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The invention relates to a method for detecting alterations on at least one tooth in the 

area of the dentine and/or tooth enamel, in particular in order to detect caries or cracks 

in the enamel, by applying light escaping from at least one light guide via the front 

thereof to the tooth as well as recording at least one area of at least one tooth by means 

of an optical sensor, such as a camera, and subsequently evaluating the image or images 

determined by the sensor, wherein, in order to impinge the light from the at least one 

light guide to the at least one tooth, the front surface of the light guide is placed on the 

at least one tooth, or positioned at a distance a, with ai=2d and d=light guide core 

diameter, from the surface of the at least one tooth, such that light reflected by the at 

least one tooth surface is reflected at least substantially exclusively back into the light 

guide, and the scattered light escaping from the at least one tooth is measured with the 

optical sensor.

X-ray diagnostics have proven to be useful for the detection of caries. However, since 

X-ray radiation is increasingly less accepted by patients, there is a need for alternative 

imaging processes without ionizing radiation, especially for interproximal caries 

diagnostic, that is, caries in the approximal space. The dentist frequently performs a 

visual diagnostic. However, this has the disadvantage that with caries that typically 

occur just underneath of the contact point of two teeth, that is, where teeth adjoin each 

other, an alteration is only visually detectable much later.

Non-imaging and imaging methods to avoid the mostly subjective visual diagnostic by 

the dentist are known.

Arrangements for non-imaging caries detection are currently based on fluorescence 

measurements in a reflection arrangement (EP 0 962 185 Bl) or reflection 

measurements with different light wavelengths without utilizing fluorescence excitation 

(WO 03/094771). Light is radiated with a light guide (optical fiber or sapphire prism) 

onto the tooth surface and the reflected light is guided over the same or another light 

guide into a light receiver. Photodiodes are typically used as light receivers. 

Transmitting and receiving light guides have a defined relation to each other in a coaxial 

arrangement. Light of different spectral composition is detected depending on the 



2 DK/EP 2042085 T3

5

10

15

20

25

30

condition of the tooth (caries/no caries). Conclusions with regard to the presence of 

caries and—within narrow limits—the size and penetration depth of the caries can be 

drawn from the percentage of light reflection within different spectral ranges or 

fluorescence intensity.

A disadvantage of the non-imaging process is the poor interpretability by the dentist due 

to missing information regarding the spatial distribution. Merely a numerical value (for 

example, 0=healthy tooth; 100=highly carious tooth) or limited caries degree 

differentiation by means of different acoustic signals is made available. The correlation 

with regard to histologic caries extent is however limited.

The imaging methods include transmission measurements without fluorescence 

excitation (WO 98/29050; US 2006/02230329 Al). Arrangements are used therein, 

which are comparable in principle to those used in X-ray diagnostics. The transmitted 

light of a surface illumination of the tooth is detected by a camera on the opposite side 

of the tooth. Light in the visible range of the spectrum is used according to WO 

98/29050. US 2006/0223032 Al, however, envisions the use of light in the near infrared 

spectrum. This leads to a clearly improved image quality during transillumination of the 

tooth enamel.

The image quality is not comparable to that of an X-ray image if light in the visible 

range is used. For this reason, the use of light in the wavelength range between 1300 nm 

and 1400 nm has proven valuable. It is a disadvantage, however, that a cost-intensive 

InGaAs array has to be used as the detector. For cost reasons, commercial use of the 

corresponding arrangements for caries diagnostic therefore has its limits. It is 

disadvantageous, in addition, that polarizing filters must be used in order to prevent 

irradiation of the sensor at sites in which no tooth or gum is located in the beam path.

It is also known to conduct fluorescence measurements in reflection arrangements. For 

this purpose, the fluorescence image of an intraoral camera for caries diagnostic can be 

used. The autofluorescence of the hard tooth tissue is measured in a reflection 

arrangement. A healthy hard tooth tissue, in particular the dentine layer, emits light in 



3 DK/EP 2042085 T3

5

10

15

20

25

30

the green spectral range under UV light. If any carious areas are present, 

autofluorescence is considerably reduced. Corresponding processes can be used in order 

to detect fissure caries and smooth surface caries outside the approximal space. A 

diagnostic cannot be carried out for interproximal caries detection, that is, caries within 

the approximal space, because of the missing reflection. Independently thereof, the 

known imaging processes for caries detection have in common that a wide-range 

illumination source is used, which simultaneously illuminates the entire tooth or at least 

a large part of the tooth or if required several teeth.

