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Description

[0001] The present invention relates to a device for optically analyzing a substance in blood using light and the nail
as an optical window. The present invention also related to a device which for forming an orifice to administer a phar-
maceutical composition for a cutaneous disease and/or a systemic disease via nail on the nail plate.
[0002] Methods for measuring a blood glucose level by applying near infrared light through the skin and measuring
transmitted light and scattered light of the near infrared light have been developed (see JP Patent Publication (Kokai)
No. 10-325794 A (1998), JP Patent Publication (Kokai) No. 11-137538 A (1999), JP Patent Publication (Kokai) No.
2000-131322 A, JP Patent Publication (Kokai) No. 2003-245265 A, JP Patent Publication (Kokai) No. 2004-257835 A,
JP Patent Publication (Kokai) No, 2004-321325 A, JP Patent Publication (Kokai) No. 11-216131 A (1999), JP Patent
Publication (Kokai) No. 10-33512 A (1998)). The measurement of a blood glucose level using light has an advantage
of offering less invasive and continuous measurement to a patient. However, recent studies on measurement of a blood
glucose level with near infrared light by targeting the skin as a measurement site have reported that a measurement
accuracy is up to � 25 to 50 mg/dl since light absorption by glucose is low (see K. Maruo, Applied Spectroscopy, vol.
57, No. 10, pp. 1236-44, 2003), in contrast to an effective measurement accuracy of glucose in practice: 100 mg/dl �
10 mg. In particular, the measurement accuracy is low when a glucose level is as low as near 50 mg/dl. Therefore, it
has been difficult to apply such a measurement device in order to prevent hypoglycemia. In addition, disturbing elements
in the skin such as the adipose tissue and protein significantly affect the measurement. Therefore, it has been difficult
to greatly improve measurement accuracy of a blood glucose level by applying near infrared light through the skin.
On the other hand, techniques to make holes on the nail plate for the treatment of a cutaneous disease such as a
trichophytosis unguium and for using a nail as a drug delivering device to deliver a pharmaceutical composition system-
ically via nail orifices have been developed (US Patent No. 5,947,956, US Patent No. 4,180,058 and K. Maruo, Applied
Spectroscopy, vol.57m no.10, pp.1236-44, 2003). However, a device which accurately makes a hole in a nail plate as
deep as possible without damaging a nail bed has not been developed.
[0003] In general terms, the present invention provides a device and method for optically measuring a substance in
blood (blood substance) by use of the nail as an optical window. The present invention also provides a device and
method for evaporating the nail plate by applying light generated from a coherent light source, such as laser light, to the
nail plate in optically measuring a blood substance using the nail as an optical window. The present invention also
provides a device and method for partly removing the nail plate by evaporating the nail plate by applying light generated
from a coherent light source to the nail plate, for forming an orifice (orifices) to administer a pharmaceutical composition
for a cutaneous disease and/or a systemic disease via nail on the nail plate
[0004] The present inventors paid attention to the fact that the nail bed has a high density of capillary vessel, and
found that a blood substance can be measured through the nail by use of the nail plate as an optical window. The present
inventors particularly found that a substance having an absorption in the near infrared region, such as glucose, can be
measured by using near infrared light.
[0005] Furthermore, the present inventors monitored the contents of water and keratin of the nail plate, which affect
optical measurement and found that the content of a blood substance can be accurately measured by correcting an
optical measurement value based on the monitoring results. Based on the finding, the present invention was accom-
plished.
[0006] Furthermore, the present inventors conducted intensive studies on a method for removing effect of the nail
plate upon optical measurement and found that the nail plate can be evaporated by applying light generated from a
coherent light source such as laser light to the nail plate. Additionally, they studied specifically about the irradiation
conditions of the light generated from a coherent light source and found the irradiation conditions under which the nail
plate can be evaporated so as to accurately measure a blood substance in the capillary vessel of the nail bed portion.
Based on the findings, they have accomplished not only a device and method for evaporating the nail plate with light
generated from a coherent light source but also a device and method for accurately measuring a blood substance in the
capillary vessel of the nail bed portion by applying light generated from a coherent light source to the nail plate to
evaporate it.
[0007] The present inventors further accomplished a device and a method for forming an orifice (orifices) to administer
a pharmaceutical composition for a cutaneous disease and/or a systemic disease via nail on the nail plate, by partly
removing the nail plate with applying light generated from a coherent light source to the nail plate so as to evaporate
the nail plate.
[0008] More specifically, the aspects of the present invention are as laid out in the claims.
[0009] The device of the present invention can measure a test substance in blood of a subject using the nail as an
optical window. In particular, since the density of capillary vessel existing in the nail bed under the nail is high, the nail
bed portion can be used as a measurement target to obtain information about optical characteristics of a test substance,
with the result that measurement can be accurately performed. When a blood substance in the capillary vessel of the
nail bed portion is optically measured through the nail, measurement of the blood substance is affected by optical



EP 1 795 119 B1

3

5

10

15

20

25

30

35

40

45

50

55

characteristics of keratin and water contained in the nail. Use of a device having a monitoring means, which monitors a
water content and a keratin content in the nail, by using light within the wavelength range for measuring absorption by
water in the nail and light within the wavelength range for measuring absorption by keratin in the nail according to the
present invention, makes it possible to computationally remove the effect of keratin and water contained in the nail,
thereby accurately measuring the concentration of a blood substance. Furthermore, use of a device for evaporating the
nail plate by light generated from a coherent light source makes it possible to remove the effect of optical characteristics
of the nail plate, thereby accurately measuring the concentration of a blood substance.

FIG. 1 is an illustration showing the structure of the nail plate and nail bed;
FIG. 2 is a microphotograph showing the capillary vessel under the nail;
FIG. 3-1 is an absorption spectrum of glucose;
FIG. 3-2 is an absorption spectrum of urea;
FIG. 3-3 is an absorption spectrum of creatinine;
FIG. 4 is an absorption spectrum of keratin and water-containing keratin;
FIG. 5 shows a device for measuring the water content of the nail using three light sources different in wavelength;
FIG. 6 is a view of the nail plate on which a hole is formed by evaporation of the nail plate;
FIG. 7 is a method of measuring a blood substance by use of a hole formed by evaporation of the nail plate;
FIG. 8 is a evaporation device for forming a hole in the nail plate;
FIG. 9 is a specific example of the evaporation device for the nail plate;
FIG. 10 is an example of a device for measuring a blood substance in the nail bed portion;
FIG. 11 is an absorption spectrum of glucose;
FIG. 12 shows a Mie scattering pattern of latex beads;
FIG. 13 shows P(θ) of latex beads;
FIG. 14 is a view showing a measurement system for light reflected from a solution model by microscopic FITR;
FIG. 15 is a graph showing a diffusion reflectivity of a latex beads solution simulating scattering by the skin;
FIG. 16 is a graph showing a diffusion reflectivity of a 50% alumina solution;
FIG. 17 is spectrum showing an absorption spectrum of glucose of a solution containing 50% alumina and 50 g/dl
glucose;
FIG. 18 is a graph showing absorbance of water in a solution simulating a scattering by the skin in comparison with
that of an alumina solution;
FIG. 19 is a graph showing dependency of diffused/reflected light upon an angle in a solution simulating scattering
by the skin;
FIG. 20 is a black body radiation spectrum of light sources different in temperature;
FIG. 21 is a graph showing detection abilities of light detection devices;
FIG. 22 is a spectrum showing an attenuation coefficient of nail samples allowed to stand still in a humidity of 14%;
FIG. 23 is a spectrum showing the relationship between the water content of the nail and an attenuation coefficient;
FIG. 24 is a graph showing a change of the attenuation coefficient in the presence or absence of nail polishing;
FIG. 25 is a graph showing the relationship between the water content of the nail and Pw/Pk;
FIG. 26 is a graph showing the relationship between irradiation fluence and evaporation depth in evaporation of the
nail plate;
FIG. 27 shows an image (enlarged microscopic image) of the surface of evaporated portion of the nail irradiated
with different fluences in evaporation of the nail;
FIG. 28 shows an image (electron microscopic image) of the surface of evaporated portion of the nail irradiated with
different fluences in evaporation of the nail;
FIG. 29 schematically shows a fluorescence spectrum measurement system during evaporation;
FIG. 30 shows light emission spectra (average of 10 times) of the nail irradiated with different irradiation energy
densities;
FIG. 31 is a graph showing dependency of plume emission amount (620 nm) upon intensity of excitation light;
FIG. 32 shows the surface of the evaporated nail plate after irradiation at irradiation energy density of 226
mJ/cm-2·pulse;
FIG. 33 shows a fluorescence spectrum of the swine dermis in comparison with that of the nail (257 mJ/cm2·pulse,
10 times in average) ;
FIG. 34 schematically shows a measurement system for reflectivity of light diffused from a glucose solution under
the nail plate; and
FIG. 35 is a graph showing the output (n=5) of the light diffused and reflected from a 20% intralipid solution in the
presence or absence of glucose.

