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Tehnicke karakteristike: Oblasti:

a) povecanje brzine izrade modela a) Medicina - 3D bioprinting
b) povedanje taénosti modela b) Proizvodnja hrane

c) novi materijali za AMmodele c) Gradevina

d) povecanje dimenzija modela d) 3D za kuénu primenu

e) telegenerisanje proizvoda na zahtev e) Avio-industrija




Printing Aims to Deliver Organs on Demand
stampa organa na zahtev)

3 $125,000 grant to develop a process for 3D
ampaci za pripremanje hrane astrona
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ADDITIVE MANUFACTURING & 3D PRINTING
Revolutionizing Breast Cancer Prevention With 3D Printing

ADDITIVE MANUFACTURING & 3D PRINTING
Digital Manufacturing Accelerates Medical Device Innovation
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= ADDITIVE MANUFACTURING & 3D PRINTING




AM tehnologije
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Vat Photo- Material Material Binder Powder Sheet
polymerization Jetting Bed Lamination
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Karakteristike AM tehnologija

ASTM Basic principle Example technology Advantages Disadvantages Materials Build volume Tool
category [mm = mm = mm) manufacturer/country
BJ Liquid binder's jet & 3D inkjet technology & Free of support/substrate = Fragile parts with limited & Polymers Verzatile (small to ExiDne, USA
printed onto thin layers « Design freedom mechanical properties » Ceramics large) PolyPico, Ireland
of powder. The part is « Large build volume = May require post processing  « Composites X = <4000
built up layer by layer By High print speed = Metals ¥ =< 2000
glueing the particles « Relatively low cost » Hybrid Z==1000
together
DED Fooused thermal energy = Laser deposition (LY + High degree control of & Surface quality and speed & Metals Versatile Optomec, USA
melts materials during & Lazer Engineered grain structure requires a balance & Hybrid X = &00-3000 InzsTek, USA
depasition MNetShaping (LENS) + High quality parts # Limited to metals/metal ¥ = 500-3500 Sciaky, LUSA
» Electron beam + Excellent for repair based hybrids £ = 350-5000 Irepa Laser, France
= Plasma arc meling applications Trumpf, Gemany
ME Material is seledively & Fuzed Deposition & Widespread use & Vertical anisotropy & Polymers Small to medium Stratasys, USA
pushed out through a Modelling (FDMLFused & Inexpensive & Step-structured surface o Composites X = <900
nozzle or orhce Filament Fabrication (FFF), « Scalable # Mot amenable to fine details ¥ = <600
Fused Layer Modelling + Can build fully functional = <000
(FLM} parts
M Droplets of build » 1D inkjet technology # High acouracy of droplet = Support material is often = Polymers Small Stratasys, LSA
materials are deposited = Direct Ink writing deposition required » Ceramics X = =300 3D Systemns, USA
& Lowy waste & Mainly photopolymers and o Composites ¥ =<200 PolyPico, Ireland
+ Multiple material parts themnoset resins can be used & Hybrid F= =200 IDinks, USA
& Multicolour = Biologicals WASP, Italy
PFBF Thermal energy fusesa = Electron beam melting = Relatively inexpensive = Relatively slow = Metals Small ARCAM, Sweden; EOS,
small region of the (EBM} + Small footprint » Lack of structural integrity » Ceramics X = 200-300 Gemany; Concept Laser
powder bed of the build = Direct Metal Laser + Powder bed acts as an = Size limitations = Polymers ¥ =200-300 Cusing, Gemany; MTT,
material Sintering [DMLS) integrated support = High power required » Composites £ = 200-350 Gemany; Phoenix
= Selective Laser structure # Finish depends on precursor = Hybnd System Group, France;
Sintering/Melting & Large range of material powwrder size Renishaw, UK:Realizer,
[SLS/SLM) aptions Gemany; Matsuura,
Japan, Voxeljet,
IDsystems, USA
SL Sheets/foils of materals  « Laminated Object + High speed, = Strength and integrity of parts = Polymers Small D systems, USA
are bonded Manufacturing [(LOM) s Low cost, depend on adhesive used » Metals X =150-250 MCor, Ireland
= Ultrasound = Easze of material handling = Finishes may require post = Ceramics ¥=200
consolidation/Ulrasound proce ssing = Hybrids Z=100-150
Additive Manufacturing # Limited material use
[UCFUAND
VF Liquid polymerin awvat is = Stereo Lithography (5LA} = Large parts # Limited to photopolymers = Polymers Miedium Lithoz, Austria
light-cured = Digital Light Processing = Bxcellent accuracy only « Ceramics X< 2100 30 Ceram, France
[DLP) = Excellent surface finish = Low shelf life, poor ¥ 700
and details mechanical properties of Z < 800

photopohymers
# Expensive precursorsSlow



Karakteristike AM tehnologija

i — > B m—
suitability In polymer matri moderate high very high

Metals
Ceramics

Polymers

AM
Process

AM

Sy Polymerisation
Principle

Feed
Form

Feed
State




Primena AM tehnologija u medicini/stomatologiji

1. Edukacija (doktori, pacijenti, forenzicari) i izrada
medicinskih/anatomskih modela.

Personalizovano predhirursko lecenje i predoperativno planiranje.
Fabrikovanje tkiva i organa, sinteticki organi za ispitivanje lekova

lzrada personalizovanih proteza, implanta, medicinskih pomagala,
vodica, membrana, i sl.

