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One of the most critical applications of Monte Carlo based modeling is the identification of 
skin lesions through their color and spectral signatures, particularly for detecting tumors 
like malignant melanoma. This aggressive skin cancer exhibits distinct optical properties 
due to variations in melanin concentration, absorption, and scattering. Monte Carlo 
modeling allows for characterization of these variations, providing estimations for non-
invasive means of differentiating malignant and benign lesions.

Monte Carlo (MC) modeling is a statistical 
method used to simulate the random nature of 
photon propagation in highly scattering and 
absorbing media such as biological tissues. In 
this model, a large number of photons are 
launched into the skin tissue perpendicularly to 
its surface, and each photon undergoes random 
scattering and absorption events based on the 
tissue’s optical properties (𝜇𝑎, 𝜇𝑠, )𝑔 .
The simulation tracks the paths of individual 
photons, and records the photons that exit the 
tissue back through the surface. Such 
simulations are useful for analyzing how sub-
surface features (skin moles, vascular lesions, 
or tumors) influence the reflected light patterns.
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CONCLUSIONS
Our first results on MC-simulations of skin spectral images 
comprising several types of pathologic inclusions are presented, 
with notable differences in contrasts depending on the lesion’s type. 
The optical parameters can be further varied according to specific 
anatomic features of skin and embedded lesions.

All lesions have higher melanin concentration compared to the surrounding skin. 
Junctional nevus is shallow, limited to the epidermal-dermal junction, and has brown color. 
Hemangioma has reddish color due to higher hemoglobin content. Intradermal nevus 
extends deeper, mainly within the dermis. Blue nevus penetrates deep into the dermis, 
and it appears blue due to the Tyndall effect. Malignant melanoma can be highly invasive, 
reaching deep into the dermis, it has the highest melanin absorption, it may be seen more 
clearly at near-infrared illumination.
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Typical junctional nevi and hemangiomas can be detected in the visible light 
spectrum, especially at 450 nm and 520 nm. As the malignant melanoma can 
be highly invasive, reaching deep into the dermis, it has the highest 
absorption due to high melanin content. As the near-infrared 850-940 nm 
radiation penetrates deeper, malignant melanoma may be seen more clearly.
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