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Degradable metallic implants - assessment of the current situation

ging populations and a rise in osteoporosis-related fractures will sustain a need for orthopaedic intervention. In addition,

juvenile patients and active adults exhibiting risky sporting activities also require perfect care. So far, these indications are
treated mainly with non-degradable metal implants or in some cases also polymers. From the patient’s point of view, degradable
implants would clearly be preferred. Here degradable magnesium-based implants could become an alternative to permanent
metallic implants which have to be removed after healing, or to replace degradable polymers which do not always show the
required mechanical properties. Mg and its alloys degrade under physiological conditions. The great challenge here is to tailor
the degradation in a manner that is suitable for a biological environment. Fast or uncontrolled corrosion is associated with strong
hydrogen and ion release and severe pH changes, which can lead to a fast loss of mechanical stability and undesirable biological
reactions. Since these processes are highly complex in a living system and sufficient data describing the degradation in vivo
is missing, it is very difficult to produce knowledge based new alloys. Therefore, the development of new biodegradable Mg-
based implants is strongly relying on the understanding of the degradation process in the living organism and the creation of an
appropriate test system in vitro. Still, the endeavor is successful: one CE certified Mg-alloy compression screw (Magnezix, Syntellix
AG, Germany) and a Mg-based drug-eluting stent (Magmaris, Biotronik AG, Germany) are in the market. In addition, in China
and Korea patient trials (hip surgery and hand fracture) are reported. This presentation will outline the current status of Mg-
implants and which perspectives Mg based implants could have.
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Regine Willumeit Romer started as a Physicist studying structure and function of the ribosome. After her habilitation in biochemistry she worked on membrane active
antimicrobial peptides and implant coatings (for permanent Titanium-based implants). In parallel she started working on biodegradable magnesium-based implant
materials. In her division Metallic Biomaterials (Institute for Materials Research, Helmholtz-Center Geesthacht) the full value chain is covered: from fundamental materials
design and production via different processing routes (cast and powder metallurgy), the study of degradation mechanisms towards the biological assessment of the
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Yongmei Zheng

Beihang University, China

Bioinspired surfaces with gradient micro- and nanostructures and dynamic wettability

Biological surfaces create the enigmatical reality to be contributed to learning of human beings. They run cooperate between of
endlessly arranged various-style gradient micro- and nanostructures (MN) that greatly provide with excellent functions via
natural evolvement. Such biological surfaces with multi-gradient micro- and nanostructures display unique wetting functions in
nature for water collection and water repellency, which have inspired researchers to design originality of materials for promising
future. In nature, a combination of multiple gradients in a periodic spindle-knot structure take on surface of spider silk after wet-
rebuilding process in mist. This structure drives tiny water droplets directionally toward the spindle-knots for highly efficient
water collection. Inspired by the roles of gradient MNs in the water collecting ability of spider silk, a series of functional fibers
with unique wettability has been designed by various improved techniques such as dip-coating, fluid-coating, tilt-angle coating,
electrospun and self-assembly, to combine the Rayleigh instability theory. The geometrically-engineered thin fibers display a
strong water capturing ability than previously thought. The bead-on-string heterostructured fibers are capable of intelligently
responding to environmental changes in humidity. Also, a long-range gradient-step spindle-knotted fiber can be driven droplet
directionally in a long range. An electrospun fiber at micro-level can be fabricated by the self-assembly wet-rebuilt process, thus the
fiber displays strong hanging-droplet ability. The temperature or photo or roughness-responsive fibers can achieve a controlling
on droplet driving in directions, which contribute to water collection in efficiency. Besides, inspired by gradient effects on butterfly
wing and lotus leaves, the surfaces with ratchet MN, flexible lotus-like MN are fabricated successfully by improved methods,
which demonstrate that the gradient MN effect rises up distinctly anti-icing, ice-phobic and de-ice abilities. These multifunctional
materials can be designed and fabricated for promising applications such as water-collecting, anti-icing, anti-frosting, or anti-
fogging properties for practical applications in aerospace, industry and so on.

