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Description

[0001] The invention relates to apparatus for non-in-
vasive in vivo measurement by Raman spectroscopy of
glucose present in interstitial fluid in skin.

Background

[0002] Spectroscopy is a method for obtaining infor-
mation on a molecular scale by the use of light. This in-
formation can be related to the rotational, vibrational
and/or electronic states of the molecules probed as well
as dissociation energy and more. The rotational and/or
vibrational spectrum of a given molecule is specific for
that molecule. As a consequence, molecular spectra in
particular rotation and/or vibrational spectra are often re-
ferred to as ’fingerprints’ related to a specific molecule.
Information related to rotational, vibrational and/or elec-
tronic states of molecules can therefore be used to ana-
lyze a sample comprising a number of unknown molec-
ular components, thereby obtaining knowledge about the
molecular components in the sample.
[0003] The basis for a spectroscopic setup is a light
source, e.g. a laser, which is used for illuminating a sam-
ple. The light from the light source (the incoming light)
will interact with the sample, and often result in an alter-
nation of the light which is transmitted through, emitted
by, reflected by and/or scattered by the sample. By col-
lecting the altered light and analyzing its spectral distri-
bution, information about the interaction between the in-
coming light and the molecular sample can be obtained;
hence information about the molecular components can
be obtained.
[0004] The spectral distribution is typically measured
by using a spectrometer. A spectrometer is an optical
apparatus that works by separating the light beam direct-
ed into the optical apparatus into different frequency com-
ponents and subsequently measuring the intensity of
these components by using e.g. a CCD detector, a CCD
array, photodiode or such.
[0005] The altered light reflecting interactions between
the incoming light and the molecular sample can roughly
be characterized as either emission or scattering. The
emission signals have relatively broad spectral profiles
as compared to scattering light signals, which normally
display quite narrow spectral lines. One process often
dominates over the other, but both processes can and
most often will occur simultaneously. The intensity of the
emitted light vs. the intensity of the scattered light de-
pends among other things on the frequency and the pow-
er of the incoming light, the intensity of the incoming light
at the measuring point in the sample, and the molecular
components in the sample.
[0006] Scattered light can be classified as being either
elastic or inelastic and these are characterized by being
spectroscopically very narrow signals. Elastic scattering
is referred to as Rayleigh scattering, in which there is no
frequency shift. Rayleigh scattering thus has the same

frequency as that of the incoming light.
[0007] The most commonly known example of inelastic
scattering is Raman scattering, in which there is an en-
ergy interchanging between the molecule and the pho-
tons of the incoming light. The frequencies, i.e. the spec-
tral distribution of the Raman scattered light will be dif-
ferent from that of the incoming light and uniquely reflect
the specific vibrational levels of the molecule; hence it is
a fingerprint spectrum. This can be used for identification
of the molecular composition of the substance probed
and/or the concentration of the specific molecules in the
substance.
[0008] Raman scattering is a relatively weak process
compared to e.g. Rayleigh scattering and fluorescence.
Reduction of contributions from these other processes
is thus desirable when collecting Raman scattered light.
In addition, the intensity of the Raman scattered light de-
pends strongly on the frequency and the intensity of the
incoming light. If these are variable, it may therefore be
essential to monitor power fluctuations in the incoming
light if one is to receive reliable information about the
distribution of molecular components in different samples
and/or sample spot bases on analysis of the collected
Raman scattered light, depending on the precision need-
ed. The same is true if the analysis of the molecular com-
ponents in a sample and/or different sample spots is bas-
es on emission spectra.
[0009] Skin comprises a number of layers having dif-
ferent characteristics and containing different kinds of
cells and structures. Various proposals for using Raman
spectroscopy to measure glucose in skin or in other parts
of the body have been made, but none of these has to
date provided a system which can be used on most can-
didate subjects without adjustment to suit a particular in-
dividual and without calibration for that individual. It is
thereby possible to calibrate an instrument against meas-
urements of blood glucose concentration made on one
individual or a group of individuals by other means such
as chemical analysis and to apply that same calibration
when the instrument is used on other individuals than the
one or ones involved in the calibration. We have now
appreciated that the key to achieving such a result is to
ensure that the Raman scattered light that is collected
for measurement originates at or close to a specific depth
within the skin.
[0010] Caspers et al; Biophysical Journal, Vol 85, July
2003, describes an in vivo confocal Raman spectroscopy
method and apparatus which is said to be useful for
measuring glucose. It contains however no instruction
as to the depth from which the Raman scattering should
be collected in a glucose measurement and there is a
strong suggestion deducible from the teaching that the
apparatus had not actually been tried for this purpose.
[0011] WO2008/052221 describes a method and ap-
paratus for coherent Raman spectroscopy that transmits
light through a sample surface such as skin and tissue
to a focal plane within the sample to measure for instance
glucose. However, no teaching is present of the impor-
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tance of selecting a particular depth for the focal plane
or where this should be. Indeed, it is specifically acknowl-
edged that using the described apparatus variations in
the detected signal occur when the analyte concentration
is constant due to effects of skin temperature and hydra-
tion. No suggestion is present that such effects can be
avoided by a careful selection of the depth from which
the measurements are taken.
[0012] WO97/36540 describes determination of the
concentration of e.g. glucose using Raman spectroscopy
and an artificial neural network discriminator. However,
the Raman signals are not selectively obtained from a
particular depth and the need to compensate for nonlin-
earities arising from signals penetrating to a depth of
>500 mm is discussed.
[0013] WO00/02479 discloses a method and appara-
tus for non-invasive glucose measurement by confocal
Raman spectroscopy of the aqueous humor of the ante-
rior chamber of the eye. Naturally, there is no teaching
of a depth at which to make optimal measurements in
skin.
[0014] WO2009/149266 refers back to Ermakov IV, Er-
makova MR, McClane RW, Gellermann W. Opt Lett.
2001 Aug 1;26(15):1179-81, "Resonance Raman detec-
tion of carotenoid antioxidants in living human tissues.’
which describes using resonance Raman scattering as
a novel noninvasive optical technology to measure car-
otenoid antioxidants in living human tissues of healthy
volunteers. By use of blue-green laser excitation, clearly
distinguishable carotenoid Raman spectra superim-
posed on a fluorescence background are said to be ob-
tained.
[0015] Chaiken et al (Noninvasive blood analysis by
tissue modulated NIR Raman spectroscopy, J. Chaiken
et. al., Proc. of SPIE optical Eng., 2001, vol. 4368,
p.134-145) obtained a correlation of only 0.63 between
Raman based measurements and fingerstick blood glu-
cose measurements across several individuals, but were
able to obtain a correlation of 0.90 for a single individual.
The setup utilized by Chaiken et al comprises a collimat-
ed exitation beam and so naturally do not disclose any
optimal focal depth.
[0016] WO-A-2004/082474 discloses an analysis ap-
paratus according to the preamble of claim 1, including
a Raman spectroscopic analysis apparatus comprising
an excitation system for emitting an excitation beam to
excite a target region. A monitoring system images the
target region. The monitoring system is arranged to pro-
duce a contrast image in a contrast wavelength range
and produce a reference image in a reference wave-
length range. The contrast image and the reference im-
age are compared to accurately identify the target region,
notably a capillary blood vessel in a patient’s skin.
[0017] The present invention now provides apparatus
according to claim 1, for non-invasive in vivo measure-
ment by Raman spectroscopy of glucose present in in-
terstitial fluid in the skin of a subject.
[0018] The apparatus may include means for comput-

