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ABSTRACT

Three-dimensienal printing techniques are mcreasingly used for the production of medical devices due to cheir
abilicy vo princ specified designs wich high demensional accuracy. Indeed, the main meric i the widespread e
of 3D printing methods in medicing is refated o the ability of this method to prepare devices suitable for the
pagient. due 1o the Emications of rraditional production methods, such as economic inefficiency and multi-seage
processing for complex peornetric shapes. This review manuseript s nended te provide a summary of the
various concepts and technologies of three-dimensional printing used in the fiald of medicine. Biomaterials and

bioprinting are defined. Finally, the pharmaceutcal possibilives of three-dmensional printing are discussed
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INTRODUCTIOMN

30 prinfing invohes a sel of processes thot link
controlled moteriols together fo create o 3D
chiect. This process is wsuolly performed in
bovers[11]. In onother definition, 3D prinfing
refers o ony process by which 30 objecls are
farmed when loyers ore combined in o row in o
two=dimensional ooss-sechion. This process s
very similor to an evenl during which ink i
sprayed cnto poper in other types of prinfing thal
we know of, except that # ocours in 30 prinking by
crysiollizing, solidifving, or combining o liguid
material or powder ol any paint in the confoct of
the obgect thal we want o prnt. The presence of o
compuder is 0 nacessity in this process, since it is
bosed on "{mnp!ﬂnf--:lidzd‘ |:|=5ig|1I| [CAD} 1:"2'.
Eorly 3D prinfing lechnology wos observed in
1980, Dv. Kedoma from Jopon first ineemtsd this
technology in his own nome. Al the time, this
!Ecl‘ll‘h.'_IIDlE"' wios colled ropid pratatyping [RF). This
nome wos given becouse the fechnology wos
designed o gquickly and cost-effectvely creote o
profctype for maoss produchion. Following this,
Chuck Hull poterted the imvention of the
stereolithogrophy device [SLT} in his mome in
1984 |13

Mesdless 1o say, Hull invented his device in 1783,
and in the meantime he was busy creoting 30
Systema, which was then known os RP Systems
and is now one of the lorgest enterprises in the
field of 3D printing, where he built the firsi
profolype  of this deviee caolled SLA-1 ond
infroduced it in 1987, which possad the firsl
successful tests in 1988, At the some fime, Conl
Deckard, whe studied ot the University of Texes,
performed the RP process with selective |aser
simtering (5L5] an kis behal in 1987, The patent
for is invenfion was issued i 198%, then wos
issved ta OTM Inc., and was lofer issued on the
purchaosed 30 Systoms, In the some year, 1987,
Scoft ".':rurrlpl cadounder  of E'I'rn:llns]-'s I,
annaunced the patenting of his meling loyer
modeling mochine ond gove # to the company.
S0, the open source BepRop technology iz wery
tnchonal

RESULTS AND DISCUSSION

The term "30 @rinting” was originally dedicofed fo
o specific process, potented by soenlists from Ihe
University of Mossochusetts Instifute of Techmology
in 1993, and then the Hesnse for it wos grl:ll'll'Ed
wnder conlroct o mony manufochurers. Today,
thig term 15 usec s @ Ecnl.-n:ﬂ marme far mvany
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relaled processes [18] in line with the currend
irend of digialization [42]

Although thera ore differsnl methods fee 30
pr\-in!irvg__ their moin sfeps ore cormmon, The firsd
step in 3D printing is 1o cremte o 30 model for o
on o compider, This is done using 3D modeling
ar CAD softeore. In some  coses,
engineering ond 30 sconning of the available
por can olso be used, The sscond step is o
creote on STL model file. The modsl must be
converted to a format that con be reod on the
printer. Ta do this, the file must be converted o
STL [22)

30 printing ond OBl formats ore less popular
thon other formols. In 5TL formaol, palygons or
triangles are used to represent the model on the
primter. The 5TL fike iz imporfed indo o progrom
that shces lavars of files ond s colled a sheer [22].
The shcer receives the model ond converts it fo o
G-eode comaining instruchons for CHE mochines
and 30 prinfers. The third slep involves printing
the model. There ara mony maochines, sach af
which uses its own mechonism fo print the model.
As for the fourth step, concerming the removal of
prmh:d paris, il should be noted that in some
devices, the remaoval of parts is quite simple and
withou! ony problems, Howewer, in
industriol models, this process s guite fedhnicel
and precise. The last step, dep five, is post-
processing, which depends on  different
technologies. In some coses, the pod must be
freated with LIV rays,

The ferm  “oddibve lrlnrmfﬂﬂhr"lr'g' ':AM]_.
commanly referred lo as 3D printing, is dascribed
by IS0 / ASTM stondords os the process of
ini'ning moderials bo creals paris fram 30 model
daota, oflen loyer by loyer, in controst io the
mathads of forming produchion ond sublrachive
praductian [19].

