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ABSTRACT

Pigmented skin lesions have been studied by optical diffuse reflectance spectroscopy. Our measure system consists of a
portable visible near infrared (550-1000 nm) spectrometer, tungsten-halogen lamp and fibre optic probes. The system
was tested in steady state conditions. After that, a reproducibility study of normal and pigmented skin spectra was
carried out. A small scale study has been conducted in human volunteers with different clinically evaluated lesions. The
analysis of the collected spectra is shown.
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1. INTRODUCTION

The incidence of pigmented skin lesions in the population has increased in the last decades'™. An early detection of
malignant lesions, such as the melanoma, gives the patient the best chance of cure and allows a mortality reduction. The
clinical diagnosis of melanoma is based on the visual features of the lesion, the so-called ABCDE system (asymmetry,
border, colour, dimension and evolution of the lesion)”. As result of the difficulties in achieving an early diagnosis by
visual assessment, there stays the need for surgical biopsies and histopathological analysis for the majority of benign
lesions.

Several studies using spectrophotometric techniques®'? have been undertaken in an effort to sharpen the dermatological
diagnostic criteria. In general, these researches have found evidences of spectrophotometric differences between benign
and malignant lesions. Among the diagnosis tools developed to aid the dermatologist to distinguish between malignant
and non malignant lesions, dermatoscopy (epiluminiscense microscopy, dermoscopy, oil immersion microscopy, skin-
surface microscopy) allows the visualisation of morphological characteristics at the dermoepidermal junction using oil
and a hand-held microscope'?. Other optical spectroscopy based technique'”"” provides spectra that contain information
about the morphology of the tissue as well as the chromophore content and has been applied to study benign pigmented
lesions and melanoma'?.

The aim of this work is to study the optical diffuse reflectance spectra of pigmented skin lesions using a fibre optics
probe coupled to a visible near infrared (VIS-NIR) spectrometer and to evaluate the recorded spectra features for
improving the differential diagnosis of healthy skin and pigmented cutaneous lesions. First, the parameters of our
measure system and their variability have been tested in steady state conditions. After that, a reproducibility study of
both normal and pigmented skin diffuse reflectance spectra has been carried out. Once established the optimal working
parameters for our measure system, a small-scale study of clinically evaluated skin pigmented lesions have been
conducted. Here we expose the preliminary results obtained in this small-scale study.
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2. MATERIALS AND METHODS
2.1 Measure System

The experimental setup used to acquire reflectance spectra from skin lesions is shown in Figure 1. The measure system
consists of a light source, fibre optics reflection probe, a portable VIS-NIR spectrometer and a portable personal
computer. The light source is an Avantes HL-2000 miniature stabilized tungsten-halogen fan-cooled lamp with a filter
slot that accepts 2’’x 2’’square filters. We use in our experiments reflection probes (Avantes) either standard type
(FCR-71IR200-2) or with a small tip (FCR-7IR200-2-1.5x100). The probe ends are made of stainless steel, being their
external diameter 6.35 mm (FCR-7IR200-2) and 1.5 mm (FCR-7IR200-2-1.5x100) respectively. Both reflection probes
have one central fibre surrounded by six fibres. The seven individual fibres are 200 um in total diameter with numerical
aperture 0.22 and transmission in the spectral range from visible to near infrared (3502000 nm). Via a standard
SMA905 connector, the light from the source is coupled into the central fibre, which transmits the optical radiation to
the skin. The six fibres collect the light reflected from the skin.

To minimize the external light interference both types of probe ends are covered with a black protector once placed in
contact with the region of the skin under investigation. Special care is taken to avoid the application of pressure or
deformation and vascularization changes in the skin zone analysed. The six reflected light collecting fibres are coupled
to the “Avantes AVS-USB 2000" spectrometer input using a standard SMA905 connector. The selected spectrometer
grating allows covering the spectral range from 530-1100 nm. The spectrometer output is connected to the computer via
the Universal Serial Bus (USB) port. The “Avantes AvaSoft-Full Version” software permits to control the measure
system parameters and optical spectra recording.
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Figure 1. Experimental setup used to acquire reflectance spectra from skin.



