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A composite material, based on glass fibers and a siloxane matrix, was designed for application in bone surgery. On the
composite surface, open pores were produced, the sizes of which were in the range: i) 0.2-0.4 mm, ii) 0.4-0.6 mm, and
iii) >0.6 mm, and the matrix was enriched with hydroxyapatite (HAp) powder of 5 um grain size. Samples of the composite
were tested mechanically and for wettability, and their biological properties were tested in vitro and in vivo, complemented
by tests of the composite-bone tissue interfacial bonding strength. This paper suggests a simple method for preparing a com-
posite based on inexpensive biologically-neutral components, which displays mechanical properties similar to those of human
bone and can be used in the form of elements where no adherence to the human bone is desirable, e.g., bone plates for inter-
nal osteosynthesis of long bones. When the composite structure is modified by adding HAp and creating optimal open pores
(0.4-0.6 mm) on the composite surface, stimulation of the adhesion of the bone cells to the composite increases and this can
be successfully used in applications of fill-in and replacement elements, e.g., in osteoporous bones.

INTRODUCTION

Human bone is a perfect biological composite, con-
sisting mostly of nano components, which provide it
with unique properties. Replacing this with a natural
material, i.e., the patient's own bone requires an addi-
tional operation, or, in the case of a donor, there is dan-
ger of infection. Mankind has been trying to produce
artificial bone replacements for thousands of years.
Scientists have always tried to develop materials that
will display mechanical properties as close as possible
to those of human cortical bone (Young's modulus of
12-20 GPa, tensile strength of 50-150 MPa, compres-
sive strength 170-193 MPa [1-3]) while being biologi-
cally neutral (for use as joining elements - bone plates).
In recent years, however, efforts have focused on
designing materials showing biological activity, which
involves stimulating the in-growth of osteocytes into
implants. Moreover, bone, as an ideal composite, is not
only a mechanical support for the organism, but also
serves as a reservoir for minerals, particularly calcium
and phosphorus [2].

Monolithic materials already used in clinical prac-
tice are metals, polymers, ceramics and glass. Metal
replacements, which have most frequently been used

until now, based on titanium, titanium alloys, stainless
steel, chromium alloys and cobalt, display Young's
modulus values of 110-210 GPa and flexural strengths
of 300-1200 MPa. Their stiffness is too high, and they
may sometimes cause sores and subsequent spongilisa-
tion of the bone, and they are frequently subject to cor-
rosion in the body fluid. Polymer replacements, e.g.,
polylactides, polycaprolactans, polyethylenes and poly-
urethanes are biologically compatible, but display very
low Young's modulus values (0.02-3 GPa) and relative-
ly low tensile strength (16-60 MPa). Ceramic materials,
e.g., HAp, zirconium oxide or aluminium oxide, bioac-
tive glasses or bioactive glass ceramics display high
mechanical strength, particularly under pressure
(900-3900 MPa), with Young's modulus values of
80-390 GPa and flexural strength of 50-1300 MPa,
while also being fairly bioactive, but their brittleness is
a disadvantage [3, 4]. Due to this fact, various rein-
forcements have been used to improve their applicabil-
ity. A large group of HAp biocomposites has been used,
e.g. HAp particles/PE [5, 6], or composites based on
HAp particles with reinforcing materials PLLA [7, 8] or
PEG, PBT [9]. Many reinforcements, including fibers,
whiskers and nano-particles have been used [4]. The
application of HAp in the form of a composite material
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provides an increase in the toughness and strength of
HAp ceramics. Moreover, they can be fabricated to con-
trol the biological properties of the implant. Unfortu-
nately, there are also some disadvantageous effects due
to the increase in the elastic modulus and, therefore,
insufficient loading of the bone around the implant [4].
Sufficient bioactivity is exhibited by bioactive glasses
(most of them are silicate glasses containing 40-55
mol.% Si0,, a significant amount of CaO, often some
Na,O and less than 10 mol% P,Os). Bioactive glass
ceramics are other progressive materials; their con-
stituents are the same as those for bioactive glasses, but
with a higher P,O; content and a lower Na,O content.
The application of bioactive glasses and bioactive glass
ceramics is limited by higher Young's modulus in com-
parison with that of human bone (e.g., 3-4 times higher
in the case of silicate-based glasses), but they have been
widely used to produce bioactive bone cement and
bioactive bone filler [10].

