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Description

[0001] The invention relates to methods for transder-
mal in vivo measurement by Raman spectroscopy of glu-
cose or other Raman detectable species present in skin.
The detected component may be present in interstitial
fluid.

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 spectrophotometer. A spectrophotometer is
an optical apparatus that works by separating the light
beam directed into the optical apparatus into different
frequency components and subsequently measuring the
intensity of these components by using e.g. a CCD de-
tector, 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 if the
light is collected in generally the reverse path from that
on which it entered the sample. The emission signals
have relatively broad spectral profiles as compared to
scattering light signals, which normally display quite nar-
row 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 depends among other
things on the frequency and the power 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] Scattering of light can be classified as being ei-
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ther elastic or inelastic and these are characterized by
being spectroscopically very narrow signals. Elastic scat-
tering 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 mostcommonly knownexample ofinelastic
scattering is Raman scattering, in which there is an en-
ergy interchange between the molecule and the photons
of the incoming light. The frequencies, i.e. the spectral
distribution of the Raman scattered light will be different
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 spots based 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
based 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 or other components
in skin have been made, but none of these has to date
provided a system which ensures that in any given indi-
vidual collected light signals originate from below the
stratum corneum by a margin that provides for a good
measurement.

[0010] The skin surface is formed by the stratum cor-
neum which consists mainly of cornified, dead, flattened
skin cells and varies in thickness between individuals and
between areas of the body. The concentration of com-
ponents such as glucose in the interior of the stratum
corneum is not in equilibrium with the interstitial fluid be-
low the stratum corneum.

[0011] Often, itis desired to make transdermal meas-
urements on the fingertip because of the ease with which
the fingertip can be placed into the light path of a suitable
instrument. However, individual variations in the thick-
ness of the stratum corneum are relatively large in this
area. Thus, the stratum corneum generally has a thick-
ness of from 10-15m on most areas of the body but may
be more than 10 times thicker on the palms and the soles.
Finger print patterns also provide variation in the thick-
ness of the stratum corneum over the surface of the fin-
gertips.
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[0012] WO2011/083111 describes a Raman spec-
trometer based apparatus for transdermal measurement
of glucose which is set to derive Raman signals from a
depth of 60 to 400um below the skin surface, typically
by focusing the incoming light to a depth within the range
of 200-300p.m. This is found to be broadly satisfactory,
butfails with occasional subjects whose stratum corneum
at the measurement site is too great.

[0013] 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.
[0014] 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 afocal plane within the sample to measure for instance
glucose. However, no teaching is present of the impor-
tance of selecting a particular depth for the focal plane
or where this should be. Indeed, itis 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.

[0015] WQO97/36540 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 non-
linearities arising from signals penetrating to a depth of
>500 pm is discussed.

[0016] WOO00/02479 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.

[0017] WO2009/149266 refers backto 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 non-invasive 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.

[0018] 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 finger stick blood glu-

10

15

20

25

30

35

40

45

50

55

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 excitation beam and so naturally they do not disclose
any optimal focal depth.

[0019] WOO01/39665 describes a method to differenti-
tate between dermis, epidermis and stratum corneum
using Raman spectroscopy.

[0020] The object of the present invention is achieved
with a method and apparatus according to the independ-
ent claims.

[0021] The present invention now provides a method
for determining whether the origin of Raman signals re-
ceived in transdermally operating confocal detector ap-
paratus lies within the stratum corneum or below it, which
method comprises analysing said signals to compare the
relative intensities of Raman signals originating from a
first skin component and Raman signals originating from
a second skin component, wherein said relative intensi-
ties are indicative of whether the Raman signals originate
within the stratum corneum or below the stratum cor-
neum.

[0022] Alternatively expressed, the invention provides
a method for predicting whether a spectrum of Raman
signals received transdermally in a confocal detector ap-
paratus and having at least one component expected to
have an intensity representing the concentration of a skin
component at a point of origin of said Raman signals
below the surface of the skin will accurately represent
said concentration, which method comprises analysing
features of said spectrum relating to skin components
other than the skin component the concentration of which
is to be measured and thereby determining whether the
Raman signals originate primarily within the stratum cor-
neum so that the spectrum will be less likely to represent
said concentration accurately or originate primarily below
the stratum corneum so that the spectrum will be more
likely to represent said concentration accurately.

[0023] The preferred features described below apply
to either of these aspects of the invention.

[0024] Preferably, the method comprises analysing
said signals to compare the relative intensities of Raman
signals originating from a first skin component and Ra-
man signals originating from a second skin component,
wherein said relative intensities are indicative of whether
the Raman signals originate primarily within the stratum
corneum or primarily below the stratum corneum.
[0025] Said first skin component produces a peak in
the Raman spectrum at a wavenumber of 883-884cm-".
This may derive from proteins, including Type | collagen
(see Raman Spectroscopy of Biological Tissues,
Movasaghi et al, Applied Spectroscopy Reviews 42:
493-541, 2007).

[0026] Said second skin component produces a peak
in the Raman spectrum at 893-896cm-1. This may derive
from deoxyribose phosphodiester. Thus, the second skin
component may be DNA.

[0027] The methods of the invention may further com-
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prise the step of comparing the sizes of said first and
second peaks and producing an output indicative that
the signals arise from within the stratum corneum if the
size of said first peak divided by the size of said second
peak is less than a selected value R. The value of R may
be chosen according to the selectivity of the determina-
tion of origin of the analyte signal that one wishes to
achieve. It will generally be convenient to use the peak
height as a measure of peak size but one may adopt
another size measure such as area.

[0028] If R is made larger, more candidate measure-
ments are likely to be rejected, leading to an increased
need to repeat such measurements at a different meas-
urement site, or to adjust the focussing distance of the
apparatus used, or to reject the patient from this form of
measurement entirely.

[0029] If R is chosen to be smaller, fewer measure-
ments will be ruled unreliable, but the chances of a meas-
urement being accepted that does not in reality correlate
well to actual analyte concentration may be increased.
[0030] Preferably, R is selected to be at least 0.75,
more preferably at least 0.95, and optionally R is set at
1.0 or higher, e.g. up to 1.25

[0031] Supposing that R is set to be 1.0, if the said
883-884cm1 peak is higher than the 893-896cm-! peak,
this is a good indicator that the signals arise from suffi-
ciently below the stratum corneum for the measurements
of an analyte skin component in interstitial fluid to be ac-
curate. If on the other hand the height order is reversed
and the 893-896cm-! peak is higher than the
883-884cm™1 peak, this is an indicator that the signals
may not arise from sufficiently below the stratum cor-
neum for the measurements of an analyte skin compo-
nent in interstitial fluid to be accurate. However, it is ex-
pected that the value of 1.0 builds in a safety margin and
R could be set lower.

[0032] Accordingly, the method may include the steps
of comparing the sizes of said first and second peaks
and producing an output indicative that the signals arise
from within the stratum corneum if said first peak is of
lesser size than said second peak and/or producing an
output indicative that the signals arise from below the
stratum corneum if said second peak is of lesser size
than said first peak.

[0033] Other peaks in the Raman spectrum may be
chosen that provide a similar indication of the depth of
origin of the signals.

[0034] The above methods provide a first line test, but
even if the said size relationship of the 883-884cm-1 peak
and the 893-896cm™1 peak is satisfactory, this may not
in all cases provide sufficient assurance and a second
line check may be desirable. To this end, one may inves-
tigate whether the size of a Raman peak deriving from a
third and/or the size of a Raman peak deriving from a
fourth skin component, or further skin components, is
greater than a predetermined size. Again, height may be
adopted as a convenient measure of size.

[0035] The predetermined size for this purpose for
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each Raman peak used may be x standard deviations
above the mean size for the respective peak as measured
using the same apparatus on multiple different measure-
ment sites on the skin of a test population of one or pref-
erably multiple test subjects. Suitably, x may be from 0.5
to 2, e.g. 0.75 to 1.5, but is preferably 1.

[0036] Thus for instance, if the comparison of the rel-
ative intensities of Raman signals originating from a first
skin component and Raman signals originating from a
second skin component is indicative that the Raman sig-
nals originate primarily below the stratum corneum, the
methods of the invention may further comprise determin-
ing whether the size of a further peak in the spectrum
associated with a skin component which may be preva-
lent in the stratum corneum is more than one standard
deviation greater than a mean value for the size of that
peak in a statistically valid sample of similar spectra, a
positive determination indicating a probability thatthe Ra-
man signals do not after all originate primarily below the
stratum corneum.

[0037] To obtain the similar spectra, multiple measure-
ment sites are suitably chosen to be sufficiently numer-
ous to provide a statistically valid measurement of the
standard deviation. Suitably, 100-300 test sites, prefer-
ably chosen on from 5-20 test subjects, for instance 10
sites on each of 20 individuals could be used. The test
subjects should preferably be matched for ethnicity, age,
and/or nature of occupation (such as manual worker or
not) with each other and the subject of the analyte meas-
urements.