2.2 Measure System Reproducibility and Parameters

The spectral signal for reflected light is expressed in terms of percentage reflectance regarding white reference after
dark correction as:

R(A) = M (1)

Ref(1)-D
where S(A) is the spectral signal for light reflected from the analyzed medium at each wavelength A, D is the dark signal
and Ref(\) is the white reference one. The dark signal is measured by closing the light output from the lamp to the
illumination fibre using a shutter, a black metal sheet introduced in the lamp filter slot, while the probe is kept in contact
with the analyzed medium (the skin in our case). Thus D results from the detector dark current and also from all
ambient light that reaches the collection fibres (e.g. ambient light re-emitted by the skin). The reference, defined as
100% reflectance at all wavelengths, is measured by placing the probe in contact with a white tile based on diffused
Teflon (WS-2, Avantes). In this way the Ref(A) signal includes all effects of light source, optical fibres and any other
background excluded from the analyzed medium. The light source output is attenuated when needed, using a neutral
filter (GL-NG9-1, Avantes). The average of several readings, computed in real time, can be stored for each spectral
measurement.

A reproducibility study was conducted in order to check our system performance and to define the measurement
parameters. The system was tested in steady state conditions by using a GL-NG9-1 neutral filter and the white reference
tile WS-2, for different values of Integration Time (IT=3-6 ms) and Spectra Averaging (AV=2-50). As the light source
time to stabilize is 5 min, the lamp was switched on 15 min before the making of any reflectance measurements (S(L))
at each wavelength (A). The analysis of the recorded 1000 spectra let to obtain its mean, Standard Deviation (SD),
variance, log SD vs. log AV and to consider the optimal values of IT and AV. The number of measurements averaged is
chosen as a trade off between reduction of spectral noise and sampling time. The optimal values were 40 for AV and 30
ms for IT. The integration time was reduced to 6 ms due to the saturation of the spectral signal in the case of the white
reference. Further to it, measurements of D had exhibited no measurable dependence on wavelength and a slight
dependence on IT.

To study the reproducibility of skin reflectance spectra measurements a series of 3 S(A) readings were taken on 10
different days from 4 sites on a female volunteer: normal skin on the outside upper arm, normal skin on the inside upper
arm, a lesion (naevus intradermal) on the neck and skin adjacent to the lesion. Each reading was the averaging of 10
averaged measurements. In this case, the measure system parameters set as AV=10 and 30 ms for S(A) IT and 6 ms for
Ref(L) IT. D and Ref(A) were measured in every session before and after, respectively, each S(A) measurement. The
lamp was switched on 15 min before the making of any reflectance measurements (S(A)) at each wavelength (A). The
dark (D) and reference (Sref(A)) measurements were repeated immediately before each skin measurement. The white
tile WS-2 (Avantes) based on diffuse Teflon was used as the reflectance standard or reference. The light source output
was filtered, when it was needed, using a neutral filter (GL-NG9-1, Avantes). In the Figure 2 are shown the resulting
mean spectra +/- one standard deviation calculated from the total of the readings according to expression (1). The
sources of variations between the readings were probably the variations in blood content, pressure of the probe on the
surface of the skin, instability of the lamp output and difficulty in repeating probe position on the skin surface,
especially in the lesion, due to the heterogeneous of the skin.

2.3 Clinical Patient Selection and Data Acquisition

Once established the optimal working parameters for our measure system, we proceeded to study skin lesions spectra
according to the flow diagram for the application of diffuse reflectance spectroscopy to dermatological diagnosis shown
in Figure 3. A small-scale preliminary study of clinically diagnosed skin pigmented lesions has been conducted to
evaluate the possibilities of our measure system to record reflectance spectra from different lesions and the
reproducibility of these spectra.
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Figure 2. Mean (central curve) and +/- one standard deviation of (a) normal skin in the outside upper arm, (b) normal skin
in the inside upper arm, (c) the lesion itself (naevus) on the neck and (d) skin adjacent to the lesion.

