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Abstract

Composite materials based on a polyamide fabric and a polydymethylsiloxane matrix were
designed for application in bone surgery. In order to increase the bioactivity, 2, 5, 10, 15,
20 and 25 vol. % of nano/micro hydroxyapatite (HA) and tricalcium phosphate (TCP) were
added. The effect of the additives on the mechanical properties was studied.
Simultaneously, changes in the inner structure of the composites were investigated by
means of image analysis. The effect of the additives on the biocompatibility was determined
by both in vitro and in vivo tests. It appears that in comparison with the micro particles, the
nano additives have a more favourable effect on mechanical properties. From the point of
view of the final application of the composites as substitutes for hard tissues, 10 — 15 vol.
% of nano additives is an optimum amount: in this case both the optimization of the
toughness and the increase in the ultimate strength in bending occur without any changes
in the inner structure of the composite. The results of biological evaluations are in an
agreement with the results of mechanical tests.

1. Introduction

Artificial substitutes for parts of the human body based on a relatively broad spectrum of
materials are investigated. Prostheses of bones made of metals and their alloys, ceramics,
bioglass, polymers and various composites, in the form of both fibers and particles, always
exhibit certain disadvantages. There is often high toughness, fragility, corrosion, low
strength in bending, particle release and insufficient bioactivity (for the given requirements)
(Mata, 2002; Rose, 2004; Bacakova, 2001; Suchanek, 1998; Springer, 2001; Kawai, 2004;
Chavarria, 2004). Several polymers (for review see (Ramakrishna, 2004; Manikandan,
2001)) are considered as biocompatible and biostable materials within the body, and they
are widely applied. However, their specific disadvantage is their low mechanical strength
and above all their low Young modulus (Ramakrishna, 2004).

A successful product of tissue engineering must necessarily result from combining several
disciplines dealing with mechanical properties, the interaction of the implant with the
surrounding tissue, and also practical clinical experience. With composites consisting of a
polymer reinforcement and a polymer matrix with the possibility of selecting the volume
ratio of the fiber reinforcement to the matrix and also a suitable orientation, mechanical
properties identical with those of human bone can be obtained (Ramakrishna, 2004). The
reason for their wide use in various medical applications is mainly the availability of
materials with various properties in various forms and compositions as well as the fact that
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they can be hardened directly into the required shape or structure with the most suitable
fiber orientation, e.g., with respect to the direction of the acting load. Their biocompatibility
and mechanical properties can also be enhanced by inserting a bioactive component into
the matrix. Our study reported in (Suchy, 2007) dealt with preparing fiber composites
based on an aliphatic or aromatic polyamide and on a polysiloxane as the matrix to which
HA particles 20 — 70 nm in size were added. We also reported on their mechanical
properties and moreover their biocompatibility.

Polyamide fabrics were chosen because of their mechanical stability and bioactivity.
Polyamide monofilaments were used for constructing a non-resorbable, long-lasting and
stress-absorbent reinforcement for designing articular disc substitutes (Springer, 2001). In
Springer’s study, polyamide also promoted the adhesion of human or porcine fibrocartilage
cells in cultures derived from the temporomandibular joint, and showed no toxicity to these
cells. In addition, poly(hexamethylene adipamide), i.e., a polyamide containing carboxyl
and amide groups similar to collagen, was successfully used for preparing a biomimetic
composite with nano-hydroxyapatite, matching well the mechanical properties of the
natural bone (Wang, 2002).

Although siloxane materials are hydrophobic, they generally allowed the adhesion, growth
and differentiation of osteoblasts. Their osteoinductive behavior was further enhanced
when they were rendered hydrophilic by exposure to an oxygen plasma treatment or by
microtexturing their surface (Mata, 2002; McFarland, 2000; Liao, 2003; Walboomers, 2004;
Balik, 2007). Composites based on polymethylphenyl siloxane resins (produced by Lucebni
zavody, Kolin, Czech Republic) promoted their colonization with human osteoblasts of the
line hFOB 1.19 (Gumula, 2004). Another siloxane, i.e. 3-(glycidoxypropyl)
trimethoxysiloxane, was used for constructing a bioactive composite with gelatin and Ca®*
ions, which stimulated the proliferation and differentiation of mouse osteogenic MC3T3-E1
in vitro. When these reinforcements were soaked in a simulated body fluid, apatite was
formed by the reaction of a hydrated silica gel surface (Si-OH groups) and Ca** ions (Ren,
2002).

HA and TCP additives were chosen because they can mimic the crystalline mineral
component of the bone. Inclusion of HA nanofibers in a beta-tricalcium phosphate (B-TCP)
matrix significantly improved the mechanical properties of this material, especially its
strength and toughness (Ramay, 2004). HA-containing materials act as sources of calcium
ions, which are known to stimulate osteoblast proliferation and differentiation (Ren, 2002).
In addition, hydroxyapatite crystals can serve for nanopatterning the pore walls in order to
enhance the osteoinductive activity of our newly constructed materials, as mentioned above
(Woo, 2003; Wei, 2004). However, HA by itself has an insufficient mechanical property,
especially low mechanical strength and increased brittleness. It is mainly applied in the
form of bone fillers of several shapes for unloaded implants and in the form of a coating
material on metallic prostheses, dental or maxillofacial applications (Fazan, 2005).
Application of HA as composite matrix additives should overcome these problems. The rate
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of the interaction between the body and the artificial particles depends on their
microstructure, morphology and size (e.g. nano/micro size).

2. Project objectives

The aim of our study was to develop an advanced porous composite material with suitable
mechanical properties for potential use in the bone tissue engineering, hierarchically
organized at both micrometer and nanometer scale. The composite consist of polyamide
fabrics embedded in polydymethylsiloxane matrix with HA/TCP micro- or nanocrystals. At
the same time, the nanocrystals homogeneously dispersed within the matrix protrude on
the pore walls and create a bioactive nanopattern on the wall surface. We were looking for
a compromise between the optimum of amount fillers of the resulting composite and
suitable mechanical properties. The aim of this study was to describe the mechanical
behaviour and the changes in the structure of the composite (by image analysis and
measurements of open porosity and density), and also essentially the in vitro and in vivo
biocompatibility testing (cytotoxicity, bioactivity testing).

3. Conceptions, materials, methods and results

3.1 Composite Materials Preparation

A composite material based on fabric reinforcement (Aramid balanced fabric, based on
aromatic polyamide fibers HM 215, Hexcel, FR) and a polydymethylsiloxane matrix M130
(Lucebni zavody Kolin, CR) was prepared. HA (Caio(P04)s(OH);) and/or TCP (Cas(PO.))
powder (Berkeley Advanced Biomaterials Inc., San Leandro, CA, USA), average particle size
100+50 nm and/or 100+50 um, was inserted into the matrix before impregnation in the
amount of 0, 2, 5, 10, 15, 20 and 25 vol% (powder/matrix). For this purpose, the DI 18
Basic homogenizer (IKA Werke GmbH) was used. A weighed amount of additive was
gradually inserted into a weighed amount of polysiloxane matrix, so that uniform dispersion
of the additive filler in the matrix was achieved (running speed of the homogenizer 17 500
min!, dispersion time 6 hours). A successful dispersion of additives in the matrix was then
verified by SEM examinations, for an illustration, see Fig. 1. This homogenization was
followed by kneading in a HAAKE machine (Thermo Electron Corporation, USA), at RT and
at a rotation speed of 50 min™ for 24 hours.

i 200 nM

Fig. 1 SEM micrograph of n-HA dispersed in cured matrix
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After these procedures, the fabric was impregnated with the matrix/additives blend
following by cuting into pieces with desired dimensions after 24 hours. Eleven impregnated
layers were placed into the curing mould, taking into account the axis of the fibers (each
layer has the same orientation of the warp, with ply direction (0°) and the fill weft, with ply
direction (90°)). The green composite was heated in a mould at a temperature of 135°C for
two hours and then cured under the pressure of 1.1 MPa at 225°C in the air atmosphere for
4.5 hours and finally cured without applying pressure at the temperature of 250°C for 4
hours. Cured plates were cut by a diamond disc to an appropriate size according to further
mechanical and biocompatibility tests.

3.2 Physical Properties

The open porosity and the apparent density of all composite samples were measured
according to ASTM C-373. An image analysis of the polished sections was performed using
NIS-Elements AR software, ver. 2.3 (Laboratory Imaging Inc., CR).

3.2.1 Porosity and bulk density

Twenty six pieces of the samples with various ratio of HA/TCP were examined. The open
porosity and the apparent density of all composite samples are listed in Table 1. The open
porosity of the composites decreases with the amount of nano powders. This tendency
could be explained by the more homogenous distribution of nano fillers. Compared to this
fact, in the case of micro fillers it is difficult to establish an explicit tendency. It can indicate
inhomogeneous distribution of micro fillers in the matrix and possibly also creation of
aggregates as is shown further in micrographs findings.