In addition to the optical techniques mentioned above, impedance measurements for 

caries diagnostic are also used, however they are associated with disadvantages 

regarding sensitivity due to the degree of moisture of the tooth.

The subject matter of US-A-4 836 206 is a method and apparatus for detecting the 

quality of teeth. For this purpose, white light is supplied to a tooth by means of a light 

guide, in order then to determine a wavelength-dependent light absorption of the light 

emerging from the tooth by means of photodetectors.

A scanning method for teeth can be found in US-A-2007/0134615.

In order to detect caries in a tooth, this is according to the US-A-2007/0099148 applied 

with light, and then to supply the reflected light through filters of a monochromatic 

camera.

An arrangement for scanning a tooth to detect root canals is known from US-A- 

4,589,846.

The reference "DATABASE MEDLINE [Online] US NATIONAL LIBRARY OF 

MEDICINE (NLM), BETHESDA, MD, US; September 2004 (2004-09), PRETTY 

IAIN A ET AL: "A closer look at diagnosis in clinical dental practice: part 5. Emerging 

technologies for caries detection and ciagnosis.", Database Accession no. 

NLM15363214; & PRETTY IAIN A ET AL: "A closer look at diagnosis in clinical- 
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valley practice: part 5. Emerging technologies for caries detection and diagnosis.", 

JOURNAL (CANADIAN DENTAL ASSOCIATION) SEP 2004, vol. 70, no. 8, 

September 2004 (2004-09), pages 540, 540a-540i, ISSN: 1488-2159 "describes a 

system known by the name DiFOTI, by means of which a caries detection takes place, 

thereby a light guide is placed on a tooth, to detect reflections within the tooth by means 

of an optical sensor.

It is an object of the present invention to refine a method of the kind disclosed above in 

such a way that alterations on/in at least one semitransparent object, in particular a 

tooth, and in this special case caries, such as fissure caries or smooth surface caries, in 

particular caries in the approximal space, can be detected with high accuracy, and high 

image quality can be achieved, making an evaluation possible that corresponds for the 

most part to that which can be achieved with X-ray radiation, without having to accept 

the disadvantages of X-ray radiation.

According to the invention, the object is essentially achieved in that at least a first image 

of the at least one tooth is recorded with respect to the change in light exposure before 

the change of the at least one tooth, and that at least one second image of the at least one 

tooth is applied when the light is applied Change is recorded, each with respect to the 

sensor position, and that the at least one first image with the at least one second image is 

charged.

According to the teaching of the invention, a locally narrowly defined light injection 

into the at least one body is carried out, whereby light distribution that corresponds to 

the optical properties of the body develops in the tooth volume, and can then be 

observed with the optical sensor in at least one position that is different from the light 

injection point. The radiation reflected by the body surface, such as the tooth surface, 

travels back into the light guide, so that falsifications of the measuring result cannot 

occur.

In particular the geometric structure of a tooth as a two-layer system as well as the 

different optical properties of tooth enamel and dentine as well as their alteration 
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through an alteration of the tooth, as caused by caries or tooth enamel cracks, is utilized 

according to the invention.

Healthy tooth enamel as the outer shell of a tooth having a layer thickness of typically 

0.5-3 mm has a dispersion coefficient in the range of approx. 0.2/mm to 10/mm, and 

decreases with longer wavelengths. The dispersion coefficient of dentine, on the other 

hand, is in the range of 2/mm to 80/mm, and likewise decreases with longer 

wavelengths. The absorption coefficient of tooth enamel is in the range of 0.0003/mm to 

0.8/mm and that of dentine is in the range of 0.02/mm to 2/mm, and also decreases with 

longer wavelengths.

This trend is only reversed in the range of about 1600 nm, since water absorption 

increases in importance and via local maxima at 2 μm reaches the absolute maximum at 

3 μm.

Wavelengths greater than 300 nm and up to 1600 nm are therefore preferred for a high 

penetration depth. The use of violet or blue light lends itself in order to achieve 

maximum sensitivity to changes in the dispersion coefficient and the detection of small 

areas with different dispersion coefficients with localizations in which high penetration 

depth is not required. For cases with average penetration depths, corresponding 

wavelengths between these two extremes [are used].