[0038] Suitable peaks for use in this second line check
would be peaks at 1445cm-1and at 1650cm-1. The former
may arise from various bending modes associated with
CH, and CHj; groups in collagen. The latter may derive
from protein amide groups.

[0039] If the first line test is failed or if either of these
chosen peaks is larger than the chosen cut off size, the
validity of the analyte measurement is doubtful and an
alternative measurement site should be chosen or the
depth from which the Raman signals originate should be
suitably altered, which will generally imply that it should
be increased.

[0040] The method of the invention can be used to de-
termine whether the transdermally operating confocal
detector apparatus will successfully measure the con-
centration of a target skin component by measuring Ra-
man signals originating below the stratum corneum. This
determination may be used simply to exclude patients
from measurement who are unsuitable, or to guide a
choice of a different measurement site where the stratum
corneum is not too thick, or to guide an adjustment of the
transdermally operating confocal detector apparatus in
order to cause it to measure Raman signals originating
from below the stratum corneum.

[0041] Methods according to either aspect of the in-
vention may therefore further include adjusting said
transdermally operating confocal detector apparatus in
response to a finding that the Raman signals originate
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fromwithin the stratum corneum, said adjustment altering
the depth of origin of said Raman signals such that a new
depth is determined to be satisfactory and in particular
such that the depth is no longer determined to be within
the stratum corneum.

[0042] This may be done by adjustment of a distance
from the surface of the skin of an objective lens from
which light is emitted to the measurement site and re-
ceived from the measurement site, so as to alter the depth
from which Raman signals are received.

[0043] Alternatively or additionally, said transdermally
operating confocal detector apparatus may comprise an
objective lens having a focal length and said method of
altering the depth of origin of the Raman signals may
comprise altering the focal length of the objective lens
by replacement of the objective lens or by adjustment of
the objective lens.

[0044] To this end, said transdermally operating con-
focal detector apparatus may comprise a compound ob-
jective lens comprising at least a first element and a sec-
ond element spaced from the first element, and said
method of altering the depth of origin of the Raman sig-
nals may comprise altering the spacing of two or more
elements to adjust the focal length of the compound ob-
jective lens, and this would include replacement of the
lens with one in which the said spacing is different.
[0045] Optionally, said adjustments of the lens position
or focal length may be carried out by altering the thick-
ness of a piezoelectric spacer, either between the objec-
tive lens and the skin surface or between said lens ele-
ments by the alteration of a voltage applied thereto.
[0046] Optionally, said adjustments of the lens position
orfocal length may be carried out by altering the rotational
position of an annular screw mounted collar carrying at
least one element of said compound lens.

[0047] The invention also provides in a further aspect
transdermally operating confocal detector apparatus for
non-invasive in vivo measurement by Raman spectros-
copy of the concentration of a skin component present
in the skin of a subject, comprising a light source, optical
components defining a light path from said light source
to a measurement location, a spectrum analysis unit, op-
tical components defining a return path for Raman scat-
tered light from said measurement location to said spec-
trum analysis unit, wherein said spectrum analysis unit
operates to determine whether the origin of Raman sig-
nals received therein lies within the stratum corneum or
below it, by analysing features of Raman scattered light
relating to skin components other than the skin compo-
nent the concentration of which is to be measured and
thereby determining whether the Raman signals origi-
nate primarily within the stratum corneum or primarily
below the stratum corneum.

[0048] Alternatively expressed, in this aspect the in-
vention provides in a further aspect transdermally oper-
ating confocal detector apparatus for non-invasive in vivo
measurement by Raman spectroscopy of the concentra-
tion of a skin component present in the skin of a subject,
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comprising a light source, optical components defining a
light path from said light source to a measurement loca-
tion, a spectrum analysis unit, optical components defin-
ing a return path for Raman scattered light from said
measurement location to said spectrum analysis unit,
wherein said spectrum analysis unit operates to deter-
mine whether the origin of Raman signals received there-
inlies within the stratum corneum or below it, by analysing
said signals to compare the relative intensities of Raman
signals originating from a first skin component and Ra-
man signals originating from a second skin component,
wherein said relative intensities are indicative of whether
the Raman signals originate within the stratum corneum
or below the stratum corneum.

[0049] Said spectrum analysis unit determines the size
of a peak in the Raman spectrum at 883-884cm-! pro-
duced by said first skin component.

[0050] Said spectrum analysis unit determines the size
of a peak in the Raman spectrum at 893-896¢cm-"! pro-
duced by said second skin component. Said spectrum
analysis unit determines a ratio between the size of a
first peak in the Raman spectrum at 883-884cm-! and
the size of a second peak in the Raman spectrum at
893-896cm-1. Height may be used as a suitable measure
of peak size.

[0051] Preferably therefore, said spectrum analysis
unit produces an output indicative that the signals arise
from within the stratum corneum if the height of said first
peak divided by the height of said second peak is less
than a selected value R. R may be pre-set to be 0.75,
more preferably 0.95 and still more preferably 1.0.
[0052] Preferably, R is not more than 1.25.

[0053] Optionally, if the signal analysis unit determines
that comparison of the relative intensities of Raman sig-
nals originating from a first skin component and Raman
signals originating from a second skin component is in-
dicative that the Raman signals originate primarily below
the stratum corneum, said signal analysis unit further de-
termines whether the size of a further peak in the spec-
trum associated with a skin component prevalent in the
stratum corneum is more than x standard deviations
greater than a mean value for the size of that peak in a
statistically valid sample of similar spectra, a positive de-
termination indicating a probability that the Raman sig-
nals do not after all originate primarily below the stratum
corneum. The value of x is discussed above.

[0054] Said transdermally operating confocal detector
apparatus may comprise a set of interchangeable objec-
tive lenses of differing focal length or an objective lens
having an adjustable focal length. To this end, said ob-
jective lens may be a compound objective lens compris-
ing at least a first element and a second element spaced
from the first element, and said lens is then adjustable
by altering the spacing of two or more elements to adjust
the focal length of the compound objective lens. The
spacing adjustment may preferably be piezoelectric or
screw operated as described above. Interchangeable
lenses may differ from one another in spacings of such
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lens elements.

[0055] The apparatus may include means for comput-
ing a concentration of glucose or another analyte com-
ponent 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 intensities to glucose or other
analyte concentration. This may be performed using par-
tial 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 Measurements;
Jnl of Biomedical Optics, 10(3), 031114; May/June 2005.
Other forms of multivariate calibration may be used in-
cluding Principal Component Analysis (PCA) ina 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; Journal of Raman Spectros-
copy, 31; 221-227 (2000) or in J. T. Olesberg, L. Liu, V.
V. Zee, and M. A. Arnold; In Vivo Near-Infrared Spec-
troscopy of Rat Skin Tissue with Varying Blood Glucose
Levels; Anal. Chem. 2006, 78, 215-223. In general, sta-
tistical methods of spectrum analysis useful in calibrating
detection of analytes from absorption spectra will be use-
ful in analysis of Raman spectra also.

[0056] The apparatus may be adjustable to alter the
depth below the skin surface from which most of the in-
tensity of the Raman signals originates, so as to set said
depth to be below the stratum corneum. Light collection
will be from a range of depths and the apparatus may be
adjustable such that a desired percentage of the light
originates from below the stratum corneum.

[0057] Preferably, said percentage is at least 55%,
more preferably at least 70%, more preferably at least
90%. Preferably also, at least 90% of Raman scattered
light received at the light detection unit originates at
depths less than 600pm below the skin surface. Prefer-
ably also less than 25%, more preferably less than 10%,
of Raman scattered light received at the spectrum anal-
ysis unit originates at depths less than 100m below the
surface of the skin.

[0058] Preferably, at least 40%, more preferably at
least 50% of the light reaching the spectrum analysis unit
originates from 200 to 400p.m below the surface of the
skin.

[0059] Optionally, said adjustmentis automated. Thus,
the spectrum analysis unit may operate to determine the
origin of the Raman signals as described and in the event
of a determination that the signals originate from within
the stratum corneum may output a control signal to an
adjustment means which operates to adjust a confocal
depth position from which Raman signals are received
until the spectrum analysis unit determines the origin of
the signals to be below the stratum corneum. Such ad-
justment means may produce a said control signal in the

10

15

20

25

30

35

40

45

50

55

form of a voltage applied to a piezoelectric actuator for
changing the position of at leastone lens elementrelative
to the skin in use. Alternatively, the control signal may
drive a motor to rotate a rotatable lens adjustment mech-
anism to alter lens component spacing.

[0060] Thus the adjustment means may hunt for a sat-
isfactory confocal depth by making iterative increases in
the confocal depth until a satisfactory result is obtained.
Suitably, this might entail making progressive increases
in confocal depth of from 10 to 50um, e.g. from 20 to
30pm.