Table 1 Porosity and bulk density of the examined composites (composite with 0% of
additives: porosity 14.5%, bulk density 1.18 g/cm?®)

porosity | density

porosity | density

vol.% vol.%

[%] | [g/em’] [%] | [g/cm’]

2 105 | 1.24 2 145 | 1.17

5 94 1.27 5 143 | 1.19

< [0 [ 104 1.29 & [0 100 [129
[ 15 6.1 13 L [ 15 9.8 133
20 8.0 1.43 20 | 109 | 1.39
25 8.3 1.48 25 | 112 | 146

2 7.9 114 2 141 | 1.19

5 8.7 1.2 .= 1.1 | 1.26

<[ 10 8.7 13 S[10 [ 115 [ 129
£ 15 | 120 | 1.38 c [ 15 [ 103 | 136
20 | 13.8 | 1.46 20 | 115 | 1.38
25 | 103 | 157 25 | 108 | 1.45

3.2.2 Laminate morphology

The following conclusions can be drawn from the image analysis of all added composite
samples. With the composites with both types of added powders, cracks (both horizontal
and vertical) appear with volumes higher than 20 and especially 25 % (see Figs. 2 and 3).
A greater number of cracks can be observed on polished sections of composites added with
micro powders (see Fig. 3). It seems that micro powders form aggregates in the matrix of
the composites (see Fig. 3). These findings are ilustrated by the decrease of mechanical
properties, especialy in the case of bending strength. Nano powders exhibit better
dispersion with less frequent formation of aggregates (“maps”) (see Fig. 2) leading in
increase of bending strength. From the prepared polished sections we can draw the
conclusion that the nano powders (both HA and TCP), with their better dispersion, are in

8 K. Balik et.al.- Porous ¢ i jals with polyamide reinforcement and siloxane matrix with n-HA as biomaterials

closer proximity to the fibers. In general, we can state that the image analysis shows no
distinct difference between the HA and TCP fillers: differences are visible only on
micrographs with a different particle size of the fillers.

= * &
Fig. 2 Micrographs of polished sections of composite ARAMID+M130 added with
powders (left: n-HA, 25 vol. %, right: n-TCP, 25 vol. %)

nano

ﬁr_- H g Ao

Fig_. 3 Micrographs of polished sections of composite ARAMID+M130 added with micro
powders (left: m-HA, 25vol. %, right: m-TCP, 25 vol. %)

3.3 Mechanical Properties

The ultimate strength in bending (Ra) and the modulus of elasticity in bending (£) in the
direction of the fiber axis were determined by a four-point bending set-up with the Inspekt
100 HT material tester (Hagewald & Peschke, Germany), in accordance with ISO 14125. Six
samples from each group with dimensions of 60x7x2.2mm (length x width x thickness)
were applied.

3.3.1 Mechanical Properties - Results

The ultimate strength in bending (modulus of elasticity in bending)/HA (TCP) volume
fraction relationships were determined (see Fig. 4, 5). Statistical analysis was carried out
via nonparametric analysis of variance, at the significant level of 0.05 (Kruskal-Wallis test,
Mann-Whitney as post hoc test). Additions of nano powders in the range of 2 — 5 vol. %
increase the strength in bending by 20 — 30 %. With further additions above 15 vol. % the
strength in bending decreases slightly, and with 20 — 25 vol. % distinct cracks appear in the
matrix. A similar course (with lower values of strength in bending) is observed when micro
powders are added. It seems that the optimum amount of additives with both fillings is in
the range of 10 — 15 vol. %.
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Fig. 4 Effect of nano and micro additives upon the ultimate strength in bending (Rz)

30 Ef
ARAMID+M130+ ~® m-HA
—-n-HA
25 IS \ = n-TCP 1
20 T T
T \
o
<
15
10
5 T T T T T T T
0 2 5 10 15 20 25 [vol.%]

Fig. 5 Effect of nano and micro additives upon the modulus of elasticity in bending (&)

3.4 In vitro tests

In vitro tests were carried out on the human osteoblast-like cell line MG-63 (European
Collection of Cell Cultures, Salisbury, UK), currently used for studies of cell-material
interaction and retaining markers of osteoblastic differentiation, and on the osteogenic
cells, including bone marrow progenitor cells, prepared from the calvarias and long bones
of newborn rats. Cells on the material samples were cultured using conventional static
systems as well as a rotating cell reactor, better allowing the colonization of inner parts of
the material. The cells were incubated in standard or modified media supplemented with
the factors promoting osteoblastic differentiation. The potential release of microparticles
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from the material and their phagocytosis by cells were also monitored (by densitometry of
the medium sediment or microscopically).

Initial adhesion and morphology of cells were determined. The cells were visualized by
fluorescence staining or scanning electron microscopy, counted, and the size of cell
spreading area will be measured using image analysis. Cell number was also determined in
haemocytometer after trypsinization, by measurement of DNA content in cell lysates, as
well as using MTT test.

Molecules mediating cell-substrate adhesion was studied. The adhesion of cells to artificial
materials is mediated by the adsorption of extracellular matrix molecules. Thus, we will
follow the adsorption of collagen, an important component of bone extracellular matrix, and
vitronectin, selectively promoting the adhesion of osteoblasts, to the cell-free material
surface from the serum of the culture media or pure solutions of these proteins. The
proteins were visualized by their conjugation with fluorescence Ilabels or
immunocytochemical staining. Also the integrin receptors for these proteins on the cell
surface (integrins a1B1 and a2B1 for collagen, and avB3 for vitronectin), their recruitment
into focal adhesion plaques and association with talin, vinculin and actin cytoskeleton, were
investigated by the immunofluorescence staining, enzyme-linked immunosorbent assay
(ELISA), flow cytometry, electrophoresis, immunoblotting and immunoprecipitation. Also
the confocal microscopy, able to perform optical sections through the material in order to
visualize cells adhering to the pore bottom and walls, was applied.

Cell proliferation was studied. Proliferation kinetics was evaluated by construction of growth
curves, calculation of cell population doubling time. Bromodeoxyuridine (BrdU)
incorporation into the newly synthesized DNA and expression of some proliferation antigens
(PCNA, Ki-67) was also determined by immunocytochemical and flow-cytophotometric
approaches.

Differentiation of osteogenic cells was assessed by the activity of alkaline phosphatase and
production of collagen I as well as non-colagenous calcium-binding exracellular matrix
proteins  osteocalcin  and osteopontin. These markers were detected by
immunofluorescence, ELISA, electrophoresis and Western blotting in cells as well as in the
cultivation media.

The possible immune activation of cells growing on the material was also tested by
monitoring the expression of immunoglobulin and selectin adhesion molecules such as
ICAM-1 or ELAM-1, and production of cytokines (i.e., interleukins, tumor necrosis factors).
These molecules were detected by immunofluorescence, electrophoresis, Western blotting
and ELISA.

3.4.1 Cultivation of cells on basic composite components

Before the preparation proper of the composites the behavior of the cells on the component
parts of these composites (i.e. Aramid fabric, polydimethylsiloxane matrix) was investigated
systematically.

We can resume that Aramid fabric supported the colonization by osteogenic cells to an
extent comparable to standard cultivation materials. Aramide fabric with a small distance
between the fibers the cells even managed to bridge these gaps and to form a continuous
layer of cells (see Fig. 6). A relatively high colonization by osteogenic cells was attained also
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with a polydymethylsiloxane matrix although this material is relatively highly hydrophobic (it
is well known that hydrophobic materials do not support the adsorption of proteins which
mediate the adhesion of the cells in a suitable geometrical configuration which makes
possible to attain specific aminoacid sequences in the molecule by the adhesion receptors in
the molecule).

Fig. 6 Osteogenic cells on Aramide fabric the seventh day after the inoculation, stained
with propidium iodide.

3.4.2 Cultivation of cells on fabric reinforced composites with a matrix enriched
with HA/TCP additives

For testing modified composites in cell cultures, a series of samples with a varying content
in the additives in the matrix, i.e. 2, 5, 10, 15, 20, 25 vol. % of HA or TCP were prepared.
The surface of the tested samples was modified in order to obtain optimum open pores
with the size of 0.4-0.6 mm. The samples were sterilized in an autoclave, inserted into
polystyrene cultivation cells (TPP, Transadigen, Switzerland) and inoculated with human
osteogenic cells of the line. With the cells the adhesion, the growth and the osteogenic
differentiation were determined. As an adhesion indicator the number of cells after 24
hours after the inoculation, the surface of their spreading on the material and the formation
of the focal adhesion plaques with the content of integrin adhesion receptors and the
associated proteins talin and vinculin was used. Further, the formation of beta-actin
cytoskeleton in the course of the spreading of the cells was investigated by
immunofluorescence. The proliferation of the cells was indicated by the changes in the
number of cells in three time intervals after the inoculation, i.e. after 1, 3 and 7 days, as
well as by the course, the shape and the slope of the proliferation curves and the cell
population doubling time. The osteogenic differentiation was indicated by the production of
osteocalcin and osteopontin, glycoproteins of the extracellular matrix which bind calcium. At
the same time the viability of cells was followed by using a commercially available kit
LIVE/DEAD (Invitrogen) based on the detection of the activity of esterases in living cells
and on the penetration of the ethidium homodimer dye into the dead cells as well as by
staining with trypan blue when counting the cells with the apparatus ViCell Analyser
(similarly as ethidium homodimer this dye penetrates through the membrane of damaged
or dead cells).