If light is injected (limited locally to the light guide, such as the fiber diameter) via a 

light guide, such as a glass fiber, which is occlusally placed on the tooth, the light is 

distributed within the tooth according to the dispersion, absorption and anisotropic 

coefficients. If the light guide, such as a glass fiber, is placed occlusally vertically on the 

approximal marginal ridge consisting of tooth enamel, the light scatters mainly within 

the tooth enamel. However, also in healthy tooth enamel the light is deflected from the 

original beam direction due to low scattering and can therefore be observed from the 

buccal or lingual/palatinal side.
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The tooth is recorded, that is, measured, by the optical sensor, such as a CMOS, CCD or 

InGaAs camera, wherein the optical axis of the sensor is preferably vertical to the 

longitudinal axis of the tooth or orthogonal to the area that is altered, that is, in 

particular the area having caries. Because light is applied to the tooth according to the 

invention, the tooth becomes a kind of luminous object as a consequence of the bulk 

scattering thereof.

This effect is clearly more pronounced when light is injected at a point on the tooth, 

which only has a low tooth enamel thickness. In the dentine, which is located 

underneath the enamel layer, the light is much more intensely scattered. Different 

brightness distributions are thus obtained within the tooth as a function of the injection 

point. Only limited scattering of the light occurs in other spatial directions if a thick 

layer of tooth enamel is located under the injection point. This the case if light is 

injected on the approximal marginal ridge, that is, the border area formed by the tooth 

enamel, parallel to the approximal wall. If light is guided, however, through a thin 

enamel layer into the dentine, a kind of diffuse background illumination of the tooth 

enamel occurs as soon as the light reaches the dentine as a consequence of higher 

scattering present there.

The first case is suited in particular for approximal caries detection, while the second 

possibility is suited for smooth surface caries outside the approximal space, and to a 

limited extent also for fissure caries.

Caries alter the optical properties of the hard tooth tissue. The dispersion coefficient 

changes above all in the tooth enamel. It increases significantly due to the formation of 

a porous microstructure in the tooth enamel all the way to a loss of substance with a 

rough boundary with likewise high light scattering to the remaining enamel. The 

dispersion coefficient, and also the absorption coefficient, change in the dentine. A 

clearly visible sign of change of the absorption coefficients is the brownish 

discoloration of carious dentine.
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Caries always start in the tooth enamel in the area of the tooth crown and work their 

way in the direction of the dentine. The first optically detectable alterations in the tooth 

enamel are produced in this way as zones with locally clearly increased dispersion 

coefficients. If the caries reach the dentine, a clear brownish discoloration occurs along 

the boundary between enamel and dentine due to an increased absorption coefficient, in 

particular—but not exclusively—in the blue and green spectral ranges.

Caries start generally on so-called predilection areas, among other things in fissures and 

below the contact point of two teeth. This last case is particularly difficult to diagnose 

visually, since it eludes direct observation because the gingival papilla cover the 

interproximal space in the shape of a triangle and the adjacent teeth all stand closely 

together. However, it is possible to observe the tooth from the vestibular or 

lingual/buccal side. The dispersion coefficient of the enamel is already so high in the 

range of the visible light that only limited conclusions about the existence of caries can 

be drawn from the mere observation under ambient light and also with direct 

transillumination.

The injection point of the illumination light is varied in order to nevertheless achieve 

sufficient contrast with vestibular or lingual/buccal observation. If the injection point, 

with reference to the observation position, is positioned in front of the carious area with 

an increased dispersion coefficient, this area is illuminated mainly on the observation 

side by light scatted in the enamel, but also partially directly or indirectly by light 

scattered at the dentine. An area with a higher dispersion coefficient is therefore visible 

to the observer (for example, an image scanner or sensor) as a brighter area, because the 

light is more highly scattered there than in healthy tooth enamel.

If the injection point, with reference to the observation position, is located behind the 

area of increased scattering, this area is illuminated from the back. This area then 

appears darker to the observer than if healthy tooth enamel were present at the point of 

increased scattering, since the light is increasingly scattered away from the observation 

point in the area of increased scattering. A clear improvement in contrast is achieved if 
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an image is stored with the light injection site in front and behind the caries and these 

are subtracted one from the other.

In a refinement of this idea, an entire array of fibers can be used in order to enable 

different light injection points. The optical fibers of an array can also be positioned on 

both sides of an interproximal area, that is, on the mutually opposite marginal ridges of 

two adjacent teeth. In this case, an interproximal space can be measured in one 

measurement. Likewise, a plurality of cameras, for example, buccal and vestibular, can 

be used at the same time.