[0061] The spectrum analysis unit may receive light
from the surface of the skin without transmission of said
light through an optical fibre or with such a fibre. In the
latter eventuality, apparatus according to the invention
may comprise a hand piece for application to the skin
containing components defining said measurement lo-
cation in use, and one or more optical fibres connecting
said hand piece to said light source and to the spectrum
analysis unit for analysis of signals received from said
light detection unit to provide said measurement there-
from.

[0062] The position distal of a skin engaging member
of said measurementlocation is optionally adjustable and
can for instance be adjustable to be from 60 to 400 um
beyond said distal surface of the skin engaging member
or can be adjusted to be from 50 to 400 pwm, more pref-
erably 200 to 300 wm, beneath the surface of the skin.
Alternatively, however the position distal of the skin en-
gaging member of said measurement location is fixed,
suitably such that the numerical parameters discussed
above are achieved.

[0063] 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. It follows that in this case, if the spectrum
analysis unit determines that the confocal depth is not
satisfactory, an alternative measurement site should be
chosen or that patient should be excluded.

[0064] The invention includes a method for non-inva-
sive in vivo measurement by Raman spectroscopy of a
component, which may be glucose, present in interstitial
fluid in the skin of a subject, comprising, in either order,
(a) 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
and so producing Raman signals returning from the skin,
determining whether the origin of the returning Raman
signals lies within the stratum corneum or below it by
analysing said signals to compare the relative intensities
of Raman signals originating from a first skin component
and Raman signals originating from a second skin com-
ponent, wherein said relative intensities are indicative of
whether the Raman signals originate within the stratum
corneum or below the stratum corneum, and (b) directing
light from said light source into the skin of said subject
via said optical components defining a light path from
said light source to said measurementlocation in the skin,
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receiving Raman scattered light back from the skin at a
light detection unit via optical components defining a re-
turn path for Raman scattered light from said measure-
ment location to said light detection unit, and determining
said concentration from said Raman scattered light. Pre-
ferred features of step (a) above may be as previously
described.

[0065] The method may further include adjusting said
optical components so that the Raman signals are de-
termined to originate from below the stratum corneum.
[0066] Such methods are preferably performed using
apparatus in accordance with the invention.

[0067] 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 concentration of the skin
component to be measured prior to said measurement
onsaid subject. Once calibrated the apparatus preferably
is not calibrated again for a period of notless than a week,
more preferably a month. Preferably, said calibration step
of providing an output in respect of a known substance
concentration is not carried out by the use of the appa-
ratus on said subject.

[0068] Thus, the calibration may be conducted on a
different subject for whom a concentration of the compo-
nent is known or may be conducted using a standard
reference material such as a drop of component solution
placed in the measurement location or a solid phantom
simulating a component solution.

[0069] Any apparatus described herein may be used
in such a method.

[0070] 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 an 830nm, 500 mW FC-830 laser from RGB
Lase.

[0071] 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 fibre guiding in-
coming light from said light source and a lens focusing
said incoming light towards, i.e. into or onto, the meas-
urement location. The optical components for defining a
return path for Raman scattered light may comprise said
lens and further optical components guiding the altered
light to the spectral analysis unit. The further optical com-
ponents may include a second optical fibre, however,
instead of employing a second optical fibre, a spectro-
photometer may be integrated directly into the hand-
piece. Optionally, there may be a further light detection
unit (or light logging device) measuring intensity fluctua-
tions in said incoming light, and this further light detection
unit may advantageously be positioned after said first
optical fibre, whereby said further light detection unit re-
ceives a part of said incoming light from said first fibre.
[0072] Anelectrical outputfrom this lightlogging device
which is representative of the intensity of the incoming
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light may be used to adjust intensity measurements in
the spectrum analysis unit to compensate for variations
in said intensity.

[0073] The use of at least one optical fibre is advanta-
geous in that although a microscope can be used, a mi-
croscope-based optical probe is not a readily movable
object and a user’s body part could be awkward to place
in a position where measurements could be made. A pos-
sibility would be for the patient to insert his/her finger or
arm directly under or above the microscope objective in
the microscope. Unfortunately, this is cumbersome if not
impossible with most microscopes.

[0074] An optical probe employing not the whole mi-
croscope but only microscope objective(s) mounted sep-
arately on e.g. a table allows for better accessibility be-
tween probe and sample. Measurements of blood sugar
levels or other skin components in a patient in vivo be-
come more convenient as the patients arm or finger can
be placed in front of the microscope objective(s) without
much difficulty. However, if the chosen sample is a leg,
it might prove more difficult to place it appropriately in
front of the microscope objective (s) .

[0075] 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 fibre and said dich-
roic mirror, where said splitting device reflects a minor
part of the incoming light onto said light logging device.
[0076] One advantage with using a lightlogging 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
lightdue tovariations inthe incoming light and not sample
variations can be compensated for.

[0077] 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 during measuring.

[0078] 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.

[0079] 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.

[0080] An advantage with inserting a window between
the lens and the skinis that it can provide an easier clean-
ing of the optical probe, if a fragile lens sensitive to clean-
ing is used.

[0081] Another advantage with inserting a window be-
tween the lens and the skin is that the penetration depth
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can be varied depending on the thickness of the window.
This provides one way of setting the penetration depth
to a value resulting in a determination that the Raman
signals measured originate below the stratum corneum.
[0082] 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 a skin engaging mem-
ber.

[0083] 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.
[0084] 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 fibre.
[0085] 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.

[0086] 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 fibre
and said dichroic mirror, whereby said light logging de-
vice measures intensity fluctuations in said incoming light
reflected of by said splitting device.

[0087] Inanembodiment 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 ofthe altered light (e.g. >70%) whilst pass-
ing a smaller amount (e.g. < 30%).

[0088] In an embodiment where most of the incoming
lightis transmitted by the dichroic mirror, said lightlogging
device may be positioned after said dichroic mirror,
whereby said light logging device measures intensity
fluctuations in said incoming light reflected by said dich-
roic mirror.

[0089] 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.

[0090] In one embodiment of the invention, the angle
o between the direction of light out of said first optical
fibre and the direction of light entering a said second op-
tical fibre is substantially o = 90 degrees. The angle could
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also be in the range o = 80 - 100 degrees.

[0091] Inone 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
pointin the skin to reach the spectrum analysis unit there-
by ensuring depth confocality. Said aperture can be a
separate element, but a narrow opening of a second fiber
can equally well function as said aperture when a second
fibre is used.

[0092] An advantage with using an optical aperture po-
sitioned before the spectrum analysis unit is that the op-
tical aperture works as a 3D depth filter eliminating optical
signals generated outside of the confocal depth, i.e. the
sample focus spot. The advantage with using a confocal
optical probe is that the altered light entering the spec-
trum analysis unit arises solely from interactions between
the incoming light and the skin at the focus depth; hence
contributions from the cone-like areas above and below
the focus spot are minimized or eliminated.

[0093] Inanother embodiment of the invention, one or
more apertures can additionally be employed to obtain
a sharper contrast in the z (depth) direction. A second
aperture is preferably 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 col-
lected by the lens can equally well function as an aper-
ture.

[0094] Although apparatus according to the invention
is designed and configured for measuring optical signals
inthe skininvivo, it could also be employed for measuring
optical signals by immersing it into e.g. a blood sample
thereby making the measurement in vitro.

[0095] 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 a flexible
fibre for guiding light into and optionally 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 compo-
nents are contained in a housing which defines a specific
location on which to place afingertip pad for performance
of the measurement.

[0096] The stratum corneum thickness of a fingertip
pad will typically be from 10-40pum (see Marks, James
G; Miller, Jeffery (2006). Lookingbill and Marks’ Princi-
ples 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 200-300pm will be
from 160 to 190m up to 260 to 290.m below the stratum
corneum. Depths of measurement for all skin areas are
preferably from 50 to 390.m, more preferably from 190
to 290pm below the stratum corneum.

[0097] A primary application of the apparatus is gen-
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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. Other analytes which
may be measured in the same way would include lactate,
haemoglobin, cholesterol, alcohol, urea and/or drug.

Brief description of the drawings

[0098] 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 firstembodiment 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 a cross-section through a first exam-
ple of an objective lens having a variable spacing
between lens elements suitable for use in any of the
optical probes of Figures 2-4.

Figure 6 shows a cross-section through a second
example of an objective lens having a variable spac-
ing between lens elements suitable for use in any of
the optical probes of Figures 2-4.

Figure 7 shows Raman spectra obtained from sev-
eral different measurement subjects identified by pa-
tient number. At the Raman wavenumber shift value
of 600cm-1, the patient numbers relating to the spec-
tra in descending order of the spectral curves are
patient number 127, 126, 115, 114, 107.

Figure 8 shows a plot of glucose concentration pre-
dicted by the apparatus (vertical axis) against actual
glucose concentrations (horizontal axis) measured
by chemical analysis of blood for numerous patients.
The solid points derive from patient no.127.

Figure 9 shows a plot of glucose concentration pre-
dicted by the apparatus (vertical axis) against actual
glucose concentrations (horizontal axis) measured
by chemical analysis of blood for patient 114 in nu-
merous repeat measurements.

