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Abstract: Currently, 3D printing of hydrogel scaffolds, whiare used in tissue engineering to come to theg ®gaining
prominence in order to restore the structure amdtfon of soft tissues and organs. For successfotipg of soft
constructs, the FRESH method using a support katiseéd, thanks to which the printed hydrogel i¢ kethe desired
shape during solidification. The aim of the studyta create an overview of hydrogel materials dwdr tproperties
affecting printing, to summarize previous printiog hydrogel scaffolds. The choice of material, tnethod of
crosslinking for the formation of the hydrogel, teken into account, while at the same time the toaitity and
compatibility of the material with the biologicah@ronment. Specific emphasis is placed on adaptiagechnological
procedure of the FRESH method, where the chemarabosition of the support bath must be in accorelamith the
crosslinking agent and the rheological propertigb® printed hydrogel.

1 Introduction Synthetic polymerare prepared by a chemical reaction,
Polymers are large molecules (macromolecules) magéen in a laboratory. A wide range of physical and
up of long chains or cycles formed by regularlyeming chemical properties can be achieved on the basis of
parts, called building blocks or monomer units. iThe monomeric units, polymerization reactions and cppelr
number indicates the degree of polymerization nicvh formation from different components in adjustable
has a value of 10 to 106 [1]. concentrations. PVC (polyvinyl chloride), polystyes
Monomers are simple molecules that undergo $Ynthetic rubber, silicone and others are basimeles of
polymerization process to form polymers. ThereforeSynthetic polymers [4]. _ _ _
monomers are also called polymer building blocks [1 A common feature of synthetic polymers is their
Polymerization is the process by which two or morétability, which is often required in everyday lded the
molecules react and combine to form po|ymers - lon edical field. The dlsadvantage of this Stab|||$ythat

chains of monomer repeat units. these polymers cannot decompose naturally, leating
Polymers can be divided into two categories acogrdi a@ccumulation in the environment. This can causeusr
to the source and origin of the polymer: toxic effects in the environment. One way to decosepor
1. Natural polymers. destroy these synthetic polymers is to burn therheat
2. Synthetic polymers [2]. them to very high temperatures, which is also not a

environmental approach due to the release of tgases
Natural polymers also called biopolymers - perform [5,6]- )
key functions in organisms such as building andcsaral According to the arrangement of the polymer
proteins and polysaccharides, nucleic acids, ersugply Molecules in space, they are classified as linegmnpers,
and storage. Natural polymers include silk, rubbePranched chain polymers and spatially crosslinked

cellulose, wool, keratin, collagen, starch, DNA anuleic ~Polymers (Figure 1). S
acids [3]. 1. Linear polymers: The basic building blocks have

monomers arranged in one row, they are produced usi
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straight and long chains of monomers joined bynalsi
bond. For example, polyester, nylon, Teflon, etc.

3. Thermosets are made of a liquid or soft soliéctvh
when cured by heat or radiation, forms an insoluble

2. Branched chain polymers: They are formed by thereversible polymer, i.e., the thermosets forrevarsible

interconnection of some parts of linear chainstigneical
cross-links. They represent polymers that braneipilane.
For example, polyethylene, glycogen, starch, etc.

chemical bonds. Thermosets tend to be rigid ane fzav
high molecular weight. Examples of thermosets amxg
resin, polyester, acrylic resin, polyurethane, mrsband

3. Spatially crosslinked polymers: These polymees avinyl esters.

formed when building blocks bond to a three-dimemnai

4. Thermoplastics are solid in the cold but argilflie

network through strong covalent bonds. For exampknd malleable when heated above a certain temperatu

fiberglass, adhesives, polyester, etc. [7].

A. B. & C.
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e & 000

Figure 1 Scheme of polymer structures: A. lineahfanched,
C. spatially crosslinked [7]

Polymeric substances can be formed in various wa

(see Figure 2) and are based on the formation:

1. Polymers formed by polymerization: Polymerizatio

can be defined as a multiple addition reaction frickv no

by-products are formed. The molecules of the substa

entering the reaction are gradually (multiple) cored
into larger units, the resulting product being anoroer
with multiple bonds.