A camera can also have a microendoscope optic, which is placed on a point of the tooth 

that is different from the light injection site.

The images can be recorded sequentially with one light wavelength. They can also be 

recorded parallel by selecting different wavelengths for different injection points. A 

plurality of wavelengths can also be applied via each fiber in order to detect absorption 

differences caused by dentine caries.

The detection of smooth surface caries is carried out by utilizing the dentine as a 

luminous object. No disruptive surface reflections occur as a consequence of the locally 

limited light injection by means of a light guide placed on the tooth or located in close 

proximity to the tooth surface, since the light is reflected directly back into the optical 

fibers. The light entering the tooth through the tooth enamel is diffusely and 

homogeneously scattered by the dentine located under the tooth enamel and thus forms 

background illumination stemming from the tooth. If tooth enamel altered by caries is 

located in front of it, it is clearly visible as a dark spot in front of a bright background.

The detection of enamel cracks is likewise possible with this procedure, since this acts 

as a discontinuity during light conduction and illumination in front of the crack and 

behind the crack will thus cause clearly different light propagation in the tooth with 

reference to the observation point.
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A combination of this procedure with fluorescence detection is likewise possible.

The change of the polarization plane of polarized light through the hard tooth tissue can 

of course also be utilized.

If the at least one light guide is placed, as preferred, directly on the tooth to be checked 

or measured, the teaching of the invention is also not abandoned, as mentioned, even if 

the distance is small; however, this distance must be selected so small that light 

reflected from the surface passes again into the light guide and does not falsify the 

measurement.

If the distance can be equal to double the diameter of the light guide core, then the 

distance should preferably be equal to or smaller than the light guide core diameter 

itself.

According to the invention, the optical axis of the sensor can be aligned at any arbitrary 

angle with respect to the tooth in order to perform the measurement. However, the 

optical axis should preferably run vertically or almost vertically to the longitudinal axis 

of the tooth.

The front of the light guide, that is, the light injection site, should be placed on or 

aligned with the occlusal boundary area formed by the tooth enamel, in particular for 

interproximal caries detection, that is, caries in the approximal space between adjacent 

teeth. The beam direction of the emergent light should be directed toward the apical 

side.

A CMOS, CCD or InGaAs camera should preferably be utilized for light detection. 

When a CCD camera is used, it should have an expanded sensitivity range in the 

infrared range.
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It is also possible to arrange a microendoscope optic in front of the optical sensor, the 

optic being placed on the tooth in a position that differs from the light injection position 

or being arranged in the direct vicinity of the tooth surface.

A first measurement should be carried out with the application of light to the occlusal 

boundary area with reference to the optical sensor behind the tooth alteration, and a 

second measurement should be carried out with the application of light to the occlusal 

marginal ridge in front of the tooth alteration, in order to measure the tooth alteration in 

the approximal space, that is, for interproximal caries detection. The recorded images 

can be processed in order to draw conclusions about the tooth alteration.

It is also possible to simultaneously measure two adjacent teeth, wherein each tooth has 

at least one light guide associated with it. At least two light guides can be associated in 

particular with each tooth, wherein one light guide is arranged in front and one light 

guide is arranged behind the alteration of the approximal space of the teeth with 

reference to the optical sensor.

The at least one light guide should be placed on the crown area of the tooth or be 

aligned therewith in order to determine an alteration of the tooth outside the approximal 

space, while the optical axis of the sensor is preferably orthogonally aligned with 

respect to the alteration of the tooth.

The tooth or teeth should especially be subjected to radiation in the wavelength range 

preferred for light scattering within the enamel layer. The wavelength area should 

preferably be between 300 nm and 1600 nm, preferably between 350 nm and 1500 nm. 

Measurements of the absorption changes are advantageous if alterations are detected in 

the dentine area. In this case, an application of light should take place in at least two 

wavelength ranges in order to be able to carry out a spectral differential measurement.

Further details, advantages and characteristics of the invention are not only apparent 

from the claims and the characteristics disclosed therein—separately or in 
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combination—but also from the following description of the preferred embodiments 

depicted in the drawings.

The drawings show:

FIG. 1 a schematic diagrams of two teeth in sagittal section;

FIG. 2 an illustration corresponding to FIG. 1 with caries present in the approximal 

space of the teeth; and

FIG. 3 a plan view of the illustration according to FIG. 2.