Proizvodnja hiruskih i dijagnostickih instrumenata, uredajai sl.

Primena u farmaciji — razvoj novih lekova, novi forme doziranj
novi nacini isporuke lekova i sl.

Additive Manufacturing in Medicine

Polymeric, metallic & -‘

ceramic

O@ @@@@00

Biogcaffold&  Drug delivery Lab & teat ﬂaa iative Orthoaes & Implants Training & surgery  Instruments
transplanis syslems equipment prostheses planning models for diagnostic
& surgery

Bio & Drug




Primena AM tehnologija u medicini/stomatolog
(oblast primene, ciljevi, benefiti)

Major medical areas where Additive Manufacturing has been implemented.

5. no.  Area of medical
application

Objectives

Major benefits

1 Surgical planning

2 Medical education
and training

3 Design and
development of
devices and
instrumentat ion
used in medical

4 Customised implant
design

The main objective is how AM become
more beneficial in surgical planning
These models provide surgical and
physician team a visual aid used to
become surgery planning better

Bone structure of patient is studied
before surgery, which reduced opera-
tion time, cost as well as risk

The primary purpose is that how this
technology provides better demon-
stration of intemal and external
human anatomy structure

It consists of many colours, so these
models are used in teaching as well
as in research purpose in medical
education

The purpose of this technology is how
this helps for design and development

of devices and instrumentation used
in medical

The purpose of this technology has
potential to fabricate customised fix-
tures and implants

Complex geometry is also built in
short time

With the help of this technology during
operation, we predicted the problem cause
and obtained diagnostic quality

AM models are better understood the com-
plex anomaly and complicated procedure
These models especially help in surgeries
where there are deformities or anatomical
abnormalities, in surgery of heart surgery of
spine maxillofacial and craniofacial surgery
AM models used for better illustration in
school and museums

These models are used by young doctors or
medical students to understand surgical
procedure and problem without causing
patient in discomfort

For fabrication of medical devices and
instrumentation AM is used because this
technigue design the model, develop and
then produced required medical equipment
or insruments

It includes hearing aid, dental devices and
surgical tools

CAD and AM technology make possible to
manufacture customised implants which
comfortably fit the patient with reasonable
Ccost

AM create accurate implant for patient
rather than standard-sized implants such
as knee joints, spinal implant and dental
implant which is significantly beneficial for
patient Surgical implant become more pre-
cise by using AM

j




Primena AM tehnologija u medicini/stomatolog

(oblast primene, ciljevi, benefiti)

5. no. Area of medical
application

Objectives

Major benefits

Scaffoldings and
tissue engineering

Mechanical bone
replicas

Forensics

« The primary purpose is how this tech-

nology fabricates implant with its
unique geometrical characterstics
like scaffolds for the restoration of
tissues

It replaces conventional scaffold fabri-
cation methods

How this technology is beneficial in
prosthetics and orthotics field of Med-
ical which starts with particular
patient anatomy

How AM technology used for mechan-
ical bone model fabrication

This technology replicates the mate-
rial variation done easily

AM tool is more beneficial tool for
investigation of crimimal, such as
homicide cases where crime scene
fior investigation reconstructed

« With customised implant fabrication risk

and surgery time is reduced

The scaffold is supporting structure and pro-
vides support and guidance to defective
patient bone or growing tissue which is
damaged

AM techniques like FDM, 5LS and 3D print-
ing are suitable for fabricating controlled
porous structures by using application of
biomaterial contributing in the field of tis-
sue engineering and scaffolding

AM technology increased the ability to pro-
duce complex geometry product with higher
accuracy

Accurate  alignment characteristics of
patient also needed in this model, which
allowing biomechanically correct geometry
development and improves comfort,
stability

AM fabricate custom prosthesis which fit
precisely to patient at reasonable cost such
as pattermn of dental crowns

SLA can create composite structure which
has similar property of bone

These bones can be-be provided strength
under various conditions

Also beneficial to recreate the stresses, frac-
tures and different changes in bone, which
give more helps to researcher and doctors

