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lntroductIo : e .

.. Scientifi¢ descnptIon of dIfferent matenals and technologIes for medIcaI purposes has been a sub—
Iect of research and studies of different scientific fields, for instance material engineering, mechanics,
~techriology or physics: Some groups of biomaterials were developed as result of many decades of
research: polymer materials (UMW PE; PEEK); ceramic materials (Al:03,’ZrOz) and metallic al-
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iloys. They should be characterized by good mechanical properties,’ corrosion ‘resistance, bio-"

-‘compatrbrlrty ‘and appropnate physrcal features. Major metals used in'medical applrcatlons to-
day include: commercrally pure’fitanium ‘and its alloys’ (largely the m alloys, T|-6Al4V and-Ti-
~ A-Nb, and’ several -Ti alloys), cobalt: Based alloys (pnmanly Co-Cr-Mo line), stainless’ steel
, malnly type 316L) and Ni-Ti alloys [1-4] Over the’ years, a variety’ of fabncatlon processes'
~ have been developed At least two main methods of manufacture. are used to make mietallic
" lmplants precise (Iost wax) castmg and hot forgrng However a number of researches focus
~ on usage of powder metallurgy (P/M) techniques in thrs area [5-7] Further development of new
. implant alloys is limited by the strong requirements put fo biomaterials. Therefore, the surface
 engineering is a prospective solution of appearing demands [8-11]. . :
. Though many achievements have been made, many problems still need to be solved especrally
~in the fieid of endoprostheses. Failure of fotal hip arthroplastics has appeared fo beprincipally dug
o late aseptic loosening of acetabular components [1,12]. Mismatch of Young':modulus-of the
- biomaterials and the surrounding bone has been identified as one of reasons of implant loosening
- followingstress: ishielding of bone [12).:However, the. implanted. material must be strong enough .
- and durable to withstand the physrologrcal loads placed pon it over the years . :
- The'second:cause has been a means of fixation. Widely ‘'used bone cement f xatlon allowed
“fo restore the:patient mobility in a relatively short period of time, whereas, it has been pointed
- as a cause of: problems because of failure due to postoperative rnfectrons bone atrophy and
“ implant loosening. :
- The third reason of farlures has been shown the releasmg of matenal from orthopedlc im- -
plants. info surreundlng fissue by various: processes including corrosion, wear and mechani-- .
~ cally accelerated’ processes such'as stress ‘comosion; fatigue‘and . frettrng corrosion, Such-
- metal.ions and wear debris; concentrated at the implant-bone interface; might migrate through
-the tissue. Many publlcatrons have reported that the metal and polyethylene release had been, :
.- associated with-osteolysis,; allergic reactions and clinical implant failure.> ~ >* ™
" The present overview article aims at summanzmg the most common methods for lmprowng
the' implant osseointegration’processes ‘as well as fribological behaviors by usage of surface
. engineering methods. Some resuls of own research the’ tnbologrcal pr0pemes of bromatenals
; treated by surface method are also presented ]

. Corrosion resistance ..
The biocompatibility of. tltanrum .and CoCrMo alloys is closely related to its excellent corro-
- sion resistance due to the’ presence ‘of an extremely thin passive oxide, film that spontaneously
 forms on the alloy surface. HoWever, this protecting fitm may by damaged during surgical opera-
. tion and hence cause*corosion, In-the human body, implant devices are constantly exposed to
* fiving cells, tissues and biological fluids which produce a hostile envrronment for the survival of the
- implant. Additionally different corrosion'procésses ‘appearing during’ implant utiization like stress,