ing a concentration of glucose in interstitial fluid or blood
based on analysis of said Raman scattered light. The
Raman spectrum may be analysed by application thereto
of a trained statistical model which relates peak intensi-
ties to glucose concentration. This may be performed
using partial least squares regression (PLS) as described
in more detail in the references acknowledged in M. A.
Arnold; In Vivo Near-Infrared Spectroscopy of Rat Skin
Tissue with Varying Blood Glucose Levels; Anal. Chem.
2006, 78, 215-223therein and in A. M. K. Enejder et al;
Raman Spectroscopy for Non-invasive Glucose Meas-
urements; Jnl of Biomedical Optics, 10(3), 031114;
May/June 2005. Other forms of multivariate calibration
may be used including Principal Component Analysis
(PCA) in a manner analogous to that described in for
instance A. G. Ryder, G. M. Connor and T. J. Glynn;
Quantitative Analysis of Cocaine in Solid Mixtures using
Raman Spectroscopy and Chemometric Methods; Jour-
nal of Raman Spectroscopy, 31; 221-227 (2000) or in J.
T. Olesberg, L. Liu, V. V. Zee, and M. A. Arnold; In Vivo
Near-Infrared Spectroscopy of Rat Skin Tissue with Var-
ying Blood Glucose Levels; Anal. Chem. 2006, 78,
215-223. In general, statistical methods of spectrum
analysis useful in calibrating detection of analytes from
absorption spectra will be useful in analysis of Raman
spectra also.
[0019] Preferably, said percentage is at least 55%.
Preferably also, at least 90% of Raman scattered light
received at the light detection unit originates at depths
less than 600 mm beyond said distal surface of the skin
engaging member. On the other hand, preferably less
than 25% of Raman scattered light received at the light
detection unit originates at depths less than 100 mm be-
yond said distal surface of the skin engaging member.
[0020] Preferably, at least 15% of Raman scattered
light received at the light detection unit originates at
depths from 200 to 300 mm beyond said distal surface
of the skin engaging member.
[0021] Said optical components preferably defining a
light path from said light source to a measurement loca-
tion beneath a surface of skin preferably focus the light
emitted from said light source to a depth located at from
50 to 400 mm, more preferably 200 (or 210) to 300 mm,
e.g. 250 mm, beneath the surface of the skin.
[0022] In an alternative aspect, the invention provides
apparatus of the kind described for measuring the con-
centration of glucose in interstitial fluid, wherein said Ra-
man scattered light received at said detection unit in-
cludes at least light scattered by glucose.
[0023] Apparatus according to the invention may com-
prise a hand piece for application to the skin containing
components defining said measurement location in use,
and one or more optical fibres connecting said hand piece
to said light source and to a processing unit containing
electronic circuitry for analysis of signals received from
said light detection unit to provide said measurement
therefrom.
[0024] The position distal of the skin engaging member
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of said measurement location is optionally adjustable and
can be adjusted to be from 60 to 400 mm beyond said
distal surface of the skin engaging member or can be
adjusted to be from 50 to 400 mm, more preferably 200
(or 210) to 300 mm, beneath the surface of the skin. Al-
ternatively, however the position distal of the skin engag-
ing member of said measurement location is fixed, suit-
ably such that the numerical parameters discussed
above are achieved.
[0025] Thus, the depth of focus of the optical compo-
nents defining said light path, and/or the optical compo-
nents defining said return path may be fixed rather than
adjustable.
[0026] The invention includes a method for non-inva-
sive in vivo measurement by Raman spectroscopy of glu-
cose present in interstitial fluid in the skin of a subject,
comprising directing light from a light source into the skin
of said subject via optical components defining a light
path from said light source to a measurement location in
the skin, receiving Raman scattered light back from the
skin at a light detection unit via optical components de-
fining a return path for Raman scattered light from said
measurement location to said light detection unit, whilst
using a skin engaging member having a distal surface
for defining the position of said optical components de-
fining the return path with respect to a surface of said
skin in use, and wherein said optical components defining
a return path for Raman scattered light selectively trans-
mit to said light detection unit light scattered from near
said measurement location such that at least 50% of Ra-
man scattered light received at the light detection unit
originates at depths from 60 to 400 mm beyond said distal
surface of the skin engaging member. The method is
preferably performed using apparatus in accordance with
the invention.
[0027] The method may include calibrating the output
of the apparatus by the use of the apparatus to provide
an output in respect of a known glucose concentration
prior to said measurement on said subject. Once cali-
brated the apparatus preferably is not calibrated again
for a period of not less than a week, more preferably a
month. Preferably, said calibration step of providing an
output in respect of a known glucose concentration is not
carried out by the use of the apparatus on said subject.
[0028] Thus, the calibration may be conducted on a
different subject for whom a blood glucose concentration
is known or may be conducted using a standard reference
material such as a drop of glucose solution placed in the
measurement location or a solid phantom simulating a
glucose solution.
[0029] Any apparatus described herein may be used
in such a method.
[0030] The invention further includes a handpiece for
use in apparatus according to claim 1, said handpiece
containing optical components defining a light path for
light received at said handpiece from a light source to
communicate said light to a measurement location, op-
tical components defining a return path for Raman scat-