A common feature of all 3D grinfing methods,
called AM, iz their sequential or step-by-step
processing.  Unfike costing o forging, which
require @ oneslep process or  solidificotion
process, of whal 4 obtained fram o cubic moss
when  shest medal = shifled, o mechomical
processing thot follows o subtroclive process,
creating bosed on 30 printing methods hos
significont  advasleges  ond  disodvantoges
compored fo previous troditiconal methods
Madern madicng uses three-dimensional grinfing
technologies bosed an biomaterials. Biomaterials
are noturol or synthetic moterals that inferoct
biologically with human fluids ond ore used fa
prepore  products to reploce any organ or
compansale for domoged fssues in the body in o
safe and  physiclogicolly  opproved  way
Biomateriols con effechvely solve many health
problems  using materials. They ore

FETErse

mora

P

appheable in eorirolled drug defvery systems, os
well as in the engineering ond cultivation of soft
ond hord fissues ond orgons [46,47,48], Whet's
more, bDiomcterials con  ollow  clinkcians e
ophimize prn-dul:l: for peophe using 300 printing
Depending on  the chemicol nofure  of
biomaterials, thay ora divided info four differem
types, including metals, ceromics, polymers, and
composites, Due fo the excellent mechonical
properties of metal biomalerials, they are mainly
wsed in denfistry or arthopedics [24].

In oddifion o the cruool mle of melal
biomaterials in reconstruchive swgery, they howe
olso recenily been used in non-bone Rissues.

Morgover, ceromic biomoterials con  hove
preedlerd  meeschanical propertes, a5 weall os
excellerd  wetability, wear-resistforce  ond

biocompotibility. Unlike maost mefols, ceramics
gre  resistant  fo high  femperotures. The
odvanioges of polymer  biomoterials  are
occeptable mechanicol properfies, stobility and
glosticity. Polymers are widely wsed in various
biormedical opplicotions, such os prosthefics,
implonts, controlled drug delivery, and 5o on.

It should ke noted tho! there ore various subbypes
of AM, such as three-dimensional printing, direct
digital produdion ([DDM], ond RBF, The fern
‘subfrochive  momufochuring”  [SM) refers 1o
traditional monufacluring approoches such os
machining, casling, molding. These opproaches
are usuolly equivolent to complex processes thot
require equipmen, locls, robols, computers, and
s0 on to develop three-dimenscnal parts, AM
ssgnificantly reduces or completaly ovoids the use
af toals, ullnu.nrlg wour 1o fully cusiomize projects
by simply chongmng the 30 medel in the soffwore;
which leads 1o lewer costs during the prototyping
stage [18].

Mew molenaol am bmng wsed in Biomedicing,
ond AM opproaches are being developed. One
of the maoin fackars in increasing the availobibty of
this fechnology is related to the expirofion of
earlier poferds that allow manufochurers fo creale
new 30 printing systems. The cost of 30 printers
hes been reduced dus to fa [olest devwslopments,
Thus, their use hos been exponded in homes,
sehacls, loboratones, ond librories.

There is o growsng general agreement to odopt
the 30 production syslem over frodiional
methads dus to some odvantoges, such as high-
precision  constuchon of complex geomedries,
flemble design, individual customizetion, and
maximum matenal sevngs 30 prinfing uses o
wide ronge of moterials, such os polymers,
metals, cancrete, and ceramics [10].
Acrylonitrilbutedienstyrene  [ABS}) and pohdodhc
ocid [PLA] are the mpin polymers used in 3D
printing of eomposites, Modem alloys and metals
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are commoanly used in the oerospoce sechor, as
trodifionol  procedures are mofe  expensiva,
difficult, end slow, Ceramics are mainly used in
medical 30 prinfing plafforms, ond concrete is
the main matenal used in bulding construdion,
However, the poor mechanical charadersfics ond
grusolrapic behavior of 3D printed components
=il limit the possibilities of lorge-scole printing.
Thus, fo control onisobopic behovior and
senstvity 1o defects, il & edbically impodant to
hove on optimal 3D prinfing somple [2%]