2. Polymers formed by
Polycondensation is a multiple reaction in whickeast 2
different monomers react and the result is the xexinof

polycondensation > &

While thermosets form irreversible chemical bonds,
thermoplastic bonds are weakened by rising tempersit
While thermosets decompose and do not mel,
thermoplastics melt into a liquid state by heating.
Examples of thermoplastics include nylon, Teflon,
polypropylene, polycarbonate and polyethylene [4].

Polymerization
— Y

Polycondenzation
S q
— 3K B
* P g

Polyaddition

small molecules such as water, ammonia and the lik

Reactions are always reversible and have a stepw

course, so the addition of a substance createsvastap
with a new product and reaction and can be stoppady

--

—p

time by the absence of a reactant. The reactioes

catalysts which affect the course of the reactibhe
products are generally called polycondensates.

3. Polymers formed by polyaddition: Polyaddition is
and

the transition between polymerization
polycondensation. The reactions tend to be chaked,
re-unsaturated monomers, and no by-product is fd{iie

Figure 2 Types of polymer synthesis
1.1 Biodegradable polymers

A special group of polymeric substances is defimgd
a property specifically monitored for environmental

Polymers are used for various purposes depending §i#Sons, and at the same time it is an importamigon

their flexibility, tensile strength and the like. h&
mechanical strengths of polymers are determined
hydrogen, ionic or covalent bonds.

in the field of biomedical development of materiésie to
ir strong bonds, a large number of polymersvarg
ifficult to break and thus degrade. This causes th

Based on intermolecular forces, polymers can kecumulation of non-degradable polymers in the

divided into the following categories:

environment, causes an imbalance in nature and can

1. Elastomers: Elastomers are solids with elastRecome toxic to the environment, living organismsvall
properties. These polymers have weak molecular on@S humans. In order to prevent the toxic effects of
between the monomers, which helps the monomers Rglymeric materials on the biological environment,

stretch easily. For example, polybutadiene, popyisne,
etc.

2. Fibers: They are made of chains of similar stmas,
which facilitates their interconnection and haveghhi
tensile strength. For example, terylene [7].

emphasis is placed on testing and verificationhef $o-
called biological tolerance and biodegradabilityucis
materials behave harmlessly in the biological emvinent
and may be capable of degradation, while theirat#sgion
intermediates do not cause toxic reactions to divin
organisms [6].
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1.2 Hydrogds as polymeric materials
The excellent mechanical and water of

acknowledging properties are a characteristic featf
hydrogel, which are based on synthetic polymersatao
have major disadvantages,
degradation and potential toxicity, which signifitig
narrows the profile of their biomedical applicasofsee
Table 1) [8].

Table 1 Summary of properties of natural and sytithe
polymers

Advantages Disadvantages
In natural organisn|Limited source
Natural . —]
Easily degradable |Low mechanice
polymers .
propertie
Reproducibility Emphasis 0
biocompatibility
synth etiCArt|f|C|aIIy createc ] Lower degradabilit _
Good mechaniceProducts of degradatis
polymers . .
propertie could be toxi
Customization  ¢Could need toxi
propertie polymerization solutior

Compared to synthetic polymers, hydrogels based i

natural polymers have great potential for applaatin

biomedical areas due to their biocompatibility and

biodegradability. A natural polymer is a high malkc
weight compound that has a linear long chain forimgd
repeating units as a basic structure, commonly daan
animals, plants and organisms such as collagetinchi
alginate, cellulose, starch, agar and the like [3].

namely poor biologicaiddition,

2.1.2 Biodegradability

the The ability of implants to be gradually broken down

and washed out of the body by means of their
biodegradability is essential in some clinical gplants. In
many experiments have shown that
biodegradability is also crucial at the cellularde In one
study, a cell-degradable hydrogel was shown to uace
the deposition of encapsulated chondrocytes in the
extracellular matrix. In another study, cells crea in
hydrogels with a more rapid rate of degradationstdd
increased migration and proliferation. Such a psscs
shown in Figure 3. Biodegradability offers that thédd
degradation process and the degradation and déigrada
products of biomaterials have small effect on seflival
[10,11].