[0010] The present invention is directed to measuring a blood substance by irradiating the nail with near infrared light
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within a predetermined wavelength and measuring absorption of the near infrared light by the blood substance through
the nail.
[0011] In the present invention, the nail is used as an optical window. The phrase "the nail is used as an optical window"
means that light is applied through the nail for measuring a test substance in blood, or that light is applied through the
nail within a subject’s body for measuring a test substance in blood, in which the light is absorbed and scattered in the
living body and goes again out of the subject’s body through the nail and the absorbed and scattered light is detected
through the nail. Furthermore, in the present invention, the concentration of a blood substance is accurately measured
by correcting or eliminating fluctuation of a measurement value based on optical characteristics of the nail plate. The
phrase "correcting or eliminating fluctuation of a measurement value based on optical characteristics of the nail plate"
means that an optical measurement value obtained through the nail plate is corrected by eliminating a value fluctuated
by absorption, scattering and reflection of light due to water and keratin contained in the nail plate from the optical
measurement value, or means that the nail plate is partly removed so as not to contain a value fluctuated by absorption,
scattering, and reflection of light due to water and keratin contained in the nail plate in the optical measurement value
obtained through the nail plate to accurately measure a test substance in blood.
[0012] Light applied through the nail goes into the subject’s body and is absorbed and scattered by a test substance
to be measured. In the present invention, diffused/reflected light, which is scattered and reflected from the subject’s
body and goes out of the subject’s body through the nail, is measured. Since the present invention is directed to measuring
a test substance in blood as a measurement target, the nail bed under the nail plate is used as a target site to detect
the test substance. To explain more specifically, there is a high-density of the capillary vessel in the nail bed portion,
which means that the amount of blood per unit volume is high. FIG. 1 shows the structure of the nail portion including
the nail plate and the nail bed (Wolfram-gabel R. et al., J. Hand Surgery, vol. 20B, No. 4, pp488-492, 1995, Thibodeau
G.A., Anatomy/Physiology to study in color, Igaku-Shoin Ltd., pp73, 1999). FIG. 2 shows the profile of the capillary vessel
of the nail bed portion (Hasegawa K., J. Hand Surgery, vol. 26A, No. 2, pp. 283-290, 2001). The ratio of the area occupied
by the capillary vessel under the nail is about 44%, which is significantly large compared to 3% in the upper arm and
7% in the palm (Pasyk K.A., Plastic and Reconstructive Surgery, vol. 83, No.6, pp. 939-947). Therefore, a test substance
in blood can be accurately measured by applying light to the nail bed portion as a target and measuring absorption of
the light by the test substance existing in the capillary vessel of the nail bed portion. When the nail bed portion is targeted,
since the nail bed portion is located at a depth of about 0.2 to 1 mm from the nail surface, irradiation light may be targeted
at the depth. In addition, to increase the amount of blood of the portion under the nail irradiated with light, measurement
may be performed while pressing a finger.
[0013] In the present invention, the test substance in blood to be measured is not limited and any substance may be
used as a measurement target of the present invention as long as it can absorb light within a predetermined wavelength.
Examples of such a substance include glucose, urea, creatinine, BUN (urea nitrogen) and CP (creatinine phosphokinase).
The wavelength suitable for each of the test substances can be determined by measuring a light absorption spectrum
of each test substance. FIGS. 3-1, 3-2 and 3-3 respectively show absorption spectra of glucose, urea (Mark A. et al.,
Small Anal. Chem. 2004, 76, 5405-5413) and creatinine (Fujii T. et al., Applied Spectroscopy, vol. 51, No. 11, 1682-1686,
1997, Fridolin I. et al., Medical and Biological Engineering and Computing, Vol. 41, 263-270, 2003). From these figures,
the wavelengths can be appropriately selected. In this case, measurement is affected by absorption/scattering of light
by disturbing elements such as water and protein existing in the nail or the living body of a subject. Therefore, light
having a wavelength less absorbed by these disturbing elements is preferably used. For this reason, it is preferable to
use near infrared light, which is less absorbed by water and a protein such as hemoglobin and highly capable of transmitting
though a living body. The near infrared light used herein refers to light having a wavelength whose lower limit is about
0,76 to 0.83 Pm and upper limit is 2.5 Pm. In this respect, glucose and urea, which have a peak of absorption spectrum
in the near infrared wavelength range, are suitably measured.
[0014] When near infrared light is used, the longer wavelength the near infrared light, more preferable. The wavelength
is preferably 1 to 2.5 Pm and further preferably 2 to 2.3 Pm.
[0015] Note that correction of values may be performed by subtracting a measurement value obtained by applying
light having a wavelength in which a test substance does not exhibit absorption, as a base. Measurement may be
performed using light of a single wavelength at a single point or using a plurality of lights different in wavelength at a
plurality of points. Furthermore, an absorption spectrum is measured in a predetermined wavelength range and a peak
value and a base value of a test substance may be obtained from the absorption spectrum and used in correction.
Alternatively, based on the absorption spectrum, regression analysis, such as multiple regression analysis, main com-
ponent analysis and PLS method, may be performed.
[0016] The present invention encompasses a device and method for attaining accurate measurement by simultane-
ously measuring absorption/scattering by water and protein, thereby correcting a measurement value. In particular, when
an optical measurement is performed through the nail, measurement may be likely affected by absorption/scattering of
light by water and keratin in the nail. The nail, particularly, the nail plate contains water and keratin, which may affect
measurement. To explain more specifically, the light measured through the nail reflects not only light absorption by a
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blood substance to be measured but also light absorption by components of the nail plate such as keratin and water.
The latter light absorption affects the measurement value as noise.
[0017] Accordingly, it is necessary to monitor the contents of keratin and water in the nail plate so as to correct
measurement values based on the monitoring results.
[0018] The contents of water and keratin in the nail plate can be measured respectively by use of light beams having
wavelengths absorbed by water and keratin. The absorption spectra of keratin and keratin containing water are shown
in FIG. 4 (Takashi Matsuzaki, Advanced Hair Science, Fragrance Journal Ltd, pp. 98, revised). Light having a wavelength
of 1 to 3 Pm is mentioned as to light falling within a wavelength range for measuring an absorption by water in the nail,
whereas light having a wavelength of 1 to 2,5 Pm is mentioned as to light falling within a wavelength range for measuring
an absorption by keratin in the nail. In this case, the measurement value may be corrected by subtracting a measurement
value by light within the wavelength range in which water and keratin show no absorption, as a base. Light having such
a wavelength can be appropriately selected based on the absorption spectra shown in FIG. 4. Measurement may be
performed using light of a single wavelength at a single point or using a plurality of lights different in wavelength at a
plurality of points. Furthermore, an absorption spectrum is measured in a predetermined wavelength range to obtain a
peak value and a base value of a test substance from the absorption spectrum. Measurement values may be corrected
by use of these values. Alternatively, based on the absorption spectrum, regression analysis, such as multiple regression
analysis, main component analysis and PLS method, may be performed.
[0019] A constitution of the monitoring means of the present invention is shown in FIG. 5. As shown in FIG. 5, the
monitoring means uses three light beams different in wavelength corresponding to water absorption, keratin absorption
and base absorption. Light is guided by way of an optical fiber to the nail and applied to the nail. Transmitted light or
reflected light thereof is detected by an optical detection unit 4. In this case, a light irradiation means and a light detection
means may be housed in a probe 6. The measurement value is corrected by a processing unit 5 in consideration of
optical characteristics of the nail plate due to keratin and water contained in the nail plate. In this manner, measurement
can be accurately performed.
[0020] The contents of water and keratin in the nail plate may be measured at the same time or before a test substance
in blood is measured.
[0021] The absorbance finally obtained reflects absorbance of a test substance in blood, absorbance of keratin and
absorbance of water existing in the nail plate. Therefore, correction is performed by subtracting the absorbance of keratin
and the absorbance of water existing in the nail plate. At this time, the keratin content in the nail plate varies among
persons and the water content in the nail plate also varies among persons and depending upon the ambience humidity,
etc. Therefore, correction by the keratin content and the water content is performed preferably every time a test substance
in blood is measured.
[0022] Furthermore, in the optical measurement according to the present invention, the nail is used as an optical
window. In measurement, disturbing elements concerning the nail can be eliminated by applying various treatments to
the nail.
[0023] For example, the effect of surface roughness of the nail plate on optical characteristics can be eliminated by
polishing the surface of the nail plate by sandpaper. Polishing may be performed so as to obtain a surface roughness
of 0.2 Pm or less, preferably 0.1 Pm or less, in terms of Ra (arithmetic average). When the nail plate is polished, it is
only necessary to polish the area of the nail plate to be irradiated with light, for example, the area in contact with a probe.
To correct optical characteristics within the nail plate, the nail plate may be impregnated with a chemical agent for
adjusting an index of refraction such as glycerin. In this way, light scattering by the nail plate can be reduced.
[0024] Furthermore, measurement light can be applied directly to the nail bed by partly reducing the nail plate in
thickness or forming a hole in the nail plate to expose the nail bed. In this manner, a test substance in blood can be
measured without being affected by water and keratin of the nail plate.
[0025] As a method of partly reducing the nail plate in thickness or forming a hole in the nail plate, for example, a
method of evaporating the nail plate may be mentioned. In this method, the nail plate is irradiated with light generated
from a coherent light source such as laser light to evaporate the nail plate. Examples of the light generated from a
coherent light source include ultraviolet pulse lasers such as ArF laser, XeCl laser and XeF laser, and OPO (optical
parametric oscillator). Irradiation may be performed by transmitting light generated from a coherent light source through
an optical system such as a lens and by applying the light to the nail plate surface in a desired pulse irradiation energy
density. In this case, the light generated from a coherent light source may be transmitted by way of an optical transmission
fiber such as a quartz fiber from the light source to the optical system.
[0026] The pulse energy density of the light generated from a coherent light source to be applied to the nail plate is
preferably 10 mJ/cm2 or more.
[0027] The area of the nail plate to be evaporated is not limited. However, in some cases, a blood substance is
measured through a part of the nail plate evaporated by inserting a probe for measuring a blood substance into the
evaporated nail plate. Therefore, the area to be evaporated is good enough for the probe to enter. The shape of the
hole to be formed by evaporating the nail plate is also not limited. The shape of the hole to be evaporated may be
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rectangular and circular, etc, FIG. 6 shows the nail plate 9 having a hole 11 formed by evaporating the nail plate. As is
shown in the figure, the nail plate of the hole 11 is thin. When a blood substance in the capillary vessel of the nail bed
portion 10 is optically measured through the hole, measurement can be performed accurately without adverse affect of
the nail plate. FIG. 7 shows an optical measurement method for measuring a blood substance in the capillary vessel of
the nail bed portion through the hole of the nail plate formed by evaporation. As is shown in FIG. 7, a probe 6 is inserted
in the hole 11 formed in the nail plate 9 by evaporation and receives diffused/reflected light from the nail bed 10. To
suppress reflection between the nail and the probe, measurement is preferably performed via an index of refraction
adjusting medium 12 inserted between the nail and the probe. As the index of refraction adjusting medium, glycerin or
the like may be mentioned.
[0028] The device of the present invention can be used as a device for forming an orifice (orifices) to administer a
pharmaceutical composition for a cutaneous disease and/or a systemic disease via nail on the nail plate. A subject
animal in which an orifice (orifices) is formed on a nail plate to administer a pharmaceutical composition includes any
animal including a human having nails. The cutaneous disease is not limited, but includes any cutaneous disease such
as a cutaneous disease of a nail and a cutaneous disease of a skin other than a nail. A cutaneous disease of a nail
includes a trichophytosis unguium which is a ringworm of a nail. A systematic disease is not also limited, but includes
any disease known as a disease. The pharmaceutical composition for a cutaneous disease and/or a systemic disease
includes a drug used for prophylaxis of a disease such as vaccine. When an orifice (orifices) is formed by the present
device and a pharmaceutical composition is administered in the orifice (orifices), the pharmaceutical composition is
delivered to not only a nail portion but also an entire body via capillary located at a nail bed portion. Accordingly, the
administration via a nail takes effects on a systematic disease.
[0029] When an orifice (orifices) to administer a pharmaceutical composition for a cutaneous disease and/or a systemic
disease via nail is formed, the depth of the orifice (orifices) is 80 to 100%, preferably 90 to 99% of the thickness of a nail
plate. The diameter of the orifice is preferably, 1Pm to 1mm, more preferably 50Pm to 200Pm, and the most preferably
50Pm to 100Pm. The orifice shape is preferably columnar shape or conical shape. Typically, about 500 orifices, for
example, about 50 to 400 orifices or 100 to 300 orifices are formed on the nail.
[0030] The pharmaceutical composition of the present invention contains at least one active ingredient. For the purpose
of the present invention, the active ingredient means any substance which result in pharmaceutical or therapeutic effects.
An active ingredient is not limited, but includes photosensitizer, antifungal drug, androgen, estrogen, nonsteroidal anti-
inflammatory drug, anti-hypertension drug, analgesic drug, antidepressant drug, antibiotic drug, anti-cancer drug, an-
esthetic, antiemetic drug, anti-infection drug, anti-diabetes drug, steroid, antiallergic drug, migrane-abortive drug, a drug
for quitting smoking, and anti-obesity drug.
[0031] The pharmaceutical composition above may contain 1 type or a plurality of types of physiologically acceptable
pharmaceutical additives such as a diluent, a preservative, a solubilizing agent, an emulsifier, an adjuvant, an antioxidant,
an isotonizing agent, an excipient, and a carrier. Examples of an appropriate carrier include, but are not limited to, a
physiological saline solution, phosphate buffered saline, a phosphate buffered saline glucose solution, and a buffered
saline solution. Furthermore, the composition may also contain a stabilizer, such as amino acids, sugars, a surfactant,
or an agent for preventing adsorption to the surface, which are known in the art. Examples of such form of a pharmaceutical
composition include a liquid, solid, gel, emulsion, a liquid, and the like. The amount to be administered can be appropriately
determined depending on the kind of disease, the kind of the active ingredient, and the size and the number of the orifice.
[0032] The orifice may be covered with a resin film, manicure and the like such that a pharmaceutical composition in
the orifice does not come out from the orifice and bacteria, dust and the like do not mix in the orifice after the pharmaceutical
