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Analysis of spectroscopic diffuse reflectance
plots for different skin conditions
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Abstract. Optical means of characterizing tissues have gained importance due to its noninvasive nature. Spectral characteris-
tics of the components provide useful information to identify the components, because different chromophores have different
spectroscopic responses to electromagnetic waves of a certain energy band. The purpose of this study is to determine whether
visible/near-infrared diffuse reflectance spectroscopy can be used to non-invasively characterize skin diseases in vivo.

An optical fiber spectrometer is set up for obtaining diffuse reflectance spectra. The method involves exposure of skin
surface to white light produced by an incandescent source. The back scattered photons emerging from various layers of tissue
are detected by spectrometer resulting in diffuse reflectance spectra.

For the present study different skin conditions like – warts, vitiligo, thrombus (due to injury) and angioma are chosen. The
spectral data obtained from the scan are plotted and compared. More or less, the shapes of the spectral curves for various skin
conditions resemble. In order to characterize and differentiate different diseased state spectral analysis based on Ratio analysis,
Student’s t-tests and difference plot are carried out.

Based on the analysis the relative spectral intensity changes are quantified and the spectral shape changes are enhanced and
more easily visualized on the spectral curves, thus assisting in differentiating the normal tissue from the one affected by disease.
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1. Introduction

Advances in the understanding of light transport through turbid media during the 1990s led to the
development of technologies based on diffuse optical spectroscopy and diffuse optical imaging [1,2].
There has recently been significant interest in developing optical spectroscopy as a tool to augment the
current protocols for cancer diagnosis [3], as it has the capability to probe changes in the biochemical
composition of tissue that accompany disease progression. Many robust and powerful combined optical
diagnostic techniques, such as fluorescence or light scattering have been recently designed [4]. Raman
spectroscopy is a great tool for studying the structure and dynamic function of biologically important
molecules [5].

A variety of materials in skin, absorbs mid-IR light (>2500 nm), thus providing an insight into skin
biochemistry. But, if the sample thickness is greater than 10–15 µm, mid-IR light is completely absorbed.
Therefore, the diagnostic potential of mid-IR spectroscopy in vivo is limited, In contrast, near-IR light
is scattered to a much greater extent than it is absorbed.

The near-IR region is often sub-divided into the short (680–1100 nm) and long (1100–2500 nm) near-
IR wavelengths, based upon the technology required to analyze light in these wavelength regions. At
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shorter near-IR wavelengths, oxy- and deoxyhemoglobin, myoglobin and cytochromes dominate the
spectra, and their absorptions are indicative of regional blood flow and oxygen consumption [6].

Diffuse reflectance spectroscopy studies the changes in the optical properties associated with disease
or therapy. Reflectance measurements can be performed with very short light pulses (time-domain), an
intensity modulated source (frequency-domain), or a steady state broadband or monochromatic source.
In this study we have used visible/near infrared steady-state in vivo diffuse reflectance measurements
to characterize tissue and provide clinically useful diagnostic information. A number of clinical studies
performed with tissues such as colon [7], bladder [8], breast [9] and skin [10] demonstrate that diffuse
reflectance spectra contain diagnostically useful information.

Near-IR light is scattered to a much greater extent than it is absorbed, making tissues relatively trans-
parent to near-IR light, thus allowing the examination of much larger volumes of tissue [11] and the
potential for in-vivo studies.

Mapping oxygen saturation of blood in skin will give useful information for skin disorder diagnosis
[12]. The oxy-hemoglobin, deoxy-hemoglobin and oxygen saturation in palm under normal and venous
occlusions are estimated and mapped from multi-spectral reflectance data [13]. Previously, we have
presented preliminary studies that assess the diagnostic power of diffuse reflectance spectroscopy [14].

Many benign skin diseases resemble malignancies upon visual examination. As a consequence,
histopathological analysis of skin biopsies remains the standard for confirmation of a diagnosis.
Visible/near-infrared (NIR) spectroscopy may be that tool which could be utilized for characterization
of skin diseases prior to biopsy.

A non-invasive tool for skin disease diagnosis would be a useful clinical adjunct. The purpose of this
study is to determine whether the information obtained from visible/near-IR spectroscopy for a variety
of skin diseases will enable us to characterize the tissue be used to non-invasively characterize skin
diseases.