With some exceptions, composite materials are still
in the stage of pre-clinical tests. In contrast to particu-
late composites, fibrous composites (i.e., uni-, bi-, or
multi-directional) can be tailored, by selecting their
reinforcement and matrix, to display mechanical prop-
erties close to those of human bone. Composites based
on polymers are mostly composed of carbon fibers in
the form of short or infinitely long fibers, or fabrics
embedded in a thermoset or thermoplastic matrix. Mate-
rials composed of carbon or glass fibers and epoxy resin
are typical representatives of thermoset composites.
However, when these composites are introduced into
tissue they frequently degrade to monomers, which may
be toxic. Thermoplastic composites, whose reinforce-
ment is formed of carbon fibers and a matrix of poly-
mers such as PA, PMMA, PP, PS, PE and PEEK, are not
prone to producing a monomer and can be more easily
adapted to the shape of the bone [11]. Composites based
on glass reinforcement, e.g., S-glass, whether unidirec-
tional, woven or mantled, and polymers, e.g., epoxy,
PETG, PMMA, have been tested as materials suitable
for dentistry [12]. Carbon-carbon composites, com-
posed of carbon fibers or fabrics placed in a carbon
matrix, formed of glass-like carbon or carbonized
black-coal pitch, have been tested as biological materi-
als for more than thirty years. They display relatively
high flexural strength values (250 MPa), Young's mo-
dulus of about 80 MPa, and are biotolerant. When
impregnated and covered with pyrolytic carbon by the
CVD method, their disadvantage, i.e. release of carbon
particles, is reduced. Another disadvantage of these
composites is their high price, due to multi-stage prepa-
ration [13, 14].

A successful replacing material has to display not
only sufficient mechanical characteristics but has to
be biocompatible and has to have specific properties

leading to sufficient osseointegration. In general, bio-
compatibility is controlled mainly by the interface
between biomaterial surface and living tissue cells. This
interaction is controlled by several factors, mainly by
surface morphology, surface wettability, free chemical
bonds and present chemical groups or the stability and
degree of micromotion between the implant and bone as
well as the presence of gaps between the implant and
the bone surface [15, 16, 17]. Intra- and intercellular
proteins play an important role in normal tissue physi-
ology. The integrity of connective tissues is maintained
by the equilibrium between anabolic and catabolic
processes which are controlled by cytokines. Changes
in the equilibrium of one of these mechanisms may be
reflected in the development of a destructive process.
TNF-o. and IL-8 cytokines were assigned autocrine as
well as paracrine functions, which, in the first case,
have the ability to amplify their basic effect. Cytokine
IL-10 is an anti-inflammatory cytokine, and is capable
of reducing the expression of other proteins even at the
level of transcription. IL-8 was identified as the princi-
pal mediator of chemotaxis and is also effective in
releasing enzymes from the granules of certain cells. Its
production is initiated by the action of some cellular
metabolites, e.g., lipopolysaccharides, and other
cytokines, especially TNF and IL-1. TNF acts as the
principal mediator of phlogistic processes and the
development of septic shock. Its multilateral effect
leads to the expression of various antigenic structures
on the cellular surface, and also stimulates the produc-
tion of further cytokines. TNF-al is produced mainly by
macrophages. BAP is the sialoglycoprotein found in the
surface of osteoblast cells. The serum level of this
enzyme can be considered as a measure of the activity
of osteoblasts. There have been various approaches to
the improvement of the bone integration of the implant
and its stability, e.g. by increasing the surface area with
meshes or beads, changes in surface roughness chang-
ing, and coating the surface with some bioactive mate-
rials [18, 19].

The aim of our study was to overcome the disad-
vantages discussed above and to design a composite
biomaterial for use as a bone replacement. We have sug-
gested the preparation of a composite based on inex-
pensive biologically neutral components and the use of
a sufficiently inexpensive production technology. We
suggest a composite biomaterial, which displays not
only mechanical properties similar to those of human
cortical bone but, after treatment of the composite sur-
face and matrix composition, also bioactivity. All these
presumptions were verified by mechanical properties
tests and both in vitro and in vivo biocompatibility tests
with emphasis on the influence of different pore sizes
on osseointegration.
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EXPERIMENTAL