These models kept evidence for investiga-
tion of criminal and manufacture of differ-
ent scaffolds investigator in finding some
question answer

In many cases, it is used to create events and
scene accurately which guickly help for
solving cases

j







AM tehnologije u medicini

postpak | waterial___pimens

Polimerizacija u kadi
(SLA, DLP, TFSLA)

Fuzija prasSkastog supstrata
(SLS, DMLS, EBM, SLM)

Brizganje vezivnog sredstva
(3DP)

Brizganje materijala
(MJM, PJ)

Ekstrudiranje materijala
(FDM, FFF)

Laminacija folija

(LOM)

Direktno energetsko
taloZzenje (DED, LMD)

Polimerna smola

SLS: Polimeri (PLA, PC, ABS..)
DMLS, EBM, SLM: Metali (nerdajuci
celik, titanijum, aluminijum, legirani
celik-Cr, bakar)

Metali: nerdajudi Celik

Polimeri: ABS, PA, PC

Keramika: staklo

Polimeri: PP, HDPE, PS, PMMA, PC,
ABS, HIPS, EDP

Polimeri: ABS, nylon, PC, AB

Papir, plastika, lim

Metali: cobalt, hrom, titanijum

Vestacke kosti, dentalni modeli i
implanti, vodice, slusni uredaji

Medicinski modeli, medicinski
aparati, implanti, proteze,
fiksatori...

Modeli u boji, posebno modeli za
kodiranje anatomije u boji

Medicinski modeli, dentalni odlivci,
vodice dentalnih implanata

Medicinstki instrumenti i uredaji,
exoskeleton

Ortopedsko modelovanje povrsSine
kostiju

Reparacija postojecih uredaja i
komponeti, izrada delova vecih
dimenzija



AM materijali u medicini i stomatologiji

krilni fotopolimeri
etali (nerdajudi Celik, titnijum i legure titanijuma, kobalt, hrom | legure na bazi
ma, leguremagnezijuma, aluminijum, bakar)
edni biokeramicki materijali (glinica, cirkonijum, biokeramika na bazi kalcij
, porozna keramika itd.)
o-keramicki kompozitne resetke (scaffold) od polipropilen-trikalcij
CL i PCL-hidroksiapatit (HA) za FDM, PLGA, polimere na bazi
i polikaprolaktona (PCL) i polietereterketonehidroksia

u - kalcijum fosfat poznat kao koStani
TTCP) i beta trikalcij




* Charles Hull invented Stereolithography

* Dr. Gabor Forgacs observed that cells stick together during embryonic development
* (Dr Gabor Forgacs primetio je da se Celije drie zajedno tokom embrionalnog razvoja)

* Urinary bladder augmentation using a synthetic scaffold seeded with the patients' own cells

* (Povecanje mokracne beSike pomocu sinteticke resetke (scaffold) posejane sopstvenim celijama
pacijenata

» Thomas Boland's lab modified an inkjet printer to accommodate and dispense cells in scaffolds

* (Laboratorija Tomasa Bolanda modifikovala je inkjet Stampac za deponovanje ¢elija na scaffold
resetku)

* Organovo, creates the NovoGen MMX Bioprinter using Forgacs technology
* (Kompanija Organovo razvila NovoGen MMKS Bioprinter koriste¢i Forgacs tehnologiju

* Organovo prints the first human blood vessel without the use of scaffolds
* (Organovo stampa prvi ljudski krvni sud bez upotrebe scaffold-a)

¢ Organavo develops 3D bioprinted disease models made from human cells.
* (Organavo razvija 3D bioStampane modele abnormalnih stanja napravljene od ljudskih ¢celija




Structure > Function > Intelligence

| 1990~ 2000~
Non-living Biofunctional Biointelligent
structure living systems living systems
© Surgical planning O Cell printing [ Artificial organs O 4D Bioprinting
' Medical models O Cellularized constructs 3 Organ-on-a-chip O Biological neural network
Permanent implants 0 3D cell culture [ Microphysiological systems O Host-implant communication
Acellular scaffolds O Tissue engineering [ Drug testing models O Cell robots

Orthopedic innovations over time

Varieties of personalization

Knee surgical robots Custom implants:
implants and computer-assisted T
A lhalt-million knee surgical tools: : Hip

t . e Spinal
IlH"IfIIHIH::IIr. : mmlﬂ". « Ankle
LA * Hagt feedback  MaiBoticial
;ﬁﬂw implants = Implant placement
predhcty he number Oine Bursdred srventy-Fve
will five 6T theusand b
it bee et Rty are perlonmad annually
oy The ARDS predicss the Spinal

e by il Fiiar 1 7 4% in implants
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BioPrinting / BioFabrikacija
(Tissue engineering)

» Kompjuterski podrzan bio-additivni proizvodni proces kojim se deponuju Zive
celije zajedno sa skeletom (scaffold), u cilju fabrikacije tkiva i organa.

