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ADDITIVE MANUFACTURING OR 3D PRINTINC

Processof joining materials to make objects from 3D model data, usually layer
upon layer, as opposedto subtractive manufacturing methodologles Synonyms
are additive fabrication, additive processes,additive techniques, additive layer
manufacturing,layer manufacturlng and freeform fabrication (ASTMRF2792.

Those from the scientific and technical communities prefer to use additive
manufacturing when referring to the group of processeshat build parts layer
upon layer Animportant reasonis that it is the official standardterm accordingto
the ASTMH2 and ISOT@61committees(WohlersAssociates2016).

3D printing Is, by far, most popular term. Google displays20-30 times more
referencesfor 3D printing (or 3-D printing) comparedto additive manufacturing
Today, many individuals and organizations use 3D printing and additive
manufacturingnterchangablyWohlersAssociates2016).



ADDITIVE MANUFACTURING IN MEDICINE

1971

SirGodfreyHounsfield

inventsthe CTscan
(Katie WeimerMS, 2016)

1977

RaymondVahan
amadian

1981

Drs. Jeffrey Marsh &
Michael Vannier

inventsan apparatus and

method to use NMR;afeIK

and accurately to scan the

humanbodx/lg]ow known
asVIR))

create3D models from 2D,
milled slices

(Katie Weimer, MS, 2016)

1983

Chuck Hull

Invents 3D printing via
Stereolitography

1988

Dr. Mankovich@ UCLA

Thefirst model of anatomy
is produced using 3D
Printing
(Katie Weimer, MS, 2016)
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1998 2000 2003 2007 2008

Dr. KennethSalyer

the first selectively medicalapplications of 3D successfullgeparates VE{}LS'%)S&; S'Ci?lslfall‘;"tng,'qn ins?rezl}r%oenné%lslzf%(rkt%rt%llc%ee
coloredSLA mpdel in the printing date back to the ~ conjoined Egyptian twins moves toward becoming surgery become
US, produced i€olorado early 2000s, with the the gold standard for commonplace
(Katie Weimer, MS, 2016) production of dental 2003 Surglcal plannmg (Katie Weimer, MS, 2016)
implants andprosthetics (Katie Weimer, MS, 2016)
(Gross Bethany Cat all, 3DPrinting in titanium gets
2014). its start for implants

(Katie Weimer, MS, 2016)



ADDITIVE MANUFACTURING IN MEDICINE

2008

Radovan dzRt |
Jozefe, A B6 1t

2010 2014

anatomicalmodels for
surgical planning in hearts,
kidneys and other organs
becomes common

(KatieWeimer, MS, 2016)

2013

first implant is implanted
designed and produced by
CEIT Biomedical
Engineering
Company

FDAclearsthe first 3D
printed metallic implant

2010

idea to produce implants
by additive manufacturing

in Slovakia
The company_E|TcKE
was established, later

CEIT Biomedical
Engineerings.r.o.

2020-X.

3Dprinting as a surgery
assist

theincreased availability of
biocompatiblematerials

patent expiry and the
reduced cost oinnovation

(Srinath Aniruddha June 2016)



CEIT Biomedical Engineering

Companywas establishedin 2010 as spinoff companyof TechnicalUniversity of
Y 2 OWWKExNd CEITa.s. holding(CentralEuropearinstitute of Technology.

Companyemployesare mostly biomedica] material and quality engineerswho
were students of TUKE,Faculty of Mechanical Mngineering Department of
BiomedicaleEngineeringand Measurement

manufacturing

free form . research
modelling meg:cglertrlgceil(jcts & development
& development customp-made ’ of medical
of prototypes products

& In series



CEIT Biomedical Engineering

custom implants made of titanium allGy6Ar4V (Grade5) and
TF6AHFYV ELI (Grade 23) manufactureg the 3D printing
technology

plasticand metal prototypes manufactured by the 3D printing
technology,manufactureof anatomicmodels
3Dscanningdigitalisationand modellingof medicalproducts
medical data processing and adjustment

verification and validation of medicploductsmedicalmetrology
anddiagnostics

science and research in the fieldiofplantology implant
manufacturing and medicakensorics

