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MenunuHa € mpuKIaaoM iHTeTpalii 6aratbox Hayk. HaykoBi qociipkeHHs y CydacHii MeIMIIMHI Ha OCHOBI IOCSITHEHD (Di3HKH,
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KondepeHtrist nmpucBsiueHa BUCBITICHHIO HOBHX TCOPETHYHUX 1 MPHKIAJHUX PE3yJbTATIB y raixy3i NPUPOAHHYMX HAYK Ta
iH(OpMaiHHUX TEXHOJOTIH, IO € BaXJIUBHUMH ISl PO3BUTKY MEAWIMHHA Ta CTUMYIIOBAaHHSA B3a€MOJii MK HAayKOBISIMHU
MNPpUPOAHNYNX Ta MEANYHHUX HaAYK.
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CEKUIA 1. HOBITHI AOCANrHEHHA Y BIOMEAULINHI AK
HACNIAOK PO3BUTKY NPUPOAOHUYUX HAYK

OPTICAL MODELING OF BONE TISSUE STRUCTURE
Antonyuk O.P., Ushenko A.G.
Bukovynian State Medical University, Chernivtsi
Yuri Fedkovich Chernivtsi National University, Chernivtsi

olha.antonyuk@yahoo.com

The optical properties of bone tissue are modeled by a two-component amorphous-crystalline
matrix. Within the framework of the proposed methodological approach, the optical properties of
bone tissue are considered for the first time. It is known that the active mineral matrix consists of
hydroxylapatite crystals, the transverse dimensions of which are almost two levels smaller than the
diameter of collagen fibers. The long axes of the crystals are oriented parallel to the longitudinal
direction of the collagen fibers. They are located between microfibrils, fibrils and collagen fibers,
forming an independent continuous mineral phase. In addition, collagen fibers are perceived as
spatially arranged elements in the mineral matrix. We consider their orientation for bone trabeculae
ordered and parallel to its plane. The spatially spiral orientation of collagen fibers is characteristic of
osteons of bone tissue. The latter in the lamellae of the osteon are characterized by different angles
of rise of the spirals, but in each lamella they are oriented in the same direction. In adjacent lamellae,
the fibers are directed at an angle from 30° to 90° to the longitudinal axis of the osteon.

On the basis of knowledge about the biostructure of the bone tissue of the skull, the following
model scheme is proposed. Bone tissue as a composite consists mainly of two phases: organic and
inorganic. The first contains type 1 collagen and a small amount of non-collagenous proteins, acidic
glycoproteins and small proteoglycans. The main part of the inorganic phase of bone is
hydroxylapatite and tricalcium phosphate with the inclusion of carbonate, citrate, Na, Mg, CI, F.

Birefringent collagen structures and hydroxylapatite crystals have the ability to transform the
polarization structure of laser radiation. Optical modeling of the structure of the bone tissue of the
skull includes three organizational levels: microcrystalline, macrocrystalline and architectural.

Microscopic level. The main optically active structures of this level are inorganic
hydroxylapatite crystals and collagen fibrils. The geometric dimensions of the first are
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7- 25 nm, the second - 60-110 nm. From the point of view of crystal optics, these substances have a
common characteristic - birefringence, that is, the ability to transform the type and form of
polarization of the radiation propagating in them. On the other hand, the spatial symmetry of the
crystal-optical structure of the inorganic and organic microcomponent of bone tissue is identical to
the optically uniaxial crystal structure.

Macroscopic level. Under the minimum level of this organization are structural formations, the
dimensions of which are compatible with the wavelength of laser radiation. First of all, these are
collagen fibrils grouped into bundles of fibrils with a diameter of 0.5-2 pm, which together with rod-
like crystals form multitendinous bundles, the sizes of which vary from 100 to 200 um. The
macrocrystalline level of organization of the bone tissue of the skull is presented in the form of a set
of phase-shifting optically uniaxial structures with the orientation of their axes both in the plane of
the cross-section of the bone tissue and in a spatially distributed (spiral-like) orientation - a system of
osteon lamellae. When passing through such biocrystalline structures, the laser radiation field
undergoes a transformation of photometric and polarization-phase characteristics. As a result, an
object field is formed with a distribution of polarization types and forms determined by the orientation
and mineralization structure of collagen fibers.

Architectural level. This level of optical organization studies the spatial structure of bone
trabeculae and lamellae of osteons, which have a fractal diffraction structure. In this case, phase
modulation and polarization of laser beams, which are transformed by biocrystals of bone tissue, and
the formation of various polarized partial fronts occur.

Analysis of the polarization modulated object laser field requires measurement of the coordinate
distribution of its intensities over the entire plane of the bone tissue. The polarization structure of the
boundary field can be visualized in the form of a topological distribution of intensities.

Therefore, by means of polarization analysis of object fields, it is possible to obtain various
"vector" projections of boundary fields, which are called orientational and phase tomograms of
biotissues.

Conclusion

The method of laser polarimetry allows to determine the spatial orientation of fibrils of collagen

fibers and the degree of their mineralization. There is an unambiguous relationship between the

morphological parameters of bone tissue and the state of polarization of the objective laser field.
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