» Koristi tehnologiju Stampe 3D za proizvodnju c¢elija, biomaterijala i biomaterijala od
samih celija pojedinacno ili u tandemu, sloj po sloju, direktno stvaraju¢i 3D
strukture tkiva.

» Na raspolaganju su razli¢iti materijali za izgradnju skeleta (scaffold), u zavisnosti od
zeljene cvrstoce, poroznosti i vrste tkiva, sa hidrogelima koji se obicno smatraju
najpogodnijim za proizvodnju mekih tkiva.

» Koriste se razlicite bioadditive tehnologije proizvodnje, ukljucujudi:
= Laser-based writing,

= |nkjet based printing,

= Extrusion-based deposition

Bioprinting na bazi inkjeta/ekstruzije je najvise zastupljen!!!

» Bioprinting omogucava veliku preciznost u pogledu prostornog deponovanja celija.

» Precizno pozicioniranje vise vrsta celija je neophodno za izradu gustih i sloZzenih
organa, kao i za istovremenu konstrukciju integrisanog vaskularnog il
mikrovaskularnog sistema koji je od klju¢nog znacaja za funkcionisanje organa



BioPrinting / BioFabrikacija
(Tissue engineering)

(koraci) u bioprintingu:

eiranje strukture-Seme (blueprint) organa zajedno sa
larnim sistemom

isanje plana procesa 3D bioprintinga;
maticnih celija;
ija maticnih celija u Celije organa;
ervoara sa specificnim ¢




BioPrinting / BioFabrikacija
(Tissue engineering)

Flmu&%

lanocytes

Keratinocyte

Cell collection & culturing . @
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CAD/CAM
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Bioprinting
Bioprinted skin




BioPrinting / BioFabrikacija
(Tissue engineering)

Autologous cell donation, 3D scan, diseased cell lines

! l

Pre-processing Processing Post-processing Evaluation Application
i
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ymponente neophodne za bioprinti

Bioprintig
. + Hydrogel + Bioprinter = tkiva ili
organa

Pre-procesiranje

Procesiranje

\.

Post-procesiranje




omponente neophodne za bioprinting

Materials Hydrogel Bioink Cellular tests

Y

Mechanical tests

Bioprinting

Parameters Crosslinking

Pre-printing Post-printing

/ Hydrogel Network\ / Elastic Properties\ Cell printing 1

Bioimaging CAD N +

*
) Blueprint _ s
|. Pre-processing T Acrylated Triblock copolymer Sl i oo § Ps N
Cell/polymer bicink
hoto-initiatol
Bioink Biopaper I" . | ‘ ]
Il. Processing ey v - Visible light [
) Compression and recover || (395~405 nm) \

. _
Mawmwnsl l /IB:bmonitoriny Lo
Bioreactor —— Single-network biodegradable
lll. Post-processing , 3 3teps in Bloprinting L

hydrogel

Twisting and recover



Kreiranje Bioink-a 3 Collected

: Kada se proizvede

1 Cells dovoljno celija,

o \/ sakupljaju se da bi

Poreklo: celije | se napravio Bio-Ink.
pacijenta dobijene _ { |
biopsijom ili - CELLS ARE THEN ' "'
mati{:ne Celija. 5 _  Sferoidni oblik -
Uzgajane . | - * Uno3enje u kertridz radi
standardnim kreitranja Bio Ink-a.
metodama i _
tehnikama. 9

2 Cultured

Celije se uzgajaju u mediju za
rast Sto omogucava Celijama
da se mnoze i rastu.

19 December 2022 - 22
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Bioprintinga krvnih sudova

Cell culture & Expansion Biodegradable Scaffolds

/ Autologous cells: Nature proteins
Vascular cells Biodegradable polymers
Adult stem cells Decellularized vessels
Other cell types \ / Hybrid scaffolds
Allogenic cells: o

Vascular cells Cell Seeding
Embryonic stem cells @ .

Cord blood cells \
Culture chamber

Transplantation | ]

S

Tkivni sferoidi za Stampanje krvnih sudova: (a) taloZenje ravnih niti koje sadrze niz tkivnih sferoida (obojenih belom bojom) sa
agaroznim (polisaharidnim) filamentima kao pomoénim materijalom (obojeno u plavo) oko ¢elijskih filamenata i unutar jezgra,
(b) dizajn za visecelijski sklop sa (c) Stampanim uzorcima sa ¢elijama glatkih misi¢a pupcane vene i ¢elijama fibroblasta koze.




Hidrogel

e Glavni cilj inZenjerstva tkiva je pronaci odgovarajucu podlogu koja bi bila analogna
prirodnoj izvancelijskoj matrici.

