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Abstract

In this study, we focused on diffuse reflectance spectroscopy, a rapid and
noninvasive spectroscopy technique that has considerable potential for med-
ical diagnosis. In order to better understand and analyze the signals induced
by this method, we performed a series of in vivo measurements on healthy
and diseased skin. Measurement sites on a human hand and feet were chosen.
Some preliminary results obtained on these sites show the feasibility of this
technique in clinics.
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1. Introduction

Diffuse reflectance spectroscopy (DRS) is a rapid and non-invasive technique
that has considerable potential in many biomedical applications.

Compared to autofluorescence, this method by diffuse reflectance implies a
strong intensity of the diffusion signal and thus makes it possible to have a better
signal/noise ratio. This method is less traumatic for the patient and does not re-
quire a biopsy. Furthermore, this system is inexpensive, simple to implement
and rapid and could also be applied to diagnoses of cancer of the skin, on the
tissues of the colon, the bladder, the breast, or the mouth. This technique is
therefore very promising for in vivo diagnosis in oncology.

Biomedical applications are such as burn depth assessment, [1] [2] [3] cancer

diagnosis and treatment [4] [5] monitoring of tissue oxygenation, classification
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of healthy and pathological dental tissue [6] [7], blood glucose monitoring [8]
[9] [10] [11]. By injecting light onto a tissue, DRS determines the optical proper-
ties of biological tissues [12] and detects the reflected intensity after successive
scattering and absorption events [13]. This technique also allows the quantifica-
tion of differentiation between normal and diseased tissues [14]. Most of the
time, DRS spectra can be acquired in two ways, namely by point spectroscopy or
by hyper spectral imaging [15] [16]. Thus DRS constitutes an important tool for
the differentiation and classification of pathological tissues. On the other hand,
knowledge of the optical properties of the skin is a key issue in the management
of patients with a large number of pathological tissues. In this context, we used a
low-cost optical instrument based on spatially resolved diffuse reflectance spec-
troscopy [17]. Our goal here is to quantify the reflection coefficient of healthy
and diseased skin. Human skin has been studied by diffuse reflectance spectros-
copy in the spectral range of 380 nm to 780 nm. First, we presented the system
and the methodology used. Next, we present the results of the measurements
and show how we adapted the processing method to analyze the different parts
of the skin. Finally, on the skin in vivo, the measurements that were carried out
with this methodology on the healthy skin of volunteers and near the Buruli ulc-

er are presented.

2. Materials and Methods

2.1. Experimental Configuration

The measurement system we use in this study is shown in Figure 1. It consists of
a Spectroradiometer Specbos 1201 (Figure 1(a)), which uses two broadband
photo lamps as an illumination source (Figure 1(d)). Additionally, a Labsphere
(Figure 1(b)) featuring a diffusely reflective white coating was used in the UV-
VIS-NIR spectral range. Additionally, a Labsphere 1(b) figure, featuring a dif-
fusely reflective white coating, was used in the UV-VIS-NIR spectral range. A
computer (Figure 1(c)) allows precise control of the acquisition measurement in
less than one hundred and eighty seconds and processes the acquired data in

order to extract the reflectance properties.

(@

Figure 1. Overview of the measurement system used: (a): Spectroradiometer specbos
1201; (b): Labsphere; (c): computer; (d): Photos lamps.
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2.2. Samples

We performed the measurements on the skin surface of four human volunteers
(with different skin colors, male) without any specific criteria or preprocessing.
Two measurement sites were selected. We have respectively, the skin in the mid-
dle of the wrist fold (site I), finally the back of the hand (site IT) (Figure 2). Ad-
ditionally, the tissues from the two selected measurement sites should provide
appropriate information about the unique tissue-related properties of the in-

duced spectral response.

Back of hand

Figure 2. Illustration of the two selected measurement sites: Skin
above the wrist crease (site I) and the skin on the back of hand (site
).

3. Measurements and Analysis

The measurements presented here are measurements carried out on healthy
skin. They were performed with the experimental setup shown in Figure 1. We
first selected the two skin sites described above and measurements were taken
for each. During the data acquisition process (beginning with a linear activation
of the “target” which stops after 120 to 180 seconds), the hands of the volunteers
were held down in order to avoid any measurement errors. Spectral data were
acquired synchronously. A total of 29 spectra were acquired. This range was
chosen based on the operation of our device. Nine measurements were taken for
each of the two selected skin sites, I: skin above the wrist crease, and II: skin on
the dorsum of the hand). About 4 to 5 minutes were needed to edit and export
the measurement. In this way, we obtained 18 measurements for each of the vo-

lunteers. We evaluated the reflectance factor and processed the acquired data.

3.1. Reflectance Factor Calculation and Spectra Processing

The spectral reflectance factor of a given skin tissue sample at each wavelength

can be calculated from the following equation:

S(1)-5, (2)
S s )

where Sis the signal intensity of a wavelength scan of a skin sample A, S, s the

R, (1)

reference signal of standard A, S, is the spectrum of the length A, and R, is the

percent spectral reflectance of the substituted A standard from Equation (1).
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Next, the spectra were processed according to the calibration methodology based
on the reflectance spectrum S,

3.2. Acquisition and First Observations

We acquired data on these two samples as described above, and the optical coef-
ficient spectra of the samples are extracted from these acquisitions as presented
above. The difference in scattering levels between the different sites is clearly
visible in Figure 3 and Figure 4. On the reflectance spectrum extracted from site

I, only in Figure 3, an evolutionary difference is detected.