tered light from said measurement location and for com-
municating said Raman scattered light to a remote light
detection unit, and a skin engaging member having a
distal surface for defining the position of said optical com-
ponents defining the return path with respect to a surface
of said skin in use, and wherein said optical components
defining a return path for Raman scattered light selec-
tively receive for communication to said light detection
unit light scattered from near said measurement location
such that at least 50% of Raman scattered light received
at the light detection unit originates at depths from 60 to
400 mm beyond said distal surface of the skin engaging
member.
[0031] The light source is preferably a laser. A pre-
ferred form of laser to use as the light source is a diode
laser with a wavelength in the range of 300-1500 nm.
Suitable preferred wavelengths are 785, 830, or 850 nm.
A suitable power range is 50 - 1000 mW. For example,
one may use a 830 nm, 500 mW FC-830 laser from RGB
Lase.
[0032] The apparatus may include an optical probe for
measuring light signals in which the optical components
defining the light path from the light source to the meas-
urement location comprise a first optical fiber guiding in-
coming light from said light source, a lens focusing said
incoming light towards, i.e. into or onto, the measurement
location. The optical components for defining a return
path for Raman scattered light may comprise said lens
and a distal portion of the said first optical fiber collecting
altered light from the measurement location and a second
optical fiber guiding the altered light to the light detection
unit. However, instead of employing a second optical fib-
er as described, a spectrophotometer may be integrated
directly into the handpiece. Optionally, there may be a
further light detection unit (or light logging device) meas-
uring intensity fluctuations in said incoming light, and this
further light detection unit may advantageously be posi-
tioned after said first optical fiber, whereby said further
light detection unit receives a part of said incoming light
from said first fiber.
[0033] The use of optical fibers is advantageous in that
although a microscope can be used, a microscope-based
optical probe is not a movable object and a user’s body
part would be awkward to place in a position where meas-
urements could be made. A possibility would be for the
patient to insert his/her arm directly under or above the
microscope objective in the microscope. Unfortunately,
this is cumbersome if not impossible with most micro-
scopes.
[0034] An optical probe employing not the whole mi-
croscope but only microscope objective(s) mounted sep-
arately on e.g. a table allows for a larger accessibility
between probe and sample. Measurements of blood sug-
ar levels in a patient in vivo become more convenient as
the patients arm or finger can be placed in front of the
microscope objective(s) without much difficulty. Howev-
er, if the chosen sample is a leg, it might prove more
difficult to place it appropriately in front of the microscope
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objective (s) .
[0035] Inside the optical probe, said light logging de-
vice will normally be positioned after a dichroic mirror,
which allows a minor part of the incoming light to either
pass through the dichroic mirror and onto said light log-
ging device or to be reflected by the dichroic mirror onto
said light logging device. Alternatively, a splitting device
can be positioned between said first fiber and said dich-
roic mirror, where said splitting device reflects a minor
part of the incoming light onto said light logging device.
[0036] One advantage with using a light logging device
is that it allows for a precise measure of the variations in
the intensity of the incoming light at all material times.
This ensures that variations in the intensity of the altered
light due to variations in the incoming light and not sample
variations can be compensated for.
[0037] In an embodiment of the invention, said lens
focusing incoming light towards said sample is arranged
at the surface of said optical probe such that said lens is
in direct contact with the skin (213) during measuring.
[0038] An advantage with having the lens in direct con-
tact with the skin during measurement is that the sample
penetration depth, and thereby the distance from the op-
tical probe to the sample focus point, is known exactly,
as it is defined by the focal length of the lens.
[0039] In another embodiment of the invention, said
optical probe further comprises a window, where said
window is positioned between said lens and the skin,
such that said window is in direct contact with the skin
during measuring, and where the thickness of said win-
dow is smaller than the focal length of said lens.
[0040] An advantage with inserting a window between
the lens and the skin is that it can provide an easier clean-
ing of the optical probe, if a fragile lens sensitive to clean-
ing is used.
[0041] Another advantage with inserting a window be-
tween the lens and the skin is that the penetration depth
can be varied depending on the thickness of the window.
This provides one way of setting the penetration depth
to the value characterising the invention.
[0042] Equally, instead of having a solid window, a win-
dow aperture can be provided between the lens and the
skin, the aperture being formed in the skin engaging
member.
[0043] The optical probe according to the invention,
may further comprise a dichroic mirror positioned after
said first optical fiber, where said dichroic mirror reflects
any percent between re_in = 0 and 100 (e.g. 90%) and
transmits any percent between tr_in = 0 and 100 (e.g.
10%) of said incoming light, where re_in + tr in = 100
percent (ignoring losses), and reflects any percent be-
tween re_se = 0 and 100 (e.g. 30%) and transmits any
percent between tr_se = 0 and 100 (e.g. 70%) of said
altered light., where re_se + tr_se = 100 percent (ignoring
losses). Hence said dichroic mirror may reflect most of
the incoming light and transmit most of the altered light.
[0044] Said dichroic mirror is normally positioned at an
angle of 45 degrees in relation to the propagating direc-

tion of said incoming light out of said first optical fiber.
[0045] In an embodiment where most of the incoming
light is reflected by the dichroic mirror, said light logging
device may be positioned after said dichroic mirror,
whereby said light logging device measures intensity
fluctuations in said incoming light transmitted through
said dichroic mirror.
[0046] In another embodiment where most of the in-
coming light is reflected by the dichroic mirror, a splitting
device may be positioned between said first optical fiber
and said dichroic mirror, whereby said light logging de-
vice measures intensity fluctuations in said incoming light
reflected of by said splitting device.
[0047] In an embodiment of the invention, said dichroic
mirror is transmitting most (e.g. ≥ 90%) of the incoming
light whilst passing a minor portion (e.g. ≤10%) and is
reflecting most of the altered light (e.g. ≥70%) whilst pass-
ing a smaller amount (e.g. ≤ 30%).
[0048] In an embodiment where most of the incoming
light is transmitted by the dichroic mirror, said light logging
device may be positioned after said dichroic mirror,
whereby said light logging device measures intensity
fluctuations in said incoming light reflected of by said di-
chroic mirror.
[0049] An advantage of having the light logging device
situated directly after said dichroic mirror is that it utilizes
the part of the incoming light, which is not reflected by
the dichroic mirror, and otherwise would be lost. There
is consequently no need for any additional optical com-
ponents to be inserted inside the optical probe in order
collect light for measuring of the fluctuations in the in-
coming light.
[0050] In one embodiment of the invention, the angle
α between the direction (239) of light out of said first op-
tical fiber (203) and the direction (241) of light entering
said second optical fiber (227) is substantially α = 90
degrees. The angle could also be in the range α = 80 -
100 degrees.
[0051] In one embodiment of the invention, said optical
probe further comprises at least a first aperture where
said first aperture only allows altered light from the focus
point in the skin to enter said second fiber thereby en-
suring a confocal image, and where said first aperture is
positioned immediately in front of said second fiber. Said
aperture can be a separate element, but a narrow open-
ing of said second fiber can equally well function as said
aperture.
[0052] An advantage with using an optical aperture po-
sitioned before the second fiber is that the optical aper-
ture works as a 3D depth filter eliminating optical signals
generated outside of the confocal area, i.e. the sample
focus spot. The advantage with using a confocal optical
probe is that the altered light entering the second fiber
arise solely from interactions between the incoming light
and the skin at the focus spot; hence contributions from
the cone-like areas above and below the focus spot are
minimized or eliminated.
[0053] In another embodiment of the invention, one or
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more apertures can additionally be employed to obtain
a sharper 3D depth image. A second aperture is prefer-
ably positioned between the skin and the lens focusing
the light into the sample. This second aperture can be
separate element, but a narrow opening of the optical
probe at the point where light exits/is collected by the
lens can equally well function as an aperture.
[0054] Although apparatus according to the invention
is designed and configured for measuring optical signals
in the skin in vivo, it could also be employed for measuring
optical signals by immersing it into e.g. a blood sample
thereby making the measurement in vitro.
[0055] Generally, the optical elements found inside an
optical probe of apparatus according to the present in-
vention are enclosed by a cover. A preferred optical probe
can be moved around freely due to the use of flexible
fibers for guiding light into and out of the optical probe.
This enables easy in vivo measurements of e.g. blood
sugar levels in a patient using different body areas such
as an arm, a finger, a leg or similar. The apparatus may
however be constructed so that the optical components
are contained in a housing which defines a specific loca-
tion on which to place a fingertip pad for performance of
the measurement. The stratum corneum thickness of a
fingertip pad will typically be from 10-40mm (see Marks,
James G; Miller, Jeffery (2006). Lookingbill and Marks’
Principles of Dermatology (4th ed.). Elsevier Inc. Page
7. ISBN 1-4160-3185-5 and Thickness of the Stratum
Corneum of the Volar Fingertips H. FRUHSTORFER, U.
ABEL, C.-D. GARTHE, AND A. KNU" TTEL. Accordingly,
the preferred measurement depths of 200-300mm will be
from 160 to 190mm up to 260 to 290mm below the stratum
corneum. Depths of measurement for all skin areas are
preferably from 50 to 390mm, more preferably from 190
to 290mm below the stratum corneum.
[0056] A primary application of the apparatus is gen-
erally to measure blood sugar levels in a patient. The
level of glucose in blood correlates with the level in inter-
stitial fluid at the selected depth.

Brief description of the drawings

[0057] The invention will be further described and il-
lustrated by reference to the accompanying drawings in
which:

Figure 1 shows schematically apparatus according
to the invention.