FIG. 1 depicts a schematic structure of teeth 10, 12, which are shown in a sagittal 

section. Each tooth 10, 12 has tooth enamel 14, 16 as an outer layer, which can be up to 

3 mm thick. Underneath the tooth enamel 14, 16 the dentine 18, 20 is located, which 

encloses the tooth nerve (pulp) 22, 24. The gums (gingiva) 28, which have a triangular­

shaped geometry between the teeth 10, 12 that closes the intermediate space between 

the teeth 10, 12, are located over the bone 26. It can also be seen in the illustration that 

the teeth 10, 12 touch each other in a contact area 30. This area between the teeth 10, 

12, which is also called approximal space, is not subject to direct visual control.

Caries form typically underneath the contact point 30 between the teeth 10, 12, 

whereupon the tooth enamel 14, 16 is initially altered by the caries. The dentine 18, 20 

is also altered if the caries continues to progress.

In order to utilize the scattering and absorption properties of tooth enamel 14, 16 and 

dentine 18, 20 to detect alterations in the tooth 10, 12, in particular the formation of 

caries, locally limited light is guided, almost injected, into the tooth or teeth 10, 12 

according to the invention, whereupon light distribution corresponding to the optical 

properties of the tooth 10, 12 develops in the tooth volume, wherein said light 

distribution can then be observed or measured by at least one optical sensor, such as the 

camera 32.
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FIGS. 2 and 3 show a schematic illustration of caries in the approximal space, wherein 

the caries in the tooth enamel 14 is denoted with the reference numeral 34 and the caries 

in the dentine 18 is denoted with the reference numeral 36.

Light is guided into the occlusal boundary area 42 formed by the tooth enamel 14 via a 

light guide 38 or 40 in order to detect or measure the caries 34, 36 on the basis of the 

teaching of the invention. To this end, the light guide 38, 40 is placed with the light 

emitting front thereof on the boundary area 42—also called marginal ridge. In this way, 

it is ensured that no light is reflected by the surface of the tooth 10, 12, which could be 

detected by the camera 32, thereby resulting in falsified measurements.

The teaching according to the invention is not abandoned, however, when the light 

guide 38 or 40 is positioned with the front thereof at a small distance from the marginal 

ridge 42, but the distance is to be kept so small that the total reflected light is reflected 

back into the light guide 38 or 40.

It is sufficient for the teaching according to the invention if one of the light guides 38, 

40 is used. If, for example, the light guide 40 is placed on the marginal ridge 42 formed 

by the tooth enamel 14 occlusally and directed in the apical direction, then the light 

emitted by the light guide 40 is guided mainly into the tooth enamel 14 in the direction 

of the carious area 34 and is scattered from there in the direction of the optical sensor 

32, because the light guide 40 is located in front of the carious alteration 34 with 

reference to the camera 32. If the light guide 40 is moved into the position 

corresponding to that of the light guide 38, that is, behind the carious area 34, then the 

introduced light is scattered away from the camera 32. The radiation scattered away in 

the direction of the camera 32 (position of the light guide 40) or away from the camera 

(position of the light guide 38) correlates then with the size of the volume altered by 

caries.

The carious area 36, which runs in the dentine 18, exhibits not only a corresponding 

alteration in the tooth enamel 14, as was previously explained, but at the same time also
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the scattering and absorption behaviors of the dentine 18 have been altered. The added 

alteration of the absorption coefficient results in differentiation possibilities with regard 

to reaching the dentine 18 when the illumination is carried out with at least two different 

wavelengths, which are designed to alter the absorption behavior of the dentine 18 due 

5 to the carious area 36 such that absorption changes only minimally at one wavelength if

a carious area 36 is present, while absorption differs considerably from healthy dentine 

18 at the other wavelength range.

