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ABSTRACT

Digital diaphanoscopy method has potential to separate normal and pathological conditions of the maxillary sinuses. The
entirety of all the features of the investigated area (the presence or absence of pathology, its etiology and morphological
features) affects the resulting images of the maxillary sinuses by the digital diaphanoscopy. In this work, the Monte-
Carlo numerical simulation method was used to determine the patterns of propagation of light radiation in biological
tissue. A biologically heterogeneous environment, represented by structures of the skull and maxillary sinuses, as well as
pathological changes in them was modelled in the TracePro software.

Keywords: optical diagnostics, digital diaphanoscopy, paranasal sinuses, inflammatory diseases, Monte Carlo method,
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1. INTRODUCTION

Diagnosis of inflammatory diseases of the paranasal sinuses is one of the urgent problems of modern otolaryngology?.
Nowadays the standard methods to identify these pathologies include radiography, computed tomography, magnetic
resonance imaging, rhinoscopy and ultrasound . However, due to use of carcinogenic roentgen radiation during the study,
a high level of false-negative results and painfulness of the diagnostic procedures, application of these methods is limited
and often impossible in the diagnoses of pregnant women and children?.

Recently, non-invasive optical technologies have been widely used to diagnose pathological conditions in various fields
of medicine. Thus, the method of digital diaphanoscopy seems promising for the separation of the normal and
pathological conditions (inflammation, cystic and tumor tissues) of the maxillary sinuses. The method is based on the
visualization of scattering patterns of low-intensity radiation as it passes through the maxillary sinuses.

The object of study is represented by various tissues of the skull and maxillary sinuses and has a complex organization.
The optical properties of biological layers, in particular, absorption and scattering coefficients®4, vary in depends on the
anatomical and gender characteristics of patients®®, and on the presence of pathological changes. The conducted
preliminary experimental studies showed a strong influence on the diagnostic result of changes in these parameters’.
Based on this, the aim of the study was to determine the patterns of change in the probe signal level for various
anatomical and optical properties of the object of study. The identification of this pattern will help to modernize the
instrumental implementation of a digital diaphanoscope and obtain a new diagnostic criterion for determining various
pathological conditions of the maxillary sinuses.
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2. MATERIAL AND METHODS

The construction of the 3-D model was based on the Monte Carlo methodology, which remains one of the most effective
simulation tools when dealing with biological tissues. The simulation was carried out in the TracePro (Lambda
Software)®°. Figure 1 shows a scheme of the developed model.
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Figure 1. The scheme of the developed model.

At the stage of the model creation, the thicknesses and sizes of tissue layers for female and male, as well as the
absorption and scattering coefficients of the tissues were set. Pathological changes in the form of tumor tissues and
cystic fluid were considered. Simulation was carried out for radiation sources of two wavelengths equal 650 and 850 nm.
The number of simulated photons was 10°. The probe radiation power was 8 mW. The optical properties of the
epidermis, dermis, bone tissue, mucous membranes and pathologies in the form of cystic fluid and tumor are considered.
The optical characteristics of the biological tissues used in the simulation are presented in Table 1.

Table 1. The optical characteristics of the biological tissues

Biological tissue layer Wavelength Z, nm Absorption coefficient s, mm Reflection coefficient s, mm
Mucous membrane 650 0.05 0.8
(sinus/hard palate)™* 850 0.075 1.2
Zygomatic/Palatine 650 0.011 1.873
bone!?13 850 0.007 2.113
Cystic fluid3* 650 0.022 1.34
850 0.027 0.95
Tumor 650 0.0391 2.17
850 0.0522 2.67
Hypodermis®® 650 0.18 2
850 0.1 2.7
Epidermis+dermis® 650 0.17 3
850 0.2 3.7

3. EXPERIMENTAL RESULTS AND DISCUSSION

Figures 2-4 show the simulation results of the probe radiation propagation (the photons path through the biological tissue
and the irradiance map) for the maxillary sinus of female (a) and male (b) without pathology (Figure 2), with cystic fluid
(Figure 3) and with tumor (Figure 4).
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b)

Figure 2. The simulation results of the probe radiation propagation through the maxillary sinus of female (a) and male (b) without
pathology at the wavelength of 650 nm (above) and 850 nm (below). The lines indicate the passage of individual photons through the
tissue.

b)
Figure 3. The simulation results of the probe radiation propagation through the maxillary sinus of female (a) and male (b) with cystic
fluid at the wavelength of 650 nm (above) and 850 nm (below).
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a) b)
Figure 4. The simulation results of the probe radiation propagation through the maxillary sinus of female (a) and male (b) with tumor
at the wavelength of 650 nm (above) and 850 nm (below).

The simulation results showed a decrease in the radiant intensity at the detector (radiant power) when the radiation is
passed through the biological tissues with pathology and at different values of the thickness of the bone tissue and skin,
the sinuses size. Figure 5 shows the dependences of the change in the power (intensity) of radiation coming to the

camera detector on the change in the hypodermis thickness and the presence of pathologies in the sinuses of female and
male for wavelengths of 650 nm and 850 nm.
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Figure 5. The dependences of the change in the power (intensity) of radiation coming to the camera detector on the change in the

hypodermis thickness and the presence of pathologies in the sinuses of female (a) and male (b) for wavelengths of 650 nm and 850
nm.
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It was found, that in the near-infrared region (850 nm) the decline was more pronounced and was observed in both male
and female. The addition of the pathological change to the simulated object in the form of a cyst fluid or tumor produced
to an even more pronounced decrease in the signal. Thus, in the near-infrared range, the signal power at the detector was
lower in case of passing through the cystic formation (in female without the cyst — 0.076 W, with a cyst fluid — 0.016 W;
in male without the cyst fluid — 0.064 W, with a cyst — 0.010 W).

The obtained results demonstrate the relationship of the recorded signals with the optical properties of the object of
study, namely, with the high absorbing properties of the cystic fluid in the near-infrared range®#, with a thickening of the
sinus mucosa layer during pathology!, and with a difference in bone tissue thickness and the maxillary sinus size of
female and male®®. The identified factor is one of the diagnostic criteria for the separation of normal and pathological
conditions of the maxillary sinus.

4. CONCLUSION

The obtained results help to understand the propagation of light through the complex structure and bring the essential
criteria to be used to adjust the parameters of the probe and measuring parts of the device for the realization digital
diaphanoscopy. Modernization of the device allows to provide equality of scattering pattern of light for different patients
and the possibility of their subsequent comparison.
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