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Monte Carlo modeling of light transport in tissues

of the second near-infrared optical windowt

Yasutomo Nomura, Tatsuto Iida,” Hiro Yamato,” and Takashi Jin™*

The second near-infrared window, namely NIR-II, ranges between 1000 and 1600 nm

and is suitable for the deep tissue imaging with extrinsic fluorophores because of the lack of

autofluorescence, low light absorption, and reduced scattering. NIR-II has the advantages

over the first near-infrared region used previously in noninvasive measurement, 700-900

nm. Nevertheless there were few reports on the photon behaviors of this wavelength range

with living tissues.

scattering coefficient, anisotropy of scatter, refractive index of the tissues.

Here we first outlined optical parameters such as absorption coefficient,

Next we

described the Monte Carlo method for simulating photon behaviors in living tissues in brief.

Finally, using this model, we analyzed the behaviors within the media having optical

parameters specific to the tissues.

Key words : Monte Carlo simulation, the second near-infrared optical window, scattering,

absorption, anisotropy, uniform pseudo-random number, free path, zenith, azimuth,
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Fig.1
Light intensity 7 attenuates to d/ due to absorption

Two-way interactions of light and tissue. A:

during transmission through a tissue-like medium
having absorption coefficient @,. B: Scattering occurs

in a medium having scattering coefficient us.
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Fig.2 Tissue spectra of visible (VIS), near infrared-
I (NIR-I) and NIR-II.
absorption coefficient according to £q.(3).

Closed circles denotes total
Solid and
broken line denote reduced scattering coefficients of
cerebral cortex and skull based on £q.(8), respectively.
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Incident light

Polar coordinates of this Monte Carlo
The zenith
O 1s the angle of scattered photon trajectory against z-

Fig.3
simulation. Photons entered the origin.
axis. The trajectory is in the vertical plane with the

angle ¢ against x-axis.
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Fig.4
random number in the case of g =0.9 where the

Histogram of zenith angle generated using

expected Henyey-Greenstein phase function is shown
in the insert. Bin range of the histogram is 10

degrees.
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Fig.5
um and logarithm of on axis transmittance detected

Relationship between thickness up to 500

within the range of radius r = 50 mm in single layer
model for skin. Open circles show results of the
simulation and the solid line shows the regression line
(y = -0.0047x + 1.00069, r2 = 0.99)
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Fig.6 Three layered Monte Carlo model for human
skin composed of epidermis, dermis, and subcutaneous
tissue. Photons entered the surface of epidermis.
Photons exiting the surface were collected by the

detector which is r away from input.
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Table 1 Optical parameters used in this simulation
of tissues at 1310 and 1550 nm in NIR-II. Layer 1, 2
and 3 denote epidermal, dermal and subcutaneous
tissues, respectively. Anisotropy g of the tissues was

assumed to be 0.9 regardless of wavelength and tissue

type.
Wave Thick
-length  Layer n Ma Hs  -ness
(nm) (mm)
1 1.43 0.4 248 0.02
1310 2 1.37 2.8 154 2
3 1.45 0.3 98 0.9
1 1.42 1 219 0.02
1550 2 1.37 7.7 138 2
3 1.45 0.9 93 0.9
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