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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʨʦʛʦʚʠʮʳ ʯʝ-

ʣʦʚʝʢʫ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʢʪʫʘʣʥɹʳʝ ʧʫʙʣʠʢʘʮʠʠ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʥʘ ʨʝʩʫʨʩʘʭ PubMed, Medline, E-library. ʂʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʙʳʣʠ ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʦʩʦʙʘʭ ʢʝʨʘʪʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ, ʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʢʝʨʘʪʦʧʨʦʪʝʟʦʚ, 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʜʦʥʦʨʩʢʦʡ ʨʦʛʦʚʠʮʳ ʵʢʚʠʚʘʣʝʥʪʦʤ, ʩʦʟʜʘʥʥʳʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 3D-ʙʠʦʧʨʠʥʪʠʥʛʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʘʜʢʠ ʢʝʨʘʪʦʢʩʝʥʦʠʤʧʣʘʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʈʦʛʦʚʠʮʘ ï ʵʪʦ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʯʝʣʦʚʝʢʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 5 ʩʣʦʝʚ: ʵʧʠʪʝʣʠʡ, ɹʦʫʤʝʥʦʚʘ ʤʝʤʙʨʘʥʘ, ʩʪʨʦʤʘ, ɼʝʩʮʝʤʝʪʦʚʘ ʤʝʤʙʨʘʥʘ, ʵʥʜʦʪʝʣʠʡ. ʅʝʢʦ-

ʪʦʨʳʝ ʘʚʪʦʨʳ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪ 6 ʩʣʦʡ ï ʧʨʝ-ɼʝʩʮʝʤʝʪʦʚʘ ʤʝʤʙʨʘʥʘ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʩʣʦʝʚ ʚʳʧʦʣʥʷʝʪ 

ʩʚʦʶ ʬʫʥʢʮʠʶ. ʈʦʛʦʚʠʮʘ ï ʧʨʦʟʨʘʯʥʘʷ, ʙʦʛʘʪʦ ʠʥʥʝʨʚʠʨʫʝʤʘʷ, ʘʚʘʩʢʫʣʷʨʥʘʷ ʪʢʘʥʴ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʝʣʦʤʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʟʨʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʛʣʘʟʘ, ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʟʘʱʠʪʥʫʶ 

ʬʫʥʢʮʠʶ. ʉʝʛʦʜʥʷ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʥʝʭʚʘʪʢʠ ʜʦʥʦʨʩʢʠʭ ʨʦʛʦʚʠʮ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʘʥʘʣʦʛʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʪʴ ʨʦʛʦʚʠʮʫ ʯʝʣʦʚʝʢʘ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʧʦʣʫʯʠʣʠ ʢʝʨʘʪʦʧʨʦʪʝʟʳ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʪ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʫʶ ʧʨʠʞʠʚʣʷʝʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʨʝʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʪʨʦʛʠʤʠ ʧʦʢʘʟʘʥʠʷʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʦʙʣʘʩʪʠ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ï 3D-ʙʠʦʧʨʠʥʪʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʨʦʛʦʚʠʮʫ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠ-

ʷʭ. ʉʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʙʠʦ-ʯʝʨʥʠʣ. ʄʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʢʨʠʪʝʨʠʷʤ: ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʙʠʦʠʥʝʨʪ-

ʥʦʩʪʴ, ʧʦʜʭʦʜʷʱʫʶ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ ʠ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʣʠʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʋʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʢʦʣʣʘʛʝʥ ʠ ʬʠʙʨʦʠʥ ʰʝʣʢʘ. ʂʦʣʣʘʛʝʥ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʝʛʦ ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʘʣʴʛʠʥʘʪʦʤ; ʘ ʬʠʙʨʦʠʥ ʰʝʣʢʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʭʦʞ ʩ ʙʝʣʢʘʤʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʯʝʣʦʚʝʢʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘʧʝʯʘʪʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ɽʱʝ ʦʜʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʟʘʤʝʥʠʪʴ ʜʦʥʦʨʩʢʫʶ 