Figure 2 shows a first embodiment of an optical probe
forming part of the apparatus of Figure 1.

Figure 3 shows a second embodiment of an optical
probe forming part of the apparatus of Figure 1.

Figure 4 shows a third embodiment of an optical
probe forming part of the apparatus of Figure 1.

Figure 5 shows the depth distribution of Raman scat-
tering found using a focusing depth in accordance
with the invention.

Figure 6 shows the depth distribution of Raman scat-
tering using a focusing depth which is too large.

Figure 7 shows the depth distribution of Raman scat-
tering using a focusing depth which is too small.

Figure 8 shows predicted glucose measurements
obtained according to the invention and actual blood
glucose levels.

Figure 9 shows predicted glucose measurements
obtained using a focusing depth that is too large and
actual blood glucose levels.

Description of preferred embodiments

[0058] Figure 1 schematically shows apparatus ac-
cording to the invention in use for measuring the concen-
tration of glucose (or another skin substance) in vivo. An
optical probe 101 receives light from a light source 103
through a first fiber 105. In this embodiment of the inven-
tion, the light source 103 is a laser. The incoming light
illuminates and interacts with the skin 107. Altered light
received back from the skin, is collected by the optical
probe 101 and sent via a second fiber 109 to a spectrom-
eter 111 connected to a computer 113 for subsequent
analysis of the spectral components. Within the spectro-
photometer 111 there is a light detection unit. Alterna-
tively, of course, the spectrophotometer function could
be built into the hand piece and corresponding electronic
signals representing the spectral information may be out-
putted from there to the computer.
[0059] In this embodiment of the invention, the optical
probe is applied to a patient’s arm, but it could also be
applied to a finger or another body part. Likewise, the
measurement is displayed as being carried out in vivo,
but the optical probe 101 could also be employed for
measuring optical signals by immersing it into e.g. a blood
sample thereby making the measurement in vitro.
[0060] Generally, the optical elements found inside the
optical probe 101 of the apparatus according to the
present invention are enclosed by a cover, where the
cover has at least one opening for the two fibers 105 and
109 and an opening for the light employed to illuminate
the sample. The latter opening can also be used for col-
lecting the altered light from the sample. The optical
probe 101 can be moved around freely due to the use of
flexible fibers for guiding light into and out of the optical
probe. This enables easy in vivo measurements of e.g.
blood sugar levels in a patient using different body areas
such as an arm, a finger, a leg or similar.
[0061] A primary application of the optical probe 101
is to measure blood sugar levels in a patient. The probe
can however also be used for measuring e.g. the level

9 10 



EP 2 528 505 B1

7

5

10

15

20

25

30

35

40

45

50

55

of haemoglobin, cholesterol, alcohol and/or drug in the
blood or the temperature and/or variations of the temper-
ature in the blood.
[0062] Figure 2 shows a first embodiment of the optical
probe 201 comprising a first optical fiber 203 for guiding
light into the optical probe 201. According to this embod-
iment of the invention, the light source is normally a laser.
Upon exiting the first fiber 203, the incoming light 205 is
collimated using a first lens 207 and optically filtrated by
passing through a first filter 209 blocking any percentage
between 0 and 100 of frequencies/wavelengths outside
the laser frequency/wavelength. Blocking of frequencies
outside the laser frequency ensures that e.g. Raman
scattering generated inside the first fiber 203 is removed
from the incoming light 205. The first filter 209 may also
block any percentage between 0 and 100 of the laser
frequency. This is an advantage if the intensity of the
incoming light 205 is too high for the requirements of the
sample. The first filter 209 is preferably a band-pass filter,
a notch filter, an edge filter or such.
[0063] The optical probe 201 further comprises a dich-
roic mirror 211 that either reflects or transmits any per-
centage between 0 and 100 of the light, where the per-
centage of reflected and transmitted light is dependent
on the coating on the dichroic mirror 211, the angle at
which the light hits the dichroic mirror 211, and the fre-
quency of the light. The dichroic mirror 211 can e.g. be
coated such that it reflects the highest percent of the in-
coming light 205 when the dichroic mirror 211 is posi-
tioned at a given angle in relation to the direction of the
incoming light 205. Changing the angle between the di-
chroic mirror 205 and the incoming light 205 will therefore
reduce the percent of incoming light 205 reflected by the
dichroic mirror 211.
[0064] In this embodiment of the invention, most of the
incoming light 205 is reflected by the dichroic mirror 211
and focused inside the skin 213 of a subject by a second
lens 215. The focus point 217 of the incoming light 205
is defined by the focal length 218 of the second lens 215
and the distance distal of the lens of a window 219 and
in particular its distal surface which engages the skin in
use. The second lens 215 is preferably convex, but could
also be aspheric or planar.
[0065] The dichroic mirror 211 is in the current embod-
iment positioned at an angle of 45° in relation to the prop-
agating direction of the incoming light 205. The majority
of the incoming light 205 is consequently reflected at a
90° angle. The dichroic mirror 211 could be positioned
at an angle between 0 - 90° as well.
[0066] In one embodiment of the invention, the percent
of the incoming light 205 which is reflected (re_in) and
transmitted (tr_in) by the dichroic mirror 211 is re_in ≥
90% of (re_in + tr_in) and tr_in ≤ 10% of (re_in + tr_in).
[0067] In another embodiment of the invention, the per-
cent of the incoming light 205 which is reflected and trans-
mitted by the dichroic mirror 211 is re_in ≥ 98% of (re_in
+ tr_in) and tr_in ≤ 2% of (re_in + tr_in), respectively.
[0068] The illustrated optical probe 201 further com-