Implantation Degradation/Proliferation Regeneration
A U U

Figure 3The ideal pathway to hydrogel mediated
tissue regeneration [12]

213 Transport environment
For enduring tissue functions, mass transport of
biological and chemical molecules between cells and

In practical applications, hydrogels must carryirthetissues is indispacable. Hydrogels are matricesh wit

own weight without breaking, and in addition theysn
withstand a certain external force from the envinent in

interconnecting pores and large amounts of wathis T
property allow the wide distribution of small soleb

which they are placed. The hydrogel based on ratufaolecules. In hydrogel-based tissues, biochemazbfs

polymer generally has poor mechanical propertig¢schv
considerably limits its application possibilitiecherefore,
it is very important to improve the mechanical padjes

such as gas, nutrients, proteins, metabolic wastescan
be well transported across vascular boundary aidigh
conditioned tissues [9].

of hydrogels based on natural polymers, while pgyin

attention to the conditions of its subsequent appbn,
which must remain non-toxic and biocompatible [8].

2 Propertiesof hydrogels
2.1 Biological properties
211 Cytocompatibility

For tissue engineering, cytocompatibility is a dalic
issue in selecting a applicable biomaterial. ECViveel
hydrogels naturally have cytocompatibility assétkre
all-important, the numerous binding sites in hydiog
materials can allow for synergy between cells amal t
hydrogel matrix. Polysaccharides and synthetic tiyelis
may also be compatible with cells but lack bioaethtes
for cell connection and attachment. Further modifan is
needed to simulate the physiological microenvironinog
the tissues [9].

Extracellular environment
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Figure 4 The ideal pathway to hydrogel mediatesitgs
regeneration [12]
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The chemical gradiensée Figure %created during in the extrusion-based process, the ink is initialty the
vivo bulk transport is important as it affects ealgration, storage vessel at rest (no flow). When forces pptied, it
which is associated with diverse physiological andndergoes deformation and flows under high shear
pathological mechanisms such as inflammatiorgonditions as it moves through the nozzle wallghén
embryonic morphogenesis, cancer metastases, dtkes on a new shape until it finally returns toeav state
Chemicals that diffuse within the hydrogel alsoateea of rest [14,15].
diffusion gradient in the hydrogel, and this canused to Viscosity, viscoelastic modulus in shear, material
search physiological and pathological phenomenétiio, recovery behaviour, and shear stress are cru@elogical
which so far suggest a higher importance of thenitedl characteristics associated with these transitibmsay be
gradient at the tissue level than at the levelkidgimbouring associated with ink performance before (rest ao fl

cells in contact [12]. initiation), during (flow behaviour - extrudability and
after printing (printing accuracy, form fidelity @n
214 Rheological propertiesof hydroges adhesion), see Figure 5.

The Department of Rheology studies the deformation
and flow of materials depending on the applied dolla

A B yield strength flow

Log G', G"

G, G", tand

—— Viscosity

shear stress

Shear dilution

\ i
_ Yield strength i

Time
Figure 5 Rheological properties during the primgiprocess (G 'and G' 'denote sol-gel phases andyTapresents the damping
factor) [14]

3 3D printing of hydrogels Scaffolds are structures that are specificallygtesil to

Overview of 3DP methods for hydrogel materials ~ Mimic the extracellular matrix (ECM) of living tise,
In generall printing materials must meet thélmulate the in vivo environment, and allow for idsisle

requirements of: cellular interactions that contribute to the forimatof new
1. have an adequate viscosity to allow printing ant#nctional [11,17,18]. The constructed scaffolds ased
structural stability, as a supportive environment in which the cells are
2. be able to create a 3D structure in a few miute  “deployed” and the scaffolds thus support the féionzof
3. have satisfactory mechanical properties, three-dimensional tissue. Scaffolds usually setvieast
4. be biocompatible, one of the following purposes:
5. have adequate degradation kinetics, - allow cells to attach and migrate,
6. create non-toxic by-products of degradation, - supply and retain cells and biochemical factors,
7. be biomimetic, - allow the diffusion of vital cellular nutrientsnd
8. be able to control the release of moleculesrogsi €xpressed products, _ o
[16]. - exert certain mechanical and biological effeats o

modifying the behaviour of the cell phase [17,19,20
Moreover, bio-inks should be easy to produce and ) ) ) o
process, be affordable and commercially availah. [ The scaffold design for biomedical applicationstgtio
meet the needs of some of the basic requirements
schematically illustrated in Figure 6:

~4 ~
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1. high porosity (preferably 100% interconnection f 6. should be easy to manufacture and reproducible

optimal nutrient flow and tissue overgrowth by sgll [11,17,20].

