995, 29, and pages

2-7. It proposed irradiating with a gear tooth by laser with a wavelength of 488 nm, and detecting

fluorescence synchrotron radiation with an inner wavelength of not less than 520 nm of the

fluorescence synchrotron radiation from a gear tooth with a CCD camera. A detection result is

estimated by the computer program and a decayed tooth range can be detected.

[0008]

[Problem(s) to be Solved by the InventionJIn order to excite dental fluorescence synchrotron

radiation, excitation radiation light with a wavelength of 580 nm or less is generally used for the

known inspection method and device which were mentioned above. According to these means,

since fluorescence synchrotron radiation is generated, it is comparatively alike and a big stress

area is obtained, but the fluorescence synchrotron radiation from the organization of a healthy

gear tooth is dramatically stronger than the fluorescence synchrotron radiation from the damaged
part of a cavity. Therefore, in a known inspection method and device, In [ fluorescence

synchrotron radiation to be comparison worked and ] a specific wavelength area, The
fluorescence synchrotron radiation emitted from the adjacent healthy gear tooth and the decayed

tooth range (see E. de Josselin de Jong and the other papers), Or it is necessary to compare

mutually the measurement signal of the fluorescence synchrotron radiation from two different
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wavelength areas by a complicated method (see German patent DE303 1249C2). The known
device mentioned above is demanding a complicated structure, cannot manufacture these devices

economically, and does not almost have circulating in a commercial scene.

[0009]Generally, dispersion of the light by a dental organization increases by shortening

wavelength of excitation radiation light. Since excitation radiation light can inspect only the

surface area of the gear tooth irradiated directly by the excitation radiation light and the strong

light scattering which this produced of the short wavelength by the existing device, about a

known device and method, there is a problem further.

[00 10]Therefore, the purpose of this invention makes it possible to detect certainly infection of

the gear tooth by the influence or bacteria of a cavity and a dental plaque in the field of the gear

tooth which cannot observe directly or does not arrive, It is in providing the recognition device in

the dental state of recognizing the influence of the cavity and dental plaque which have high

sensitivity, or infection of the gear tooth by bacteria. This device is still easier, and it is

economical, and should be hard to be influenced by the problem mentioned above.

[0011]

[Means for Solving the Problem]The feature according to claim 1 can attain this purpose.

Namely, a light source made to generate excitation radiation light which makes a gear tooth

which should be inspected direct and excites fluorescence synchrotron radiation in the gear tooth,

In a recognition device in a dental state of recognizing influence of a cavity and a dental plaque

which have a sensing device which detects fluorescence synchrotron radiation of the above-

mentioned gear tooth, and the spectrum filter installed in anterior part of the above-mentioned

sensing device, or infection by bacteria, Wavelength of excitation radiation light generated from

the above-mentioned light source is in from 600 nm before 670 nm. Suitable composition of this

invention is indicated to a subclaim. According to this invention, in order to generate

fluorescence synchrotron radiation in a gear tooth, wavelength of excitation radiation light

irradiated from a light source is among 600 to 670 nm. Dental fluorescence synchrotron radiation

is detected with a filter. According to this invention, a pass band of this filter is not less than 670

nm in wavelength,

[0012]This invention is. based on an experimental result. According to it, in the case of an

infected gear tooth by bacteria, especially a cavity, fluorescence synchrotron radiation is excited

by excitation radiation light by a red-spectrum field (that is, wavelength, for 600 to 670 nm). In

excitation radiation light by a wavelength area mentioned above, fluorescence synchrotron

radiation from a field of a healthy gear tooth has an advantage greatly reduced in such excited

wavelengths about explanation of conventional technology. Since fluorescence synchrotron

radiation from an organization of a healthy gear tooth only laps with fluorescence synchrotron

radiation from a decayed tooth range slightly according to these means, easily, it is a method

which cannot be easily influenced by problem and, moreover, influence of a cavity and a dental

plaque or infection of a gear tooth by bacteria can be recognized by high sensitivity. Therefore, a

device of this invention is ideal for an early checkup of infection of a cavity and a gear tooth by

bacteria.