3.4.2.1 Cultivation of cells on composites with additions of HA
It was found that the adhesion of the MG 63 cells in one day after inoculation on the
investigated composite materials was similar to that on the reference surface represented
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by a polystyrene cultivation dish (TPP, Trasadingen, Switzerland). The lowest average
number of adhering cells was found on the composite with 25 vol. % of micro-HA. The
viability of cells was relatively high (> 81.5 %) on all ivestigated materials and after 3 days
after inoculation it rose up to 86-99% which indicates the initial damaging of the cells in the
course of their trypsinisation and the manipulation during the inoculation rather than their
subsequent damaging caused by the material.

The third day after the inoculation the highest numbers of cells were obtained on
composites with 2-15 vol. % of nano-HA where these numbers became equal to the
reference values on the polystyrene dishes. With the other types of composites the
numbers of cells stayed on values statistically significantly lower than with polystyrene,
especially with materials containing 20 and 25 vol. % of micro-HA, where the numbers of
cells attained only about one half of the reference value. Nevertheless, even with these
samples the viability of cells attained 92-94%.

However, at the end of the experiment, i.e. after 7 days of cultivation, the highest
population densities of cells (comparable with those on polystyrene dishes) were attained
on surfaces with micro-HA in the concentration of 5-15 vol. %. Contrary to that a very high
concentration of micro-HA, i.e. 20 and 25 vol. %, did not support the growth of the cells
and was even cytotoxic as it was indicated by low viability values (21-31%) of the cells.
Also on composites with nano-HA the cell growth was slower than on the reference
polystyrene. However, on composites with the concentration of 5-15 vol. % of nano-HA the
concentration of cells per cm? was statistically significantly higher in comparision with the
pure composite without HA. HA also enhanced the formation of focal adhesive plaques
containing talin and vinculin, most with the content of 5-15 vol. %. The cells on all samples
exhibited a pronounced immunofluorescence of osteocalcin and osteopontin, i.e. of markers
of the osteogenic differentiation.

3.4.2.2 Cultivation of cells on composites with additions of TCP

Similarly as with composites with HA, the number of initially adhered human bone cells MG
63 after 1 day after the inoculation exhibited no statistically significant difference between
the individual composites with additives of TCP. However, the number of cells after 1 day
after the inoculation on the composite was lower than on the reference surface represented
by a microscope cover glass. Also after 3 and 7 days of cultivation the highest population
density of MG 63 cells was attained on glass. As far as the composites are concerned, the
highest numbers of cells were observed on materials with 20 vol. % micro-TCP and 15 vol.
% nano-TCP. On all surfaces MG 63 cells had a well developed beta-actin cytoskeleton. The
focal adhesion plaques, visualized by immunofluorescence staining of vinculin (i.e. of the
protein associated with the integrin adhesion receptors) were well formed on all surfaces
studied. On composites with 15-25 vol. % of TCP the cells exhibited a more intense
colouring of osteocalcin, i.e. the glycoprotein of the extracellular matrix which binds calcium
and is an important indicator of the osteogenic differentiation.

3.5 In vivo tests

These tests which are performed by the test method applied by the research team in the
previous years aimed at the assessment of the influence of modification of the matrix as
well as the effect of additional surface treatements of the samples. The research concerned
the samples of the original unmodified composite, of the composite enriched with HA or
TCP (in both cases nano as well as micro), further of an enriched composite with modified
open porosity, where the size of the open pores formed was determined on the basis of the
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results of the investigations performed by the research team in the previous years (fraction
0.4-0.6 mm).

The tests in vivo were performed with laboratory animals (rabbit; breed Belgium Giant, age
1 year). The cylindrical samples were implanted under the proximal condyle of the femur of
the right hindlimb. The hole is made with a special drill under general anaesthesia and
under sterile conditions — see Fig.7. In contrast to the originally implanted samples the
dimensions of the hole were reduced and the shape was changed to a cylindrical one in
order to reduce the lesion of the bone during the operation. The samples were in the
implanted position for eight weeks, after their removal they were together with the
surrounding tissue embedded in acrylate, cut to slices, stained with hematoxylin-eosin and
histologically evaluated.

Fig. 7 Implanted sample of the modified composite

3.5.1 Histological findings

All samples were examined histologically. From the histological investigation it follows that
all implants were incorporated into the bone, in the adjoining adherent tissue no
morphological indications of the cell degeneration, inflammation or necrosis were observed.
The fact that between the bone and the implant no layer of fibrous connective tissue was
formed represents a positive feature. The applied implant material is non-toxic. The original
bone tissue is completed by a new more eosinophilic layer. With implants with TCP
additives the healing quality seems to be better than with unmodified samples. No
difference between the particle sizes of the TCP additives was observed. In the case of
samples with HA additives a more exuberant character of newly formed bone tissue is
evident, again without traces of inflammation or necrosis. Among all investigated implants
just in this case the highest degree of osteointegration is attained. Around the whole
implant a homogeneously thick layer of newly formed bone tissue was formed which
adheres closely to the surface layer of the implant material (Fig. 8).
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Fig. 8 Histological microsections of composite implants added with micro-HA (on the left)
and nano-HA (on the right)

4. Explotation of results

The mechanical properties: In this project the effect of micro and nano powder additives on
the mechanical properties of the fiber composite determined for the applications in bone
surgery was investigated. The aim was to verify and find a suitable content in powder
additives employed for increasing the biocompatibility, aimed at optimum mechanical
properties for the planned final application in the form of substitutes for hard tissues
especially with regard to the rigidity and the bending characteristics. It appears that in
general both the micro and the nano fillers reduce the bending elasticity modulus what
seems to be useful in the case of comparison of the values with the cortical bone. The
bending strength is increased by adding nano powders whereas the microparticles exhibit a
rather negative influence which is probably caused by the nonuniform dispersion in the
composite matrix or by the formation of agglomerates as it has been shown by image
analysis. In general it can be stated that nano powders have a more favourable effect on
mechanical properties than micro fillers. From the point of view of mechanical properties
the optimum additive appears to be that of 10-15 vol. %. In this case a suitable
optimization of the mechanical properties without any changes in the internal structure of
the composite takes place. The formation of cracs with additive contents surpassing 20 vol.
% - in the case of micro fillers — also of agglomerates could have a negative effect on long-
time properties of the composite, mainly on the propagation of cracs and on the fatigue
strength.

The results of the in vitro and in vivo tests are in a surprising agreement with the results of
the investigation of the mechanical properties. Also in these cases adhesion, growth,
differentiation and viability of cells had an optimum value in the range of 10-15 vol. % of
the additives, whereas with higher concentrations there was the danger of a toxication of
the cells. The best results were in both cases attained when nano HA/TCP additives were
applied.
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Ve dnech 9.-12. zafi 2009 pofadala Ceska spole¢nost pro kompozitni a uhlikové
materidly ve spolupraci s Ustavem materidlového inzenyrstvi, FS CVUT v Praze,
seminai zaméfeny na kompozity jako biomateridly, jejich povrchové Upravy a
souvislostmi jejich fyzikalnich a chemickych vlastnosti s konkrétnimi aplikaCnimi
moznostmi.
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Eduard Brynda

Povlaky zajist'ujici nulovou nebo specifickou interakci umélych materialé s
biologickym prostfedim (Interakce biologického prostiedi s umélymi povrchy)