prise a thin window 219, which is positioned between the
second lens 215 and the skin 213. The thickness of the
window 219 is smaller than the focal length of the second
lens 215, i.e. smaller than the distance from the second
lens 215 to the focus point 217 inside the skin 213. The
window 219 can serve to protect the second lens 215
thereby enabling easy cleaning of the optical probe 201
after it has been in contact with the skin 213. The window
219 acts as a skin engaging member and the distance
from the skin engaging surface thereof to the focal point
of the lens 215 determines the depth 220 below the sur-
face of the skin at which Raman signals are generated.
This is ideally set such that most of the laser light intensity
is focused at 250 mm below the skin surface. If it is desired
that the apparatus can be adapted for other uses, provi-
sion may be made for installing windows 219 of different
thicknesses, thereby altering the sample penetration
depth 220. Typical alternative sample penetration depths
220 are in the rage between 150 to 500 mm depending
on the focal length 218 of the second lens 215 and the
thickness of the window 219. Both shorter and longer
penetrations depths 220 can also be obtained.
[0069] In another embodiment of the invention, there
is no window, and the second lens 215 is in direct contact
with the skin 213. The focal length of the lens for light
passing through the skin will then ideally be 200 - 300
mm. Again, if it is desired that the apparatus can be adapt-
ed for other uses as well, the lens may be made replace-
able with lenses of other focal lengths.
[0070] In addition to focusing the incoming light 205
into the skin 213, the second lens 215 collimates the al-
tered light 221 from the focus point 217. In the current
embodiment, the dichroic mirror 211 transmits the ma-
jority of the altered light 221, but reflects backscattering
of the incoming light 205. This filters unwanted frequen-
cies, i.e. the frequency of the back reflected incoming
light 205, from the altered light 221 generated as a result
of interactions with the skin 213.
[0071] In one embodiment of the invention, the percent
of the altered light 221 which is reflected (re_se) and
transmitted (tr_se) by the dichroic mirror 211 is re_se ≤
30% of (re_se + tr_se) and tr_se ≥ 70% of (re_se + tr_se),
respectively.
[0072] In another embodiment of the invention, the per-
cent of the altered light 221 which is reflected and trans-
mitted by the dichroic mirror 211 is re_se ≤ 10% of (re_se
+ tr_se) and tr_se ≥ 90% of (re_se + tr_se), respectively.
[0073] The altered light 221 is further optically filtered
by passing through a second filter 223 before the light is
focused by a third lens 225 into a second fiber 227. The
second filter 223 is preferably a band-pass filter, a notch
filter, an edge filter or such and is characterized by trans-
mitting any percentage between 0 and 100 of the altered
light 221 collected by the second lens 215 and by blocking
any percentage between 0 and 100 of frequencies close
or equal to the frequency of the incoming light. This can
e.g. insure that the percentage of unwanted Rayleigh
scattering passing through the second filter 223 is ne-
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glectable at the same time as nearly all Raman light scat-
tered from the skin 213 are allow to pass through.
[0074] When measuring emission, such as fluores-
cence, it can be of interest to reduce the intensity of the
light reaching a detection device, in order to avoid satu-
ration and/or damage to the detection device. To achieve
this, a second filter 223, which allows less than 100% of
the emission to pass through, can be employed.
[0075] In this embodiment of the invention, the dichroic
mirror 211 does not reflect all of the incoming laser light
205. Instead it allows a smaller fraction of the light 229
to pass through the dichroic mirror 211 and onto a light
logging device 231, which detects the intensity and/or
power of the light 229 after passing through the dichroic
mirror 211. The light logging device 231 can be a photo-
diode, a CCD detector, a thermal transistor or a fiber
guiding to such a device, or similar.
[0076] One advantage with using a light logging device
231 is that it allows for a precise measure of the variations
in the intensity of the incoming light at all time. This en-
sures that variations in the intensity of the altered light
221 due to drift in the intensity of the laser light can be
compensated for to prevent apparent glucose concen-
tration variations that would otherwise be caused by var-
iations in the incoming light intensity. The signal recorded
by the light detection unit in the spectrophotometer is
normalized using the measured value of the intensity of
the primary light. The normalization may be done in soft-
ware when the data is analyzed and not in real time.
[0077] Incorporating the light logging device 231 into
the optical probe 201 and having it positioned after cou-
pling the incoming light 205 out of the first fiber 203 is a
clear advantage, since the process of coupling laser light
into a fiber is quite sensitive to both the angle at which
the laser light is focused into the fiber and the distance
between the focus point of the lens, which focuses the
laser into the fiber, and the fiber it self. Variations in the
intensity of the light exiting the fiber will thus vary as a
result of the efficiency by which the laser light is coupled
into the fiber. Using a light logging device positioned be-
tween the laser and the fiber as in the previously de-
scribed patents/articles will therefore not give a precise
measure of the intensity variations of the light focused
into the skin. However, measuring the variation in the
incoming light intensity at the light source or at any point
between the light source and the skin is within the inven-
tion in this and other embodiments.
[0078] In addition to the above described optical ele-
ments, the optical probe 201 may also be equipped with
at least a first optical aperture 233 positioned before the
second fiber 227. The first optical aperture 233 works as
a 3D depth filter eliminating optical signals generated out-
side of the confocal area, i.e. the focus spot 217. The
advantage with using a confocal optical probe is that the
altered light 221 entering the second fiber 227 arise solely
from interactions between the incoming light 205 and the
skin 213 at the focus spot 217; hence contributions from
the cone-like areas above and below the focus spot 217

are eliminated.
[0079] According to this first embodiment of the inven-
tion, the first aperture 233 is displayed as a separate
element. However, a narrow opening of the second fiber
227 can equally well function as a first aperture 233.
[0080] In addition to the first aperture 233, one or more
apertures can be employed to obtain a sharper 3D depth
image. A second aperture 235 is preferably positioned
between the second lens 215 and the skin 213. In a pre-
ferred embodiment, where there is no window 219 and
the second lens 215 is convex, the second lens 215 will
still be in direct contact with the skin 213 even with the
thin second aperture 235 positioned between the skin
213 and the second lens 215.
[0081] In the current embodiment of the invention, the
second aperture 235 is displayed as a separate element.
However, a narrow opening of the optical probe 201 at
the point where light exits/is collected by the second lens
215 can equally well function as a second aperture 235.
[0082] A third aperture 237 can preferably be posi-
tioned just before the third lens 225 as shown in the cur-
rent figure. This can further improve the 3D depth image.
[0083] The two fibers 203 and 227 are normally ar-
ranged such that the direction 239 of the light exiting the
first fiber 203 and the direction 241 of the light entering
the second fiber 227 are at an angle of α = 90° in relation
to one another. Alternative arrangements of the two fibers
203 and 227 and consequently the direction of the light
exiting/entering them (239 and 241, respectively) can al-
so be found, yielding an angle α ≠ 90°.
[0084] The two fibers 203 and 227 are preferably mul-
timode mode fibers, but could also be single mode fibers.
[0085] Figure 3 shows a second embodiment of the
invention, where the optical probe 301 comprises a first
optical fiber 203 for guiding light into the optical probe
301, a first lens 207 for collimating the incoming light 205,
a first filter 209 blocking any percentage between 0 and
100 of frequencies outside the frequency of the incoming
light, a second lens 215 focusing the incoming light 205
into and for collecting the altered light 221 from the skin
213, a second filter 223 for optically filtrating the altered
light 221, a third lens 225 for focusing the altered light
221 into a second optical fiber 227, and a light logging
device 231, which detects intensity variations in the in-
coming light.
[0086] The two fibers 203 and 227 are preferably mul-
timode mode fibers, but could also be single mode fibers.
The two fibers 203 and 227 are normally arranged such
that the direction of the light exiting the first fiber 203 and
the direction of the light entering the second fiber 227 are
perpendicular in relation to one another. Alternative ar-
rangements of the two fibers 203 and 227 and conse-
quently the direction of the light exiting/entering them can
also be found.
[0087] The two filters 209 and 223 are normally a band-
pass filter, a notch filter, an edge filter or such. The second
lens 215 is preferably convex, but could also be aspheric
or planar.
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[0088] The optical probe 301 further comprises a dich-
roic mirror 303 that either reflects or transmits any per-
centage between 0 and 100 of the light. The dichroic
mirror 303 is in the current embodiment positioned at an
angle of 45° in relation to the propagating direction of the
incoming light 205, but could also be positioned at an
angle between 0 - 90° as well.
[0089] According to the second embodiment of the in-
vention, the dichroic mirror 303 allows the majority of the
incoming light 205 to pass through the dichroic mirror
303 and reflects only a smaller part 229 of the incoming
light which is detected by the light logging device 231.
The altered light 221 is reflected by the dichroic mirror
303 at an approximate 90 degree angle.
[0090] In one embodiment of the invention, the percent
of the incoming light 205 which is reflected and transmit-
ted by the dichroic mirror 303 is re_in ≤ 30% of (re_in +
tr_in) and tr_in ≥ 70% of (re_in + tr_in), respectively, and
the percent of the altered light 221 which is reflected and
transmitted by the dichroic mirror 303 is re_se ≥ 70% of
(re_se + tr_se) and tr_se ≤ 30% of (re_se + tr_se), re-
spectively.
[0091] In another embodiment of the invention, the per-
cent of the incoming light 205 which is reflected and trans-
mitted by the dichroic mirror 303 is re_in ≤ 10% of (re_in
+ tr_in) and tr_in ≥ 90% of (re_in + tr_in), respectively,
and the percent of the altered light 221 which is reflected
and transmitted by the dichroic mirror 303 is re_se ≥ 90%
of (re_se + tr_se) and tr_se ≤ 10% of (re_se + tr_se),
respectively.
[0092] The optical probe 301 may further optionally
comprises a thin window 219 constituting a skin engaging
member, which is positioned between the second lens
215 and the skin 213, a first optical aperture 233, second
aperture 235 normally positioned between the second
lens 215 and the skin 213, and a third aperture 237 nor-
mally be positioned just before the third lens 225. Ac-
cording to this second embodiment of the invention, the
apertures 233 and 235 are displayed as a separate ele-
ment. However, a narrow opening of the second fiber
227 can equally well function as a first aperture 233 and
a narrow opening of the optical probe 301 at the point
where light exits/is collected by the second lens 215 can
equally well function as a first aperture 233.
[0093] The skin penetration depth 220 is again set ide-
ally at 200 (or 210) - 300mm. It can in addition be made
adjustable for other uses and again, typical sample pen-
etration depths 220 are then in the rage between 1/10 -
3 mm depending on the focal length 218 of the second
lens 215 and the thickness of the window 219, if such is
part of the optical probe 301. Both shorter and longer
penetrations depths 220 can also be obtained.
[0094] The advantages with the optical probe 301 are
the same as the ones described in relation to the optical
probe 201 shown in Figure 2.
[0095] Figure 4 shows a third embodiment of the in-
vention, where the optical probe 401 comprises a first
optical fiber 203 for guiding light into the optical probe