[0013]Not only a narrow spectral region of fluorescence synchrotron radiation but wavelength

can evaluate fluorescence synchrotron radiation by this invention to conventional technology and

reverse using a not less than 670-nm very large spectral region. It is not necessary to use a

complicated CCD camera and a photoelectric electron multiplier tube of high sensitivity, and

dental fluorescence synchrotron radiation can be detected as a photosensitive element with high

sensitivity of a device concerning this invention in detection of fluorescence synchrotron
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radiation using an easy photo-diode. In fluorescence synchrotron radiation detected with a

wavelength area and a filter of excitation light by this invention, there is further advantage of this

invention in the ability to hold dispersion from a dental organization very small. Therefore, for

example, it can recognize certainly by an easy method also with a cavity generated to a field

between gear teeth, or a cavity which observation generated like an on-going cavity to difficulty

or a dental field which does not arrive easily. Since easy light sources, such as a laser diode, can

be used for the last, for example according to this invention, there is an advantage which does

not need a complicated collimator optical system. Operation by an easy battery can be performed.

[0014]

[Embodiment of the Invention]This invention is described still in detail, referring to a drawing

and a suitable embodiment.

1 st embodiment drawing 1 shows the example of the fluorescence spectrum of a dental

organization, when the device concerning this invention is used. The fluorescence spectrum al

shows the fluorescence spectrum of a decayed tooth range, and bl shows the fluorescence

spectrum of the organization of a healthy gear tooth. A fluorescence spectrum is obtained by

generating excitation radiation light using dye laser (dye laser). For example, in the case of 620-

nm excited wavelengths, the fluorescence spectra al and bl are obtained, In the case of 630-nm

excited wavelengths, the fluorescence spectra a2 and b2 are obtained, when it is excited

wavelengths of 640 nm, the fluorescence spectra a3 and b3 are obtained, and when it is excited

wavelengths of 650 nm, the fluorescence spectra a4 and b4 are obtained. In the fluorescence

spectrum shown in drawing 1 , the power of laser is 60 mW (mW). According to drawing 1 , the

result from which the fluorescence intensity of a decayed tooth range and the field of a healthy

gear tooth differs remarkably is obtained by using the field with an inner wavelength of not less

than 670 nm of the excitation radiation light of wavelength the range of 600-670 nm, and dental

fluorescence synchrotron radiation proposed by this invention. Therefore, according to this

invention, the fluorescence synchrotron radiation detected from the field with a wavelength of

not less than 670 nm can be evaluated directly and easily. As a result, existence of a decayed

tooth range can be determined based on the fluorescence synchrotron radiation detected directly.

Therefore, the very complicated evaluation procedure known from conventional technology

becomes unnecessary by using the device of this invention.

[0015]Drawing 2 shows a 1st embodiment of the device concerning this invention. The

excitation radiation light 9 generated by the light source 1 is irradiated via the coupling lens

system 2 and the light pipe 3 by the field 5 which should inspect the gear tooth 4. In the field 5

which should inspect the irradiated gear tooth 4, the fluorescence synchrotron radiation 10 is

excited over a spectral region large in comparison by the excitation radiation light from the

wavelength of 600 nm to 670 nm. The excited fluorescence synchrotron radiation 10 spreads to

the sensing device 8 via the 2nd light pipe 6 and spectrum filter 7, and is used for detection and

evaluation of a gear tooth of fluorescence synchrotron radiation. Therefore, suitably, the

spectrum filter 7 is formed so that only fluorescence synchrotron radiation with a wavelength of

not less than 670 nm may be passed. The sensing device 8 carries out the direct valuation of the

spread fluorescence synchrotron radiation 10, and determines the existence of infection of the

gear tooth by the influence or bacteria of a cavity and a dental plaque directly by the detected

fluorescence synchrotron radiation.

[0016]The light source 1 generates excitation radiation light with a wavelength of 600-670 nm
suitably using HeNe laser or a laser diode. By it, the power in which the output of these laser

diodes is possible increases with the increase in wavelength, and cost decreases. On the contrary,
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when the wavelength of excitation radiation light increases, the difference of the spectrum of

excitation radiation light and fluorescence synchrotron radiation decreases, and the demand to a

filter becomes severe. As a compromise, especially excitation radiation light with a wavelength

of around 650 nm is advantageous.