30 prwhng fechnology 13 used by clinicions bo
solve o wide rongs of problems in the field of
health ond medicine. Optimizing  medical
products for individuals 5 one of the most
prominent fectwes of this technology in
biomedical opplicotions.  In oddion,  the
produchon of complex structwes of implants,
proostheesas, surgr-rnl devices ond models s
onother odvontoge of 30 prinfing in medical
opplicotions. In most 30 prinfing processes, the
raw materiol consists of o soft plostic or metal
powder. The powder is wsually contained in
cortndges or boyers, os i i5 distribwded in very
small quontities and fed by a roller or blode
mausted in the frame on which the port of the
madel is mode. The thickness of these bayers,
token logether, does nof exceed the size of the
powder porficles of the source moferial, which
can reach 5 microns | 246]

Eurﬁ,r D prinh:r; TR I'na|:|=1|'.- able to creote
relofively  rough  sculpiures ol of  ploshc,
ceramics, ond somelimes ploster; but over hme,
mare odwanced pl'ini:rs weng creched thal coubd
print wolumes of melal with greoter occurocy ond
durability, Currenily, 3D prirders are wed jo prind
polymers, ceromics, ond mebals in vanous forms
af raw materials, mchuding powder, filament, and
big-ink. Significort odvonces in 3D prnfing
technologies howe ollowed surgeons lo eliminate
most of the disodvonloges ossocialed with
troditionol  methods of manufachuring medical
devieat, such as muliple stoges of produchian
ond expensive tools, ond con help in the
manutocture of devices for specific patients. The
various types of 3D printing process used in
medicol cpplhcotions will be discussed later [26].
m the FOM madeling opproach, o confinuous
flament mode of o thermoplostic palymes 2 used
im loyers of A0 printing maotericls. To achieve o
sermi-dicquid stale, the threod is heoled in o nozzle,
ond then it is extruded owver loyers thal were
previously printed, or on o platform. An important
feoture of thas npprﬂnch iz fhe Iharmnpl-:lsllc'rff of
the polymer thread, which ollows the threods o
e durlng prinfing arid :n|idif':|l at ambient
lermperature ofter printing. The loyer thickness,
orierdotion ond width of the thieads, os well o3

the air gop |belween loyers or in one layer] are
the main processing foctors thol offect the
mechaonical charocteristics of printed parts. The
main couse of mechonicaol instobility is intedayar
distorfion,

The maoin odvonioges of modeling deposited
mehal include occeptoble speed, low cost, and
simplicity af the procesz. Itk main disodvonioges
incdude weak mechonical choradensiics, poor
surfoce  guaolty, loyered oppeoronce, and o
limited number of themoplostic molerols. The
development of fibar-reinforced composites by
surfooing senulaohicn con improve the mechanical
porformonce of 3D-prinfed ports. However, the
binding between the matria ond the fiber ond the
formation of waids, as well as the orientotion of
the fibers, are the main obstacles that anse when
using three-dimensional printed composite parts
[18].

[n the field of heoltheare, the hdure o medical
devices ond medicines will be personolized for
different pofients, ollowing the use of AM
functions o visualize paotients ond  highlight
consistent devices. According fo the lierature,
FOM is the only method wsed b0 develop
personolized cotheters with promesing  results.
FOM iz o potentiol method for morufochening
surgical instrumenis, implonts, orfhoses, ond
prosthetice.

AM inkjel pnnting is uwsed lo print complex
caromic structures, swuch as frames for fabric
unginl:r.nnn. In Ihi:. |:r-|:||:|r|:|t||ﬂ'|. [ | ﬁ".!!-d |:e-r|:|mi-:
suspengion, such os zirconium oxde powder in
wiotar, is pumpad, ond f occumulates os droplets
fhrough on inpechon nozzle on the subatrote. Then
o continvous pattern of drops 15 formed, which
horden with sufficient strength fo hold the nex
layers of printed moterials. Thes is an afficient ond
tost opprooch  thot  provides flenibility  whan
prinfing and designing complex strectures [11].
Liguid suspensions and wox-bosed inks ore the
two main types of ceramic inks. To sobidify, wox-
bosed points ore heated ond oppled o o cold
bosa, and liguid cvoporotion is used to solidify
liguid suspensions, Foclors that determine the
guality of inkjet prinfed ports include the particle
size distribubion of ceramic poriices, estrusion
speed, irk viscosity ond herdness, prinfing speed,
and norzle size. The man disodvanioges of this
gpprooch  include the coorse resclufion, the
continuing workability ond lack of odhasion
beataean tha loyers,

