cocosE

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

Influence of porous architecturef scaffolds
obtained from different routes on theell
colonization.

A.Leriche JCHornez F.BouchartE.Meurice
LaboratoireMateriauxCéramiquegt ProcédésAssocies

Collaboration with
D.HautcoeurV.Lardot F.CambierBelgian Ceramic Research Centre, Mo
M-H Fernandes Faculdadaele MedicinaDentarada Universidadelo Porto
F.Monteirg Instituto de EngenhariadBiomeédica Porto

* L4 “ LMCPA - UVHC /
éJ I ?rSIt.e b ¢ Pdle universitaire de Maubeuge _%%_
Boulevard Charles de Gaulle
e . e n C e nes 59600 Maubeuge FRANCE A

et du Hainaut-Cambrésis




compact bone
blood Porous (s

pongy) .
vessels bone NI

Introduction

outer membrane
(periosteum)

bone marrow

) central bone
cavity

Carlyn Iverson

Compact Spongy bone
bone
Porosity Porosity
A 2190230 pm A 2500600 pm
V:65% V : 80%

0.= a few tenths
MPa

0, = 80200 MPa

COST NEWGEN meeting Valletta, Malta, 26" February 2015



Introduction

U Porous ceramics: wide range of structures
A Foams with cell walls randomly oriented in space
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P. ColomboPhil.Trans.R.Soc2006
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Introduction

U Largeapplications fields in advancedengineeringsuch as filtering liquids
and particles in gas streams, porous burners, lightweight load-bearing
structuresXand biomedicaldevicessuchasbone substitutes
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| | | |
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Filtration
Micro Filtration
Ultra Filtration
Nano Filtration
Reverse Osmosis Diesel Particulate Filters
Absorption

Catalysis/Catalysis Support
Enzyme Immobilization
Ion Exchange

Sensor, Electrode
Insulator, Absorbent Refractory

Bioceramics

nd M.FukushimalnternationalMaterial Reviews57, 2, 2012
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Introduction

U Variousprocessing routes :

Conventionalmethods:
partial sintering, sacrificiafugitives, replica templatesdirect foaming,
extrusion, SN ISt a X

Innovative methods:

ice-templating, additive manufacturing methods as 3DINA y 0 A y 3 = X
1nm 10nm 100nm 1 pm 210 pm 100 pm

Partial Sintering
Sacrificial Fugitives
Self Assembly Replica Templates
Anodic Oxidation Direct Foaming

Ice-templating

3D-printing
Ohjiand M.FukushimalnternationalMaterial Reviews57, 2, 2012
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Introduction

Three methods to manufacture macroporous and microporous
ceramicscaffolds

- Thefirst one by ceramicslurry infiltration of organicbead
skeleton,permits to have an isotropic structure with closecontrol
of the pore size and the interconnection size but relatively low
mechanicakesistance

Patent FR2823305, Biocetis SARL, el
M. DESCAMPS, P HARDOUIN, J LU, F MONCHA s "

M. Descamps et al., J. Eur. Ceram. Soc. 28 (2008

This technique type has been industrially applied by SOFAMIMNEK, BIOCETIS and
BIOLU since a few years.
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Introduction

Three methods to manufacture macroporous and microporous
ceramicscaffolds

- Thefirst one by ceramicslurry infiltration of organicbead
skeleton,permits to have an isotropic structure with closecontrol
of the pore size and the interconnectionsize but relatively low
mechanicatesistance

- The second one by ceramic slurry casting using ice
templating, permits to developanisotropicstructure which allows
higher compressivestrength but compromise has to be found
between U, and pore size(s. beville).
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Ceramic casting by ice templating |
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Introduction

Three methods to manufacture macroporous and microporous
ceramicscaffolds

- Thefirst one by ceramicslurry infiltration of organicbead
skeleton,leadsto an isotropic structure with close control of the
pore sizeand the interconnectionsizebut relativelylow mechanical
resistance

- Thesecondone by ceramicslurry castusingice templating,
permits to develop anisotropic structure which allows higher
compressivestrength but compromisehasto be found between u,
andporesize

-The third one by 3D printing of ceramic slurry in UV
sensitive resin permits to develop anisotropic structure with
regularlycontinuouschannelswith biggersizeand squareshape
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3D Printing of ceramic slurry in UV sensitive resin