Figure 10 shows a first patient derived Raman spec-
trum obtained from patient 17(upper trace), and a
second patient derived Raman spectrum obtained
from patient 107 (lower trace). Both are character-
ised by a ratio of peak heights at 883:893 wave num-
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bers which is greater than one, but the upper trace
is characterised also by having a higher than normal
peak at wavenumber 1445 cm-1.

Figure 11 shows a plot of the relative intensity of
Raman signals received in suitably adjusted probes
of the kind seen in Figures 2-4 against the depth of
origin in the skin of the signals.

Figure 12 shows Raman spectra obtained using ap-
paratus set to a very short focal depth of 160um in
air measured at different finger pad locations and at
the thenar.

Description of preferred embodiments

[0099] 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 an incoming light fibre 105. In this embodiment
of the invention, the light source 103 is a laser. The in-
coming light illuminates and interacts with the skin 107.
Altered light received back from the skin, is collected by
the optical probe 101 and is analysed in a spectropho-
tometer within the probe to produce an electrical output
which is sent via a connection 109 to a computer 111 for
subsequent analysis of the spectral components. Within
the spectrophotometer there is a light detection unit. Al-
ternatively, of course, the spectrophotometer function
could be performed externally to the hand piece and light
could be communicated from the handpiece to the spec-
tral analysis unit via a second optical fibre.

[0100] 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 itinto e.g. ablood
sample thereby making the measurement in vitro.
[0101] 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 incoming light fibre
105 and the outgoing electrical signal connection 109
and an opening for the outgoing light employed to illumi-
nate the sample. The latter opening can also be used for
collecting the altered light from the sample. The optical
probe 101 can be moved around freely due to the use of
flexible a fibre for guiding light into 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.

[0102] 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
of lactate haemoglobin, cholesterol, alcohol, urea and/or
drug in the blood or the temperature and/or variations of
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the temperature in the blood.

[0103] Figure 2 shows a first embodiment of the optical
probe 201 comprising an incoming light optical fibre 203
for guiding light into the optical probe 201. According to
this embodiment of the invention, the light source is nor-
mally a laser. Upon exiting the first fibre 203, the incoming
light 205 is collimated using a first lens 207, which is an
objective lens, and optically filtered by passing through
a first filter 209 blocking any percentage between 0 and
100, e.g. from 75 to 100 percent, of frequencies/wave-
lengths outside the laser frequency/wavelength. Block-
ing of frequencies outside the laser frequency ensures
that e.g. Raman scattering generated inside the first fibre
203 is removed from the incoming light 205. The first filter
209 may also block any percentage between 0 and 100,
e.g. from 0 to 50 percent, 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
209is preferably a band-pass filter, a notch filter, an edge
filter or such.

[0104] 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.

[0105] 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 which is an objective 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 skin engagement member 219 and in particular
its distal surface which engages the skin in use. The skin
engagement member may take the form of a window as
shown. Alternatively, it may be a collar around the objec-
tive lens. Optionally, the extent to which the skin engaging
surface of the collar extends beyond the objective lens
itself may be adjustable, suitably by screw threads con-
necting the collar and the lens. This may be used to adjust
the depth below the skin at which the incoming light is
focussed. Alternatively, a set of objective lenses may be
provided, each having a collarin which the extent to which
the skin engaging surface of the collar extends beyond
the objective lens itself is different, whereby a desired
depth of focus may be obtained by replacement of one
objective lens with another. In a further option, the skin
engaging member may instead by the distal surface of
the objective lensitself. The second lens 215 is preferably
convex, but could also be aspheric or planar. As de-
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scribed in more detail hereafter particularly with refer-
ence to Figure 5, the focal length of the lens 215 may be
variable and may be controlled according to the output
of the spectrum analysis unit.

[0106] 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.

[0107] Inone 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).
[0108] Inanotherembodiment ofthe invention, the per-
centoftheincoming light205 whichis 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.
[0109] The illustrated optical probe 201 further com-
prises an optional thin window 219, which is positioned
between the second lens 215 and the skin 213. The thick-
ness 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 surface 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.m below the skin
surface and/or at least 100p.m below the bottom of the
stratum corneum, for instance from 100pum to 150pm
below the bottom of the stratum corneum. 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 pwm 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.

[0110] 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
pm.Again, ifitis 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.

[0111] 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
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light 205, from the altered light 221 generated as a result
of interactions with the skin 213.

[0112] Inone embodiment of the invention, the percent
of the altered light 221 which is reflected (re_se) and
transmitted (fr_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.

[0113] Inanotherembodimentoftheinvention, 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.
[0114] 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 spectrophotometer 227
acting as a spectrum analysis unit. The second filter 223
is preferably a band-pass filter, a notch filter, an edge
filter or such and is characterized by transmitting any
percentage between 30 and 100, e.g. 75 to 100%, of the
altered light 221 collected by the second lens 215 and
by blocking any percentage between e.g. 75 to 100%, of
frequencies close or equal to the frequency of the incom-
ing light. This can e.g. insure that the percentage of un-
wanted Rayleigh scattering passing through the second
filter 223 is negligible at the same time as nearly all Ra-
man light scattered from the skin 213 are allow to pass
through.

[0115] A second filter 223 may be provided which fur-
ther blocks directly reflected light close to the laser wave-
length whilst allowing the Rayleigh scattered emission to
pass through.

[0116] Inthis 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
intensity measurement device / logging device 231,
which detects the intensity and/or power of the light 229
after passing through the dichroic mirror 211 and pro-
vides a measurement output in the form of an electronic
signal such as an output voltage. The light logging device
231 can be aphotodiode, a CCD detector, athermaltran-
sistor or a fibre guiding to such a device, or similar.
[0117] One advantage with using a light logging device
231isthatit allows for a precise measure of the variations
in the intensity of the incoming light at all times. This
ensures 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 analyte concentra-
tion variations that would otherwise be caused by varia-
tions 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 analysed and not in real time.
[0118] 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 fibre 203 is a
clear advantage, since the process of coupling laser light
into a fibre is quite sensitive to both the angle at which
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the laser light is focused into the fibre and the distance
between the focus point of the lens, which focuses the
laser into the fibre, and the fibre itself. Variations in the
intensity of the light exiting the fibre will thus vary as a
result of the efficiency by which the laser light is coupled
into the fibre. Using a light logging device positioned be-
tween the laser and the fibre 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
invention in this and other embodiments.

[0119] 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
spectrophotometer 227. The first optical aperture 233
works as a 3D depth filter eliminating optical signals gen-
erated outside of the confocal area, i.e. the focus point
217. The advantage with using a confocal optical probe
is that the altered light 221 entering the spectrophotom-
eter 227 arise solely from interactions between the in-
coming light 205 and the skin 213 at the focus point 217;
hence contributions from the cone-like areas above and
below the focus spot 217 are eliminated.

[0120] According to this first embodiment of the inven-
tion, the first aperture 233 is constructed as a separate
element. However, a narrow opening of a second fiber
(if present) connecting to the spectrophotometer 227 can
equally well function as a first aperture 233.

[0121] Inaddition to the first aperture 233, one or more
apertures can be employed to obtain a sharper contrast
in the z (depth) direction. A second aperture 235 is pref-
erably positioned between the second lens 215 and the
skin 213. In a preferred embodiment, where there is no
window 219 and the second lens 215 is convex or plano-
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.

[0122] In the current embodiment of the invention, the
second aperture 235 is constructed as a separate ele-
ment. However, 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 second ap-
erture 235.

[0123] 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 contrast in the
z direction.

[0124] The fibre 203 and the spectrophotometer 227
are normally arranged such that the direction 239 of the
light exiting the first fiber 203 and the direction 241 of the
light entering the spectrophotometer 227 are at an angle
of a =90° in relation to one another. Alternative arrange-
ments of the two components and consequently the di-
rection of the light exiting/entering them (239 and 241,
respectively) can alsobe found, yielding anangle a.=90°.
[0125] The fibre 203 and a second fibre if present are
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preferably multimode mode fibres, but could also be sin-
gle mode fibers.

[0126] Details of one option for the objective lens 215
are seen in Figure 5. Here, the lens is a compound lens
having first and second elements 510 and 512, element
512 being positioned distal with reference to element
510. The two lens elements are mounted in respective
sections 514, 516 of a cylindrical housing between which
sections is provided a piezoelectric ring element 518.
Means are provided (not shown) for applying a voltage
to the ring element 518 to cause its axial length to vary
by displacing section 514 with respect to section 516,
whereby the location of the focal point of the lens 215 is
altered.

[0127] InFigure 6, an alternative form of variable focal
length objective is shown in which the section 514 is fe-
male screw threaded and is mounted on a male screw
threaded cylinder 520 fixed to the section 516 at an an-
nular head 522. The sections 514 and 516 are spaced
by a variable gap 524. The pitch of the screw thread is
sufficiently fine to provide the necessary control of the
focal length. Rotation of the section 514 displaces the
axial position of section 514 along the cylinder 520 to
alter the focal length of the objective.