Figure 1: Illustrates the bioinspired wettability surfaces with micro- and nanostructures to control the wettability.
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Yongmei Zheng, PhD, is a Professor at School of Chemistry, Beihang University. Her research interests are focused on bioinspired surfaces with gradient micro- and
nanostructures to control dynamic wettability, and develop the surfaces with characteristics of water repellency, anti-icing, anti-frosting, or fog-harvesting, tiny droplet
transport, water collection, fog-harvesting and so on. Her publications include more than 90 SCI papers included in Nature, Adv. Mater., Angew. Chem. Int. Ed., ACS Nano,
Adv. Funct. Mater., etc., with 12 cover stories, and a book “Bioinspired Wettability Surfaces: Development in Micro- and Nanostructures” by Pan Standard Publishing, USA.
Her work was highlighted as Scientist on News of Royal Society of Chemistry, Chemistry World in 2014. She is a Member of Chinese Composite Materials Society (CSCM),
Member of Chinese Chemistry Society (CCS), American Chemistry Society (ACS), International Society of Bionic Engineering (ISBE), and International Association of
Advanced Materials (IAAM). She won an ISBE outstanding contribution award in 2016 by ISBE and an IAAM Medal in 2016 by IAAM, in Sweden.
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Planar and curved self-assembled polymer multilayers - novel approaches for biomolecule
immobilization and release on demand

Polymer—based and composite multilayers have been widely used over the past decade towards biological and non-biological
applications. Our research is focused on assembly of 2D and 3D multilayer structures (planar films and capsules) aiming
at biological applications. Such tailor-made structures have fine-tuned architecture, controlled thickness from nano to micro,
adjusted softness from Pa to GPa, and almost unlimited variety of functional compounds. In this talk I present our recent findings
in the mechanism of multilayer assembly, physical-chemical approaches to immobilize biomolecules (proteins, nucleic acids, small
drugs, etc) and to release/deliver the biomolecules in controlled manner. The externally triggered release on demand by IR-laser
light and cellular studies including extra- and intra-cellular delivery is considered. The developed structures offering localized,
remote, and non-invasive release of biomolecules are indispensable for applications in diagnostics, toxicology, tissue engineering,
and especially for single cell studies where high precision of biomolecule delivery in space and time is highly desirable.

Physical-chemical aspects of
multilayers for drug delivery

Figure 1: Schematics showing main physical-chemical aspects studied for polymer multilayers aiming at drug delivery applications
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16:95-105.
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Dmitry Volodkin holds a position of Reader in Materials at Nottingham Trent University (UK) and Heads the group Active Bio-Coatings. He has studied Chemistry at the
Lomonosov Moscow State University and further obtained PhD in 2005. Research stays brought him to University of Strasbourg, France and Max-Planck Institute of
Colloids and Interfaces; Technical University of Berlin; Fraunhofer Institute for Cell Therapy and Immunology in Germany. His research activities are focused on design of
advanced stimuli-responsive biomaterials for applications in tissue engineering, diagnostics, toxicology, drug delivery. His group engineer self-assembled polymer based 2D
and 3D structures with tailor-made properties: multilayer films, microcapsules and beads, liposome-polymer composites, polymeric scaffolds, etc. He has published more
than 70 peer-reviewed articles/books and received a number of prestigious scientific awards such as Sofja Kovalevskaja Award of Alexander von Humboldt Foundation,
Richard-Zsigmondy Price of German Colloid Society, Alexander von Humboldt Fellowship and Marie Skiodowska-Curie Fellowship.

dmitry.volodkin@ntu.ac.uk

Notes:

Journal of Biotechnology and Biomaterials Volume 8

ISSN: 2155-952X

Page 43


mailto:dmitry.volodkin@ntu.ac.uk

conferenceseries.con T
3" Annual Conference and Expo on

BIODMATERIALS

March 05-06, 2018 | Berlin, Germany

Laszlo Saijti

Austrian Institute of Technology, Austria

Nanoparticle modified bioactive polymeric and metallic implants

e address a detailed biomedical research using different nanomaterials on implant material surfaces that feature strong

bioactive properties covering both permanent and biodegradable implant applications. These materials act as local
antibacterial and cell-proliferative platforms towards ideal implants with combined properties. These nano-objects are based
on ultrapure gold, platinum, silver or iron nanoparticles, equipped with biological functions for specific cellular actions via full-
embedding into polymeric matrices or used as coatings on metallic implants. Instead of standard fabrication, we demonstrate
short-pulsed laser ablation in liquids that is an entirely precursor-, and stabilizer-free green method, forming contamination-
free nanomaterials with remarkable surface loadings in a single-step process. Industrial processing of nanoparticle-embedded
polymers by injection molding results in a homogenous embedding whereas the nanoparticles stay stable even in the melted
state due to an effective stabilization process during laser ablation that hinders inter-particular agglomeration. This very high
homogeneity and stability is especially crucial for catheterization and permanent cardiovascular applications where homogenous
surface activity is required. Concerning metallic implant applications, equal channel angular pressing (ECAP)-modified low-
alloyed magnesium, as well as pure titanium and titanium alloys will be presented covering a broad range in medical implantology
from endosseous-, cochlear-, to artificial heart implants. In case of magnesium, the desired combination of high biocompatibility,
tailored mechanical and degradation properties as well as excellent mechanical properties will be presented and compared
to state-of-the-art materials such as the extra-low interstitial Ti 6Al-4V titanium alloy or the unalloyed commercially pure
titanium. A modified ECAP procedure reveals formation of an ultrafine grain structure across the whole work piece that allows
homogeneous mechanical properties affecting positively its cellular activity. Finally, we report on the detailed mechanical and
corrosive properties providing deep insights into its biophysical performance, long durability and mechanical strength even in a
biological environment.

