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induction, control of orthopedic biofilm infections:
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Abstract Three copolymers containing the functional
groups P=0, S=0O and C=0 were prepared, and upon the
introduction in calcium phosphate aqueous solutions at
physiological conditions, “in vitro” were induced the pre-
cipitation of calcium phosphate crystals. The investigation of
the crystal growth process was done at constant supersatu-
ration. It is suggested that the negative end of the above
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functional groups acts as the active site for nucleation of the
inorganic phase. In order to obtain the copolymer further
antimicrobial activity, titania (TiO,) nanocrystals were
incorporated in the polymer matrix after silver coverage by
UV radiation. The antimicrobial resistance of the composite
material (copolymer-titania/Ag) was tested against Staphy-
lococcus epidermidis (SEM), Staphylococcus aureus
(SAM), Candida parapsilosis (CAM) and Pseudomonas
aeruginosa (PAM), microorganisms, using cut parts of
“m-plate” that covered with the above mentioned composite.
The antimicrobial effect increased as the size of the nano-
crystals TiO,/Ag decreased, the maximum achieved with the
third polymer that contained also quartenary ammonium
groups.

1 Introduction

Joint replacements and fracture osteosynthesis are among
the most common surgical procedures. Total hip and knee
arthroplasties in the USA account for more than 500.000
operations each year [1-3] thus creating an enormous
population of patients with implanted orthopaedic materi-
als. Although the risk of infection in these patients is low
(0.5-5% for joint replacements), the consequences may be
very serious, because sometimes simple debridement pro-
cedures with retention of the prosthesis and antibiotic
administration are not enough [4] and the implant has to be
removed and replaced or the joint to be fused in order to
eradicate the infection [5]. These measures greatly affect
both the patient and the health system [6].

In order to prevent infection pre- and perioperative
aseptic measures have been improved, operating tech-
niques have been refined and antibiotic prophylaxis is
widely used. Furthermore much attention has been focused
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on the pathogenesis of the infection, especially those
associated to implant materials, as the latter have been
found to be colonized by biofilms, which are composed of
microcolonies enclosed in a highly hydrated polymeric
matrix surrounded by interstitial voids. Within biofilms
microorganisms develop into organized communities and
are protected from environmental influences including host
immune responses and normal levels of conventional
antimicrobial agents [7]. In vitro data indicate that micro-
organisms in biofilms are substantially more resistant to
killing by antimicrobial agents than are planktonic bacteria,
the resistance being increased as the biofilm ages.

Inhibition of microbial adherence is one of the strategies
for controlling biofilms. Ribonucleic acid II-inhibiting
peptide seems to be synergistic with conventional antimi-
crobial agents [8], application of ultrasound, [9-12] low
electric current combined with antimicrobial agent [13-20]
and use of various chemicals are some of the measures that
have been used to avert biofilm adherence.

Hydroxyapatite (Cas(PO4);OH, HAP) is considered as
the model compound for the inorganic constituent of bone
and teeth. Blood serum may be considered as an aqueous
solution supersaturated to a number of calcium phosphates
[21]. Due, however, to the presence of macromolecules
such as proteins, enzymes etc. in biological fluids, exten-
sive complexation of the free calcium takes place, thus
reducing the actual supersaturation [22]. As a result, it has
been recommended that “in vitro” experiments should be
conducted at low supersaturations [23-26] by the constant
composition technique.

The aim of the present work is (a) the development of a
coating (a functionalized polymer) outstanding mechanical
and chemical resistance as well as the capability of
inducing calcium phosphate nucleation (HAP) and sub-
sequent growth. (b) Prevent the formation of microbial
biofilms and further infections of the implant area.

2 Experimental

2.1 Preparation of the functionalized copolymers
for the coverage of the implanted metals

The chemical structure of the polymer 1, PP,PO (poly (2,5-
biphenyloxy pyridiny phosphinoxide)) is shown in Table 1
and synthesized as described in detailed in the literature
[27]. The polymer is soluble in common organic solvents
such as CHCl;, THF, DMF allowing its GPC and '"H-NMR
characterization. GPC measurements using CHCl; as elu-
ent versus PS standard calibration revealed a molecular
weight of Mn = 30000, Mw = 67000 and I = 2.2.

The functional group acting as nucleator for the calcium
phosphate is the —P=0 as well defined in the literature [26]
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and the polymer was used as substrate for the calcification
experiments structural characterization using 'H-NMR
gave peaks at: '"H NMR (CDCl3): 8.88 (s, 1H), 8.05
(d, 2H), 7.92 (d, 1H), 7.77 (d, 1H), 7.47-7.71 (three m,
11H), 7.16 (d, 4H), 7.1 (d, 4H).

