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Dear Colleagues and friends,

it is a great pleasure for me to open the 32" Edition of BIOCERAMICS congress, which
is the first meeting after COVID 19 crisis and a long period of isolation where our
contact of collaboration and friendship was confined within virtual tools.

Indeed, Pandemic has greatly influenced our life, our countries, our families and
penalized all research institutions, industrial sectors, and communities engaged to
tackle the crisis.

The top priority in the last years has been to ensure citizens’ health and safety and to
secure materials supplies into medical, environmental and food supply chains amidst
border closures and lockdown measures. From such an experience we have become
aware of the importance in supporting global co-operation and global markets and in
this respect, it was even more evident that Materials are everywhere! Besides the great
challenges the crisis has also created opportunities for re-directing worldwide the
R&D&I efforts and the Materials community has a paramount importance offering a
variety of solutions towards a new global economic model: the most important area of
investigation now are:

- Materials modelling for the design of antibacterial and antiviral surfaces, coatings, and
paints; for the development of vaccines and drugs; for the understanding and
predicting the behaviour of SARS-CoV-2 Virus and accelerated materials development.
- Digitalisation and Artificial Intelligence; in times of confinement and social distancing,
our technological ability to support digital working has enabled organizations to
maintain activities, minimizing traveling while carrying out substantial work.

- Circular economy: materials recovery & waste re-/upcycling technologies are
necessary while providing safe solutions for residues. Additive manufacturing
technologies will be useful for recycled, re-designed and reshaped materials
manufacturing.

One major lesson learned from the Corona crisis is the need to create a less dependent,
more resilient economy by guaranteeing raw materials supplies, by ensuring higher
materials durability, higher energy efficiency, higher degrees of materials re-cycling
and re-use, and by materials-saving through optimized products “by design”.

In this scenario Biomaterials are very important specifically addressing healthcare
challenges, such as: a) long-lasting and selectively-active paints, coatings, surfaces to
avoid infection; b) improved air and water filtration, c) biodegradable selective
packaging materials with antimicrobial properties, d) low cost, ultra-fast scalable
detection methods for viral particles, e) enhanced personal protection equipment (PPE)
including facemasks, f) diagnostic devices integrated in the form of a patch.

Starting from this considerations, we have introduced new emerging topics into

Bioceramics32 giving to the conference enhanced transdisciplinary character.
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Our main goal has been to highlight the key role of ceramic-based biomaterials in
fostering new sectors of Medicine, particularly for Tissue Regeneration, Nanomedicine
for Theranostics, and new emerging topics including “Antibacterial Materials”,
“Nanosafety”, “Skin Care” and “Circular Economy” caring the presence of material
scientists and clinicians from all over the world, and including special Scientific
Sessions, Workshops and Round Tables organized by companies and EC-funded
projects. Particularly, we will host a workshop focusing on Bioceramics in
Neurosurgery, as well as other two European Workshops: the first held by the project
AlMed, focused on Antimicrobial Integrated Methodologies, the second on Nanosafety,
dealing with Safe and Sustainable by Design Paradigms applied to (Nano) materials.

As a most relevant innovation, we have introduced a new concept of presentations, in
the form of Plenary Relay Sessions, where clinicians and material scientists share the
same podium, describing clinical needs and giving adequate solutions to them.

Our intent was to push the communication between material scientists and clinicians, as
the most effective way to pursue research objectives able to really meet the clinical
needs of our society.

With this, I trust that the conference will be a great opportunity for all of us to start or

rekindle fruitful scientific relations.

Anna Tampieri and Simone Sprio
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GENERAL INFORMATION

BADGE
Badges denoting registration status will be given to all participants upon their check-in at the
registration desk. Participants will not be admitted to any scientific session without their badge.

OFFICIAL LANGUAGE

The official language of the Congress is English. Simultaneous translation will not be provided.

TIMING

Oral presentations will last 15 minutes, 12 of talk plus 3 minutes of Q&A.

Keynote presentations will last 20 minutes, 17 of talk plus 3 minutes of Q&A.

Plenary presentations will last 30 minutes.

Posters will be exposed for the whole duration of the conference and they will be open for
discussion during coffee breaks and lunch time.

PASSPORT AND VISAS

All foreign visitors must have valid passport. No visas are required for visitors from Western
European countries, the United States, Japan, and many Latin American and British
Commonwealth countries. Citizens from other countries must have the required visas.
However, it is advisable to contact the Italian Consulate or Embassy in your country for
information on visas and health certificates if required.

LETTERS OF INVITATION

Requests for Letters of Invitation for VISA purposes should be directed to the Organizing
Secretariat.

Please note that such letter cannot grant any financial support. The Letter will be sent after the
payment of the registration fee.

INSURANCE

The Organizing Secretariat cannot accept responsibility for accidents or damage to participants
or accompanying persons before, during or after the Congress. Participants are urged to make
their own arrangements with respect to travel and health insurance.

WI-FI

Free internet Wi-Fi connection will be provided everywhere in the Conference venue areas.

MOBILE PHONES
Participants are kindly requested to keep their mobile phones in off position in the rooms where
scientific sessions are being held.

CERTIFICATE OF ATTENDANCE
Participants can print their own certificate of attendance at self-service kiosks in the Congress

center.



NOTICE OF FILMING AND PHOTOGRAPHY

It is strictly forbidden to take pictures and/or video during the Congress Presentations. This be
permitted only during the Gala Dinner, the Opening Ceremony and during the Awards
Ceremony.

AUDIO-VISUALS AIDS

Each room will be equipped with personal computers for the video presentation. The slides
should be prepared with the program Windows PowerPoint — not Macintosh / Apple — with
800x600 or 1024x768 resolution. The presentations should be delivered on USB pendrive. It is
not allowed to use your own computer.

The delivery of the slides to the Slide Center will be made in time before the corresponding
session.

IMPORTANT NOTE

In order for the conference program to be respected, strict compliance with all the times
indicated is essential. Speakers are therefore requested to strictly follow the assigned times. The
Chairmen, in addition to the thanks for having accepted such a heavy burden, should also be
prayed to be inflexible in enforcing the scheduled hours.

PRIVACY POLICY

Aristea International S.r.. handles all personal data according to the laws of the EU-Data
Protection Regulation (EU-GDPR) and the Italian Legislative Decree no. 196/2003.

For your registration to the Congress we have to collect, save and process your personal data,
and we need you consent.

For our privacy policy, please consult the following link: Privacy and Cookie Policy |
BIOCERAMICS 32

REFRESHMENT AND MEALS
Lunches as well as coffee breaks will be served at the scheduled times, in the form of a buffet.

GALA DINNER
At the time of registration to the conference (on Tuesday), the participants will have the
opportunity to register for the Gala Dinner on site.

TECHNICAL INFORMATION

The three Conference rooms will be opened before sessions in order to allow you to download
your power point or PDF presentation with enough anticipation with the help of the
chairperson assistants. All presentation will be removed at the end of the Congress.

Poster boards will be numbered according to the Book of abstracts. The posters will not be
removed until the last coffee break on September 23. Posters left on the boards after the closing
ceremony will be removed by the conferences staff and trashed. Material for posting your
poster will be offered by the congress organization



AWARDS

HIRONOBU OONISHI MEMORIAL AWARD OF ISCM
At this 32nd edition of BIOCERAMICS the fifth “Hironobu QOonishi Memorial Award” will be
delivered.

Dr. Hironobu Oonishi was one of the founders of the International Society for Ceramic in
Medicine (ISCM) and the Co-chairperson of the 1%t annual meeting of ISCM held to Kyoto
(Japan), in the 1988. He was an excellent hip surgeon and was well known as having discovered
that irradiated polyethylene exhibited resistance against wear in joint replacements. After
serving as Director of the clinic “Hironobu Oonishi Memorial Center for Joint Replacement and
its Research” in Osaka, Japan, he passes away on November 1%, 2014 at the age of 79.

BEST ORAL/POSTER AWARDS
JECS Trust has made available funds to cover travel and accommodation costs for students. Part
of these funds will be granted to students presenting the best 3 orals and 3 posters. The best 3
oral and 3 poster presentations will be anyway awarded with a certificate. If one or more
winners are already entitled to receive the JECS Trust funding, the financial contribution from
JECS Trust will be given to the next runners up.



PROGRAM AT A GLANCE

TUESDAY, SEPTEMBER 20, 2022

ROOM 1

ROOM 2

ROOM 3

10.00 Registration open
14.00 Opening ceremony
14.15 | Chairs: S. Sprio & K. Ishikawa PLENARY 1-Y. Tabata
14.45 PLENARY 2 — H. Zreigat
S1_CaP BIOCERAMICS FOR REGENERATIVE S2_ADDITIVE MANUFACTURING OF S3_CELL-MATERIALS INTERACTION AND CO-
MEDICINE BIOCERAMICS CULTURES
Chairs: S. Sprio & K. Ishikawa Chairs: L. Ambrosio & S. Faré Chairs: S. Panseri & Y. Tabata
15.15 Keynote — C. Drouet Keynote — M.P. Ginebra Keynote — T. Ibrahim
15.35 Keynote — J. Chang Keynote — M. Ahlhelm Keynote — M. Kawashita
15.55 M. Merle F. E. Weber Z. Vuslat Parlak
16.10 A. EI-Ghannam A. F. Montero D. Shepherd
16.25 Coffee Break / Poster Session / Exhibition
Chairs: C. Drouet & M. lafisco Chairs: J. Rau & C. Combes Chairs: M. Kawashita & F.E. Weber
16.45 Keynote — ). Locs Keynote — R. Gadow 16.45 Keynote — S. Faré
17.05 M.G. Raucci L. Johansson 17.05 Keynote — S. Panseri
17.20 C. Stahli J. Homa
= 17.25 R. Manser
17.35 K. Ishikawa L. Del-Mazo-Barbara
17.50 Y. Maazouz A. C. Sousa 17.55 E. Cichon
18.05 K. Spath I. Bouakaz 18.10 A. Abélanet
18.20 L. Degli Esposti M. Montanari 18.25 F. Tibourtine
18.35 V. Kumar Dewangan 18.40 M. R. laquinta
18.55 WELCOME RECEPTION
20.00 End of the first day




WEDNESDAY, SEPTEMBER 21, 2022

08.20 Chairs: M. Bohner & A. Tampieri PLENARY 3 — M. Marcacci
PLENARY RELAY SESSION
08.50 | Cranial reconstruction F. Servadei M. Dapporto
09.30 | Osteochondral regeneration E. Kon M. Alini
10.10 Coffee Break / Poster Session / Exhibition
10.30 Long bone regeneration P. Giannoudis A. Ballardini
11.10 | Spinal fusion G. Barbanti-Brodano S. Leeuwenburgh
11.55 Tata Steel Medical Materials Business
ROOM 1 ROOM 2 ROOM 3 ROOM 4
WORKSHOP
S1_ CaP BIOCERAMICS FOR S5_SMART NANOSYSTEMS & S9_BIOCERAMICS FOR POROUS HYDROXYAPATITE
REGENERATIVE MEDICINE ANTIBACTERIAL DEVICES DENTAL APPLICATIONS CRANIOPLASTY: EFFICACY AGAINST
Chairs: B. Basu & Chairs: MHP da Silva & INFECTION AND PAEDIATRIC
Chairs: M.P. Ginebra & J. Locs C. Vitale-Brovarone J. Chevalier INDICATIONS
Sponsored by: FINCERAMICA
12.20 Keynote — M. Bohner Keynote — P. Ducheyne Keynote — J. Tartsch 11.00 Chair: F. Servadei
Keynote — 11.10 L. Visai
12.40 Keynote —A. Leriche Keynote —J. Rau
Y Y S. Leeuwenburgh 11.35 M. Ganau
13.00 C. Ohtsuki H. Mabroum D. Bomze 12.00 % Frassan{to
: : : 12.25 P. Costantino
13.15 T. Yokoi C. Combes N. Hosseinabadi 12.50 BYsavesian
13.30 Lunch / Poster Session / Exhibition
15.00 Chair: B. Basu PLENARY 4 — L. Visai
S4_ANTIBACTERIAL BIOCERAMICS FOR
SMART PROSTHETIC APPLICATIONS — S5_SMART NANOSYSTEMS & S9_BIOCERAMICS FOR DENTAL
ANTIBACTERIAL DEVICES
Sponsored by ACERS Chairs: P. Ducheyne & M. Alini APPLICATIONS
Chairs: R. Narayan & I. Antoniac o y : Chairs: C. Mortellaro & M. Del Fabbro
15.30 Keynote — A. EI-Ghannam Keynote — G. Maccauro 15.30 Keynote - S. Taschieri
15.50 G. Graziani G. Baldi 15.50 Keynote - G. Tartaglia
16.05 V. Mller E. Cansever Mutlu 16.10 Keynote - G. Brunello
16.20 S. Begand M. Iglesias-Fernandez 16.30 A. Kocjan
16.35 S. Fournier N. Hassani Besheli 16.45 A. A. Porporati
16.50 A. Marfoglia
17.05 Coffee Break / Poster Session / Exhibition
S1_CaP BIOCERAMICS FOR REGENERATIVE S5_SMART NANOSYSTEMS & S9_BIOCERAMICS FOR DENTAL
MEDICINE ANTIBACTERIAL DEVICES APPLICATIONS
Chairs: J. Gomez-Morales & N. Débelin Chairs: P. Palmero & A. EI-Ghannam Chairs: S. Leeuwenburgh & J. Tartsch
17.25 Keynote — I. Cacciotti 17.25 Keynote — M. lafisco Keynote — C. Aparicio
17.45 Keynote — C. D’Arros 17.45 A. Barroug Keynote C. Knabe
18.05 A. Fantou 18.00 F. Vergnaud H. Abdelrazik
18.20 K. Hurle 18.15 A. D’Urso K-H. Yoo
18.35 L. Cuypers 18.30 E. Cianflone S. Kamakura
18.50 |. Touaiher 18.45 B. Parra-Torrejon M. Di Foggia
19.20 End of the second day




THURSDAY, SEPTEMBER 22, 2022

ROOM 1 | ROOM 2 | ROOM 3
08.30 | Chair: A. Boccaccini PLENARY 5 —J. Chevalier
S4_ANTIBACTERIAL BIOCERAMICS FOR SMART S6_HYBRID AND COMPOSITE
PROSTHETIC APPLICATIONS - Sponsored by BIOCERAMICS FOR BONE & Workshop H2020 ITN Project AIMed —
ACERS OSTEOCHONDRAL REGENERATION Antimicrobial Integrated Methodologies
Chairs: C. Piconi & E. Champion Chairs: M. Alini & M. Sandri
09.00 Keynote — B. Basu Keynote — J. Gomez-Morales 9.00 ) .
: 9.05 Chair - A. Stamboulis
09.20 Keynote — P. Palmero Keynote — C. Vitale-Brovarone . ]
09.40 N. Débelin L. Sabio 9.25 :
9.45 Invited
09.55 W. Xia S. Meille 1‘; 05 Invited
10.10 K. Hans S. Skibirski 1 0‘ 25 Invited
10.25 A. Daskalova N. Elahpour ’ Round Table (Chair: C. Drouet, on-
10.40 A. Corozzi stage participants: A. Boccaccini, B.
: : Basu, A. Braum, A. Stamboulis, D.
11.00 Coffee Break / Poster Session / Exhibition Grossin)
Chairs: A. Adamiano & R. Pullar Chairs: H. Zreiqat & M. Ahlhelm $12_NANOSAFETY TOOLS IN SUPPORT TO
11.20 Keynote — I. Antoniac 11.20 F.J. Acebedo-Martinez REGULATION
ASINA 1° Stakeholder Workshop: Safe and
11.40 Keynote - T. da Ros 11.35 F. Banche Niclot sustainable by design Paradigms applied to
(Nano)materials
12.00 K. Schickle 11.50 J. Lao
12.15 M. Imariouane 12.05 E. Campodoni 11.00 Welcome - chair: A. L. Costa
12.30 M. Pavarini 12.20 R. Rodriguez-Gonzalez  |11.10 ASINA Project: A. L. Costa
12.45 T. Oberbach 12.35 H. Mabroum 11.20 SAbyNA Project: S. Vazquez-Campos
13.00 Lunch / Poster Session / Exhibiti 11.30 SABYDOMA Project: T. Chamberlain
. = = unc SsLeTbEssIONYAEXITION — 11.40 SbD4Nano Project: C. Fito
14.30 | Chairs: J. Jones & S. Sprio PLENARY 6 — A. Boccaccini 11.50 HARMLESS Project: W. Fransman
15.00 PLENARY 7 — B. Fadeel 12.00 SUNSHINE Project: D. Hristozov
15.30 Plenary Talk — H. Oonishi Award — G.Daculsi 12.10 DIAGONAL Project: S. Resch
S7_Commemorative Session: BIOCERAMICS s8_INNOVATIVE PROCESSES AND  |12.20 SusNanoFab Project: M. Cioffi
AND GLASS TECHNOLOGY CERAMICS 12.30 NanoFabNet Project: S. Friedrichs
Chairs: S. Agathopoulos - 12.40 IRISS Project: C. Rocca
& M. Lasgorceix IFIT ad}) Chairs: A. Tampieri & C. Piccirillo 12.50 Classification criteria for SSbD tools
—— - (OECD): A. Sanchez
16.00 Keynote — J. Jones Keynote —S. Sprio 13.00 Lunch
16.20 J. Turner G. Bertrand 14.30 JRC Framework for SSbyD of chemicals: L.
16.35 E. Bernardo C. Aubry Farcal
16.50 V. Muthuvijayan ;4.S4V\.j:a(r)tECD EarlydNAdMa system:
17.05 Coffee Break / Poster Session / Exhibition 15.00 EU-US Nanotechnology Communities of
Chairs: C. Vitale-Brovarone & E. Bernardo Chairs: S. Meille & A. Barroug research (CORs): present goals: B. Karn
17.25 Keynote — S. Agathopoulos Keynote — R. Narayan 15.15 Round Table, follow-up, conclusions
17.45 G. Vecchio N. Douard (Chair: A. L. Costa)
18.00 Q. Nawaz J. Soulié
18.15 M. Pagani C. Softas 17.05 Coffee Break
18.30 D! Angioni R. Wang EC Project ASINA: 30th montIT General
Assembly (reserved meeting)
20.00 Gala Dinner
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FRIDAY, SEPTEMBER 23, 2022