Figure 1: Laser-generated bioactive polymeric nanocomposites with embedded gold and silver nanoparticles on TPU-basis (left)
titanium alloy and biodegradable magnesium with high tensile-strength and ductility (right).
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France. He was a Post-Doctoral Fellow in 2008-2009 with the excellence initiative of the Australian Government in the Australian National University in Canberra. Later,
he worked in Laser Zentrum Hannover e.V. in Germany in 2009-2011 as a Scientific Employee then from 2011 to 2017 as Head of the research group Nanomaterials.
Additionally, during 2011-2017 he headed the research unit Nanoparticles in the German cluster of excellence REBIRTH - from Regenerative Medicine to Reconstructive
Therapy in the Hannover Medical School. During 2015-2017 he was responsible of the research module “Laser-based methods - switchable implant coatings with drug-
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Solutions at the AIT Austrian Institute of Technology GmbH.
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Biomaterials with unique properties for implant applications

Equal Channel Angular Pressing (ECAP) is an innovative processing technology for the production of metallic biomaterials
with unique properties. It leads to a strong grain refinement of bulk crystalline materials down to the sub-micrometer range by
means of very large, multidimensional plastic deformation under enhanced hydrostatic pressure. The modified microstructure of
ECAP-processed biomaterials is the reason for high strength combined with good ductility. Such high-performance biomaterials
are very promising candidates for applications in high-loaded implants, for longer implant lifespans, for the miniaturization of
implants and for completely new implant concepts. The eftects of ECAP are presented on the examples of commercially pure (CP)-
titanium and special Mg-alloys. CP-Ti is a commonly used implant material especially in dentistry. In this field of application,
the Ti-alloy Ti6Al4V-ELI is avoided because of its problematic alloying elements aluminum and vanadium. Nevertheless, for
many dental applications a higher strength than that of CP-Ti is requested. Using ECAP and tailored optional post-processing we
achieved in CP-Ti ultimate tensile strengths >1000 MPa, which is stronger than the Ti-alloy. A further very important effect of
ECAP is that it produces a very homogeneous ultrafine grain structure and consequently very homogeneous mechanical property
across the whole work piece. The ideal material for biodegradable implants must combine high biocompatibility, application-
oriented degradation rate and excellent mechanical properties especially for load bearing applications. To achieve all these goals,
we used a newly developed double-ECAP tool to process a special low alloyed Mg alloy which was developed and produced at AIT.
The double-ECAP tool consists of three channels with two intersection angles and offers exceptional high deformation efliciency.
By using it, the ultimate tensile strength of a ZX00 Mg alloy could be raised to unprecedented strength values of about 400 MPa.

¥ 1 & 1 % m @ om om mem

Figure 1: Principle of Equal Channel Angular Pressing ECAP (left); stress strain curves of CP-Ti in different conditions in comparison with
Ti6Al4V- ELL CP-Ti grade 4 after ECAP + extrusion is stronger than the Ti alloy
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Carbonate apatite: Next generation artificial bone replacement

Ithough bone apatite is the carbonate apatite (CO,Ap) that contains 6-9 wt% carbonate in apatitic structure, hydroxyapatite

(HAp) has been used as one of typical artificial bone substitute since CO,Ap powder start to decompose at 400°C, thus
cannot be sintered. We have found that CO,Ap block can be fabricated by compositional transformation though a dissolution-
precipitation reaction using precursors such as calcium carbonate and tricalcium phosphate. Although HAp is not resorbed by
osteoblasts, CO,Ap thus fabricated was resorbed by osteoclasts similar to bone. As a result of osteoclastic resorption, CO,Ap is
replaced by bone whereas HAp remained as it is at the bone defects. CO,Ap up-regulate differentiation of osteoblasts even when
compared to HAp. Figure 3 show the typical Villanueva Goldner staining of HAp and CO,Ap when used for the reconstruction of
bone defect made at the beagle dog mandible. Both HAp and CO,Ap demonstrated excellent tissue response. However, amount of
the bone formed at the bone defect was much larger in the case of CO,Ap when compared to HAp.

