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MedTech Additive Manufacturing

Example of Metallic Use Cases

Opportunities
spine cages / . L : \
, Individualization (lot size one)

Short Lead Time
Manufacturing of Complex Shapes

Anatomical Shape

{nproved properties and functionalities/

/ Challenges \

Adapted design strategy

Control of process parameters

Surface finishing and cleaning

Initial Investments

acetabulum cup K J

bone reamer

© 2022, Swiss m4m Center
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R

Acetabulum Cup

Acetabular cup with lattice structure used in total hip replacement (THR) surgeries or hip
revision surgeries. The polyethylene or ceramic inlay is fixed in the inner cup geometry.

Material: Ti-6Al-4V Grades 5 and 23 (ELI), ASTM F136
Process: Electron Beam or SLM, post processing

Regulatory Pathway: Non-active implant class llI

Implant functionality: Load carrier and bone ingrowth promoter

Plastic
Liner\d =
S 9\

Acetabular
i Component "\\ /
% ) | [ = Bone ingrowth
- . ‘,\‘ |‘
A -
Femoral ) N
Head ﬂ \ <
f | .\ L\,‘ |
* Femoral 'l ‘ '
Stem J ) Stable Fixation

© 2022, Swiss m4m Center






| User | | Process preparation | I Part geometry | I CAD Data Material Composition Msnufacﬂm’ngrnufe
Absorptivity
CAD moda!
Optical \ Shgriephas Gas atomization
Volume model | g Electrolytic
Orientation properties. Y \ \ Tiwo ghione Waler alomization
Statack medss Reflectivity Tr issivily \& Powder
Temperalure |\ Hoat conductive . Data qualty i Particte oxidization
cross seckon Melt viscosity
Powdar Slicing Triangle size Spherical Spattered Particle size distribulion
recycling Max. chord tolerance Rheological
Bad edges A Parlicle size Flowability
Humidity Smalios! fealuros Flipped triangles properies
. Particle surf. Bulk den
Oxidization - STL conversion Surface lonsion Wetlting angle ALY -
" Yiold Ul Properties  hormai
Contamnaton ie timate Break L
Cleaning Overall sizo Density strongth slrength strain Faligue Creep Heat Heal Thermal expansion
x \ \ \ L l conductivity capacity diffusivity coefficient
Training Roughnoss Laser Mechanical G
focus Supported Properties Y\ i 1 pm‘":;.
Building deviation plgaraiog ] 1 1 » L
platform Freeform faces Complexity Type  angle Fracturo Young's Sheor Bulk Poisson's |  Latent Melling Voporisation
Experi Heat Positioning i modulus fu ratio heal temperalure temperature
erience e
P conductivity Shape af::r‘::l:n Dissolving power Reaction enthalpy \ Liquidus-Solidus transition Oxygen affinily
Chemical \, \ X i \ \ Metallurgical
Solid/Porous Underculs Supports Pﬂ:r;c:hnn,l:::l Well dislance properis > ‘ ‘ properties
Diffusion t Alloy
Cost, time and quality attributes of a part .
Intensily profile  Mode  Wave length Scanner Number of layers Number of paris e —
— ] ] Diameter Reflectivity Scan diroction {x.y)
3 }' f f 7 Duration ‘l f 1 » Laser -y Scan Conlour
Gatvos Mirrors beam Hatch mating scen vector beam
BPP cwipuised Max. cwipeak power Recoaling time power dislance . .o ccan length  offset
Beam Expander Overshooting]  M2%3 Temperaiuce L 1 | ] ] Process Shape tolerance
A = <+
A Beam Yy Oxygen % L e f Parameters
Diverg Diamet P ] P m!—‘;)‘“ " Platfo;lm F";:"; Roughness Lay
_ > ickness lemperalure z-shi
Collimation Apaian Control Exposure time Hisribor of J 1
Beam Flow rate idla e proce ss slaps Surface finish
Forming " Pilatform o Scan speed J
le T ;
- Collimated Size Yo gion Average Duratl 7 Waviness
beam radius Accu enargy Powder
Focus tadius (xy) . racy Process gas supply densily  spaftering Trindiaation Residual stress
[-@-lens < CM h |=='|’ Relative Effective thermal ! / P res: Thermal Treatment
s y b p
Prossure  Cross jet function Wiper wear s density  diffusivity -
Process ! w""dm Powder bed Width Density Hardness
gas supply Leveling Dynamics Break slrain
: . . i Support removal
Recirculation Fiteri i Effective  Efective Jeil e m w o Microstructure
ng Coaling System absorptivity L .#f:ﬂ Pool
LFF System > - .
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Laser power (P)