ROOM 1 | ROOM 2 | ROOM 3
09.30 Chairs: A. Boccaccini & S. Cazalbou PLENARY 8 — S. Manfredini
S$10_BIOCERAMICS FOR SOFT TISSUE S11_BIOGENIC CERAMICS &

APPLICATIONS AND SKIN CARE CIRCULAR ECONOMY

Chairs: A. Boccaccini & S. Cazalbou Chairs: M-G. Raucci & C. Ohtsuki EC Project ASINA: 30" month General
10.00 Keynote — R. Toni Keynote — R. Pullar Assembly (reserved meeting)
10.20 M. Guerin A. Adamiano
10.35 A. Veiga A. Ressler
10.50 Coffee Break / Poster Session / Exhibition
11.10 M. Sandri C. Piccirillo
11.25 H. Yilmaz A. Galotta EC Project ASINA: 30" month General
11.40 A. M. Almeida Coco A. Ruffini Assembly (reserved meeting)
11.55 N. Mutlu
12.10 Presentation of the EC-funded project BIOMATDB
12.30 ECerS YCN (Young Ceramists Network) — A. Ressler
o CLOSING CEREMONY

Best oral and best poster awards

13.30 End of the conference

VENICE EXPERIENCE: BOAT TRIPS AND TOURS
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PLENARY LECTURE

RECENT ADVANCE OF DRUG DELIVERY SYSTEM TO ENHANCE NATURAL HEALING

POTENTIALS FOR REGENERATIVE MEDICINE
Yasuhiko Tabata ®

M Institute for Frontier LIfe and Medical Sciences, Kyoto University

A new therapeutic trial based on the natural-healing potential of body itself to induce tissues
regeneration and repairing, has been recently expected. To realize this regenerative therapy, there are two
approaches of cell transplantation and tissue engineering. Tissue engineering is a biomaterial technology
or methodology to artificially create a local environment which enables cells to enhance their
proliferation and differentiation for tissue regeneration. If a key bio-signaling molecule is supplied to
target cells at the right place and the right time period or concentration, the body system initiates to
physiologically function, resulting in the natural induction of cell-based tissue regeneration. The
biological functions of bio-signaling molecules can be promoted with drug delivery system (DDS)
technology. Biodegradable hydrogels enabled the controlled release of various growth factors and
chemokines to succeed in the healing potential -based regeneration and repairing of various tissues
through the recruitment and activation of cells. This release and/or cell scaffold technologies can be
combined with cell transplantation to significantly enhance the therapeutic efficacy in tissue regeneration.
The DDS technology of regenerative medicine is also applicable to regulate immunological responses
which play an important role in the wound healing process of tissue regeneration and repairing. For
example, a positive pro-inflammation promotion of macrophages induced by a drug release technology,
followed by the DDS-induced activation of stem cells recruited, further enhanced the therapeutic efficacy
of cell-based tissue regeneration.In this paper, several applications of DDS technologies with or without
cell scaffolds to the tissue regeneration therapy are introduced to emphasize clinical significance of
biomaterials technologies in tissue regenerative therapy
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PLENARY LECTURE

NOVEL ENGINEERED SYNTHETIC APPROACHES TO INNOVATIVE BIOENGINEERING

Hala Zreiqat

University of Sydney,Centre for innovative BioEngnieering, Biomaterials and Tissue Engineering Unit,
Sydney Australia

The growing clinical need for synthetics that specifically enhance the repair of critical large bone
defects and aged bone matched by the escalating demand for grafts, is driven largely by an ageing
population whose natural regenerative responses are impaired. This presentation will describe 1) our
strategies in developing a platform of patented engineered nanostructured, 3D-printed biomaterials
for cell-free personalised treatment to promoting bone healing in load bearing challenging situations.
2) our approach in using biologics such as cell-secreted nanoparticles as a promising approach to
replace direct stem cell transplantation for bone repair and regeneration. 3) Our anti-senescence
biomaterial approach for enhanced regeneration of aged bone. The role of cellular senescence will
greatly contribute to the development of novel and effective therapeutic interventions for bone tissue
repair and regeneration Our technologies open avenues for skeletal and soft tissue regeneration in
various clinical applications.
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SYMPOSIUM 1
CaP BIOCERAMICS FOR
REGENERATIVE
MEDICINE
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KEYNOTE LECTURE

METASTABLE BIOACTIVE CERAMICS:
PROMISING NEW OPPORTUNITIES FOR BONE ENGINEERING AND BEYOND

C. Drouet!, M. Luginina?, T. Martinez!, H.]. Kim?, R. Anggraeni?, J. Soulié!, F. Salles?, P. Trens?,
D. Grossin', F. Brouillet!, S. Sarda!, A. Dupret-Bories®, G. Chevallier!, ].M. Oh3, R. Orru?, G. Cao?,
I. Dewi Ana#

ICIRIMAT, Université de Toulouse, CNRS/Toulouse INP/UT3, Toulouse, France, 2Dept. Mechanical,
Chemical, and Materials Eng., Universita degli Studi di Cagliari, Cagliari, Italy, SDept. Energy and
Materials Eng., Dongguk Unviersity, Seoul, Republic of Korea, 4Faculty of Dentistry, Universitas Gadjah
Mada, Yogyakarta, Indonesia, SICGM, Université de Montpellier, CNRS, ENSCM, Montpellier, France,
¢JUCT-Oncopole, Toulouse, France

Metastable (biocompatible) inorganic compounds may provide various opportunities for biomedical
applications, related to their high reactivity, propensity to evolve/resorb in vivo, and the associated
release of bioactive ions. They may also be combined with bioactive molecules/drugs in view of local
release.

Amorphous calcium phosphates (ACPs) are particularly appealing compounds for bone applications,
as potential precursors of bone apatite in vivo. However, a key technological challenge is to process them
into 3D scaffolds while retaining their amorphous character, which allows fast resorption and ion release.
By cold sintering via SPS at low temperature, we succeeded to obtain still-amorphous cohesive ACP
matrices, thus opening the way to novel applications [1]. ACPs are also cement-forming components to
prepare moldable pastes for bone filling. We developed a paste with embedded apatite particles loaded
with doxorubicin for the local treatment of osteosarcoma. Data obtained in a rat osteosarcoma model
showed the relevance of this approach with a tendency to decrease metastatic events [2].

Bone-biomimetic apatites are also highly relevant to biomedical applications. They allow numerous
ion substitutions, including with antibacterial ions. In view of tropical dentistry, we developed a safe-by-
design antibacterial system based on peroxide-substituted biomimetic apatite to fight against periodontitis
and tooth root infection. Indeed, oxygenated species are naturally used by the body to fight against
pathogens including anaerobic bacteria. We demonstrated its antibacterial character while remaining non
cytotoxic to osteoblast cells. We then showed the possibility to combine them to polymers to obtain
composite 3D scaffolds, e.g. by freeze-casting.

Other family of metastable compounds concerns Layered Double Hydroxides (LDHs). We adapted
the developed cold sintering strategy to prepare cohesive 3D monoliths of LDHs of different
compositions, including Al-free. We demonstrated that the LDH interlayer spaces remained accessible to
interact with molecular species.

Such metastable compounds may allow envisioning new strategies for tomorrow’s medicine.

References:
[1] M. Luginina et al. (2020) J. Mater. Chem. B, 8, 629-635, doi: 10.1039/C9TB02121C
[2] T. Martinez et al. (2021) Future Oncology, 17, 3511-3528, doi : 10.2217/fon-2021-0128
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KEYNOTE LECTURE

BIOCERAMICS FOR 215" CENTURY: BIOACTIVE AND MULTI-FUNCTIONAL
Jiang Chang

Shanghai Institute of Ceramics, Chinese Academy of Sciences, 1295 Dingxi Road, Shanghai 200050, China

Bioceramics have been used for biomedical applications for many years, and biocompatibility and
mechanical properties are critical factors to be considered for clinical applications. With the rapid
economic development and increased aging population in 21st century, specific clinical needs are
increasing, and regenerative medicine is facing new challenges such as the healing of chronic wound,
tissue repair and regeneration for aging people, infection during wound healing, the reconstruction of
lost tissues and trauma patients with other diseases. Some biological approaches such as growth factors
and stem cell therapies have been extensively studied and advanced in recent years. However, the clinical
applications of biological approaches are still facing challenge due to the complexity of biological
systems. Therefore, the biological function of biomaterials for tissue regeneration has drawn more and
more attention. In particular, study on bioactivity of bioceramics to stimulate bone regeneration is
considered as one of the new directions of bioceramic research. In addition to bioactivity, other
therapeutic functions of bioceramics such as antibacterial property, anti-tumor function and drug loading
and controlled release properties are also interesting and important for clinical applications. Furthermore,
traditional bioceramics are thought to be used for hard tissue repair in orthopedic and dental
applications. However, recent studies have shown that some bioactive ceramics with defined chemical
composition have the bioactivity to stimulate soft tissue regeneration. Therefore, studies on bioactive and
multi-functional bioceramics are new trends of bioceramic development, and the clinical applications of
bioceramic based materials are expanding from hard tissue repair to the regeneration of soft tissue repair.
Our studies have demonstrated that bioceramics with specific chemical composition and micro/nano-
structures are bioactive to stimulate tissue regeneration including bone and different type of soft tissues,
and doping of different metal and rare earth elements into silicates and phosphates bioceramics endowed
the materials with different functions for different biomedical applications.
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PYROPHOSPHATE-STABILIZED AMORPHOUS CALCIUM CARBONATE FOR BONE
SUBSTITUTION: A MULTISCALE STRUCTURAL CHARACTERIZATION FOR

UNDERSTANDING ITS IN VITRO BEHAVIOR
Marion Merle (1), Jérémy Soulié (1), Christian Rey (1), Pierre Roblin (2), Capucine Sassoye (3), Christian
Bonhomme (3), Shunfeng Wang (4), Werner E.G. Miiller (4), Christele Combes (1)

(1) CIRIMAT, Université de Toulouse, CNRS, TOULOUSE INP - ENSIACET, Toulouse, France, (2) LGC,
CNRS, Université de Toulouse, 118 route de Narbonne Batiment 2R1, Toulouse, France, (3) Sorbonne
Université, CNRS, LCMCP, Paris, France, (4) Institute for Physiological Chemistry, University Medical
Center of the Johannes Gutenberg University, Mainz, Germany

Amorphous calcium carbonate (ACC) is biocompatible [1], bioactive [2], and the most reactive calcium
carbonate (CC) phase in solution. To stabilize it against crystallization, polyphosphates [3] had been
successfully implemented, but the use of pyrophosphate (Py) is poorly documented. The latter is known
as an inhibitor of calcite crystallization and showed bioactivity in vivo [4], being cleaved by enzymes and
releasing phosphate ions, fundamental for bone remodeling. The purposes of this study are to
understand the influence of the pyrophosphate ratio on the composition and nanoscale organization of
the pyrophosphate-stabilized ACC powders (PyACC), and to correlate it to their reactivity in aqueous
media and in vitro cell behavior either for undoped or bioactive ions-doped (Sr2+, Zn2+ or Cu2+)
powders. PyACC were synthetized by a co-precipitation method from a calcium solution including or not
the doping cations and a pyrophosphate-containing carbonate one. They were thoroughly characterized.
Then, powders were immersed into water or SBF for evolution from 6h to 28 days, and characterized
after interaction as well as the liquid phase. Cytocompatibility assays were carried out on fibroblast cells,
and titration of ALP activity on SaOS-2 cells. Over 3.5% of Py/CO3, the ACC crystallization was fully
inhibited as shown by XRD. Indeed, pyrophosphate acts as a surfactant, reducing the particle size. SAXS,
WAXS and solid-state NMR studies highlighted the fractal organization of PyACC with 5nm-clusters,
composed by a Inm-proto-calcite core [5] surrounded by a disorganized Py/water-rich layer. High
amounts of doping ions could be integrated and released without any burst effect. Furthermore,
strontium and zinc ion-doping enhanced PyACC biocompatibility as well as ALP activity for the latter.
All together, these results highlight correlations between the nanoscale organization, the release kinetics
and the in vitro properties of doped and undoped PyACC, paving the understanding and the
development of such new bone substitutes.
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The authors thank the Occitanie Region (BioPhORM project n°19008740/ALDOCT-000734) and the EUR
NanoX grant in the framework of the “Programme des Investissements d’Avenir" (n° ANR-17-EURE-
0009) for supporting this research work.
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THE USE OF BIOMATERIALS AND TISSUE PLASTICITY FOR REGENERATION AND BONE

AUGMENTATION
Ahmed El Ghannam (1), Randa Al Fotawi (2)

(1) University of North Carolina, USA (2) Oral & Maxillofacial surgery, Dental college, King Saud
University, Saudi Arabia

Background

Regenerative medicine can provide a novel approach to treat various conditions and enhance bone
regeneration. Tissues interconversion is governed not only by the interaction of the cell but also by the
effect of micro-environmental changes and inductive extracellular cues.

Aim and Objectives

A preliminary study was conducted with the preparation of Muscular Extracellular Matrix (MEM) and
assessment of its osteogenic potentials and colonization of blood vessels. Then the treated MEM was used
to study bone regeneration and augmentation in an animal model.

Material and Methods

MEM grafts were prepared using a well-established protocol. Sub clones derived from immortalized
human bone marrow stromal cells (TERT-hBMSCs) were used for graft characterization. Then Osteoblast
differentiation was assessed using alkaline phosphatase (ALP), Alizarin Red S. Quantification of
mineralization and histological assessment were performed for the induced MEM. Treated constructs of
MEM were prepared using hBMSCs, bone cement, and Bone Morphogenic Protein 7 (BMP-7). In ex vivo
10 male nude mice were used, a calvarial defect was prepared to receive the grafts with treated MEM. 5
other mice were used as positive control samples. At 8 weeks, the regenerated tissues were assessed
using microcomputed tomography (micro-CT) and histology.

Results

Clinically, cortical bone regeneration was observed bridging the defects in the study group and control
group. Qualitative assessment of regenerated bone using micro-CT analysis reported thinner trabeculae,
compared to normal native bone, with a high degree of anisotropy. Histologically, the study group
showed one and half the thickness of the non-operated bone. Quantitative histomorphometrically
assessment showed that a high median bone percentage surface area was discovered at 80.2+6.0% (26.9-
90.3).

Conclusion

This study confirms the in vivo osteogenic properties of treated MEM and suggests novel strategies for
bone augmentation.
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KEYNOTE LECTURE

SYNTHESIS AND COLD SINTERING OF HIGHLY STABLE AMORPHOUS CALCIUM

PHOSPHATES
Janis Locs (1), Abhishek Indurkar (1), Rajan Choudhary (1), Signe Zemjane (1), Jana Vecstaudza (1),
Kristaps Rubenis (1)

(1) Riga Technical University, Latvia

Amorphous calcium phosphate is a metastable calcium phosphate phase with excellent biocompatibility
and better resorbability than hydroxyapatite. Despite these characteristics, metastability of amorphous
calcium phosphate has restricted its use in other forms than powder or coating. Here we report multiple,
simple co-precipitation and dissolution-precipitation synthesis methods that allow to obtain highly stable
amorphous calcium phosphate powders with high specific surface area (>100 m2/g). The synthesis can be
done at room temperature and involves the use of simple reactants (CaCl2 and H3PO4, or CaCl2,
Na3P0O4, and NaOH for co-precipitation synthesis methods and CaP salt (e.g. hydroxyapatite), HCl and
NaOH for dissolution-precipitation synthesis method)1. The synthesized amorphous calcium phosphates
can be sintered to near-full density by a simple uniaxial die pressing at 1250-1500 MPa at room
temperature2,3. The relative density of the samples sintered at 1500 MPa exceeded 95 % and their specific
surface area was more than 1000 times smaller than that of the starting powders. They had a grain-like
microstructure with grain sizes below 100 nm. The compressive strength and Vickers hardness of the
samples obtained at 1500 MPa exceeded 350 MPa and 2 GPa, respectively. The conditions used for the
sintering of amorphous calcium phosphate allows to incorporate certain drugs into amorphous calcium
phosphate ceramics during the sintering step and allows to produce ceramic-based drug-delivery
systems where drug release is controlled by the dissolution/degradation rate of the amorphous calcium
phosphate. Furthermore, the sintering conditions allows to co-sinter biopolymer/amorphous calcium
phosphate composites and allows to produce porous amorphous calcium phosphate ceramics scaffolds.
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IMPROVING FUNCTIONALITY OF INJECTABLE BONE SUBSTITUTES
Maria Grazia Raucci (1), Luigi Ambrosio (1)

(1) Institute of Polymers, Composites and Biomaterials — National Research Council (IPCB-CNR), Naples,
Italy.