hkiul p.rinfing i5 o compias tachnigus that
requires waniows tima ond long scoles. Therefars,
differen scoles and assumplions ore wsed when
using different molenals ter inkjet primhing.
Stereclithography (5LA] is ane of the moin AR
opproaches creoted in 1986, UV light (or electran
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beam| is used in this oppraoch o milicte a chain
reachon an o resn loyver of monomer solufion
Monomers |mainly bosed on epoxy resn o
ocrylic) are UV-ochive, and they immediately turn
ima pnl:,nTlnr chmins  ofter  thexr activalon
[radicalizotion). Alfer polymerizofion, the patiar
solidifies inside the resin loyer o hald the
suhsequent layers Whan printing is complete, the
unrepcled resin i removed. For some prinfed
parts, pod-processing such os phofo-turing or
heoiing con be wsed to  ochieve optimal
mechamcal  performonce. You con wse the
dispersion of ceromic poricles in monomaers fo
print  ceromic-polymer composites o cerifed
palymer-based monomers  such  as  silicon
oxyrorbide, SLA provides printing af high-quality
parts with o good resalution of wp o 10 micrans.
However, it should be noted that this is expensive,
relatively slow, ond there s o vory bmited set of
matenials for pnnfing, In oddition, the curing
process ond meochiaon kinetics are complex. The
maoin fodors that deferming the thickness of the
loyers are the ensrgy of the light wource and the
exposure. SLA con be effeclively wsed io crmghe
complex nonocomposites.

Az for the SLA% ohility fo create |orge-sized
ohjecs with submillimeter ermors, produds for
several patients hove been successfully prepored
to dote, such os Invisolign ® | wheh & an
orfhodontic device, and heoring oids. Moreover,
thanks to the development of rezobiion, the
=:-r|:u'|n:i|:1'| af npplh:ul'_!'h.- mtll'ti'iﬂli, oG rhy
cordral, and the produchon of pofient-oriented
devices, SLA hos proven s I:lhllil':.l' 1o b utesd ag o
potentiol - monuioclunng method  for  lissos
engineerng [8]

Due 1o SLA's ohility o create cross-linked polymer
structures through photopolymernzoton, this is a
potanfiol methaod  for  high-resalution  low-
femnperoture fobrcofion. These feofures of S0LA
methods moke it an excellent condidote for
corfrolled drug producion, bssue enginesring
{TE), and regencrofive medecine [RM).

Cne of the ftheee - dimensional prinfing
fechnologies 15 the use of pl'.wn'.l-EI ||:I‘rE'1' Fusion
[PBF).PBF processes consist of thin loyers of fine
powders thal ore dispersed and fightly pocked on
o plaHoem. Powders ore deposited in eoch loyer
h:,- a binder ar loser beom. The nesd |t|]-'Eh‘E: of

powders ore joined on fop of the previous loyers,
ond they merge so that the kst three-demensional
deigil i creabed. The excess powder iz Then
ramoved by vocuum. I mecessary, Further
detailing and processing, such os impregnotion,
siMering or coofing, ore performed. The maost
imporiont foctors affecting the effectiveness of this
opproach inchude the porticle sime distnioufion ond

powder pockaging, which determine the density
of tha pnnhpd pard [1‘3‘1.

The loser con only be used for powders with o
low sintering / maling temparoture, otherwise o
liguid binder should be used. SLS s used for
various polymers, olloy powders, and mefals,
while selectiva losar meling (SLM) is anly used for
certain metaly, sech as aluminem and steel. The
powders do nol complesely mell during loser
sconning in 515, and the increosed local
temperafure on the grain surfoce leads fo fhe
fusion of the powders ot the maoleculor level. In
oddition, with selechive |loser  sinfering, thee
powders complelely melt ond melf ofter loser
scanning,  resulfing  in befler  mechanical
performance provides o detoiled description of
the vorous opplications and molerols that use
515

PBF hos shown greod polenfial for wse os
producfion methods for fissue engmeenng and
bio-devices. H wos used fo make metol fromes
with the desired porosity for bone groffing.