For the preparation of polymer 2 (Table 1), PPy(80)-
coPO, a synthesis procedure of a previous work was also
followed [28]. After the synthesis, the polymer was char-
acterized by GPC and '"H-NMR. GPC measurements using
CHCIl; as eluent versus PS standard calibration revealed
a molecular weight of Mn = 16000, Mw = 31000 and
I = 1.93. '"H-NMR gave peaks at: '"H NMR (CDCl;): 8.88
(s, 1H), 8.05 (d, 2H), 7.92 (d, 1H), 7.77 (d, 1H), 7.47-7.71
(three m, 11H), 7.16 (d, 4H), 7.1 (d, 4H).

For the polymer 3 (Table 1) the synthesis was based on the
preparation of PSSNa-b-PMMA block copolymer according
to our previous published procedure [29]. This synthesis, was
based on the polymerization of MMA through ATRP using a
macroinitiator of PSSNa (synthesized also through ATRP).
The PSSNa-b-PMMA copolymer is soluble in water and
DMSO. The molar mass of the copolymer is determined by
"H-NMR to be about 15000 as it could not easily be deter-
mined by GPC. The success of the polymerization was
confirmed by "H-NMR in de-DMSO and FT-IR. According
to lH-NMR, the composition was estimated to 40% mol of
PSSNa and 60% mol of PMMA. The quartenized ammonium
groups were introduced in the polymer through an ion
exchange procedure. In particular, the PSSNa-b-PMMA
block copolymer was dissolved in water and a surfactant
(hexadecyl trimethyl ammonium bromide) aqueous solution
was added in excess. The polymer was precipitated and
washed with water several times and it was dried in a vacuum
oven at 60°C. The "H-NMR of the product is presented in
Fig. 1 with the respective assignment of the peaks.

The polymer 3 acts as nucleator for calcium phosphate
(HAP) through the functional groups S=O and C=0O, as
well as antimicrobial agent through the N*(CH;3);C;¢Hs3
group. The precursor of polymer 3 is an amphiphilic
copolymer which is soluble in water. However, when
quartenized ammonium groups are introduced to the
polymer through ion exchange procedure, the polymer
becomes hydrophobic as are polymers 1 and 2 in order to
avoid migration of the polymer in aqueous environment.
The reason of using such different polymers is to combine
the film forming ability of polymer 1 and 2 with the
hydroxyapatite precipitation ability of the same polymers
and the biocidal activation of the copolymer 3 and silver
nanoparitcles resulting in robust composite which is used
as coating in order to prevent biofilm formation.

Finally seed crystals of calcium phosphate (HAP) were
synthesized [30, 31] for the control calcification experiments.

Characterization of all materials prepared was performed
using: (a) 'H, ">C NMR spectroscopy on a Bruker Advance
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Table 1 Polymers used for calcium phosphate induction
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DPX400 and 100 MHz, with deuturated CHCl; or DMSO;
(b) gel permeation chromatography (GPC) using a Polymer
Lab chromatograph equipped with two Ultra Styragel col-
umns (10%, 500 A) and a UV detector (254 nm) and using
CHCI; as eluent; (c) thermogravimetric analysis (TGA) was

performed at a DuPont 990 thermal analyzer; (d) Fourier
transform-infrared (FT-IR) spectroscopy (Perkin-Elmer 16-
PC); (e) X-ray diffraction analysis (Phillips PW 1830/1840)
and (f) scanning electron microscopy (LEO SUPRA 35VP)
equipped with a Bruker EDX microanalysis.
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2.2 Calcification experiments “in vitro”

The experiments were done in metastable supersaturated
solutions at concentrations appropriate for ensuring stability
for long time periods by constant supersaturation approach
[32]. All experiments were done at 25°C in a 0.250 dm?
Pyrex glass double walled vessel thermostated at 25 £
0.1°C by circulating water. More details on this procedure
have been described in the literature [24-26, 32, 33]. During
the course of reaction, samples were withdrawn so as to keep
the total volume approximately constant, filtered through a
membrane filter (0.2 pum, Gelman, Gellulose Nitrate), and
the filtrates were analyzed for calcium and phosphate. The
solid phases on the filters were analyzed by powder X-ray
diffraction, FT-IR spectroscopy, specific surface area
(multiple point B.E.T. Perkin Elmer Model 212D sorptom-
eter) and thermogravimetric analysis TGA. The experi-
mental conditions are summarized in Table 2 and the rates
of HAP formation were taken from the plots of titrant
addition as a function of time. The reproducibility of the
measured rates was +4%, a mean of five experiments.
Finally the stoichiometric ratio Ca:P experimentally deter-
mined in the solid phases was 1.67 £ 0.01.