Injectable therapies are preferred for their minimally invasive nature, ease of use, and ability to fill
complex 3D regions of low bone mass. The sol-gel synthesis approach appears to be a suitable route
towards performing injectable calcium phosphates with the possibility to load bioactive and therapeutic
compounds.

Here, an overview of different strategies used to prepare bioactive and osteoinductive injectable calcium
phosphates (CaP) is reported. The first system concerns the loading of an osteoinductive hyperbranced
nanostructures as phosphoserine-tethered poly(e-lysine) dendrons (G3-K PS) in CaP gels with and
without strontium (Sr) element used to reduce the bone resorption (G3KPS-CaP, G3KPS-SrCaP). The
second system is represented by antimicrobial injectable materials based on imidazolium ionic liquids
(ILs) loaded in CaP material (IL-CaP).

The injectable bone substitute materials integrating G3-K PS or ILs were successfully synthesized by sol-
gel approach. For G3KPS-CaP, both in vitro and in vivo findings showed that the integration of G3-K PS
would downregulate Cxcl9 gene and protein expressions to achieve an enhanced bone regeneration
effect, with respect to a higher BMD and BV/TV. Immunohistological staining of Cxcl9, Runx2 and
RANKL proteins were also conducted. The positive expression of Cxcl9 seemed to be less in G3KPS-CaP
and G3KPS-SrCaP groups. Runx2 and RANKL positive expressions were more in G3KPS-CaP group than
others. For IL-CaP system, it was observed an early pre-osteoblast differentiation in basal conditions by
expression of ALP and OCN at 3 and 14 days of in vitro cell culture, respectively. The expression of
osteogenic markers increased with an increasing IL N-alkyl chain-length. The antimicrobial studies
demonstrated that IL-CaP at long alkyl chain showed antimicrobial and antifungal activity without
biofilm production. The results indicated that sol-gel technology allows to synthesize therapeutic and
multifunctional injectable CaP materials which can become high-performance bone substitutes for the
treatment of bone defects.
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PRODUCTION OF DENSE AND PHASE-PURE A-TCP FROM NANO-CRYSTALLINE POWDER
Christoph Stihli (1), Antonio Jesus Salinas (2), Yves Viecelli (1), Pascal Michel (1), Nicola Débelin (1),
Marc Bohner (1)

(1) RMS Foundation, Bettlach, Switzerland, (2) Universidad Complutense, Departamento de Quimica en
Ciencias Farmacéuticas, Madrid, Spain

Introduction

Dense and pure a-tricalcium phosphate (a-TCP) samples are of interest to study the interactions between
a-TCP and bone cells, in particular osteoclastic resorption. However, to the best of our knowledge, a
density higher than approximately 95% has never been achieved [1]. In fact, a-TCP production is
challenging due to (i) the - to a-TCP phase transition occurring at a temperature ideal for sintering
(1125°), (ii) the formation of a B-TCP - a-TCP solid solution with minute amounts of Mg, a common
impurity present in calcium phosphates, and (iii) a 9% volume expansion during the (- to a-TCP phase
transformation. Here, we investigated the potential of a nano-crystalline a-TCP powder to produce dense
bulk materials.

Experimental

Nano-crystalline a-TCP (particle size <100 nm, <20 mg/kg Mg, <2% foreign phases) was produced
through wet chemical synthesis of amorphous calcium phosphate and subsequent thermal conversion for
a short period of time at 775°C (Ostwald’s step rule) [2]. Pills were then compressed uniaxially and
sintered by inserting them into a furnace preheated to 1200°C for 6 h (1 or 3 replicates). The density was
determined from the cylinder dimensions and weight (calculated relative to the theoretical densities of
the crystalline phases) and the phase composition measured by x-ray diffraction (XRD).

Results and Discussion

A higher pressure resulted in a higher relative density before as well as after sintering, corresponding to a
porosity as low as 3.9% (Fig. 1A). Interestingly, the sintered pills contained approximately 4% (3-TCP (Fig.
1A), independently of the green body density and of the pill height (data not shown). This result is
surprising considering the 3- to a-TCP phase transition temperature of 1125°C. A hypothetical pressure
build-up in the microstructure during sintering could possibly favour the crystallographically denser (3-
TCP phase. A second surprising finding is the presence of nanopores (Fig. 1B) suggesting the release of
gas during sintering.

Conclusions

Sintering of nano-crystalline a-TCP resulted in 96% dense a-TCP with a thus far unexplained presence of
[-TCP. Future work will focus on the effect of sintering time and temperature on the density and phase
composition.

References
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CARBONATE APATITE HONEYCOMB ARTIFICIAL BONE FOR CRITICAL SIZE ULNA DEFECT

RECONSTRUCTION
Kunio Ishikawa (1)

(1) Kyushu University, Japan

Both composition and structure are important for the artificial bone. Composition of the bone is carbonate
apatite that contains 6-9mass% carbonate in apatitic structure. Although carbonate apatite decompose
thermally at sintering temperature, it can be fabricated in an aqueous solution by compositional
transformation through a dissolution—precipitation reaction using a precursor such as calcium carbonate.
Therefore, calcium carbonate block fabrication leads carbonate apatite artificial bone fabrication. One of
the interesting structure as artificial bone is honeycomb because it lead quick bone formation along the
pores. In this study, carbonate apatite honeycomb artificial bone was fabricated and evaluated its
potential using rabbits” ulna critical size bone defect.First, a mixture of calcium carbonate and binder was
extruded through a honeycomb die using an extruder. The honeycomb was heat-treated for debindering,
leading calcium carbonate honeycomb fabrication. Then the honeycomb was immersed in sodium
phosphate solution for the compositional transformation through a dissolution—precipitation
reaction.10mm bone defect was the critical size for rabbit ulna. When the defect was reconstructed with
carbonate apatite honeycomb new bone was formed even at the center of the honeycomb 4 weeks after
surgery. In contrast, no new bone was formed when the defect was reconstructed using commercially
available beta tricalcium phosphate artificial bone (Osferion®) even after 12 weeks after surgery. The
difference demonstrated clearly that carbonate apatite honeycomb artificial bone has good potential value
for long bone reconstruction.
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EFFECT OF SINTERING TEMPERATURE AND CALCIUM TO PHOSPHORUS RATIO ON THE

OSTEOINDUCTION CAPACITY OF CALCIUM PHOSPHATE GRANULES IN MICE
Maazouz Yassine (1), Patricio Domingues Nency (1), Bohner Marc (1)

(1) RMS Foundation, Switzerland

Introduction

Some bone graft substitutes (BGS) elicit the formation of bone tissue ectopically. This phenomenon is
recognised as proof of osteoinduction. Currently, it can only be tested in vivo. Most in vitro attempts to
measure the osteoinductive potential of calcium phosphate based BGS have been shown to correlate
poorly with in vivo results. Recently, we proposed an in vitro test based on a quantitative mineralization
method that allowed to predict the osteoinductive capacity of calcium phosphate bone graft substitutes.
In this study we verified the osteoinductivity of calcium phosphate bone graft substitutes with different
mineralization capacity by implanting them in FVB mice subcutaneously.

Materials and methods

4 types of calcium phosphate granules were synthesized in a factorial model using sintering temperature
(950°C and 1100°C) and calcium to phosphorus ratio (1.50 and 1.55) as varying factors. They were
characterized for specific surface area, porosity, microstructure and phase composition as well as their
mineralization capacity. 100 mg of each granule type were implanted in subcutaneous pouches in 12 FVB
mice (n=6) for 35 days. Decalcified histologies were prepared and stained with hematoxylin-eosin and
Masson’s trichrome.

Results

Specific surface area and mineralization capacity increased while pore entrance size decreased with high
calcium to phosphorus ratio and low sintering temperature. Histologies revealed initiating process of
osteoid formation in all 4 types of granules. Bone tissue was found in a single type of granule, which had
the highest calcium to phosphorus ratio (1.55) and the lowest sintering temperature (950°C). Figure 1-
Histologic cut of explants of an osteoinductive calcium phosphate granulate implanted during 35 days in
the subcutis of FVB mice, Masson trichrome staining (left), Hematoxylin-Eosin staining (right) 20x

magnification.
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CU2+-DOPED BRUSHITE CEMENT FOR BONE SUBSTITUTION MATERIALS
Karla Spith (1), Katrin Hurle (1), Friedlinde Goetz-Neunhoeffer (1)

(1) GeoZentrum Nordbayern, Mineralogy, Friedrich-Alexander-University of Erlangen-Nuernberg

One possibility for brushite (CaHPO4-2H20O) formation is the reaction of -tricalcium phosphate (B-TCP,
[-Ca3(PO4)2) and monocalcium phosphate monohydrate (MCPM, Ca(H2PO4)2-H20) with H20
according to (1). Cu2+ is known for its increasing effect on antibacterial activity and consequently the
beneficial impact on preventing inflammation [1], as well as the positive effects on angiogenesis and
wound healing [2]. These properties qualify Cu2+ as suitable doping-ion for biomaterials. One possibility
to include Cu2+ in the cement system is the incorporation into the crystal structure of 3-TCP. This process
has been confirmed in previous studies [1,3].Ca(H2PO4)2-H20 + -Ca3-xCux(PO4)2 + 7 H20 — 4
CaHPO4-2 H20 (1)The previous study showed the effect of Cu2+-doping in B-TCP on the hydration of a
brushite cement consisting of 3-TCP and MCPM with a molar ratio of 3-TCP/MCPM =1.63 and a water to
solid ratio of 0.3 ml/g. Phytic acid (IP6, C6H6(OPO3H2)6) was used as a setting retarder. Heat flow
calorimetry and in-situ XRD measurements showed an increasing retardation of the hydration reaction
and a decreasing heat release with increasing amount of Cu2+ in B-TCP. This effect can be directly
associated with the incorporated Cu2+. Brushite was detected as main phase, accompanied with
neglectable amounts of monetite and an unknown secondary phase, which is assumed to be a Cu2+-
containing hydrate phase. The next step is the investigation of compressive strength, injectability and
initial and final setting time, as well as the effect on human cells and varies bacterial strains. The aim is to
reach a cement system with a Cu2+-concentration nontoxic to human cells but providing a sufficient
antibacterial activity and appropriate application relevant properties.
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THERMAL CRYSTALLIZATION OF CITRATE-STABILIZED AMORPHOUS CALCIUM

PHOSPHATE INTO APATITE: AN IN SITU, REAL TIME STUDY
Lorenzo Degli Esposti (1), Marco Fosca (2), Aurélien Canizares (3), Alessio Adamiano (1), Julietta V. Rau
(2), Michele Iafisco (1)

(1) Institute of Science and Technology for Ceramics (ISTEC), National Research Council (CNR), Via
Granarolo 64, 48018 Faenza (Italy), (2) Istituto di Struttura della Materia, Consiglio Nazionale delle
Ricerche (ISM-CNR), Via del Fosso del Cavaliere, 100 — 00133 Rome, Italy., (3) CNRS, CEMHTI UPR3079,
Univ. Orléans, F-45071 Orléans, France

Amorphous calcium phosphate (ACP) is a promising bioceramic material that in the last decade has
gained high interest thanks to its unique properties, founding successful application in dentistry and
orthopedics. Understanding its crystallization is of outmost importance, as ACP metastability and its
transformations during crystallization are key parameters to be controlled for any ACP-related
application. In this regard, ACP thermal crystallization is a highly interesting route to produce advanced
bioceramics [1]. Indeed, we have discovered that the thermal treatment of a citrate-stabilized, carbonated
doped ACP developed by us uniquely yields ion-doped, biomimetic hydroxyapatite as pure product [2].
Citrate-ACP thermal crystallization was markedly different from the one of classic ACP materials, which
commonly yields tricalcium phosphate. We have used non-conventional characterization techniques in
parallel to high-temperature thermal treatment to study ACP thermal crystallization in situ in real time.
In particular, complementary Energy-Dispersive X-Ray Diffraction and Infrared Spectroscopy were used
for the first time for this scope. Our in situ study evinced that several phenomena occurred before and
during ACP crystallization. We corroborated previous ex situ works that proposed that before
crystallization ACP undergoes a disordering process. Moreover, we confirmed that citrate-ACP uniquely
crystallizes into biomimetic hydroxyapatite, on the contrary of a citrate-free control ACP. We found out
that the presence of carbonate ions favors this selectivity, and an apatitic local order is created before
crystallization. Finally, we discovered that citrate ions influence the crystallization kinetics and
thermodynamics. Therefore, we proved that the thermal treatment of citrate-ACP represents an attractive
route for producing bioactive apatite bioceramics.
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Eggshell is abundant in nature and has the ability to mimic the composition of natural bone minerals
because it consists of biologically beneficial ions (such as Sr2+, SiO42-, Mg2+, Na+, K+ and F- etc.) present
in traces amount which are also reported to play a key role in bone remodeling process. Calcium deficient
hydroxyapatite (CDHAp) based bone cement due to its similarity with natural bone minerals chemical
composition is a potential bone substitute in orthopaedics. Therefore, in this study, we have prepared the
apatitic (CDHAp) bone cement using eggshell as precursor with improved injectability, macroporosity,
resorbability and bioactivity. Here, the solid phase is composed of nanocrystalline hydroxyapatite and
eggshell derived (ESD) tricalcium phosphate and the liquid phase is composed of disodium hydrogen
phosphate (well-known cement binding accelerator) with gelatin and chitosan (for improving the cement
injectability) in an acidic (diluted) solution. Also, to enhance the porosity of the cement, polysorbate
(Tween-80) as liquid porogen was used which was further compared with cement with mannitol as solid
porogen. The desired bone cement was prepared by mixing all these in an optimized liquid-to-powder
ratio. The cement paste sets within clinically acceptable setting time (<20 minutes) and is highly injectable
(>75%) with good stability at physiological pH (i.e., ~7.3-7.4). The after-set cement when immersed and
incubated at physiological conditions in PBS and other similar artificial body fluids for 7 days results in
pure CDHAp phased bone cement. This was confirmed by XRD and FTIR analysis. The ESD apatitic bone
cement has acceptable compressive strength, in the range of trabecular bone. And, the average pore size
inside it falls in between 50-250pum with interconnectivity, verified its macroporous nature confirmed
through SEM, MIP and micro-CT analysis techniques. Also, the bone cement is biodegradable (degrades
upto 25% within 10 weeks) in artificial body fluids at physiological conditions. The MG63 cells viability
and alkaline phosphatase activity when incubated for 3 and 14 days respectively with the prepared bone
cement was significantly higher when compared to their respective controls. And, the cells were adhered
and spread fully over the surface of the bone cement indicates its biocompatibility nature. Through these,
we can conclude that the prepared ESD apatitic bone cement may have potential to become promising
material for non-load bearing defects repair in bone grafting applications.

Keywords

Calcium deficient hydroxyapatite, injectability, macroporosity, eggshell derived tricalcium phosphate,
eggshell derived apatitic bone cement
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Extensive efforts have been made over the past decades to develop novel synthetic bone grafts with
enhanced performance. The progress in 3D-printing technologies has opened the door to the design of
personalized bone substitutes, mostly based on calcium phosphates (CaP). In this context, we have
recently developed self-setting CaP inks based on the combination of suspensions of reactive ceramic
particles with hydrogel binders, that harden at low temperature through a dissolution-precipitation
process. This approach has several advantages. On the one hand it avoids the shrinkage associated to
high-temperature sintering processes, and on the other the final product is a biomimetic nanostructured
apatite, very close to the mineral phase of bone and more reactive than CaP ceramics. Moreover, the
hardening kinetics of these self-setting inks can be adjusted by modifying the reaction conditions, using
either biomimetic or hydrothermal methods. Besides impacting the reaction duration, this allows
tailoring crystal morphogenesis in the hydrolysis process resulting in changes in the physicochemical and
textural properties of the end product [1,2]. In this way, besides the external shape of the implant it is
possible to control the internal pore architecture of the scaffold. This presentation will focus on the effect
of the nanoscale textural properties of 3D-printed calcium phosphate scaffolds on their biological
performance, highlighting the extent to which the differences in nanostructure, nanoporosity and
nanopore size are key in both the interaction with proteins in solution and the osteogenic potential of the

materials in vivo.
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The demand for multifunctionality and the combination of components with different material and
structural properties plays an increasing role in research activities dedicated to lightweight
applications, automotive, aeronautics and (bio) medical components, tools or implants. Material and
structural hybrids allow distinctive property combinations like electrical conductivity/ insulation,
magnetism/non-magnetism, ductility/hardness or the combination of dense and porous sections.
Hybrid components can be equipped with sensor or actor functions known e.g. from MEMS (Micro
Electromechanical Systems). Such combinations of properties are achievable by either mixing/pairing
different materials within one or more processes and/or by combining entirely different technological
approaches each providing distinctive structural features. The main effort lies on the adjustment of
particular material properties, on adapting shrinkage behavior as well as tuning and hybridizing co-
processing and process technologies. This contribution reports about powder technological and
conventional shaping methods as well as Additive Manufacturing (AM) and chosen process
combinations — hybrid technologies — relevant for achieving ceramic multi-component parts and
materials. Hybridization of different materials and structures usually starts with a green-state
component followed by co-processing (e.g. green-in-green manufacturing and lamination of tapes) or
from the sintered state followed by post-processing (e.g. post-functionalization of AM-components by
aerosol and inkjet printing). Also a co-manufacturing of pre-sintered material and green state material
can be applied. By combining AM with conventional and industrially well-established manufacturing
processes, the advantages of each individual process were put into effect. As was shown in recent
projects, functionalized and individualized components or component series can be fabricated such as,
metal-ceramic surgical grippers as well as bioceramic implants with functional graded porosities and
combined dense-porous sections (CerAMfacturing; EU, GA 678503). Bulky bodies produced by CIM
were functionalized and individually marked with other materials (Addimat, ZIM, ZF 4076417EB6).
The so-called Freeze Foaming was combined with AM to manufacture complex-shaped components
for a possible use as personalized bone replacement material. Either additively manufactured shell
structures were foamed-in, providing a structural hybrid with a dense, complex outer layer and a
porous inside (bone-mimicking), or, topology-optimized 3D-printed support structures were foamed-
in-place in order to combine strength-enhancing features and a porous lead structure for cell-ingrowth
in application as artificial jawbones (Hybrid-Bone, BMBEF: 03VP07633).