[0128] A further alternative is for the objective lens to
be interchangeable and for a plurality of different fixed
focal length objective lenses to be provided or as men-
tioned above for a plurality of objective lenses of the same
focal length to be provided, each having a different skin
engaging member so as to define different depths of fo-
cusing.

[0129] Figure 11 shows the desirable depth profile for
the origin of Raman signals as received in the probe and
passed to the spectrophotometer. The depth origin is the
surface of the skin. The relative intensity indicates the
probability of a photon arising from a given depth reach-
ing the spectrophotometer. Photons arising less than
200um below this have a poor chance of reaching the
spectrophotometer detector. Most of the received pho-
tons originate between 250 and 400.m below the skin
surface. The intensity of Raman peaks associated with
the concentration of a chosen analyte such as glucose
in interstitial fluid are then likely to provide an accurate
basis for measurement.

[0130] Inorderto verify that the measured glucose Ra-
man signals are originating in the interstitial fluid and not
in the stratum corneum, according to the invention the
intensities of other peaks of the Raman spectrum are
analyzed. Typical spectra are seen in Figure 7.

[0131] It may be observed that in the majority of these
spectra, the peak at 883-884cm! is somewhat higher
than the peak at 893-6cm-1. For these spectra it has also
been found that the height of peaks associated with glu-
cose correlates well with blood glucose measurements
of a chemical nature.

[0132] The spectrum from patient no. 127, which is up-
permost in Figure 7, did not provide such a good corre-
lation. The ratio of the height of the 883-884cm-" peak to
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the height of the 893-6 cm-1 peak in this instance was
less than 0.75, being on average over several measure-
ments only 0.34. This patient had an unusually thick stra-
tum corneum at the measurement site. OCT measure-
ments show that for this patient, the stratum corneum
thickness measured in the finger pulp region was from
350-500pm when for patient 114 it was from 150 to
300pm. For patient 114, the average of the peak height
ratio over several measurements was 1.23. In the spec-
trum for patient 127, the height order of these two peaks
is reversed.

[0133] Figure 8 shows a plot of predicted glucose ob-
tained using the invention against chemically measured
glucose for numerous patients and it can be seen that
the measurements obtained from patient 127 (solid
points) do not share in the general good correlation be-
tween Raman and chemical measurement.

[0134] Figure 9 shows a similar correlation plot for sev-
eral different measurements performed on one patient
(patient 114). This may be contrasted with the solid points
in Figure 8.

[0135] As seen in Figure 7, the spectrum for each pa-
tient has a rising background or baseline level towards
shorter wavenumbers. The peak heights are measured
from the local baseline level.

[0136] After location of the peak position the peak
baseline can be estimated by taking the baseline level
on each side of the peak. The baseline height on each
side is averaged and is subtracted from the intensity in
the peak maximum to generate the baseline corrected
peak height. Alternatively, a windowed polynomial base-
line could be estimated by an iterative approach and
could be subtracted in a narrow specified region around
the peak. This will move the baseline of the spectral re-
gion to around 0 and thereby remove the baseline under
the peak.

[0137] In the spectrum from patient no. 127, it is also
noticeable thatthe peaks at wavenumbers 1445cm-1 and
1650cm™! are unusually large. Where the peak at
883-884cm-! is somewhat higher than the peak at
893-6¢cm-1 but the peaks at wavenumbers 1445cm-1 and
1650cm-"! are unusually large, there may be grounds for
distrusting the suitability of the measurement depth.
[0138] As seen in Figure 10, even where the ratio of
peak heights of the 883-884cm ! peak and the 893-6 cm""
peak is greater than one, it is possible that the height of
the 1445 cm-1 and 1650cm-! peaks may be unusually
large. In Figure 10, the said ratio for both the patient 17
(upper) spectrum and the patient 107 (lower) spectrum
is greater than one, but the height of the 1445cm™! peak
for patient 17 is substantially greater than for patient 107.
It was found that the Root Mean Square Error of Predic-
tion Cross Validation (RMSEPCV) on the measurements
for patient 17 was 10.7mmol/l whereas on average it has
been found to be only 2.5mmol/l. Accordingly, it may be
preferred to reject the measurement for a patient like pa-
tient 17 and to seek a better measurement site.

[0139] Either or both of these peaks may be regarded



23 EP 3 193 701 B1 24

as unusually large if based on a multiplicity of measure-
ments, they are more than one standard deviation above
the mean for such measurements, as explained above.
[0140] Where either the ratio of the peaks at
wavenumber883-884cm-1 and 893-6cm-1 is below 0.75
or other selected cut off number R, or the peaks at wav-
enumbers 1445cm-1 and 1650cm-! are unusually large,
such that there is cause to distrust the suitability of the
arrangement for measuring the concentration of an an-
alyte skin component, one may select an alternative
measurement site. Alternatively, the probe may be ad-
justed manually or by an automatic process so as to alter
the depth from which the Raman signals originate. This
would have the effect of pushing to the right the location
of the peak in Figure 11. Thus, the user may adjust the
probe to increase the depth below the skin surface at
which the lens is focused and may repeat the peak height
analysis. Alternatively, the probe may be adjusted by in-
put from the computer 111 to alter the focusing depth
until the required peak height relationships are achieved.
[0141] These spectrum analysis and lens adjustment
provisions apply to all of the following modified embodi-
ments equally.

[0142] Figure 3 shows a second embodiment of the
invention, where the optical probe 301 comprises an in-
coming light optical fibre 203 for guiding light into the
optical probe 301, a first lens 207 for collimating the in-
coming light 205, afirstfilter 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
filtering the altered light 221, a third lens 225 for focusing
the altered light 221 into a spectrophotometer 227, and
a light logging device 231, which detects intensity varia-
tions in the incoming light.

[0143] The fibre 203 and any second fibre that may be
present are preferably multimode mode fibres, but could
also be single mode fibres. The fibre 203 and the spec-
trophotometer 227 are normally arranged such that the
direction of the light exiting the first fibre 203 and the
direction of the light entering the spectrophotometer 227
are perpendicular in relation to one another. Alternative
arrangements of these components 203 and 227 and
consequently the direction of the light exiting/entering
them can also be used.

[0144] Thetwofilters 209 and 223 are normally a band-
passfilter, anotch filter, an edge filter or such. The second
lens 215 is preferably convex, but could also be aspheric
or planar.

[0145] 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.

[0146] According to the second embodiment of the in-
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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.

[0147] Inone 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.

[0148] Inanotherembodiment ofthe invention, the per-
centoftheincoming light205 whichis 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.

[0149] The optical probe 301 may further optionally
comprises a thinwindow 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 formed in separate elements.
However, a narrow opening of a second fibre communi-
cating with the spectrophotometer 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 col-
lected by the second lens 215 can equally well function
as a first aperture 233.

[0150] The skin penetration depth 220 is again set ide-
ally at 200 (or 210) - 300pm. It can in addition be made
adjustable for other uses and again, typical sample pen-
etration depths 220 are then in the rage between 150 to
500p.m 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.

[0151] 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.

[0152] Figure 4 shows a third embodiment of the in-
vention, where the optical probe 401 comprises an in-
coming light optical fibre 203 for guiding light into the
optical probe 301, a first lens 207 for collimating the in-
coming light 205, afirst 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
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the altered light 221 into a spectrophotometer 227, and
a light logging device 231, which detects intensity varia-
tions in the incoming light.

[0153] As before, the fibre 203 and any further fibre
that is present are preferably multimode 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 spectrophotometer 227 are perpendicularin
relation to one another. Alternative arrangements of the
two fibers 203 and 227 and consequently the direction
of the light exiting/entering them can also be found.
[0154] Thetwofilters 209 and 223 are normally a band-
passfilter, anotch filter, an edge filter or such. The second
lens 215 is preferably convex, but could also be aspheric
or planar.

[0155] 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.

[0156] 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 lightto pass through, a low density filter or similar.
[0157] Inone 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.

[0158] 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, afirst 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
third lens 225. According to this second embodiment of
the invention, the apertures 233 and 235 are each formed
as a separate element. However, a narrow opening of a
second fiber communicating with the spectrophotometer
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 second lens 215 can
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equally well function as a first aperture 233.

[0159] Typical sample penetration depths 220 are in
the rage between 150-500um 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.

[0160] 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.

[0161] 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.

[0162] 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

[0163] Apparatus generally as described above with
reference to Figure 2, but omitting the window 235, was
set to focus its output of light to a depth of approximately
250 um beyond the lower face of the objective lens 215
which was brought directly into contact with the finger
pad skin of a series of volunteers.