Ustav makromolekularni chemie AV CR, v.v.i., brynda@imc.cas.cz

Interakce se vzdy zucastni slané vodné tekutiny obsahujici rozpusténé proteiny (krev,
lymfa, o¢ni komorova voda, mozkomi$ni mok, media pro kultivaci bunék), které jsou vice i
méné obsaZzené v kazdém biologickém prostredi. Diky rdznym typlm fyzikalnich interakci
(elektrostatické mezi ionty, vodikové vazby, Van der Waalsovy, hydrofobni)
zprostfedkovanych aminokyselinovymi zbytky mohou proteiny interagovat mezi sebou, s
jinymi biologickymi molekulami a umélymi materidly. Bilkoviny se vice ¢i méné adsorbuji na
vSechny umélé povrchy, nejméné na elektroneutralni hydrogely. K adsorpci primarni
proteinové vrstvy dochdzi bezprostfedné na zalatku kontaktu umélého povrchu s
biologickym prostfedim. VSechny dalsi procesy, jako jsou nasledné interakce s dalSimi
aktivnimi proteiny a burikami, se pak odehravaji na néjaké adsorbované proteinové vrstvé,
kterd je témito procesy priibézné modifikovana. Kontakt s krvi: Bezprostfedné po kontaktu
krve s cizim povrchem (povrch odlisny od neporuseného endotelia stény cévy) dochazi k
adsorpci plasmatickych bilkovin a adhezi, aktivaci a agregaci krevnich desti¢ek. Soucasné je
aktivovana kaskadda molekularnich reakci mezi vzajemné se aktivujicimi koagulacnimi
faktory, na jejimz konci se u povrchu tvoti sit’ fibrinovych vidken. PFi poskozeni cévy vznika
timto mechanismem krevni zatka (trombus), ktera zastavi krvaceni. Interakce umélych
povrchll s burikami a tkanémi: Vétsina savCich bunék preziva a proliferuje pouze jsou-li
ukotveny k néjakému substratu. V organismu tomuto UGCelu slouZi extraceluldrni matrix
(ECM) obsahuijici adhesivni bilkoviny (fibronektin, laminin a rfizné typy kolagenu,) ke kterym
jsou bunky uchyceny prostfednictvim vazby svych transmembranovych glykoproteind
integrinQ. Pfi poranéni slouZi jako doCasny substrat pro uchyceni bunék opravujicich
poskozenou tkan fibrinova sit’ vytvorena koagulaci krve. Specifické interakce povrchu
substratu s integriny neslouzi pouze k pasivnimu ukotveni bunék ale davaji burikam signaly
ovliviuijici jejich dalsi chovani. .

Povlékani povrchu substratl pro tkafové inZenyrstvi a biosenzory v Ustavu
makromolekuldrni _chemie AV_CR: Na povrchu jsou imobilizovédny umélé soubory
biologickych makromolekul, proteiny a polysacharidy, napodobujicich ECM a fibrinovou sit’
nebo semisyntetické struktury obsahujici prvky specificky interagujici s vybranymi typy
bunék nebo biologickych latek. Mezi perspektivni strategie patfi pokryti povrchu substratu
"non-fouling" vrstvou potlacujici depozici proteind a bunék, na jejiz povrch jsou pak
kovalentni vazbou pfipojeny aktivni prvky - peptidické sekvence ECM proteind, lektiny,
protilatky a jejich fragmenty. Pro tento Ucel byly vyvinuty technologie pfipravy polymernich
kartacl z poly(etylenglykolu) a zwitteriontovych polybetain{i aplikovatelné pro "non-fouling"
pokryti polymernich i anorganickych povrchd.
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Vitézslav Bfezina
Interakce Zivocisnych bunék s materialem studovana ,in vitro™
B.P.Medical s.r.o., brezinavita@gmail.com

Biokompatibilita materiald a to nejenom pro medicinské Ucely, zahrnuje fadu normovanych
testd, které vdak ne vzdy spini nase vyzkumné cile — totiZz poznat nejenom zda material
vyvola toxickou, ¢ mutagenni reakci, ale také znat pfi¢inu a moznost omezeni negativniho
plsobeni na Zivou bunku. To plati nejenom na materidly pro medicinu, ale také napfiklad
pro odpady, meziprodukty vyrob, potraviny, potravni dopliiky, kosmetiku, a vlastné pro
komplexni interakci spektra latek a Zivych organismd. Vypracovali jsme fadu pfistupl k této
problematice od screeningovych testl, jejichZ rozliSeni je kvalitativni, az po zkousky, které
uréi miru inhibice, anebo stimulace buriky a upfesni bunécnou lokalizaci zkoumaného
plsobku.

V souvislosti s biokompatibilitou, anebo Iépe cytokompatibilitou implantatl, at’ uz
biodegradabilnich, anebo nosnych, se ukazuje jako velmi vyznamny prvek interakce burika-
material, charakter povrchu na némz k interakci dochazi. Jde o sadu vlastnosti chemickych
a fyzikalnich, které urCuji charakter interakce a plsobi rovn&z urCitymi selekCnimi
mechanismy. Uprava povrchu leptanim, zdrsnénim, nebo nanesenim rliznych vrstev na
zakladni materidl implantatu, zvySuje jeho kvalitu. Napriklad v pfipadé dentalnich
implantatd zna¢né ovliviiuje osseointegraci. Zajimavé vysledky ukazuji prvni zkousky na
Upravu povrchu plasmou, které by si jisté zaslouZily vétsi védecké pozornosti.

Z metodického hlediska davame prednost zdznamu reakce Zzivych bunék, které ukdzi
zmény v chovani bunék, nejenom k materialu, ale také zmény v interakci burika-burika.
Vazbu bunék k povrchdim studujeme pomoci rastrovaci elektronové mikroskopie a mozné
mutagenni U¢inky ovéfujeme klastogenitou, to je stupném poskozeni chromosoml savci
buriky.

Ludék Joska, Jaroslav Fojt, Monika Hradilova
Kovové biomaterialy a koroze
Ustav kovovych materidl a korozniho inZenyrstvi, VSCHT, Praha, joskal@vscht.cz

Kovy pouzivané jako biomaterialy, tj. materidly u kterych je pozadovana vysoka korozni
odolnost, jsou bud’ za danych podminek termodynamicky stabilni - ulechtilé nebo je jejich
odolnost dana vznikem bariéry na fazovém rozhrani mezi kovem a prostredim. Pouzitelnost
prvni skupiny, prikladem je zlato, je limitovana mechanickymi, zpracovatelskymi a uZzitnymi
vlastnostmi. Pfevazna vétsina kovl a slitin aplikovanych v lidském organismu patfi do druhé
skupiny a odvozuje svoje korozni chovani od jevu, ktery je oznaCovan jako pasivita. Do
kontaktu s télnim prostfedim se nedostava kovovy materidl, ¢asto neuslechtily, ale velmi
tenka a vysoce odolna pasivni vrstva. Korozni chovani pak zavisi na jejich vlastnostech a
stabilité.

Kovové biomaterialy jsou pred nasazenim do realného pouZiti testovany celou Skalou
technik a je sledovana fada vlastnosti. Hodnoceni interakce mezi té€lnim prostredim a kovem
je vétsinou realizovéano na dvou Urovnich. Prvni drovni jsou bunécné testy in vitro, druhou
pak testy na zvifatech. Korozni testy in vitro, které by mély byt soucasti vyvojového
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procesu, nejsou vzdy realizovany. Koroze se pak mZe uplatnit hlavné pfi testech in vivo,
které jsou dlouhodobéjsi. Rada koroznich procest totiz potfebuje k aktivnimu rozvoji tzv.
indukéni periodu. Kromé toho mize byt korozni aktivita vyvolana pouze za urditych
podminek - sloZeni prostiedi, pH obsah kysliku atd., jejichZ vytvoreni opét mlize zaviset na
Case.

V prispévku bude na redlnych pripadech dokumentovano, ze zanedbani korozniho
rozboru miize vést pfi aplikaci materiald in vivo k nezadoucim nasledkdm. Pfipad 1. -
Stérbinova koroze - izoelasticka endoprotéza kycelniho kloubu a koroze komponent pro
docasnou fixaci. Pfipad 2. - vliv Ié¢ebnych gelll na titan a povlaky. Pfipad 3. - dentalni
amalgam. Treti pfipad je opakem predchozich, bude dokumentovan pozitivni dopad
koroznich procesd.

Jaroslav Fojt, Ludék Joska

Vliv aplikace Iécebného pripravku obsahujiciho fluoridy na dlouhodobé korozni
chovani titanu

Ustav kovovych material a korozniho inZenyrstvi, VSCHT, Praha, jaroslav.fojt@vscht.cz

Negativni vliv fluoridovych iontd na korozni odolnost materidld pouZivanych ve
stomatologii je jevem znamym jiz fadu let. Negativni Gcinky léCebnych a preventivnich
stomatologickych pfipravkl na korozni odolnost dentélnich vyrobkl na bazi titanu byly
popsany v fadé studii. Ty se zabyvaji prevazné stabilitou pasivni vrstvy v zavislosti na
koncentraci fluoridd a pH prostredi, to jest, za jakych podminek material odolava, a kdy jiz
dochazi k aktivnimu rozpousténi. Cilem nasi prace bylo urcit korozni chovani titanu v
prostedi modelovych slin po predchozi kratkodobé expozici vzorku v modelovém
stomatologickém pripravku s vysokou koncentraci fluoridovych iontd.