In order to guarantee the quality of the additively manufactured structures optical coherence
tomography (OCT) was evaluated with regard to the possibility of inline implementation. Images taken
on Lithography-based Ceramic Manufacturing (Vat Photopolymerization)-printed titanium oxide and
zirconium oxide samples showed that OCT can be used to detect pores and other geometric defects in
near-surface regions. Further optical analyses of single component samples showed that it is possible
to distinguish between polymerized (illuminated) and non-polymerized (not-illuminated) areas. When
multi-material and multifunctional printing approaches are implemented the risk of material
contamination increases. The OCT investigations proved that contaminations, as well as different
phases and mixed interphases, can be detected based on the material contrast thereby providing
insights into how contaminations are incorporated into manufactured samples. This contribution gives
an overview about the main challenges, opportunities and recent developments of material and
process hybridization with regard to powder technological shaping technologies. Focus lies on the
potential of additive manufacturing techniques for (bio)medical ceramic components and personalized
biomaterials as well as measures to implement process monitoring and inline control.

Keywords: Bioceramics, Freeze Foaming, Additive manufacturing, Hybrid shaping, OCT, monitoring, Inline control
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Introduction and Objective

In the last decades, advances in bone tissue engineering mainly based on osteoinduction and on stem cell
research. Only recently, new efforts by others and us focused on the micro- and nanoarchitecture needed
to improve and accelerate bone regeneration and on diverse ceramic materials. By the use of additive
manufacturing, diverse materials with the same microarchitecture were produced and tested for best
microarchitecture for osteoconduction and bone augmentation.

Materials and Methods

For the production of scaffolds, we applied for titanium-based scaffolds selective laser melting and for
ceramics the CeraFab 7500 from Lithoz, a lithography-based additive manufacturing machine. As in vivo
test model, we used a calvarial defect and a bone augmentation model in rabbits.

Results

The histomorphometric analysis showed that bone formation was significantly increased with pores
between 0.7-1.2 mm in diameter. In lattice microarchitectures, the optimal distance between rods is 0.8
mm. Moreover, microporosity appeared to be a strong driver of osteoconduction and influenced
osteoclastic degradation. Best microarchitecture for osteoconduction and bone augmentation are
different. For osteoconduction, hydroxyapatite appears to be better suited than tri-calcium phosphate.

Conclusions

In essence, additive manufacturing enabled us to generate libraries of microarchitectures to search for the
best ceramic, the most osteoconductive microarchitecture and the ideal microarchitecture for bone
augmentation. Moreover, additive manufacturing appears as a promising tool for the production of
personalized bone tissue engineering scaffolds to be used in cranio-maxillofacial surgery, dentistry, and
orthopedics.
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Among several ions playing a vital role in the body Ca2+ ions are involved in the mechanism of bone
formation, making them especially useful for bone tissue engineering applications. Biodegradable
scaffolds, including polylactic acid (PLA) scaffolds, are commonly used in bone related clinical
procedures and they can work as carrier-delivery substrate of different ions or drug to provide a constant
and controlled release of bioactive factors. Over recent years, AM techniques have gained a special
attention in order to process complex scaffolds and patient-customized pieces for biomedical application.
Among AM techniques, the Fused Deposition Modelling (FDM/FFF) is one of the most simple and
inexpensive techniques, which allows high printing speeds using thermoplastics as structurers.Following
this interesting research line, a new group of bioceramics based composites, which integrates
osteoinductive compounds as HA particles in a biodegradable polymeric matrix was proposed. This new
family of bioceramic composite has been processed following an innovative Additive Manufacturing
fabrication method based on FFF and colloidal suspension in order to prepare composite scaffolds with
different loading of bioactive phases, which promote the lixiviation of ions of interest. Materials
characterization shows that the new additive manufacturing processing based on colloidal chemistry
allows the incorporation of a high amount of ceramic load and therefore of bioactive phase into the
scaffold. The soaking in PBS promotes hydration, followed by a gradual ion or drug delivery and
occasionally the precipitation of different ion species onto the scaffold surface, before the complete
composite scaffold degradation. Bioceramic composites cytocompatibility have been evaluated in vitro in
terms of cell adhesion but also in terms of proliferation during the scaffold degradation and the ions
release process. These bioceramic based ion delivery systems and their processing paves the way to
generate a new family of interesting biocomposite for bone healing applications.
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The use of bioceramics like calcium phosphates or bioactive glasses for the regeneration of critical bone
defects, as they can occur for example after serious injuries or diseases, is intensively researched
worldwide. The advantages of the additive manufacturing technology make it possible to process these
ceramics into customized patient-specific implant devices, so called scaffolds. In this study the
possibilities to produce bioceramic scaffolds by using the fused deposition modelling (FDM) technique in
combination with ceramic slip casting is introduced and described. In the first step the polymer models,
which represent the negative geometry of the ceramic component, are printed by a commercial FDM
printer. In the next step a calcium phosphate powder slurry is casted into the polymer molds according
state of the art ceramic processing technologies. After debinding and sintering the mechanical and
structural properties of the scaffolds are characterized and the biocompatibility is tested via simulated
body fluid.First tests indicate that the mechanical properties as well as the biocompatibility of these
scaffolds are similar to scaffolds that are produced by further additive manufacturing technologies, for
example binder jetting or foam casting.
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Introduction

Patient-specific bone grafts (PBG) are a novel approach, allowing for complex geometrical
reconstructions. Calcium phosphate (CaP) pastes can be robocasted to achieve PBG accomplishing such
demands. The dental and maxillofacial fields are two domains which benefits most from using 3D-
printed PBG as the aesthetical results are very important in these areas. MimetikOss® 3D, a CaP PBG
solution proposed by Mimetis Biomaterials, offers a wide variety of clinical applications where the
present work shows the use of this technology in a large dental indication.

Methods

First, the bone region was segmented (Mimics Innovation Suite V24, Materialise) from computerised
tomography (CT). Thereafter, a 3D model of the bone graft was designed from the defect reconstruction
and the clinical inputs (Fig. 1.1). Subsequently, manufacturing by robocasting was performed, where a
viscous self-setting CaP paste was extruded and consolidated using a low-temperature process, resulting
in a biomimetic scaffold with similar composition and microstructure as the mineral phase of natural
bone. Radiological acquisitions were used to assess the volume stability and the graft fitting accuracy
(Figs. 1.4 - 1.6). Dental implants were placed 9 months post-surgery and histological analysis of two
extracted trephines were performed.

Results

CT images post-surgery (Fig. 1.4 - 1.5) showed a perfect fit and fixation of the scaffold, leading to good
contact with the host tissue. The soft tissues presented adequate healing and no adverse events were
encountered. CT images at 6 months post-surgery (Fig. 1.6) revealed excellent osteointegration of the
implant with the host tissue. The insertion torque of the dental implants was 35 Ncm proving a bone
ingrowth that provided the required mechanical performance for implant placement (Fig. 1.7)

Discussion & Conclusions

This work demonstrated the suitability of robocasted CaP PBG in vestibular reconstructions, revealing
the potential of this technique in dental indications requiring horizontal and vertical volume
augmentations. This study is only the beginning of a multitude of possible indications for bone
regeneration applications.
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Using multi-material combinations in 3D printing is garnering widespread attention due to the wide
range of possibilities that it provides to realize parts which are more functional and have improved
properties. Hence, this paper presents the combination of an established high resolution 3D printing
technology for ceramics with the mentioned multi-material approach. This approach not only enables the
combination of different ceramics in different layers of the printed component, but also the spatially
resolved combination within the same layer and hence, paves the way to the realization of complex bi-
phasic ceramic components. First successful trials that will be presented include the combination of
alumina and zirconia-toughened zirconia, alumina and zirconia, as well as zirconia and hydroxyapatite,
respectively. Especially the latter combination provides a promising mix of properties by bringing
together strong and tough zirconia ceramic with osteoconductive and biologically active hydroxyapatite.
The paper will present the actual multi-material 3D printing process, but also focus on the results and
current challenges in terms of co-sintering of different ceramic materials. The initial results show that this
technological approach holds great potential to path the way from classical single material structures to
bi-material components and subsequently multi-material and functionally-graded ceramics that can play
an integral role in next generation implants with significantly improved properties.
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Direct Ink Writing allows to manufacture personalized bone scaffolds with a precise control of both
external shape and internal porosity. Reactive ceramic inks consisting of alpha tricalcium phosphate (a-
TCP) suspended in a polymeric binder are able to self-harden at low temperature through a setting
reaction, resulting in biomimetic calcium deficient hydroxyapatite (CDHA). This study aims to explore
the feasibility of increasing the toughness of 3D-printed CDHA scaffolds by using a polycaprolactone
(PCL) organogel as binder.Two types of inks were prepared using either i) a PCL organogel or ii) a
Pluronic hydrogel (control) laden with a-TCP powder. After printing, the scaffolds were hardened by
immersing them in water at 37°C for different periods of time. Bar-shaped and cylindrical-shaped
scaffolds were fabricated for bending and compression tests respectively. The evolution of the physico-
chemical properties, namely phase composition, microstructure, specific surface area, skeletal density,
polymer content, porosity and shrinkage, was quantified over the hardening process.The presence of PCL
did not hinder the hydrolysis of a-TCP to CDHA, but it slowed down slightly the reaction kinetics. The
hardened scaffolds retained most of the PCL, that was homogenously distributed forming fibres that
intertwined with the continuous network of CDHA nanocrystals. The mechanical strength increased
progressively, in synchrony with the phase transformation and the evolution of the textural properties,
reaching the maximum value after 48h. The addition of PCL, even in a low amount (< 7 wt.%), resulted in
a two-fold and five-fold increase of the bending strength and the work of fracture respectively compared
to the control, with no effect on the compressive strength. In conclusion, the use of PCL as binder
enhanced significantly the scaffold’s toughness, a critical parameter to enable the fixation of the implants
during surgical procedures, while keeping the compositional and textural properties of biomimetic
hydroxyapatite.
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Reconstruction of bone defects with mechanical integrity to the original surrounding bone tissues is
essential for a patient's rehabilitation. In this research, a novel approach is explored to produce synthetic
bone grafts mimicking the complex bone structure using additive manufacturing, comprising the
construction of 3D scaffolds. For this purpose, three types of scaffolds were produced and tested: one
using a thermoplastic polymer, polycaprolactone (PCL), another using a combination of PCL and
hydroxyapatite nanoparticles (HANp), and the third using a combination of the two materials and
polyethylene glycol diacrylate (PEGDA). After production, optimisation and characterisation of the
scaffolds, an in vitro evaluation was performed with human dental pulp stem cells (hDPSCs).According
to the results, the scaffolds were produced successfully presenting interconnected channel networks and
good geometric accuracy. Regarding the mechanical behaviour, the results demonstrated that the
addition of HANp seem to have improved the compressive rigidity of the scaffolds. After analysis of the
in vitro tests, it was verified that the PCL/HANp/PEGDA-based scaffolds present superior cell
proliferation when compared to the other groups.The study demonstrated PCL/HANp/PEGDA scaffolds
associated with hDPSCs are a very promising therapeutic system in critical fractures treatment, to
accelerate and im-prove bone regeneration. The research of this system’s performance in critical bone
defects is an important step to its progression to clinical applications.
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Hydroxyapatite is one of the most used ceramics for bone filling due to its strong similarity with the bone
minerals. The porosity of these materials was deeply studied because of its impact on bone regeneration.
Ideally bone implant needs highly porous scaffolds, high pores interconnectivity and optimal sizing.
These factors allow cells migration leading to an increase of the bone regeneration. Besides these
morphological properties, the mechanical properties of the implants need to be comparable to the bone’s
one and depend on the load applied on this implant. Since increasing porosity decreases these
mechanical properties, combining high mechanical properties and sufficient porosity can be achieved by
generating specific internal design of the implant. Recent developments in ceramic 3D printing allow
such complex design that meets these standards.This work concerns the design and evaluation of the
influence of macro-porosity and wall thickness on three different TPMS (Triply Periodic Minimal
Surfaces). Compression and bending specimens of these latter were printed using Hydroxyapatite by
direct light processing (DLP) stereolithography (SLA), then thermally treated for debinding and
sintering. To study the effect of pore size and wall thickness on the mechanical properties of these
lattices’ structures, three different pores sizes and wall thicknesses were applied for each structure. The
potential issue of TPMS additive manufacturing, static in vitro results will be also presented. The results
allowed a better understanding of the mechanical and biological behaviours of these TPMS as well as the
influence of pores sizes and wall thickness on their compression and bending resistance.
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In recent years, bioprinting has attracted increasing interest as potential technique to better fulfil the tissue
engineering requests, and within this contest, bioinks formulation has become a new research hot
topic.Bioinks components choice must be made based on factors related to biocompatibility, biochemical
signals, printability, crosslinking mechanisms and degradation. In the context of bone and cartilage
regeneration, gelatin (Gel) modified by methacryloyl functional groups (GelMA) has recently gained
increasing attention due to its biocompatibility but also thanks to its ability of being crosslinked by the
photoinitiator lithium phenyl-2,4,6-trimethylbenzoylphosphinate (LAP), able to perform a crosslinking
reaction within the visible light spectrum (Vis-light).GelMA as is cannot, however, provide cells with proper
cues to form bone-like matrix. Instead, incorporating inorganic calcium-phosphate phases into hydrogels can
provide the right stimuli and cues to the cells to differentiate and generate a biomineralized matrix.This
work aimed to bioprint human bone marrow-derived mesenchymal stem cells (hBMSCs) in GelMA bioink
that can be photopolymerized using Vis-light, functionalized with two different types of nano-
hydroxyapatites (nHAs), physically, chemically and morphologically different, to evaluate their effects on
the bioprinting process and outcomes.The nHAs synthesis were optimized to obtain two morphologically
and physic-chemically different nHAs, respectively a Mg-doped hydroxyapatite more crystalline and
needle-like (Mg-HA) and a Mg-CO3-doped hydroxyapatite more poorly crystalline and round-shaped
(MgCOBHA). The synthetized nHAs where fully characterized to prove the desired quality were obtained,
then the nHAs were independently formulated into GeIMA/LAP based bioinks and these tested in all the
aspects of the bioprinting process, from extrusion to scaffolds maturation.In the end, two different nHAs
were successfully synthetized, obtaining the desired morphological and chemical-physical features for each
of them. The synthetized nHAs were proved to be not cytotoxic, and able to promote biomineralization in
2D culture, with a better performance of Mg-HA compared to MgCO3-HA. The addition of each nHAs to
GelMA/LAP based bioinks enhanced the printability and stability of the structures, and the use of LAP as
photointiator, combined with Vis-light, maintained high cell viability and structural stability after 21 days,
holding great promises for 3D bioprinting applied to bone tissue engineering.
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In the field of cancer nanomedicine a multitude of nanotechnology-based platforms have been
developed. In this regard smart materials could represent an attractive source for improving the
therapeutic options for solid tumors. These useful tools aimed to increase drug solubility, bioavailability,
extend drug half-life and to achieve a specifically tumor targeting which could offer significant
advantages in improving cancer therapeutic efficacy and simultaneously reducing drug toxicity. In the
panorama of implantable drug delivery devices a less explored but emerging strategy is represented by
the combination of a regenerative approach in order to restore the biomechanical functions of the injured
heathy tissue post-surgical treatment and a local delivery of chemotherapeutics in order to obtain a
surgical radicalization of the lesion. Over the years, a wide variety of bio-inspired scaffolds have been
investigated as implantable single drug delivery systems. In the last years, efforts have been also devoted
to the design of scaffolds for the release of multiple compounds with distinct kinetics but limited
biomedical applications have been carried out. For the above reasons, the implementation of medicated
biomaterials would represent an important integrated treatment in the multidisciplinary approach of
patients with solid malignancies and will establish the basis for the application of regenerative materials
in cancer management. The use of nanostructured biomimetic materials with regenerative and antitumor
ability could represents a new ground-breaking therapeutic strategy for tumor treatment and could

revolutionize the paradigm of cancer management.
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Ceramic microspheres or nanoparticles with specific size, composition and structure are useful for cancer
treatment. For example, yttrium oxide (Y203) microspheres 20-30 um in size with high chemical
durability can be synthesized by high-frequency induction thermal plasma melting technique. Yttrium-89
(¥Y) in the microspheres was radioactivated to fi-emitter Y by neutron bombardment, and the
radioactive Y203 microspheres remarkably suppressed the growth of VX2 tumor transplanted into rabbit
liver.