Table 2 Crystal growth of HAP on functionalized polymers at
sustained supersaturation

Substrate or 107 Ca, AGyap 10~° Ryap
inhibitor (mol dm™)  (kJ mol™")  (mol min~' m™?)
HAP seed crystals 5.0 -35 97.3
HAP 4.0 -3.0 64.1
HAP 35 -2.7 53.8
HAP 3.0 -2.0 31.6
HAP 2.5 —1.5 22.6
Polymer 1 5.0 =35 4.6
Polymer 1 4.0 -3.0 4.3
Polymer 1 35 2.7 2.1
Polymer 1 3.0 -2.0 14
Polymer 1 2.5 —1.5 1.0
Polymer 2 5.0 -35 14.7
Polymer 2 4.0 -3.0 13.7
Polymer 2 35 —-2.7 6.7
Polymer 2 3.0 -2.0 4.5
Polymer 2 2.5 -1.5 32
Polymer 3 5.0 -35 8.1
Polymer 3 4.0 -3.0 7.5
Polymer 3 3.5 —-2.7 3.7
Polymer 3 3.0 -2.0 2.5
Polymer 3 2.5 —1.5 1.8

Conditions 37°C, pH 7.40, (total calcium Cay/total phosphate
P, = 1.67, 0.15 M NaCl, SSA of HAP = 34.6 m%/g
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2.3 Preparation and characterization of the biofilm
resistant and antimicrobial factor

Titanium and titanium alloys are well accepted as bio-
compatible implants in orthopaedic surgery and generally
are surface coated with TiO,. In this work two types of
titania nanocrystals were used. Type I was purchased from
Degussa, P25, SA = 50 mzlg, particle diameter 30 nm and
isoelectric point variable from pH 4.4 to 6.4. Type II was
synthesized by a sol-gel method described elsewhere [34],
SA = 114 m*/g and particle diameter 6.4 nm. The TiO,
nanocrystals were suspended in DMSO (dimethylsulfox-
ide) along with silver nitrate (Degussa, proanalysi) 2% w/v
and the suspension was illuminated by a UV pencil lamp,
Hach 20823 at 240 nm. As a result after 5 min illumination
the titania nanoparticles were covered with Ag. Titania is
photocatalytic because it is a semiconductor, meaning that
a moderate amount of energy is needed to lift an electron
from the mineral’s so-called valence band or filled energy
levels across what is known as a band gap (composed of
forbidden energy levels) into the empty “conduction band”
where electrons can flow and elemental silver coated on the
surface of the nanocrystals by the reaction
Ag?fromlheDMSOsolulion) te — Ago

In Fig. 2 the particle size distributions for the two sus-
pensions are shown before and after silver deposition.
They were constructed with the DLS method measuring the
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Fig. 2 Particle size distribution of titania nanocrystals I, II before and
after silver coverage
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normalized intensity-time-correlation functions over a
broad time scale (from 10™% s to 10* s) using a full multiple
tau digital correlator (ALV-5000/FAST) with 280 channels
spaced quasi-logarithmically [35].

2.4 Antimicrobial resistance—laboratory testing
of microorganisms in biofilms

Cut parts (CP) approximately 1 cm each of “rn-plate”
(Synthes-Switzerland) which is used for osteosynthesis of
distal radius fractures. The polymer 4% w/v were dissolved
in the titania suspensions in DMSO (titania nanoparticles
were covered by silver first) and this solution used for
painting the cut parts of the “n-plate” resulting in a com-
posite polymer coverage 50 um approximately after
DMSO evaporation in an oven at 50°C.

Pseudomonas aeruginosa (PAM), Staphylococcus aur-
eus (SAM), Staphylococcus epidermidis (SEM) and Can-
dida parapsilosis (CAM), were clinical isolates from the
collection of the Department of Medical Microbiology—
Patras—Greece. Vitek system (bioMerieux) was used for
species identification whereas all isolates were tested and
were characterized as biofilm producers.

