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INTRODUCTION

METHODS

At present, measurements of diffuse light reflectance

Saturation pulsation was modeled by alteration of saturation

from different biological tissues in vivo and in vitro are

in the range of 85%–95%. Modulation of the blood volume

widely employed as a measurement procedure. The

fraction, as well as blood saturation, were completed using

recording of the diffuse reflectance is used in such
steady-state

25

reflectance spectroscopy, diffusing-wave spectroscopy,

20

In all cases of using optical measurements to assess
parameters of a biological object in vivo and in situ, it is
important to know the actual sampling volume (SV) of the
biological tissue. An alteration of the blood volume
fraction, as well as oxygen saturation level (in case of
measurements beyond of isobestic points of Hb/HbO2
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sampling volume [3].

wavelengths: 434 nm, 450 nm, 480 nm, 500 nm, 545 nm,

The aim of this work was to study the effect of

560 nm, 660 nm, 800 nm.

blood saturation.
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The results of modelling of the sampling volume for the

20

plane perpendicular to the line connecting the centers of the

15

wavelengths of probing radiation are presented in Tab. 1.

QR400-7SR (Ocean Optics, Inc) probe sampling volume

Relative increment of the pulsatile calculated sampling

were modelled and analyzed. The probe has 6 emitting

volume for different wavelength during on pulse period are

fibers and one collecting fiber (Fig. 1).

presented in Fig. 5.

A CUDA-based Monte-Carlo distributed computing platform

Table 1 Mean calculated sampling volume
λ, nm 434 450 480 500 545 560
SV, mm3 0.37 0.77 0.48 1.80 1.05 1.30

was used for routine simulation of SV and skin reflectance
spectra, as well as their variations associated with
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physiological changes in the human skin [4,5,6].
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Fig. 1 The schema of measurements a human skin by the
probe QR400-7SR (Ocean Optics, Inc)
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Fig. 5 Relative increment of calculated sampling volume for
different wavelengths during on pulse period

CONCLUSIONS
We have considered changes in the volume of blood
and oxygen saturation caused by a pulse wave and

sensitivity (sampling volume) and skin spectra, and
their variations associated with physiological changes
Log10 I Im ax

in the human skin. The results are of particular interest
for pulse oximetry, photoplethysmography, Doppler
flowmetry, reflectance spectroscopy.

REFERENCES

vascular beds, oxygen saturation S, water content CH2O and

volume fraction of each skin layer the range of 85% – 100%.

480 nm

model was used for routine simulation of detector depth

take into account the concentration of blood Cblood in various

Blood pulsation was modelled by relative alteration of blood

450 nm

visible/NIR spectral range. A CUDA-based Monte-Carlo

b) 450 nm

Log10 I Imax

434 nm

their influence on the diffuse reflectance spectra in the

In the used model, the absorption coefficients of each layer

melanin fraction Cmel as it is defined in [5,6].

d) 800 nm

30

The mean calculated sampling volumes for different

In this study, the diffuse reflectance measurements of the

c) 660 nm

Fig. 4 Calculated sampling volume of diffuse reflectance
measurements for the modelled optical probe for several
wavelengths green, yellow, red and NIR optical ranges

RESULTS
receiving and transmitting fiber are presented in Fig. 3,4.

METHODS

ii

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time, s

a)
b)
Fig. 2 Modeling of alteration of blood volume fraction (a)
and saturation (b) during pulse

The calculations were carried out for the following

volume fraction pulsation as well as pulsation of

Log10 I Imax

80

Time , s

sampling volume pulsation of diffuse reflectance

b) 560 nm
Log10 I Imax

85

pair), has strong impact on the geometrical parameters of

measurements, which arises because of blood

Log10 I Imax

the photoplethysmography function (Fig. 2).

diffuse

diffuse correlation spectroscopy, pulse oximetry etc [1,2].

RESULTS

S V,

as

B lo od satura tio n du rin g pu lse ,

technologies

B lo o d v o lu m e fr a c tio n ,

diagnostical

UNIVERSITY
OF OULU

c) 480 nm
d) 500 nm
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