It should be mentioned that light should be basically introduced into the tooth 10, 12 via 

10 a single light guide, such as optical fibers. However, the scope of the invention is not 

abandoned if light is injected via two or three guides. In this case, however, the contrast 

to be measured could be weakened.
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1

Patentkrav

1. Fremgangsmåde til identificering af forandringer på mindst en tand (10, 12) 
i dentin- og/eller emaljeområdet, såsom karies (34, 36) eller revner i emaljen, 
ved at påvirke den mindst ene tand med lys, der kommer ud af mindst en lys­
leder (38, 40) via dens frontflade, og registrering af mindst et område af tanden 
ved hjælp af en optisk sensor (32), såsom et kamera, og efterfølgende evalu­
ering af billeder, der findes af sensoren, hvor lyslederens frontflade til påvirk­
ning af den mindst ene tand med lyset fra den mindst ene lysleder påsættes 
på tanden eller positioneres i afstand a med a < 2d med d = lyslederkernedia- 
meter til tandens overflade på en sådan måde, at lys, der reflekteres fra tand­
overfladen udelukkende tilbagereflekteres til lyslederen, og hvor spredt lys, der 
kommer ud af tanden, måles med den optiske sensor,
kendetegnet ved,
at mindst et første billede af den mindst ene tand (10, 12) med hensyn til for­
andringen ved lyspåvirkning tages foran forandringen af den mindst ene tand 
(10, 12), og at mindst et andet billede af den mindst ene tand tages ved lyspå­
virkning bagved forandringen, i hvert tilfælde i forhold til sensorpositionen, og 
at det mindst ene første billede afregnes med det mindst ene andet billede.

2. Fremgangsmåde ifølge krav 1,
kendetegnet ved,
at lyslederens (38, 40) frontflade positioneres med afstanden a < d til tandens 
(10, 12) overflade.

3. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at hovedstråleretningen af lyset, der kommer ud af den mindst ene lysleder 
(38, 40), rettes mod apikal.

4. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at lyslederens (38, 40) frontflade påsættes eller orienteres i forhold til et ok- 
klusalt randområde (42), der er dannet af emaljen (14, 16).
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2

5. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at der som optisk sensor (32) anvendes mindst et CMOS-, CCD- eller InGaAs- 
kamera eller et CCD-kamera med udvidet følsomhedsområde i det infrarøde 
bølgelængdeområde.

6. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at en mikroendoskopoptik erforankoblet den optiske sensor, hvilken mikroen- 
doskopoptik påsættes på den mindst ene tand eller positioneres i umiddelbar 
nærhed af tandoverfladen.

7. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at dertil måling afen tandforandring i approksimalrummet eller til interproksi- 
malkaries-identificering udføres en første måling ved en lyspåvirkning af det 
okklusale randområde i forhold til den optiske sensor (32) bagved tandforan­
dringen og en anden måling ved en lyspåvirkning af det okklusale randområde 
foran tandforandringen.

8. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at et array af lysledere (38, 40) tilordnes til den mindst ene tand (10, 12), og at 
en eller flere lysledere af arrayet påvirkes med lys fra det samme bølgelæng­
deområde til registrering eller måling af tandforandringen.

9. Fremgangsmåde ifølge mindst et af kravene 1 til 7,
kendetegnet ved,
at et array af lysledere tilordnes til den mindst ene tand, og lyslederne i arrayet 
påvirkes med lys samtidig til registrering af tandforandringen, hvor der til hver 
enkelt lysleder tilkobles lys i et bølgelængdeområde, der afviger fra de andre 
lyslederes.

10. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at to naboliggende tænder (10, 12) måles samtidig, hvor mindst en lysleder
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(38, 40) tilordnes til hver tand.

11. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at mindst to lysledere (38, 40) tilordnes til hver tand (10, 12), hvor en lysleder 
anbringes foran, og en lysleder anbringes bagved tandforandringen i tænder­
nes approksimalrum i forhold til den optiske sensor (32).

12. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at der til bestemmelse af en forandring af den mindst ene tand (10, 12) uden 
for approksimalrummet påsættes mindst en lysleder på tandens kroneområde 
eller den orienteres i forhold dertil, og at den optiske sensor (32) med sin opti­
ske akse orienteres fortrinsvis ortogonalt i forhold til forandringen af tanden.

13. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at den mindst ene tand (10,12) påvirkes med lys med et bølgelængdeområde 
Δλ, hvori der først og fremmest optræder lysspredning i emaljen, hvor tanden 
især påvirkes med lys i bølgelængdeområdet mellem 300 nm og 1600 nm, 
fortrinsvis mellem 350 nm og 1500 nm.

14. Fremgangsmåde ifølge mindst et af de foregående krav,
kendetegnet ved,
at der til registrering af forandringen af den mindst ene tand (10,12) i dentinen 
(18, 20) udføres spektrale differencemålinger.
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