A basic material was produced, based on glass fab-
ric of R-glass (21055 satin-woven fabric, R-glass,
VETROTEX, Saint Gobain, France, number of fibers
weft:warp ratio 1:5), and on polysiloxane matrix M130
(Lucebni zavody Kolin, Czech Republic). The fabric
was impregnated by the matrix precursor and then
cut into square-shaped pieces with dimensions of
118x118 mm. Eleven impregnated layers were placed
into the curing form respecting the axis of the fibers
(each layer has the same orientation of the warp with
ply direction of 0°, and the fill with ply direction of
90°). This prepreg was cured under pressure of 1 MPa
at a temperature of 160°C in an air atmosphere for
2 hours and finally under a pressure of 0.5 MPa at a
temperature of 220°C for 4 hours. This pressing cycle
corresponds to the observed temperature viscosity rise
of the matrix used. Finally, the curing form with the
formed piece was placed inside a laboratory oven for 4
hours at a temperature of 250°C in air at atmospheric
pressure. The percentage of fiber volume (V;) in the
composite with R-glass was 65 % and the porosity was
16 %. After curing, cured plates were cut with a dia-
mond saw to an appropriate size for further tests (see
below).

With regard to the intended application of the mate-
rial as a connecting, filling or replacement element in
bone surgery, the basic composite was further modified.
To design a successful biomaterial surface treatment,
the surface chemistry and structure of the implant have
to be taken into account [20]. Several approaches to the
improvement of bone integration of the implant and its
long-term stability were found in the literature, e.g. sur-
face improvement (fiber-based, machined, microma-
chined or microetched, plasma-sprayed or coated sur-
faces) [21, 22]. The relation between several porous sur-
faces and bone has been investigated [22]. A wide range
of sizes of open pores, e.g. 50-200 pm, larger than 50 or
100 pum, 200-600 um etc., enhancing bone formation, is
cited in the literature (for a review see [22]). Surface
waviness and sharpness have also been discussed [23].
It should be noted that differences in these estimated
values should result from variations in materials, pore
shape and thickness or precise topography [23]. In our
case, to increase the stimulation of the bone cell in-
growth, fractions of common salt were introduced under
pressure into the uncured surface of the composite and
after curing were eluted. By this change in the compo-
site surface structure, composite specimens were pro-
duced with pores of different sizes, i.e. 0.2-0.4 mm,
0.4-0.6 mm and over 0.6 mm (verified by MahrSurf
TS 50, Mahr GmbH equipment measurement). The den-
sity of the pores depending on their distribution ranged
from 350 to 450 pores per cm’. For further improvement

of osseointegration, an HAp powder with particle size
of 5 um was added to the matrix before impregnation of
samples intended for further surface treatment, in the
amount of 10 wt.% (LASAK, Ltd., Prague, Czech
Republic). For this purpose, a DI 18 Basic homogeni-
zer (IKA Werke GMbH) was used. A weighted amount
of HAp was gradually inserted into a weighted amount
of polysiloxane matrix M 130, so that a uniform disper-
sion of the HAp filler in the matrix (running speed of
the homogenizer 17 500 rpm, dispersion time 5 min)
was achieved. After this procedure, the glass fabric was
impregnated and composite samples with a treated sur-
face were prepared (the same procedure was used as in
the case of surface-treated composite samples). This
procedure aimed at increasing the stimulation of
osseointegration. In this way, three different kinds of
samples were prepared: basic samples without any mod-
ifications, samples with various surface porosity, and
finally samples with various surface porosity with the
matrix modified by the addition of HAp, see Figure 1.
The effect of these modifications was studied using sev-
eral methods, both in vitro and in vivo.

Tests of mechanical properties

Young's modulus (£) and the shear modulus in
elasticity (G) in the direction of the fiber axis were
measured with an Erudite electrodynamic resonant
frequency tester (Erudite, London, UK). For both fiber
directions (warp and weft), 6 samples with dimensions
of 50x2.5%x7 mm (length X thickness x width) were
measured. Flexural modulus (£r) and flexural strength
(owv) in the direction of the fiber axis were determined
by a four-point bending setup with an Inspekt 100 HT
material tester (Hagewald & Peschke, Germany) with
respect to ISO 14125, and for both fiber directions
6 samples with dimensions of 60x2.5x15 mm, cross-
head speed of 0.5 mm/min, load cell HT Beige 2kN,
Maytec Germany, were measured. Compression modu-
lus (E.) in the weft fiber direction was measured with a
MTS 858.2 Mini Bionix material tester (MTS Systems
Corporation, USA) with respect to ISO 14126, and 6
samples with dimensions of 60x2.5x10 mm, crosshead
speed of 1 mm/min, load cell MTS 662.200-05 Force
Transducer (2.5kN) (MTS, USA), were measured.