composition is administered in the orifice.
[0033] The evaporation depth of the nail plate, in other words, the depth of the hole, can be measured by monitoring
fluorescence emitted from the nail plate and the dermis under the nail when light generated from a coherent light source
is applied. In this case, it is preferable to employ a coherent light source as a light source for use in monitoring the
fluorescence. This is because when the evaporation depth is shallow, a large amount of fluorescence is emitted from a
substance largely contained in the nail, such as keratin. In contrast, when the evaporation depth is deep, that is, the nail
plate becomes thin, the amount of fluorescence emitted from the substance contained in the nail plate decreases,
whereas the amount of fluorescence emitted from a substance contained in a large amount in the dennis, such as
collagen, increases. The fluorescence from the nail plate and the fluorescence from the dermis can be distinguishably
measured by measuring the wavelength around the peak of the fluorescence from the nail plate and the wavelength
around the peak of the fluorescence from the dermis. For example, when the fluorescence from keratin of the nail plate
is compared to that derived from collagen of the dermis by using ArF laser as a light source for monitoring fluorescence,
the wavelength spectra of the fluorescence of both substances are analogous and can be measured at near a wavelength
of 300 to 350 nm; however, fluorescence from the dermis is twice or more as larger as that from keratin of the nail plate.
Therefore, as the evaporation depth of the nail plate increases and the nail plate reduces in thickness, the intensity of
fluorescence increases. Thus, the evaporation depth of the nail plate can be monitored by measuring a change of the
intensity of fluorescence. To measure fluorescence in order to monitor the evaporation the depth of the nail plate, a
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fluorescence probe having a fluorescence receiving portion may be used. The probe may have a means applying light
generated from a coherent light source for evaporation.
[0034] When the nail plate is evaporated by applying light generated from a coherent light source, particles called
plume are released by evaporation and light is also emitted from the plume. These phenomena may affect monitoring
of the evaporation depth of the nail plate. To avoid the effect of plume emission, it may be necessary to reduce the
amount of plume released. To attain this, when fluorescence is monitored, the pulse energy density of light generated
from a coherent light source and to be applied to the nail plate may be set at a predetermined value or less.
[0035] A method of reducing the nail plate in thickness is not limited to evaporation. The thickness of the nail plate
may be reduced simply by polishing the nail plate.
[0036] A device for optically measuring a test substance in blood using the nail as an optical window according to the
present invention comprises an irradiation means which applies light within a wavelength range for measuring the
absorbance by a test substance to the nail of a subject, a detection means which detects light diffused/reflected from
or transmitted through the body of the subject, and a processing means which processes a signal obtained by the
detection means and converts it to the concentration of the test substance.
[0037] FIG. 10 shows a schematic view of a device for optically measuring a test substance in blood of the nail bed
portion using the nail as an optical window, according to the present invention. When the device of FIG. 10 is used, the
nail having a hole formed by evaporation is measured; however, the nail may be measured without being evaporated.
[0038] The irradiation means at least has a light source 26 (light-emitting means) and a means guiding light to the nail
portion, for example, a light transmitting fiber, and a light converging optical system 13 such as a lens. On the tip portion
of the means guiding light to the nail portion, a light irradiation means is provided. Light is applied toward the nail portion
from the light irradiation means. The light source 26 is a light emitting unit emitting light having a requisite wavelength.
For example, a white light source such as a tungsten lamp, a light emitting diode, and a laser generation unit such as
a semiconductor laser may be used. In this case, light having a desired wavelength may be obtained by separating it
by a spectrometer. For example, when near infrared light is desired as irradiation light, an IR spectrometer or the like
may be used. As the means guiding light to the nail portion, an optical fiber (quartz fiber) may be mentioned. The optical
fiber is connected to a light emitting unit at one end and applies light to the nail portion at the other end. The portion for
applying light to the nail portion may be in contact or non-contact with the nail portion. Furthermore, the irradiation means
may have a filter for separating light and a lens for converging light.
[0039] The detection means at least has a light detecting unit 4 detecting light and a means guiding light coming out
from a subject to the detecting unit. The light detecting unit 4 detecting light is not limited as long as it has a light sensor
function. For example, a photo-diode, Fourier transformation infrared spectrometer (FTTR) and the like may be used.
As the means guiding light to the detecting unit, an optical fiber (quartz fiber) may be mentioned. The optical fiber is
connected to the light detecting unit at one end and receives light from a subject at the other end. Furthermore, a
spectrometer 15 may be arranged upstream of the light detecting unit 4.
[0040] The light irradiation means applying the light generated toward the nail portion and the light receiving means
receiving reflected/scattered light may integrally form the probe 6.
[0041] When light, which is applied to the nail portion and transmitted through the body of a subject, is detected, the
portion of the detection means receiving light and the portion of the light irradiation means applying light are preferably
positioned at opposite sides of a subject’s finger so as to face each other. Furthermore, when light, which is applied to
the nail portion, reflected by the body of a subject and again comes out from the nail portion, is detected, the detection
means and the light irradiation means are positioned at the same side.
[0042] The processing means, which processes a signal obtained by the detection means to convert it to the concen-
tration of a test substance, comprises a processing unit 5 computationally obtaining the concentration of a test substance
from data of light detected by the detection means, such as intensity and wavelength data. The processing unit 5
comprises a memory, in which a signal from the light detection means is stored, a central processing unit (CPU) which
processes the signal from the light detection means, and a memory unit such as a hard disk, in which conditions and
parameters required for processing in the CPU such as a calibration curb or a calibration equation (described later) and
processed results are stored. The processing unit may have a data display section having a monitor for displaying data
and a printer.
[0043] Furthermore, the device of the present invention may comprise a monitoring means monitoring the water content
and keratin content in the nail by using light within a wavelength range for measuring absorption by water in the nail and
light within a wavelength range for measuring absorption by keratin in the nail,
[0044] The monitoring means (monitoring the water content and keratin content in the nail using light within a wavelength
range for measuring absorption by water in the nail and light within a wavelength range for measuring absorption by
keratin in the nail) may comprise an irradiation means applying light beams having wavelengths for monitoring keratin
and water, and a detection means detecting light diffused and reflected from the nail plate portion. The irradiation means
has at least a light emitting means and a means guiding light to the nail portion. The detection means has at least a
detecting unit detecting light and a means guiding light coming out of a subject to the detecting unit. The light emitting
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means, the means guiding light and the detecting unit are the same as described above.
[0045] The concentration of a test substance is calculated using a calibration curve or a calibration equation. The
calibration curve or calibration equation can be previously obtained by analyzing absorption spectra of a single or a
plurality of persons obtained in various conditions. The analysis may be performed by regression analysis such as
multiple regression analysis, main component analysis and PLS method.
[0046] Furthermore, the device of the present invention may comprise an irradiation means applying light generated
from a coherent light source to the nail plate for partly removing the nail plate by evaporating the nail plate by irradiation
of laser light, and may further comprise a light detection means detecting fluorescence emitted from the nail plate and
the dermis for monitoring the evaporation depth of the nail plate. Moreover, a evaporation device, itself, which comprises
these two means for forming a hole in the nail plate, may be encompassed in the present invention. FIG. 8 shows an
example of the evaporation device. As shown in FIG. 8, the evaporation device comprises a coherent light source 17,
a light converging optical system 13 converging light from the light source to the nail plate, a light receiving means 14
for receiving fluorescence emitted from the nail plate and the dermis, a spectrometer 15 separating the received light,
a light detecting unit 4 for detecting light separated by the spectrometer, and a control unit 16 controlling timing of light
irradiation from the light source and light detection by the light detecting unit. The light irradiation means (applying light
toward the nail portion) and the light receiving means receiving reflected/scattered light may integrally constitute a probe.
[0047] FIG. 9 shows a specific embodiment of the evaporation device. According to the embodiment shown in FIG.
9, an excimer laser 23 is used as a coherent light source, and a CCD spectrometer 24, which comprises a diffraction
grating spectrometer and a CCD light detector integrally into a one body, is used as the spectrometer and the light
detecting unit, and a pulse generator 25 is used as a controlling unit. FIG. 10 shows an example of a device measuring
a blood substance in the nail bed. As is shown in FIG. 10, the device measuring a blood substance in the nail bed
comprises a light source 26, a light conversing optical system 13, a probe applying light to the nail and receiving light
transmitted through or diffused/reflected from the nail bed, a spectrometer 15 separating the received light, a light
detecting unit 4 for detecting light separated by the spectrometer, and a processing unit 5 processing a glucose con-
centration based on the signal obtained by the light detecting unit.
[0048] Furthermore, the device of the present invention may have an immobilizing/holding means for immobilizing a
finger. The holding means may be an immobilizing table 7 as shown in FIG. 10 or may have a ring form structure for
inserting a finger. The immobilizing/holding means may have an irradiation means and a detection means and/or a
means for applying light from a coherent light source for evaporation and a fluorescent detection means for monitoring
a evaporation depth.
[0049] The device for measuring a blood substance through the nail and the evaporation device according to the
present invention may be non-integrally provided. In this case, first a hole is formed in the nail plate by the evaporation
device and then a blood substance of the nail bed portion is measured by the measuring device. Alternatively, the device
for measuring a blood substance through the nail and the evaporation device may be integrally provided. In this case,
a light source for measurement, a light source for nail-plate evaporation, a measuring means, and a means for monitoring
a evaporation depth are integrally contained in a single device.
[0050] Furthermore, the present invention is directed to a method controlling a device, which is used for optically
measuring a test substance in blood using the nail as an optical window and which comprises an irradiation means
applying light within a wavelength range for measuring absorption by the test substance to the nail of a subject, a detection
means detecting light diffused/reflected from or transmitted through the body of the subject, and a processing means
processing signal obtained by the detection means to convert the signal the concentration of the test substance. This
is a method of controlling a measurement device, that is, a method of controlling a device for optically measuring a test
substance in blood using the nail as an optical window, comprising a step of applying light by controlling an irradiation
means applying light within a wavelength range for measuring absorption by the test substance to the nail of a subject,
a step of detecting light diffused/reflected from or transmitted through the body of the subject by controlling a detection
means detecting light diffused/reflected from or transmitted through the body of the subject, and a step of processing a
signal detected to convert the signal the concentration of the test substance. In this case, the control of the light irradiation
means includes controlling wavelength and intensity of the light to be applied by the light emitting unit. The control of
the detection means includes controlling the detecting unit so as to obtain an absorption spectrum or controlling the
detecting unit so as to detect light having a predetermined wavelength alone.
[0051] The present invention encompasses a method of controlling a monitor means monitoring the water content
and keratin content of the nail by use of light within a wavelength range for measuring absorption by water in the nail
and light within a wavelength range for measuring absorption by keratin in the nail. This method comprises a step of
applying light within a wavelength range for measuring absorption by water in the nail and light within a wavelength
range for measuring absorption by keratin in the nail, a step of detecting light diffused/reflected from or transmitted
through the body of a subject by controlling a detection means detecting light diffused/reflected from or transmitted
through the body of a subject, and a step of monitoring a water content and keratin content in the nail plate by controlling
a processing means of a detected signal, Furthermore, this method comprises a step of accurately obtaining the con-
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centration of a blood substance by correcting a measurement value of the blood substance by a value in accordance
with optical characteristics of the nail plate. This step is performed by controlling two devices in combination with a
controlling method for a device, which optically measures a test substance in blood using the nail as an optical window
and which comprises an irradiation means applying light within a wavelength range for measuring absorption by the test
substance to the nail of a subject, a detection means detecting light diffused/reflected from or transmitted through the
body of the subject, and a processing means processing a signal obtained by the detection means to convert the signal
the concentration of the test substance.
[0052] Moreover, the present invention encompasses a method of controlling a device, which partly removes the nail
plate by evaporating it by applying light generated from a coherent light source to the nail plate in order to optically
measuring a test substance in blood in the nail bed portion using the nail as an optical window, and which comprises
an irradiation means applying light generated from a coherent light source to the nail plate and a evaporation-depth
monitoring means having a light detection means detecting fluorescence emitted from the nail plate and the dermis for
monitoring the evaporation depth of the nail plate. The method comprises a step of applying light generated from a
coherent light source to the nail plate under appropriate irradiation conditions by controlling an irradiation means applying
light generated from a coherent light source to the nail plate, and a step of monitoring a evaporation depth of the nail
plate by controlling a light detection means for detecting fluorescence emitted from the nail plate and the dermis. Fur-
thermore, this method comprises a step of accurately obtaining the concentration of a blood substance by controlling
two devices in combination with a controlling method for a device, which optically measures a test substance in blood
using the nail as an optical window and which comprises an irradiation means applying light within a wavelength range
for measuring absorption by the test substance to the nail of a subject, a detection means detecting light diffused/reflected
from or transmitted through the body of the subject, and a processing means processing a signal obtained by the detection
means to convert the signal the concentration of the test substance.