[0164] A Raman spectrum was obtained from each pa-
tient. Sample results are shown in Figure 7. It was noted
whether a meaningful glucose concentration measure-
ment could be obtained from each patient. In one case
(patient 127) it was noted that the stratum corneum was
too thick for this to be possible. It can be seen in Figure
7 that the relative heights of the peaks at 883/4cm™! and
893/4/5/6¢cm-1 are reversed compared to the other pa-
tients, with the collagen type | peak at 883/4cm-1 being
smaller than the adjacent 893/5/6cm-1 phosphodiester,
deoxyribose peak. This is due to the differing abundanc-
es of collagen type | and DNA above and below the floor
of the stratum corneum. An 883/4 cm™! peak relatively
somewhat less high or more preferably higher than the
893-6 cm-1 peak is consistent with a situation such that
the collected signal originates from the part of the skin
below stratum corneum. An 893-6 cm-1 peak only slightly
less high or even relatively higher than 883/4 cm! peak
is an outlier having a thicker than usual stratum corneum
and indicates that the signal originates from within the
stratum corneum.

[0165] Relatively high peaks at 1445 cm-1 and 1650
cm-1 also indicates an outlier that is to say a patient with
a thick stratum corneum, leading to the signal probably
deriving from within the stratum corneum.

[0166] By detecting the relative height of these peaks
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the apparatus was able to provide an output indicating
whether the stratum corneum of each patient was suffi-
ciently thin for a good glucose reading to be obtained.
[0167] As a further safeguard, when the ratio of the
883/4 cm-1 and 893-896 cm-! peaks is above a selected
threshold, so that the situation is consistent with the sig-
nals arising from below the stratum corneum, one may
choose to view such a situation as doubtful if at the same
time the peaks at 1445 cm-1 and 1650 cm-1 are relatively
large compared to their mean size in a statistically rele-
vant sample of such measurements at other sites and in
other persons.

[0168] Figure 12shows Raman spectra obtained using
apparatus set to a very short focal depth of 160umin air,
which is too short for making glucose measurements in
skin. The separate spectra in Figure 12 were obtained
from finger pads of each finger and the thumb and also
from the thenar. The stratum corneum will be thickest in
the thumb and thinnest in the thenar. It is observable that
a peak at 1420cm™" is largest in the thumb and smallest
in the thenar spectrum. This peak may originate from 2-
deoxyribose, a component of DNA. As the spectra orig-
inate from an upper part of the stratum corneum, because
of the short focus used, these findings may indicate a
higher concentration of DNA in the upper layers of the
stratum corneum. This might be due to a lower water
content.

[0169] A relatively large peak at this location may also
be taken as an indication that the Raman spectrum is
being obtained from too shallow a depth below the skin
surface, indicating a need to readjust the apparatus. In
particular, if the peak at 1420cm-! is larger than 1/3 of
the size of the peak at 1445cm-! then the system should
be regarded as not suitably set for reliable concentration
measurements and the depth of the focusing of the light
and the depth from which Raman signals are gathered
needs to be increased.

Reference numeral list:
[0170]

101:  Optical probe

103:  Light source, e.g. a laser
105:  incoming light optical fibre
107: Sample, i.e. a patients arm
109:  Electrical signal connection
111:  Computer

201:  Optical probe according to the first embodiment
203:  Incoming light optical fiber
205:  Incoming light

207:  Firstlens

209:  First filter

211:  Dichroic mirror

213:  Skin

215:  Second lens

217:  Focus point
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218:  Focal length of the first lens

219:  Window

220: Penetration depth

221:  Altered light

223:  Second filter

225:  Third lens

227:  Spectrophotometer

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

510 compound lens first element

512 compound lens second element

514 lens housing first section

516 lens housing second section

518 piezoelectric ring element

520 threaded cylinder

522 annular head

524 variable gap

[0171] Inthis 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’. No acknowledge-
ment of any prior published document herein should be
taken to be an admission orrepresentation that the teach-
ing thereof was common general knowledge in Australia
or elsewhere at the date hereof.

Claims

1. A method for predicting whether a spectrum of Ra-
man signals received transdermally in a confocal de-
tector apparatus and having at least one component
expected to have an intensity representing the con-
centration of a skin component at a point of origin of
said Raman signals below the surface of the skin will
accurately represent said concentration, which
method comprises analysing features of said spec-
trum relating to skin components other than the skin
component the concentration of which is to be meas-
ured and thereby determining whether the Raman
signals originate primarily within the stratum cor-
neum so that the spectrum will be less likely to rep-
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resent said concentration accurately or originate pri-
marily below the stratum corneum so that the spec-
trum will be more likely to represent said concentra-
tion accurately characterised in that the method
comprises analysing by a signal analysis unit said
signals to compare the relative intensities of Raman
signals originating from a first skin component and
Raman signals originating from a second skin com-
ponent, wherein said relative intensities are indica-
tive of whether the Raman signals originate primarily
within the stratum corneum or primarily below the
stratum corneum and in which

wherein said first skin component produces a first
peak in the Raman spectrum at 883-884cm! and
wherein said second skin component produces a
second peak in the Raman spectrum at
893-896cm-1.

A method as claimed in claim 1, wherein said first
skin component is collagen type .

A method as claimed in claims 1 or 2, wherein said
second skin component is DNA and the respective
signal arises from phosphodiester bonds thereof.

A method as claimed in any of claims 1 to 3, further
comprising the step of comparing the intensities of
said first and second peaks and producing an output
indicative that the signals arise from below the stra-
tum corneum if the size of said first peak divided by
the size of said second peak is more than a selected
value R.

Amethod as claimedin claim 4, wherein R is selected
to be one of 0.75, 0.95 or 1.0.

A method as claimed in any one of claims 1 to 5,
wherein if the comparison of the relative intensities
of Raman signals originating from a first skin com-
ponentand Raman signals originating from a second
skin component is indicative that the Raman signals
originate primarily below the stratum corneum, said
method further comprises determining whether the
size of afurther peak in the spectrum associated with
a skin component prevalent in the stratum corneum
is more than y standard deviations greater than a
mean value for the size of that peak in a statistically
valid sample of similar spectra, a positive determi-
nation indicating a probability thatthe Raman signals
do not after all originate primarily below the stratum
corneum, wherein y is a preselected value in the
range of from 0.5 to 2.

A method as claimed in any preceding claim, further
comprising adjusting said transdermally operating
confocal detector apparatus in response to a finding
thatthe Raman signals originate primarily from within
the stratum corneum, said adjustment altering the
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depth of origin of said Raman signals such that the
depth is no longer determined to be within the stra-
tum corneum.

A method as claimed in claim 7, wherein said
transdermally operating confocal detector apparatus
comprises an objective lens having a focal length
and said method of altering the depth of origin of the
Raman signals comprises altering the focal length
of the objective lens by replacement of the objective
lens or by adjustment of the objective lens.

A method as claimed in claim 8, wherein said
transdermally operating confocal detector apparatus
comprises a compound objective lens comprising at
least a first element and a second element spaced
from the first element, and said method of altering
the depth of origin of the Raman signals comprises
altering the spacing of two or more elements to adjust
the focal length of the compound objective lens.

Transdermally operating confocal detector appara-
tus for non-invasive in vivo measurement by Raman
spectroscopy of the concentration of a skin compo-
nent present in the skin of a subject, comprising a
light source, optical components defining a light path
from said light source to a measurement location, a
spectrum analysis unit, optical components defining
a return path for Raman scattered light from said
measurement location to said spectrum analysis
unit, wherein said spectrum analysis unit operates
to determine whether the origin of Raman signals
received therein lies within the stratum corneum or
below it by analysing features of Raman scattered
light relating to skin components other than the skin
component the concentration of which is to be meas-
ured and thereby determining whether the Raman
signals originate primarily within the stratum cor-
neum or primarily below the stratum corneum char-
acterised in that said spectrum analysis unit oper-
ates by analysing said signals to compare the rela-
tive intensities of Raman signals originating from a
first skin component and Raman signals originating
from a second skin component, wherein said relative
intensities are indicative of whether the Raman sig-
nals originate primarily within the stratum corneum
or primarily below the stratum corneum, and
wherein said spectrum analysis unit determines a
ratio between the size of a first peak in the Raman
spectrum at 883-884cm ! and the size of a second
peak in the Raman spectrum at 893- 896cm-.

Apparatus as claimed in claim 10, wherein said spec-
trum analysis unit produces an output indicative that
the signals arise from below the stratum corneum if
the size of said first peak divided by the size of said
second peak is more than a selected value R.
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Apparatus as claimed in claim 11, wherein R is pre-
set to be one or more of 0.75, 0.95 or 1.0.

Apparatus as claimed in any one of claims 10 to 12,
wherein if the signal analysis unit determines that
comparison of the relative intensities of Raman sig-
nals originating from a first skin component and Ra-
man signals originating from a second skin compo-
nent is indicative that the Raman signals originate
primarily below the stratum corneum, said signal
analysis unit further determines whether the size of
afurther peak in the spectrum associated with a skin
componentprevalentin the stratum corneumis more
thany standard deviations greaterthan ameanvalue
for the size of that peak in a statistically valid sample
of similar spectra, a positive determination indicating
a probability that the Raman signals do not after all
originate primarily below the stratum corneum,
wherein y is a preselected value in the range of from
0.5t0 2.