Stress [MPa]

Some Considerations

Keyhole
formation

Balling
up

Operating
window

R eview

Vaiidation

Lack of fusion

v

Scanning velocity (V)

Strain [%]

© 2022, Swiss m4m Center
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MATERIAL
PROPERTIES

MATERIAL
FUNCTION

Biocompatibility

scan velocity / mm/s
750 800 850 900 950
@
]
650 700 750 800 850
% >
i :
i
=2 * - = e
550 ) 600 ) 650 700 750
il Pl .
5 g y -
0 2 4 6 & 10 12 14 16 18 3

ceneralav e
Standards

Design Guides | Test wethoas | Testautacs | satety

Qualfcaion

e reromance] Roumatoon
e Test Protocols.

pecton wethoss | etc

General Top-Level
AM Standards

Feedstock Materials

s o fccnmcronier

T
Ao Powders
kel Bz

vyon powder| Mkt Bases

s Flament

Process / Equipment

Motetal | powder e uson
e
e

Vot

atera | sheet Laminaton

Vat Photopoymerizaton

Fiished ars

ChemicarTest
Metros:

e | s |
oo [ s [ommm i
amomerior | v |

Medaal | serospoce | medical |

| e e ] |

=
Saomorve e
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+ Generalyapplicable

Category AM
Standards.
specifcto material

tegory or process
aategory

NON INVASIVE DEVICES

Rus2
Channelling of
‘staring for eventual
administration

Modify biclcgical or chamical
corm pasition of blocd, body liquids
other liquids intended for infusion,

In contact with injurad
skin (mechanical barmier -
absorh exudates)

or

Intended for wounds which
breach dermis and heal
only by sacondary intent

Orly filtration,
cenrifugation or
exchange of gas of heat

For use with blood,
other body fuids,

anactive medical
argans, lissues. i

device

| May b connected to

Class lla’ Class lla

Intended to manage micra-
environment of wound +
others

Specialized AM
Standards

Specitc to materia
process, or application
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1ISO 13485

ISO 13485 is a standard defining the aspects of a Quality Management System (QMS) for medical devices.

Depending on the service you are providing is specific to the medical device industry, ISO 13485 might
appropriate to be implemented.

It is also about building trust in the MedTech Industry.
PROCESS AND

« Design Change Management
- Customer Requirements / + QMS Change Management
+ Supplier Quality \ / + Risk Review
« Identification / Traceability

CORRECTIVE AND
PREVENTIVE ACTION

DESIGN CONTROL

« Inputs / Outputs
I s « Verification / Validation

13485

+ Risk Management QUALITY « Eliminate Noncomformities
+ QMS Improvement
MANAG E M ENT « Verify Effectiveness

SYSTEM

(-

e

MANAGEMENT
RESPONSIBILITY

« Complaint Handling - Management Review
« Risk Monitoring « Inspection Readiness
« Vigilance « Internal Audit
Ref: https://www.avanti-europe.ch/who-needs-to-get-certified-according-iso-13485/ « Personnel Competency
https://www.sourcebioscience.com/news/iso-90012015-quality-management-system-gms/ + Infrastructure

« Work Environment
© 2022, Swiss m4m Center



Production under ISO 13485 {fovissmamconter

End to End process chain.

1ISO 13485:2016

Spine D%hr?til Orthopedics Cardiology Instruments Others
: In Processing Post Processing
AGIAC S (Validated) (Validated)

Request Data Powder Additive Heat Post Surface Final
Verification Preparation Management Manufacturing Treatment Processing  Treatment Cleaning

Qualified Suppliers

© 2022, Swiss m4m Center



Manufacturing MedTech AM Route (owssmamcentor

AM has to be integrated into a supply chain under a defined QMS

© 2022, Swiss m4m Center

1) Powder inspection

2) Data preparation

3) Build job (Additive Manufacturing)
4) Unpacking / (de-powdering)

5) Heat treatment / Pressing

6) Support removal / post machining
7) (Hot isostatic pressing)

8) Sand blasting / vibration grinding
9) Surface treatment / Polishing

10) Laser marking

11) Cleaning

12) Sterilization

E—

Quality Management System: ISO 13485

Internal and external processes



A Different Risk Perspective [Fovissmamcenter

Starting from a bar of metal, we use a CNC equipment to remove material until we
obtain the right dimensions.