Examples

[0053] The present invention will be described by way of the following Examples; however, which should not be
construed as limiting the invention.

Example 1

[0054] Estimation of sensitivity of measurement system for blood glucose level in the nail bed portion (1) Calculation
of density of capillary vessel under the nail
[0055] To prove that the capillary vessel exists in a high density in the nail bed portion and quantify a glucose level in
the nail bed tissue, an image of the capillary vessel in the nail bed portion shown in a document was processed by Adobe
Photoshop to computationally obtain the area of the image occupied by capillary vessel.
[0056] The capillary vessel was traced from the image of the portion under the nail shown in FIG. 2 (Hasegawa K., J.
Hand Surgery, Vol. 26A, No.2, pp 283-90, 2001) to calculate the areas of the vessel and the other region. The calculation
was performed with respect to three points to obtain an average. The area ratio of the capillary vessel of the portion
under the nail was 44%. According to another document (Pasyk K. A., Plastic and Reconstructive Surgery, Vol.83, No.
6, pp. 939-947, 1989), the density of the capillary vessel is about 3% in the upper arm and about 7% in the palm. From
this, the density of the capillary vessel in the portion under the nail is said to be extremely large.

(2) Selection of wavelength for glucose measurement

[0057] To confirm that light absorption by glucose is localized in the near infrared region, transmitted light was measured
by a Fourier-transform infrared spectrometer, FTIR-620 (JASCO Corporation, Tokyo). Then, investigation was made on
the wavelength absorbed by glucose and absorbance of glucose.
[0058] Aqueous glucose solutions (concentration: 1 g/dl and 5 g/dl) were prepared. The light transmitted through the
solutions having a solution thickness (depth) of d=0.75 mm was measured. The absorbance of glucose was calculated
by subtracting the absorbance of water, which was measured through an aqueous solution having the same thickness,
from the value obtained above. FIG. 11 shows an absorption spectrum of glucose and Table 1 shows light absorption
peaks of glucose samples.
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[0059] When the peaks emerging at a wavelength of 2,136 Pm and 2.273 Pm are compared, the ratio of glucose
absorbance obtained at a wavelength of 2.136 Pm relative to that of water obtained at the same wavelength is approx-
imately three-fold as high as that obtained at the other wavelength. From this, it is estimated that the quantification of
glucose can be performed more accurately by use of the wavelength of 2.136 Pm.