* Problem koje se javlja prilikom slojevitog Stampanja ¢elija, posebno u strukturama vecih
dimenzija jeste brzo raspadanje takve strukture zbog nedostatka krvnih sudova za dovod
kiseonika i hranjivih materija.

* Hidrogel je biorazgradivi materijal koji u Stampanom obliku daje formu, zajedno sa
celijama suspendovanim u mastilu na bazi vode, te biorazgradivom polimeru
rasporedenom u reSetkastom uzorku i privremenoj strukturi.

* Tkivo ima sistem mikrokanala koji omogucuje da se hranjive materije i kiseonik iz tela
rasprsi u strukturu dok se sistem krvnih sudova ne formira

* Hidrogel je supstanca koja nastaje kada organski polimer (prirodni ili vestacki) pocne
gelirati kako bi stvorio trodimenzionalnu otvorenu reSetku koja hvata molekule vode il
druge rastvore pomocu kojih nastaje gel. Moze da absorbuje veliku koli¢inu vode ili

bioloskog fluida (suspenzije).
oA WAL S T TR




Stampanje/nanosenje hidrogela

stvaranje slojevite strukture vrsi se ispreplitanjem mekanih biopolimernih slojeva na nacin da se
roz jedan biopolimer koji predstavlja bazu, provlaci drugi koji ima osobinu da u sebi moze
adrzavati mikrocCestice, biomolekule ili zZive Celije.

astvori dva razlicita biopolimera odvojeni su u razli¢itim spremnicima.

zom kanala dovode se do izlaza na kojem pocinje njihovo ispreplitanje (stvaranje mozaika).
ze se oko deset razlicitih slojeva od milimetra do centimetra duzine koji sadrze praznine,
ucja spajanja slojeva i podrucja popunjena mikrocesticama (npr. éelijama)-

hidrogel sa

“\

sistem kanala ™~
i spremnika \
ispreplitanje



oces stampanja
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Post-printing







3D Bioprinting - metode

ersko deponovanje ¢elija (laser-based writing of cells)
ponovanje na bazi inkjet sistema (inkjet-based systems)
onovanje na bazi ekstruzije (extrusion-based deposition (FDM BioE

(a) (b)
Laser pulse Printhead|
Donor-slide

Cell

Energy absorbing
layer Bioink
. ™\ Biological material
_— - Onfice
\/\ Collector-slide ¢
Cells .
(c) \ Air Pressure

-—
Robot
\‘\\motion

Piston
Biomatenal and Cell
Solution

ﬁﬁﬁﬁﬁ Micro-nozzle tip
-~ Crosslinker base




3D Bioprinting - metode

Cells . Extrusion-based Inkjet-based Laser-assisted
bioprinting bioprinting bioprinting
‘l'.‘l'ill’
Polymer(s) l laser-pulse
denBreiie Tissue engineering
Cross-hnker ) J energy-absorbmg
i~ piezoelectric layer :
actuator >
1 or heater e
o
Bioink

Polymer based bioink

Other Polymer
(optional)

Polymer

In vitro disease mode

Functional peptides
(as growth factors or
adhesion peptides)

Cells




Deposition

Cells in Cartridges for

primer

o0
69 |

B

3D Bioprinting



FDM BioExtrusion

Biokompatibilni materijali: Polycaprolactone (PCL)

Scaffolds

1

-~

hicm=stnuchrd detdls
Compuational modeling
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Skaffolds

Trachea

Heart valves

Blood vessel

Molecules

EE R T R 4

+ Polymers
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4D Printer

3D Printer




FDM BioExtrusion

4— Air pressure 44— Air pressure
Or pressure
from syringe

pump motor

Heating
tape

Nozzle tip

{a) (b}

VALVE

DISPENSER
FAN
T HEAT SINK

——

HYDROGEL HEAT PIPE]|

PELTIER]
DEVICE

NOZZLE l MIST
SPRAY]

HEATER

COMPRESSED AIR

SIIL I 77777777 7777777777,
PC

Dispensing material
(with cells)
T1

~ Solidified material
(with encapsulated cells)



3D Bioprinting
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3D Biostampac
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3D biostampac

O Americka komanija Organovo pomocu bio Stampaca stvorila je trodimenzionalni model
tkiva jetre debljine nekoliko milimetara.

O Trenutno se koristi za klinicka i farmaceutska ispitivanja lekova i njihovih ucinaka, znatno
skracujuci vreme potrebno za njihovo pustanje na trziste.

