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Abgtract: Over the last decade, techniques of additive nzaotufing of biomaterials have undergone a transftion,
from a fast prototype tool used in research aneld@ment, to a viable approach in the productiotugtomised medical
devices. The key to this transformation is theighf additive manufacturing to precisely defirtetstructure and
properties of a material in three dimensions, aratijust those properties to unique anatomicapagdiological criteria
based on the medical data obtained by Computed gi@pby (CT) and Magnetic Resonance Imaging (MRI).

The 3D bioprinting technique was developed as atisol to provide temporary and ubiquitous suppdrstouctures
during the printing process. In general, integr&Bdorinting may be understood as a building charttiz is filled with
bearing materials, where biomaterials, cellulaespids, cell-laden hydrogels and other materiatsirtks) are deposited
using a syringe-based extruder. In particular, RRB® bioprinting is a revolutionary technology, whimay bring a
fast and efficient advancement to medicine thaakbke ability to print new tissues from live cells.

1 Introduction 2 3D bioprinting techniques

Over the last decade, additive manufacturing There are several 3D bioprinting techniques whieh a
techniques for biomaterials have undergone eurrently used in the fabrication of 3D tissues.eTh
transformation, from a fast prototype tool usedesearch following three basic approaches are the most &ty
and development, to a viable approach in the pitomluof  used (Figure 1):
customised medical devices. The key to this transition 1. Extrusion-based bioprinting.
is the ability of additive manufacturing to predysdefine 2. Inkjet bioprinting.
the structure and properties of a material in three 3. Laser-assisted bioprinting.
dimensions, and to adjust those properties to eniqu

anatomical and physiological criteria based omtleelical The extrusion-based bioprinting is a technologyebas
data obtained by Computed Tomography (CT) anon using jets and the printing process requireshamcal
Magnetic Resonance Imaging (MRI). pressure for the controlled and continuous extrugib

The 3D bioprinting technique was developed as lioinks through the syringe jet. Materials may keeled
solution to provide temporary and ubiquitous supdr in three ways, in particular using the air (pneucadly), a
structures during the printing process. In genergbiston, or a screw. The most promising propertiethis
integrated 3D printing may be understood as a Imgjld technology include the universality of the choicé o
chamber that is filled with bearing materials, whermaterials within a wide range of bioinks and thghhi
biomaterials, cellular spheroids, cell-laden hydiegand precision production of chemically relevant tissuas
other materials (bioinks) are deposited using anggr organs. Optimisation of the jet diameter is the mmai
based extruder. In particular, FRESH 3D bioprintiag parameter of the printing process for a partichiairogel.
revolutionary technology, which may bring a fastdanA low-diameter jet for viscous hydrogel requiregthi
efficient advancement to medicine thanks to thétatdo  pressure, and high extrusion pressure increases the
print new tissues from live cells [1]. shearing stress of cells. At a higher shearingsteellular

damage may occur and this may reduce the life ofdlee
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cells after the printing. The pneumatic approadvigles cross-linking of the individual polymer chains. Hgdels
reduced cellular damage due to a lower shearirgssstr also exhibit high elasticity, similar to tissue stleity, as
during the printing process [2][3]. they contain large amounts of water [8].

The inkjet bioprinting is a 3D bioprinting techngio Hydrogels possess many attractive properties which are
which is based on a conventional process of inktipg. It~ suitable for the application of hydrogels as tisstedfolds.
is a contactless printing process in which bioingpiets For example, they are biocompatible and typically
are deposited onto a hydrogel substrate or a eutlish biodegradable, majority of them having specificl-cel
under computer control. The common methods can bending sites which are necessary to adhere, prald,
further classified into thermal and piezoelectrituator grow and differentiate. Furthermore, some of these
methods based on the droplet actuation mechanism [4 biomaterials may easily be cross-linked when presen

In the thermal technology, heating causes gadificat modified forms [9].
and formation of bubbles. Inflated bubbles foraeittk out
of a narrow nozzle and onto the substrate. In jgilentric
technology, droplets are generated by the trangressure
from a piezoelectric actuator. The piezoelectricthud
does not use heat and does not cause orifice dggiius
allowing droplets to remain directional while maiining
a regular and constant size [5].
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S— Bioinks are solutions from biomaterials that contain
— encapsulated living cells and are the basis ofrbiitipg. It
Figure 1 Basic principles of 3D bioprinting [6] is important that such materials cqntained in blkmmnal
solutions protect cells from mechanical deformatiaring

The third method is the laser-assisted bioprintifigs ~ the printing process, provide them with nutrientd allow
technology consists of directing laser impulsesufgh the them to proliferat¢10].
layers of materials containing also bioink ontaibsérate. Collagen is a major building block found in
The substrate is coated with a layer of titaniurgald that mammalian cells, specifically in the extracellutaatrix,
absorbs the laser energy to avoid cellular dam@ge. making it an attractive material for applications i
lower section of the layers contains cells ancbanlaiterial, biomedical —engineering, tissue engineering and
which together form a high-pressure bubble follapihe regenerative medicine. it has similar physicochainic
evaporation induced by a laser impulse. The bytralpels ~ properties to tissues and, due to its biocompfibiis
the bioink layer and forms droplets in order toilfmte ~ Widely used in both in vivo and in vitro applicat® Type
depositing bioink onto the substrate [7]. | collagen has been applied using the FRESH medhold

is the most common type of collagen. It represept$o
3 Commonly used materials  for 90% of c_ollagen in the skin, tendons, bones aredisre
L in organisms [11].