2. relevant geometry and pore dimensions (5-10gime Bioinks or bioarmaments are materials used for the
the cell diameter); production of constructed / artificial living tisssiusing 3D

3. biodegradable with adjusted (or modifiableprinting. These inks usually consist of biomateritiat
degradation time; contain or encapsulate cells or are capable ofratheells

4. maintaining mechanical integrity for a specifiedo the surface of the biomaterial. The combinatiboells
period of time; and biopolymer hydrogels is defined as bionic [1},2

5. should have appropriate cell-biomaterial
interactions; and

Future
Biofabrication
Ideal bioinks for Window using
3d printing but Advanced

poor cell culture Bioinks

environment

Traditional
Biofabrication
Window

Printability/Shape Fidelity

Ideal cell culture
but poor shape
fidelity

Biocompatibility/Cell Viability

Figure 6 The biofabrication window [21]

3.1 3D printing methods of hydrogels without materials, including their advantages, disadvarsteayed
supporting structure limitations, which have emerged in previous studis.
A very relevant characteristic of each techniquiébvei
its resolution. Each technique has its limit of tmeallest 3.2 Methods of 3D printing of hydrogels with

details that can be produced. This limit represehés supporting structure
extent to which the planned object is feasible avhil As 3D printing runs layer by layer, many 3D priigtin
maintaining the required level of detail [23]. materials undergo solidification of the soft maiktd hard,

As not all rapid prototyping (RP) techniques arallowing previous structures to support the weighthe
applicable to the processing of hydrogel materitde§s next layer as well as their own weight. Howevedrogels
requirement has redistributed a number of RBften remain deformable even after crosslinking28h
technologies. In addition, the production of hydog Insufficient support for previously printed layeran
scaffolds requires mild processing conditions, Wlagain cause the material of the previous layers to fdi@mvthe
eliminates some technologies unsuitable for hydsogelayer is added under the influence of its own weighis
This chapter provides an overview of the most intgrdr affects the print quality of the final structuredais one of
techniques developed for 3D printing of hydrogethe most common causes of three-dimensional sdaffol

design failure [23]

~5~
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Although it is common that even relatively rigidlge weight. The need for support materials is commanamy
can show considerable softening during printings thAM techniques, yet it is particularly difficult tprevent
phenomenon is particularly pronounced for very soffamage to materials and potentially integratedscilt
constructions, which are of interest for applicatio such soft materials where the modulus of elastisitess
mimicking the mechanical properties of many biotagi than 100 kPa (see Figure 7). In addition, for hyets,
soft tissues [23,27]. there is a narrow range of mechanical, thermal and

Biological hydrogels are difficult for 3D printing chemical conditions that must be met to maintaénsttape
because they must be supported during the gellogegs of the hydrogel skeletons [20,25].
so that they do not collapse and deform due to then

Spleen  Skin Glands Supraspinatus

| "
Brain Pancreas W Mouscles tendon Cartilage

0 1 5 10 30 100 500 1000

Young’s modulus, E(kPa)
Figure 7Young's modulus of elasticity for natural softuiss and organs [20]