Ceramic stereolithographyis an additive manufacturing process which
employsa ceramicslurryin aliquid ultraviolet curablephotopolymerandan
ultraviolet dynamicmaskto build LJ- Ndyers@ne at atime.
Thislayerby layerdepositiontechnologyis today commercializedy various
companiessuch as 3DCERAMSIRRI$highviscosity paste slurries) and
AdmatecEuropeBVandLithozGmbH(low-viscosityslurries)

J.Deckers , J.Vleugels, J.P. Kruth
Additive Manufacturing of Ceramics: A Review J.Ceram.Sci.Tech 05 [@R@314)

i . Lithoz GmbH

By courtesy of Dr Johannes Homa
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Introduction

The objectives of our study is to compatiee mechanical
properties and cell colonization abllity of these different
structures

Part |I: Presentation of the three shaping methods applied to
calcium phosphate materials and the material structural
properties

Part Il: Comparisonof cell colonization ability by static in vitro
testsfor the two methods replicaand freezecasting

Part Ill: Functionalizationof asprepared scaffolds by drug and
phageimpregnationthrough microporosity
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First method: Ceramic slurry infiltration of organic skeleton
Human bone

Babe N

S0Pk m 687360

Patent FR2823305
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First method: Ceramic slurry infiltration of organic skeleton

Organic skeleton preparation

Chemical forming
with acetone

under pressure

- Bonding between PMMA beads (scaffold)
- Controlled diameter bonding (Interconnection) depends
on time, temperature, pressure
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First method: Ceramic slurry infiltration of organic skeleton
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Impregnation
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First method: Ceramic slurry infiltration of organic skeleton
U Control ofpore size depending on PMMA beads size

U Control of interconnection diameters: Id
PMMA beads (500600 pm) id: 60 um d: 260 pum

U Control of porosity gradient in
pore size and interconnection size
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First method: Ceramic slurry infiltration of organic skeleton

Possibility to addmicroporosityby mixing graphite asnicroporeforming agent.
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Second method: Ceramic slurry ice templating
Human bone | -
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Second method: Ceramic slurry ice templating

growing concentrated
ice crystals  colloids
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Secona method: Ceramic slurry ice templating
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Second method: Ceramic slurry ice templating

Relationship between porosity and propagation rateifmrtropic samples
(calibration curve ) andnisotropic samples

Isotropic samples Anisotropic sample = high
8000 propagatiom Tate despite a
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Third method: 3D printing of ceramic slurry
Human bone
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Third method: 3D printing of ceramic slurry

UV dynamic mask UV dynamic mask

Support
motorisé

ey
3

Résine solide
(polymére)

Résine lguide
(monomére)

A The thickness of a single layer, typically 20 pm to 100 pm
A Close control of porosity shape, size and orientation
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2 A 65% porosity (limits 65-75%)

o A 100 pm interconnection

8 A 500600 pm spherical pore diameter
a3 A HA: 15 MPa, TCP: >15 MPa

% A Possibility for pore size and content
@ gradient

500-700 pum tubular porosity
Up to 80 % porosity
Any sizes and shapes are achievable

To To I

=) A 55% porosity (limits 40-75%)

S A Ellipsoidal porosity

o A 13-400 pm pore large diameter

o A 6-70 um pore small diameter

= A 10- 50 um width of wall

2 A HA: 51% porosity, 180/35 pm po@
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Part || Comparison ofell colonization abllity by
static in vitro tests for the two methods:

replica and freeze casting

U What will be the impact of these two differentacroporosities
(size and morphology) on human cell invasion?

U Is the icetemplatedsamples porosity size enough large to
permit the human cell invasion?