2. Materials and methods

2.1. Diffuse reflectance spectroscopy

Light reflected from a surface consists of specularly reflected and diffusely reflected components.
The intensity of the specular component is largely determined by the surface properties of the sample
and is generally not of analytical utility. The intensity of the diffuse component, which includes the
contributions from the absorbance of light by the specimen and the scattering of light by the specimen
and the substrate, can be used to determine the concentration of the indicator species [6].

Human skin is an inhomogeneous absorbing medium with strong scattering properties. Light interac-
tion with such a medium has a complicated character [15]. The horny skin layer (stratum corneum) has
an average refractive index higher than that of air. This layer is responsible for the specular reflection of
light on the skin/air interface (5–7% of the total incident light). A significant part (93–95% of the light
is scattered and absorbed by the remaining layers of the skin, i.e., the epidermis, dermis, basal lamina,
blood vessels, etc. [15–17].

A diffuse reflectance spectrum arises from light that has been scattered multiple times within the sam-
ple of interest. The spectral features of light diffusely reflected from tissue depend on its scattering and
absorption properties. Diffuse reflectance spectroscopy studies the changes in these optical properties
associated with disease or therapy. The spectrum qualitatively identifies and quantitatively determines
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concentrations of various chromophores in the tissue under study [18]. Any subtle changes in these
will reflect on the spectrum. Thus optical spectrum from the tissue yield diagnostic information based
on the biochemical composition and structure of the tissue. Different skin and sub-surface tissues have
distinct or unique reflectance pattern which help us differentiate normal and diseased tissues [19]. In
the visible spectral range (400–700 nm), penetration depth is between 0.5–2.5 mm [20]. In this case,
both absorption and scattering play a dominant role in the formation of the diffuse reflectance spectrum.
In the spectral range 500–600 nm, absorption is even lower, scattering dominates absorption, and the
penetration depth can be up to 8–10 mm [16]. Light within the skin is entirely diffuse, thus the diffuse
reflectance increases. In the near-IR spectral range, skin reflectance increases up to 800–900 nm and
then decreases due to increasing water absorption [17,20].

In diffuse reflectance spectroscopy, the experimental setup used influence the intensity and spectral
features of the diffuse reflectance spectra. Also, measurements depend on the geometry of the optical
fibers used.

2.2. Instrumentation

The detection and analysis of the optical signal requires instrumentation. Basically, a spectrophoto-
metric measurement is to be done so that the obtained spectra can be related to the molecular com-
position and structure of biochemical species in the sample of interest. The schematic diagram of the
visible/near-infrared (NIR) spectroscopy system is shown in Fig. 1. It consists of tungsten halogen light
source (LS-1, Ocean Optics, Inc.) [21] which is a versatile white-light source optimized for the VIS-
NIR (360–2500 nm) wavelength range, fiber optic reflectance probe (R400, Ocean Optics, Inc.) [21],
spectrometer (USB4000, Ocean Optics, Inc.) [21] with CCD device, and a computer with an acquisition
software (Spectra Suite, Ocean Optics, Inc.) [21]. The USB4000 is responsive from 200 to 1100 nm,

Fig. 1. The schematic diagram of Visible/near-infrared (NIR) spectroscopy system based on diffused reflectance.
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with an optical resolution of ∼0.3 nm (FWHM). It consists of 3648 element detector with shutter, high
speed electronics and interface capabilities. The reflectance probe (R400) consists of bundle of seven
optical fibers. Six illumination fibers and one read fiber – each of which is 400 µm in diameter. The fiber
ends are coupled in such a manner that the 6-fiber leg (the illumination leg) is connected to the light
source and the single fiber leg is connected to the spectrometer.

Acquisition of visible/near-IR data is straightforward. White light from a tungsten halogen lamp is
brought to the skin via the reflectance probe. The light penetrates the skin, and water, hemoglobin
species, cytochromes, lipids and proteins absorb this light at specific frequencies. The remaining light is
scattered by the skin, with some light being scattered back to the fiber optic probe. The collector fiber
in the reflectance probe collects the diffused light from the skin, and directs it to the spectrometer that
generates the reflectance spectra with the spectral range of 400–1100 nm, which is then acquired on the
computer. Prior to data acquisition, a reference spectrum is measured on a BaSO4 diffuse reflectance
standard and all skin spectra were subsequently divided by this reference spectrum to ensure proper
data calibration. This eliminates the experimental errors if any, present. Also, the instrument is subjected
to gauge repeatability and reproducibility test, the results of which states that its reproducibility and
repeatability is well with the acceptable range.