I:I'-igliul |igH‘ prnms:ing -:I}LF",| iz alen used This
!Il:l;’hnn:llgu.'.- works with the phﬁl‘upﬂhﬂi‘er’ in the
some way o3 SLA, The main difference between
these fweo mathods is their spurce of rodiotian. b
DLP, o typical hight source is used logether with o
liguid erystal display [LCD) ar a digitol micre-
rirrer {OWAD) sereen thot offects the entire surfocn
of a reservoir containing o photopolymer resin al
one moment; indead, it oreates soch leyver in one
moment, o s wwaolly  fester  Fhan
slereclithography technology, As with 3LA, DLP
techmology creotes ports with greol occurocy,
olthough # hos the some problems, One of the
odvantages of this method over 5LA is that light
[rOCESSING reqUIres 0 reservoir confaining o very
low depth of resin, This reduces the cost and
soves expansive row biormolerdials, thas increasing
the owveroll heolth sedor perdormance  [41],
Compared fo other 3D printing fechnologies wsed
in  healthcore, DLF  technology  hos  high
resolution, speed, ond effciency, The use of this
technelogy began in 2004, ond due fo is
outstanding choraclerisfics, i hos affroded o lot
of oftertion in the field of mediciee, HKs
opplcotions in various fields include medical
devices (medrcel models, implonts, funchonalized
dewvices), fissue sngmesring |brar |IJ'|1;|5, omniea,
hearl, spinal eord, etc], ond phormoceuicals
[drug discovery ond development, dreg delivery]
10}

.|F-.‘||.||I1i|:||'||:-h:|n polyrmerization [MPHP) uses tha some
high-resalution SLA method, Thres-dimensional
printing in micro-scokes ond less than microns,
which has recently attrocted o lof of attention, s o
process bosed on polymerzoton of muliphetons
using an ulrashordt pulse laser. This nonfneor
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ophical process ocows by polyinerizing a light-
sensifive  material by smultonecusly obsorbing
sevaral photons with o higher wowelength, which
iz im tha range af TRO-B20 nm. Typicolly, pars
mode by the MPP method are muoch smaller.
Therefare, they ore nol suitable fer the fobnic
frome of implants. But on the other hond, # &
used 1o understond the interoctions of the cell
framework.

Photobioprinting = a newly developed AM
mathod that is widely used in TE and R, MPHP i3
considered ona of the mosd smpartont methads of
bioprinting due o the excellent cell viability, since
there is no exermnal force when printing the
produd. However, MPHP s ossocialed with Jow
speed and. expensive boals, which in some coses
makes it difficult o use [14].

Cine of the newes! 3D prnting methods used in
medicine is 3D prinfing on suspensions, This
method con be implemented through both 5LA
ond sinfering, In this method, the pholg-cured
matriz a5 0 binder con be combined with vorious
ceromic powders to  form  suspensions. The
suspension is then phofo-cured wsing o light
source to gwve the linal three-dimensianal shape
to be imed for the intended applicotions. As for
the sintenng process, the loser is used fo heot the
SUSPENEIoN ond fhen ELUB H, while in 50L& the
suspansion 15 cured by ight

This methad s most often used for deniol
implonts. Today, denfists use thres-dimensional
suspenson prifling fo moke dental implonis
using zirconivm dicwige (Lr0 7 |, The suspersion
consists of o pholo-owed resin, o methonol
salvent, and o Zr0 2 powder |

For core-Shell prinfing, o cooxiol nozzle is used,
which mokes it possible fo prnt on two different
mioterials stmulleneously. One of the molerials is
considered the inner parl ar oare, and the other
that covers the core m called the shell. Uil nowr,
coowial prinfing hos been wsed io moke core
shellk and hollow threods. Howewver, none of
them cowld prowde good mechanical properties
along with cell wiokility, I is wery imporfant that
the use of two biomoteriols in core-shell prinfing
con help optimize the mechonicol properies of
D prinfed objeds. As for moking the fromework
wsing this method, by choosng o crogs-linking
uggrl s the core and a hoamatericl as the il"-rE'“.
it woild be possible fo creote o hollow fube in pust
one  manufocuring  step,.  This  one-slep
manufocturing method s considered the most
aconomicol [18],

Cosm-shell printed fromes ore opplicoble in
ppplications. such os TE, such o5 woscubor
structures. The nordles are mode of mefol fo
prevert any deformaotion during the 30 prnting
process ond con prowde rapid cross-linking of

v matenals, rc.'.ulhng in ane-step produchon of
hollow flaments. This mellod s used for
monulachsring microcharnels, in which hollow
flaments ore supporting structuras that ensure the
mechonical  stobildy of the proded, and
microchannels serve 0s o woy 1o deliver nutrients
o cells [39].