Figure 1: SEM images of HAp and CO,Ap when osteoclastic cells were incubated on their surfaces.

Figure 2: Micro-CT images of HAp and CO,Ap when used for the reconstruction of rabbit femur bone defect. 24 months after implantation.

Figure 3: Villanueva Goldner staining of HAp and CO,Ap when used for the reconstruction of bone defect at the beagle dog mandible. Three months after implantation

Recent publications
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4. Arifta T I, Munar M L, Tsuru K and Ishikawa K (2017) Fabrication of interconnected porous calcium-deficient
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Technology, Japan. His interest is in biomaterials aimed for hard tissue regeneration and reconstruction. He was awarded “The Award of Japanese Society for Biomaterials”.
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Helen Reveron

INSA de Lyon - Univ Lyon, France

Mechanical properties of new zirconia-based bioceramics with a metal-like behaviour

Yttria-stabilized (Y-TZP) zirconia ceramics are increasingly used for developing metal-free restorations and are now considered
as promising alternatives to titanium as dental implants. Zirconia indeed possesses high strength and good toughness for a
ceramic, together with excellent bio-integration, biocompatibility and translucency. However, Y-TZP ceramics are still considered
as brittle ceramics, since transformation induced toughening occurs after cracks start to propagate. Moreover, Y-TZP can undergo
low temperature degradation (LTD) or ageing, leading to a loss of strength and micro-cracking. Therefore, our current research
is focusing on strategies to develop alternative zirconia-based materials with better stability in-vivo and higher degree of ductility,
especially for dental implants applications in which the translucency is less important but for which a perfect stability, good
mechanical properties and long lifetime should be ensured. In this work the mechanical characterization of a new type of very-
stable zirconia-based composites is presented. These materials are composed of ceria-stabilized zirconia (Ce-TZP) and two second-
phases (alumina and strontium aluminate) and can exhibit very high strength, toughness and ductility. In other words, in these
ceramics, plastic deformation occurs before failure driven by the tetragonal (t) to monoclinic (m) zirconia phase transformation,
which leads to mechanical behavior laws similar to metals. During the oral presentation, the effect of the composition and/or
the microstructure on the strength-toughness relationship will be presented and the validity of various mechanical tests used to
measure the fracture strength on these materials discussed.

Figure 1: New developed Ce-TZP-based composite plastically deformed.

Recent publications
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Helen Reveron is a Research Scientist at the French National Center for Scientific Research (CNRS). Since 20086, she works at the MATEIS Laboratory of INSA-Lyon
in the development and characterization of ceramic nanocomposites with controlled micro-nanostructures. Before coming to Lyon, she earned an Engineer’s Degree in
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Natural/Synthetic hybrid biocomposites: Sustainable materials

ue to environment and sustainability issues, biocomposites have encountered remarkable interest in the last two decades. Also,

due to the expanding waste management concerns, natural fibres composites have drawn the attention of many researchers in
this field. Hybrid polymer composites have embedded a series of natural and synthetic fibers. Each one has intrinsic characteristics
that, when combined to a polymer matrix, achieve a high performance and/or sustainable material [1]. One of the major concern
in the composite characteristics is the bonding between the reinforcements and the matrix [2]. Even though numbers of composite
materials with synthetic fibres such as glass fibres, rayon, nylon etc. and metallic fibres have been used as reinforcing agent but
natural fibres have uniqueness among them because of its extraordinary properties such as biodegradability with significant
strength and stiffness [3-5]. The purpose of this talk is to bring awareness among the scientist and researchers on introducing a cost
effective and cleaner method of improving the chemical interaction between the natural fibres and the polymer matrix through
hybridization techniques and minimize the water absorption problems that usually occur in pure natural fibre based polymer
composites. To improve on the properties of natural fiber composites and/or overcome some of their limitations such as moisture
absorption, thermal stability, brittleness and surface quality, the concept of hybridization of fibre reinforced composites was used
in this study. Jute fibre (JF)/Carbon fibre (CF) and Jute fibre (JF)/Kevlar fibre (KF) hybrid epoxy composites were prepared using
Vacuum Press Infusion (VPI) method. Tensile, flexural and impact tests were performed as per the ASTM standard methods. The
hybrid composites showed improvement in mechanical properties and reduced water absorption characteristics compared to Jute/
epoxy composites. Energy absorption characteristics have shown considerable improvement compared to pure epoxy and Jute/
Epoxy biocomposites as shown in Figure 1 (a) - (d).
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