The ability of such microorganisms to organize into
biofilms was demonstrated by a modified test using crystal
violet stain. Clinical isolates were cultivated for 24 h in
Brain Heart Infusion Broth (BHIB, Oxoid), in microtitra-
tion plate wells. After incubation the BHIB containing free
plaktonic cells was drained. Each well was then stained
with 1% crystal violet, rinsed with distilled water, dried
and visually evaluated for the presence of biofilm [36].

Four series of five test tubes, containing 5 ml each,
Tryptic Soy Broth (TSB, Oxoid), were prepared. The five
tests tubes of each series were inoculated with five colonies
of each microorganism for each tube. A tube without
inoculums in each series, served as a negative control,
included.

In the first series, CP with the polymer composite cov-
erage (CPP) was separately and aseptically placed, one in
each test tube. The same was done in the second series
while CP were without polymer composite coverage. We
repeated the same in the third and fourth series of tubes.

The four series of tubes were then incubated for 48 h at
37°C in a shaking incubator. Evidence of microbial growth
according to gross visual media opacity was evaluated at
48 h.

CPP from the first series of tubes and CP from the
second series separately and aseptically placed in sterile
tubes and rinsed with 50 ml sterile normal saline (0.9%
NaCl). Free plactonic cells were removed and then the CPP
and CP placed once again in tubes with 5 ml BHIB and
were vortexing vigorously. Quantitative microbial cultures
on blood agar (Oxoid) were done by 1 ul of BHIB

suspension and the numbers of cultivated microorganisms
were evaluated.

CPP from the third series of tubes and CP from the forth
series, separately and aseptically placed in empty sterile
tubes and examined using the scanning electron micros-
copy [37].

Staphylococcus (S. aureus, S. epidermidis), Pseudomo-
nas and Candida spp are genus of bacteria and fungi which
are characterized as biofilm producers [36, 37]. These
strains are nosocomial ones. S. aureus, S. epidermidis and
P. aeruginosa were isolated from different patients with
bacteremia whereas Candida parapsilosis was isolated
from a case of Candidemia. The strains were identified by
subculture and biochemical tests. S. aureus is a MRSA
strain, S. epidermidis is a MRSE strain whereas, P. aeru-
ginosa is a multidrug resistant strain. Biofilm production in
these strains was tested by modified test using crystal violet
stain [36].
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Fig. 3 X-ray diffraction analysis of HAP grown on: a polymer 1;
b polymer 2; ¢ polymer 3
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3 Results

In all cases of calcification experiments “in vitro” pre-
cipitation started on the polymer surface without any
appreciable induction time. Spectroscopic examinations by
X-ray diffraction [38] exhibits the characteristic reflections
for HAP with d-spacing 3.440, 2.817, 2.779, 2.723, 2.265,
[kl (002), (211), (112), (300), (130), respectively] as
shown in Fig. 3. Also HAP formation was confirmed
from FT-IR spectra (Fig. 4) [39] and elemental analysis
Ca/P = 1.67. Morphological examination of the precipi-
tated solid revealed the formation of calcium phosphate
(HAP) as shown in Fig. 5. The experimental conditions are
summarized in Table 2. The solution speciation in all
experiments was calculated from the proton dissociation
and ion pair formation constants for calcium and phos-
phate, the mass balance, and electronutrality conditions by
successive approximations for the ionic strength [24]. The
driving force of HAP formation is the change in Gibbs free
energy, AGpap, for the transfer from the supersaturated
solution to equilibrium, AGgap = —% In Qpyp, where R,
is the gas constant, T the absolute temperature, 9 is the

(b)

IR absorbance [arb. units]

1 n 1 L Il L 1 L 1 " 1 " 1

500 1000 1500 2000 2500 3000 3500 4000
Wavenumber [cm™]

Fig. 4 FT-IR spectra of a polymer 3; b HAP overgrowth on
polymer 3

Fig. 5 Scanning electron
micrographs of a polymer
substrate 1 and b calcium
phosphate crystals on
polymer substrate 1

ENT = 499KV
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WD= T Thone :
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Polymer2 /
Polymer3
n=(2,88+0,39) (b)

T / 2—0

v

< P>oano

L1 -2
In(R,,,x/mol min" m~)
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Fig. 6 Rate of HAP precipitation on a HAP seed crystals; b polymer
2 substrate; ¢ polymer 3 substrate; d polymer 1 substrate

number of ions and Qg4 p the supersaturation ratio for HAP
[26, 31]. The relative solution supersaturation o, is defined
by the Eq. opap = Q}ﬁp — 1 and was found strongly
influence the rate of HAP precipitation as may be seen
from Table 2 and Fig. 6.