The subtractive process is well know, the risks as well.

Mitigation measures are in place

For 3D printing, everything is built from a powder. What is inside the part cannot be
inspected.

The remaining questions are: “Did the laser power really melted the metal on all the
layer? |s this reliable and reproducible?”

Validation activity should now see the process in a different way than a CNC process. The parameters are
different and the risks are also different.

© 2022, Swiss m4m Center
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Unpacking / Depowdering...

Free powder Semi fused powder

Medical device surface

© 2022, Swiss m4m Center



Production Qualification  fowissmamoenter’

1) Machine Qualification 2) Working Instruction 3) Process Validation
|Q: Installation Qualification Personnel Qualification AM
OQ: Operational Qualification SOP: Standard Operating Procedures Post-processing

PQ: Performance Qualification Checklists

ASTM ISO/ASTM52930-21: Guide for Additive manufacturing — Installation/Operation and Performance
Qualification (1Q/OQ/PQ) of Laser-Beam Powder Bed Fusion Equipment for Production Manufacturing.

© 2022, Swiss m4m Center



V&V and ISO 13485

In the MedTech filed, validation is part of the Norm ISO 13485.

‘f‘/gwissm4mcenter”'

Under the clause 7.5.6, EN ISO 13485 mandates that organizations validate those processes for which

verification is not possible.

User
Needs

R eview

Validation

Input
Design
Process
: ’ Design
Verification #——— ojut -\
Medical
Device
=
Source: Tsquality [9]

© 2022, Swiss m4m Center
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OQ/PQ Runs @ m4m

OQ Build Jobs PQ Build Jobs
8 worst case runs 30 nominal runs
Min / Max investigation Consistency / powder degradation

© 2022, Swiss m4m Center



OQ Runs: Min / Max Definition

© 2022, Swiss m4m Center

Laser power (W) Job cross section (mm2)

Laser focus (mm)

0 (focused)

Gas flow
velocity (m/s)
Layer
thickness
(um)

855

100

Scan velocity (mm/s) Leak rate (ppm/h)

Minimum energy density

Maximum energy density

fswissm4mcenter”



OQ/PQ Runs @ m4m

© 2022, Swiss m4m Center

Acceptance Criteria

Topic

ASTM B348-B348M

Material (T164)

ASTM F136 Material (T164)
ASTM F899 Material (SST)
ISO 10993 Biocompatibility

7swissm4mcenter”

00



Supplier QM system (ISO 13485, EN 9100, IATF 16949)

Design transfer Machine qualification & process 1Q, 00, FQ
validation (10, 0Q, PQ)

1|l
1)
Il
I
I
I
L
(1]

Specification.  Record Protocols

Pre process AM process Post process

— = = = r"‘lﬁ . g
= = =11 4 - 4 B
=
Part
specification s + A

OEM / Customer Material & process

specification
P Source: AM Power



Material Qualification (Fovssmamearior

Energy density is used as base for material qualification. Density and mechanical performance are defined
as testing criteria.

L: laser power Pl ] .
v: scan velocity E 'y = aser [_] laser beam . )
Ay: hatch distance VscanBhatcnPiayer m3 . scan direction
.  —»
Az: layer thickness ! ! v
. . melt . powder layer
Energy Density E = L/(v x 4y x 4z) solidified layer . SRR
LS 0 3 1 ) i-‘}‘ 3
5 Xl SRR ':
Build Rate: V=v x Ay x 4z T
A
Balling
Keyhole up
formation
£
§ ) Delays -
g_ Op-er;mng z
B window =
2 layer thickness
Lack of fusion
>

© 2022, Swiss m4m Center Scanning velocity (V)



Material Qualification

7swissm4mcenter”

Energy density is used as base for material qualification. Density and mechanical performance are defined
as testing criteria.