The study of skin lesions was performed on 17 lesions from 15 patients - volunteers, ranging in age from 24 to 43 years
old. Informed consent was obtained from each patient before any measurement. All lesions were evaluated by the
dermatologist using both visual analysis and epiluminiscence microscopy. In Table 1 are summarized the clinical
diagnosis of the selected lesions and its location. The lesions were defined as benign (histological diagnosis was not
required), suspicion of malignancy or malignant. All of them were included in the reflectance spectroscopy study
because they exhibited differences in morphological patterns. Only two lesions had morphological and epiluminiscent
atypical signs and were due to be excised on suspicion of malignancy. The histological examination has not yet been
completed and it will bring the final diagnosis about the malignancy of these two lesions.

After the definition of the lesions clinical diagnosis, the diffuse reflectance measurements were performed as shown on

the right side of the flow diagram in Figure 3. The reflectance spectra were collected for all patients and lesions
according to the established protocol from the following sampling areas:
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Figure 3. Flow diagram for applying diffuse reflectance spectroscopy to dermatological diagnosis.

Healthy skin in the outside upper arm, a region defined as skin that is normally exposed to sun light
(tanned). Three spectra were obtained from that region.

Healthy skin in the inside upper arm, a region defined as skin that is not normally exposed to sun light (not
tanned). Three spectra were obtained from that region.

Lesion: we measured three reflectance spectra from the lesion itself. In some cases the dermatologist
indicated the right place inside the lesion where the reflectance spectra should be measured, and
sometimes, as in the case of the naevus clinically atypical and others, we measured more than one location
inside the lesion. Depending in the lesion dimensions and characteristics we used the tip probe for a more
precise measurement.

Skin surrounding the lesion: three spectra were measured in the skin adjacent to the lesion on the vertexes
of an imaging equilateral triangle, one on the top of the lesion and the other surrounding it.



Thus we could verify similarities and disparities between the reflectance spectra from the area surrounding the lesion
and the outside upper arm, for a lesion usually exposed to sunlight. It is due to the fact that skin adjacent to the lesion
could be more pigmented than normal skin. If the lesion is on an area that is not exposed to sunlight, we could verify
similarities with healthy skin in the inside upper arm.

In each region, the final spectrum was the average of three of them. The lamp was ignited 30 min before making any
reflectance measurements. For each spectra measurement the average of 40 readings was stored. The reference signal
was recorded before each measurement on each patient and on every region having IT = 6 ms. Then, we changed the
integration time to 30 ms and placed the probe against the skin we wanted to measure. Once the spectrum was stable we
proceeded to record three of them. After that and without moving the probe, we took the dark signal by closing the
output of the light from the lamp with the external shutter. After all the measurement sessions, we processed all the
signals to obtain the reflectance spectra from four regions in each patient.

Table 1. Lesions studied, listed by clinical type.

Lesion No. Lesion Clinical Diagnosis Patient | Patient Female/ Localization
Lesion Male
1 Naevus nevocitic benign P01 LO1 M Forehead
2 Naevus nevocitic benign congenital P02 LO1 M Neck
3 Naevus nevocitic intradermal benign P03 LO01 M Knee
4 Naevus junctional benign P04 L0l F External arm
5 Angioma P04 L02 F Chest
6 Naevus nevocitic benign dermoepidermal P04 L03 F Back
7 Efelide P05 L0l M Back
8 Dermatofibroma P06 L0l M Neck
9 Naevus nevocitic (slightly atypical-5 mm) P07 LO1 F Abdomen
10 Naevus nevocitic dermoepidermal P08 LO1 M Chest
11 Naevus dermoepidermal P09 LO1 M Forehead
12 Efelide P10 L0l F External arm
13 Naevus dermoepidermal P11 LO1 M Throat
14 Naevus clinically atypical (8.5 mm) P12 LO1 M Back
15 Lentigo P13 L0l M Back
16 Naevus nevocitic intradermal benign P14 LO1 M Chin
17 Angioma P16 LO1 M Chest
3. RESULTS

3.1 Reflectance Spectra

The goal of this study was to obtain the optical reflectance spectra of pigmented skin lesions and healthy skin. In Figure
4 are shown the reflectance spectra from six of the cases in Table 1. The number after the L, in the caption of Figure 4,
corresponds to the lesion number in the first column of Table 1. Some of the lesions listed in Table 1 have been
excluded since the spectra were not clear and not repetitive due to the presence of hair.