3. Acquisition of spectra and analysis

3.1. Data acquisition

Prior to obtaining the readings, the subject’s skin and the end of the probe are cleansed with 70% alco-
hol. The fiber optic probe is then positioned 1.0 mm from the measurement site and data acquired. A plot
of the amount of light backscattered at each wavelength (the spectrum) is computed. Measurements are
rapid, non-destructive and non-invasive.

For the present study, different skin condition like – warts, vitiligo, thrombus (due to injury) and
angioma are chosen. It is important to distinguish and diagnose various skin conditions. The diseased
skin shows a very different molecular biology and biochemistry compared to normal skin.

Warts are small skin growths caused by viral infections. There over 100 types of human papilloma
virus (HPV). Some warts share characteristics with other skin disorders such as molluscum contagiosum
(a different type of viral skin infection), seborrhoeic keratosis (benign skin tumor) and squamous cell
carcinoma (skin cancer). It is important to distinguish and diagnose.

Vitiligo is a zero melanin skin condition. The characteristics of this disease are the acquired sudden
loss of the inherited skin color. The loss of the skin color yields white patches of various sizes, which
can be localized anywhere on the body. However, not all white skin patches are vitiligo. There are
other conditions and diseases that are associated with white skin called leucoderma. Clearly, it seems
mandatory to make the correct diagnose.

Malignant Melanoma (MM) is another skin cancer which can be very dangerous if not recognized
early. These tumors can develop in existing moles but they can also arise totally new as pigmented as
well as non-pigmented tumors. Early recognition and excision are important for the outcome. The obser-
vation that melanoma is more frequent in patients with vitiligo originates from a study which included
623 Caucasian patients with melanoma of the Oncology Clinic at the Department of Dermatology at
the University of Hamburg/Germany [22]. Some individuals with melanoma develop patches of white
skin in the vicinity of their melanoma or after their tumor had been excised. In this context it seems
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important that these white patches are not vitiligo. This skin shows a very different molecular biology
and biochemistry compared to true vitiligo [23].

Thrombus are the clumps that occur when the blood hardens from a liquid to a solid (coagulates).
A thrombus, or blood clot, is the final product of the blood coagulation step in hemostasis. It is achieved
via the aggregation of platelets that form a platelet plug, and the activation of the humoral coagulation
system (i.e. clotting factors). A thrombus is normal in cases of injury, but pathologic in instances of
thrombosis.

Angiomas are benign tumors that are made up of small blood vessels or lymph vessels. Cherry an-
giomas are made up of clusters of tiny capillaries at the surface of the skin, forming a small round dome
(“papule”), which may be flat topped. They range in colour from bright red to purple.

Each reflectance spectrum is acquired by the diffuse reflectance spectroscopic system described in the
previous section. Firstly, white light is directed into a portion of the skin afflicted with the skin disease,
the diffusely reflected light is collected, thereby producing a condition spectrum. Next, the same light is
directed into a control skin portion of the patient which is not afflicted with the skin disease. A spectrum
is taken of an unaffected skin portion as a control from each patient.

3.2. Data analysis

The analysis is carried out for each diseased condition to obtain specific spectral signature by the
following methods and the results are given in the next section.

(a) Ratio analysis technique. The ratio technique is used to aid spectra interpretation. In the ratio analy-
sis technique, the lesional spectra are divided by the corresponding spectra of the normal neighboring
skin. In this way, the relative spectral intensity changes are quantified and the spectral shape changes are
enhanced and more easily visualized on the spectral curves. As a consequence, these differences can be
used to identify or diagnose a skin disease by comparing the visible/near-IR spectrum of a control region
to a spectrum taken on the region of interest.

(b) Student t-tests. Student’s t-tests are performed on the obtained data to determine whether signifi-
cant spectral differences existed between normal and diseased skin and whether spectra could be clas-
sified according to lesion type. The resulting t-values are plotted against wavelength. Student’s t-tests
showed significant differences (p < 0.05) between normal skin and varying skin conditions in several
areas of the visible/near infrared spectrum.

(c) Difference spectra. Each mean condition spectrum is subtracted from each mean control spectrum
in a pair-wise fashion to emphasize differences between spectra. This resulted in one difference spectrum
for each case, representing spectral differences between the lesion and control site.

4. Results and discussion

As mentioned above, different skin abnormalities are studied viz. wart, angioma, thrombus and vitiligo
regions. Figure 2 shows the plot of the original reflectance spectra of wart and the control skin along
with the reflectance ratio between the wart region and the normal skin. The original spectra of wart show
very low reflectance.