Latest research shows that nanoparticles can penetrate
cells with or without leaving holes in the membrane and
the process however is intrinsically cytotoxic [40, 41].
The CPP parts showing antimicrobial activity against
Staphylococcus aureus (SAM), Staphylococcus epidermi-
dis (SEM), Candida parapsilosis (CAM) and Pseudomonas
aeruginosa (PAM) depending on the size of titania nano-
particles coated with silver as shown in Table 3 (a mean of
five experiments). The above mentioned experimental
results were confirmed by scanning electron micrographs
(Fig. 7). The biofilms that exhibits increased resistance in
antibiotic therapy are present in CPs metallic parts and
absent in CPP covered metallic parts by polymer composite
and only plaetonic shells are shown for SAM and SEM
pathogenic species.

In order to increase the antimicrobial activity of the
composite polymer 2 coverage smaller titania particles
(Fig. 1) where used also coated with silver and the results

ol
V64602
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Table 3 The antimicrobial activity of the composite material cov-
ered the cut parts (CP) of the “m plates”

Material SAM SEM CAM PAM NC
CP >1000 >1000 60 >1000 (—) Fig. 3
CP/polymer 50 90 60 100 (=)

2 + TiO, I/Ag
Cp 400 100000 10 400 (—) Fig. 4
CP/polymer = = 1 =) =)

2 + TiO, II/Ag
Cp >1000 >1000 80 >1000 (—) Fig.5
CP/polymer (o I G (=) (= (=) +TiO I

3 + TiO, II/Ag

(Table 3) along with scanning electron micrographs (SEM)
are shown in Fig. 8. Now the antimicrobial activity of the
new material was increased and extended to other new
pathogenic species PAM and CAM.

Changing the polymer 2 by polymer 3 (Table 1) con-
taining quaternary ammonium [42] the antimicrobial
activity on the CPP parts was increased as shown in
Table 3 and Fig. 9.

Fig. 7 Scanning electron
misrographs of: a SAM biofilms
on the metal surface of CP;

b SAM cells on CP covered
with polymer 2 composite,
containing TiO, II/A,; ¢ SEM
biofilms on the metal surface of
CP; d SEM cells on CP covered
with polymer 2 composite
containing TiO, I/Ag; e TiO,

I particles in the polymer 2
matrix

ENT = 100KV
WD -

Stgnal A - Inlens  Nalse Reduction = Phuel Avg.

4 Discussion

The dependence of the rate of calcium phosphate (HAP)
precipitation on polymer 1 as a function of the calcium and
phosphate concentration (relative supersaturation, o4p) of
the working solution “in vitro” conditions (0.15 M NaCl,
pH 7.4, 37°C) is shown in Table 2 and described by the
equation R = k o7, where n = 2 (Fig. 6), indicative of a
surface diffusion controlled mechanism [24-26]. Consid-
ering the polarity of the P-O bond in which the negative
charge is shifted towards the oxygen atom, it may be sug-
gested that the formation of HAP (on polymer 1, 2) was
initiated through the interaction of Ca>" ions with the neg-
ative end of the P—O bond. Thus, entities such as Ca---O-P
were considered as the active sites for the nucleation process
[26, 31, 33]. Similar hypothesis is also valid for polymer 3
where the negative end of the C—O or S—O act as nucleation
site and the mineralization of biopolymers (collagen fibrils,
elastin, fibrin, etc.) [24, 39, 43-45]. The above mechanism
was confirmed via computational chemistry calculations
using the parametric method 3 (PM3) included in the version

.y
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6.0 of MOPAC program package at 310 K [46—48]. This
method is based on the neglect of diatomic differential
overlap (NDDO) formalism, employs an s-p basis set and
does not include d orbitals. It has mean unsigned errors in
molecular geometries of 0.036 A (bond lengths), 3.93°
(angles) and 14.9° (torsion angles).

The pathogenesis of many orthopaedic infections is
related to the presence of microorganisms in biofilms
which are protected from the killing action of antibiotics.

Fig. 8 Scanning electron
misrographs of: a SAM biofilms
on the metal surface of CP;

b SAM cells on CP covered
with polymer 2 composite,
containing TiO, I I/A,; ¢ SEM
biofilms on the metal surface of
CP; d SEM cells on CP covered
with polymer 2 composite
containing TiO, II/A,; e PAM
bofilms on metal surface of CP;
f PAM cells on CP covered with
polymer 2 composite containing
TiO, II/A,; g CAM bofilms on
metal surface of CP; h CAM
cells on CP covered with
polymer 2 composite containing
TiO, /A,

Thme : 42
Signal A= Inlews  Mebe Feduetion = Line Avg

Signal A = Inless  Nobe Reduction = Line Avg.