Apparatus as claimed in any one of claims 10 to 13,
wherein said transdermally operating confocal de-
tector apparatus comprises an objective lens having
an adjustable focal length.

Apparatus as claimed in claim 14, wherein said ob-
jective lens is a compound objective lens comprising
atleast a firstelement and a second element spaced
from the first element, and said lens is adjustable by
altering the spacing of two or more elements to adjust
the focal length of the compound objective lens.

Patentanspriiche

1.

Verfahren zum Vorhersagen, ob ein Spektrum von
Ramansignalen, die transdermal in einem konfoka-
len Detektorgerat empfangen werden und die min-
destens eine Komponente aufweisen, von der er-
wartet wird, dass sie eine Intensitat aufweist, die die
Konzentration einer Hautkomponente an einem Ur-
sprungsort der Ramansignale unterhalb der Hauto-
berflache darstellt, die Konzentration prazise dar-
stellen wird, wobei das Verfahren das Analysieren
von Merkmalen des Spektrums in Bezug auf andere
Hautkomponenten als der Hautkomponente, deren
Konzentration gemessen werden soll, und somit das
Bestimmen umfasst, ob die Ramansignale ihren Ur-
sprung primar im Stratum corneum haben, so dass
es weniger wahrscheinlich ist, dass das Spektrum
die Konzentration prazise darstellt, oder ihren Ur-
sprung primar unterhalb des Stratum corneum ha-
ben, so dass es wahrscheinlicher ist, dass das Spek-
trum die Konzentration prazise darstellt,

dadurch gekennzeichnet, dass das Verfahren das
Analysieren der Signale durch eine Signalanalysee-
inheit zum Vergleichen der relativen Intensitéten von
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Ramansignalen, die ihren Ursprung in der ersten
Hautkomponente haben, und von Ramansignalen,
dieihren Ursprungin einer zweiten Hautkomponente
haben, umfasst, wobei die relativen Intensitaten an-
zeigen, ob die Ramansignale ihren Ursprung primar
im Stratum corneum oder primar unterhalb des Stra-
tum corneum haben, und wobei

die erste Hautkomponente bei 883-884 cm-! einen
ersten Spitzenwertim Ramanspektrum erzeugt, und
wobei die zweite Hautkomponente bei 893-896 cm-*
einen zweiten Spitzenwert im Ramanspektrum er-
zeugt.

Verfahren nach Anspruch 1, wobei die erste Haut-
komponente Kollagen Typ | ist.

Verfahren nach Anspruch 1 oder 2, wobei die zweite
Hautkomponente DNA ist und das jeweilige Signal
aus deren Phosphodieesterbindungen entsteht.

Verfahren nach einem der Anspriiche 1 bis 3, ferner
umfassend den Schritt des Vergleichens der Inten-
sitdten des ersten und des zweiten Spitzenwerts und
des Erzeugens einer Ausgabe, die anzeigt, dass die
Signale unterhalb des Stratum corneum entstehen,
wenn die Gréfe des ersten Spitzenwerts geteilt
durch die GréRRe des zweiten Spitzenwerts iber ei-
nem ausgewahlten Wert R liegt.

Verfahren nach Anspruch 4, wobei R ausgewahlt ist
aus 0,75, 0,95 oder 1,0.

Verfahren nach einem der Anspriiche 1 bis 5, wobei,
wenn der Vergleich der relativen Intensitaten von
Ramansignalen, die ihren Ursprung in einer ersten
Hautkomponente haben, und von Ramansignalen,
dieihren Ursprungin einer zweiten Hautkomponente
haben, anzeigt, dass die Ramansignale ihren Ur-
sprung primar unterhalb des Stratum corneum ha-
ben, wobeidas Verfahren ferner das Bestimmen um-
fasst, ob die GroRRe eines weiteren Spitzenwerts im
Spektrum, der einer im Stratum corneum pravalen-
ten Hautkomponente zugeordnet ist, mehr als y
Standardabweichungen gréRer als ein Mittelwert fir
die Grole dieses Spitzenwerts in einer statistisch
validen Probe dhnlicher Spektren ist, wobei eine po-
sitive Bestimmung eine Wahrscheinlichkeit anzeigt,
dass die Ramansignale ihren Ursprung doch nicht
primar unterhalb des Stratum corneum haben, wobei
y ein vorausgewahlter Wert im Bereich von 0,5 bis
2 ist.

Verfahren nach einem dervorstehenden Anspriiche,
ferner umfassend das Einstellen des transdermal
wirkenden konfokalen Detektorgerats in Reaktion
auf eine Feststellung, dass die Ramansignale ihren
Ursprung priméar innerhalb des Stratum corneum ha-
ben, wobei das Einstellen die Tiefe des Ursprungs
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der Ramansignale &ndert, so dass die Tiefe nicht
langer als innerhalb des Stratum corneum befindlich
bestimmt wird.

Verfahren nach Anspruch 7, wobei das transdermal
wirkende konfokale Detektorgerat eine Objektivlinse
mit einer Brennweite umfasstund das Verfahren des
Anderns der Tiefe des Ursprungs der Ramansignale
das Andern der Brennweite der Objektivlinse durch
Ersatz der Objektivlinse oder durch Einstellen der
Objektivlinse umfasst.

Verfahren nach Anspruch 8, wobei das transdermal
wirkende konfokale Detektorgerat eine zusammen-
gesetzte Objektivlinse, umfassend mindestens ein
erstes Element und ein zweites, vom ersten Element
beabstandetes Element, umfasst und wobei das
Verfahren des Anderns der Tiefe des Ursprungs der
Ramansignale das Andern des Abstands von zwei
oder mehreren Elementen umfasst, um die Brenn-
weite der zusammengesetzten Objektivlinse einzu-
stellen.

Transdermal wirkendes konfokales Detektorgerat
fur die nicht-invasive in vivo-Messung durch Raman-
spektroskopie der Konzentration einer in der Haut
eines Subjekts vorhandenen Hautkomponente, um-
fassend eine Lichtquelle, optische Komponenten,
die einen Lichtweg von der Lichtquelle zu einer
Messstelle definieren, eine Spektrenanalyseeinheit,
optische Komponenten, die einen Riickweg von ra-
mandiffundiertem Licht von der Messstelle zur Spek-
trenanalyseeinheit definieren, wobei die Funktion
der Spektrenanalyseeinheitist zu bestimmen, ob der
Ursprung der darin empfangenen Ramansignale im
Stratum corneum oder darunter liegt, indem Merk-
male des ramandiffundierten Lichts in Bezug auf an-
dere Hautkomponenten als der Hautkomponente,
deren Konzentration gemessen werden soll, analy-
siert werden und somit bestimmt wird, ob die Ra-
mansignale ihren Ursprung primar im Stratum cor-
neum oder primar unterhalb des Stratum corneum
haben,

dadurch gekennzeichnet, dass

die Funktion der Spektrenanalyseeinheit ist, die Si-
gnale zu analysieren, um die relativen Intensitaten
von Ramansignalen, die ihren Ursprungin der ersten
Hautkomponente haben, und von Ramansignalen,
dieihren Ursprung in einer zweiten Hautkomponente
haben, zu vergleichen, wobei die relativen Intensi-
tédten anzeigen, ob die Ramansignale ihren Ur-
sprung primar im Stratum corneum oder primar un-
terhalb des Stratum corneum haben, und

die Spektrenanalyseeinheit ein Verhaltnis zwischen
der GroRe eines ersten Spitzenwerts im Raman-
spektrum bei 883-884cm-! und der GroRe eines
zweiten Spitzenwerts im Ramanspektrum bei
893-896cm-1 bestimmt.
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Gerat nach Anspruch 10, wobei die Spektrenanaly-
seeinheit eine Ausgabe erzeugt, die anzeigt, dass
die Signale unterhalb des Stratum corneum entste-
hen, wenn die GréRe des ersten Spitzenwerts geteilt
durch die GréRRe des zweiten Spitzenwerts Uiber ei-
nem ausgewahlten Wert R liegen.

Gerat nach Anspruch 11, wobei R voreingestellt ist
auf einen oder mehrere von 0,75, 0,95 oder 1,0.

Gerat nach einem der Anspriiche 10 bis 12, wobei,
wenn die Signalanalyseeinheit bestimmt, dass der
Vergleich der relativen Intensitdten von Ramansig-
nalen, die ihren Ursprung in einer ersten Hautkom-
ponente haben, und von Ramansignalen, die ihren
Ursprung in einer zweiten Hautkomponente haben,
anzeigt, dass die Ramansignale ihren Ursprung pri-
mar unterhalb des Stratum corneum haben, die Si-
gnalanalyseeinheit ferner bestimmt, ob die GréRe
eines weiteren Spitzenwerts im Spektrum, der einer
im Stratum corneum pravalenten Hautkomponente
zugeordnet ist, mehr als y Standardabweichungen
gréRer als ein Mittelwert fir die GroRe dieses Spit-
zenwerts in einer statistisch validen Probe ahnlicher
Spektren ist, wobei eine positive Bestimmung eine
Wahrscheinlichkeit anzeigt, dass die Ramansignale
ihren Ursprung doch nicht primar unterhalb des Stra-
tum corneum haben, wobei y ein vorausgewahlter
Wert im Bereich von 0,5 bis 2 ist.

