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Abstract. Transplantation technologies are now highly effective modern methods of medi-
cal care for patients with irreversible stage of chronic diseases of vital organs. The success of 
transplantology allowed to start solving the problems of improving the quality of patients’ life 
who live with transplanted organ, their adaptation to society, return to work, to authentic fami-
ly relationships.

The aim of the study is to perform analysis of modern literary sources related to the pros-
pects of application of artificial organs structures bioprinting 3D technology.

The shortage of donor organs for transplantation, the high cost of traditional transplanta-
tion and the problem of immunocompatibility of donor tissues led to the search for alternative, 
cost-effective and efficient organ replacement technologies. There are different methods of 
making 3D structures, each of which has its advantages and disadvantages. The technology 
is selected depending on the properties of the material, the desired characteristics of the fin-
ished structure and its application. To date, bioprinters are able to print bone and cartilage im-
plants quickly enough.

Thus, 3D bioprinting is now becoming a real breakthrough in regenerative medicine. Every 
day there are more and more different techniques to improve this technology.
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Actuality. Transplantation technologies are now highly effective 
modern methods of medical care for patients with irreversible stage of 
chronic diseases of vital organs. The accumulated world experience of 
organ transplantation, the improvement of surgical technologies and 
anesthetic service, the achievements of modern immunology and the 
creation of the legal framework of donation, allowed to develop the ba-
sic principles of donors and recipients selection, options for surgical 
treatment, as well as to develop patient management protocols in the 
remote period after transplantation [1, 2, 3].

The main problems limiting the life expectancy and quality of the re-
cipients are, on the one hand, immunocompatibility of donor and re-
cipient tissues, manifested by acute or chronic graft rejection, on the 
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other hand, undesirable consequences of immunosuppression. Given 
that immunosuppressive drugs, used for the prevention and treatment 
of rejection, have a narrow therapeutic range, to reduce the risk of un-
desirable drug interactions in patients with transplanted organ, special 
care is taken regarding the issue of validity, safety of additional drug 
administration [4, 5].

The success of transplantology allowed to start solving the prob-
lems of improving the quality of patients’ life who live with transplant-
ed organ, their adaptation to society, return to work, to authentic fami-
ly relationships. However, the development of an integrated approach 
to improving the clinical results of transplantation remains an crucial 
task [6].

But even modern transplantation infrastructure can become a 
non-effective tool in the absence of by-law regulations regulating the 
process of obtaining donor organs for transplantation. Even with a 
good level of identification of potential donors, the existing donor po-
tential cannot be fully utilized due to the discrepancy between the re-
quirements of by-law regulations and the actual conditions for obtain-
ing and using donor organs in clinical transplantation. It is necessary 
to modernize the current legislation on the statement of human death 
on the basis of the brain death diagnosis [7].

No less urgent question is about the necessity of special regulation 
of infectious safety of organ and tissue transplantation from the stand-
point of a clear distinction of the infections list in the group of absolute 
contraindications for organ donation, relative contraindications and in-
fections that are not a contraindication for organ and tissue donation. 
By all means, administrative capacity is needed to address these is-
sues. Therefore, the high-tech medical technology supported by state 
budgetary funds is of great importance both for stable operation and 
for increasing the volume of transplant care [8].

The aim of the study is to perform analysis of modern literary sources 
related to the prospects of application of artificial organs structures bio-
printing 3D technology.

Review of literature. Every year, 100 thousand organ transplanta-
tions and more than 200 thousand human tissues and cells are per-
formed in the world. Up to 26 thousand of them account for kidney 
transplantation, 8-10 thousand – for liver, 2.7-4.5 thousand – heart, 
1.5 thousand – lungs, 1 thousand – pancreas. The leader among the 
countries of the world in the number of transplants are the United 
States. Every year, American doctors perform 10 thousand kidney 
transplants, 4 thousand – liver, 2 thousand – heart. This figure is hun-
dreds of times lower than the need for these operations. According  
to the study of American experts, the estimated need for the number 
of organ transplants per 1 million people per year is: kidney – 74.5; 
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heart – 67.4; liver – 59.1; pancreas – 13.7; lung – 13.7; complex 
heart-lung – 18.5 [9, 10, 11].

The lack of donor organs available for transplantation, the duration 
of waiting for the operation, the urgency of its implementation after 
the removal of the organ create the necessary prerequisites for scien-
tific research. One of the directions of which is to increase the dona-
tion of organs of the deceased, to make transplantation more accessi-
ble to more candidates. In particular, new strategies for managing the 
pool of potential donors are proposed [12].

The shortage of donor organs for transplantation, the high cost of 
traditional transplantation and the problem of immunocompatibility of 
donor tissues led to the search for alternative, cost-effective and effi-
cient organ replacement technologies. There are different methods of 
making 3D structures, each of which has its advantages and disad-
vantages. The technology is selected depending on the properties of 
the material, the desired characteristics of the finished structure and 
its application [13, 14].

The new most modern, non-contact and non-destructive method 
used for the manufacture of 3D structures is bioprinting with the cre-
ation of three-dimensional structures in layers and involves the imposi-
tion of cells on each other in a special biological medium. The term bi-
oprinting is considered from several points of view, but in general it 
can be described as a method of creating models of organs, bone tis-
sue and other body fragments on a cellular basis using 3D printers, for 
which the requirement to preserve the survival and functioning of cells 
is established [15, 16].

The development of this technology began with the fact that it be-
came possible to produce external non-critical elements of the body, 
parts of the skull, dental implants, etc. Currently, the replacement of 
bone and cartilaginous tissue is already a solved problem. Moreover, 
the practice of bioprinting of various functional and cosmetic prosthe-
sises for people who have undergone various surgical interventions to 
remove tumors or amputation of limbs has increased in popularity. 
However, this technology is still at an early stage of development, as 
this process is more complex than simple 3D printing of plastic prod-
ucts [17, 18].