By obtaining the ratio spectrum we observe that there is a valley around 610 nm which is unique to
wart and which cannot be discerned by only looking at the original spectrum. The values of the ratio
plot are higher in the lower and higher wavelengths, except for the visible region.
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Fig. 2. Diffuse reflectance spectra for wart and the normal skin and their reflectance ratio spectra.

Figure 3 shows the reflectance spectra of vitiligo and the control skin along with their reflectance
ratio. The absolute value of the ratio spectrum is larger than 1, indicating that the reflected intensity
for a vitiligo skin is higher than that for the normal skin. Since vitiligo corresponds to region of zero-
melanin skin, it has little absorption and hence maximum reflectance. The ratios with values less than
1 indicate that the lesional reflectance is lower than the surrounding normal skin. The numerical ratio
values quantify this difference as a function of wavelength.

Figure 4 shows the reflectance spectra of thrombus and the control skin along with their reflectance
ratio. Looking at the spectra we observe that the shapes of the two curves are visually same except for
small changes in reflected intensity values. We can see valleys around the two secondary hemoglobin
absorption bands at 542 and 577 nm. As thrombus is the clumps that occur when the blood hardens the
absorption of blood plays a role in depicting the shape of the ratio spectrum.

Figure 5 shows the reflectance spectra of angioma and the control skin along with the reflectance ratio.
To quantify the spectra, ratio analysis is carried out. It shows that the specific wavelength is around 590
nm, which is again one of the important absorption band of hemoglobin.

Student t-test is also performed on those spectra for further analysis. Figure 6 shows the plot of the
mean original reflectance spectra of wart and the control skin along with the t-value plot. The resulting
t-values are plotted against wavelength. Student’s t-tests showed significant differences (p < 0.05)
between normal skin and wart region in several areas of the visible/near infrared spectrum. As seen in
the reflectance plot the same wavelength of 610 nm seems to be the specific wavelength for the wart
under study.

Figure 7 shows the plot of the mean original reflectance spectra of vitiligo and the control skin along
with the t-values. From the t-value plot we observe that visible red region and near IR wavelengths
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Fig. 3. Diffuse reflectance spectra for vitiligo and the normal skin and their reflectance ratio spectra.

Fig. 4. Diffuse reflectance spectra for thrombus and the normal skin and their reflectance ratio spectra.
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Fig. 5. Diffuse reflectance spectra for angioma and the normal skin and their reflectance ratio spectra.

Fig. 6. The mean control spectra and condition spectra for wart shown overlaid on t-value traces.
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Fig. 7. The mean control spectra and condition spectra for vitiligo shown overlaid on t-value traces.

are the important region. As the chromophores melanin has characteristic absorption in this wavelength
region.

Figure 8 shows the plot of the mean original reflectance spectra of thrombus and the control skin along
with the t-values. The thrombus region shows little variation in reflectance values but the shapes of the
two curves are visually same. The relative spectral intensity changes are quantified and the spectral
shape changes are enhanced and more easily visualized on the spectral curves. We observe that 540–
580 nm range of wavelength is of importance. It is interesting to note that the extinction coefficient of
de-oxyhemoglobin is higher in this range of wavelength as well.

Figure 9 shows the plot of the original reflectance spectra of angioma and the control skin along
with the t-values. As such there is not much difference in the shapes of the two spectral curves, but the
reflected intensity of the angioma is found to be low. The t-value plot beyond 580 nm matches with the
oxyhemoglobin’s extinction spectra till around 640 nm. Further analyses are to be carried out before we
can identify any region of significance.

As mentioned in the previous section, four different skin conditions are studied. Apart from the ratio
analysis and Student’s t-tests, difference plot is made for those skin conditions under study. Diffuse
reflectance spectra of various skin conditions showed consistent differences from that of normal tissue.
Reflectance intensity of abnormal tissue was lower than that of normal tissue. The control spectra and the
disease spectra in each skin condition group in the database are then reduced to diagnostic wavelengths.
As a consequence, on further analysis, these differences can be used to identify or diagnose a skin
condition by comparing the visible/near-IR spectrum of a control region to a spectrum taken on the
region of interest.
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Fig. 8. The mean control spectra and condition spectra for thrombus shown overlaid on t-value traces.

Fig. 9. The mean control spectra and condition spectra for angioma shown overlaid on t-value traces.
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Fig. 10. The plot of the mean original reflectance spectra of wart and the normal skin along with their difference plots.