scan velocity / mm/s

750 800 850 900 950
Y
- 650 700 750 800 850
<
F Standards
s & .
] R
i . : o equirements
550 600 650 700 750
5 +.
L ]
I 100.0 T
L]
oA
99.8 I :--..l.,l. T e e ]
Y™ L ] n
99.6 R & A RELI
= A ® A
§ 99.4 4 — ! 4
= A [
2 992 A = 275WHO.1 |
] ; A
s ®  325WHO.1
o
2 ol ® 375WHO1 | |
® 275WHO0.12
e 325WHO.12
9881 ® 375WHO0.12 ||
A 275WHO0.14
986 L | A 325WHO14 [T
A 375WHO0.14
98.4 T T T T T T T T T
60 80 100 120 140 160 180 200 220 240

Ref: Metal Additive Manufacturing | Summer 2019, P.159
© 2022, Swiss m4m Center
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Machine Acceptance Build Job
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Biocompatibility Assessment

@ Testing and Evaluation Strategles for the Blological Evaluation
of Medical Devices submitted for CE Mark and FDA Approval

Table 1: ISO 10993-1 Biocompatibility Testing Selection Criteria

Medical device categorization by Biological Effect *
Nature of body contact Contact duration -
g S 2
A-limited - LB 2 £E| . c £
(s24h) £ 2 |328|z5|335| £ | 2| §
x 8 c 3 £g prie-] x s o
Bpolonged | 5| 2 | 22|23 x| £ | E | §
Category Contact (>24hto30d) £ g g5 | E=| 23 - H g
C- permanent Y v - é vg,* § g © - §
(>30d) ,E = T
A X X X
Skin B X X X
C X X X . . .
x % Testing to make sure the 3D printed materials are safe to
Surface device MUCLO sal B X X X . . . . .
R T ¥ use in conjunction with the human body and medical
Breached or A X X X
compromised B X X X p roced u reS .
surface C X X X X X
oo et A X X X X X
lood path,
indier 8 X X X X X
C X X X X X X
External A X X X
icati T /bone/
memiaog | oot 3 T [x [ x [ ¥ [® [ %%
C X X X X X X X
p—— A X X X X X
irculatin,
i B X X X X X X X
C X X X X X X X
A X X X
Tissue/bone B X X X X X X X
X C X X X X X X X
Implant device
A X X X X X X X
Blood B X X X X X X X X
C X X X X X X X X
Note:
a  The "X" Indicates data endpoint that can be necessary for a blological safety evaluation, based on a risk analysis. Where
existing data are adequate, additional testing Is not required.

Table 1.1SO 10993-1, simplified by UL. Ref: https://blog.trimech.com/fdm-material-biocompatibility#:~ :text=What%Z20is %20Biocompatibility % 3F,accessory %20to %20the %20medical %20process.
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Medical Device Classification (MDR)
=

Wheelchair Syringe

Drug coated stent
Otoscope Reprocessed Teeth implant Slopahag Spinal disc cage
Examples Scalpel Measuring function X-Ray device ]mplanta:lble P Breast implants
Plaster Delivered sterile Tracheotomy tube SRR Pacemaker

Class CLASS I CLASSI CLASSIIa CLASSIII
special function

Low

© 2022, Swiss m4m Center
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Classification of a medical device will depend upon a series of factors, including:

* how long the device is intended to be in continuous use

« whether or not the device is invasive or surgically invasive,

» whether the device is implantable or active

« whether or not the device contains a substance, which in its own right is considered to be a medicinal

substance and has action ancillary to that of the device.

© 2022, Swiss m4m Center



MD Classification

NON INVASIVE DEVICES

~ Bulel
Either do not touch
patient or contact

only intact skin

Rule 3
Modify biological or chemical
composition of blood, body liquids,
other liguids intended for infusion

Rule 2
Channelling or
storing for eventual
administration

or

Rule 4
In contact with injured
skin (mechanical bamiar -
absorb exudates)

or

Invasive In body
ofifiss or stoma
[net surgically )

INVASIVE DEVICES

2k

[01' orl

Only filtration,

For use with blood, May be connected to centrifugation or

other body fluids, an active medical axchange of gas or heat
organs, tissues device
Class lla Class lla