3.3 Keyfactors affecting the press Some studies have looked at the effect of fiber
The most important characteristic for 3 D printisg orientation during printing on the surface and alter
printability. ~ This ability to create and maintainporosity of the scaffold, cf. Figure 8. For example
reproducible 3D ink scaffolds using 3D printingteiques  changing the orientation of each fiber near theeenig45
affects the structure of printed spacesuits andequently ° instead of 90 ° can reduce the amount of ink irequ
acts on their mechanical and biological propeif&s. Structures with larger inner pores require less darkthe
Structures for use as support structures for liviegs  other hand they endanger the stability of the stired[28]
can be made using extrusion-based printing tecksiqu[29].
For this purpose, hydrogels for their environment The thickness of the layer can affect the pore, sind
favourable to cells and high water content are lyideed. by changing the layer thickness during printing, reno
Hydrogels can be crosslinked physically or cherhcal accurate pore sizes can be achieved. The mainnréaso
which affects the quality of the extruded 3D stwet the change in layer thickness during the printirecpss is
Crosslinking hydrogels is a time consuming procass that the pore size does not remain constant frgmtdo
the hydrogel as such may be dimensionally stabdesatid  bottom of the scaffold, even though a constant rlaye
or flow as a liquid, thereby deviating substangifiibm the  thickness is used during the printing process. thange
desired design. Due to the poor compressibility df pore size is due to the weight of the followiagers.
hydrogels, printed scaffolds can sometimes collapsedo  [30]. Scaffolds with more precise geometries wesden
not form a 3D structure [28]. using smaller layer thicknesses. A recent studysddhat
The concept of printing is important because thicreasing the layer thickness by 8@ not only improved
difference between a printed scaffold and the ideaign production speed, but had no effect on the perfooma
required can affect mechanical and biological pridgg ~ dimensions and geometry of the spacesuits [31,32].
including mechanical stiffness and cellular funeti§28]. e
Naghieh et al. divided the factors influencing prig 5P e i
into three categories: scaffold design, ink, ardgfinting s N
process. Scaffold design parameters that may affect 4 \
printability include pore size, filament orientatjoand
layer thickness. The critical factor associatedhait ink is
its flow behaviour and physical properties. Reldévan
parameters of the printing process include the mrgism
of crosslinking (polymerisation) and the parametdrthe
printing itself, such as pressure and speed [28].

3.3.1 Scaffold design

Factors associated with scaffold design that affect
printing include fiber orientation, fiber spacimpre size,
and layer thickness. However, a limited numberwodies

have identified key elements that play an importatetin  Figure 8 Schematic representation of scaffolds wiitferent
printability in terms of scaffold design [28]. fiber orientations (90 °, 45 °, 60 °) [32]

~6~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 9 2023 Issue: 1 Pages: 1-11 [ISSN 2453-675X

Basic hydrogel polymer materials for 3D printing
Alena Findrik Balogova, Marianna Trebunova, Lukas Mitrik, Radovan Hudak, Jozef Zivcak

A complex view of the structure created by additivepatern” (see Figure 9). The shape of beeswax waseoh
manufacturing is their specific shape. There ardiss that in the press to create spheroids, which made ieets
have looked at the effect of the shape of a spaaasuts attach mesenchymal cells to human bone and enlecalice
subsequent use. For example, the work of Zhand. et differentiation [33].
focused on the printing of the so-called "Honeycomb

%, [ _I _—_
— — = . ST 16
Y — Vi === A=
S == | | | | -
[ Honeycomb —4 Space filling ]
curve
[~ Printing on border =] —" Printing inside —— — " Prinfing inside " —
o with coptinuous  ~ = border with = = border without
strands continuous strands continuous strands

Figure 9 Different patterns for scaffold printing4]

Several patterns are used to create hydrogel &tsiffo however, they usually lack sufficient mechanicagidity
the choice of which depends on the required funaifdhe and longevity [38].
scaffold. The zigzag pattern of hydrogel mateniahjch
due to its curvature requires support in 3D priogtiwas  3.3.2.1  Hybridinks
implemented to create a fabric structure. Squareewa A preferred strategy for producing printing inkst@s
patterns are used to form a scaffold due to tH@lityato  mix different types of materials with alginate. Téien is
increase the diffusion of nutrients and drugs thie core to create hybrid or composite scaffolds that shoproved
of the fibers pressed layer by layer. Another typgattern printing, mechanical properties and biological
that is used for continuous extrusion to improve thcharacteristics of alginate scaffolds. Pure algimktes not
printability of complex structures is space fillinhis have the adhesion sites needed for cell attachraeuk,
pattern has also been used to facilitate cell adheend therefore scaffolds made from alginate and gelatiag be

grow faster [34,35]. a solution for improving the biological properties
alginate scaffolds [39,40].
332 Ink Gelatine is widely used to improve the mechanical