40 prinfing ix a type af 30 prinfing. When the 30
prinfing process wses funchionol ond intelligent
moteriols thot con function due o external stiemuk
such os bheat, pH chonges, and so omn, This
process is colled 4D printing. # hos a high
patential for applcotion i biomedicol fields such
o5 organ  regeneration, fissue  processing,
implants, and drug delvery,

Imiticlly, 40 pronting wos considered o5 o
technigue thot links AM with fime, In fod, in early
research in 2013, the proposed sirotegy invohed
designing o 3D-printed pord thot undergoss o
controlled -il'il;lpl:: ;hung}:. .ﬂ.l!mrdir\g 1o Fhe
Atortic Council of the Urited States, 40 printing
is described os"an AM of objects thot hove fhe
|:|1:|i|i'|".l to saf-troonsform m Funchon or r:l'lr_'pi-: Rl
::-lpu-;:d o o predelerrmmed :.Iillh.lhﬁl wuch as
heat, osmatic pressure, ultroviclet ight, current,
atc anergy sources.” Consequently, 40 printing is
o progrommable asped of the 30 printing field
with 1he ability 18 chonge the funcionoldy of
ovoiloble materiols or hybrds of motericls thot
are designed to be self-owsembled in precise
shopes ond locotions. For this reoson, recen
developments in this field show that the foous is
on inefigent moteriols [2].

40 bioprinfing is aon opplication of 40 prinhng n
medicing ond fechnology thal is direcly related o
the materation of incorporated cefls. The process
of cell malurotion s corried owl through self-
orgonization wsing the fourth dimension, Le.
externol stimuli. Voriows moteriols such os ipids,
bicpolmers, ond hydrogels were printed using
40 printing for biomedical applicotions. One of
the most applicable motenals in the 40 prinfing
process s hydrogels thet respond to stimul,
induding smthetic and notural  ones.  The
un‘wu.nrqgc; ol uaing h-,-drugels in 40 prlnting arg
their excellent inferconnededness ond odjustable
porasity [T1].

In the lfergture, bn:lprlrﬂmg is described oz ® the
use of compuber ronsfer processes lo assemble
and farm nandiving os well as living moterials
using @ given thres-dimensionol  or
dimensionol orgonizotion to creale bicengineened
structures  tho! serve in  pharmocokinetics,
regeneralive medicine, ond baosic cell medicine -
that is “biological reseorch13]. To obtain o
trireg-dimensianal struchure of human tissues and
grgans, i i3 necassory 0 use precise and well
contralled methods  for |11r_1|1u‘|'|'.||.'lul"lng sulitalle

havea-
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beormaberials and living cells. With the obove
requiremants  in mind, fouwr kpes of three-
demansionol  bioprinking methods  have  been
dmlnpl:l:l that con print based on the principle of
beologicnl  relense. These methods  include
bioprinking systerms bosed an edrusion, inkjet
priding, loser printing, ond steraclithography
[17)-

In eddifion bo the wsual 30 grinfing preblams, 30
bioprinting problems  ncdude  cell  anclusion
problems. On the ather hond, in cose of
problems with 3D printing, the bio-ink must be
biccompotble and prowde good stucturol
stabildy, COn the otrer hond, cell-related problems
cormsst  of ql'l-.‘:l:l:lup-nlihifﬂ',' of biosensitive
plements ond cell vichilily, The most impodont
porameters in the further development of 3D
bioprinting ore cylocompotibility ond  good
pricfokiity. In oddition fo these problems, a
successhul three-dimensional bioprinfing process
requires a serile emnwvironmend with o constoni
femperature set of 37 * C. In oddion, sheor
strass is onother importont focior offecdling cells in
h:rgc quantibes. Currently, Here 12 g limiled
mimber of succssshul approoches, thot meat oll
the  reguirements of  three-dimensional
bioprinting, such os portiol gel crosslinkang.
Threa-dimensionol  bioprinking  hos  developed
sgnificontly over the post decode and is ropsdly
devaloping. One of the premising achevwements
af this methad is the prinfing of orgoms. Cirgons
are defined os o complex combnoton of fissues.
The term “"orgon prinfing “wos fire! maliced in
2003, which is described os "o ropid protolyping
technology for computer 30 printing bosed an
the use of loyer-by-baver deposition of cells ond /
or cell oggregotes in o 30 gel with sequential
moturation of the printed strudure oo
wvosculorized  and  perfused living orgons o
fissues’. "Prinfing of Orgons’ 5 shll wsed
frequently; # s especially wsed n populor
literohere. However, it is cumently brooder thon is
relatively normow oniginal definition [13].