ʨʦʛʦʚʠʮʫ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʝʨʘʪʦʢʩʝʥʦʠʤʧʣʘʥʪʦʚ ʚʟʷʪʳʭ ʦʪ ʩʚʠʥʴʠ. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝ ʚʩʝ ʧʨʦʪʝʟʳ ʧʨʠʞʠʚʘʣʠʩʴ, ʘ ʧʨʠʞʠʚʰʠʝʩʷ ʪʨʝʙʦʚʘʣʠ ʧʨʦʚʝʜʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʢʝʨʘʪʦʧʣʘʩʪʠʢʠ ʠʣʠ ʧʦʚʪʦʨʥʦʛʦ ʢʝʨʘʪʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ. ɺʳʚʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʪʝ-

ʟʳ, ʩʧʦʩʦʙʥʳʝ ʟʘʤʝʥʠʪʴ ʜʦʥʦʨʩʢʫʶ ʨʦʛʦʚʠʮʫ ï ʢʝʨʘʪʦʧʨʦʪʝʟʳ, ʦʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʦʛʦ ʦʛʨʘʥʠ-

ʯʝʥʦ ʠ ʨʝʰʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʈʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʙʠʦʧʝʯʘʪʠ ʨʦʛʦʚʠʮʳ ʛʣʘʟʘ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʨʦʛʦʚʠʮʳ ʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʧʨʠʞʠʚʣʝʥʠʠ ʠʭ ʢʨʦʣʠʢʘʤ. ʂʝʨʘʪʦʢʩʝ-

ʥʦʠʤʧʣʘʥʪʳ ʚʦʟʤʦʞʥʦ ʧʝʨʝʩʘʞʠʚʘʪʴ ʚ ʫʨʛʝʥʪʥʳʭ ʩʣʫʯʘʷʭ. ʊʘʢʠʝ ʦʧʝʨʘʮʠʠ ʵʬʬʝʢʪʠʚʥʳ ʢʘʢ ʦʨʛʘʥʦʩʦ-

ʭʨʘʥʷʶʱʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʨʘʟʨʘʙʦʪʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʦʥʦʨʩʢʦʡ ʘʥʘʪʦʤʠ-

ʯʝʩʢʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʤʝʥʳ ʜʦʥʦʨʩʢʦʡ ʨʦʛʦʚʠʮʝ, ʥʦ ʚʝʜʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙ-

ʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʥʦʨʩʢʘʷ ʨʦʛʦʚʠʮʘ, ʢʝʨʘʪʦʧʨʦʪʝʟʠʨʦʚʘʥʠʝ, ʢʝʨʘʪʦʧʨʦʪʝʟ, 3D-ʙʠʦʧʨʠʥʪʠʥʛ, ʢʝ-

ʨʘʪʦʢʩʝʥʦʠʤʧʣʘʥʪ. 
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Abstract. Research purpose was to assess the possibilities of creating and transplanting a cornea to hu-

mans. Materials and methods: reviewed the current publications of Russian and foreign authors on such bases 

as PubMed, Medline, e-Library. Were studied information about the methods of keratoprosthetics, the structure 

of the keratoprostheses used today, modern developments in the field of replacing the donor cornea with an 

equivalent created by using 3D bioprinting technologies, as well as the possibility of transplanting 
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keratoxenografts to human, have been analyzed. Results and their discussion: The cornea is a complex structure 

of an eye. It consists of 5 layers: epithelium, Bowmanôs layer, stroma, Descemetôs membrane and endothelium. 

Some authors also distinguish 6-th layer - pre-Descemet's membrane. Each of these layers has their own func-

tions. Cornea is a transparent, avascular and highly innervated tissue. Its primary functions are to transmit and 

refract light entering the eye and to protect the eye. Today there is an acute problem of lack of donor corneas, as 

a result of which the development of analogs is required, that can completely replace the human cornea. 

Keratoprostheses are widely used all over the world, some types of which are entirely made of synthetic materi-

als and show good engraftment, as well as a high percentage of vision restoration in patients. However, their use 

is limited to strict indications. The use of modern technologies in the field of tissue engineering - 3D-bioprinting 

allows you to create the cornea in artificial conditions. However, selection of material for bio-ink is difficult. 