Figure 10 shows the plot of the mean of original reflectance spectra of wart and the normal skin along
with their difference plots. Difference plot like the ratio plot and t-value plot shows the peak wavelength
is 610 nm for this wart under study.

Figure 11 shows the plot of the mean of original reflectance spectra of vitiligo and the normal skin
along with their difference plots. Since the reflectance for the vitiligo skin is higher than the normal
skin the difference plot is negative. Here again the maximum difference is found around the red–near-IR
region of spectrum.

Figure 12 shows the plot of the mean of original reflectance spectra of thrombus and the normal skin
along with their difference plots. From the mean curves we observe that beyond 700 nm both the curves
more or less overlap. From the difference spectrum we observe that 540–585 nm range of wavelength is
of importance, the t-value plot also reflects the same. Changes in hemoglobin content in dermis lead to
changes in absorption in these wavelength regions.

Figure 13 shows the plot of the mean of original reflectance spectra of angioma and the normal skin
along with their difference plots. As can be seen throughout the spectrum the control spectral intensity
is higher. In the wavelength region 420–580 nm there is a flat response in the original spectrum but a
sharp increase in the difference spectrum. As can be seen the difference plot shows much variation in the
reflectance values in the wavelength region of 480–580 nm. Since angioma is full of blood capillaries,
the absorption by hemoglobin results in the variation in the reflectance values in these regions. The
wavelength region of 650–700 nm can be studied to estimate the melanin index. As vitiligo is a region
of zero melanin compared with that of a normal skin, the slope of these regions gives an estimation of
the melanin index. The hemoglobin absorption is studied by analyzing the 535–585 nm region.
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Fig. 11. The plot of the mean original reflectance spectra of vitiligo and the normal skin along with their difference plots.

Fig. 12. The plot of the mean original reflectance spectra of thrombus and the normal skin along with their difference plots.
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Fig. 13. The plot of the mean original reflectance spectra of angioma and the normal skin along with their difference plots.

As can been seen from the above results, spectral analysis of the reflectance data is important to
characterize a tissue. As, the optical properties like absorption coefficient (μa) and scattering coefficient
(μs) are wavelength dependent, if a specific wavelength region is identified for a disease through the
above techniques then, their optical properties can be compared at those wavelengths for normal and
diseased tissues for diagnostic applications. Also identifying significant regions of interest and their
study will help us to differentiate various skin conditions and thereby aid in better diagnosis.

The visible/near-IR spectra of different skins presented here exhibit a number of weak, but consis-
tent, absorption bands arising from oxy- and deoxy- hemoglobin, lipids and proteins. However, visual
examination of spectra did not show distinct differences in these spectral features that could be used to
distinguish between spectra of skin diseases and healthy skin.

5. Conclusions

The spectrum depends on the depth and the type of chromophore contained in the inclusion. An
increase in the concentration of a given molecule may produce different contrast, independently of the
depth, depending on the characteristics of the skin layer where this change occurs. For the type of wart
under study the identified wavelength is 610 nm. For the thrombus tissue the spectral region of interest
is 540–585 nm, and angioma 580–590 nm.

The disease spectra and the control spectra are compared using statistical analysis to detect wavelength
regions of significant difference between the control spectra and the lesion spectra. The difference plot
between diseased spectra and the normal spectra help us to detect wavelength regions of significant
difference between the normal spectra and the diseased spectra.
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Previously, we have presented preliminary studies that assess the diagnostic power of diffuse re-
flectance spectroscopy. Visible/near-infrared spectroscopy is a promising non-invasive technique for the
screening of skin diseases.

Persistent spectral patterns demonstrated that the contribution of hemoglobin absorption and the
wavelength-dependent spectral slope will contain relevant information for classification. For instance,
the relatively strong absorption feature between 535–585 nm arises from hemoglobin species and pro-
vides information relating to the oxygenation status of tissues. Changes in tissue architecture/optical
properties may affect the basic nature of the interaction of light with the tissue. For example changes
in the character of the epidermis (i.e. dehydration) may result in more scattering of light from the sur-
face, reducing penetration of light into the skin in a wavelength-dependent manner. Such phenomena
would be manifest in spectra as changes in the slope of the spectral curves, especially in the 400–780
nm regions.

Future study includes the extraction of functional parameters like oxygen saturation, melanin content
and oxygen concentration along with the optical properties at specific wavelengths for each type of
tissue under study. This method can be extended to cancerous tissues as well and diagnose it prematurely
enabling better treatment and minimize patient trauma.
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