Further advorces in bistechnology maoke it eoser
ond more possible fo creote prodects with o
higher percentoge of imidotion of nobural Fssues
and orgons. Bicfocturing is described a3 * the
outomotic produchon of beologically funclional
products with & structural  orgonizofion  of
bioacive molecules, |'r'.r|ng cells, cellular
oggregates such o5 microfubules, biomolerals, or
hyiorid rollamntetial el res, through
broassembly or bisprinfing and subseguant fssus
molurafion processes. B s wsed fo  describe
noturol processes such os biomineralizofion, and
technological processes in vorious disciplines such
os cofolysis, biotechnology, sensing, symihelic
biclegy, ond especially TE ond EM.

The choice of sutoble matenals Ffor use in
bioprinting, as well os the chovocheristics of fhess
moterials in o porhculor opplhcohon, depends on
worious foctors

al Prnfing copobility s choraclersties  that
focilitote the opplication and use of the bioprinter
include rheslogical properfies, viscosity, and
gelation approoches.

b) Biccompaotibilify, Motersels should not stimulate
undesiroble systernic or bocal host responses, and
they should moke on oclive ond controlled
contribution fo the funcbonal ond  biological
elements af the struchre.

C} By-products ond degrodofion knghes. The role
of degredafion should correspond fo the obility of
cells to produce ther own ECM; the by-products
of dcmmpqsi'lin:n il'll;\ll.lld nel  be  bowic: the
matericls should hove appropricte controchle or
swelling properfies.

d] Mechonical ond struchurol characienstics-
Maoteriols ore selected bosed on the required
mechanical characteristics of the strucure, which
range from soft hydrogels for cell compotibilty to
rigid thermoplastic polymer fibers for strength.

E) Biomimicry of materials is the development of
optimal  dyramic, funchomol  and  structural
charocleristics of the meteriol should be bosed on
knowledae of the fissue-specific composiions of
endoganous materials [ 18]

Implonts ore one of the mast useful 30 prinfing
products in heolthcore, which hos been widaly
developed using various 30 prinfing technologies
ond materials. The term “implont” is described os
o devics thol & surgicolly ronsplared or insaried,
permanently or tempaorarily, into the body o
improve,  support, or mainfoin  funclion  or
improve / chonge contour, Implonts can be made
from symthahc matenals, such o a hip prosthesis,
or from soft fissues, such as blood wessel grofts,
whech are mosthy irserd

The following definiion i the most recent
consensus  definifion  given ot the 2018
conference: it is o medical insirument made from
one or more hiomaterials kol are pﬂﬁl-nil'p or
completely placed in the body[B].

Consider the odvontoges of 30 prnting over
medicol implants

Al shortening the duration of the cperation | the
durafion af the operdion s shortensd by
planning ond replacng mplonis bosad on the
preliminary pothology, ond the surgeon and
surgicol fmom kmow exoclly the sheges of the
aperalon,

b Reduction of infrooperative blesding: i you
hove prior knowledge about the stoges of the
oparation ond reduce the time of operation, the
fatal mumber of bleeding during the operafion
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can be reduced. Thus, the reburn fo normal
conditions is foster thon wsuol

C) highar occuracy: surgeons will be obile 1o plon
the operofion beter i on oGocurake model is
ovailable. Depending on the shope ond sie of
the bone, implonts con be predormed. This
increases the accurocy and reduces the durofion
af the operation.

d) potient Education: o s now eosier to Explain
the pothology ond procedure of surgery fta
potients, as palient knowledge and awareness ore
ncreased by the ovoilobility of the 3D printing
model. This is useful for mforming potients ond
they will be awore of the expeclohons of the
surgery procedure,

el Trols: potionts will be beter informed aboud
cxpectabions by wsing the models guide. Thig
improves communicofion betwaen the patient ond
the dodor, ond consegquertly reduces the rumber
of medieal rii:pulr_'n.

&} lools and devices that ore specific 1o the pohend
; people ore differend, so the size of the bonas is
olsn different. Using this fechnology, you can
adjust the implants to the sxod size of the poliend
ond prepore the devices.