(3) Controlling the concentration of a latex beads solution for simulating the skin scattering

[0060] To perform an experiment of glucose measurement by measuring diffused/reflected light from the capillary
vessel in the nail bed portion using a model, the model was prepared by using a latex beads solution whose concentration
was determined so as to simulate the scattering characteristics of the skin.
[0061] The isotropic scattering coefficient and anisotropic scattering parameter of the skin were checked in documents
and the concentration of an aqueous solution of beads having diameters of 1.5 Pm was determined so as to approximately
match with the isotropic scattering coefficient of the skin by means of the Mie scattering calculation software (Oregon
Medical Laser Center; http://omlc.ogi.edu/calc/mie calc,html).
[0062] The optical characteristics of the skin (Troy T. L., J. Biomedical Optics, 6(2), pp.167-76, 2001) were as follows.
[0063] The scattering coefficient of the skin shown in documents (near 2.1 Pm): Ps’=10 � 2.3 cm-1

[0064] Non anisotropic scattering parameter of the skin: g=0.85.
[0065] The concentration of a latex bead solution was determined in accordance with Mie scattering theory, as follows.

Individual parameters

[0066]

Latex (polystyrene) index of refraction: np=1.525 (λ=2.5 Pm) (Larena. A, Spectroscopy letters, Vol. 25, No. 4, pp.
447-461, 1992)
Latex density: 1.055 g/cm3

Index of refraction of water: nw=1.30 (λ=2.0 Pm) (Hale G., Appl. Opt., Vol. 12, No. 3, pp. 555-563)

[0067] As a result of calculation, a skin scattering simulation model was a latex beads solution containing particles of
1.53 Pm in diameter in a density of 0.0055 particles/(Pm)3 and having Ps’=11.0 cm-1 and g=0.78 at a concentration of
the latex beads solution of 1.1%. FIG. 12 shows Mie scattering pattern of latex beads (φ1.53 Pm) at a wavelength of 2.1
Pm. FIG. 13 shows P(θ) of the latex beads (φ1,53 Pm) in water at a wavelength of 2.1 Pm.
[0068] For reference, the calculation results of Mie scattering are shown below.

<Input Parameters>

[0069]

The diameter is 1.53 microns
The wavelength is 2.1 microns
The real index of refraction is 1.53
The imag index of refraction is 0
The number of angles is 91
The density of scatterers is 0.0055 per cubic micron.

<Calculated Coefficients>

[0070]

[Table 1]

Absorption peak of glucose

peak [Pm] base1 [Pm] base2 [Pm]
5 g/dL glucose 
Abs.

1 g/dL glucose 
Abs.

water Abs
10 mg/dL glucose 
Abs./water Abs.

2.136 2.243 0.0187 0.0038 0.82 4.56E-05

2.273 2.243 2.303 0.0057 0.0018 0.75 1.52E-05
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The size parameter (x) is 2.98
The extinction efficiency (Qext) is 0.501
The scattering efficiency (Qsca) is 0.501
The absorption efficiency (Qabs) is -1.11 e-16

The backscatter efficiency (Qback) is 0.0408
The geometric cross section is 1.84 Pm2

The total extinction coefficient is 5.06 mm-1 (50.6 cm-1)
The scattering coefficient is 5.06 mm-1 (50.6 cm-1)
The reduced scattering coefficient is 1.10308 mm-1 (11,0308 cm-1)
The absorption coefficient is -1.12e-15 mm-1 (-1.12e-14 cm-1)
The anisotropy is 0.782

(4) Glucose measurement by microscopic FTIR based on reflected light

[0071] To estimate the feasibility of measuring glucose in the nail bed portion and the requisite accuracy of the
measurement system, diffused/reflected light of a solution model was measured by FTIR.
[0072] As shown in FIG. 14, reflected light from a 1.1% latex beads solution simulating scattering of the skin was
measured by microscopic FTIR. The same measurement was performed using pure water instead of the solution. The
obtained value was regarded as a mirror surface reflectivity. The mirror surface reflectivity was subtracted from the
reflectivity of the latex beads solution to obtain a diffusion reflectivity. The background of each measurement was obtained
based on aluminum total reflectivity.
[0073] FIG. 15 shows the diffusion reflectivity of the latex beads solution simulating scattering of the skin. As shown
in FIG. 14, the diffusion reflectivity of the solution model in the near infrared region was substantially 0%. In the Monte
Carlo simulation using optical characteristics of the skin, the total diffusion reflectivity resulted in 1.2%. These values
are in the same order of magnitude even if a converging efficiency of 0.26 is taken into consideration. Furthermore, a
slight peak is observed at near a wavelength of 1.935 Pm, which corresponds to absorption by water. From the above,
it is considered that a diffused/reflected light was captured; however, the amount of diffused/reflected light from the latex
beads solution (simulating scattering of the skin) was not measured with a sufficient S/N ratio for detecting glucose signal
by the microscopic FTIR used in measurement.
[0074] Next, to estimate which degree of sensitivity is required for a calculation system, measurement was performed
by using alumina, which was a strong scattering material to increase diffused/reflected light.
[0075] A reflected light was measured by microscopic FTIR with respect to an aqueous solution model containing
50% Al2O3 and a 50 g/dl glucose. A diffusion reflectivity was calculated in the same manner as in the latex beads solution,
FIG. 16 shows the diffusion reflectivity of the 50% alumina solution.
[0076] The diffusion reflectivity was converted in terms of absorbance to obtain the absorbance of glucose. FIG. 17
shows the absorbance of glucose. The peak was consistent with that of the glucose absorption spectrum obtained based
on transmission. In this case, the S/N value was 2.3 (at the peak at a wavelength of 2.1 Pm).

(5) Investigation on improvement of S/N value for attaining glucose measurement in capillary vessel under the nail

[0077] Based on the results of Example, investigation was made on measurement of glucose in the capillary vessel
under the nail.
[0078] First, the ratio of a glucose light absorption signal in the diffused/reflected light from the capillary vessel under
the nail actually measured was estimated. Assuming that the light absorbing materials existing in the tissue were only
water and glucose, as the simplest case, the absorbance ratio of water to glucose depends upon only the concentration
of glucose, even though the optical path differs in the tissue. Then, based on the absorbance of water (peak: 1.935 Pm,
base line: 2.24 Pm, 1.83 Pm) in light diffused/reflected from a latex beads solution simulating scattering of the skin and
an alumina solution, the S/N ratio was estimated when glucose was measured in the latex beads solution simulating
scattering of the skin. FIG. 18 shows the results of absorbance values of water in solution models for comparison. 

[0079] This is the result when a glucose level was 50 g/dL. At a desired glucose level (normal glucose) of 100 mg/dL,
the following formula was obtained. 
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[0080] Furthermore, since the area ratio of the capillary vessel under the nail is 0.44 as described in Example 1, the
absorbance of glucose is: 

[0081] Therefore, to measure glucose of 100 mg/dL with an S/N ratio=1, it was found that S/N ratio is required to
improve by 3.8 � 103.
[0082] To improve the S/N ratio, investigation was made on the FTIR measurement system presently in use. Noise
is primarily caused by FTIR itself. To improve the S/N ratio, two approaches may be considered. One is to increase
signal intensity and the other is to reduce noise. Investigation was made on each of them.
[0083] To increase signal intensity, roughly two approaches are considered. One is to increase a light converging
efficiency and the other is to increase the amount of incident light. First, the converging efficiency was investigated.
[0084] As shown in FIG. 14, light is converged by a Cassegrain mirror in the FTIR system. The viewing angle thereof
is limited to 16.4 to 35.7°.
[0085] The dependency of diffused/reflected light upon the angle was simulated in accordance with the Monte Carlo
simulation (Oregon Medical Laser Center, http://omlc.ogi.edu/software/mc/index.html) and the light converging efficiency
of FTIR was computationally obtained. The results are shown in FIG. 19. When the ratio of an integrated value of the
viewing angle relative to that of the total angle was obtained from FIG. 19, the light converging efficiency was 0.26. It
was therefore found that a 3.8 fold increase in signal intensity can be attained in the approach of improving the light
converging efficiency.
[0086] Next, investigation was made on the amount of light incident. The FTIR light source is a ceramic light source
of 1300°C and the blackbody radiation spectrum thereof is as shown in FIG. 20. The overall output of light incident upon
a sample chamber was measured by a thermopile. It was 74 mW. The output of light at a wavelength of 2.1 Pm was
calculated based on a relative value at each wavelength. It was 1.5 � 10-2 mW (wavelength width: about 0.4 nm). This
is converted into the light output of a tungsten halogen lamp of 3000K. The output is 8.1 fold as large as that of the FTIR
assuming that both have the same emissivity.
[0087] Furthermore, investigation was made on a detector.
[0088] The MCT detector presently in use has a wavelength showing a maximum sensitivity at near 10 Pm, and a
specific detectivity (D*) of about 3 � 108 at a wavelength of near 2 Pm. A PbS device or the like, which have a wavelength
showing a maximum sensitivity at near 2.5 Pm, has D* of 3 � 1011 at near 2 Pm. From this, it is simply considered that
if the detector is replaced by a detector for infrared light, about a 1000-fold increase of S/N ratio can be expected. In
FIG. 21, the detection abilities of light detecting devices are compared (excerpt from the Web site (home page) of
Hamamatsu Photonics, K.K.).
[0089] To summarize, it is estimated that the S/N ratio is improved to at most 3.08 � 104, meaning that the measurement
accuracy can be improved to at most � 12.3 mg/dL in terms of glucose concentration.