[0017]The excitation radiation light 9 is combined with the light pipe 3 via the independent lens

system 2. Or when a laser diode is usually incorporated, it is combined with the light pipe 3 via a

collimator optical system. Such a light pipe is formed so that it may have rigidity or flexibility.

The shape is set up according to the gear tooth which should be inspected equip the termination

by the side of the gear tooth with other optical means, for example, a lens, and make it point in

the predetermined direction to an optical beam, and/or suit a patient's mouth. The light pipe 3 is

equipped with an exchangeable refraction mirror or lens further again so that the gear tooth 4

may be inspected easily. Therefore, it makes it possible to make the dental field 5 or the gear

tooth 4 which should be inspected point to the excitation radiation light 9 by using such a light

pipe 3. Thereby, the device concerning this invention can satisfy flexibly various demands in the

cavity inspection of human being's gear tooth (or gear tooth an animal's) currently conducted

daily.

[0018]The contents about the light pipe 3 mentioned above are applied also to the light pipe 6

which spreads the fluorescence synchrotron radiation 10 in the filter 7 further. The two light

pipes 3 and 6 can consist of two or more optical fibers, respectively. When using laser as the

light source 1, the diameter of a core can transmit the excitation radiation light 9 and the

fluorescence synchrotron radiation 10 using a 200 micrometers (micrometer) optical fiber thin in

comparison, for example. When inspecting a dental outer surface, especially the thing for which

the two light pipes 3 and 6 are used independently is convenient. By the embodiment shown in

drawing 2 , the position by the side of the gear tooth of the light pipes 3 and 6 can be chosen

independently mutual independently, and detection sensitivity satisfied when inspecting the

cavity or the unknown condition of disease which is in a deep place especially can be realized.

[0019]The filter 7 of the device concerning this invention has a big pass band in wavelength of

not less than 670 nm. The cutoff filter of colored glass can realize or optical elements for

spectrum selecting, such as a diffraction grating, can realize the filter 7, for example. Suitably,

filter 7 the very thing is constituted so that it may not have fluorescence as much as possible. As

shown in drawing 1 , especially the fluorescence-spectrum field of the wavelength of 670 nm to

800-nm within the limits is interesting by this invention. Therefore, the filter 7a which intercepts

a long wavelength field with a wavelength of not less than 800 nm further can be formed in

series appropriately. Instead, the filter 7 which has a pass band from the wavelength of 670 nm to

800 nm can also be used.

[0020]The sensing device 8 detects fluorescence synchrotron radiation suitably, using a photo-

diode as a photosensitive element. A preamplifier is built into a photo-diode in order to raise

sensitivity. Similarly, in the optical area of fluorescence synchrotron radiation, using a

photoelectric electron multiplier tube is also considered as an amplifier. -

[0021]When a semiconductor device constitutes both the photosensitive elements of the light

source 1 and the sensing device 8, low-voltage-power parts can be used for the device

concerning this invention. Thereby, power consumption can be reduced and it can constitute only

from a battery or a charged type battery as a power supply.

[0022]The component part of the device which 2nd embodiment drawing 3 showed a 2nd

embodiment of the device concerning this invention, and was shown in drawing 2 is written

using the same reference mark. According to the embodiment shown in drawing 3 , the
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fluorescence synchrotron radiation 10 spreads with the same light pipe 3 with the excitation

radiation light 9. In order to take out the fluorescence synchrotron radiation 1 0 from the beam
power of the light pipe 3, the beam eliminator 1 1 is formed. The beam eliminator 1 1 is installed

between the light source 1 and the lens 2, or is installed between the lens 2 and the termination

by the side of the light source of the light pipe 3. Such composition of this invention is useful

especially when inspecting a dental root canal.

[002313rd embodiment drawing 4 shows a 3rd embodiment of the device concerning this

invention. According to this embodiment, in order to spread the excitation radiation light 9 and

the fluorescence synchrotron radiation 10, the two light pipes 3 and 6 are formed independently

fundamentally, but in order handling conveniently, the light pipe 3 and the light pipe 6 are

packed into the form of the handpiece 15. Light pipe 6 the very thing contains two or more
optical fibers 6a. Instead, two or more optical fibers can also constitute the light pipe 3 which

spreads the excitation radiation light 9.