Flake-shaped gadolinium borate (GdBOs) nanoparticles, approximately 80 nm in length and 20
nm in width, can be synthesized by hydrothermal process and they don’t show any serious cytotoxic
effect against human umbilical vein endothelial cells. The GdBOs nanoparticles are expected to
accumulate in tumors because of the enhanced permeability and retention effect and can function as
boron and gadolinium nanocarriers for neutron capture therapy.

Magnetite (FesOs) is useful for hyperthermia because it can generate heat under alternating
current (AC) magnetic field. Silica (S5iO2)-FesOs core-shell microspheres 20-30 um in size with heat-
generating ability under AC magnetic field can be obtained by modified liquid phase deposition. Further,
we found that FesOs nanoparticles 24 nm in size showed excellent heat-generating ability under 300 Oe,
but under 120 Oe, FesOs nanoparticles 8 nm in size showed better heat-generating ability than those 24

nm in size.

Iron nitride (FeisN2) with higher saturation magnetization than FesOs can be candidates as next
generation thermoseeds for hyperthermia. FeisN2 nanoparticles can be obtained by reduction and
subsequent nitriding treatment of FesOs nanoparticles, and their heat generation estimated from an area
of hysteresis loop was higher than that of FesOs nanoparticles under AC magnetic field. Further, there is
no significant difference in cytotoxicity between FeisN2 nanoparticles and FesOs nanoparticles. These
results indicate that FeisN2 nanoparticles have a potential as next generation thermoseeds for
hyperthermia.
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Hemocompatibility is the most significant criterion for blood-contacting materials in a successful in vivo
application. Prior to clinical applications, comprehensive in vitro analyses in accordance with ISO 10993-4
must be performed on the biomaterials. Design of a functional biomaterial requires not only a chemical
investigation, but also a careful examination of the surface structure in such a way to reveal their unique
properties. Indeed, even minor changes in the material's surface parameters might result in significant
variances in blood reactivity.To elucidate how the coagulation pathway is triggered, we focused on
specific surface terminations, crystallographic orientations, and the polymorphs of the same material
(single crystalline SiC). Surface potential and the roughness of were analysed in intermittent contact-
mode by Kelvin Probe Force Microscopy. Contact angle measurements were performed by the Sessile
drop technique to provide information on surface wettability. Prior to in vitro tests, chemical composition
analysis and phase determination were completed. To simulate physiological blood flow conditions of
blood vessels, the dynamic Chandler Loop system was employed in addition to the static cell culture tests
using fresh whole and isolated human blood. Cytotoxicity of the specimens were analyzed by the live-
dead staining assays for human umbilical vein endothelial cells (HUVECs) and blood cells. Activated and
adhered platelets were marked by P-selectin and investigated using the ELISA assay. Our results
revealed that the surface potential and wettability depend strongly on the different contact surfaces of the
same material, the percentage as well as the distribution of the elements on these surfaces. These changes
are correlated with the results of in vitro analysis. We anticipate that the results will pave the way to
reduce and even to eliminate the failures caused by materials with poor hemocompatibility. Therefore,
these findings provide vital information for the improvement of ideal surfaces for cardiovascular
applications.
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(1) Queen Mary University of London, United Kingdom (2) Pall Corporation, (3) Lucideon Ltd, United
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Introduction

There has been on going interest in the effect of calcium oxide phase impurities on the bioactivity of
hydroxyapatite. When the Ca/P ratio is greater than 1.67 calcium oxide phases develop upon heat
treatment >1100 °C. Work by Hing et al.[1] showed that the presence of calcium oxide diminished the
osteogenic response both in vitro and in vivo. Work by Liu et al.[2] confirmed these results by
investigating Ca/P ratios in vitro, finding that Ca/P ratios greater than 2 reduced osteoblast viability. The
aim of the present work is to investigate the hypothesis that the presence of calcium oxide diminishes
bioactivity through the mechanism of calcium ion release via inhibition of osteoblast activity.

Experimental

Various calcium phosphates were produced with Ca/P ratio between 1.5 and 1.8 as previously described
[3]. The powders were milled to < 90 um and pressed in a carbide die into discs, and along with paired
chemistry powder samples, were heat treated at 1100 °C. The heat treated powders were analysed with
XRF and XRD.The sintered discs were sterilised and primary human osteoblast cells cultured on them for
21 days. The activity of the cells was monitored through Alamar Blue and the ALP activity analysed over
the period. The mineral produced and its association with the cells was visualised through labelling with
tetracycline hydrochloride one day before the end of the experiment and cell nucleus/cytoskeletal
counterstaining with Hoechst and Phalloidin, studied using confocal microscopy. Whenever media was
changed the media was retained and analysed using ICP.

Results and Discussion

Using XRD and XRF analysis we were able to confirm the Ca/P ratios of 1.55, 1.68 and 1.77 and the
presence of a phase of calcium oxide (Figure 1) where expected at Ca/P greater than 1.70. As a
consequence of the cell culture experiments influence of calcium oxide on osteoblast activity was
considered and correlated with calcium release.

Conclusions

Whilst previous studies have appeared to suggest a negative influence of CaO presence on osteoblast
viability, this study is the first to consider directly the influence of calcium release into the media on the
cell behaviour.
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Due to the large number of patients suffering of bone defects caused by tumor or diseases, in recent
years, numerous investigations are in progress, making efforts on the development of new materials and
processing techniques for bone tissue regeneration. Moreover, from decades, tumor research is based on
2D in vitro tumor models and animal models to reproduce what happens in the human body to identify
and verify new anti-neoplastic therapies’ effectiveness [1]. Due to the limitations of these models, only 5%
of anti-neoplastic drugs, which demonstrated good results during 2D in vitro and in vivo studies,
confirmed these results during clinical trials. For these reasons, during the last decade, 3D in vitro tumor
models have been developed to reproduce mechanical, biochemical, and structural bone
microenvironment elements, allowing cells to behave in vivo.The use of natural or synthetic polymers for
the realization of 3D scaffold-based in vitro models is extremely appealing due to the possibility of
processing them into 3D structures [2]. However, one of the important requirements for bone-bonding
behavior is the formation of a calcium phosphate interface similar to bone apatite. The choice of
appropriate characteristics is crucial to favor a firm bonding between orthopedic implants and bone cells
and to permit the formation of tissue-like bone. Different approaches for the design of 3D in vitro models
based on various polymeric porous scaffolds, in order to mimic the structural, physical, and mechanical
properties of bone tissue will be described. In particular, to modulate the biointerface, new biomimetic
coatings, having nano- and/or micro- morphological cues and a composition mimicking the mineral
phase of bone will be described considering their chemico-physical and morphological properties. In
vitro biological characterization will be shown providing appropriate information on the performance of
the produced scaffold-based models in mimicking bone tumors.
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The ever increasing need of more effective and targeted therapies for the treatment of various pathologies
is pushing scientists to develop new solutions associating enhanced safety with smart functionality, also
permitting the establishment of personalized therapeutic approaches. Regenerative medicine often
requires the use of scaffolds acting as an instructing guide for cells, so that substantial mimicry of
compositional, morphological and structural features of natural tissue is highly desired. However, this
target is very hard to achieve, when human tissues with high compositional and structural complexity.
An emerging concept in material science is to draw inspiration from natural processes and products,
which we may consider as the most advanced examples of smart nanotechnology. Ceramic-based
nanomaterials represent very versatile biomaterials offering promising examples, and here two successful
studies were reported. Natural structures such as woods and plants exhibit multi-scale hierarchic
organization that is the source of smart and anisotropic mechanical properties associated with high
porosity and lightness. Porous woods (rattan) were recently transformed into hydroxyapatite (HA)
scaffolds with hierarchic organization focusing on long bone critical defect. Biomorphic 3-D hierarchically
organized porous ceramics consisted in highly biomimetic, multi-substituted nanocrystalline apatite
phase, directly nucleated in the 3-D state to form a scaffold exhibiting bone-mimicking structure with
open and interconnected porosity and hierarchical organization at the multiscale. Such features
determined very high mechanical strength and damage-tolerant mechanical behaviour, thus resulting
into high mimicry of bone tissue. We have proved the cellular cross-talk between human mesenchymal
stem cells and human endothelial cells in a perfusion bioreactor system as a predictive in vitro model for
bone regeneration. These results confirm that the adoption of nature-inspired processes is an elective
approach to obtain highly bioactive materials with innate cell-instruction ability, thanks to biomimetic
features that are not achievable by the traditional ceramic processing. Another example of the great
potential of ceramic nanomaterials is related the cell therapy. Cell therapy is one of the most exciting and
promising areas for disease treatment and regenerative medicine. However the success rate of cell-based
therapies, despite their great potential, is limited mainly due the ineffective delivery and retention of
therapeutic cells in the specific organ. Magnetic targeting has emerged as a method to overcome these
limitations. So far these attempts have used superparamagnetic iron oxide nanoparticles (SPIONs), only
clinically approved metal oxide nanoparticles. Nevertheless the exposure to SPIONs has always been
associated with significant toxic effects such as inflammation, apoptosis and generation of ROS. Our
group, by doping HA, the mineral component of bone, with Fe>/Fe ions, had obtained novel
biocompatible and fully bioresorbable superparamagnetic nanoparticles (FeHA). This work demonstrates
the opportunity of FeHA in Mesenchymal Stem Cells (MSCs) labeling. MSCs easily internalized the
FeHA, and they became magnetic enough to be guided and retained to specific site by a magnet.
Magnetic MSCs maintained their morphology and cell viability was not negatively affected. Due the
well-known osteoinductive feature of HA, magnetic MSCs overexpress osteogenic genes. We are also
investigating the possibility to combine these above-mentioned results with the contrast ability of FeHA
for a real time imaging of the magnetic MSCs in vivo by magnetic resonance imaging. In conclusion, these
new approaches promise to be a breakthrough in the synthesis of bioceramics with boosted bioactivity,
potentially opening to frontier applications in regenerative medicine.
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TECHNIQUES FOR CHARACTERISATION AND BIOCOMPATIBILITY ASSESSMENT OF

CERAMICS AND SCAFFOLDS FOR TISSUE REGENERATION
Rosy Manser (1)

(1) Carl ZEISS Microscopy, Cambridge, UK

The pace of development of new materials and manufacturing approaches for bioscaffolds continues to
drive exciting possibilities. Characterisation of these scaffolds in terms of structure is key in developing
the best set of parameters for optimal tissue regeneration results. In addition, biocompatibility of each
scaffold needs to be tested and quantified in order to understand the potential of any new approach to
scaffold development, manufacture or practical usage.

Microscopy plays an important and varied role in the process of characterisation and biocompatibility
assessment: From structural characterisation of scaffold materials across lengthscales using X-ray and
electron microscopy approaches, to fluorescence quantification and visualisation of cells within seeded
scaffolds or the measurement of regenerated tissue. Selecting the optimal approach for each criteria
assessment is vital in order to reach a full characterisation profile of any new bioscaffold.