Example 2

[0090] Effect of disturbing agents such as keratin and water on the nail plate

(1) Sample treatment

[0091] Nail plate was taken from human individuals (4 individuals), The upper and lower sides (dorsal and ventral
sides) of each of the nail plates were polished with sandpaper to prepare 7 samples.
[0092] The samples were allowed to stand still for 20 hours in 6 types of environments different in humidity: a humidity
of 14% (a saturated aqueous LiCl solution), 48% (a saturated aqueous MgCl solution), 67% (a saturated aqueous NaBr
solution), 77% (a saturated aqueous NaCl solution), 85% (a saturated aqueous KCI solution) and 96% (pure water). In
this manner, the water contents of the samples were changed. The samples were weighed. An increase from the weight
of each sample at a humidity of 0% extrapolated was regarded as a water content.
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(2) Measurement of infrared transmittance

[0093] As an infrared spectrometer, FTIR-620 manufactured by JASCO Corporation was used. Using an additional
microscopic system IRT-30 optical system, the infrared transmittance of each sample was measured. The spectra
obtained from 7 samples were converted into attenuation coefficient spectra in accordance with the Lambert-Beer
equation. FIG. 22 shows the attenuation coefficient spectra of samples allowed to stand in the environment of a humidity
14%. Since the water content at this humidity was about 2%, it may be considered that the spectra shown in FIG. 22
are virtually equivalent to the spectra of keratin contained in the nail plate. Several peaks are observed, which are peaks
of keratin absorption. It is considered that the base line differs because of influence of scattering. When the spectra are
compared to each other, there is a large difference in base line between persons. From this, it is considered that there
is individual difference in scattering of keratin fibers. Such an individual difference may produce individual difference in
light converging efficiency when light is measured by means of e.g., a probe.
[0094] FIG. 23 exemplifies the attenuation coefficient spectra of samples, which were allowed to stand in different
environments in humidity. An absorption peak of water emerging at a wavelength of 1.935 Pm increases as humidity
increases. In accordance with this, the attenuation coefficient increases at a wavelength of near 2.1 Pm, at which glucose
is measured. In the simulation case where glucose is measured through the nail plate of 0.4 mm thick, water is estimated
to be 101 mg/dl per % in terms of noise.

Example 3

[0095] Investigation on correction of disturbance of the nail plate

(1) Reduction of scattering by polishing

[0096] FIG. 24 shows a change of attenuation coefficient by the presence or absence of polishing of the nail. There
are several peaks, which show keratin absorption and water absorption (a wavelength: near 1.9 Pm). The base line is
influenced primarily by scattering and goes up and down. The sample after polishing shows a lower attenuation coefficient.
Since the same sample is used and the profile of the peaks is the same, there is no difference in absorption. The base
line is lowered. This is conceivably because scattering from the nail surface is reduced by polishing.

(2) Correction by keratin and water contents monitored

[0097] In the attenuation spectra of the nail plate shown in FIG. 23, the content of keratin per unit optical length can
be estimated from the value of one of the absorption peaks present at a wavelength of 2.177 Pm, which is within the
range of a minimum water absorption. When analysis is made based on the absorption spectrum of keratin within the
wavelength range for measuring glucose in combination with the optical length actually used in measurement, light
absorption by keratin in the nail plate can be estimated.
[0098] Using attenuation coefficient at a wavelength of 2.235 Pm as a reference value, the ratio of Pw/Pk was plotted
in the vertical axis, where Pw is the value of the absorption peak of water at a wavelength of 1.935 Pm, and pk is the
value of the absorption peak of keratin at a wavelength of 2.177 Pm; on the other hand, the water content (on the weight
basis) was plotted correspondingly on the horizontal axis (FIG. 25). As a result, a linear relationship was obtained. The
graph shows R2=0.9644m SEP=1.68% (water content) and thus good correlation was exhibited.
[0099] From the results above, the water content of the nail can be estimated. The absorption of light by water in the
nail plate can be estimated based on the absorption spectrum of water within wavelength range for measuring glucose
in combination with the optical length actually used in measurement. In the simulation case, glucose was measured
through the nail plate of 0.4 mm thick and the resultant value was corrected by the absorption of light by water in the
nail plate. As a result, a standard deviation was �85.4 mg/dl. There is a high possibility that a desired value of �10
mg/dl is obtained by reducing the thickness of the nail plate by scraping it.

Example 4

[0100] Evaporation of the nail plate for measuring a blood substance through the nail plate

(1) Investigation on optimum irradiation conditions for evaporation of the nail plate

(1-1) Relationship between pulse energy density and evaporation depth

[0101] As a coherent light source for evaporating the nail plate, ArF laser C3470 (Hamamatsu Photonics, K.K., Shi-
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zuoka) (a wavelength of 193 nm, a pulse width of 15 ns) was used. The nail plate was irradiated by the laser at 2 Hz
while changing a pulse energy density within the range of 50 to 1250 mJ/cm2·pulse. Nail plate samples (6 samples in
total) used herein were taken from four male persons oftwentysomething (A: 3 samples, B-D: single sample).
[0102] Generally, it is known that the evaporation depth is given by the following equation 

Pa: Absorption coefficient [mm-1]
F0: Irradiation fluence [mJ/cm2]
F1h: Evaporation threshold [mJ/cm2]

[0103] The results are shown in FIG. 26. A logarithmic value of a pulse energy density was plotted on the horizontal
axis and a evaporation depth was plotted on the vertical axis. When an approximate curve was drawn in accordance
with the aforementioned equation, the relationship was expressed by the equation: y=0.154Ln(x)-0.652. The correlation
coefficient was 0.9. Thus, it was confirmed that they have strong correlation. Furthermore, a standard deviation was
about �0.03. From this, it was suggested that the nail plate can be accurately evaporated by use of a laser.

(1-2) Surface observation of evaporation site

[0104] The surface of the evaporation site of the nail plate obtained in Section (1-1).
[0105] Images of the surface are shown in FIGS. 27 and 28.
[0106] When the nail plate was irradiated with a laser of 85 mJ/cm2, projections and depressions were observed at
the evaporated site.
[0107] When the nail plate was irradiated with a laser of 226 mJ/cm2 or more, the evaporated site was observed to
be flat. This suggests that a flat evaporated surface can be obtained by appropriately selecting a pulse energy density
in evaporation.
[0108] The evaporated site after evaporation is desirably flat since measurement is optically performed. From this, it
was suggested that the nail plate is suitably evaporated by irradiation with a fluence of at least 85 mJ or more.

(2) Investigation on evaporation control by measuring fluorescence

(2-1) Differentiation between plume emission and fluorescence

[0109] During evaporation, particles called plume are released in a large amount from a solid body by evaporation
and also light is emitted from the plume, which inhibits fluorescence measurement. Thus, first to distinguish plume
emission from fluorescence, emission spectra of the nail was measured by applying by light having an irradiation energy
density.
[0110] FIG. 29 schematically shows a fluorescence spectrum measurement system during evaporation. Light (193
nm in wavelength) emitted from an ArF excimer laser 29 was converged by an SiO2 lens 28 (Sigma Koki Co., Ltd.) to a
nail sample 27 while fluorescence 36 was guided by a BaF2 lens (Ohyo Koken Co., Ltd., Tokyo) 35 and a UV grade
fiber 34 and measured by a cooled CCD spectrometer, BTC-112 E (B&W TEK, USA) 32. To observe pulse light emission,
a pulse delay generator DG535 (Stanford Research System, USA) 31 was employed to set a trigger delay between the
excimer laser 29 and the cooled CCD spectrometer 32. To match the impedance, an attenuator 30(10 dB) was provided.
[0111] FIG. 30 shows emission spectra different in irradiation energy density. The light emission at a wavelength of
near 300 nm to 350 nm is fluorescence due to a nail protein. The light at a wavelength of 386 nm is scattered light due
to discharge in excitation light. Several emission peaks observed in a long wavelength side larger than 400 nm are due
to plume. As the irradiation energy increases, the intensity of light emitted by plume increases. When the intensity of
one (620 nm) of the emission peaks is used as a reference for plume emission intensity, the emission intensity of plume
is found to abruptly increase when a pulse energy density exceeds 300 mJ/(cma-2·pulse). This suggests that to perform
fluorescence measurement under less effect of plume emission, irradiation must be performed at an irradiation energy
density of 300 mJ/(cm-2·pulse) or less. FIG. 31 shows the dependency of plume emission amount (620 nm) upon the
intensity of excitation light. FIG. 32 shows the surface state at an irradiation energy density of 226 mJ/(cm-2·pulse), and
Table 2 shows the relationship between irradiation energy density and evaporation depth. From this, it is suggested that
the surface state is flat even at an irradiation energy density of 300 mJ/(cm-2·pulse) and that a probe is satisfactorily
fixed when glucose is measured through the nail plate. Furthermore, as to the evaporation depth, it is suggested that
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about 1800 irradiation times is required to evaporate the nail plate to make a hole almost in contact with the nail bed
portion. The number of irradiation times corresponds to a processing time of several minutes.

(2-2) Comparison in fluorescence spectrum between the nail plate and the dermis

[0112] To find a difference between fluorescence emitted from the nail plate and that from the dermis under the nail,
spectrum of the nail plate and that of the swine dermis (used as a model of the dermis) were measured.
[0113] Using the measurement system shown in FIG. 29, fluorescence spectra were measured with respect to the
nail and the swine dermis at an irradiation energy density of 257 mJ/(cm-2·pulse).
[0114] The spectra of them are shown in FIG. 33. There is less difference in wavelength between fluorescence spectra
of the nail plate and the dermis; however, the intensity of fluorescence emitted from the swine dermis is two fold larger
than that of the nail plate. It is suggested that the border line between the nail plate and the dermis can be found by
observing the intensity of fluorescence of 300 to 350 nm during evaporation.