© 2022, Swiss m4m Center

Intended for wounds which
breach dermis and heal
only by secondary intent

Class lIb

or

Intended to manage micro-
environment of wound +
others

Shortterm
use

Tronsient usa

/N

Longtam Connacted b an
use actve medieal
devioaofChss lla

Surgica ly Invasie
- transient use

or

of
Class lia

orhigher

Diagnes /oo rrol
- afectof heart/

eortral elreu B ton system

or

/-\

or

ory N aral
cavly, e canal
ornasa covty

Ifory n oral
cavly, sar caral
ornasal cav ity

Class

Class
[[]-]

INVASIVE DEVICES

Rulk 7
Surgially invasive

Short-tegm use

Supply anargy
phking ragtbn

Reusatic surgical
nstrumart

Blological ettt
Amalnly absorbed

Systim to
agministar medicnas
- patentialy hazardous

ﬁ Chlass lip :

Surgically invasive
Long-term use and

implantzble devices.

| or fChssy of | | of L o |
Specifically o lla Supply Tobe Biobgical effect
moritorcorrect energy! placed in or mainky
defect of heart lonzang teeth absorbad
or oentrd radwtion «
arculatory ' h 1]
syskem - by Ib
direct contact or
or
i
Undergo
o Biclogical effect Used in drect chemical change
manly absorbed contact with heart inbody - or
o oentral adminster
11} arculatory! medicnes (NOT
e n e ston | | "o
nNEvVOUS system or :’: 2
& Undergo chamicd change

in body - or administer
medicines (NOT in teath)

>
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ASTM F42 /ISO TC 261

. Qualification System Performance § Round Robin
(TS WL/ Terminology J Data Formats & Reliability Test Protocols General Top-Level
Standards ] AM Standards
Design Guides [ Test Methods [ Test Artifacts | Safety Inspection Methods

* General concepts
*« Common requirements
* Generally applicable

Feedstock Materials Process / Equipment Finished Parts

Metal Powders ”}2}52" Powder Bed Fusion Mechanical Test Methods Category AM
. - Directed Ener NDE/NDT Post-Processing ndar
Pho};%ps?rl,zmer Polymer Powders Binder Jetting Deposition 8y Methods Methods Standards
: io- ibili Specific to material
Metal Polymer Material R Bio-Compatibility Test Methods
Filaments Extrusion | Sheet tamination : category or process

Chemical Test

Vat Photopolymerization Methods : category

Titanium Powder Material Titanium Allo Paper
Alloy Powders | Steel Rods Bed Fusion Extrusion y m

Nickel-Based e W A8 Aluminum Alloy Specialized AM
Alloy Powders Powder Bed
Deposition with Nickel-Based Alloy . Standards

ABS Filament
Titanium Alloy Specific to material,
process, or application

| Aerospace | Medical | | Aerospace | Medical m

1Y rSe
A ISO

ASTM INTERNATIONAL



) Qualification System Performance f§ Round Robin
General A

Standards

Design Guides

Test Methods

Test Artifacts

Feedstock Materials
Material Category-Specific

Process / Equipment

Process Catego

Metal Powders |l Ceramic Powders

Photopolymer
Polymer Powders
Metal Polymer

Material
Jetting

| Powder|

Direct|

Binder Jetting De
Material

Extrusion Sheet |

Process-Material-$|

Vat Photopolymeri

Titanium

Alloy Powders Steel Rods

Nickel-Based

Nylon Powder Alloy Powders

ABS Filament

Application-Material-Specific

Powder
Bed Fusion
with Nylon

with ABS

Finished Parts

General Top-Level
AM Standards
* General concepts

* Common requirements
* Generally applicable

PUBLISHED ISO I1SO STANDARDS UNDER
STANDARDS - DEVELOPMENT -

under the direct responsibility
of ISO/TC 261

under the direct responsibility
of ISO/TC 261

rusion

Directed Energy

Deposition with

Powder Bed
Fusion with Steel

Tanium Ay

A
Nylon I ABSlIAIuminumAIon

Nickel-Based Alloy

Application-Process-

Material-Specific

Application-Material-Specific

Medical

Aerospace

Aerospace

Medical

Aerospace Medical

Automotive

Automotive

Automotive

Specialized AM
Standards

Specific to material,
process, or application

I 1&e
Ad1SO

ASTM INTERNATIONAL
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