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Abstract: For the past 40 years we have developed a varfegchbniques to create scaffolds. Raw materialsstiyo

polymers, are processed and shaped into diffeterdtsres depending on various applications ingsngineering. One
of the main obstacles to the correct creation Ity functional tissue substitution is the complgxaf the design as well

as the manufacturing process itself. The biomdtecefold must be designed to perform the functibthe native tissue

extracellular matrix and still maintain its bioadty during interaction with patient’s body. In $tpaper we describe the
use of scaffolds in tissue engineering in general.

1 Introduction possibility of introducing an infection or donorsdase to

Every day, thousands of surgical procedures af@e patien_t. The field of tissug engineering fosuge the _
performed to replace or repair tissue that has Hesmaged regeneration of damaged tissues rather than replaci
by illness or injury. An evolving area of tissuegeneering them, the development of biological replacements fo
focuses on the regeneration of dameged tissuecieda recovery, preservation or improvement of tissuection
cells from the body which we associate with poroubl-4].- _ S S
supporting — scaffolds act as a template for tissue The field of tissue engineering is a multidisciplin
regeneration and lead to the growth of new tisSissue area that draws on the knowledge of clinical meeici
engineering (TE) was first defined in 1988 durige t €ngineering, material science, genetics and related
workshop National Science Foundation as an apjditat disciplines, as well as natural sciences and eegimg
of the principles and methods of engineering artdrah  This area is largely based on the use of 3D pascaffolds
sciences, which lead to an understanding of thetstral to provide a suitable environment for the regemnemnabf
and functional relationships in physiological aslivess tissues and organs. In essence, these scaffoldasaat
pathology altered mammalian tissue and to thi€mplate for tissue formation and are usually degroby
development of biological substitutes so as toorest Cells and growth factors, or are subjected to byejual
maintain or improve function [1]. stimulus in the form of a bioreactor, device orteysthat

Disease, injury or trauma can lead to damage a@d@Pplies various types of mechanical or chemical
degradation of tissue in the human body, requiringtimulation of cells[1, 5, 6]. These cell-basedffaids are
treatment for repair, replacement or regeneratioﬁ!ther Culturgd foin yltro tissue SyntheS|S,- Wthh.are then
Treatment usually focuses on tissue transplantdtmn  implanted directly into the damaged site or impdaht
one site to another in one patient (autograftyfomfone directly into the site ofin vivo damage where the
person to the other (allograft). While such treatmis regeneration of tissues or organs is stimulatetiéypody's
revolutionary and life-saving, there are fundamlent®Wn system [7]. This combination of cells, scaffoehd
problems with both techniques [1]. signals is often referred to as the "triple or wiotissue

While such treatment is revolutionary and life-sayi €ngineering” (Figure 1). The term scaffolds retera 3D
there are fundamental problems with both techniquedaterial before it was embedded with ceifs\(tro or in
Autographs are expensive, painful, limited by amgto Vivo) [1, 8].
and associated with donor disease due to infeabion
hematoma. Similarly, it is also true for allogratied
transplant because of the potential risks of riejeadf the
transplant by the patient's immune system and the

~ 67 ~
Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 4 2018 Issue: 4 Pages: 67-70 ISSN 2453-675X

SCAFFOLDS FOR TISSUE ENGINEERING - INTRODUCTION
Radovan Hudak; Marianna Trebutiova; Jozef Zivéak; Daniel Kottfer

to provide adequate 3D space for the remodelimatfral
tissue, leading to complete replacement of funetitving
tissue.
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Scaffold matrix laden with growth factors

Figure 1 “Trio of tissue engineering" [1, 9] J

1.1 Scaffoldsand cells
In order to allow cellular morphogenesis associated NG

with living tissue functionality, cell support i€cessary to Figure 2: Demonstration of seeding of cells to

support the cells in their physical 3D support ciice. scaffold [14]

Without adequate 3D support, cell formation can be

achieved in only one layer of tissue. Cells withGD

support will not begin to create multiple layers3ib space

in the form of tissue. This phenomenon is known"as

contact inhibition “, characterized by the limitats in the

design of complex _tissue structures of the 2D supoich 1 4 advanced manufacturing technology [15, 16].
as for exaple the tissues from the culture flagler&fore, From the point of view of scaffolding, many studiee

cells are seeded and cuI.tured in 3D porous stre®tuly.sed on supporting tissues such as bones, aggil
known as scaffolds to improve tissue regeneratiofenqons. Bones are among the most intensively estudi
Scaffold works as a temporary extracellular mZE&M), pigjogical tissues in terms of mechanical propertie

which is intended for the arrangement of cells B 3 There gre three important areas where it is impotta
architecture and to provide incentives necessgoydduce | nqw the mechanical properties of tissues:
the desired tissue. The resulting substitute afidjissue

is composed of two basic parts: living cells arsuigable
material that is able to temporarily function as t8BCM
[10, 11]. The cells may be isolated from the patebody
and then grown on the scaffad vivoprior to implantation
or receivedn situ from the healthy tissue surrounding th
site of implantation. The most commonly studiedscil
connection with scaffolds are mesenchymal stens &4,
13]. Scaffolds should be able to support cells wétspect
to structural integrity, provide them with sites &alhesion
and allow cell morphogenesis and migration, whiehkay tissues [17]
factors in the tissue regeneration process (Figure ' . .