Example 5

Glucose measurement through the nail plate

[0115] As shown in FIG. 34, light 37 having a wavelength of 2.1 Pm was applied to a sample by means of an aluminum
flat mirror 38. The reflected light thereof was converged by means of an elliptic mirror coated with gold (manufactured
by Yamada Kogaku Kogyo, Saitama, Japan) 39 and detected by an MCT detector, KMPC12-2-JI (Kolmar Technologies
Inc., USA) 46. To remove noise by infrared irradiation, a BK7 optical base (Sigma Koki Co., Ltd., Tokyo) 44 whose
transmission wavelength range was 0.32 to 2.6 Pm was provided. The detection light was chopped by an optical chopper
(manufactured by N.F. Circuit Design Block Co., Ltd., Kanagawa, Japan) 43 at a frequency of 573 Hz., and amplified
by a lock-in amplifier, LI5630 (manufactured by N.F. Circuit Design Block Co., Ltd., Kanagawa, Japan) 49 and output
in an oscilloscope DL708E (Yokokawa Electric Corporation, Tokyo) 50.
[0116] A solution sample 42 was prepared by using a 20% aqueous intralipid solution, intralipos 20% (Otsuka Phar-
maceutical Co., Ltd., Tokyo) as a scattering body. On the solution, the nail 40 sandwiched by cover glasses 41 was
mounted. The nail sample was prepared by taking the nail (9 mm x 6 mm) of a ring finger of a 23 year-old woman and
polishing both surfaces of the nail with sand paper P1000 (JIS standard B6010) to control the thickness. The reflected
light amount when water was used as the solution was regarded as diffused/reflected light from the nail. The amount of
diffused/reflected light from the nail was subtracted from that when the 20% aqueous intralipid solution was used to
obtain the amount of diffused/reflected light from the solution. Then, the diffused/reflected light from the 20% aqueous
intralipid solution containing 10 g/dL glucose was measured to obtain absorbance of glucose.
[0117] When the nail of 109 Pm thick (which was reduced in thickness by polishing) was measured, the amount of
the diffused/reflected light from the solution increased by 0.44 PW, compared to the nail (untreated ring-finger nail) of
337 Pm thick. FIG. 35 shows the difference in diffused/reflected light amount in the presence or absence of glucose
when the thickness of the nail is 109 Pm. When 10 g/dL glucose is existing in 20% aqueous intralipid solution, the amount
of the light diffused/reflected from the solution decreases and absorption of light by glucose is detected through the nail.
[0118] It was demonstrated that the detectable amount of the diffused/reflected light from the portion under the nail
plate is increased by reducing the nail plate in thickness and thus glucose can be measured.

Claims

1. A nail plate evaporation device, which partly removes the nail plate by evaporating the nail plate by applying light
generated from a coherent light source (26) to the nail plate, and which comprises evaporation depth monitor means

[Table 2]

Relationship between irradiation energy density and evaporation depth

Energy density [mJ/cm2·pulse] Evaporation depth [Pm]
Number of irradiation times to form a through-hole of 400 
Pm in the nail

265 0.22 1818

530 0.36 1111

935 0.46 869
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for monitoring evaporation depth of the nail plate; wherein said partial removal of the nail plate is either:

(a) for optically measuring a test substance in blood in the nail bed portion by using the nail as an optical window,
the partial removal of the nail plate correcting or eliminating a fluctuation of a measurement value based on
optical characteristics of the nail plate; or
(b) for forming an orifice or orifices to administer a pharmaceutical composition for a cutaneous disease and/or
a systemic disease via nail on the nail plate,

characterized in that the evaporation depth monitor means comprise irradiation means applying light generated
from a coherent light source (26) to the nail plate and light detection means (4) detecting fluorescence emitted from
the nail plate and the dermis.

2. A device for optically measuring a test substance in blood in the nail bed portion by using the nail as an optical
window and removing the nail plate partly so as to correct or eliminate a fluctuation of a measurement value based
on optical characteristics of the nail plate comprising the device of claim 1 alternative (a), and further comprising
irradiation means applying light within a wavelength range for measuring absorption by the test substance to the
nail of a subject, detection means detecting light diffused/reflected from or transmitted through the body of the
subject, and processing means processing a signal obtained by the detection means to convert the signal into a
concentration of the test substance.

3. The device according to claim 2, wherein the irradiation means and the detection means are contained in a probe,
and light is applied by the irradiation means through the nail into the body of the subject and light diffused/reflected
from the body of the subject is detected by the detection means through the nail,

4. The device according to claim 1 or 3, wherein the irradiation means applying light within a wavelength range for
measuring absorption by the test substance to the nail applies light to capillary vessel of the nail bed portion.

5. The device according to any one of claims 2 to 4 wherein the irradiation means applying light within a wavelength
range for measuring absorption by the test substance to the nail applies near infrared light,

6. The device according to claim 5, wherein the wavelength range of the light to be applied is 1 to 2.5 Pm.

7. The device according to any one of claims 2 to 6, wherein the device is a blood glucose level measuring device.

8. The device according to any one of claims 2 to 6, wherein the device is used for measuring blood urea, creatinine,
BUN, or CP (creatinine phosphokinase).

9. The device according to any one of claims 2 to 8 further comprising monitor means, which monitors a water content
and a keratin content of the nail by using light within a wavelength range for measuring absorption by water in the
nail and light within a wavelength range for measuring absorption by keratin in the nail, and which is capable of
correcting optical characteristics of the nail plate.

10. The device according to claim 7, wherein the monitor means uses light having a wavelength of 1 to 3 Pm as the
light within a wavelength range for measuring absorption by water in the nail and light having a wavelength of 1 to
2.5 Pm as the light within a wavelength range for measuring absorption by keratin in the nail.

11. The device according to any one of claims 2 to 10, further comprising means for immobilizing/holding a finger tip
portion, in which the immobilizing/holding means has the irradiation means and the detection means.

12. The device according to any preceding claim, wherein the coherent light source is ultraviolet laser light or OPO.

13. The device according to claim 12, wherein the ultraviolet laser light is ArF laser light.

14. The device according to any preceding claim, wherein a pulse energy density of the laser is not less than 10
mJ/cm2·pulse.

15. The device according to any preceding claim, wherein, in monitoring the evaporation depth of the nail plate, irradiation
is performed with a fluence such that intensity of plume emission, which is simultaneously generated in a wavelength
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range of fluorescence generating during light irradiation for evaporation, is equal to or less than intensity of fluores-
cence emitted from the nail plate and/or the dermis,

16. The device according to any preceding claim, further comprising means immobllizing/holding a finger tip portion,
which has the laser light irradiation means and the light detection means of the evaporation depth monitor means.

Patentansprüche

1. Nagelplatten-Verdampfungsvorrichtung, die teilweise die Nagelplatte entfernt, indem sie die Nagelplatte durch An-
wenden von Licht, das aus einer kohärenten Lichtquelle (26) stammt, auf die Nagelplatte anwendet, und die eine
Verdampfungstiefen-Überwachungseinrichtung enthält, die die Verdampfungstiefe der Nagelplatte überwacht; wo-
bei das teilweise Entfernen der Nagelplatte entweder:

(a) der optischen Messung einer Testsubstanz im Blut des Nagelbettabschnittes mit Hilfe des Nagels als opti-
schem Fenster dient, wobei durch das teilweise Entfernen der Nagelplatte eine Schwankung eines Messwertes
auf der Basis optischer Eigenschaften der Nagelplatte korrigiert oder eliminiert wird; oder
(b) der Ausbildung einer Öffnung oder Öffnungen dient, um ein Arzneimittel gegen eine kutane Krankheit und/
oder eine systemische Krankheit über den Nagel auf der Nagelplatte zu verabreichen,

dadurch gekennzeichnet, dass die Verdampfungstiefen-Überwachungseinrichtung eine Abstrahleinrichtung, die
Licht, das von einer kohärenten Lichtquelle (26) erzeugt wird, auf die Nagelplatte anwendet, und eine Lichterfas-
sungseinrichtung (4) enthält, die eine Fluoreszenz erfasst, die von der Nagelplatte und der Haut emittiert wird.

2. Vorrichtung zur optischen Messung einer Testsubstanz im Blut des Nagelbettabschnittes unter Verwendung des
Nagels als optischem Fenster und durch teilweises Entfernen der Nagelplatte, um so eine Schwankung eines
Messwertes auf der Basis optischer Eigenschaften der Nagelplatte zu korrigieren oder zu eliminieren, enthaltend
die Vorrichtung nach Anspruch 1, Alternative (a), und weiterhin enthaltend eine Abstrahleinrichtung, die Licht inner-
halb eines Wellenlängenbereiches zum Messen der Absorption durch die Testsubstanz auf den Nagel eines Pati-
enten anwendet, eine Erfassungseinrichtung, die Licht erfasst, das vom Körper eines Patienten gestreut/reflektiert
oder durch diesen übertragen wird, und eine Verarbeitungseinrichtung, die ein Signal verarbeitet, das von der
Erfassungseinrichtung bezogen wird, um das Signal in eine Konzentration der Testsubstanz umzuwandeln.

3. Vorrichtung nach Anspruch 2, bei der die Abstrahleinrichtung und die Erfassungseinrichtung in einer Sonde enthalten
sind, Licht von der Abstrahleinrichtung durch den Nagel in den Körper des Patienten abgestrahlt wird und Licht, das
vom Körper des Patienten gestreut/reflektiert wird, von der Erfassungseinrichtung durch den Nagel erfasst wird.

4. Vorrichtung nach Anspruch 2 oder 3, bei der die Abstrahleinrichtung, die Licht innerhalb eines Wellenlängenbereiches
zum Messen der Absorption durch die Testsubstanz auf den Nagel anwendet, Licht auf das Kapillargefäß des
Nagelbettabschnittes anwendet.

5. Vorrichtung nach einem der Ansprüche 2 bis 4, bei der die Abstrahleinrichtung, die Licht innerhalb eines Wellen-
längenbereiches zum Messen der Absorption durch die Testsubstanz auf den Nagel anwendet, Licht nahe des
Infrarotbereiches anwendet.