Wettability tests

To assess the effect of various sizes of open pores
on the wettability of the composites due to a body fluid
solution, the samples were tested using the Wilhelmy
plate method in a tissue culture medium (TCM)
D-MEM (Sevapharma, a.s., Prague, Czech Republic).
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Figure 1. Surface and pore (right) structure of a composite with a modified surface (open pores 0.4-0.6 mm).

In vitro tests

The viability of osteoblasts and the synthetic activ-
ities of some cytokines were determined. Normal
human osteoblasts NHOst (Cambrex Bio Science,
Walkersville, MD, USA) were used. The osteoblasts
were cultivated up to the 3™ passage to obtain the num-
ber of cells necessary to test all types of material simul-
taneously. After three days of cultivating (OGM Bullet
Kit medium, Cambrex Bio Science), the cultivation
medium was drained from each sample and frozen for
subsequent determination of some extruded cellular
mediators. The viability of cells growing directly on the
materials was determined from the mitochondrial oxi-
dation activity of the cellular mono-layer by the MTT
test [24]. The cultivation medium of the osteoblasts was
used to detect cytokines (TNF-o, IL-8, IL10) and the
levels of bone alkaline phosphatase (BAP) were deter-
mined with the aid of ELISA kits and an Immulite ana-
lyzer (DPC, Los Angeles, USA). Briefly: the concentra-

applied

composite
sample composite

sample

rabbit
femur

Figure 2. The measured sample for pull-off tests (based on
Nakamura et al. [25, 27]).

tion of cytokines IL-8 and IL-10 were determined in a
cellular medium using the ELISA method (Biosource
Europe S.A., Belgium). The absorbance was measured
with an ELISA SUNRISE reader (Tecan, Salzburg, Aus-
tria) at the primary wavelength of 450 nm. The concen-
tration of cytokine TNF-a. was measured immuno-
chemically with the aid of the IMMULITE system
(DPC, Los Angeles, CA, USA). The enzyme activity of
bone BAP isoenzyme was detected with the aid of pNPP
(p-nitrophenylphosphatase), and the intensity of the
coloring was measured at 405 nm.

In vivo tests

Three types of in vivo tests were applied on rabbits,
Belgian Giant species (age 1 year) and minipigs, Goet-
tingen species (age 1 year). Samples of the composite
materials, size of 10x2.5%8 mm (length X thickness X
width), were implanted under the proximal condyle of
the rabbit's femur and into the same place of the pig's
femur under sterile conditions and full anaesthesia of
the animals. First a hole of corresponding size was
made in one side of the bone, this being parallel to the
longitudinal axis of the femoral metaphysis with the
proximal end located approx. 10 mm distally to the
point into which the sample of the implant was inserted
(see Figure 2). The hole was made by means of a dia-
mond-impregnated grinding wheel (of the thickness of
the samples). After cleaning, the composite sample was
inserted into the hole so that it protruded minimally
from the bone and would not later irritate the surround-
ing tissue. All the above mentioned composite types
were thus gradually implanted, only samples with pores
of 0.4-0.6 mm with and without HAp added to the
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matrix were implanted into the pigs. The animals had
been bred under standard conditions according to rules
applicable for the breeding of laboratory animals in the
Czech Republic. The pig tests focused on histological
testing: ten weeks after implanting, the animals were
put down, and the implants were removed together with
the surrounding tissue. The samples obtained in this
way were fixed in Baker's solution and were then cut
into two parts, which were tested using one of the two
following independent methods:

1) the implant was removed from the bone tissue, decal-
cified in formic acid and sodium nitrate, and routine-
ly deposited in paraffin. The 7um paraffin sections
obtained in this way were colored with hematoxyli-
neosine (Sigma-Aldrich, Prague, Czech Republic).

2) the implant with the surrounding tissue was deposit-
ed in acrylate resin. After cutting and grinding into
50 um thick sections, these were colored with hema-
toxylineosine.