O Osnovna razlika izmedu klasi¢no uzgojenog tkiva i navedenog bioStampanog je njihov
vek trajanja: dok klasicno moze preziveti nekoliko dana, bioStampano tkivo moze
preziveti minimalno dve nedelje




3D biostampac

®BRINTER®




Evolution of Tissue
Engineering
and Bioprinting

HOW IT WORKS

1984  Charles Hull in

Main Components: |

& = gy

Cells Hydrogel MovoGen MMX bioprinter

1996

Creating the BioInk 3 Collected

1 Cells l
Circa CELLS ARE THEN Y
2000 e
2003
2004
2009

Printing Process NavaGen MMX bioprinter is used to
2009 NovoGen MMX bioprinter
-2010
201

»> »>
What Has Been = (i)
Achieved So Far
Nerve gurd -
ch - 201 -

Present Day b

t would take
1,650,912,929,600 hours
to print ry
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3D Bioprinting




Trenutno stanje

Uho: 250 pm Ccelije i kolagen iz repa pacova
omogucavaju izradu ljudskog uha za 15 min.
Post-procesing: 3 meseca. Sluzi deci sa
ostecenjem sluha zbog nepravilnog oblikovanja
spoljnog uha.

Bubreg: Gradnja sloj-po-sloj skeleta (scaffold) i
deponovanje celija bubrega. Tkivo koje ce se
transplantirati pacijentu. Degradacija skeleta - in
Vivo.

B Krvni sudovi: Cvrsti i netoksi¢ni filamenti na bazi
& §) Secera Cine jezgro. Celije deponovane oko
2 filamenata. Protok krvi rastvara Secer.




$65,000,000,000

Graftovi koZe: lasersko skeniranje rane za
odredivanje dubine i podrucja. Jedna mlaznica
deponune enzime, a druga celije. Sloj koze
konacno je zatvoren ljudskim celijama. Korisno
u ratnim i katastrofalnim zonama.

Kosti: Stampanje skeleta sa kerami¢kim ili titan
prahom, inkubacija od 1 dana u kulturi
maticnih C¢elija coveka. Primena kod slozenih
lomova.

Testiranje lekova



3D Bioprinting bubrega
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Bioprinting - Prognoza

Technology Adoption
( after 5- 8 years)

. ' * Specific organ .
new Skin tfigsue reli}[ggc%ment * Replacement of 31
At or importan :
laee & or an.sp like heart printed OrSdias
and kidney. aftfordable pr

ente Personalized
eplacement for °




Za & Protiv

Vestacki organ personalizovan
pomocu sopstvenih Celija pacijena
Nema odbacivanja organa

Nema potrebe za imunosupresivi
koji su potrebni nakon redovne
transplantacije organa

Nema potrebe za donorima

Nema Cekanja




Izrada personalizovanih implantata i proteza

> Moguce je izraditi implantate i proteze bilo koje geometrije prevodenjem X-ray,
MRI ili CT snimaka u digitalne .stl 3D print datoteke

Na ovaj nacin, 3D Stampanje uspesno se koristi u sektoru zdravstvene zastite ka
bi se napravili i standardni i sloZeni prilagodeni protetski udovi i hirurski impla
yonekad u roku od 24 sata. Ovaj pristup se izmedu ostalog koristi za i
plantata za zube, kicmenog stuba i kuka.

n“”s lewaia ;
&

CT SCANINNG PHOTO FORMAT 3D RECONSTRUCTION- STLFILES
PREPARATION CAD MODEL

2t ol .

-

——

V=

Aw,
w5

BUILTIMPMANT IMPLANT LENS-PREPARATION OF
MANUFACTURING THE MACHINE

IMPLEMENTATION




Izrada personalizovanih implantata i proteza
(koraci)

Process chain development in medical application of Additive Manufacturing.

Post processing,

Sterilisation and
Surgery

sterilisation and
SUIgery

The surface finishing of medical model and improve safety
during operation

It is last steps of process chain in medical. After surgery
patient may feel relax as various cases discussed in different

papers

Diagnosis 5.no.  Process chain Achievement Limitation
member
1 Diagnosis « Medical diagnosis process help for deciding patient signs  « Hard for obtaining accurate and
and symptoms for condition or diseases reliable data
+ AM used for reverse engineering
Imaging and scanning 2 Imaging and « Medical imaging and scanning technology used for scanning  « Financial burden for the patients
scanning and find diseases earlier
« Imaging and scanning used for top development from no of
years
@ « These used for determining broken bone as well as diseases
. in human bo
Data Transformation W
3 Data transformation  « Preparing a data from computing which derived from the  « Need high level of skill in data
original value analysis
p G' « Before statistical analysis the data transformation is
Design and Customisation necessarty
4 Design and « Medical Rapid Prototyping can design and fabricate cus- « Meed high-end designing and AM
customisation tomised implants according to required technology is costly
]  Shape and size which vary from patiet to patient
. - . . 5 Biomechanical « The biomechanical simulation used to improve human body e Create more problem for patient
Biomechanical simulation . : . . . .
simulation parts injury if exact analysis of spine not
« They replace defective bones, skull, etc. available
« Withthe help of AM technology, we achieve models, which
-ll used for adapting the user or patient needs
e It also contributes to analyse and describe the spines inter-
Regulatory approval nal dynamics.
G Regulatory approval  « Regulatory Approval is critical either of the patient or any  « MNeed authorisation whether it is
@ other concem or health authorities feasible or not
« Safety and precautions are also
Rapid manufacturing needed
7 Rapid « Medical Rapid mamufacturing is used to produce medical « Create problem if there is poor
0 manufacturing maodel according to geometric accuracy in required time. surface finish
8 Post processing, « Post processing increase strength, accuracy « Increase in overall cost of medi-