3.3. Results

We present the results of the measurements performed on the two selected skin
sites. The spectrum showed significant changes. In this way, we evaluated sites II
and III. The reflectance spectra observed by the simulation are shown in Figure
4. The average reflectance changes regularly at the two measurement sites. Var-

ious significant peaks are observed, the reflectance values of which are recorded
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Figure 3. Reflectance profile of the wrist of the hand as function of wavelength.
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Figure 4. Spectral profile of the back of the hand as a function of wavelength.
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in Table 1 and Table 2. These peaks are potentially due to the echoes of the
chromophores.

Figure 4 shows the performance of our measurement evaluation over the en-
tire range. It can be seen that the reflectance spectra of the two sites show essen-
tially the same patterns with significant peaks.

On this spectral region from 380 to 780 nm, we have three significant peaks
acquired respectively at wavelengths 385 nm, 420 nm then the last peak at 773
nm with the site L. It is clear that the reflectance value depends on the measure-
ment site. We found that in the spectral region of 350 to 450 nm, the wrist of the
hand shows higher reflectance values than the back of the hand with a button.
He noted that the wrist of the hand is more sensitive than the back of the hand,
so the reflectance depends on the measurement site.

The spectral changes and their impact on the two measurement sites were
studied in the spectral range of 380 to 780 nm. With respect to the optical win-
dow, i.e., the spectral from 380 to 780 nm, the reflectance of the sites is clear.
The observed spectral changes are consistent with the sites. The more sensitive
the site, the higher the reflectance values and the more diffusive the site. How-
ever, a better quantification is obtained for site I than for site I and a weaker in-
fluence of site I, as shown in Figure 5. Therefore, the evaluation of site proper-
ties is less sensitive to the absorption of the upper site. Thus, by applying this
method to the characterization of the skin, the dermis can be scanned under the

influence of the melanin contained in the epidermis.

Table 1. Wrist reflectance value a function of wavelength.

Wavelength [nm] Reflectance [%]
382 0.19
388 0.29
396 0.27
455 0.40
744 0.56
773 0.68

Table 2. Reflectance value of the wrist to be erased the back of the hand.

Wavelength [nm] Reflectance [%]
382 0.19
385 0.15
388 0.29
396 0.28
411 0.20
744 0.57
773 0.68
DOI: 10.4236/0pj.2022.128014 195 Optics and Photonics Journal
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Figure 5. Comparison between the reflectance spectrum of the wrist and
the back of the hand.

Figure 6. Standardized photos of the diseased foot.

Note that the wrist reflectance spectrum is ahead of the wrist reflectance spec-
trum with a significant peak at 382 nm for reflectance of 0.19%. This means that
the wrist of the hand is more sensitive than the back of the hand. At 773 nm, the
two are in phase, the reflectance is 0.68%.

4. Measurement of the Diffuse Reflectance of a Sick Skin and
Analysis of the Measurements

This study was conducted on skin. For this purpose, a panel of thirty volunteers
with reddened skin surfaces was selected. The measurements were performed on
skin surfaces without any agent or product application. We acquired diffuse ref-
lectance spectra with our instrument (Figure 6). In addition, two images of the

foot were acquired with a standardized system: from view, left view and right
view.

Measurement Results

The analysis of the optical properties obtained with the DRS instrument allows
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Figure 7. Comparison between a reflectance parameter of the task area and healthy areas.
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Figure 8. Diffuse reflectance spectrum of person B.

us to observe a coincidence of the spectra of reflectance of the zone with spot
and the zone without a spot in the region of the spectra of reflectance from 450
nm to 550 nm. This spectral region seems to correspond to the normal zone.
From 550 nm, the start of an infection, the reflectance spectrum of the area with
a spot increase rapidly (Figure 7). In addition, we carried out measurements in
different parts of the arm. The DRS highlights a phenomenon of the evolution of
the spectra represented in Figure 8.

5. Conclusion

The results presented here demonstrate that diffuse reflectance spectroscopy is a
potentially valuable tool for improving the diagnosis of healthy skin and skin le-
sions or diseases. This method is non-traumatic and avoids biopsy and is also
inexpensive and quick. It can only be applied to a shallow depth under the der-
mis or the mucous membranes, but its range of action can also extend to a large
number of skin pathologies such as skin cancers for example. Based on a simple
model of healthy skin and skin close to lesions and for skin with different cha-

racteristics and levels of melanin, we showed that diffuse reflectance spectrosco-
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py could make it possible to obtain different signatures depending on the sites,
test and over a wide spectral range. Moreover, a numerical simulation showed
that finer discrimination was possible. These preliminary results obtained made
it possible to establish the feasibility of the method as well as the establishment
of a clinical protocol.

Additional studies are in progress on inert infected tissues at different stages
of the disease in order to increase the reliability of the method whatever the skin

type and the area of infection.
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