Visual analysis shows that the values for the reflectance spectra of clinically atypical and slightly atypical lesions are
significantly different from those of other pigmented lesions (the non-malignant lesions). The slope in the reflectance
spectra of the non-malignant lesions is steeper than the slope in the suspicious of malignancy between 550-800 nm. The
values for the reflectance are higher in the usual lesions (i.e. the non-malignancy lesions) and the reflectance in the
atypical lesions is no more than 11% in the two cases studied. The case of the angioma is the easiest to differentiate



since it distinctly shows feature due to oxyhaemoglobin absorption (around 574 nm) but this lesion is not defined as a
pigmented lesion, so it was excluded for further analysis.

The non-malignant lesions (i.e. efelide, dermatofibroma, naevus nevocitic intradermal and lentigo) have a maximum
peak of reflectance between 650 and 850 nm, while in the case of the suspicious of malignancy the peak of reflectance
is around 850-950 nm. After this maximum of reflectance, the slope of the spectra in all of the non malignant lesions is
negative and fall off to reflectance values, in the range of 900-1000 nm, similar to the values in the 550-600 nm range.
Nevertheless the malignant lesions have also a negative slope in the reflectance spectra above 900 nm, but is smoother
than the non malignant and do not fall off as they do.

Despite the efelide is a non malignant pigmented lesion, its spectra (Figure 4 (b)) is very similar to the spectra of the
naevus clinically atypical (Figure 4 (f)), with a higher value of the maximum reflectance (about 13.5%). Since the
efelide is a smooth, flat, with border regularity, and small diameter lesion, it morphologically differs from any
malignant lesions and can be distinguish from the other by visual analysis. Although both spectra are similar, the lesions
are clinically different.

The dark color of the atypical lesions considered in this study, with high concentration of melanin on it, gives to these
lesions small reflectance values between 550-800 nm. In this wavelength range the reflectance values are around 2% in
550 nm and rise until 10% around 800 nm. However, in the non malignant lesions the values for the reflectance in that
wavelength range are higher, starting with a value nearest 10% at 550 nm and reaching the highest values around 750-
800 nm, with reflectance peaks of 11.5-14.5 %.

3.2 Normalized Reflectance Spectra

In order to follow the work started by Marchesini et al’ and continued by Wallace et al'', we normalized all the lesion
spectra by the spectra from the healthy skin. This normalized spectrum was calculated by dividing the lesions
reflectance (Ry(A)) data (area III in 2.3) by those of the healthy skin. In our study the spectra of healthy skin were
collected from three different places: outside upper arm (area I in 2.3), inside upper arm (area II in 2.3), and skin
surrounded the lesion (area IV in 2.3). Marchesini et al’ found that differences extracted from lesions were correlated
with the features associated with healthy adjacent skin. In our research we took into account this normalized spectra to
find similarities between the spectra from the lesion divided by the spectra of the outside upper arm (Ry(A)/Rpa(A)) and
the spectra from the lesion divided by the spectra of the adjacent skin (R (A)/ Ry (L)) in the case of lesion exposed to
the sun light (i.e. head, external arm, back in people who work out). On the other hand, we expected to find similarities
in the lesion spectra divided by the spectra of the inside upper arm (Ry(A)/R;a(A)) and the spectra from the lesion
divided by the spectra of the adjacent skin (R;(A)/(R;s(A)) in the case that the lesion was in a place not exposed to the
sun light.

It is early to know if this analysis will be useful to determine differences between benign and malignant lesions. An
abnormal longitudinal growth of the lesion would involve a variation in the melanin content of the original surrounded
skin, so a different spectrum would appear. Using the epiliminiscense microscopy the specialist could analyse the
change under the epidermis, but sometimes this change is not clear by visual assessment. In this case the study of the
normalized spectra could predict this subtle difference.