[0024]Drawing 5 shows the sectional view of the near handpiece 15 which goes to a gear tooth.

Suitably, each light pipe 6a which constitutes the light pipe 6 is arranged centering on one fiber

of the light pipe 3 at the circumference. By this method, the reliability and accuracy of detection

of fluorescence synchrotron radiation improve, and are stabilized.

f00251Drawing 6 shows the side view of the near handpiece 15 which goes to a gear tooth. As
shown in drawing 6 , according to distance with the surface 5 of the gear tooth with which the

termination of the optical fiber 6a is inspected with the handpiece 15, chamfering work is

performed suitably. Thereby, the wide range positive overlap of the excitation radiation light 9

and the fluorescence synchrotron radiation 10 can be attained.

[0026]The evaluation system 12 which has an indicating device or the display 13 is added and

displayed on drawing 4 . The evaluation system 12 evaluates the data transmitted from the

sensing device 8, and determines the existence of a decayed tooth range. An indicating device or

the display 13 displays visually the measurement signal transmitted from the sensing device 8.

Similarly, it is also considered that a measurement signal is shown with a sound. The evaluation

system 12 and/or the display 13 are also incorporate into the sensing device 8.

[0027]When recognizing the influence of a cavity and a dental plaque, or infection of the gear

tooth by bacteria by the method mentioned above, daylight or indoor artificial illumination laps

with the detected fluorescence synchrotron radiation, and there is a general problem that

inspection capability declines. Similarly, it is reflected by a gear tooth and this ambient light is

condensed with the optical fiber 6a of the light pipe 6 as a result. And the spectral region of the

ambient light in the detection area (wavelength of not less than 670 nm) according to this

invention generates a background signal, and restricts the sensitivity of cavity recognition.

[0028]According to this invention, this problem is effectively solvable by modulating

periodically the excitation radiation light 9 generated with the light source 1 . Therefore, for

example, it is possible to generate the excitation radiation light 9 like a pulse. In this case, an

excitation state follows fluorescence synchrotron radiation in practice by the short temporal

duration which is several nanosecond (ns) grade at excitation radiation luminous intensity. On
the contrary, an ambient light laps with the fluorescence synchrotron radiation merely detected as

a fixed quantity, without becoming irregular periodically. When evaluating fluorescence

synchrotron radiation, only the fluorescence synchrotron radiation periodically modulated on the

related frequency is evaluated as a detecting signal.

[0029]By this method, a fixed quantity of an ambient light is removed to some extent, and

recognition of the state of the gear tooth by the influence or bacteria of a cavity and a dental
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plaque becomes unrelated from an ambient light substantially. However, since an ambient light

is modulated with a few according to the frequency of power supply voltage, it is necessary to

choose the modulation frequency of the excitation radiation light 9 so that it may separate from

the frequency of power supply voltage remarkably. Suitably, it is desirable to choose from 100

Hz within the limits of 200 kHz. With such modulation frequency, an easy method can estimate

the modulation components of excitation radiation light, or they can be evaluated by the sound

methods, such as a headset or a loudspeaker.

[0030]The example which modulates the excitation radiation light 9 using the opening diaphram

14 rotated to drawing 4 is shown. It can substitute for this by other mechanical choppers. The
abnormal conditions of the excitation radiation light 9 are directly realizable by the method of

fluctuating the driver voltage of a laser diode corresponding to the case where a laser diode is

used for the light source 1

.

[0031]

[Effect of the Invention]As explained above, according to the recognition device of the state of

the gear tooth of this invention, the difference of the fluorescence spectrum intensity of the

fluorescence synchrotron radiation from a decayed tooth range and the field of a healthy gear

.tooth spreads, Detecting accuracy of the infection portion of the gear tooth by the influence or

bacteria of a cavity and a dental plaque and improvement in reliability can be aimed at, and there

is an advantage which can realize simplification of structure and reduction of cost.

[Translation done.]