This talk will provide an overview of some of the microscopy methods for scaffold assessment and tissue
regeneration success and provide some insights into the latest possibilities for using these together to
build a full profile of bioscaffold performance.
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Tissue engineering faces a major challenge in providing novel, functional materials that will meet the
requirements of tissue engineering. These properties can be provided by tricalcium phosphate-based
bioceramics (TCP). The combination of a ceramic matrix with polymers creates great opportunities to
improve the physicochemical and biological properties of the obtained composites.
Polyhydroxyoctanoate (PHO) belongs to the polyhydroxyalkanoates (PHAs) family. Due to its
degradation products — nourishing (R)-3-hydroxyacids[1], the application of this novel elastomeric
polymer opens new routes for promoting tissue regeneration.In this study, the bioceramic/polymer based
scaffolds (TCP/PHO) were prepared as previously described[2]. To evaluate TCP/PHO composites as
bone tissue substitutes, their biocompatibility was tested using MC3T3-E1 mouse preosteoblastic cell line.
Cells were cultured in Minimal Essential Medium Eagle medium with alpha modification - a-MEM
supplemented with 10% fetal bovine serum - FBS and antibiotics: penicillin/streptomycin at 37°C in an
incubator. Materials” samples were incubated in a-MEM for 24 hours at 37°C. MC3T3-E1 cells were
seeded in a 96-well plate at 25-103 cells per well and incubated in 150 pul a-MEM for 24 hours. Then,
medium was exchanged with extracts obtained by incubating material samples in a-MEM. Cells were
cultured for 24 hours. The negative control was cells cultured in MEM. The cell viability assay (Alamar
Blue) was performed.In the case of supernatants from TCP scaffolds, cell viability was 117.11 + 5.59% -
significantly higher in comparison to the negative control (100% viability). This result indicates that TCP
material extract has a beneficial effect on cells during the first 24 hours. TCP/PHO scaffolds were fully
biocompatible and cell viability was comparable to that of cells in a-MEM and was 105.15 + 3.62%. The
reason for these differences with TCP is the hydrophobic nature of polyhydroxyoctanoate. The obtained
results suggest that both bioceramic and composite scaffolds are fully cytocompatible.
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Monitoring the evolution of the biomaterial-tissue interface during tissue reparation after bioceramic
scaffolds grafting in patients remains nearly impossible in a non-invasive way. Moreover, the
characterization of the biological properties of bioceramics are time and sample-consuming using
conventional biology methods. The aim of this work was to identify robust and reproducible signatures
characterizing the different steps of bone cell differentiation, from precursors to mature bone cells. For
this purpose, the features identified must be detectable using any label-free imaging method. For this
reason, we focused on cell structure and morphology. This study was performed on human
mesenchymal stem cells (hMSCs) grown on hydroxyapatite ceramics in comparison with cells grown on
non-bioceramic supports either in growth medium (GM) or in osteogenic medium (OM). Computer-
assisted image analysis was used to determine the relevant parameters for the building of signatures.
Conventional cell biology methods were used as a comparison to validate this new approach. Some early
morphological changes of hMSC during osteogenic differentiation were identified. Amongst these
changes, cell density was lowered for cells cultured in OM. Cells cultured in OM had significantly bigger
nuclei as soon as 48h after induction of differentiation, whatever the culture support. With differentiation,
cells were bigger with oriented stress fibers. Their focal adhesions were reinforced. Type I collagen
staining appeared more intense in OM as a common marker of osteogenic differentiation. After 7 days,
this modifications were accentuated. Interestingly, the formation of type I collagen fibers was enhanced
for cells cultured on bioceramics in comparison for those that have grown on glass. Used in combination
these features should allow to characterize the differentiation state of hMSCs at the surface of
biomaterials reducing the number of needed samples to do so. Efforts are made now to validate this
approach using machine learning and unlabeled data sets.
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Oro-antral communication is an iatrogenic disease characterized by the presence of an abnormal
pathological communication between the oral cavity and the maxillary sinus or nasal cavity. The
proposed surgical treatments are often invasive and are accompanied by the presence of recurrent
OCs[1].Considering these limitations, our work attempts to propose a solution via the elaboration of
bioactive, dry, and porous foams, made from platelet lysate (PL) and type I collagen (Coll) developed
according to a shaping process involving supercritical CO2 (scCO2) (figure 1).PL is a blood derivative
rich in bioactive molecules (growth factors, cytokines, etc.) that can be released and ensure stimulation of
cellular activity[2]. Coll is able to form a three-dimensional network that mimics the extracellular matrix
and will act as a scaffold for the cells while offering mechanical properties such as tensile strength [3].
Several studies have shown that scCO2 has a sterilization potential which makes its use as a shaping
process very relevant [4]. We investigate the effect of formulation and drying parameters on the
physicochemical and biological properties of the foams produced. First results shows that the elaboration
process allows to obtain dry foams which keep the 3D structure of the formed network. Microscopic
observations show that the collagen concentration influences the density of the network and the porosity
which remains above 90%.Moreover, the modifications of the three-dimensional structure make it
possible to modify the rate of release of the VEGF naturally contained in the PL. It is thus possible to
envisage controlling the release kinetics of the biomaterial and its duration of action by controlling its
porosityFollowing these results, a formulation will be chosen and tested on a murine animal model in
order to evaluate the biocompatibility, biodegradability, and in vivo efficiency of our biomaterial and,
subsequently, to validate our manufacturing process.
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Tissue engineering (TE) aims to repair/regenerate tissues damaged by injuries or diseases [1].
Biomaterials play a key role in these strategies, where they serve as a substrate for the incorporation and
release of ions [2]. The Mg2+, Sr2+ and Zn2+ ions are active regulators of the proliferation and
differentiation of osteoblasts and osteoclasts, thus modulating bone turnover [3]. Specifically, Mg2+ has
attracted the attention of the scientific community in the field of TE. In the present work, an in vitro
model of human adipose-derived mesenchymal stem cells (hASCs) was used to evaluate the
cytocompatibility and osteoinductivity properties of four different sets of ion-doped sintered
hydroxylapatite (S-HA) powders. The set includes S-HA doped with Mg2+, Sr2+ and Zn2+ ions (coded as
S-MgHA, S-MgSrHA, S-MgZnHA, respectively) and non-doped S-HA, as reference material. Live/Dead
dye was carried out to evaluate the percentage of living cells. The cellular metabolic activity and the
cytoskeleton organisation were investigated by AlamarBlue® metabolic assay and Phalloidin-TRITC
immunostaining, respectively [4]. In order to evaluate the expression of genes involved in osteogenic
differentiation, a Real-Time PCR Array was performed. The Osteocalcin and Osteopontin proteins
expression was assessed by performing ELISA. The cytoskeleton architecture of hASCs grown in contact
with the scaffolds seems to be well organised, whereas its integrity remained uninfluenced by the
scaffolds over time. Live/Dead staining and metabolic activity of hASCs grown on ion-doped materials
was increased during the experiments, up to day 14. Osteogenic genes, such as BMP1 and SP7
transcription factor, were expressed on hASCs grown on different ion-doped materials with different
fold-changes. Our experiments suggest that multiple-ion doping scaffolds seem to maintain a positive
modulation of hASC osteogenic differentiation, compared to the control. The present work suggests that
the exploration of different doping agents for scaffolds can yield new sintered materials with optimised
biologic performances.
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Lesions of knee cartilage have poor self-healing capacity and can lead to persistent symptoms
and impaired joint function. Moreover, if left untreated, they can further degenerate and lead to
osteoarthritis. Several surgical techniques have been developed to address these lesions,
although there is no agreement about the best option. In this context, there is an increased
awareness of the role of subchondral bone in the pathogenetic process of articular surface
lesions and, therefore, on the possibility of restoring any damaged osteochondral tissue as a
single anatomic and functional unit. Several studies showed poorer results and higher failure
rates when chondral restoration was performed in the presence of subchondral bone changes,
supporting the need for osteochondral solutions. Nowadays, osteochondral tissue represents a
significant challenge in regenerative medicine, due to its complex architecture and
biomechanical properties. Therefore, the development of osteochondral scaffold faced uphill
challenges due to poor tissue formation and scarce integration at the cartilage-bone interface.
Different options are available to address osteochondral defects, including osteochondral
autograft transplantation, fresh osteochondral allograft, and autologous chondrocyte
implantation (ACI) techniques with bone augmentation. However, all these approaches present
some drawbacks: those involving the transfer of autologous tissue can have a certain degree of
donor-site morbidity, which mainly limits their use to small defects. Osteochondral allograft is
an effective option for larger size defects, but they have limited availability in most countries.
ACI/matrix-associated autologous chondrocyte transplantation (MACT) techniques require a 2-
step surgery, with related higher costs and morbidity. For these reasons, cell-free off-the-shelf
devices have been introduced to restore osteochondral defects through a single surgical
procedure. This treatment approach led to the development of a few different devices, with
variable results. Among these, an osteochondral scaffold made of type I collagen and
hydroxyapatite (Maioregen; Finceramica) has been extensively investigated at short-to medium-
term follow-up. Several studies showed promising clinical results in different groups of
patients, although abnormal findings were reported with imaging evaluation. 10-years follow-
up shows that regenerative potential of cell-free osteochondral scaffold is limited, as
demonstrated by the signal alterations persisting over time on MRI scans. On the other hand,
the clinical improvement was significant and stable over time both in terms of subjective and
objective outcomes, including activity level, with overall good results.
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Bacterial resistance, one of the biggest threats to human health in the 21st century, is the ability of
bacterial cells to resist one or more types of antibiotics. Few antibiotics have been developed in the last
two decades. With limited antibiotic options and an escalating bacterial resistance there is an urgent need
to explore alternative ways of meeting this global challenge. Antibiotic-resistance can be developed by
bacteria using different mechanisms but one of this is related to the capacity to form biofilms. Biofilms are
functional aggregates of sessile microorganisms encased within a self-generated extracellular polymeric
matrix composed of polysaccharides, lipids, proteins, and DNA. Microorganisms living in biofilms are
much more resistant to hostile environments than their planktonic counterparts and exhibit enhanced
resistance against the microbicides. From the human perspective, biofilms can be classified into
beneficial, neutral, and harmful: most of the actions are oriented to eradicate harmful biofilms. In
particular biofilm infections in medical implants are a global problem presenting a significant
socioeconomic impact. Infact, biofilm is considered a leading cause of medical devices failure and
infection recurrence: at present, the only treatment strategy to eradicate the infection is implant removal.
Despite the multifactorial causes that lead to biofilm-related medical device infections, bacterial adhesion
to the implant surface is a common and essential step in all instances. The ideal implant surface would be
one that minimises bacterial adhesion, inhibits biofilm formation, and confers an effective bactericidal
action. Different type of coatings technologies have been developped and classified into i) passive surface
modification that rely on repulsion of microbes, ii) active surface modification that attempt to kill the
microorganism, and iii) approaches that affect biofilm architecture, which focus on reducing biofilm
virulence factors. Whilst the strategies outlined above exist with the aim of preventing biofilm formation,
there remains a need to treat biofilms that have already formed. Several studies indicate that various
types of nanomaterials (both organic and inorganic) have demonstrated promising results regarding
antibacterial and antibiofilm activity. It has also been claimed that the use of nanoparticles is one of the
most promising strategies to overcome microbial drug resistance. The size of the nanomaterials provides
a large surface-area to volume ratio, which allows the binding of a large number of high affinity ligands,
equipping nanoparticles with a multivalency in eradicating bacterial cells. In particular, owing to the
optical and electrical properties of gold nanoparticles (AuNPs), they have gained increasing attention.
One particularly important feature is their localized surface plasmon resonance (LSPR), which plays an
important role in many nanotechnological applications. Two main approaches that employ light
activation in enhancing the antibacterial activity of gold nanoparticles are antibacterial photothermal
therapy (APTT) and antibacterial photodynamic therapy (APDT). Although the safety and toxicity of the
AuNPs is still a topic that needs to be further addressed, there are some promising studies that feature
both an excellent safety profile along with potential therapeutic benefits.

In summary, utilizing multimodal prevention and therapeutic strategies that do not function through the
same mechanism of action have the highest potential to terminate bacteria, without allowing for resistant
strains to evolve.
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Surfaces are considered to be an essential element in determining the biological response of biomaterials.
Accordingly, many studies have addressed the effect of surface chemistry and topography on cells in
vitro and on biological tissues in vivo. Even though some biomaterials, in particular calcium phosphates,
may present very large surface areas and trigger surface mineralization or protein adsorption, few efforts
have been invested in trying to determine the effect of local changes of chemical composition on the
biological response of biomaterials. Recent studies have shown that surfaces can induce very significant
changes of the local chemical composition, in particular in the pores of scaffolds. These changes can be
due to the uptake of ions by surface mineralization (the so-called “bioactivity”), to an uptake and release
of ions during apatite maturation, or due to the release of chemical impurities present on the surfaces.
Calcium-deficient hydroxyapatite tends to take up calcium ions and release acidic phosphate species.
Typical impurities of sintered calcium phosphates include B-tricalcium phosphate, Ca oxide, and Mg
oxide. The aim of this presentation is to review our current knowledge on the link between calcium
phosphate surface chemistry and biological response. The focus is set on material aspects, more
specifically on ways to modify calcium phosphate surfaces to trigger interesting biological reactions such
as osteoinduction.
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For many years, bone substitutes have been made from calcium phosphate powders because of their
excellent biological properties. Different methods are used to manufacture scaffolds with a porous
architecture that aims to approximate the natural bone skeleton.

Several fabrication methods for preparation of porous ceramic have been developed in the laboratory
such as the addition of sacrificial PMMA porogens, freeze casting and additive manufacturing methods.
The physical characteristics of the porous scaffolds obtained by these different techniques and the
biological responses will be presented and compared.

Finally, an original process combining microwave-assisted thermal treatment and an additive
manufacturing technique allowing the rapid fabrication of customized bioceramics will be presented.
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Osteoconductive glasses and glass-ceramics are classified as bioactive materials that make direct bonding
to living bone after implantation in bony defects. Bioactive glasses and glass-ceramics have been reported
to show osteoconduction by formation of hydroxyapatite layer on their surface through the surface
reaction with surrounding body fluid. The hydroxyapatite layer formed on the surface has similar
characteristics to inorganic substances in bone mineral, and thus called as bone-like apatite layer.
Capability of formation of the bone-like apatite layer can be evaluated by using a type of simulated body
fluid (abbreviated as SBF) that mimics human blood plasma, proposed by Kokubo and his colleagues.
SBF is an acellular solution, buffered with trishyroxyethylaminomethane-HCI, without proteins. Previous
studies of in vitro investigation on the mechanism of hydroxyapatite layer formation in SBF have shown
that calcium silicate glasses are likely to exhibit hydroxyapatite layer formation, i.e., osteoconductivity,
after being implanted in vivo. It is also known that this formation of hydroxyapatite is attributed to the
increased supersaturation to hydroxyapatite caused by the dissolution of calcium ions and the silica
hydrogel formed on the material surface, which induces heterogeneous nucleation of hydroxyapatite.
Therefore, it is possible to develop new osteoconductive materials by controlling the release of calcium
ions from the material and the formation of silica hydrogel on the material surface. In this study,
investigation of the organic modification of calcium silicate is reviewed to develop an organic-inorganic
hybrid material with osteoconductivity. Modification of organic polymer with Si-OH groups and calcium
salts successfully produced bioactive organic-inorganic hybrids from
polyhydroxyethylmethacrylate(HEMA)-methacryloxyproply trimethoxysilane (MPS),
poly(tetramethylene oxide), polysaccharides, polyamino acid, from the same concept. This design of
biomaterials leads novel artificial bone that has unique functions derived from organic substances.
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Octacalcium phosphate (OCP) has been received much attention as a novel biodegradable bone repairing
material. The OCP crystal is composed of apatitic and hydrated layers. The hydrogen phosphate ions in
the hydrated layers can be substituted by dicarboxylate ions. Although the syntheses of OCP with
incorporated dicarboxylate ions have been previously studied, its reactivity and transformation to HAp is
less understood. In this study, we investigated the transformation of OCP with incorporated suberate
ions (Sub-OCP) into HAp under hydrothermal conditions, and characterized the resultant HAp.Plain
OCP and Sub-OCP were synthesized by the wet-chemical process. These OCPs were added to a Teflon®
vessel with ultrapure water. The samples were hydrothermally treated at 120, 150, and 180 °C. The
treated samples were collected by vacuum filtration and dried overnight. The crystalline phases of the
products were characterized by powder X-ray diffraction (XRD). The morphology of the samples was
observed by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The XRD
patterns of the samples before and after the hydrothermal treatment indicated that the crystalline phase
of these samples was changed to HAp by the hydrothermal treatment. The HAp was obtained from plain
OCP and Sub-OCP treated at 180 and 150 °C, respectively. The crystal morphology of samples was
almost retained after the hydrothermal treatment under SEM observation, although the crystalline phase
changed from OCP phase to HAp. According to the TEM observation, the HAp particle synthesized from
Sub-OCP has a mesocrystal structure, while that synthesized from plain OCP was single crystal. These
findings indicate that the incorporation of dicarboxylate ions into OCP could be one of factors for
controlling degradability of OCPs in vivo environment, and Sub-OCP can be used as a precursor phase of
HAp mesocrystals for biomedical applications.
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Synthetic bone implants have been made especially viable with the rise of the 3D bioprinting
industry. According to Grand View Research, the 3D bioprinting market is forecasted to grow at a
compound annual growth rate of 17.4% and reach $4.2 Billion by 2027. The market drivers for the 3D
bioprinting market are the technological advancements of bioprinters and biomaterials for manufacturing
customized products. The current FDA approved porous scaffolds used for bone grafting in trauma and
vertebrae surgeries are made of titanium alloy and poly[aryl-ether-ether-ketone] (PEEK). These
orthopedic implant materials are not bioactive, in the sense that they do not bond to bone and do not
support bone cell function. Moreover, the release of toxic metal ions and polymer degradation products
is a typical problem associated with systemic effects and implant failure. Hydroxyapatite and
tricalcium phosphate ceramics are bioactive materials however they lack the mechanical strength
necessary for load bearing applications. Moreover, they have limited stimulatory effects on bone cell
function due to inappropriate dissolution in physiological solution. Therefore, there is a need for a new
design for a bioactive graft that can be processed by additive manufacturing, mechanically
compatible to bone and able to stimulate tissue formation and vascularization.

Silicon carbide (SiC) is an inert material with excellent biocompatibility and mechanical properties due
to the strong Si-C covalent bond. For the same reason SiC is difficult to machine and its processing into
3D objects requires sintering temperature close to 2000 C at 100-1000 atmospheric pressure. As a
biomaterial, SiC has been relatively unexplored, despite its good wear characteristics and resistance to
corrosion. We activated the surface of SiC by NaOH solution to generate 0.1-2 micron thick silica gel
layer rich in silanol groups. Hydration of the surface activated SiC particles during 3D printing in a
powder bed printer promoted bonding of the particles via the polymerization of the silanol groups at room
temperature. Subsequent thermal treatment of the 3D printed porous SiC objects in the temperature

range (550 — 1000 °C) in air or oxygen environment controlled the porosity characteristics, strength,
toughness and modulus of elasticity. The surface modified SiC scaffold acquired negative zeta
potential (- 40 mV) that attracted calcium ions from physiological solution and enhance the deposition
of a biomimetic carbonate-containing calcium-deficient hydroxyapatite layer. The porous SiC scaffold
facilitated cell invasion through its entire thickness and stimulated osteoblast differentiation and
mineralized bone matrix formation. The bioactivity mechanism of the SiC porous scaffold is twofold
including the surface bioactivity created by the silica gel layer and the electric charge created by the
piezoelectric properties of SiC. The porous bioactive SiC bone implant can be used as a delivery system
for cells and biological molecules in elder patients with systemic diseases or in patients with significant
bone losses.

Keywords
SiC scaffold, 3D printing, Surface charge, bone graft, bioactivity
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Biomaterials in orthopaedics are required to promote osseointegration and discourage infection. To meet
these two aims, the composition and morphology of the biointerfaces are crucial to determine the
interactions with bacteria and with healthy cells.Here, we propose new nanostructured coatings, made by
Ionized Jet Deposition of beta-tricalcium phosphate (8-TCP) and deposited onto titanium-aluminum-
vanadium alloy disks (surface roughness - Ra: 5 um). Different ion-doping (Ag, Cu, Zn, Fe) of the TCP is
tested to address different bacterial contamination. Coatings morphology and topography (FEG-SEM,
AFM), composition (FT-IR, EDS), adhesion to substrate (micro-scratch), were investigated. The absence of
cytotoxicity was verified against host cells (mesenchymal stem cells derived from adipose tissue). Finally,
efficacy against Gram + (S. aureus, P. aeruginosa) and Gram - (E. coli, E. faecalis) is investigated in terms
of inhibition of bacterial viability and growth and in terms of reduction of bacterial capability to adhere to
the substrate. Statistical analysis was performed on at least three replicates, using one-way Anova test.
The coatings have submicrometric thickness and nanostructured surface morphology. The composition is
preserved from the coating to the target both in terms of main CaP phase and of ion doping. All films are
non-cytotoxic. High adhesion is found to titanium substrates.Coatings show high antibacterial efficacy, as
they inhibit bacterial viability for both Gram + and Gram — and also reduce the capability of all bacterial
strains to adhere to the substrate, which is the first step leading to biofilm formation. The efficacy
towards the different strains is bacteria-specific, indeed compound with silver and iron show higher
efficacy towards the Gram - strains, while zinc and copper are more efficient against the Gram +. The
developed coatings appear promising for applications in orthopaedic surgery.
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Replacement of missing or diseased hard tissues has become a common procedure in medicine and
dentistry. In this field, metallic implants are often coated to improve their biological performance. Herein,
the novel electrostatic spray deposition (ESD) technique was employed to fabricate a stacking of bioactive
glass (BG) and hydroxyapatite (HAP) deposited onto Ti6Al4V ELI substrates. ESD is an innovative, low-
cost method based on electrohydrodynamics’ laws that allows the deposition of films with a large variety
of original morphologies and phases, including crystalline and amorphous ones [1, 2]. In this work, a
highly porous coral-like BG coating with an 558 (58 SiO2 - 37 CaO — 5 P205 mol. %) formulation was
deposited onto a thin and dense HAP layer starting from homogeneous liquid precursor solutions [2, 3].
The constituent phases were selected to combine the high bone-bonding ability of BG with the long-term
stability and protection of HAP. Two composites samples (C1 and C2, Fig 1) were fabricated by varying
the deposition time of the S58 topcoat to analyze the influence of BG coating thickness on the composite
bioactivity i.e., calcium phosphate (CaP) forming ability. In vitro studies were carried out by immersion
in simulated body fluid (SBF) solution. Single-layer samples were used as a control. The SBF test revealed
that the presence of the BG topcoat layer significantly improves the reactivity, in terms of mineralization
response, compared to a single-layer HAP coating. A complete conversion into CaP precipitated layer
was produced within 7 days soaking in SBF for both composite samples. Furthermore, the S58 coating
thickness was found to influence the bioactivity response. The thinner C1 composite is proposed over the
thicker one to promote osteointegration of Ti6Al4V-based implants while maintaining the stability of the
device.
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Patient-specific implants promise a high degree of fit accuracy and thus better functionality and
durability. Individualization is also a great opportunity for those fields in which the possibilities of
implant restoration and remobilization are still limited. For small joints, especially in the area of finger
joints, therapy consists mainly of stiffening joints, which reduces mobility. In Germany alone, this affects
5 million people suffering from symptomatic arthrosis and 1.5 million people suffering from rheumatic
diseases. In the Fraunhofer-internal project “Remobilization of Finger Joints by Al-based Reconstruction
and Development of Patient-Specific Ceramic Implants — FingerKit” for the first time, a continuous,
automatable process chain in the manufacture of patient-specific implants, from design to manufacture,
to certification-compliant testing.The project focuses on the material, surface design and manufacturing
of ceramic implants. The long-term stability of custom-made finger joint implants is to be significantly
increased compared with commercially available standard variants by customizing the mechanical
strength, osseointegration (growth of bone cells onto the implant) and implant design. The slip casting
process for the oxide ceramic material alumina-toughened zirconia (ATZ) enables direct shaping in a
porous, structured mold. This requires the production of complex shaped casting molds with an
integrated structure. The molding behavior was investigated during the casting process and material
characteristics were determined. The goal is to manufacture finger joint prototypes with a macro-
/microstructure of the outer surfaces in a single process step.In a parallel development track, silicon
nitride (S5i3N4) is used as bioceramic material. Implant production will be realized with the CerAM VPP
process (Lithoz LCM technology), a 3D printing technology. This process can be used to create, for
example, the so-called TPMS structures (triply periodic minimal surfaces), which have many advantages
in terms of mechanical properties and osseointegration.