Such material must have sufficient mechanical strength, biocompatibility, transparency, bioinertness, suitable 

biodegradability, and must comply with clinical requirements. Collagen and silk fibroin have been found to be 

the most suitable materials. However, collagen is not strong enough, therefore it is combined with alginate, and 

silk fibroin is not sufficiently similar to the proteins of the human extracellular matrix. Nevertheless, the printed 

structures have shown good vitality, and in the future, they are planned to be engrafted in humans. Another ex-

perimental method that allows replacing the donor cornea is the use of keratoxenografts taken from a pig. How-

ever, in the experiments carried out, it was found that not all prostheses were engrafted, and those that were en-

grafted required further keratoplasty or keratoprosthetics. Conclusions: today there are prostheses that can re-

place the donor cornea - keratoprostheses, but their use is strictly limited and is decided in each case individual-

ly. Developments in the field of bioprinting of the cornea have shown that it is possible to synthesize a model of 

the cornea, but requires careful selection of materials, and existing models show good results when engrafted in 

rabbits. Keratoxenografts can be transplanted in urgent cases. Such operations are effective as organ-preserving 

ones. Thus, to date, there is no anatomical and functional replacement for the donor cornea, but there is a lot of 

research in this area. 

Keywords: donor cornea, keratoprosthetics, keratoprosthesis, 3D bioprinting, keratoxenograft. 

 

ɺʚʝʜʝʥʠʝ. ʈʦʛʦʚʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ-

ʪʦʨʘ. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʨʷʜ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʠʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʟʘʱʠʪʫ ʛʣʘʟʘ ʠ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʣʦʤʣʷʶʱʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʘ ʟʨʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝ ʧʦʜʣʝʞʠʪ 

ʧʦʣʥʦʤʫ ʫʜʘʣʝʥʠʶ ʧʨʠ ʝʝ ʧʘʪʦʣʦʛʠʷʭ.  ʇʨʠ ʧʦʚʨʝʞʜʝʥʠʷʭ ʠʣʠ ʧʘʪʦʣʦʛʠʠ ʨʦʛʦʚʠʮʳ ʠʤʝʝʪʩʷ ʚʳʩʦʢʠʡ 

ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʩʣʝʧʦʪʳ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʦʩʪʨʦʪʳ ʟʨʝʥʠʷ [13]. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 

2010 ʛʦʜ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 500 ʪʳʩʷʯ ʠʥʚʘʣʠʜʦʚ ʧʦ ʟʨʝʥʠʶ. ʂʝʨʘʪʦʧʣʘʩʪʠʢʘ ʚʭʦʜʠʪ ʚ ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʝʨʝ-

ʯʝʥʴ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʡ ʧʦ ʨʝʘʙʠʣʠʪʘʮʠʠ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ. ʆʜʥʘʢʦ ʚʚʠʜʫ ʦʩʪʨʦʡ ʥʝʭʚʘʪʢʠ 

ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ ʠʭ ʩʪʘʚʷʪ ʚ çʃʠʩʪ ʦʞʠʜʘʥʠʷ ʜʦʥʦʨʩʢʠʭ ʨʦʛʦʚʠʮè. ɽʞʝʛʦʜʥʦ ʦʢʦʣʦ 17 ʪʳʩʷʯ ʙʦʣʴʥʳʭ ʩʦ-

ʩʪʦʷʪ ʚ ʪʘʢʠʭ ʩʧʠʩʢʘʭ, ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ 1 ʠʟ 70 ʥʫʞʜʘʶʱʠʭʩʷ ʧʘʮʠʝʥʪʦʚ ʧʦʣʫʯʘʝʪ ʜʦʥʦʨʩʢʫʶ ʨʦʛʦʚʠʮʫ. 