301, a first lens 207 for collimating the incoming light 205,
a first filter 209 blocking any percentage between 0 and
100 of frequencies outside the frequency of the incoming
light, a second lens 215 focusing the incoming light 205
into and for collecting the altered light 221 from the skin
213, a second filter 223 for optically filtrating the altered
light 221, a third lens 225 for focusing the altered light
221 into a second optical fiber 227, and a light logging
device 231, which detects intensity variations in the in-
coming light.
[0096] The two fibers 203 and 227 are preferably mul-
timode mode fibers, but could also be single mode fibers.
The two fibers 203 and 227 are normally arranged such
that the direction of the light exiting the first fiber 203 and
the direction of the light entering the second fiber 227 are
perpendicular in relation to one another. Alternative ar-
rangements of the two fibers 203 and 227 and conse-
quently the direction of the light exiting/entering them can
also be found.
[0097] The two filters 209 and 223 are normally a band-
pass filter, a notch filter, an edge filter or such. The second
lens 215 is preferably convex, but could also be aspheric
or planar.
[0098] The optical probe 401 further comprises a dich-
roic mirror 403 that either reflects or transmits any per-
centage between 0 and 100 of the light. The dichroic
mirror 403 is in the current embodiment positioned at an
angle of 45° in relation to the propagating direction of the
incoming light 205, but could also be positioned at an
angle between 0 - 90° as well.
[0099] According to the third embodiment of the inven-
tion, the dichroic mirror 403 reflects the majority of the
incoming light 205 in a 90 degree angle onto the skin 213
and allows for the altered light 221 to pass through. In
contrary to the first and the second embodiments, the
smaller part 229 of the incoming light, which is used for
light logging, is not collected after passing through or
being reflected by the dichroic mirror 403. Instead, an
optical splitting device 405 positioned between the first
filter 209 and the dichroic mirror 403 is employed to direct
a smaller fraction 229 of the incoming light onto the light
logging device 231. The splitting device 405 can be a
beam splitter, a dichroic mirror allowing most of the in-
coming light to pass through, a low density filter or similar.
[0100] In one embodiment of the invention, the percent
of the incoming light 205 which is reflected and transmit-
ted by the dichroic mirror 403 is re_in ≥ 90% of (re_in +
tr_in) and tr_in ≤ 10% of (re_in + tr_in), respectively, and
the percent of the altered light 221 which is reflected and
transmitted by the dichroic mirror 403 is re_se ≤ 10% of
(re_se + tr_se) and tr_se ≥ 90% of (re_se + tr_se), re-
spectively.
[0101] The optical probe 401 may further optionally
comprises a thin window 219, which is positioned be-
tween the second lens 215 and the skin 213, a first optical
aperture 233, second aperture 235 normally positioned
between the second lens 215 and the skin 213, and a
third aperture 237 normally be positioned just before the
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third lens 225. According to this second embodiment of
the invention, the apertures 233 and 235 are displayed
as a separate element. However, a narrow opening of
the second fiber 227 can equally well function as a first
aperture 233 and a narrow opening of the optical probe
201 at the point where light exits/is collected by the sec-
ond lens 215 can equally well function as a first aperture
233.
[0102] Typical sample penetration depths 220 are in
the rage between 1/10 - 3 mm depending on the focal
length 218 of the second lens 215 and the thickness of
the window 219, if such is part of the optical probe 401.
Both shorter and longer penetrations depths 220 can also
be obtained.
[0103] The advantages with the optical probe 401 are
the same as the ones described in relation to the optical
probe 201 shown in Figure 2.
[0104] The optical probes 201, 301, and 401 are all
constructed such that the optical elements inside are po-
sitioned in very close proximity to one another, and the
figs. 2 - 4 are only meant as illustrations and do not show
the accurate distances between the different optical el-
ements.
[0105] An advantage of placing the optical elements
inside the optical probe in as close proximity as possible,
is that this feature enhances both the intensity of the in-
coming light at the sample focus point and the efficiency
by which the altered light is collected, since effects from
diffraction of the incoming light and/or the altered light is
diminished.

Examples

[0106] Apparatus as described above with reference
to Figure 2 was set to focus its output of light to a depth
of approximately 250 mm beyond the surface of a poly-
styrene sample to which the window 219 was applied.
Figure 5 shows a depth profile of the origin of the Raman
scattered light received back at the detector. It may be
observed that the largest signal intensity is derived from
the depth to which the light was focused. About 15% of
the received signal originates from between 200 and 300
mm beyond the surface and somewhat more than 60%
of the recovered signal originates between 60 and 400
mm beyond the surface. The depth profiles were meas-
ured using a thin (approximately 200-220 mm) transpar-
ent polystyrene material. The lens of the apparatus is
placed directly against this to collect signals from a depth
of 0 and the material is moved progressively away from
the lens in steps of 50 mm to collect Raman signals from
further distances. The depth profiles are calculated as
the integrated area of the polystyrene peaks - baseline
corrected. The depth profiles are then plotted as a nor-
malized version of the integrated Raman signal area for
each step.
[0107] More than 90% of the received signal originates
from a depth of less than 600 mm. Whilst less than 20%
of the signal originates from depths of less than 100 mm.