‘5\ Colonization tests with MG63 osteoblasts

STSME.Meuriceat INEB, Porto July 2014
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Colonization tests with MG63 osteoblasts

1 day

Organic bead skeleton infitration
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Colonization tests with MG63 osteoblasts
Organic bead skeleton infitration 4 days Ice- templating

J2 day 4 Mg63 Fracture
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Colonization tests with MG63 osteoblasts

Organic bead skeleton infitration Ice- templating

7 days
Beads 750 um 37/200 pm

o
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lonization tests with MG63 osteoblasts
Colonization te Wi 198 um/37 pum

lce- templating

1 day

[{roRTo| mag O HV det | WD |mode 50 pm
CEMUP| 2 000 x |15.00 kV|ETD | 9.7 mm | SE B1 day4 Mg63 Fracture

.'-"‘! e %
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Colonization tests with MG63 osteoblasts

m;[”‘\e;i mag O g V{/D o o 50 |.|m
CEMUP| 2 000 x |15.00 kV|ETD |89 mm | SE B4 day4 Mg63 Surface

Moving osteoblast morphology Static osteob morphology
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Comparison of the two different macroporosities

U What will be the impact of these two differentacroporosities
(size and morphology) on human cell invasion?
The columnar porosity seems to be preferable for
osteoblast mobility inside the substitute.

U Is the icetemplatedsamples porosity size enough large to
permit the human cell invasion?
Yes

U What could be the benefit of 3D printing technique for cell
iInvasionMarie Lasgorcei¥hthesis (SPCTS Limoges)
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400 um

Micrographs by immunoflurescence of porous substrates in SiHA obtained by m
stereolithographyPhD of Marie Lasgorceix SPCTS Limoges 2014

large pores (a) and small pores (b), after 7 days of incubation with MC3T3 cells

large pores (c) and small pores (d) after 14 days
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Part Il Functionalization of aprepared scaffolds
by drug and phage impregnation through
mIcroporosity

Chemical functionalization

Biological functionalization
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Chemical functionalisation

NH,
NH
0 ' 2
20% |tporosity oH >‘
- . 0
B, H,N
’ : r O 0
OH / CH,
0 OH
OH
R NHCH,
gentamicine : R:
C1A —CH,NH,
C2 —CH(CH;)NH,
C1 —CH(CH;)NHCH;,

The micreporosity allows functionalisation of the ceramic by
loading the microstructure with various active substances.
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Chemical functionalisation

_ TGA of gentamicin loaded HA
20% p-porosity microporous beads

0.5 7

0.0 |
0.5 +

1.0

Loss of weight (%)

-1.5

2.0 +

-2.5-""i""i""i""i""i""
0 100 200 300 400 500 600

1 m m Temperature (°C)

The HA beads are loaded with 40 mg gentamicine /g HA
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Chemical functionalization

Polymer
coating

By protecting the surface, it is possible to control the drug delivery

Gentamicine Release Flush afrer 24h Gentamicine Release
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Chemical functionalization

OH
R NHCH,

gentamicine : R:
C1A —CH,NH,
c2 —CH(CH,)NH,
c1 —CH(CH;)NHCH,

+ polymer

staphylococcus

dureus

Lyses radius

Lyses area

« Functionalisation of porous HA for bone substitutes> E.Meurice et alJECS 32 (2012) 2672678
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Biological functionalization

A bacteriophage (phage) is a virus that infects and replicates only within a
specific bacterium

Phage genetic

material
circularizes

Diameter
24 to 200 nm

Bacteriophage lytic cycle

The antibacterialactivity of ceramicsloadedwith a-phage
wastestedon the bacteriumischerichiaColi K12

COST NEWGEN meeting Valletta, Malta, 26" February 2015



Biological functionalization

Bacterialgrowth kinetics(Escherichi@oli K12) wasmeasuredoy opticaldensityat 620nm in
presenceof <vir phagein ceramicsupportswith variousporosity.

HAsampleswith different microporositylevel (0, 20 and 30%) were incubatedfor 24 h with
5 ml of <phagestockand addedinto culture tubesafter obtaininga growth of bacterialtwo
generations
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A slow down of bacterial growth kinetic was noted after 80 min (HA) followed by the
death of bacteria. This phenomenon appears sooner agrticeoporosityis higher.

« New antibacterial microporous CaP materials loaded with phages for prophylactic treatment in bone sugktgurice et al.Journal
of Materials Science: Material of Medecine 23,10, 2012, 24F».
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01 ¢

Optical density (620 nm)

=0—HA 49%
porosity
=—-HA 65%
porosity
Time (min)
0,01 T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450

Same effect with icéemplated samples with higher porosity level
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Biological functionalization

; —=—HA 30% porosity
T
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