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DemopucTion

Most “biomaterials” in use taday were originally developed for other appli
cations than biological. The tissue responses they give risc to are often far fom
optimal. One major bartle-neck for developing new and better (functional) bio-
matecials 5 the lack of undersunding of how different material properuics
influcnce the biological response and vice versa.

The mateciabspecific biological response to an implanted material i mainly
detcrmined by the chemical and strverural properties of the biomaterial surface (1]
Rescarch on properties and processes at inverfaces between biomaterial surfaces
and biological systems is therefore a key issue in the biomaterials arca. A syste
matic. rescarch approach should include surface mosification by different prepe.
rative techniques combined with carcful surface. characterustion wsing moders
analytical ook, 10 produce well defined model surfaces which can be used iz
biological cvaluation studies in vitro and in vivo (Fig. 1), Biological evaluation
can be donc at different levels of complexity, including simple model experi
ments of water, jon and biomolecule adsorption, cell cultures, and tissue
response in vive, Such an interdisciplinary research program opens up a way 10
systematically search for correlations between different surface propertics and
biological response. Two models systems based on these ideas are bricfly descei-
bed, with cmphasis on the surface preparation and analysis uspects.

)

Fig_ 1 - Rescarch spproach where sutface preparation snd mabyss are combned 10 prepare
s th e vl s Hologi enlaston i i i corlaes
berween surface propesties and biological response.




— 371 -

‘Moomcanon o Ssrace PROssIIES FOR STUDYING BioLoGIGAL Reswonse

Timnium s a suitable matcrial for seudying material tissue interaction for
reasons

e the tissue response 1o titnium implants ate poorly understood, Tt is,
Tikely that the surface oxide which alimost ahvays covers the metal plays
ant role. The question s then: How do differnt oxide properties (e

- crystallini

ce the biological response 10 1
this is 0 vary the surface (oxide) propertics and test for the response in
b'nlngicll experiments {protein adsorption, cell cultures, and animal

B o i b it e it g
XPS/ESCA, SIMS), clectron microscopies. (SEM, TEM) and scanning
(STM, AFM), of Ti surfaces prepared by diffeoent methods (machi-
, thermal oxidation, electrochemical methods, and plowdischarge plasma
[2.8), This work has resulted in a good understanding of how diffe-
‘preparative procedures influerice the physical and chemical properties of Ti
Selected results from such studies are briefly summarized in Table 1
‘able akso demonstrates that the properties of Ti surfaces can be modificd
s wide range. Different modified T surfices are presently being used in
adsorption suudies (3] and evaluation of bone response in vivo [4]. The
do ot show any marked differences between different Ti surfaces, while
vivo tesults indicare that the rate of bone formation around Ti implants
{roughness) and oxide thickness [4]

| Mirofubrivted Model Materils
Surfaces ace expected to influence the bislogieal response sither by struc-
i . or chemical pro-

propentics,

m-mmhlaykumm.ea-nhhmbem
investigate these propentics independently, and prefersbly on well defined
‘of dimension. Chemical varistions and or structural featurcs on size scales
nwgﬁm-mcdmm(ulm)wmmaAmmmmedm
- play different role, since they will match diffrcat biological components a the
intcrface [1, 10]. So, for cxample, it may be expectad that nm-size features will
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influence the interaction with biomoleculcs, while structures and/or chemical
variations on the 1-10 pm scale will influence cellular behavior ar surfaces,

Tn our group we have adapred the methods that are used in fabrication of

icroclectronic devices — bri and brication based on litho
raphy, ceching and thin film deposition — for preparing model surfaces for
biological evaluation thut bhave variations in chemical composition and/or micro-
structure on well-defined sire scalcs (Fig. 2). This type of surfaces offer unique
possibilities to study how biological response at different levels are influnced by
surface structure and chemical composition.

Microfabricated model surfuces have been used, for example, for studying
the influence of chemical composition on the adbesion and colonization of
Staph. Epidermidis bacteria in the Ti-AMV metal system [11], The choice of the
Ti-ALV metal system was in this case motivated by the widespread use of the
Ti6A14V alloy in erthopsedic implants. This alloy, which is a two-phase mate
rial form surface oides that have u relarively heserogencous morphalogy in
which the alloy clements are enriched and laterally nonhomogeneously distribu-
ted [2, 3] It was thercfore interesting to investigate whether there cxisted any
preference in bacterial adhesion 1o the different elements present at the surfuce
Using substrata with different combinations. of either Ti, AL or V (10 x 10 jm
squares at 10 um separation) it could be shown that the bacteria adhered to the
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Schematic illustration of i

1o sarktions in surface structore and/or mrmwm o m.,bm.-d
the rangt from & fow 10 b up to hundreds of

with a preference following the order V > Ti> Al [11]. Microfabricated
surfaces with well-defined surface structurcs on the 10 um level are also
used in studying macrophage responses in vitro

Remanss

Biomaterials is an exiremely complex ficld and its advancements requires
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