6. Vorrichtung nach Anspruch 5, bei der der Wellenlängenbereich des anzuwendenden Lichtes im Bereich von 1 bis
2,5 Pm liegt.

7. Vorrichtung nach einem der Ansprüche 2 bis 6, wobei die Vorrichtung eine Blutzuckerpegel-Messvorrichtung ist.

8. Vorrichtung nach einem der Ansprüche 2 bis 6, wobei die Vorrichtung zur Messung von Blutharnstoff, Kreatinin,
BUN oder CP (Kreatininphosphokinase) verwendet wird.

9. Vorrichtung nach einem der Ansprüche 2 bis 8, weiterhin enthaltend eine Überwachungseinrichtung, die einen
Wassergehalt und einen Keratingehalt des Nagels mit Hilfe von Licht innerhalb eines Wellenlängenbereiches zur
Messung der Absorption durch Wasser im Nagel und Licht innerhalb eines Wellenlänge nbereiches zur Messung
der Absorption durch Keratin im Nagel überwacht und die in der Lage ist, die optischen Charakteristika der Nagelplatte
zu korrigieren.
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10. Vorrichtung nach Anspruch 7, bei der die Überwachungseinrichtung Licht einer Wellenlänge von 1 bis 3 Pm als das
Licht innerhalb eines Wellenlängenbereiches zur Messung der Absorption durch Wasser im Nagel und Licht einer
Wellenlänge von 1 bis 2,5 Pm als das Licht innerhalb eines Wellenlängenbereiches zur Messung der Absorption
durch Keratin im Nagel verwendet.

11. Vorrichtung nach einem der Ansprüche 2 bis 10, weiterhin enthaltend eine Einrichtung zum Ruhigstellen/Festhalten
eines Fingerspitzenabschnittes, wobei die Ruhigstell-/Festhalteeinrichtung über die Abstrahleinrichtung und die
Erfassungseinrichtung verfügt.

12. Vorrichtung nach einem der vorhergehenden Ansprüche, bei der die kohärente Lichtquelle UV-Laserlicht oder ein
OPO ist.

13. Vorrichtung nach Anspruch 12, bei der das UV-Laserlicht ArF-Laserlicht ist.

14. Vorrichtung nach einem der vorhergehenden Ansprüche, bei der die Impulsenergiedichte des Lasers wenigstens
10 mJ/cm2. Impuls beträgt.

15. Vorrichtung nach einem der vorhergehenden Ansprüche, bei der bei der Überwachung der Verdampfungstiefe der
Nagelplatte die Abstrahlung mit einer Fluenz derart erfolgt, dass die Intensität der Rauchfahnenemission, die gleich-
zeitig in einem Wellenlängenbereich der Fluoreszenz erzeugt wird und Licht während der Lichtabstrahlung für die
Verdampfung erzeugt, gleich oder kleiner der Intensität der Fluoreszenz ist, die von der Nagelplatte und/oder der
Haut emittiert wird.

16. Vorrichtung nach einem der vorhergehenden Ansprüche, weiterhin enthaltend eine Einrichtung zum Ruhigstellen/
Festhalten eines Fingerspitzenabschnittes, die über die Laserlicht-Abstrahleinrichtung und die Lichterfassungsein-
richtung der Verdampfungstiefen-Überwachungseinrichtung verfügt.

Revendications

1. Dispositif d’évaporation de la tablette unguéale, qui supprime partiellement la tablette unguéale en évaporant la
tablette unguéale en appliquant une lumière générée depuis une source lumineuse cohérente (26) sur la tablette
unguéale, et qui comporte un moyen de surveillance de profondeur d’évaporation pour surveiller la profondeur
d’évaporation de la tablette unguéale ; dans lequel ladite suppression partielle de la tablette unguéale est soit :

(a) la mesure optique d’une substance test dans le sang dans la partie de lit d’ongle en utilisant l’ongle en tant
que fenêtre optique, la suppression partielle de la tablette unguéale corrigeant ou éliminant une fluctuation
d’une valeur de mesure en fonction des caractéristiques optiques de la tablette unguéale ; soit
(b) la formation d’un orifice ou d’orifices afin d’administrer une composition pharmaceutique pour une maladie
cutanée et/ou une maladie systémique par l’intermédiaire de l’ongle sur la tablette unguéale,

caractérisé en ce que le moyen de surveillance de profondeur d’évaporation comporte un moyen d’irradiation
appliquant une lumière générée depuis une source lumineuse cohérente (26) sur la tablette unguéale et un moyen
de détection de lumière (4) détectant une fluorescence émise depuis la tablette unguéale et le derme.

2. Dispositif pour mesurer optiquement une substance test dans le sang dans la partie de lit d’ongle en utilisant l’ongle
en tant que fenêtre optique et supprimer partiellement la tablette unguéale de manière à corriger ou éliminer une
fluctuation d’une valeur de mesure en fonction des caractéristiques optiques de la tablette unguéale comportant 1a
variante (a) du dispositif selon la revendication 1, et comportant en outre un moyen d’irradiation appliquant, sur
l’ongle d’un sujet, une lumière à l’intérieur d’une plage de longueur d’onde pour mesurer l’absorption par la substance
test, un moyen de détection détectant une lumière diffusée/réfléchie depuis ou transmise par l’intermédiaire du
corps du sujet, et un moyen de traitement traitant un signal obtenu par le moyen de détection pour convertir le signal
en une concentration de la substance test.

3. Dispositif selon la revendication 2, dans lequel le moyen d’irradiation et le moyen de détection sont contenus dans
une sonde, et une lumière est appliquée par le moyen d’irradiation par l’intermédiaire de l’ongle dans le corps du
sujet et une lumière diffusée/réfléchie depuis le corps du sujet est détectée par le moyen de détection à travers l’ongle.
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4. Dispositif selon la revendication 2 ou 3, dans lequel le moyen d’irradiation appliquant sur l’ongle une lumière à
l’intérieur d’une plage de longueur d’onde pour mesurer l’absorption par la substance test applique une lumière aux
vaisseaux capillaires de la partie de lit d’ongle.

5. Dispositif selon l’une quelconque des revendications 2 à 4, dans lequel le moyen d’irradiation appliquant sur l’ongle
une lumière à l’intérieur d’une plage de longueur d’onde pour mesurer l’absorption par la substance test applique
une lumière dans le proche infrarouge.

6. Dispositif selon la revendication 5, dans lequel la plage de longueur d’onde de la lumière à appliquer est comprise
entre 1 et 2,5 Pm.

7. Dispositif selon l’une quelconque des revendications 2 à 6, dans lequel le dispositif est un dispositif de mesure de
taux de glucose dans le sang.

8. Dispositif selon l’une quelconque des revendications 2 à 6, dans lequel le dispositif est utilisé pour mesurer l’urée
dans le sang, la créatinine, l’azotémie (BUN), ou la CP (créatinine phosphokinase).

9. Dispositif selon l’une quelconque des revendications 2 à 8, comportant en outre un moyen de surveillance, qui
surveille la teneur en eau et la teneur en kératine de l’ongle en utilisant une lumière à l’intérieur d’une plage de
longueur d’onde pour mesurer l’absorption par l’eau dans l’ongle et une lumière à l’intérieur d’une plage de longueur
d’onde pour mesurer l’absorption par la kératine dans l’ongle, et qui peut corriger les caractéristiques optiques de
la tablette unguéale.

10. Dispositif selon la revendication 7, dans lequel le moyen de surveillance utilise une lumière possédant une longueur
d’onde de 1 à 3 Pm en tant que lumière à l’intérieur d’une plage de longueur d’onde pour mesurer l’absorption par
l’eau dans l’ongle et une lumière présentant une longueur d’onde de 1 à 2,5 Pm en tant que lumière à l’intérieur
d’une plage de longueur d’onde pour mesurer l’absorption par la kératine dans l’ongle.

11. Dispositif selon l’une quelconque des revendications 2 à 10, comportant en outre un moyen pour immobiliser/
maintenir une partie terminale de doigt, dans lequel le moyen d’immobilisation/maintien possède le moyen d’irra-
diation et le moyen de détection.

12. Dispositif selon l’une quelconque des revendications précédentes, dans lequel la source de lumière cohérente est
une lumière laser ultraviolet ou OPO.

13. Dispositif selon la revendication 12, dans lequel la lumière laser ultraviolet est une lumière laser ArF.

14. Dispositif selon l’une quelconque des revendications précédentes, dans lequel une densité d’énergie d’impulsion
du laser n’est pas inférieure à 10 mJ/cm2.impulsion.

15. Dispositif selon l’une quelconque des revendications précédentes, dans lequel, lors de la surveillance de la profon-
deur d’évaporation de la tablette unguéale, une irradiation est effectuée avec une fluence de sorte qu’une intensité
d’émission de plumes, qui est générée simultanément dans la plage de longueur d’onde d’une fluorescence pendant
l’irradiation de lumière pour l’évaporation, est égale à ou inférieure à l’intensité de fluorescence émise depuis la
tablette unguéale et/ou le derme.

16. Dispositif selon l’une quelconque des revendications précédentes, comportant en outre un moyen d’immobilisation/
maintien d’une partie terminale de doigt, qui possède le moyen d’irradiation de lumière laser et le moyen de détection
de lumière du moyen de surveillance de profondeur d’évaporation..
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摘要(译)

提供了一种使用钉子作为光学窗口来光学测量血液中的物质的装置和方
法。一种用于通过使用指甲作为光学窗口光学测量血液中的测试物质并
基于指甲板的光学特性校正或消除测量值的波动的装置，包括在波长范
围内施加光以测量吸收的光。测试物质到受试者的指甲，检测装置检测
从受试者身体扩散/反射或透过受试者身体的光，并且处理装置处理由检
测装置获得的信号以将信号转换成测试物质的浓度。
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