cal implant




lzrada personalizovanih implantata/proteza
(benefiti)

jSana Cvrstoca implantata/proteza st enses
razvoj novh medicinskih Cohler Implants

Maxillofacial
Reconstruction

ntata/proteza

Prosthetic




Izrada personalizovanih implantata/proteza
(primeri)




lzrada personalizovanih implantata/proteza
(primeri)

Ljuska koja ulazi u karlicnu
kost (metalna legura)

— Kapica bedrene
kosti (PE)

___ Glava bedrene kosti
(metalna legura)

i

o Bedrena kost

Kapica bedrene kosti

(metalna legura)
Dodirna povrsina
(PE)

uglavljuje u bedrenu
kost (metalna

legura)

+— Acetabular cup
— Head.

cA

N
™

Bonein- g
growth area

Femur bone



Izrada personalizovanih implantata/proteza
(primeri — sréana membrana)

Naucnici su stvorili novu revolucionarnu elektronsku membranu koja bi mogla zameniti
pejsmejkere. Obmotana oko srca omogudila je normalne otkucaje tokom vremena.
Uredaj koristi ,mrezno senzore i elektrode poput paukove mreze” kako bi kontinuirano
nadgledao elektri¢nu aktivnost srca i slao elektricne impulse za odrzavanje zdravog
broja otkucaja srca. Istrazivaci su koristili tehnologiju racunarskog modeliranja i 3D
Stampac da bi napravili prototipsku membranu i uklopili je u srce zeca, odrzavajuci
organ da savrseno funkcionise ,van tela u odgovaraju¢em rastvoru”.



lzrada personalizovanih implantata/proteza
(primeri)

A\

Titanijumski implant petne kosti

Exoskeleton dobiJ:em pf)mOéfJ FDM Ingestivni, samo-napajajuci uredej koji osatje u stomaku
omogucava paralisanoj osobi da mesecima iispusta diskretne doze lekova kod pacijenata
kponovo hoda koji zahtevaju dugotrajnu medikamentaciju



Izrada personalizovanih implantata/proteza/uredaja
(primeri)




Izrada personalizovanih implantata/proteza
(primeri)




Proteza ruke dobjene 3D stampom

Foto: Medija centar Fakultet tehnickih nauka Movi Sad

ZA BOLJI | LEPSI ZIVOT DEVOJCICE RGD ENE BEE RLIKE .f

OVO JE VESTACKA RUKA IZ 3D STAMPACA
ZA DEVOJCICU 1Z VRANJA (4): Pogledajte

podvig naucnog tima sa Fakulteta
tehnickih nauka u Novom Sadu! (FOTO)




Primena AM tehnologija u stomatologiji

3. ORTHODONTICS 4. ENDODONTICS
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Primena AM tehnologija u stomatologiji

Converting to
CADusing

Rapid Manufacturing,
ViaEBM



Proizvodnja hiruskih instrumenata i komponenti

Additively Manufactured Instruments for
Surgery and Diagnostic

Conventional Unconventional

General Specific General Specific
Purpose Purpose Purpose Purpose




Proizvodnja hiruskih instrumenata i komponenti

Microneedle — Mikro igle




Anatomski modeli za hirursku pripremu

Pojedinacne varijacije i slozenosti ljudskog tela Cine korisce
D stampanih modela idealne za hirursku pripremu.

stampani modeli mogu biti korisni za planiranje hiru

mpani neuroanatomski modeli mogu biti
neurohirurge za prikaz nekih od najko
judskom telu

ije kicmog st




Anatomski modeli za hirursku pripremu

PATIENT COMMUNICATION MODELS




Anatomski modeli jetre za transplataciju

Poredenje 3D Stampane 1 stvarne jetre primatelja (levo) 1 donora (desno)



Jukacija i izrada medicinskih modela







Primena AM tehnologija u farmakologiji

» Tehnologije 3D sStampanja se ve¢ uveliko koriste u
farmaceutskim istrazivanjima i proizvodnji, i donose neka
revulicionarna resenja u ovu oblast.