The rabbit tests focused on pull-off tests: the rabbit
samples were taken out seven weeks after implanting
and were used in tests of interfacial bonding strength,
derived from the Nakamura method [25]. First, the
whole femur with the surrounding tissue was removed
and cleaned. Using a grinding wheel, the segment con-
taining the implant was separated from the bone by par-
allel cuts. This segment was treated so that the union of
the two parts of the segment was effected only by the
adhesion of the bone and implant. The sample treated in
this way was fixed in the fixture in such a way that the
composite sample was placed horizontally. An MTS
858.2 Mini Bionix testing system was used to load the
sample. The force applied for the purpose of separation
acted perpendicular to the composite sample at a
crosshead speed of 0.5 mm/min. The maximum force
required for primary separation of the composite sample
from the bone was recorded, see Figure 2.

RESULTS
Mechanical properties

The purpose of the mechanical tests was to test the
behavior of the composite and, with regard to the
intended application, to compare it with the properties
of the human cortical bone. First, we concentrated on

the glass composite stiffness characteristics and the
flexural strength. The results (see Table 1) indicate that
the stiffness of the glass composite is comparable to that
of human cortical bone and that its flexural strength can
be sufficient. We assume that these properties will pro-
vide a glass composite, when used in the form of
replacement or fill-in elements, with a suitable load
transfer, as well as partial loading of the treated bone,
which may stimulate the proliferation and suitable
remodeling of the bone tissue.

Wettability properties

It is generally considered that the adhesive capaci-
ty of cells to the implant is better if its surface is
hydrophilic [26]. Figure 3 shows the advancing angles
that express the wettability of composites in depend-
ence on the different pore sizes in TCM. The values of
the advancing angles, ranging from 30 to 70 degrees,
indicate that the surfaces of the composites are wettable,
i.e. hydrophilic, suitable for bone cells in-growth.

In vitro properties

The lowest levels of the three monitored cytokines
were found in samples whose surface had the smallest
pores, size 0.2-0.4 mm. In this case, the strongly inflam-
matory TNF-a displays a lower value and chemokine
IL-8 is only very slightly higher as compared with the
standard reference test piece (SRTP). The anti-inflam-
matory cytokine IL-10, however, displays a lower value
than SRTP. The most negative elements of synthetic

0.2-0.4 mm 0.4-0.6 mm >0.6 mm

Figure 3. Advancing contact angles of composite samples
(R-glass + M130) with different open pores (sizes: 0.2-0.4 mm,
0.4-0.6 mm, >0.6 mm).

Table 1. Mechanical properties of the glass composite (G - flexural strength, £ - flexural modulus, E. - compression modulus,
E - Young's modulus, G - shear modulus in elasticity) and human cortical bone [1, 2, 3]

material Vi (%) om (MPa) E: (GPa) E. (GPa) E (GPa) G (GPa)
R-glass + M 130 (warp direction) 65 390.30 (£25.3) 55.94 (£2.5) - 53.4 (5.8) 6.69 (£0.6)
R-glass+M 130 (weft direction) 97.9 (£9.2) 12.22 (£0.8) 15.54 (£2.7) 16.2 (£2.0) 5.79 (£0.6)
human cortical bone - 133-295 5-23 14.7-34.3 14-20 3.1-3.7
Ceramics — Silikaty 52 (1) 29-36 (2008) 33
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activity of the monitored tissue mediators were found in
materials with no pores: a significantly increased level
of inflammatory chemokine IL-8, higher content of
TNF-a, and a lower level of anti- inflammatory IL-10.
The level of chemokine IL-8 is higher in samples
enriched with HAp as compared with the SRTP, as well
as with the other tested samples, with the exception of
untreated samples. The levels of the two other moni-
tored tissue mediators also increased in this case, specif-
ically in samples with lower surface porosity. It appears
that HAp boosted the synthetic activity of osteoblasts.
For a review see Figure 4.

In vivo properties

The biological behavior of replacements made of
glass composite materials, monitored in vivo on labora-
tory animals, indicated that the studied system had good
tissue tolerance. The material used was encapsulated by
fibrous tissue after 10 weeks with minimal phlogistic
infiltration. No separate glass fibers were found on the
acrylate sections, which proves that the material is not
prone to releasing fibers or to abrasion. Enriching the
implant material with HAp led to thinning, and in parts
even to disappearance, of the fibrous encapsulation and,
subsequently, also to closer contact of the newly form-
ing bone spongiosis with the material surface. Stronger
erosion of the original bone spongiosis also results in
faster remodeling of the bone with regard to the shape
of the inserted material. In this case the results of the
histological monitoring correspond to the in vitro find-
ing, which proved faster metabolic activity of
osteoblasts in samples with HAp, see Figure 5.