Méfeni byla realizovana se vzorky titanu grade 2 ve fyziologickém roztoku (pH
neupravené, 5,8 a 4,2) s obsahem 5000 ppm fluoridovych iontli a v modelovém roztoku slin
pfi teploté 37°C. Pro popis korozniho chovani bylo pouzito snimani ¢asovych zavislosti
samovolného korozniho potencialu, méfeni polarizacniho odporu a elektrochemicka
impedancni spektroskopie. Stav povrchu po expozici byl zkouman fotoelektronovou
spektroskopii (XPS).

PFitomnost fluoridovych iontl vedla k degradaci pasivni vrstvy titanu i pfi mirné kyselém
pH. Po presunu vzorku z agresivniho prostfedi do modelovych slin dochazelo k postupné
obnové pasivni vrstvy, vzorky vSak nedosahovaly korozni odolnosti neovlivnéného
materialu. Pfi poklesu hodnoty pH na 4,2 a v pfitomnosti 5000 ppm fluoridovych iontd
dochazelo téméF okamzité k aktivaci titanu a nasledné tvorbé povrchové vrstvy bohaté na
fluor. Tato vrstva vyznamné ovlivnila korozni chovani pfi nasledné expozici v modelovych
slindch. Negativni vliv expozice ve fluoridech byl patrny i po nékolika desitkach hodin.
Vysledky studie ukazuji, ze i kratkodobd aplikace lé¢ebného pripravku dlouhodobé snizuje
korozni odolnost titanu a méze mit negativni nasledky pro organismus.
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JiFi Vyskocdil, Ladislav Cvrcek
Biokompatibilni povlaky a jejich charakterizace
HVM Plasma, s r.o., Praha, Jiri.Vyskocil@hvm.cz

Prijmuti implantatu Zivou tkani je komplikovany proces, ktery je z velké ¢asti ovlivnén déji
odehravajicimi se na jeho povrchu. Vzdjemny kontakt povrchu implantdtu s Zivou tkani
vyvolava celou fadu naslednych reakci, které vypovidaji o jeho snasenlivosti v biologickém
prostiedi a jsou rozhodujici pro stanoveni tzv. biokompatibility. Biokompatibilni material se
posuzuje podle interakce s prostfedim, zejména podle cytotoxického plsobeni, podle
toxikologickych a alergickych reakci, podle karcinogennich ¢i mutagennich reakci, podle
vlivu na infekéni procesy, podle rozsahu a kvality biodegradace. Materidl nesmi vyvolavat
zanétovou reakci a uvoliiovat potencidlné toxické latky. Posuzujeme-li biokompatibilitu ve
vztahu povrchu implantatu k Zivé tkani Ize nasledné reakce rozdélit do t¥i hlavnich skupin
podle aktivity: biotolerantni, bioinertni a bioaktivni. Metodika testovani biokompatibility je
také pevné stanovena normou ISO 10 993 a je nezbytnym krokem pro schvéleni pouziti
nového materialu v Iékarskych aplikacich.

Bez pochopeni dé&jli odehravajicich se na povrchu implantdtu by nebylo mozné
optimalizovat vlastnosti povrchu a proto je hlavni pozornost soustfedéna na testovani
adheze bunék, bioaktivitu povrchu, aplikace povlaku jako diflizni nebo korozni bariéry,
tribologii a z estetického hlediska i barvu.

Povrch Ize upravit fadou metod od mechanickych Uprav (brouseni, lesténi, tryskani) a
chemické leptani pfes vakuové procesy iontového leptani — nereaktivniho nebo reaktivniho
nebo nanasenim povlakd chemickymi a elektrochemickymi metodami, nastfikem
(plazmovym, detonacnim délem), a metodami CVD, PACVD a PVD. Zvlastni pozornost je
potfeba zaméfit také na pripravu povrchu pred samotnou Upravou (mechanické nebo
chemické lesténi a zdrsnéni). V nékterych pripadech Ize vlastnosti upravit také naslednymi
procesy (elektrochemie, chemie).

Pro charakterizaci upraveného povrchu Ize pouzit fadu metod, at’ uz se jedna o zakladni
metody (méfeni tloustky a adheze povlaku, chemické slozeni, drsnost povrchu) nebo
specializované (tribologie, reaktivita a diflize, povrchové vlastnosti — smacivost, barevnost),
a méfeni biokompatibility (rlist bunék, adheze proteind apod.)

Pochopeni vztaht mezi reakci Zivé tkané a povrchu implantatu umoznilo zlepsit viastnosti
implantatd a zejména prodlouZit jejich Zivotnost. Mezi Uspésné aplikace patfi povlakované
kovové implantaty kyCelnich a kolennich kloubd, dentalnich implantatd, srdecnich chlopni,
stentd, atd. V posledni dobé se zacinaji také testovat plastové dentdlni implantaty, pro které
miZe byt povlakovani z hlediska biokompatibility nezbytné.

Lucie Himmlova, Tomas Goldmann , Dana Kubies, Vlasta Pesakova
Analyza povrchu nejcastéji pouZivanych zubnich implantati
vU stomatologicky, Praha, himmlova@seznam.cz
Povrchové vlastnosti implantacnich materialG ovliviiuji adhezi a proliferaci bunék pojivové

tkané i adhezi proteind. Zaroven pritomnost krve v chirurgické rané a adheze proteind na
povrch implantatu je nezbytna pro Uspésné hojeni. Studie vlivu povrchovych Uprav
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komerc¢né dostupnych zubnich implantatd (c.p. titan a slitina TigAlsV s rliznymi povrchovymi
Upravami, CrCoMo slitina, ZrO, keramika, polyethylen a uhlikovy kompozit) byla zaméfena
na porovnani vlivu povrchovych Gprav na bunécné reakce a koagulaci krve. Vliv fyzikélné
chemickych vlastnosti povrch@ implantatd (drsnost, volna povrchova energie, smacivost) na
adhezi a proliferaci bunék lidské pojivové tkané byl sledovan na fibroblastech a
osteoblastech. Syntetickd aktivita (TNF-a, IL-8, MMP-I, TIMP-I, BAP) byla hodnocena v
supernatantu po kultivaci. Tvorba krevniho koagula byla pozorovana v SEM na vzorcich
jednotlivych material& ponofovanych do cerstvé odebrané piné kralici krve.

Proliferace klesala s klesajici hodnotou polarni slozky volné povrchové energie #.
Materidly na bazi titanu dosahovaly relativné vysokych hodnot proliferace u obou typl
bunék zejména z ddvodu vyssi hodnoty £, nizka proliferace uhlikového kompozitu byla
zplisobena pravdépodobné téméF nulovou hodnotou 5. Nicméné u fibroblastd byla
vyraznym podplrnym faktorem také nizkd drsnost povrchu a hydrofilita. Oproti tomu
osteoblasty preferovaly povrchy s vySSi drsnosti nebo zavedeni funkénich skupin do
povrchové vrstvy a vliv hydrofility se ukazal jako minoritni. Krevni koagulum se tvofilo aZ na
vyjimky nejrychleji na titanovych povrsich.

Mezi sledovanymi materidly se jako nejvyhodnéjsi z hlediska rychlého vhojeni do kostni
tkdné ukazal materidl na bazi titanu s povrchovou Upravou leptanim. Na jeho povrchu
osteoblasty proliferovaly nejlépe a produkovaly nejvy$si mnozstvi osteogennich markerd a
povrchu tvorilo rychleji ve srovnani s ostatnimi sledovanymi materidly. Povrchova Uprava
plasmatickym nastfikem titanu se ukdzala jako slibnd z pohledu proliferace. U implantatu s
vyrazné hrubym povrchem vSak neni mozné dodrzet pozadavek atraumatického zavedeni.