bioprinting _ _ Gelatin Gelatin is produced by denaturing collagen, for

The 3D bioprinting of tissues or organs is usuallgxample, from the bones, tendons or skin of anirbgls
carried out using hydrogel materials (Figure 2)dtgels acidic or basic hydrolysis. Due to its propertiests as
are materials capable of holding a mass of watee Tthermosensitivity and the ability to form a hydrbge
development of first hydrogels dates back to 1980&n  |ower temperatures depending on the concentraitias,
contact lenses were developed. Hydrogel is a hyaliop one of the most commonly used natural polymers. In

polymer material holding a great amount of watetlevh aqdition to biocompatibility, biodegradability, the
maintaining its structure thanks to chemical or gitgl

Figure 2 3D printing of anatomical structuresfrom hydrogel
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advantages of gelatin include low antigenicity, dbhsence
of harmful by-products, easy processing and lowscasl
these properties, and in particular its celluléingf, make
it a universal material for applications in tisgurgineering
and bioprinting [11].

Hyaluronic acid (HA) is a hydrophilic linear anionic
polysaccharide composed of B3-glucuronic acid and

1,48-Nacetyl-D-glucosamine. It is a major component i

the extracellular matrix (ECM), where it plays aiaal

role in maintaining cartilage homeostasis by retjup
cellular functions and the production and retentafn
matrix components. It is found in most tissue bisde all

living organisms. HA is currently used as a lubmicand

in healthcare to prevent postoperative adhesioesatse
HA is naturally present in tissues, it can be used
encapsulate cells [12][13].

Alginate is a natural polysaccharide - a natural anioni

polysaccharide refined from brown seaweed andrigasi
to the glycosaminoglycans found in the native EGthe
human body [12].

Chitosan has been studied in recent years for variou

tissue engineering applications due to its biocdihiligy,
biodegradability, low immunogenicity and also cai®
nature. Thanks to these properties, it is a promiio-
material for tissue engineering applications. Thghér
degree of deacetylation of the chitin chain proradte
biocompatibility of these hydrogels [10].

4 The principle of the FRESH 3D
bioprinting

FRESH (Freeform Reversible Embedding
Suspended Hydrogels) technology is based on theipie
of extruding biomaterial from the reservoir syringeits
liquid form into a support bath, where the biomalenust
polymerize rapidly. This polymerization processusdy

in air are therefore easily maintained in the id&gh 3D
geometry. The whole process takes place in a esteril
aqueous, buffered medium biocompatible for thesaeded

[9].

Figure3 FRESH 3D printing technique

Once the entire 3D structure is FRESH printed, the
temperature is raised to a cell-friendly 37 °Cstbauses
that the gelatine support bath melts for used gdicells in
bioink in a non-destructive manner. FRESH therefore
enables direct 3D printing of biologically relevdwydrogel

ofnks, including alginate, fibrin, type | collagemnd

Matrigel, within a support bath designed to be reetb
afterwards [14].

The most common material selected for use as a
supportive bath is gelatin. It is also suitable dadts

rapid crosslinking of the polymer molecules, andés th biocompatible properties, because it is never ptesso

crosslinking mechanism depends on the type of &dqut
hydrogel (Figure 3) [9].

remove 100% of the support bath from the extruded
structure. Even because of its origin in collageis, able

FRESH uses a thermoreversible support bath, whiéf bind to polysaccharides and other ECM proteliiis,
allows the deposition of hydrogels in 3D biologicathe residual amount of support bath does not aelers

structures of the desired shape. The benefit oFRIESH
method is the storage and insertion of hydrogelsainks,
which have been 3D printed in a second hydroggbatip
bath, which retains the desired shape during theinmy
process and significantly improves print fidelify3].

affect cell integration, but may increase cell asitve.

5  Conclusions
The main challenge in tissue engineering and
regenerative medicine is the production of funaion

The support bath and thus the hydrogel is placeal intissues and organs to compensate for a limited rumib

container of the desired size, consisting of gelpéirticles
which act as a Bingham plastic during the prinpingcess.
This means that at low shear stresses they belteva |
solid body, but at higher shear stresses they fikeva
viscous fluid. When the needle nozzle moves thrabgh
bath, there is little mechanical resistance; néedess, the
hydrogel is expelled from the nozzle and storeithénbath
held in place. In this step, the gelatin suspens®n
maintained at 22 °C in order to preserve its rhgiokd
properties. Soft materials that would collapse wémted

transplant donors. Until now, most 3D bioprintesktie
constructs were relatively small when comparedsgues
or organs that need to be replaced. This is pigrtaused
by the problems associated with 3D bioprinting oft s
materials and cells. Therefore, FRESH printing tres
potential to become the technology for manufacturin
models which will facilitate complete fabricatiohtssues
based on patient-specific anatomical data.
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