In vivo pull-off tests

Pull-off tests are a relatively simple method, easy to
repeat, for measuring the interfacial bonding strength of
the implant-bone interface. Nevertheless, this has its
difficulties. The operation is, in its final consequence,
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invasive. The bones of some experimental rabbits were
found to be brittle: after extracting the femur, cracks
several tens of mm in length could be seen in the direc-
tion of the section. These samples had to be eliminated
from the present analysis. Unlike with the method pub-
lished by Nakamura, we attempted to decrease the num-
ber of these secondary cracks by creating one hole for
the implant only on one side of the bone, as described
above. As published by Nakamura, it was impossible to
determine with sufficient accuracy the adhesion area
used for calculating the stress (image analysis, software
LUCIA, ver. 4.8, Laboratory Imaging, Inc., Czech
Republic, was used for this purpose). Therefore, the
bonding strength was not calculated, and the quality of
the adhesion or osseointegration was assessed only on
the basis of the failure load. The results of the pull-off
tests clearly indicated an increase in the strength of
the bone/implant concrescence with the composite
materials with surface pores in the range 0.4-0.6 mm.
A further increase could be observed in samples where
HAp was added, see Figure 6.

composite sample

R e .
Figure 5. Photomicrograph of the interface of a pig bone and
a composite implant (R-glass + M130 + HAp) with open pores
(0.4-0.6 mm); the composite sample is surrounded with only a
small amount of the fibrous encapsulation (arrows). Sections
were stained with hematoxylin-eosin, original magnification
x150.
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Figure 4. Results of in vitro tests, concentration of cytokines IL-10, IL-8, TNF-a calculated as weight [pg] per 100 cells; a) R-
glass+M130, b) R-glass + M130 + HAp, (the values of the chemokine IL-8 levels are multiplied by ten to make them easier to read)
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Figure 6. Results of R-glass + M130 and R-glass + M130 + HAp
pull-off tests.

DISCUSSION

In vitro determination of the viability and synthetic
activity of osteoblasts growing on composite materials
indicates that increasing the area and roughening the
surface of the materials by making a number of orifices
of various sizes on its surface stimulates the cellular
activity. This increase in the porosity of the surface has
a favorable effect not only on the proliferation of
osteoblasts but also on the stimulation of the production
of anti-inflammatory cytokine IL-10, and on the inhibi-
tion of the expression of phlogistic tissue mediators. It
holds that cells accept orifices 0.2-0.6 mm in size better
than pores larger than 0.6 mm. Enriching the matrix
with HAp leads to a moderate increase in the expression
of tissue mediators, i.e. to an increase in the synthetic
activity of osteoblasts, but under a simultaneous
decrease in cellular proliferation.

Histological examinations of the developed com-
posite material indicate good quality of the composite-
bone adhesion, which is not connected with increased
formation of fibrous encapsulation in the vicinity of the
implant. Moreover, indications of stronger erosion of
the original cortical bone occurred in the vicinity of the
adhesion, which also led to faster remodeling of the
bone according to the shape of the introduced material.
A possible and limiting complication in using compos-
ite materials in general is abrasion. Histological exami-
nations indicate that a composite based on glass - poly-
siloxane is not prone to abrasion. This finding, howev-
er, results primarily from in vivo tests, in which the
material was subjected to the mechanical effects of the
surrounding tissue only under particular conditions.
Abrasion may, of course, occur under extreme condi-
tions, e.g., if a splint (plate) breaks. This possibility
must be taken into account. Apart from suitable dimen-
sioning of the elements used, a possible solution is to
use surface treatment, e.g., the application of hydrogel
HEMA (poly(-2 hydroxyethyl methacrylate)), the bio-

logical properties of which are known, causing a signif-
icant reduction in material wear [14]. In this case, the
solubility of R-glass, mainly due to the CaO content,
has to be considered, because it could be advantageous
if abrasion is released.