[0108] For comparison, the apparatus was adjusted to
focus the applied light to a depth of approximately 750
mm below the surface and a corresponding depth profile
was obtained which is shown in Figure 6. The apparatus
was further adjusted to focus the applied light immedi-
ately below the surface and a corresponding depth profile
was obtained which is shown in Figure 7.
[0109] The apparatus adjusted in each of these three
ways was used to make glucose measurements on vol-
unteers. It was found not to be possible to make meas-
urements with the focus set to the surface as this caused
an unpleasant burning feeling.
[0110] A plot of readings obtained with a focus depth
of 250 mm in accordance with the invention is shown in
Figure 8, whilst readings obtained at a focus depth of 750
mm are shown in Figure 9.
[0111] From 4-6 sequential optical measurements
were made on each patient. These are plotted on the
vertical axis as predicted glucose values against corre-
sponding measurements of actual glucose level on the
horizontal axis measured with Hemocue 201+ Meter as
reference.
[0112] The device was calibrated for a set of patients
and the same calibration was maintained for all subse-
quent patients.
[0113] A comparison of Figures 8 and 9 shows that the
correlation obtained at 250 mm is far superior. Further-
more, whereas the normal expectation with apparatus
for measuring glucose levels through the skin is that the
apparatus will need external calibration for each patient
against a glucose level measured independently, for in-
stance by chemical analysis of blood, here it is found that
a calibration performed for a set of patients may be ap-
plied to other patients and will remain good over several
days, weeks or months. Indeed, unless some part of the
apparatus is altered, the calibration should remain good
indefinitely. Thus, the invention provides improved reten-
tion of correct calibration and transferability of calibration
between individual subjects.
[0114] In this specification, unless expressly otherwise
indicated, the word ’or’ is used in the sense of an operator
that returns a true value when either or both of the stated
conditions is met, as opposed to the operator ’exclusive
or’ which requires that only one of the conditions is met.
The word ’comprising’ is used in the sense of ’including’
rather than in to mean ’consisting of’. All prior teachings
acknowledged above are hereby incorporated by refer-
ence. No acknowledgement of any prior published doc-
ument herein should be taken to be an admission or rep-
resentation that the teaching thereof was common gen-
eral knowledge in Australia or elsewhere at the date here-
of.

References

[0115]

101: Optical probe
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103: Light source, e.g. a laser
105: First fiber
107: Sample, i.e. a patients arm
109: Second fiber
111: Spectrometer
113: Computer

201: Optical probe according to the first embodiment
203: First fiber
205: Incoming light
207: First lens
209: First filter
211: Dichroic mirror
213: Sample
215: Second lens
217: Focus point
218: Focal length of the first lens
219: Window
220: Penetration depth
221: Altered light
223: Second filter
225: Third lens
227: Second fiber
229: Minor part of the incoming light used for light log-

ging
231: Light logging device
233: First aperture
235: Second aperture
237: Third aperture
301: Optical probe according to the second embodi-

ment
303: Dichroic mirror

401: Optical probe according to the third embodiment
403: Dichroic mirror
405: Optical splitting device

Claims

1. Apparatus for non-invasive in vivo measurement by
Raman spectroscopy of glucose present in intersti-
tial fluid in the skin of a subject (107), comprising a
light source (103), first optical components (101,
105) defining a light path from said light source (103)
to a measurement location beneath the surface of
the skin (107), a light detection unit (111), second
optical components (101, 109) defining a return path
for Raman scattered light from said measurement
location (107) to said light detection unit (111),
and a skin engaging member (101) having a distal
surface for defining in use the position of said first
and second optical components with respect to said
surface of said skin (107),
wherein said second optical components (101,109)
defining a return path for Raman scattered light are
adapted to selectively transmit to said light detection
unit (111) light scattered from near said measure-

ment location such that at least 50% of Raman scat-
tered light received at the light detection unit origi-
nates at depths from 60 to 400 mm beyond said distal
surface of the skin engaging member (101),
and characterized in that
said first optical components (101,105) defining a
light path from said light source (103) to a measure-
ment location beneath the surface of the skin (107)
are adapted to focus the light emitted from said light
source (103) to a depth located at from 200 to 300
mm beyond said distal surface of said skin engaging
member (101).

2. Apparatus as claimed in claim 1, wherein said per-
centage is at least 55%.

3. Apparatus as claimed in claim 1 or claim 2, wherein
at least 90% of Raman scattered light received at
the light detection unit originates at depths less than
600 mm beyond said distal surface of the skin en-
gaging member (101).

4. Apparatus as claimed in any preceding claim, where-
in less than 25% of Raman scattered light received
at the light detection unit originates at depths less
than 100 mm beyond said distal surface of the skin
engaging member (101).

5. Apparatus as claimed in any preceding claim, where-
in at least 15% of Raman scattered light received at
the light detection unit originates at depths from 200
to 300 mm beyond said distal surface of the skin en-
gaging member (101).

6. Apparatus as claimed in any preceding claim, where-
in said light source (103) is a substantially mono-
chromatic light source emitting a wavelength of
830nm.

7. Apparatus as claimed in any preceding claim, where-
in said skin engaging member (101) is a hand piece
for application to the skin containing components de-
fining said measurement location in use, and the first
and second optical components comprise one or
more optical fibres connecting said hand piece to
said light source and to a processing unit containing
electronic circuitry for analysis of signals received
from said light detection unit to provide said meas-
urement therefrom.

8. A method for non-invasive in vivo measurement by
Raman spectroscopy of glucose present in intersti-
tial fluid in the skin of a subject employing an appa-
ratus according to claim 1, comprising directing light
from the light source into the skin via the first optical
components defining a light path from said light
source to a measurement location beneath the sur-
face of the skin, and receiving Raman scattered light
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back from the skin at the light detection unit via the
second optical components defining a return path
for Raman scattered light from said measurement
location to said light detection unit, whilst using the
skin engaging member having a distal surface for
defining the position of said first and second optical
components with respect to a surface of said skin.

Patentansprüche

1. Gerät für nicht-invasive in-vivo-Messung durch Ra-
man-Spektroskopie von Glukose, die in Interstitial-
flüssigkeit in der Haut eines Subjekts (107) vorliegt,
umfassend eine Lichtquelle (103), erste optische
Komponenten (101, 105), die einen Lichtweg von
der Lichtquelle (103) zu einer Messstelle unter der
Hautoberfläche (107) bestimmen, eine Lichtdetekti-
onseinheit (111), zweite optische Komponenten
(101, 109), die einen Rückweg für Raman-Streulicht
von der Messstelle (107) an die Lichtdetektionsein-
heit (111) bestimmen, und ein Hautkontaktglied
(101), das eine distale Oberfläche zum Bestimmen
der Position der ersten und zweiten optischen Kom-
ponenten bezüglich der Hautoberfläche (107) im Ge-
brauch, wobei die zweiten optischen Komponenten
(101, 109), die einen Rückweg für Raman-Streulicht
bestimmen, zum selektiven Senden von Licht an die
Lichtdetektionseinheit (111) ausgebildet sind, das
von nahe der Messstelle gestreut wird, sodass min-
destens 50 % des Raman-Streulichts, das von der
Lichtdetektionseinheit empfangen wird, von Tiefen
von 60 bis 400 mm jenseits der distalen Oberfläche
des Hautkontaktglieds (101) ausgeht, und dadurch
gekennzeichnet, dass die ersten optischen Kom-
ponenten (101, 105), die einen Lichtweg von der
Lichtquelle (103) zu einer Messstelle unter der
Hautoberfläche (107) bestimmen, so ausgebildet
sind, dass sie das Licht, das von der Lichtquelle (103)
ausgegeben wird, auf eine Tiefe fokussieren, die
sich 200 bis 300 mm jenseits der distalen Oberfläche
des Hautkontaktglieds (101) befindet.