In this preliminary study with a non-statistically significant number of patients and lesions, the individual analysis
showed no differences for the three types of normalization used. It seems to be related with the non-exposure to the sun,
a common characteristic of the group studied. Nevertheless we should verify this in a larger group of patients and
lesions.
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Figure 4. Reflectance spectra of (a) angioma (L5), (b) efelide (L7), (c) dermatofibroma (L8), (d) naevus nevocitic intradermal benign
(L16), (e) lentigo (L15), and (f) naevus clinically atypical ) (L14) vs. naevus nevocitic slightly atypical (----)(L9).



3.3 First Derivative

To study some distinctive features and subtle differences in the slope of the spectra among lesions, the first derivatives
of the lesion spectra were obtained'®. In Figure 5 are shown the first derivatives averaged over an interval of 15 values
centred in each wavelength, of some benign lesions compared with the first derivative of the lesions suspicious on
malignancy.

As we noted previously (see 3.1.) slopes in the reflectance spectra from 550nm to 800 nm of the non-malignant lesions
are steeper than those in the suspicious of malignancy between 550-800 nm. With the analysis of the first derivative we
can see clearly these differences.

Visual assessment of the results from the Figure 5(a) shows distinctive features in the first derivative of the efelide and
the naevus clinically atypical in the wavelength range between 550 and 650 nm. The reflectance spectra of these lesions
are very similar at these wavelengths. The value of the derivative is higher in the case of the efelide around 575 nm
while the naevus clinically atypical reaches his maximum around 600 nm, similar to the efelide, although with higher
values for the atypical lesion. The pattern was similar between the two lesions in the range from 650 nm to 1000 nm. In
Figure 5(b) the pattern for the dermatofibroma is very different in all the wavelength range with respect to the pattern of
the naevus clinically atypical. Both of them had a plateau on its curves between 625 and 700 nm, although with
different values. In the Figure 5(c) the values for the first derivative is negative beyond 720 nm in the case of the naevus
nevocitic intradermal, while it remains positive until 875 nm for the clinically atypical. The curve for lentigo is also
different from the atypical lesion as is shown in the Figure 5(d) in all the wavelength range.

All of the curves have similar patterns at 960 nm, probably due to the absorption peak of the pure water and because of
the high water concentration in living tissues. Despite of the similarities in that region, the first derivatives of the spectra
brings, in a first approximation, clear differences and distinctive features among lesions in the spectral range from 550
to 950 nm.

4. DISCUSSION AND CONCLUSIONS

Several authors”'” have used reflectance spectroscopy for measurements of skin pigmented lesions with improved
techniques. Some recent studies'® have pointed out that colour is the most important feature in distinguish melanoma
from other pigmented lesions. Melanoma presents a wavelength-dependent reflectance different from other investigated
lesions, in which reflectance in the infrared band appeared relevant in distinguishing between diagnostic groups. The
results of our preliminary study suggest that the use of a measure system with a portable spectrometer and fiber optic
probes may give valuable spectral information about different pigmented lesion. Our study look for, in the future, add
some distinctive features among different skin pigmented lesions for the improvement of specificity and sensibility. We
can measure over a wavelength range which has shown differences among benign and malignant lesions, and also
among benign lesions. The probes used in this work cover lesions smaller than 1 mm, so we can take spectra from
different sites inside a single lesion to see subtle differences in their spectra.

It should be noted that we have just carried out a preliminary study over a small group of patients. All of them were
volunteers and out of a clinical control group, so the lesions have a big variability and only two of them were lesions
suspicious on malignancy. We are awaiting for the results of the histopathological analysis of this lesions, but the
epiluminiscence microscopy analysis showed clearly signs of malignancy. Further processing of the collected spectral
data is in course. The obtained results let to carry out in the near future a new study with a significant quantity of skin
lesions. Once obtained a reflectance spectra database of both lesion and healthy skin, a statistically significant analysis
of the reflectance spectra features would permit to establish algorithms and discrimination rules for a more objective
differentiation of pigmented skin lesions.
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Figure 5. First derivative between 550-1000 nm obtained from (a) efelide, (b) dermatofibroma, (c) naevus nevocitic intradermal
benign and (d) lentigo listed in Table 1 compared with the first derivative of the naevus clinically atypical (dashed lines).
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