_ Studie vznikla za podpory projektu Interni Grantové Agentury Ministerstva zdravotnictvi
CR ¢. NS 10577-3 a za podpory vyzkumnym zamérem MSMT ¢. 6840770012,

Miroslav Brtko
Koronarni stenty

Kardiocentrum, Kardiochirurgickd klinika Lékarské fakulty University Karlovy a Fakultni
nemocnice, Hradec Kralové, brtkom@seznam.cz

Kardiovaskularni onemocnéni jsou stale nejéast&jsi pricinou dmrti v Ceské republice,
pricemz vice nez polovinu kardiovaskuldrnich Uumrti mad na svédomi ischemickd nemoc
srdecni (ICHS). Ischemickou nemoc srdeCni Ize v principu IéCit tfemi zplsoby: 1/
medikamentdzné, 2/ chirurgickou revaskularizaci srdecniho svalu (,bypassovou" operaci)
nebo 3/ perkutannimi vykony na srdeCnich tepnach. Metoda perkutanni transluminalni
koronarni angioplastiky (PTCA) vstoupila do klinické praxe v roce 1977. Nejprve byla
provadéna prostd balonkové plastika na srdecnich tepnach, kterd byla zéhy dopinéna o
implantaci intrakoronarnich stentd. Tim se jednak zlepsily kratkodobé i dlouhodobé vysledky
perkutannich intervenci na srdecnich tepnach, jednak se vyresila problematika hroziciho
uzavéru srdeCni tepny prfi dilataci prostym balonkem. Koronarni stenty jsou nejCastéji
vyrabény z nerezové oceli nebo z chrom-kobaltové slitiny; jsou bud’ pleteny z dratu nebo
laserem vyiezavany z kovové trubicky a potom krimpovany na dilatacni balonek. Nejvetsi
nevyhodou téchto tzv. prostych stentl je vyskyt restendzy v dilatovaném misté. Jedna se o
reakci cévni stény na dilatacni inzult a pfitomny material stentu, ktera spociva ve



workshop

BIOMATERIALY A JEJICH POVRCHY N,

Herbertev, Horni Mlym, 9. = 12. 9. 2009

vycestovani hladkych svalovych bunék pfes oka stentu do lumina tepny s produkci
mezibunétné hmoty. Cely tento proces vede k zuZovani tepny v oSetfeném misté az k
jejimu uzavéru. Pravdépodobnost restendzy se zvySuje s délkou stentu, s tloustkou strat
stentu a inverzné s diametrem stentu. Stenty se navzajem liSi nejen pouzitym materidlem,
ale i konstrukci strat a jednotlivych ok. Konstrukce stentu pak s sebou nese rdznou
flexibilitu stentu pfi zavadéni, radidlni silu, ktera je ddleZita hlavné pfi oSetfovani vyznamné
kalcifikovanych stenéz, a velikost a tvar oka stentu, které hraji roli pri pronikani okem
stentu do bo¢né vétve. Problém restendzy témér vyfesila nova generace stentll — tzv. drug-
eluting stenty (Iékové stenty). Jedna se kovové stenty, které maji na svém povrchu vazan
polymer s antiproliferativni latkou (nejcastéji sirolimus nebo paclitaxel a jejich analoga).
Antiproliferativni latka se po implantaci stentu po urcitou dobu uvolfiuje do cévni stény a
tim brani reakci, ktera vede k restendze. Bohuzel antiproliferativni latky brani pokryti stentu
vlastni tkani (cévni vystelkou — endotelem) a tim zvysuji pravdépodobnost pozdniho vyskytu
krevni srazeniny (trombu) v luminu cévy. Toto riziko Ize podstatné sniZit dlouhodobym
uzivanim 1ék@, které zabranuji srazeni krevnich desticek a tim vyrazné omezuji vyskyt
trombdzy. Moznym feSenim jak restendzy, tak pozdni trombézy, mohou byt biodegradabilni
stenty, se kterymi jsou zatim jen limitované zkusenosti.

Marcela Munzarova, Martina Juklickova

Zdravotni rizika spojena s vyrobou, zpracovanim a vyuzivanim nanovlakennych
materialli v primyslové praxi

Elmarco s.r.o., Liberec, marcela.munzarova@elmarco.com

Prispévek je vénovan vysledklm testovani Uniku nanovldken pfi jejich vyrobé a
vysledklim testovani biokompatibility nanovlaken v organismu s ohledem na pfFipadna
zdravotni rizika souvisejici s jejich vyrobou a zpracovanim, pfipadné s pouZitim produktd s
obsahem nanovlaken.

Jako nejpravdépodobnéjsi riziko bylo vyhodnoceno riziko souvisejici s vdechovanim
nanovlaken. Negativni zdravotni UCinky respirabilnich vlaken jsou zplisobené zejména
fyzikalnimi faktory, hlavné tim, Ze vlakna penetruji do dychaciho Ustroji hloubéji, nez by se
dalo ocekavat na zakladé jejich geometrickych rozmérd. Vldkna se totiz Casto orientuji ve
sméru proudnic vzduchu a misto jejich depozice je tedy spiSe ovlivnéno jejich primérem
nez délkou. V tenkych kapilarach dolnich cest dychacich se pak mohou zapficit a
dlouhodobé drazdit dychaci cesty (napf. azbestdza, fibrdzy, atd.). Pfehledné se témito
otazkami zabyvd napf. Spengler et al. (2000).

Unik nanovlaken pfi vyrobé byl testovan pFi provozu téchto zafizeni - laboratorniho
zarizeni Nanospider NS lab, NS industrial line, NS Melt lab. Pouzitd metoda méreni - urceni
variability koncentrace aerosolovych ¢astic v provozu mapovanim lokalnich koncentraci
pomoci prenosného kondenzacniho Citace ¢astic P-trak. Dosazené hodnoty byly porovnany s
koncentracemi ve venkovnim ovzdusi a koncentracemi dosazenymi v klidovém stavu.

Biokompatibilita polymernich a anorganickych nanovidken byla testovana metodou
zavedeni sterilniho implantatu testovaného nanovlakenného materidlu do podkozni tkané
potkana.
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Karel Balik!, Tomas Suchy"?
~Mékké" biokompozity

1USMH AV CR w.v.i, Oddéleni kompozitnich a uhlikovych materidld, Praha,
balik@irsm.cas.cz 5
2stav mechaniky, biomechaniky a mechatroniky, FS CVUT v Praze

Era ,tvrdych® kostnich nahrad, kdy tspé&énym vysledkem vyzkumu byl materidl vykazujici
stejné mechanické vlastnosti jako lidska kost a prokazujici biomechanickou, v lepSim
pfipadé i jistou bioaktivitu, prakticky skoncila. V tkanovém inZenyrstvi se Spickova svétova
pracovisté (napf. NUS Singapur) zabyvaji vyvojem ,mékkych" materiald, které vykazuji
bioaktivitu a naprostou degradovatelnost. Smyslem modernich studii je priblizit se co
nejvice k chemickému a fazovému slozeni lidské kosti. Zakladem trojrozmérného scafoldu je
volba vhodného elektrospinningu. Zda se, ze nejvhodnéjsi se zatim jevi tazeni nanovlaken
na bazi kolagenu, ¢i smési kolagenu a kyseliny polylaktidové na vodni hladinu. Vysusena
trojrozmérnd sit’ nanovldkna je posléze mineralizovéna hydroxyapatitem ¢i fosforecnanem
vapenatym.

Tomas Suchy'?, Karel Balik!, Zbynék Sucharda?, Martin Cerny?, Lucie
Bacakova?, Elena Filova3, Miroslav Sochor?

Modifikace tkaninovych kompozitd na bazi polyamidové vyztuze a
polysiloxanové matrice pomoci HA/TCP nano/mikro plniv, mechanicka analyza a
biologické hodnoceni

'USMH AV CR v.v.i., Oddé&leni kompozitnich a uhlikovych materialfi, Praha
2stav mechaniky, biomechaniky a mechatroniky, FS CVUT v Praze
® Fyziologicky Ustav AV CR v.v.i., Praha

Byly navrzeny kompozitni materialy na bazi polyamidové tkaniny a polysiloxanové matrice
pro aplikace v kostni chirurgii. Do matrice kompozitnich vzorkd byl pro zvyseni bioaktivity
pfidan nano/mikro hydroxyapatit (HA) a fosfore¢nan vapenaty (TCP) v mnozstvi 2, 5, 10,
15, 20 a 25%obj. Byl ovérovan vliv aditiv na mechanické vlastnosti a sou¢asné byly pomoci
obrazové analyzy studovany zmény ve vnitini struktufe kompozitQ. Biologické hodnoceni
vlivu pfimési bylo studovano in vitro pomoci kultivace lidskych kostnich bunék linie MG 63 a
pomoci louzeni kompozitl v simulovaném télnim roztoku (SBF) a dale pomoci histologickych
vybrust z in vivo testd.