One of the main obstacles that prevent properioreat ~ 2- Regeneration of tissues
of a fully functional replacement tissue is the pbemity Regeneration of damaged tissue by TE and
of the design and actual production biomateriaffsichto ~ '€generative medicine is an important approach in
perform the function of native tissue ECM and stilPiomedical engineering. It is necessary to enstee t
maintain their bioactivity during the interactioritvthe ~ COrréct environment for tissue regeneration incigdhe
patient's body. This bioactivity includes the supmbthe Media (i.e. scaffolds, gels, etc.), which are medatzly
cell remodeling process taking place within scafify  SIrong to support the regeneration process. Atstirae
and the synchronization of remodeling with the ango {ime scaffolds should not be too rigid, becausey tten
process od tissue repair. Such synchronization IsholPtherwise prevent regeneration of the tissue. Testipn
optimally lead to a complete replacement of impgant 7ises, what is the optimal range of mechanicaberties
scaffold that has been created by living tissueh i ©f Scaffolds and gels? One possibility is to chimare the
consequent degradation of temporary scaffoldinge TH!ative tissue and thus get a preview of the expeetege
main focus of tissue engineering is the creaticscaffolds ©f mechanical properties of the scaffold. The proge of

The development of such a complex and sophisticated
scaffolding is necessary to apply multidisciplinary
scientific platform, which includes the fields okl
biology, developmental biology, biomaterial engirireg

1. Basic modelling of biological tissues.

Advanced material models are needed to describe the
mechanical response of biological tissues to naxis
load. This mechanical response is partly due to the
Gﬁeterogeneity of mechanical properties, anisotrdipye-
dependent mechanical behavior, the presence ofadeve
phases (liquid, solid, etc.) and the adaptationthsf
mechanical properties to the mechanical load. It is
important in the development of mathematical modéls
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native tissue are in many cases the best startiif.p [3] ATALA, A.: Tissue engineering and regenerative
Moreover, the mechanical properties of biologidasue medicine: Concepts for clinical application,
could be used to diagnose disorders and diseaatarth Rejuvenation Researckol. 7, No. 1, pp. 15-31, 2004.
manifested precisely in relation to changes in th@] BONASSAR, L.J., VACANTI, C.A.: Tissue

mechanical properties of tissue (Figure 3) [18]. engineering: the first decade and beyond, Jourhal o
Cellular Biochemistry, Vol. 72, No. 30-31, p. 29033
Fs 1998.
< [5] MARTIN, I., WENDT, D., HEBERER, M: The role of
Scaffold-based tissue engineerin bioreactors in tissue engineeringIrends in

BiotechnologyVol. 22, No. 2, pp. 80-86, 2004.

i’i?.’:.'é ?;’;3’1,, cas  [6] WILLERTH, S., SAKIYAMA-ELBERT, S.:
Bone defect e Combining stem cells and biomaterial scaffolds for
and / or i - constructing tissues and cell delivery, IN: StemiBoo
P;;v;;r gog Boasth S. Willerth and S. Sakiyama-Elbert, Eds., Harvard
,g;: Stem Cell Institute, Cambridge, UK, 2008.
Cartiage ‘E(/j\ Oeteochondral [7] YUN, H.-S., PARK, J.-W., KIM, S.-H., KIM, Y.-J.
Figure 3: A schematic representation of the use of ~ JANG, J.-H.: Effect of the pore structure of bideet
scaffolds for tissue engineering [19] glass balls on biocompatibility in vitro and in gpActa

Biomaterialia,Vol. 7, No. 6, pp. 2651-2660, 2011.
3 T d g [8] CECCARELLI, G., PRESTA, R., BENEDETTI, L.,
. Tissue damage and trauma CUSELLA DE ANGELIS, MG., LUPI, SM.,,

Mechanical stress combined with tissue diseasealcoul RODRIGUEZ Y BAENA R.: Emerging Perspectives
lead to tissue damage. It is not only the non-piiggical in Scaffold for Tissue Engineering in oral Surgery,
stress that occurs in traumatic events but also the Stem cells International Vol. 2017, Article ID

physiological load of tissues if chronic damagerissent 4585401, p. 11, 2017.

such as for example osteoporosis in bone tissueshaladd [9] HUDAK, R., ZIVCAK, J.: Bioaditivna wroba, Edicia
know wha_t level of _Ioad, bones W|t_h _osteoporosm st vedeckej a odbornej literatdry — Strojnicka fakdita
tolerate, without the risk of fracture. Similariy,the study v Kosiciach, p. 132, 2015. (Original in Slovak)

of osteoarthritis it is important to compare change [10] ANH-VU DO, BEHNOUSH KHORSAND, SEAN
mechanical properties of cartilage. We know thangfes M. GEARY ALIASGER K. SALEM: 3D Pri'nting of
in the cartilage is one of the first indicatorsio¢ onset of Scaffolds ,for Tissue Regenerafion Applications

osteoarthritis 20, 21]. Advanced healthcare materialsvol. 4, No. 12,
pp. 1742-1762, 2015.

2 Conclusion [11] LEE, V.K., DAI, G.: Printing of Three-Dimensial
Creating a scaffold with the required propertieshsas Tissue Analogs for Regenerative Medicidanals of

mechanical strength and chemical properties ofaserf biomedical engineeringvol. 45, No. 1, pp. 115-131,

controls tissue regeneration. These properties lman 2017.

modified and adapted by a suitable choice of malteri [12] SOBACCHI, C., ERRENI, M., STRINA, D etal.: 3D

scaffold’s components and, in particular, by the Bone Biomimetic scaffolds for basic and transledion

manufacturing technique itself. studies with mesenchzmal stem cellsternational
journal of molecular science¥ol. 19, No. 10, p. 3150,
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