Diate 4 Jun 2008
Thme :18:41:45
Nohe Reduction - Line Avg
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The biofilm can act as a shield for the microorganisms,
making it difficult to be reached and destroyed by antibiotic
drugs [49]. Many important pathogens SAM (34%), SEM
(32%) are in first line among microorganisms and have
long been recognized to exhibit always more alarming
levels of antibiotic resistance, followed by PAM (8%)
[50, 51]. Moreover, bacteria and mycetes CAM (7%)
form biofilms on prosthetic surfaces particular by resis-
tance to antimicrobials and tend to survive to aggressive

Mag- LI3KX Diste 115 Jum 2008
1 Time :18:36:53
Niuhe Feduction = Line Avg

FORTHACE HT
LEOSUPRA VP

g FORTIACE-HT

LEO SUPRA 38VP
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LEO SUPRA 35VP

Drate 7 Jul 2008
T 195104
Noke Rorduction - Line Avg

FORTHACE HT
LEOSUPRA VP

FORTHACE HT
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Fig. 9 Scanning electron misrographs of: a SAM biofilms on the
metal surface of CP; b SAM cells on CP covered with polymer 3
composite, containing TiO, I I/A,; ¢ SEM biofilms on the metal
surface of CP; d SEM cells on CP covered with polymer 3 composite
containing TiO, II/A,; e PAM bofilms on metal surface of CP; f PAM

chemotherapy. This is in accordance to our results were the
elimination of CAM biofilms and plactonic cells was
achieved by the cooperation of the quaternary ammonium
functional groups of polymer 3 and the antimicrobial factor
TiO, II particles (Fig. 2) covered by silver. Synthetic
polymers with quaternary ammonium functional groups
showed that they are very potent biosides against micro-
organisms such as bacteria and mycetes [42]. It is obvious
from Table 3 and Fig. 2 that the smaller the size of the
titania/silver particles the greater the antimicrobial activity
because the penetration of the pathogenic microorganism
cells was easier and faster [40, 41], (Fig. 9). Scanning
electron micrographs in Fig. 4 where the composite poly-
mer 2 + TiO, II/Ag were used for the protection of CP
metallic parts are in accordance with the experimental
results in Table 3. In other words the composite antimi-
crobial material is less active in the absence of quaternary
ammonium groups, for the CAM microorganisms.

As mentioned in Sect. 2 TiO, nanoparticles are semi-
conductors and were covered with thin film of metal silver
(Fig. 2). These particles possess a strong tunable absorption,

FORTIACT MY

LED SUPRA IV

cells on CP covered with polymer 3 composite containing TiO, II/A;
g CAM bofilms on metal surface of CP; h CAM cells on CP covered
with polymer 3 composite containing TiO, II/Ag; i TiO, II particles in
the polymer 3 matrix

which is determined by the relative core and shell thickness
with strong absorbance in the near IR (infrared) where
maximal penetration of light through tissue is achieved
[51,52]. Similar nanoparticles composed of a dielectric core
(silica, SiO,) coated with an ultrathin metallic layer (gold,
Au) were used by near-IR laser-induced thermal killing of
tumor cells [53]. The nanoshells used in this study as a bio-
material are composed of elements generally understood to
be biocompatible and were stabilized inside the polymer
matrix as well as in polymer surface. As a consequence
irradiation of the CCP metallic part used as prosthetic
material with near-IR (penetrating the solid tissue) resulted
in emission of IR radiation inan 100 A depth witch resulted in
elevation of the temperature in this area and thermal elimi-
nation of further resistant biofilms or plactonic shells [51-53].

5 Conclusion

The lack of effective antibiotic treatments for infections
related to orthopaedic devices and implants demands new
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approaches that target biofilms infections on the molecular
level. Nanoshells of TiO, (titania) particles covered
with Ag (silver) incorporated in a polymer matrix are in
general biocompatible and demonstrate cytotoxicity
against pathogens Staphylococcus aureus (SAM), Staphy-
lococcus epidermidis (SEM), Candida parapsilosis (CAM)
and Pseudomonas aeruginosa (PAM) cells. This function
was strengthened by the quanternary ammonium functional
groups added to the polymer matrix. After all, the poly-
meric matrix due to the P=0O, C=0 and S=O functional
groups initiate the calcium phosphate precipitation on the
surface of the implant material.
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