ʋ 72% ʧʘʮʠʝʥʪʦʚ ʧʦʩʣʝ ʢʝʨʘʪʦʧʣʘʩʪʠʢʠ ʫʣʫʯʰʘʝʪʩʷ ʟʨʝʥʠʝ, ʯʪʦ ʝʱʝ ʨʘʟ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʴ-

ʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʣʘʥʪʘʪʦʚ [3, 13]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʘʤʝʥʳ ʜʦʥʦʨʩʢʦʡ ʨʦʛʦʚʠʮʳ ʩʝʛʦʜʥʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʝʨʘʪʦʧʨʦʪʝʟʳ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠ ʛʨʫʙʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ. ʊʘʢʠʝ ʧʨʦʪʝʟʳ ʩʦʩʪʦʷʪ ʠʟ ʠʩʢʫʩʩʪ-

ʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʧʨʠʞʠʚʘʶʪʩʷ ʚ ʛʣʘʟʫ, ʦʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʪʨʦʛʠ-

ʤʠ ʧʦʢʘʟʘʥʠʷʤʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʩʘʜʢʠ ʨʦʛʦʚʠʮʳ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʟʨʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʜʦʥʦʨʩʢʠʭ ʨʦʛʦʚʠʮ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʨʦʛʦʚʠ-

ʮʳ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʪʢʘʥʝʚʦʡ 

ʠʥʞʝʥʝʨʠʠ ï 3D-ʙʠʦʧʨʠʥʪʠʥʛ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʦʡʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʪʨʫʢʪʫʨʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʦʨʛʘʥʠʟʤʘ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ ʙʠʦ-ʯʝʨʥʠʣ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʥʘ-

ʪʠʚʥʦʡ ʨʦʛʦʚʠʮʝ ʪʨʘʥʩʧʣʘʥʪʘʪʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʘʜʢʠ ʪʘʢʦʡ ʨʦʛʦ-

ʚʠʮʳ ʯʝʣʦʚʝʢʫ. ɺ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʛʦ ʪʨʘʥʩʧʣʘʥʪʘʪʘ ʣʝʞʠʪ ʢʦʣʣʘʛʝʥ, ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʦʨʦʰʝʡ ʙʠʦʩʦ-

ʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʪʢʘʥʷʤʠ ʯʝʣʦʚʝʢʘ, ʦʪʩʫʪʩʪʚʠʝʤ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣ ʧʨʦʟʨʘʯʝʥ, ʯʪʦ ʷʚ-

ʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ. ɼʨʫʛʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʙʠʦʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʬʠʙʨʦʠʥ ʰʝʣʢʘ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʢʦʢʦʥʦʚ ʪʫʪʦʚʦʛʦ ʰʝʣʢʦʧʨʷʜʘ. ʕʪʦʪ ʙʝʣʦʢ ʦʙʣʘʜʘʝʪ 

ʚʩʝʤʠ ʧʦʜʭʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʨʦʛʦʚʠʮʳ [23]. ʉʦʚʝʨʰʝʥʥʦ ʜʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʛʦʚʠʮʳ ʞʠʚʦʪʥʳʭ ʜʣʷ ʧʝʨʝʩʘʜʢʠ ʯʝʣʦʚʝʢʫ. ʇʨʦʚʝʜʝʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʠʤ-

ʧʣʘʥʪʠʨʦʚʘʥʠʶ ʢʝʨʘʪʦʢʩʝʥʦʠʤʧʣʘʥʪʘ ʩʚʠʥʴʠ ʯʝʣʦʚʝʢʫ [24]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʨʦʛʦʚʠʮʳ ʯʝʣʦʚʝʢʫ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʢʪʫʘʣʴʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʥʘ ʨʝʩʫʨʩʘʭ PubMed, Medline, E-library. ʂʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʙʳʣʠ 

ʤʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʦʩʦʙʘʭ ʢʝʨʘʪʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ, ʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ 

ʢʝʨʘʪʦʧʨʦʪʝʟʦʚ, ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʚ ʦʙʣʘʩʪʠ ʟʘʤʝʥʳ ʜʦʥʦʨʩʢʦʡ ʨʦʛʦʚʠʮʳ ʵʢʚʠʚʘʣʝʥʪʦʤ, ʩʦʟʜʘʥ-