65



September 21, 2022 room 1

INCREASING THE RELIABILITY OF BIOCERAMICS PROCESSED THROUGH

STEREOLITHOGRAPHY USING TOUGH ZIRCONIA-BASED COMPOSITES
Sylvain Fournier (1), Helen Reveron (1), Jérome Chevalier (1), Guilhem Baeza (1)

(1) Univ Lyon, INSA Lyon, UCBL, CNRS, MATEIS, UMR5510, 69621 Villeurbanne, France

Ceramic laser stereolithography (SLA) offers a high degree of design freedom and resolution required in
the development of complex and dense ceramic pieces, such as structural biomedical implants. Our study
aims to understand and limit the creation of defects at each step of the additive manufacturing process. In
this context, we will discuss here: I) the paste rheology and ageing II) the effect of laser parameters in the
photopolymerization III) the creation of defects during printing and post-printing steps and IV) the
mechanical properties of Ce-TZP-based ceramics prepared by SLA.SLA pastes have a high content of
ceramic particles (ca. 50 vol.%) making their mechanical response to scraping quite difficult to rationalize
without a fine structural analysis. To address this question, we conducted rheological investigations in
order to: 1) provide quantitative parameters describing the “printability” of the paste 2) characterize the
paste ageing behaviour and its possible reuse over a year and 3) understand the restructuring of ceramic
particles under shear stresses.Besides, the laser energy received per volume element was estimated in
order to better understand the effects of printing parameters and laser patterning on the
photopolymerization of the paste. The monomer conversion and solidification was investigated by FT-IR,
NMR and compared to Jacob’s equation results.SLA printed samples have been submitted to DSC & ATG
tests in order to understand phenomena involved during debinding. Laser parameters and heating cycles
were optimized to fully densify zirconia-based ceramics.Finally, dense ceramics prepared from a
specially developed Ce-TZP-composite paste showed promising mechanical properties despite the
classical printing defects still caused by this technology. Zirconia phase transformation behaviour
demonstrated its ability to increase the resistance of composites to the presence of microstructural
inhomogeneities, layer decohesions and other defects.We finally close this discussion by showing some
previous results on zirconia bone integration and projected work on femtosecond laser surface
architecturation for enhancing bone-cells adhesion to SLA manufactured Ce-TZP based biomedical

implants.
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Bone tissue engineering is gaining a progressively increasing attention, due to the population ageing,
associated to the quality of life improvement, and consequent life expectancy increase. Thus, a significant
bone injuries and diseases incidence increment has been recorded, with substantial socioeconomic and
healthy impacts [1]. Calcium phosphates (CaPs) have shown a good in vitro and in vivo cellular/tissue
responsiveness, but present many criticisms in terms of mechanical properties and bioactivity, preventing
their clinical applicability. Thus, there is an urgent need of new strategies aimed at overcoming these
drawbacks. The proposed approaches consist in the production of biomimetic CaPs, characterised by a
nanosized structure and by the presence of vicarious ions (e.g. Si4+, F-, Mg2+, Sr2+, K+...) within their
lattice, in order to mimic the bone structure and composition [2-3], and of composite systems, based on a
biopolymer matrix. Moreover, bioactive glasses (BGs) can be considered potential alternative materials,
due to their improved osteoinductive behaviour, bioactivity, ability to bond to both soft and hard tissues.
Moreover, their ionic dissolution products promote the osteoblastic cell genes expression, in vitro and in
vivo angiogenesis, and antibacterial/anti-inflammatory actions [4,5].Both CaPs and BGs are employed to
obtain: porous scaffolds [6]; hybrid fibrous membranes based on CaPs/BGs and biopolymers [7-9];
ceramic composites [10,11]; bioactive coatings on metallic supports [3] and polymeric scaffolds [10]. The
effect of the selected synthesis process (wet precipitation for CaPs, sol-gel process for BGs), thermal
treatment conditions (temperature, dwelling time), and dopant ions incorporation on the composition,
thermal behaviour, phase evolution, sinterability, and bioactivity is discussed. The appropriateness of the
obtained scaffolds as bone regeneration templates is investigated by the physicochemical, thermal,
mechanical and biological points of view. In vitro cell tests are performed for the biological
responsiveness assessment, using different stem cell lines, preosteoblasts and preosteoclasts [6,8-10].
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Background

During the last decades Biphasic Calcium Phosphate (BCP) material became one of the synthetic
Bone Graft Substitute (BGS) among the most used in clinical situations to replace the gold standard
treatment (autograft). BCP based medical devices are recognized osteoconductive, bioactive, and even
possessing osteoinduction/osteo-immunomodulation properties!. In critical clinical cases, a synthetic
BGS alone is not sufficient for bone regeneration due to the lack of osteogenicity. Thus, in these
situations bone tissue engineering strategies demonstrated promising results in different clinical
trials. A challenging step for the future of bone tissue engineering strategy will be the usability
improvement of the combined medical device for the surgeons. A special focus will be done on the
MBCP® technologies used in bone tissue engineering strategies (granules and dried powder to be
rehydrated for a moldable and cohesive putty).

Results

MBCP®+ granules are micro macroporous ceramics composed of 20% Hydroxyapatite and 80% beta-
Tricalcium Phosphate. These granules were selected as scaffold for combination with B2A molecule
which is a bioactive synthetic peptide that augments the osteodifferentiation via increasing BMP2 at
local site of the implantation. This concept were evaluated in two different clinical indications with
Prefix? study in lumbar spine fusion and with Amplex3* study in foot and ankle fusion. Both kinds of
clinical trials demonstrated safety and efficiency. The same BCP granules were used associated with
autologous mesenchymal stromal cells (MSCs) in 3 different European projects (Reborne’, Maxibone®,
and OrthoUnion’) demonstrating promising results with bone regeneration in non-union long bone
and in atrophied mandibular bone regenerations.

A new generation of BGS called FDBS (Freeze Dried Bone Scaffold) was recently designed as a dried
powder to be rehydrated with any solution chosen by the surgeon to get a highly moldable and
cohesive putty. The improvement of the usability properties was particularly appreciated by the end
users (by Voice of Customers survey evaluation compared to previous generation of BGS). Saline
solution used to rehydrate FDBS showed efficient bone regeneration (in vivo implantation study), with
comparable results with both granule shape and ready-to-use putty already cleared on the market.
Moreover, FDBS rehydrated with MSCs suspension demonstrated the new product as a viable
moldable and cohesive platform with similar cell behavior compared to granule shape (proliferation
and differentiation of the MSCs into the putty compared to MBCP®+ scaffold by seeding the MSCs onto
the granules). Preliminary data FDBS also demonstrated the capability of the putty to be used with PRP
preparation for a controlled release of growth factors.

Conclusion

Recent studies (bench tests, in vitro, and in vivo) with Biphasic Calcium Phosphate based products
have clearly demonstrated that several kinds of tissue engineering strategies could be used in the
future for highly critical bone defects. A special focus seems important for medical device
companies in the next years to design ATMP products easy to use with standardized clinical protocols.
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MULTI-PHYSICS AND MULTI-SCALE INVESTIGATION OF THE SETTING PROCESS OF

GYPSUM AS A MODEL MATERIAL FOR BONE CEMENTS
Alexandre Fantou (1), Annie Malchere (1), Laurent Gremillard (1), Guilhem Baeza (1), Yves Jorand (1),
Solene Tadjier (1), Sylvain Meille (1)

(1) Laboratoire Mateis, France

More than 2 million bone grafting surgeries are performed every year worldwide. Compared with
conventional surgeries, minimally invasive procedures enable the implantation of biomaterials through a
small incision, offering several benefits (lower pain, fewer complications ...). Because of their setting
ability, hydraulic binding materials such as calcium phosphate (CaP) cements satisfy these surgery
specifications.The setting process is continuous and always initiated by mixing one or several fine
powders with an aqueous solution. The dissolution of the initial reactive powders results in the formation
of a viscous and moldable paste, which properties evolve with time to form a porous monolithic ceramic
through the nucleation and precipitation of more stable phases.The need to control the rate of reaction
and final properties requires the precise understanding of the setting process in a multiphysic and
multiscale approach. This issue has already been addressed in studies that were somehow limited
regarding one or several aspects:— only one aspect of the setting process was studied (e.g. chemical
reaction, evolution of the mechanicalproperties or of the microstructure).— only one length scale was
investigated.— the setting process was stopped at discrete terms, with methods that risk to modify the
pores sizes and shapes prior to characterization.In this study, gypsum plaster is studied in standard
conditions (e.g. liquid to solid mass ratio), to develop in-situ and ex-situ multiphysic and multiscale
characterization techniques to monitor the evolution of the:— phase composition (rate of dissolution and
precipitation) using XRD and FT-IR spectroscopy,— microstructure using SEM (evolutions of crystals and
porosities) and p-CT,— mechanical properties using DMA, rheology and compression tests.This panel of
techniques enables to monitor and to correlate the different physical transitions occurring during the
setting process and to draw a global picture of the on-going phenomena.

70



September 21, 2022 room 1

SETTING PERFORMANCE OF AN OSTEOGENIC LITHIUM DOPED BRUSHITE CEMENT FOR

BONE REGENERATION
Katrin Hurle (1), Fatima Raquel Maia (2), Viviana Pinto Ribeiro (3), Sandra Pina (2), Joaquim Miguel
Oliveira (2), Friedlinde Goetz-Neunhoeffer (1), Rui Luis Reis (4)

(1) Friedrich-Alexander-Universitdt Erlangen-Nuernberg, Mineralogy, Germany (2) 3B’s Research Group,
University of Minho, Portugal (3) 3B’s Research Group, University of Minho, Portugal (4) 3B’s Research
Group, I3Bs, Portugal.

Due to their excellent biocompatibility and fast resorption in the human body, enabling replacement by
newly formed bone, brushite cements are well suitable for bone regeneration. Their regenerative
potential can be further improved by doping with bioactive ions like lithium, which promotes osteogenic
differentiation-related gene expression, essential for osteogenesis.Hence, this study investigated the
setting performance of brushite cements fabricated from Li+-doped {-tricalcium phosphate (Li+ contents
of 0, 2.5 and 5 mol%), monocalcium phosphate monohydrate and an aqueous solution of the setting
retarder phytic acid (IP6) in different concentrations. Isothermal calorimetry showed an accelerating
effect of Li+ on the hydration kinetics, especially for low IP6 concentrations. Accordingly, a decrease of
initial and final setting times with increasing Li+ content was detected with Gillmore needle apparatus.
Setting times could be adjusted for clinical needs by varying the IP6 concentration. The cements
presented compressive strengths within the ranges reported for cancellous bone.In-situ X-ray diffraction
(XRD) and in-situ 1H-nuclear magnetic resonance (1IH-NMR) proved precipitation of brushite as main
hydration product, accompanied by monetite. There were indications that the fraction of monetite
increased with increasing Li+ content. Within these studies, IH-NMR turned out as versatile tool for the
analysis of brushite cements. Its combination with in-situ XRD is highly valuable for the detailed
characterization of the setting reaction. Li+ was detected in the remaining pore solution after completion
of hydration, instead of being incorporated in the crystalline hydration products. Accordingly, the major
fraction of Li+ was released in PBS already after 1 d, indicating excellent availability in the human body.
Immunodetection and gene expression profiles of osteogenic-related markers highlighted the potential of
Li+ incorporation for increasing bone density in vivo.In conclusion, the physicochemical properties of the
developed Li+-doped brushite cements and their osteogenic potential render these materials very

promising for bone regeneration.
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ZINC-DOPED HYDROXYAPATITE NANOPARTICLES FOR THE TREATMENT OF BONE

INFECTIONS.
Lizzy Cuypers (1), Fang Yang (1), Frank Walboomers (1), Sander Leeuwenburgh (1)

(1) Radboud University Medical Center, The Netherlands

Bone infections can be caused by bacteria like Staphylococcus aureus (S. aureus) hiding intracellularly in
osteocytes or macrophages. These bone infections are notoriously difficult to treat, because most
commonly used antibiotics are not efficient to penetrate cell membranes and reach such hidden bacteria.
We propose the use of hydroxyapatite nanoparticles (HA NPs) to treat intracellular bone infections, due
to their ability to cross the membrane. Doping HA NPs with ions like zinc (Zn-HA NPs) can endow these
nanoparticles with antibacterial properties. However, the optimal physicochemical properties of such
antibacterial Zn-HA NPs remain unclear. For instance, altering the crystallinity of the Zn-HA NPs might
influence the release of zinc and therefore the antibacterial property. In this study, Zn-HA NPs were
synthesized using a precipitation reaction between calcium acetate, sodium phosphate and zinc nitrate
under three conditions to establish highly crystalline (HC), low crystalline (LC), and amorphous particles
(AP). Undoped HA NPs were also prepared as a control group. The degradation and release kinetics of
zinc from the different Zn-HA NPs, were investigated at pH 5.5 and 7.4 representing physiological and
inflammatory pH values, respectively. Afterwards, the antibacterial effect of the particles against S.
aureus was investigated at different concentrations. Amorphous particles degraded more rapidly than
crystalline particles, while all particles dissolved faster in acidic pH compared to more neutral conditions.
Generally, faster nanoparticle degradation resulted in faster release of zinc ions. Similarly, amorphous
Zn-HA NPs exhibited the most pronounced antibacterial effect against S. aureus (Figure 1). Concluding, a
lower crystallinity or lower environmental pH led to increased degradation of the Zn-HA NPs. This in
turn enhanced the antibacterial effect of the nanoparticles.Future studies will include cell culture to
investigate the cytotoxicity of the particles, as well as mechanistic investigation on cellular uptake of the
particles.
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MECHANICAL CHARACTERIZATION AND DAMAGE BEHAVIOR UNDER UNIAXIAL
COMPRESSION OF 3D PRINTED HYDROXYAPATITE SCAFFOLDS DESIGNED FOR

BIOMEDICAL APPLICATIONS
Imane Touaiher (1), Malika Saadaoui (1), Pascal Reynaud (2), Helen Reveron (2), Jérome Chevalier (2)
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The objective of the present study was to characterize the mechanical response and the fracture process
occurring during compressive loading of additive-manufactured hydroxyapatite (HA) scaffolds designed
for biomedical applications. Cylindrical samples fabricated by Lithography-based Ceramic
Manufacturing (LCM) were provided by Lithoz (GmbH, Vienna). The compressive strength was
evaluated by uniaxial testing method and the Young's modulus was calculated from the slope of load-
displacement curves during unloading.In order to describe the damage mechanisms occurring during
compressive loading, an experimental investigation was performed using in-situ X-ray Computed
Tomography (X-CT) and acoustic emission monitoring, as well as scanning electron microscopy
observations at different loading stages. To analyze the stress distribution in the studied structure, a finite
element analysis was conducted using both a modeled structure and a numerical model generated from
CT scans. The studied scaffolds showed a high compressive strength of 60 MPa and a Weibull modulus
of 6, higher to the one generally obtained on porous scaffolds fabricated by other techniques with the
same level of total porosity, which is about 32 %. The Young's modulus initially of 85 GPa, decreased
very slightly during the loading/unloading tests. In situ X-ray tomography scans showed a progressive
damage evolution starting at a load value superior to 25 MPa. The cracks responsible of the damage were
initiated during the compressive test from the edge of the sample and propagated parallel to the applied
force, which explains the small variation of the Young's modulus. Moreover, the pre-existing microcracks
formed during the manufacturing process have no influence on the compressive strength. Finite element
analysis confirmed that the stress is non-uniform and maximum at the edge of the sample, which

confirms the scenario of damage evolution.