Hydrogels from both natural and synthetic polymerproperties and printability of hydrogel scaffoldi4:. et al.
are commonly used bioapplication materials becthmse analyzed the properties of the scaffolds contaigelgtine
can provide a highly hydrated environment suitéideell  together with alginate and found a high water rien
adhesion along with mechanical integrity.rate. These studies suggest that the combination of
Polycaprolactone (PCL), polylactic acid (PLA) anolyp different ink-producing materials can aid in pnigiand
(lactic-co-glycolic acid) (PLGA) are synthetic poters allow better control of the properties of the solf§ to
often used in 3D printing that exhibit high prirgimnd achieve the required scaffold functions [41].
mechanical stiffness. The lack of sites for celieslon, the
high printing temperature, and the organic solvemgded 3.3.2.2 Ink surfacetension

to produce ink with these materials limit the proiilon of Since the attraction of liquid molecules is strartpan
cell contact structures, and thus for tissue emging and the attraction of molecules in air, a liquid-airrfage
drug applications [30,36,37]. tension arises at this interface. The contact abgtereen

Natural materials such as alginate, collagen, igelat these media indicates compressibility, which ismefd to
and chitosan are more gentle and less toxic tcs;celbs interfacial energy.

~7 ~
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A surface tension arises at the liquid-air integfacis unfavourable conditions for adhesion and subseu
because the attraction of the liquid molecules man cell viability.
pronounced than the attraction of the moleculgberair. 3. Another approach to solving the problem of lgimtp
Surface tension is a liquid-air interfacial eneagyd can quality is to increase the speed of the process of
affect compressibility due to the contact angleveen the crosslinking the hydrogel material or solidifyindpet
two media. This angle indicates the degree afxtruded scaffold. This can be achieved by modifime
hydrophilicity of the scaffold, that is, the hydtudlicity of  crosslinking mechanism (see Chapter 2.1) or thegigr
the scaffold can potentially support cell growth rmo of the scaffold - the higher the porosity, the dashe
because higher wettability improves biological hebar crosslinking rate [28].

[28].

In general, if the print substrate has a high serfa3.3.3 Theprinting process
tension compared to the surface tension of thetirgkjnk Printing parameters and the conditions under which
will melt. Conversely, a low-energy hydrophobic strhte  printing takes place are especially important whemting
results in less spillage and a higher contact di2gk complex 3D structures with different levels of psitg.

Most inks used in extrusion-based bioprinting havEactors to consider in a printability study are tyyee of
shear thinning effects, i.e., fibers applied atifigw rates needle used for printing, the pressure developed,tiae
have lower viscosities. Such fibers generally haweoth extrusion rate. Due to the interaction betweenirtkeand
surfaces at the exit of the nozzle, leading totgresurface the needle, the surface energy of the needle sladadcbe
tension (see Figure 10). It follows that the higtk i considered [41].
extrusion rate affects the lower viscosity of thereded For hydrogels, cross-linking during printing is a
fibers [28]. specific criterion, as pre-printing cross-linkingcieases
: : : the possibility of nozzle clogging, while crosskKing after
Weakgelation Ideal gelation Strong gelation 3D printing increases the likelihood that instapilor

disintegration of large structures will occur inrda
multilayer structures [28].

Thanks to their hydrophilic properties, biocompititio
and flexibility, hydrogels are used in several béatical
applications, such as drug carriers, absorbableesiaind
injectable biomaterials. Protein-based polymerspbfyn
some cellular functions, but the disadvantagerédadively
slow cross-linking rate compared to polysacchargleh

as chitosan, which have polymerization rates moitatde
for their printing [28].