Ivan Janda
Cimrman a biomaterialy
Mikrobiologicky tistav AVCR v.v.i., Praha, janda@biomed.cas.cz

Tato historicka studie doklada, Ze prvni, kdo zacal studovat a vyvijet biomaterialy, byl
Cesky génius Jara Cimrman, a to jiz od poloviny roku 1895. V prispévku budou pfedneseny
dlikazy o nesmirné tématické Sifi Mistrova zabéru a zdlraznéna bude ddleZitost jeho
vynalezd pro soudobou technologii.
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Ladislav Cvrcek, Jiii Vyskocil
Uhlovodikové povlaky dopované titanem a jejich bioaktivni povrch
HVM Plasma, s. r.o., Praha, Ladislav.Cvrcek@hvm.cz

Pro Uspésnou aplikaci ortopedickych i dentdlnich implantatl v aplikacich vyZadujicich
srlstani implantatu s kosti je rozhodujici, jakym zplsobem bude reagovat okolni tkan na
povrch samotného implantatu. Jednou z moznosti pfizplsobeni povrchovych viastnosti
implantatu témto pozadavkim je jeho povlakovani. V pfipadé interakce povrchu implantatu
s kostni tkani mohou byt vhodnym kandidatem uhlovodikové vrstvy dopované titanem, kde
urcité mnozstvi titanu vyrazné ovliviiuje bioaktivitu povrchu. Provedenou optimalizaci tohoto
mnozstvi bylo nalezeno takové chemické slozeni povlaku, které kromé bioaktivity zajiStuje
také dobré mechanické vlastnosti i chemickou stabilitu. Povlak by tedy nemél byt
resorbovan okolni tkani, jako v pfipadé hydroxyapatitu a mohl by se stat jeho perspektivni
nahradou.

Jan Remsa?, Miroslav Jelinek'?, Tomas Kocourek'?
Laserova ablace a biomaterialy

! Fyzikalni Gstav AV CR v.v.i., Praha, jremsa@gmail.com
2 CVUT v Praze, Fakulta biomedicinského inZenyrstvi, Kladno

Prednaska shrnuje poznatky o pulsni laserové depozici (PLD). Prednosti PLD se projevily
hlavné pfi depozici vicesloZzkovych a dopovanych materidlG jako napf. vysokoteplotnich
supravodicl, feroelektrik, elektrooptickych materiall, aj. Vyhodou metody je, Zze k ablaci
materidlu z terCe dochadzi v ddsledku jeho interakce s laserovym zarenim. Interakce s
Casticemi plynné faze v depozitni komore je pomérné slaba, coz umoZziiuje deponovat
vrstvy v Sirokém rozsahu depoziCnich tlakd. Dalsi vyhodou je, Ze téméF vSechny materialy
absorbuji zareni vinovych délek pod 250 nm, coz jsou vinové délky souCasné nejbéznéji
pouzivanych depozi¢nich excimerovych laserll. KliCovymi rysy této technologie jsou
schopnost reprodukovat sloZeni terée a depozice multivrstvovych systémd pomoci
jednoduché vymény terCl. Prostorova smérovost plasmového oblacku z terCe snizuje riziko
kontaminace deponovanych vrstev nezadoucimi pfimésemi. Po hardwarové strance je PLD
velmi jednoducha. Systém se sklada z laseru, depozicni komory, tere a (ohfivaného)
drzaku podloZek. Z hlediska nakladd je podstatna porfizovaci cena laseru. Na druhé strané je
mozné s jednim laserem sdilet depozice rliznych vrstev (vice depozinich komor = vice
experiment(l) a Ize realizovat i dalsi technologické operace (laserova litografie, modifikace
povrchd, laserové Zihani, vrtani, atd.). Z hlediska omezeni PLD technologie se jedna o dva
problémy: pokryti velkych ploch a o vytvareni kuliCek (nehomogenit) ve vrstvé. Pokryti
velkych ploch je problematické vzhledem k dopredné udhlové smérovosti plazmového
oblacku (pfenosu materidlu z tere). Velké plochy Ize v zasadé pokryt skenovanim
laserového svazku po terci a pohybem podlozky vzhledem k plasmovému oblacku. MoZnosti
jak snizit nehomogenity povrchu vrstvy je celda fada. Optimalni variantu pro docileni
dokonalé povrchové morfologie vrstvy je tfeba stanovit pro kazdy material a vhodné
depozi¢ni podminky experimentalné. Laserovou depozici byla deponovana skala materiald s
velmi rozdilnym aplikacnim zaméfenim. Nové moznosti otevira také kombinace PLD s
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dalSimi technikami. Napt. pfidavné vyboje pro disociaci a aktivaci reak¢nich plynt v komore
(radiofrekvencni vyboj, jeho modulace, atd.) umoZzriuji studium zcela novych materiald.
Kombinace PLD a magnetronu zase umoznuje vytvareni gradientnich, nanokompozitnich a
nanokrystalickych vrstev. Perspektivni je i kryogenni laserova technologie MAPLE (Matrix
Assisted Pulse Laser Evaporation), kterd zpfistupnila nanaseni a studium tenkych vrstev
organickych materiald. Dale bude na pfikladech demonstrovana aplikovatelnost PLD a
MAPLE pro studium planarnich vinovodovych laserll, tenkovrstvovych dcidel plynd a
v lékafstvi.

V poslednich letech se ukazuje, Zze jen malo materidll je opravdu biokompatibilni. Proto
je cilem vyvinout tenké biokompatibilni vrstvy pro pokryti materidlu implantatu a touto
cestou zlepSit biokompatibilni a mechanické vlastnosti. Posledni Cast prispévku je
soustfedéna na vrstvy hydroxyapatitu (HA), jeho modifikace dopaci stfibrem a na diamantu
podobny uhlik (DLC). PLD dovoluje jednoduse kontrolovat obsah dopantt, krystalické a jiné
vlastnosti vrstev téchto vrstev. Charakteristiky vrstev jsou urCovany pomoci profilometru,
SEM, WDX, XRD a optické transmise. Antibakterialni vlastnosti HA, stfibra a dopovanych
vrstev HA stfibrem byly studovany “in vivo” pomoci bunék Escherichia coli K12 C600.

Dékujeme za podporu grantu Ministerstva Skolstvi, mladeze a télovychovy Ceské
republiky MSM6840770012, a vyzkumnému zaméru AVOZ 10100522.

Jevgenij Anisimov, Frantiska Peslova
Interakce povrchi s prostiedim
Ustav materialového inzenyrstvi, FS CVUT v Praze, anisimov@seznam.cz

Povrch ma funkci prebirat pdsobeni okoli na soucast, technicky objekt (TO) z daného
materialu. Povrch musi zabezpecovat odolnost vii¢i poSkozovani, se zachovanim vsech
strukturnich, tribologickych, optickych, geome-trickych a funkénich vlastnosti materialu.

Pokud materidl soucasti nebo TO ma spolecny rys, ktery Ize specifikovat jako vné&jsi
zatizeni povrchu, které vyvola na povrchu objektu jeho aktivaci je tfeba pocitat s reakci
daného materidlu. Reakce povrchd se mlize projevit vznikem nebo rozvinutim degradace,
kterou Ize na technickém objektu hodnotit jako pfipustnou nebo nepfipustnou.

Charakteristickou vlastnosti kazdého povrchu pevné faze je zména symetrie sil plsobici v
mikroobjemu materialu, podle charakteru struktury. Zatim co uvnitf objemu jsou tyto sily v
rlznych smérech navzajem vykompen-zo-vany, povrchova vrstva je v tomto smyslu
~henasycena".

Volny povrch je vystaveny plsobeni plynného, kapalného nebo pevného média, v némz
je rdizny obsah chemickych prvk(, s vétsi nebo mensi aktivitou na strukturu materialu. .

Fyzikalni vlastnosti jsou potom dané atomovou i elektronovou strukturou a mohou se
proje-vit jako specifické vlastnosti pfi zatizeni povrchu.

Vlastnosti povrchu jsou dané podminkami technologie zpracovani a samotné vyroby.
Jednotlivé vyrobni operace zanechavaji svou stopu ne jen na povrchu, ale i do urcité
hloubky materialu, ktera se méni podle zplsobu zpracovani i viozené energie.

Odolnost materialu, v zavislosti na vnéjsim pdsobeni, se projevi rliznou zménou povrchu,
ktera ovlivni celkovou zivotnost soucasti, nebo TO.
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Zbynék Sucharda, Martin Cerny, Monika Supova, Sarka Ryglova

Problematika metodiky pFipravy CaP kompozitnich vzorkii pro zkousky in vitro
kultivace bunék

USMH AV CR v.v.i, Oddéleni kompozitnich a uhlikovych materiald, Praha,
sucharda@irsm.cas.cz

Sledovani in vitro kultivace bunék na vzorcich ¢asticovych kompozitd je vstupni a
rozhodujici zkouskou jejich vhodnosti jako biomaterialu. Aplikovana metodika pripravy se
stdvda kompromisem mezi dostupnou a uzitou technologii a predpoklddanymi dé&ji
chemickymi (moznymi reakcemi mezi pojivem a plnivem), fyzikalnimi (shlukovani Castic,
sedimentace Castic) a poZadavky na strukturu a geometrii povrchu vzorku.Prispévek
popisuje FeSeni této problematiky predevsim na cCasticovych kompozitech siloxanovy
polymer/CaP Castice a vzorcich, jejichZ Gcelem je hodnoceni vlivu plniva na kultivaci bunék.