73



SYMPOSIUM 5
SMART NANOSYSTEMS
& ANTIBACTERIAL
DEVICES



September 21, 2022 room 2

KEYNOTE LECTURE

SURGICAL INFECTION PROPHYLAXIS, ANTIBIOTIC LIMITATIONS AND SMART

BIOCERAMICS
Paul Ducheyne

University of Pennsylvania, Philadelphia, PA, USA

Recently, it has been reported that that poor antibiotic delivery with a PMMA spacer is
independently associated with acute kidney injury (1). Other studies have shown that the five year
mortality rate for patients with an infected joint replacement is higher than for many lethal cancers (2).
Thus, methods for much better administration of the potent antibiotics used in surgical infection
prophylaxis than currently exist are needed.

Sol gel processing methods can be used to produce nanoporous silica materials that simultaneously
exhibit synthetic bone graft behavior, i.e. bone bioactive behavior. Herein, the correlation is addressed
between in vitro release and in vivo efficacy for a variety of sol gel processed methodologies and physical
forms (thin films, composite hybrid films and microparticles), a variety of nanoporous characteristics, a
variety of delivery mechanisms, and a variety of therapeutic molecules. The presentation will also review
the concept of versatility of combining bone graft properties with the ability to add drugs and biological
molecules to address specific surgery-dependent needs.

Even though new antibiotics are needed to address raising antibiotic microbial resistance, optimized
delivery methods may create much greater treatment efficacy for existing antibiotics, even against
resistant infections.
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According to the World Health Organization, between 2015 and 2050, the world's population over 60 will
be almost doubled from 12 to 22%. Among the challenges in responding to the increasing number of
orthopaedic surgeries, the development of novel materials related to biomedical implants plays an
important role. Coated metals and bone cements are very promising to furnish a tailorable drug release
for patient-specific treatment. The objective of this work is to provide a variety of bioactive materials
developed for cements [1] and coated multifunctional surfaces on metal implants, with the focus on
biomimetic and antimicrobial properties. Antibiotic drugs used for clinical therapies are not always
effective, partially substituting them with easily affordable antimicrobial ionic species may provide a
better treatment option. The developed materials are mainly composed of calcium phosphates [2-4]
mono- and di- substituted with antimicrobial and bioactive ions, such as Cu, Zn, Mn, Sr, Fe, Gd, Ag, and
bioactive glass materials [5,6], containing Mn and other ions, involved in the natural bone and connective
tissue formation. In this research, they are also used for coatings deposition on biodegradable metal
implants [7], to control their degradation rate and impart them with bioactivity characteristics. The
dependence of antimicrobial properties on substitution ion position in the calcium phosphate crystal
structure and on its concentration is shown on the example of Cu. In vitro bioactivity and microbiology
tests data focused on the specific trace ion influence are presented. One of the scopes of the present
research is to combine and connect structural analysis and phase composition of the mono- and di- ion
substituted calcium phosphates with their biological properties, i.e. the influence on microorganisms. The
obtained results suggest that the developed sustainable biomimetic nanostructured materials are
particularly relevant for novel strategies for biomedical implant design and bone tissue replacement and
regeneration.
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Calcium phosphate cements (CPC) have proven to be efficient bone substitutes in different applications
thanks to their interesting biological properties, and similarity to the bone mineral [1]. Due to their low-
setting temperature, these materials can incorporate various drugs, without denaturation and losing their
therapeutic activity [2]. This property makes CPC-based materials very appealing candidates for the
administration of various drugs for the treatment of bone diseases [3].This research described an in-vitro
study of the release kinetics and antibacterial activity of ciprofloxacin-loaded-cement (CPC) composed of
CaCO3-DCPD associated with bioactive glass and sodium alginate. The in vitro drug release study
investigated on dried and fresh cements revealed prolonged release profiles lasting 18 days, and the
elution rate was dependent on the cement composition and the amount of Cip incorporated. However, a
massive release phenomenon during the first two days was observed in the case of dried cements. The
fitting and modeling of release data following Korsmeyer - Peppas indicated that the release process is
governed by a Fickian diffusion mechanism. The amounts of released ciprofloxacin per day were at a
therapeutic level and were close to the minimum inhibitory concentration of the antibiotic, consequently
sufficient for the treatment of orthopedic implant-associated infections.The antibacterial activity of the
cement composites loaded with ciprofloxacin (3 and 9%) was assessed qualitatively via the diffusion
method. The results demonstrated the effectiveness of these composites to inhibit the growth of
Staphylococcus aureus and Escherichia coli, pathogens responsible for bone infection.The findings of the
formulated composites indicated that they are promising materials as a local antibiotic delivery bone-

substitute material, particularly for the prevention of post-operative bone infections.
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In the challenging quest for reducing the risk of implant-associated infections in bone surgery, the use of
silver ions is promising regarding its broad spectrum on planktonic as well as multiresistant bacteria [1-
3]. In view of controlling its early delivery in situ at the desired dose, we investigated its encapsulation in
carboxymethyl cellulose (CMC) microparticles (micro-CMC-Ag) by spray-drying and included them in
an apatitic bone cement whose Ag+ load/release could be adapted to reduce the risk of infections by the
main pathogens introduced during the surgery [4-5]. The micro-CMC-Ag microspheres must combine: 1)
A high silver encapsulation efficiency; 2) Controlled release properties, especially regarding “race to the
surface”, of efficient Ag+ quantities for the early control of adhesion and biofilm formation; 3) Size
distribution permitting to improve cement paste injectability and self-setting ability. We implemented a
step-by-step methodology starting from the in vitro study of the antibacterial properties and cytotoxicity
of AgNO3 and Ag3PO4 salts presenting different solubilities. Then we were able to design cements
containing efficient concentrations in silver regarding biofilm formation inhibition for S. aureus CIP 4.83
and S. epidermidis CIP 6821T. We showed that the silver release (37°C, in Tris buffer) occurred over two
weeks without burst effect and at a dose range conferring anti-biofilm efficiency without cytotoxicity
from 3 hours of release. Modelization of the silver release data supported a higher release rate attributed
to lower silver/cement interactions and to the presence of hydrophilic reservoir zones, leading more
rapidly to silver active doses. In addition, the introduction of micro-CMC-Ag in the cement formulation
led to a fully injectable and highly porous (77%) cement, showing a compressive strength analogous to
cancellous bone. This injectable composite cement formulation constitutes a versatile bone substitute with

tunable drug delivery properties, able to fight against bone implant-associated infection.
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We have developed a copper-based enamel for coatings of metal surfaces based on the antibacterial effect
of water released copper ions. The amount of released Cu ions was found to be correlated to CuO present
in the composition of glass, giving the possibility to test bactericide effects of the treated surfaces through
microbiological and chemical analysis.

Release experiments were carried out by contact of distilled water or suitable solution with the surface of
the treated sample and the solutions were then sampled and analyzed by inductively coupled plasma
mass spectrometry (ICP-MS) making possible to describe a model of the extraction process from the glass
phase.

Microbiological tests were then carried out according to ISO 22196:2011. Specifically, the antibacterial
effect of Cu ions released from different types of enamel was evaluated by placing an aliquot of bacterial
suspension on the surface of specimens, collecting it after 24 h of incubation (under appropriate
conditions for the inoculated bacteria survival - 35£1°C - RH>90%) and evaluating the number of viable
bacteria recovered from each specimen. The results obtained show that there is a correlation between the
amount of copper released by an extraction method using water or a suitable surface solution and the
composition of the enamel, and that a correlation can also be established between the presence of free

copper ions at the surface and antibacterial behaviour.
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Electrospining can be used for the production of next generation antimicrobial drug delivery systemsl.
Immunologically inert antimicrobial peptides (AMPs) can be synthesised based on natural sequences of
host o- andee- human defensins2. It has been suggested that, the change of a single amino acid in the
peptide sequence can affect the antimicrobial function of the peptides3. Furthermore, the peptide
delivery system and release kinetics have also a significant impact on the antimicrobial activity4. Even
though there are several versatile encapsulation methods available, oral infections cannot be cured in a
short time and need to be treated within the first three weeks5. Therefore, appropriate delivery systems
need to be designed that could be used for longer time periods and retain a sustainable antimicrobial
activity. It has been suggested that hydroxyapatite based electrospun drug delivery polymer systems
may have the appropriate characteristics to be used for long term antimicrobial activity 6-8. In this
study, our aim was to design and produce a unique fructan based biocompatible antimicrobial peptide
delivery system using electrospining based on our previous work9, 10. The main component in this
system was coralline hydroxyapatite converted from coral by an established hydrothermal methodé.
Coraline hydroxyapatite was then coated with fructan-based AMPs containing fibers by electrospinning?.
The AMPs used for this system were peptides (HBD-3) that are active against oral pathogens. Release of
the AMPs from the system was followed by UV-vis spectrometry and the cytotoxicity of the system was
evaluated using an MTT assay at 12, 24 and 72 h.
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The alarming increase in antibiotic resistance worldwide raises the urgent need to develop novel
strategies to combat infections without antibiotics. The recent discovery of the mechanobactericidal
properties of nanostructured surfaces is attracting interest as a non-antibiotic strategy. In this study,
calcium phosphates (CaPs) with nanostructured bactericidal topographies have been obtained for the
first time without the addition of antimicrobial ions. In addition, the reactivity of the different materials
has been analysed, to rule out any effect on cell behaviour.For this study, the bactericidal potential of two
nanopillared CaPs prepared by hydrolysis of two different sizes of a-tricalcium phosphate powders
under biomimetic (B: 37°C, 7 days, 1 atm) or hydrothermal conditions (H: 121°C, 30 min, 2 atm) was
explored. The hydrothermally reacted CaP presented a more irregular topography in terms of pillar tip
(radius: 20-60 nm), spacing (100-1500 nm) and distribution (pillar groups forming bouquets) than the
biomimetically treated one (radius: 20-40 nm and spacing: 50-200 nm with a homogeneous pillar
distribution). Bacterial assessment was made with Pseudomonas aeruginosa incubated in nutrient-
rich/depleted media. In both media, hydrothermally treated CaP presented higher lethality (~75%
nutrient-free, ~56% nutrient-rich) than the biomimetically treated (~55% nutrient-free, ~40% nutrient-
rich). The reactivity of the material was influenced by the type of medium and the presence or not of
bacteria. Lower reactivity and superior bacterial attachment were observed in the nutrient-free medium,
while lower attachment was observed for the nutrient rich medium. This was attributed to the superior
reactivity of the material and to the lower tendency of bacteria to adhere to surfaces in the presence of
nutrients. Nevertheless, the ionic exchanges were not toxic to planktonic cells. Thus, we can conclude that
topography was the main contributor to mortality.
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Successful treatment of bone infection has become a major clinical challenge due to the emergence of
antibiotic-resistant bacteria. These hard-to-treat pathogens can induce severe bone infection and even
intracellular persistence of these pathogens upon their invasion into host cells such as macrophages and
osteoblasts. Besides the limited therapeutic efficacy of currently available antibiotics, their low
penetration into host cell plasma membranes increases the chance of recurrence of infection, which
imposes an ever-increasing challenge for various surgical application areas [1]. Therefore, advanced
biomaterials possessing inherent antimicrobial properties along with internalization ability are urgently
required to combat resistant bacteria. Mesoporous bioactive glass (MBG) nanoparticles have received
increasing attention in bone-related applications due to their excellent functional properties including
cytocompatibility, apatite-inducing capacity, and antimicrobial properties [2]. In this study, we
synthesized a library of MBG nanoparticles enriched with copper to enhance their inherent antibacterial
properties and then assessed their apatite forming ability, antibacterial properties against resistant
bacteria involved in bone infection, and internalization ability .Our results revealed a successful synthesis
of copper-containing MBG nanoparticles possessing meso/nanoscale morphological characteristics with a
favorable apatite-forming ability. In addition, Si and Ca ions were released through the particles in a
sustained manner confirming the degradability of particles, whereas Cu ions were released within 48 h.
Notably, nanoparticles containing 5 mol% of Cu exhibited remarkable antibacterial performance as
evidenced by complete eradication of Methicillin-resistant Staphylococcus aureus bacteria. We further
confirmed those MBG nanoparticles could be internalized into preosteoblast and macrophages,
highlighting their capacity as an intracellular carrier to combat intracellular bacteria. Collectively, the
developed MBG nanoparticles with favorable physicochemical properties along with their antimicrobial
capability and internalization ability could be used as building blocks to construct new antibiotic-free
antimicrobial biomaterials to effectively treat infected bone defects.
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In recent years, multidrug resistant pathogens made their way to become one of the top public health
hazards (1). This results in the rise of implant failures due to prosthetic joint infections (P]Is) and justifies
the growing need to develop new antimicrobial biomaterials (2). In this framework, we developed a 3D
printable hydrogel made of GelMA, alginate and human platelets lysate — which is a reserve for
angiogenic factors and fibrin, known for its bioactive potential (3). While GeIMA and platelets lysate
provide a bioactive support for eukaryotic cells, thanks to their RGD motif and high angiogenic factors
content respectively, alginate has been functionalized with antimicrobial peptides (AMPs) to prevent
antimicrobial adhesion. The gels were dual crosslinked after printing: first, GeIMA was crosslinked via
UV-light and then, alginate via ionic crosslinking. The employment of platelets lysate allows to produce a
tailored biomaterial, since it can be directly harvested from the patient.To obtain the AMP-functionalized
alginate, we allowed alginate to react with NHS/EDC and the AMPs. Then, we characterized the blend
from a rheological perspective, determining the printability of the blend and the mechanical stability of
crosslinked hydrogels. Following rheological analysis, we successfully 3D printed the blend and
performed an ELISA test in order to study the release kinetics of the VEGF naturally contained in the gel
(released from the LP). Finally, we determined the biological and antimicrobial responses to the gel. The
functionalised hydrogels were tested on S. aureus and E. coli. Also, we assessed the gels bioavailability
on eukaryotic cell lines.Finally, future work will be aimed at improving the biocompatibility on
eukaryotic cell lines. Also, antibiofilm properties of the gels will be determined while also assessing the
hydrogels activity on different bacteria strains.
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Antibiotic resistance (AMR) is one of the top 10 global public health threats facing humanity. In the last
two decades, respiratory bacteria have increasingly becoming resistant to several antibiotics, and the
prevalence of resistant strains is growing rapidly [1]. Hospital-acquired pneumonia, ventilator-acquired
pneumonia and chronic respiratory diseases such as cystic fibrosis are some examples of respiratory
diseases complicated by infections with multidrug resistant pathogens [2]. The search for new antibiotic
formulations for these infections is therefore a primary objective in the current health context.
Antimicrobial peptides (AMPs) are emerging category of therapeutic agents with a huge potential
application [3]. These molecules have a broad spectrum of action and differently from the usually
employed drugs, act by different mechanisms against which bacteria hardly develop resistance
mechanisms. However, one of the main concerns is related to stability of AMPs after administration,
which dramatically may reduce their power. Additionally, the efficacy of providing a sustained
localization at specific site might not be properly achieved. In this view, the use of nanoparticles (NPs) for
the AMPs delivery provides different advantages: (i) release of molecule in a more specific time and
spatial window, and (ii) peptide protection against early degradation [4]. Therefore, a multifunctional
NP-based therapeutic formulation certainly represents an effective alternative to traditional therapies. In
this talk I will present the most recent approaches about the use of a new therapeutic formulation based
on inhalable and biodegradable calcium phosphate (CaPs) NPs, functionalized with AMPs. CaP-NPs are
mainly used because are inhalable and fully biocompatible. Preparations of CaP-NPs, functionalization
strategies, and in vitro data will be presented, highlighting the excellent features of CaP-NPs to be used
as nanocarries in the treatment of pulmonary diseases to overcame antibiotics resistance.
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In recent years, synthetic calcium phosphate-based materials have attracted great attention in the
biomedical field as bone defect repair and as drug delivery systems, owing to their biocompatibility and
reactivity 1. However, their low biodegradability and mechanical properties as well as poor knowledge of
their surface behavior have paved the way for the use of inorganic-organic biocomposites as promising
materials for mimicking the natural bone. Thus, several investigations focused on the development of
hydroxyapatite (HA)-polymer composites with targeted properties 2. In this context, the present study
aims to investigate the uptake and release ability of HA-chitosan composites toward an antibacterial
agent, ciprofloxacin (CIP).The hydroxyapatite-chitosan (HA-CS) composites were first synthesized via in
situ precipitation method and used as a starting material. The interaction between HA-CS particles and
CIP antibiotic was evaluated through batch adsorption essays. A fast adsorption process was noticed, and
the kinetic data were fitted to the pseudo-second-order. Adsorption data collected from various
conditions are well described by the Freundlich isotherms, indicating a very weak loading capacity of the
adsorbents. Alternatively, CIP loaded-three dimensional HA-CS composites were produced through a
solid-liquid mixing coupled with the freeze-drying process. The physicochemical characterization of the
specimens confirmed the effectiveness of the formulation process used and the homogeneity of the
composites. The in vitro release results showed a sustained and controlled antibiotic release over 10 days.
The CIP amounts eluted per day were at a therapeutic level (0.1 - 3 mg/L) and close to the antibiotic
minimum inhibitory concentration. On the other hand, the developed composite revealed an antibacterial
activity against Escherichia coli and Staphylococcus aureus bacteria. The correlation between the intrinsic
properties of the composites components and their interfacial processes may provide fundamental tools
for the development of potential formulations to deliver drugs to the living systems.
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