2. Gerät nach Anspruch 1, wobei der Prozentsatz min-
destens 55 % beträgt.

3. Gerät nach Anspruch 1 oder Anspruch 2, wobei min-
destens 90 % des Raman-Streulichts, das an der
Lichtdetektionseinheit empfangen wird, von Tiefen
von weniger als 600 mm jenseits der distalen Ober-
fläche des Hautkontaktglieds (101) ausgeht.

4. Gerät nach einem der vorhergehenden Ansprüche,
wobei mindestens 25 % des Raman-Streulichts, das
an der Lichtdetektionseinheit empfangen wird, von
Tiefen von weniger als 100 mm jenseits der distalen
Oberfläche des Hautkontaktglieds (101) ausgeht.

5. Gerät nach einem der vorhergehenden Ansprüche,
wobei mindestens 15 % des Raman-Streulichts, das
an der Lichtdetektionseinheit empfangen wird, von
Tiefen von 200 bis 300 mm jenseits der distalen
Oberfläche des Hautkontaktglieds (101) ausgeht.

6. Gerät nach einem der vorhergehenden Ansprüche,
wobei die Lichtquelle (103) eine im Wesentlichen
monochromatische Lichtquelle ist, die eine Wellen-
länge von 830 nm ausgibt.

7. Gerät nach einem der vorhergehenden Ansprüche,
wobei das Hautkontaktglied (101) ein Handstück
zum Anwenden auf die Haut ist, das Komponenten
enthält, die die Gebrauchsmessstelle bestimmen,
und die ersten und zweiten optischen Komponenten
ein oder mehrere optische Fasern umfassen, die das
Handstück mit der Lichtquelle und mit einer Verar-
beitungseinheit verbinden, die elektronische Schalt-
kreise zum Analysieren von Signalen umfassen, die
von der Lichtdetektionseinheit empfangen werden,
um die Messung daraus bereitzustellen.

8. Verfahren zur nicht-invasiven in-vivo-Messung
durch Raman-Spektroskopie von Glukose, die in In-
terstitialflüssigkeit in der Haut eines Subjekts vor-
liegt, wobei ein Gerät nach Anspruch 1 verwendet
wird, umfassend das Leiten von Licht von der Licht-
quelle in die Haut über die ersten optischen Kompo-
nenten, die einen Lichtweg von der Lichtquelle zu
einer Messstelle unter der Oberfläche der Haut be-
stimmen, und das Empfangen von Raman-Streulicht
zurück von der Haut an der Lichtdetektionseinheit
über die zweiten optischen Komponenten, die einen
Rückweg für Raman-Streulicht von der Messstelle
an die Lichtdetektionseinheit bestimmen, während
das Hautkontaktglied verwendet wird, das eine dis-
tale Oberfläche zum Bestimmen der Position der ers-
ten und zweiten Komponenten bezüglich einer Ober-
fläche der Haut aufweist.

Revendications

1. Appareil pour une mesure in vivo non invasive, par
spectroscopie Raman, de glucose présent dans du
fluide interstitiel dans la peau d’un sujet (107), com-
prenant une source de lumière (103), des premiers
composants optiques (101, 105) définissant un trajet
de lumière de ladite source de lumière (103) à un
emplacement de mesure sous la surface de la peau
(107), une unité de détection de lumière (111), des
seconds composants optiques (101, 109) définis-
sant un trajet de retour pour une lumière diffusée par
effet Raman dudit emplacement de mesure (107) à
ladite unité de détection de lumière (111), et un élé-
ment de contact avec la peau (101) ayant une sur-
face distale pour définir en utilisation la position des-
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dits premiers et seconds composants optiques par
rapport à ladite surface de ladite peau (107), lesdits
seconds composants optiques (101, 109) définis-
sant un trajet de retour pour une lumière diffusée par
effet Raman étant adaptés pour transmettre de ma-
nière sélective à ladite unité de détection de lumière
(111) une lumière diffusée à partir de la proximité
dudit emplacement de mesure de telle sorte qu’au
moins 50 % d’une lumière diffusée par effet Raman
reçue au niveau de l’unité de détection de lumière
provient de profondeurs allant de 60 à 400 mm au-
delà de ladite surface distale de l’élément de contact
avec la peau (101),
et caractérisé par le fait que lesdits premiers com-
posants optiques (101, 105) définissant un trajet de
lumière de ladite source de lumière (103) à un em-
placement de mesure sous la surface de la peau
(107) sont adaptés pour focaliser la lumière émise
à partir de ladite source de lumière (103) à une pro-
fondeur située de 200 à 300 mm au-delà de ladite
surface distale dudit élément de contact avec la peau
(101).

2. Appareil selon la revendication 1, dans lequel ledit
pourcentage est au moins 55 %.

3. Appareil selon la revendication 1 ou 2, dans lequel
au moins 90 % de lumière diffusée par effet Raman
reçue au niveau de l’unité de détection de lumière
provient de profondeurs de moins de 600 mm au-
delà de ladite surface distale dudit élément de con-
tact avec la peau (101).

4. Appareil selon l’une quelconque des revendications
précédentes, dans lequel moins de 25 % de lumière
diffusée par effet Raman reçue au niveau de l’unité
de détection de lumière provient de profondeurs de
moins de 100 mm au-delà de ladite surface distale
de l’élément de contact avec la peau (101).

5. Appareil selon l’une quelconque des revendications
précédentes, dans lequel au moins de 15 % de lu-
mière diffusée par effet Raman reçue au niveau de
l’unité de détection de lumière provient de profon-
deurs allant de 200 à 300 mm au-delà de ladite sur-
face distale de l’élément de contact avec la peau
(101).

6. Appareil selon l’une quelconque des revendications
précédentes, dans lequel ladite source de lumière
(103) est une source de lumière sensiblement mo-
nochromatique émettant une longueur d’onde de
830 nm.

7. Appareil selon l’une quelconque des revendications
précédentes, dans lequel ledit élément de contact
avec la peau (101) est une pièce à main pour une
application sur la peau contenant des composants

définissant ledit emplacement de mesure en utilisa-
tion, et les premiers et seconds composants opti-
ques comprennent une ou plusieurs fibres optiques
reliant ladite pièce à main à ladite source de lumière
et à une unité de traitement contenant des circuits
électroniques pour une analyse de signaux reçus à
partir de ladite unité de détection de lumière pour
fournir ladite mesure à partir de celle-ci.

8. Procédé de mesure in vivo non invasive, par spec-
troscopie Raman, de glucose présent dans du fluide
interstitiel dans la peau d’un sujet en utilisant un ap-
pareil selon la revendication 1, comprenant diriger
de la lumière, provenant de la source de lumière,
dans la peau par l’intermédiaire des premiers com-
posants optiques définissant un trajet de lumière de
ladite source de lumière à un emplacement de me-
sure sous la surface de la peau, et
recevoir une lumière diffusée par effet Raman en
retour de la peau au niveau de l’unité de détection
de lumière par l’intermédiaire des seconds compo-
sants optiques définissant un trajet de retour pour
une lumière diffusée par effet Raman dudit empla-
cement de mesure à ladite unité de détection de lu-
mière, tout en utilisant l’élément de contact avec la
peau ayant une surface distale pour définir la posi-
tion desdits premiers et seconds composants opti-
ques par rapport à une surface de ladite peau.
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