» Prednosti 3D Stampanja ukljucuju preciznu kontrolu doze leka,
visoku reproduktivnost i sposobnost proizvodnje razni formih
dozatora sa kompleksnim profilima za otpustanje leka

» SloZzeni procesi proizvodnje lekova takode bi mogli biti
standardizovani koris¢enjem 3D stampanja kako bi ih ucinili

jednostavnijim i odrzivijim.

» Tehnologija 3D Stampanja je veoma vazna Uu razvoju
personalizovane medicine.



Primena AM tehnologija u farmakologiji

» Personalizovani 3D Stampani lekovi mogu narodito biti korisni
kod pacijenata za koje se zna da imaju farmakogenetski
polimorfizam ili koji koriste lekove sa uskim terapeutskim
indikacijama

» Farmakolozi mogu analizirati farmakogenetski profil pacijenta,
kao i druge karakteristike kao Sto su uzrast, rasa ili pol, da bi se
odredila optimalna doza leka.

» Farmakolog tada moze da pravi (Stampa) i distribuira
personalizirane lekove putem automatizovanog 3D sistema za
stampanje.

» Ako je potrebno, doza se mozZe dalje prilagoditi na osnovu
klinickog odgovora.



Primena AM tehnologija u farmakologiji

» Primarne tehnologije 3D Stampanja koje se koriste za
farmaceutsku proizvodnju su inkjet based i inkjet powder
based 3D printing tehnologije.

» Pri proizvodnji lekova na bazi inkjet tehnologije, inkjet Stampaci
se koriste za brizganje komponeti leka i vezivhog sredstva u
obliku malih kapljica preciznim brzinama, putanjama i dozama
na podlogu. Najcesce korisceni supstrati ukljucuju razlicite vrste
celuloznog, premazanog ili nepremazanog papira,
mikroporozne biokeramike, staklenih skeleta (scaffords),
metalnih legura i filmova na bazi skroba.

» U 3D Stampanju na bazi praha, glava inkjet sStampaca nanosi
"mastilo” na osnovu (bazu) od praha. Kada "mastilo" natopi
prah, on ojacava i stvara cvrsti dozni oblik, sloj po sloju.
“Mastilo” moze ukljucivati aktivne sastojke, kao i vezivno
sredstvo i druge neaktivne sastojke. Nakon sto je 3D stampani
oblik osusen, cvrsti objekt se uklanja iz podloge praha.



Primena AM tehnologija u farmakologiji

& printBed




Primena AM tehnologija u medicini/stomatologi
(sumarni pregled)

Summary of the main characteristics, advantages and limitations, and challenges and future directions of AM technologies in clinical applications of pharmaceuticals, medical

implants, and medical devices.

j

Clinical
application

Main characteristics

Advantages

Limitations

Challenges and
future directions

Oral drug

Transdermal
drug

Hard-
structure
implants

Soft-
structure
implants

Diagnostic
tools

Produce oral drug with complicated
structures and elaborate shapes

Exquisite precision has been leveraged for
the manufacturing of automatically
adaptable patches

Allow accurate control of the internal pore
structure of porous architectures, and
allow complex geometries to be
manufactured with repeatability

Recreating human structures within cell-
compatible materials

Visualization of patient-specific organ
anatomy

Designed to achieve high strength-to-
weight ratios

Fabricating custom foot orthoses, ankle-
foot orthoses, and wrist splints

Designing and fabricating patient-specific,
customized surgical instruments

Incorporation of drug-loaded
formulations or APls; dose accuracy,
convenience, and time-effectiveness

High thermal stability, drug-loading
capacity, and resolution;
manipulation of the release kinetics
of drugs

Versatility. high precision. accuracy.
surface finish, and structural
integrity; suited for creating highly
porous implants; durable

Dramatically improved functions of
the cells of organs

The amount of information has been
dramatically increased by
precperative planning beyond the
features of individual organs
Require less material to achieve
similar performance capabilities,
potentially resource efficient

Good fit and adequate strength

Allow for a more controlled and
simplified operative experience;
reduce the cost of tools

Technical and quality control
limitations

Technical and quality control

limitations

Implant failure

Major issues with the long-
term viability of the cells and
cell proliferation control

Long printing time

Functions and mobility

A lack of clinical and design
interface; uneconomic

throughput and material cost;

limited material stremgth

Modest performance

Digital health

Digital health

Enhance
biocompatibility
and function

Toward finer and
more complex
structures

Shorten printing
time; improve
the accuracy of
diagnosis
Long-term limb
replacement

Durability and
safety of
orthoses

Improve
performance by
technological
innovation