Vladimir Stary
Uhlovodikové povlaky dopované titanem a jejich bioaktivni povrch
Ustav materialového inzenyrstvi, FS CVUT v Praze, vladimir.stary@fs.cvut.cz

V praci je studovana biokompatibilita material& na bazi uhliku, pfedevsim jeji zavislost na
drsnosti povrchu. Materidly ve formé povlakli na podlozkach 2-D C-C kompozitu byly
pripraveny ve firmach Tesla VrSovice a HVM Plasma s.r.o, Praha, kompozity byly pfipraveny
v USMH AV CR,v.v.i. v Praze. Pfipraveny povlak pyrolitického uhliku (PyC) byl brousen a
lestén, na takto pfipraveny povrch byl pak nanesen povlak Ti-C:H nebo DLC (diamantu
podobny uhlik). Takto vznikly tfi Fady vzorkd z rliznou drsnosti a rliznym materidlem na
povrchu. Na téchto povrsich pak probihala kultivace bunék linie MG63. Drsnost povrchu byla
charakterizovana 2D parametry drsnosti, biokompatibilita byla zjiStovana méfenim hustoty
bunék 1 a 4 dny po zaCatku kultivace, jejich primérné plochy po 1 dnu kultivace; z hodnot
hustoty po 1 a 4 dnech byla urovana doba zdvojnasobeni poCtu bunék v kulture. Byla
sledovana zavislost téchto parametrd na parametrech drsnosti. Na pyrolytickém uhliku a Ti-
C:H se vyskytuje urcité minimum hustoty pfi Ra ~ 3 um, u DLC hustota bunék po 1 dni
kultivace s klesajici drsnosti roste. Toto minimum je spojeno u PyC a Ti-C:H s maximem
plochy bunék, které je prokazano statisticky vyznamné. Pro DLC plocha bunék s klesajici
drsnosti statisticky vyznamné roste. Nakonec je ukazano, Ze pfiprava povrchl s rdiznou
drsnosti mechanickym brousenim a lesténim je vhodny zplisob pro pfipravu modelovych
povrchi ke studiu jejich biokompatibility.
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Daniela Hruskova'?, Zbynék Sucharda?, Karel Balik!
Biokompozity s Zelatinovou matrici

'USMH AV CR, v.v.i. Praha, danulka.h@seznam.cz
2stav mechaniky, biomechaniky a mechatroniky FS CVUT v Praze

Zelatina jako soucast degradabilnich biomaterial& pro vyrobu kostnich nahrad se pouzivéa
zejména kvlli svému chemickému sloZeni. Jde prakticky o derivat kolagenu (tzv. glutin),
pfiCemz vazby, které drzi aminokyseliny ve znamé kolagenové trojSroubovici pohromadé
jsou naruSeny, fetézce zkraceny, tim padem je Zzelatina aktivnéjsSi a télem Iépe
zpracovatelna nez samotny kolagen (rychlejsi distribuce aminokyselin).

Zakladnim pouzitym materidlem pro vyrobu téchto kompozitd byla Zelatina (ve formé
prasku, vlaken a gelu) reprezentujici organickou Cast kosti a hydroxyapatit (dale jen HAP)
zastupujici slozku anorganickou (nano a mikroprasek).

Prvni skupinou jsou kompozity lisované bez pridavku rozpoustédla, za zvySené teploty (tlak i
teplota konstantni), kde jsou Zelatina i HAP ve formé prasku.

Druhou skupinu tvofi kompozity z nanovidkenné tkaniny vyrobené firmou Elmarco,
Liberec. Vldkna byla pInéna nanopraskem HAPu jiz pfi samotném zvlakfovani. Tato tkanina
pak byla navrstvena a slisovana.

Treti skupina kompozitl byla vyrobena tzv. mokrou cestou, kdy byl HAP pfidan do
rozpusténé Zelatiny a vzorky pak vysuSovany do poZzadované vihkosti.

Prispévek je vénovan porovnani nékolika typl kompozitd stejnych materialové, lisicich se
strukturou. Ddle se zabyva vyrobou, pouzitymi postupy, porovnanim materidlovych
vlastnosti jednotlivych skupin kompozitl a jejich chovanim za rliznych podminek.

Pavla Rybolova, J. L. Lopes, P. L. Granja, J. R. Gomes
Frictional properties of poema-based hydrogels as syntetic cartilage
FS CVUT v Praze, ribolka@gmail.com

Polymeric hydrogels have proven their usefulness in biomedicine in a large span of
applications, such as contact and intraocular lenses, molecular imprinting, wound dressing,
drug delivery systems and tissue engineering. Nowadays, synthetic hydrogel materials, such
as poly(glycolic acid) (PGA), poly(vinyl alcohol) (PVA), poly(vinyl pyrrolidone) (PVP), among
others, have been gaining further interest in the forms of blends and other combinations
that result in improvements in their mechanical and tribological properties. In this work,
poly (2-hydroxyethyl methacrylate) (pHEMA)-based hydrogels were studied as potential
substitute materials for deteriorated articular cartilage by assessing their in vitro frictional
behaviour using a conventional pin-on-plate tribometer. The interest of investigating such
materials relies on their biocompatibility as well as on their capability to absorb water and
maintain a given mechanical rigidity, as required for this specific utilization.

Several formulations of hydrogels containing pHEMA and poly(methyl methacrylate)
(PMMA) were prepared, by varying the starting HEMA monomer content before the
polymerization process. Proportions from 10 to 90 (wt-%) of HEMA were used to evaluate
the frictional response of the hydrogels. Reciprocating sliding of the polymeric pins against
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bovine cartilage was carried out using saline solution (PBS) as lubricating medium. The
tests were performed at variable normal applied load (10<W<30N) and constant stroke
length (8 mm) and frequency of the oscillating motion (2 Hz).

The low friction coefficient values (~ 0.02) combined with the preservation of the mating
surfaces (hydrogel and bovine cartilage) indicate the potential of the tested hydrogels to be
used as substitutes of natural cartilage.

Petr Mutafov

Studium struktury a mechanickych a tribologickych vlastnosti nanokompozitnich
povlakii

Ustav materialového inzenyrstvi, FS CVUT v Praze, petr.mutafov@seznam.cz

Tato bakalafska prace se zabyvé experimentélnimi metodami pouzivanymi pro hodnoceni
mechanickych a tribologickych vlastnosti povlak@ Ti-C:H.

Prvni kapitola teoretické Casti popisuje teorii tfeni, opotifebeni a povlakovani. Nasledujici
kapitola je zaméfena na uceleny prehled nejpouzivanéjsich experimentalnich metod pro
hodnoceni vlastnosti povlakd.

V experimentalni asti jsou zkoumany vzorky s rozdilnym zplsobem naneseni povlaku.
Experiment se sklada z méfeni chemického slozeni metodou XPS, méfeni tvrdosti a méfeni
tribologického chovani vzorkd.

Zdenék Tolde
ICDAM-Inovacni centrum diagnostiky a aplikace materialu
Ustav materialového inzenyrstvi, FS CVUT v Praze, zdenek.tolde@fs.cvut.cz

V letoSnim roce se na Ustavu materialového inZenyrstvi na Karlové namésti otvira ICDAM.
Centrum je zaméfeno na vyzkum duplexnich vrstev, tribologické zkousSky, elektronovou
mikroskopii a dalSi. Cilem tohoto piispévku bude seznamit Gcastniky s pristrojovym
vybavenim a moZnostmi centra.

Sarka Ryglova
Casticovy kompozit jako mozny biomaterial pro meziobratlovou rozpérku

USMH AV CR v.v.i, Oddéleni kompozitnich a uhlikovych materidld, Praha,
ryglova@irsm.cas.cz

Cilem této experimentalni prace byl navrh technologie laboratorni pfipravy kompozitl s
Casticovou vyztuzi a termosetickou matrici, stanoveni vlivu velikosti Castic vyztuze a
objemového plnéni v kompozitu na modul pruznosti v tlaku a tlakovou pevnost. Ucelem
bylo stanovit vhodny typ vyztuze a optimalni objemové pinéni. Jako vyztuze bylo pouzito
dvou typ@ nano/mikro plniv, hydroxyapatit (HA) a fosfore¢nan vapenaty (TCP), jako matrice
byl pouZit polydimethylsiloxan (PDMS). V experimentalni asti se jednalo o vyreseni dvou
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hlavnich problémd, a to dosazeni co nejdokonalejsi homogenizace Casticové vyztuze v
matrici a vypracovani takového vytvrzovaciho postupu, jehoz vysledkem by byl kvalitni
kompozitni vzorek. Vzorky s nano ¢asticovou vyztuzi dosahly obecné vyssich hodnot modulu
a pevnosti. Ty se pohybovaly v rozmezi hodnot udavanych pro lidskou kortikdlni a
spongidzni kost.
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