Physical hydrogels are formed by a variety of renxe
bonds, including hydrogen bonds, hydrophobic
interactions, electrostatic / ionic interactions, well as
combinations thereof. The sol-gel transition in gbsl
gels is usually triggered by stimuli such as pH,
temperature, magnetic field or the addition ofauli ions.
Physical chitosan hydrogels do not need polymeoizat
gids during crosslinking, which makes them suit&n¢he
cells due to their low toxicity. However, these toygels
often have low mechanical stiffness and it is aificult
to reproduce their properties, such as pore size or
dissolution rate [28].

I. Laser-based systems based on the

Figure 10 Influence of the degree of gelation andpality of
the final product

By affecting the surface tension of the ink and th
substrate, printability can be improved or excessik
expansion can be reduced. There are three appsoticite
can be used to manipulate material properties:

1. In order to avoid spillage of inks with a loveerrface
tension and at the same time to obtain a low ersuggce h | o
such a printing substrate could be treated with ghotopolymerization process.
hydrophobic material. Substrate coating has been Il. Systems based on extrusion of (pre) polymers by
introduced as a suitable technique for modulating ¢ means o_fanozzle._ L
surface energy of a substrate without directlyciiffg the [ll. Printer and binder injection based systemd.[25
ink material. . .

2. High viscosity ink can be used to achieve minimgt  Resultsand discusson _
ink spreading and spilling on the substrate. Howewet While AM technologies used in the processing of
all high viscosity inks are suggested due to thednier Metals, ceramics and thermoplastic polymers haspreed

Another consequence of the use of highly viscoueriza generally involve the use of organic solvents, high
temperatures or crosslinking agents that are mopatible
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with living cells or biomolecules. Hydrogels museé b  International Journal of Biological Macromolecules
processed under more favourable cell conditionsglwh  Vol. 104, pp. 1143-1149, 2017.
was taken into account during the development ef tH6] MAITZ, M.F.: Applications of synthetic polymers in
methodological manual for the production of hydioge clinical medicineBiosurface and Biotribologyol. 1,
scaffolds by AM technologies. No. 3, pp. 161-176, 2015.

Another criterion is to solve the problem with sapgp [7] ODIAN, G.: Principles of polymerizationJohn Wiley
structures during printing. Although the need fopport & Sons, 2004.
materials is common in many AM techniques, for soff8] ULIJN, R., BIBI, N., JAYAWARNA, V,
hydrogels with a modulus of elasticity <100 kPasth ~ THORNTON, P.D., TODD, S.J., MART, R.J., SMITH,
problem has been solved by using the FRESH method, A.M., JULIE, GOUGH, E.: Bioresponsive hydrogels,
which uses a support bath. The liquid hydrogelhisnt Materials TodayVol. 10, No. 4, pp. 40-48, 2007.
pushed into it and the support bath thus hold$ldeogel [9] OUYANG, L., YAO, R., ZHAO, Y., SUN, W.: Effect

in the desired place thanks to buoyancy until lidgees. of bioink properties on printability and cell vidibyji for
3D bioplotting of embryonic stem celBjofabrication,
5 Conclusion Vol. 8, No. 3, pages 035020, 2016.

|ncreasing demands on medicine itself force rapid https//dxd0|org/lO1088/1758-5090/8/3/035020
progress in the field of materials applicable iis irea. the [10] BOM, S., RIBEIRO, R., RIBEIRO, H.M., SANTOS,

conditions for approval of materials are very highday, C., MARTO, J.: On the progress of hydrogel-based
only the biocompatibility of the material is notamgh, but 3D printing: Correlating rheological properties fwit
the material must meet a number of requirements and Printing behaviour, International Journal of
physical advantages. In the field of 3D printirfgg use of Pharmaceuticsvol. 615, No. March, pp. 1-14, 2022.

hydrogel materials, which have high potential ia field  [11] SKARDAL, A., SMITH, L., BHARADWAJ, S.,
of tissue engineering and regenerative medicine, is ATALA, A., SOKER, S., ZHANG, Y.: Tissue

important. The printing process itself is a comgtic specific synthetic ECM hydrogels for 3-D in vitro

event and several requirements must be met. maintenance of hepatocyte functidBiomaterials,
Vol. 33, No. 18, pp. 4565-4575, 2012.
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