CONCLUSIONS

A composite material based on glass fibers and a
polysiloxane matrix was developed, and displayed rela-
tively good properties for applications in orthopedics. It
appeared to be a material with good biological toler-
ance. Having an inert surface, it can be used in the form
of elements where no adherence to the human bone is
desirable, e.g., bone plates for the internal osteosynthe-
sis of long bones. Due to its relatively low stiffness
(close to that of human bone), gradual partial loading of
a fractured bone and the possibility of micro-motions in
the place of adhesion will lead to better formation of
new bone, to faster remodeling of the bone tissue and,
finally, also to cutting down the time required for the
patient's rehabilitation. When the composite structure is
modified by adding HAp and creating optimal open
pores on the composite surface, stimulation of the adhe-
sion of the bone cells to the composite can be increased.
This modification can be used successfully in applica-
tions of fill-in and replacement elements, e.g., in osteo-
porous bones. It has been found that, apart from other
factors such as surface energy and chemical composi-
tion [28], surface characteristics play an important role
in fixing the implant in the patient's body [29]. Osseoin-
tegration, leading to a good union of the implant with
the surrounding bone tissue, is thus greatly affected by
the surface porosity (larger adhesion area) and also by
the mechanical stability of the implant [22].

Acronyms
BAP ......... Bone Isoenzyme Alkaline Phosphatase
CVD ................ Chemical Vapour Deposition
HAp ... Hydroxyapatite
HEMA ......... Poly(-2 Hydroxyethyl Methacrylate)
PA . Polyamide
PBT .................. Polybutylene Terephthalate
PE .. Polyethylene
PEEK ...................... Polyetheretherketone
PEG........................ Polyethylene Glycol
PETG ............ Polyethylene-Terephtalate-Glycol
PLLA ... .. Poly(L-lactic acid)
PMMA ... ... ... .. ... Polymethylmethacrylate
PP .. Polypropylene
PS Polysulfone
SRTP ............... Standard Reference Test Piece
TCM ..o Tissue Culture Medium
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KOMPOZITNI MATERIAL NA BAZI SKELNYCH
VLAKEN A SILOXANOVE MATRICE PRO APLIKACE
VE FORME KOSTNICH NAHRAD

TOMAS SUCHY, KAREL BALIK, MARTIN CERNY,
MIROSLAV SOCHOR*, HANA HULEJOVA**,
VLASTA PESAKOVA** TATANA FENCLOVA***

Ustav struktury a mechaniky hornin,
Akademie véd Ceské republiky, v.v.i.,
Oddélent kompozitnich a uhlikovych materialii,

V Holesovickach 41, 182 00 Praha 8
*Laborator biomechaniky, CVUT v Praze, Fakulta strojni,
Ustav mechaniky, biomechaniky a mechanotroniky,
Technicka 4, 166 07 Praha 6
**Revmatologicky ustav, Na Slupi 4, 128 50 Praha 2
*xxstay makromolekuldrni chemie,
Akademie véd Ceské republiky, v.v.i.,
Heyrovského namésti 2, 162 06 Praha 6

Byl navrzen kompozitni material na bazi skelnych vlaken
a siloxanové matrice pro aplikace v kostni chirurgii. Jeho
povrch byl opatien otevienymi pory o velikostech 0,2-0,4 mm,
0,4-0,6 mm, > 0,6 mm a matrice byla obohacena hydroxyap-
atitem o velikosti ¢astic Sum. Takto pfipravené vzorky byly
mechanicky testovany, byla méfena smacivost piipravenych
povrchii. Jejich biologické vlastnosti byly sledovany jak in
vitro, tak in vivo a soucasné¢ byly realizovany zkousky pevnos-
ti spojeni implantovanych vzorkd s kosti. Tato prace pojednava
o navrhu kompozitniho materialu na bazi nendkladnych biolog-
icky neutralnich komponent. Jejim cilem je navrh kompozitu s
mechanickymi vlastnostmi podobnymi lidské kosti a soucasné
s inertnim povrchem, nesrdstajicim s kosti, napf. pro aplikace
ve formé vnitinich dlah pro 1é¢bu konkrétnich zlomenin
dlouhych kosti. Modifikaci matrice pfidanim hydroxyapatitu a
soucasné¢ zménou struktury povrchu vytvofenim otevienych
p6rt (0,4-0,6 mm) vhodné velikosti 1ze naopak vhodné stim-
ulovat pfilnavost kostnich bunék a aplikovat kompozit ve
formé prvku s kosti srustajicich, napt. ve forme vypliovych
nebo nahradnich elementt (pro osteoporotické kosti apod.).

36

Ceramics — Silikaty 52 (1) 29-36 (2008)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