Gerat nach einem der Anspriiche 10 bis 13, wobei
die transdermal wirkende konfokale Detektorgerat
eine Objektivlinse mit einer einstellbaren Brennweite
umfasst.

Gerat nach Anspruch 14, wobei die Objektivlinse ei-
ne zusammengesetzte Objektivlinse ist, umfassend
mindestens ein erstes Element und ein zweites, vom
ersten Element beabstandetes Element, und wobei
die Linse durch Andern des Abstands von zwei oder
mehreren Elementen zur Einstellung der Brennweite
der zusammengesetzten Objektivlinse eingestellt
werden kann.

Revendications

Procédé permettant la prédiction d’un spectre de si-
gnaux Raman regus par voie transdermique dans
un appareil a détecteur confocal et comprenant au
moins une composante qui devrait posséder une in-
tensité représentant la concentration d’'un compo-
santde la peau au niveau d’un point d’origine desdits
signaux Raman au-dessous de la surface de la peau
qui représente précisément ladite concentration, le-
dit procédé comprenant I'analyse des caractéristi-
ques dudit spectre relatif aux composants de la peau
autres que le composant de la peau dont la concen-
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tration est mesurée et déterminant ainsi si les si-
gnaux Raman proviennent principalement de la cou-
che cornée et que, par conséquent, le spectre sera
moins susceptible de représenter précisément ladite
concentration ou s’ils proviennent principalement du
dessous de la couche cornée et que, par consé-
quent, le spectre sera plus susceptible de représen-
ter précisément ladite concentration

caractérisé en que le procédé comprend I'analyse
par une unité d’analyse de signal desdits signaux
pour comparer les intensités relatives des signaux
Raman provenant d’'un premier composant de la
peau et des signaux Raman provenant d’un second
composant de la peau, lesdites intensités relatives
indiquant si les signaux Raman proviennent princi-
palement de la couche cornée ou principalement du
dessous de la couche cornée et

ledit premier composant de la peau produisant un
premier pic dans le spectre Raman a 883-884 cm-1
et ledit second composant de la peau produisant un
second pic dans le spectre Raman a 893-896 cm-.

Procédé selon la revendication 1, ledit premier com-
posant de la peau étant du collagéne de type .

Procédé selon la revendication 1 ou 2, ledit second
composant de la peau étant de ’ADN et ledit signal
respectif résultant des liaisons phosphodiester de
celui-ci.

Procédé selon I'une quelconque des revendications
1 a 3, comprenant en outre I'étape de comparaison
des intensités desdits premier et second pics et de
production d’'une sortie indiquant que les signaux
émanent du dessous de la couche cornée si la taille
dudit premier pic divisée par la taille dudit second
pic est supérieure a une valeur choisie R.

Procédé selon larevendication 4, R étant choisi pour
étre I'un de 0,75, 0,95 ou 1,0.

Procédé selon I'une quelconque des revendications
1 a5, sila comparaison des

intensités relatives des signaux Raman provenant
d’'un premier composant de la peau et des signaux
Raman provenant d’un second composant de la
peau indique que les signaux Raman proviennent
principalement du dessous de la couche cornée, le-
dit procédé comprenant en outre la détermination
pour savoir si la taille d’'un pic supplémentaire dans
le spectre associé a un composant de la peau ré-
pandu dans la couche cornée est supérieure aux
déviations standards y supérieures a une valeur
moyenne pour la taille de ce pic dans un échantillon
statistiquement valable de spectres similaires, une
détermination positive indiquant une probabilité que
les signaux Raman apres tout ne proviennent pas
principalement du dessous de la couche cornée, ou
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y est une valeur choisie au préalable dans la plage
allantde 0,5 a 2.

Procédé selon 'une quelconque des revendications
précédentes, comprenant en outre le réglage dudit
appareil a détecteur confocal fonctionnant par voie
transdermique en réponse a la conclusion que les
signaux Raman proviennent principalement de la
couche cornée, ledit réglage modifiant la profondeur
d’origine desdits signaux Raman de sorte que la pro-
fondeur ne soit plus déterminée comme étant dans
la couche cornée.

Procédé selonlarevendication 7, ledit appareil a dé-
tecteur confocal fonctionnant par voie transdermi-
que comprenant une lentille de focalisation possé-
dant une distance focale et ledit procédé de modifi-
cationde la profondeur d’origine des signaux Raman
comprenant la modification de la distance focale de
la lentille de focalisation par le remplacement de la
lentille de focalisation ou par le réglage de la lentille
de focalisation.

Procédé selonlarevendication 8, ledit appareil a dé-
tecteur confocal fonctionnant par voie transdermi-
que comprenant une lentille de focalisation compo-
sée comprenant au moins un premier élément et un
second élément espacé du premier élément et ledit
procédé de modification de la profondeur d’origine
des signaux Raman comprenant la modification de
I'espace entre deux éléments, ou plus, pour régler
la distance focale de la lentille de focalisation com-
posée.

Appareil a détecteur confocal fonctionnant par voie
transdermique destiné a la mesure in vivo non inva-
sive par spectroscopie Raman de la concentration
d’un composant de la peau présent dans la peau
d’un sujet, comprenant une source de lumiére, des
composants optiques définissant un chemin optique
depuis ladite source de lumiére jusqu’a un emplace-
ment de mesure, une unité d’analyse de spectre,
des composants optiques définissant un chemin op-
tique retour pour la lumiére diffusée Raman depuis
ledit emplacement de mesure jusqu’a I'unité d’ana-
lyse de spectre, ladite unité d’analyse de spectre
fonctionnant pour déterminer sil'origine des signaux
Raman regus dans celle-ci se trouve dans la couche
cornée ou en-dessous de celle-ci par I'analyse des
caractéristiques de la lumiére diffusée Raman rela-
tive aux composants de la peau autres que le com-
posant de la peau dont la concentration est mesurée
etdéterminer ainsisiles signaux Raman proviennent
principalement de la couche cornée ou principale-
ment du dessous de la couche cornée

caractérisé en ce que

ladite unité d’analyse de spectre fonctionne en ana-
lysant lesdits signaux pour comparer les intensités
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relatives des signaux Raman provenant d’'un pre-
mier composant de la peau et des signaux Raman
provenant d’'un second composant de la peau, les-
dites intensités relatives indiquant siles signaux Ra-
man proviennent principalement de la couche cor-
née ou principalement du dessous de la couche cor-
née, et

ladite unité d’analyse de spectre déterminant un rap-
port entre la taille d’'un premier pic dans le spectre
Raman & 883-884 cm-! et la taille d’'un second pic
dans le spectre Raman a 893-896 cm-".

Appareil selon larevendication 10, ladite unité d’ana-
lyse de spectre produisant une sortie indiquant que
les signaux émanent du dessous de la couche cor-
née si la taille dudit premier pic divisée par la taille
dudit second pic est supérieure a une valeur choisie
R.

Appareil selon la revendication 11, R étant réglé au
préalable pour étre I'un ou plusieurs de 0,75, 0,95
ou 1.0.

Appareil selon I'une quelconque des revendications
10 a 12, si 'unité d’analyse de signaux détermine
que la comparaison des intensités relatives de si-
gnaux Raman provenant d’'un premier composant
de la peau et de signaux Raman provenant d’un se-
cond composant de la peau indique que les signaux
Raman proviennent principalement du dessous de
la couche cornée, ladite unité d’analyse de signaux
déterminant en outre si la taille d’un autre pic dans
le spectre associé a un composant de la peau ré-
pandu dans la couche cornée est supérieure a des
déviations standards y supérieures a la valeur
moyenne pour la taille de ce pic dans un échantillon
statistiquement valable de spectres similaires, une
détermination positive indiquant une probabilité que
les signaux Raman apres tout ne proviennent pas
principalement du dessous de la couche cornée, ou
y est une valeur choisie au préalable dans la plage
allantde 0,5a 2.

Appareil selon I'une quelconque des revendications
10 a 13, ledit appareil a détecteur confocal fonction-
nant par voie transdermique comprenant une lentille
de focalisation possédant une distance focale régla-
ble.

Appareil selon la revendication 14, ladite lentille de
focalisation étant une lentille de focalisation compo-
sée comprenant au moins un premier élément et un
second élément espacé du premier élément et ladite
lentille étant réglable en modifiant 'espace des deux
éléments, ou plus, pour régler la distance focale de
la lentille de focalisation composée.
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