The bioprinting method is based on inkjet printing technology, it 
makes it possible to form 3D structures with a predetermined shape. 
«Bio-ink» in this methodology are biopolymers for the formation of the 
matrix, living cells, proteins, and as a substrate the «bio-paper» is used, 
which provides stabilization of the formed structures and their exis-
tence. The bioprinting method has no drawbacks in comparison with 
traditional methods of matrix formation, which makes it possible to di-
rectly set the final structure of the organ. Due to the accuracy of the 
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method and its high reproducibility, it is possible to carry out lay-
er-by-layer printing, as well as to apply growth factors and cytokines to 
the obtained design, which are necessary for cell adhesion and differ-
entiation [19, 20].

Next, the manufactured organ is placed in a bioreactor or incubator, 
where, while maintaining optimal conditions, the matrix is fixed, and 
cell proliferation occurs, which leads to the germination of cell struc-
tures into the matrix. This equipment provides the necessary condi-
tions for cell proliferation, differentiation and functioning [21, 22].

The development of additive 3D printing technologies allowed to 
materialize virtual 3D models, applying the layer-by-layer principle of 
objects creating, when a thin layer of material is applied to the horizon-
tal surface, then the next layer is applied until a complex object is com-
pletely created. One of the varieties of 3D printers are bioprinters. 
These devices are able to create organs and tissues, applying biologi-
cal material layer by layer. To date, bioprinters are able to print bone 
and cartilage implants quickly enough [23, 24].

This technology is developing faster than you can imagine, but there 
are many unresolved problems at the moment, such as the lack of 
suitable software to create the ideal and most natural organs. An im-
portant task is to develop the technology of reproduction of blood ves-
sels in the created organs, as it is vital for them to have working arter-
ies, veins and capillaries to deliver oxygen and nutrients to the blood, 
which are the key to their viability [25, 26].

Currently tissue and organ designers, created with the help of bio-
printers, are small in size and too fragile for human implantation. In ad-
dition, they are deprived of blood vessels, that is why their size is deter-
mined by the limit of diffusion of oxygen and nutrients, which is 200 mi-
crons. The root of the problem consists in their physiology, blood vessels 
are almost not a subject to successful printing. At present, despite the 
progress of 3D bioprinting technology, the main problem of transplanta-
tion of artificially regenerated organs is the difficulty of maintaining their 
viability, as tissues with a thickness of more than 0.2 mm lack oxygen 
and nutrients [27, 28].

Created today artificial organs are able to maintain efficiency for 
several weeks, as the viability of cells in existing matrices in most cas-
es does not exceed 30 days. For example, an artificial liver functioned 
for 42 days «printed» by biology company «Organovo» in 2014 [29].

Perhaps the application of the latest innovations in this field, the 
generation of living tissue permeated by microchannels, will improve 
the diffusion of oxygen and nutrients. The tissue, which has a spongy 
base, allows nutrients and neural networks to penetrate into its struc-
ture, which makes it possible to maintain the physiological function 
and viability of an artificially created organ [30].
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Recently, companies have emerged in order to use this industry as 
a business. There are about 60 organizations in the world that directly 
sell bioprinters and equipment for research laboratories, and they pro-
duce biomaterials for use in printers. All of these companies are based 
on their unique value proposition of providing bioprinting services or 
partnerships for the production of functional fabrics. Leading commer-
cial companies are gradually forming 3D bioprinting standards, im-
proving technologies that require less time for the production of or-
gans, as well as reducing their cost to patients [31, 32].

Thus, 3D bioprinting is now becoming a real breakthrough in regen-
erative medicine. Every day there are more and more different tech-
niques to improve this technology.

Conclusions
Analysis of the above literature allows us to make a conclusion that:
– 3D-technology in medicine is a promising direction, the develop-

ment of which is associated with the improvement of methods of diag-
nosis and treatment;

– perhaps this is a dead-end way of development of medicine and 
technology, and currently 3D bioprinting is imperfect, but the existing 
technologies are applicable in the creation of prostheses and implants.

Prospects for further research. Very high cost of equipment, its 
maintenance, the price of raw materials, entail a corresponding high 
cost of research on this topic. In order to solve the important problem 
of maintaining the life and health of citizens, it is necessary to involve 
state structures in the financing of research and new developments.
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Перспективи технології 3D біодруку структур штучних 
органів

Резюме. Трансплантаційні технології на сьогодні є високоефективними сучасними ме-
тодами медичної допомоги хворим з необоротною стадією хронічних захворювань життє-
во важливих органів. Успіхи трансплантології дозволили розпочати вирішення проблем під-
вищення якості життя пацієнтів, які живуть із трансплантованим органом, їх адаптації в со-
ціум, повернення до трудової діяльності, повноцінних сімейних відносин.

Метою дослідження було проведення аналізу сучасних літературних джерел, пов’яза-
них з перспективою застосування технології біодруку 3D структур штучних органів.
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Дефіцит донорських органів для трансплантації, дорожнеча традиційної пересадки і про-
блеми імуносумісності донорських тканин призвів до пошуків альтернативних, економічних 
і ефективних технологій органозаміщення. Існують різні методи виготовлення 3D структур, 
кожен з яких має як свої переваги, так і недоліки. Технологію обирають залежно від власти-
востей матеріалу, бажаних характеристик готової конструкції та сфери її застосування. На 
сьогодні біопринтери здатні досить швидко надрукувати кісткові і хрящові імплантати.

Отже, нині 3D біодрук стає справжнім проривом і в регенеративній медицині. З кожним 
днем з’являється все більше і більше різних методик для удосконалення цієї технології.
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