30 printing i olis used in pharmacy. Troditionol
processes such oz grinding, gronuloting, pressing,
and miking wsed in the phormocesticol industry
sometimes rasult in irregulor end produd qualdties
thot depernd on facters such as drug relecss, drug
loading, drug stobilty, ond phomoceuticol
dosoge. Threa-dimensional prinfing os o relioble
toal technology has compelitive advantages such
os increosed  sofely, increcsed resecrch ond
development productivity, drug ovailobilty, ond
efficiency. The moin odvantoges of 3D printing
thet moke it more otfroctive are histed below:

a) Personabzotion ([personalized medicine). W
imvalves adapling freotment fo the chorodenstics,
preferences, ond needs of each indrvidual patient.
This includes forgeted diognoss, freatment, and
follow-up, The concept of persanalized medicine
con be expanded fo include preventive medicine
aimed of reducing the risk of diseoses to which
the paliend hos shown o predisposition, by
changing the potient's diet, habits ond [Hestds, o3
wedl as by providing recommendations for the use
al <eroin  medsobons,  medicoliors or
wpphrn:nl-t.

b credling complex shopes: using 30 prinfing,
eomplex thapes con be formed with the exoc
dose of medicohon oF oclive phormoceutical
ingredments, even with 10-12 mol per foblet,
which helps reduce the side effects obssrved due
to excessive dosss. Compored fo  trodional
opproaches, when oomplex geometic shopes
ware not possble, this con be eosily achieved
uging 30 prinfing. In odditien, different sizes and

shopes l=od 1o different release profiles. Comples
forms resull in modified releose, odjusted drug
loading, and mozking the toste of the drug

Cl slow releose: 3D prinfing mokes # easy fo
mandaor and targel drog relecse, By printing the
binder in loyers of matr powder, @ con be used.
This crecfes o bomier between AP levels that
ollaws you 1o |:|'||:|1g|: e releose pr-ufilva.

d} Unique dosoge form: 30 prinfing con be used
in the phomaocevhcol produdion process fo
cregla on unbmifed number of unigue desape
torms, 30 printing is used lo creole o new dosoge
forrm,

2] Mini dispenser: the installofion of o 30D prnter
requirés mininal spoce, which ollows these
printers fo fit info ony ervironment, and # i
gconomical. Three-dimensional prinfing is on
outomated design. This means thal 30 prnfing
can be controlled using computer softwore aond o
network. In addiion, 30 printing lechnologies
mni-:l: i pu::ﬂ;h: fo :ndiwil;iuulia:: rredicines, Bosad
on these properies, the 30 prinfer works bke o

mim  dispenser, potepficlly  bringing  foblet
production closer fo pofients.
e} Integrotion with the heolthcore network:

phormocists ond docors con moke chonges 1o
the nest dose or combination of medications
depending on the patienfs needs. 30 printers ore
conhelled remotaly. This way, potiends con sosthy
pccass 30 printing.  This  increases  patient
complionce ond reduces the fima of chinicol
redponse 1o the pafient's needs {grom}.

CONCLUSION

According fo the literoture, you con see that 3D
prinfing technologies ore successhlly used in
medicine and heolheore and are the proper
representaticn of health development os 0 meln-
institution [43). Today, o significont number of
trodifional monufochring technologies ore baing
reploced by new 30 printing fechnologies due o
their ability for more controfled processing, higher
dimensionol ocourocy, ond  patient-oriented
deviees. Howewer, there ore some bmiflohons
when printing viseous row makenals, which leads
to modification, optimization, or replocement of
some ports, The commercolizoton of the
technologies highbghted in the ted iz ol
unclear, even fhough the core potential of those
tachnologwes fo fociltate territories” economic
development is rather obvious [44] since mony
Ierritories moke on emphosis on their effort to
anchor vonous inmovolion-driven business in bio-
fech ond med-tech [45]. Perhaps these
technologies con simply be used for research ond
nover gel o chones fo commerciobze, for
exaomple, those medical devices that hove nel yel

360 tniermaiionn] Jowrmal of Pharmsceutical Research | Ot = [ec 20200 Vol 12 | lzsue 4




Haorun Achmaod et al / 3-D Printing s A Tool for Applying Biotechnologies in Modern Medicine

hy fthe Food

bean opproved ond Drug
Adrminisiralion,

To combine the resulls of 30D printing sysiems,
wau need to chack the stobility ond repeotobilty of
the finol producis. However, it is difficull to predid
how widely 30 ponling covers medical
applications, Alhough 3D prnting opplicotions
and producs  m medcine, biology, ond
healthcore hove mode significont progress, they
still need to be carefully evaluated for comphance
with standords bosed on  efficiency, energy
consumption, ond sustoinobility. Moreowar, i
should be noted thot mloted indusries should
mp-purl‘ ococeme dmlu;ﬂhr:hr:. i this ared,
becouse  withaul el finaneial =ippot, ki
technology connol develop quickly and effectivaly.
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