Company is acredited producer of CMF
custommade implants SIDCcode ¢ SK13-
0224
Approvedmedicaldevices
A CustommadecranialimplantP91710
A Custommademaxillofacialimplant
P91709
A Custommadecraniomaxillofacial
implantP91708
A Customimplantfor chestsurgery
A Custommadespinalimplants



CEIT Biomedical Engineering

LouisPasteur
UniversityHospital
Kosice

INSTITUTE OF
MATERIALS SAV
RESEARCH

Kosice IT Valley ~
TechnicalUniversity
of Kosice Kosice
Slovakia

biomedical

s " University of Veterinary
engineering

V_l_n Medicine and Pharmac
n

' in Kosice, Slovakia

CUSTER Cluster for Automation
Pavol JozeBafarik n T R Technologiesand Robotics
Universityin Kaosice,
Slovakia
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process of developrnent and manufacturing of a custom-made cranial implant
apply"ng the additive technology
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MEDICAL AM WORKFLQWNPUT DATA

Bodysurface Bones Inner organs

Opticaland laser CT/MRI/ CT/MRI/USG DICOM
scanning DICOMdata data




MEDICAL AM WORKFLQ@QWRODUCTION TECHNOLOGY

Buildingvolume
(includingbuilding platform)
250mm x 250 mm x 3261m

Laser type
Ybfibre laser, 200V

Precisionoptics
Ftheta-lens high-speedscanner

Scanspeed
upto 7.0 m/s (23t./seq

Variablefocusdiameter

100-pnn XY -WORAMn nn

Material:

Ti6AF4V (Gradeb), TH6AF4V ELIGrade23)
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MEDICAL AM WORKFLQWUALITY CONTROL

METROTOM 150Carl Zeiss, Germany




MEDICAL AM WORKFLQWUALITY CONTROL




MEDICAL AM WORKFLQWUALITY CONTROL
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MEDICAL AM CASE STUDY 1
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FSys. 1-1_Thickness of Bone’s Skull [mm]
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MEDICAL AM CASE STUDY 2

Age 30

Causeof the injury: fall
from the building(9 year
ago

In comaatfter the accident
Difficulty to walkand speak
Largecranialdeffect 33,80

Material: TH6AFV
(Gradeb) titanium alloy
Weight 125 g

Size 120 cn?
TechnologyDMLS
Fixation 21 screwsf1,2
mm




MEDICAL AM CASE STUDY 2
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MEDICAL AM CASE STUDY 3

faclal restoration



MEDICAL AM CASE STUDY 4 argeCranioplasty
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MEDICAL AM CASE STUDYX 4 argeCranioplasty

FSys.4-...

...4-1 (SD1,7-9,0mm)
...4-2 (SD1,7-8,5mm)
...4-3 (SD1,7-9,0mm)

...3-3(SD1,7-10,0mm)
...3-2(SD1,7-9,5mm)
...3-1(SD1,7-9,5mm)

FSys.2-...
...2-3 (SD1,7-8,5mm)

...2-2 (SD1,7-8,5mm)
e A
...2-1 (SD1,7-9,0mm) A

FSys.5-...

...5-1(SD1,7-5,0mm)
...5-2 (SD1,7-6,0mm)
...5-3(SD1,7-5,5mm)

FSys.1-...
...1-3 (SD1,7-6,0mm)
...1-2 (SD1,7-5,5mm)
...1-1(SD1,7-6,0mm)

FSys.6-...
...6-1 (SD1,7-4,5mm)
...6-2 (SD1,7-4,0mm)
...6-3 (SD1,7-5,0mm)









MEDICAL AM CASE STUDY 4 argeCranioplasty




MEDICAL AM CASE STUDYX, ExtendableMandibular Implant




MEDICAL AM CASE STUDBY, ExtendableMandibular Implant




MEDICAL AM CASE STUDYX &€hestimplant