. fatigue; and fretting corrosion increase metal release info"surrounding tissue: Some of metal ions -
 have been reported to induce allergrc and inflammatiori reactions. One ‘approach’for preventrng
' and reducing the potentlally harmful metal ion elease from orthopedic implant materials is'fo coat
! the surfaces of these materials; Vanous methods ‘afe used to form a barrier to corrosion on metal-
' lic surfaces [13,14]. The most popular are anodic oxidation; ion implantation, and thin coatlngs de-
posrted by PVD or CVD methods Many authors teported that TiN'or CrN coatmgs on'implant al-

 loys ‘are an effective barrier to'metal release:! ‘Recently the’ DLC coating are developed as Very
{ promising. layer due to its excellent, brocompatlbrllty ‘and corrosion resistance [15,16} A number'of -
- works pointed.at the' glow dlscharge-assrsted techinique, ‘such as ‘nitriding; oxynitriding or car-
; bomtndmg, as the_most prospective method due'to possibility of precise control the layer for-
© mation process with regard fothe structure and the phase composition [17,18]. RS
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.-2. Osseointegration - ; Y

. The fixation of the artifi cial rmplant vnth acryhc bone cement whlch is strll one of the most
popular means . of fixation, unfortunately suffers from .numerous probtems [19,20]: Even
though afﬁxa’non through the use of bone cement proved somewhat sticcessful in older pa-
tients, it was often a failure in more active ‘and young patients. This is probably-due to the
brittle nature of the cement. It has been found that during polymerization, the toxic monomer
can be released into the system Addmonally, the temperature during this process grows srg
mf cantly, which i is sufficient to‘catise heat necrosis of the surroundmg tissues. .

"This has led to the raprd development of another solution of rmplant fixation. There have been
used different techmques in creating mechanical fixation or chemical bonding [21,22]. The re-

searches are conducted in two directions of morphological fixation of the implants to bone: to
produoe porous surface on the metallic implant stem or by using of bioactive ceramic.

-~ The morphologlcal fixation of the implants to bone via bony rn-growth into the structure de-
termines the"dimensions of pores [23-25]. The’ ‘commonly accepted range of pore size is re-
ported to be between 150 and 400m. This macroporous stricture can be produced by differ- -
ent methods like precise casting (lost wax); plasma spraying metaliic powder on an implant,
and powder metallurgy method with tradmonally smtenng or electro-discharge compactton
(EDC)." However, there are still some 'serious problems ‘conceming the* possibifity of micro-
crackmg and delammatron of porous Iayers due to hrgh thermal gradrent whrch caused re-
duction in fatigue strength. '

- Biochemical methods of surface modification utilize current understanding of the biology
and.biochemistry ‘of cellular function and differentiation. Much has been leamed about the
mechanrsm of cels adhenng to substrates and the role of growth factors in promotmg differ-

-----

for the purpose of inducing specific cell and tissue responses R .ws G

“ Qver the years, a vanety of bio-active ceramics have provided a ,altemate means of im-
plant fixation.- Bio-active ‘ceramics tend. to form direct strong bonds;with natural bones. How-

yever, it should be realized that the brittle. nature of the ceramic materials and their paor. bend-

ing strengths prevent the extensive use of these materials. Presently efforts aré underway fo
coat the metallic parts of the implant that will be in contact with the natural bone with bic-active
ceramics [26]. One of the most promising bioactive materials for clinical use is considered the
hydroxyapatite (HA). Many studies have indicated that HA is biocompatible with hard tissues of
human beings its chemical composmon is very similar to those of a oomponent of bore) and ex-
hibits osseocondtictive properties. The mechanisms of hydroxyapatrte behaviour during bone res-
‘toration prooesses are good known and widely reported in the literature [27,28]. HA coatings have
been apphed on various substrates by a wide Jange ( of surface deposition. technrques such as
plasma spraying, high velocity oxy-fuel (HVOF) spraying,.ion beam sputerring, pulsed laser abla-
tion, electrophoretic deposition, if magnetron splterring, sol-gel and conventional ceramic proc-
esses that involves pressing and sintering [29,30]. Among these’ surfacmg processes, thermal
spray techniques offer the attractive prospect of economy end efficient deposition of HA Im-
plant alloys coated with plasma $prayed HA have been widely used in clinical (Fig.1). .

-Nevertheless; the HA coatings often flake off.as a. result of | poor ceramrc/metat mterface
bondmg, which may cause the surgery. to fail [31). .:

+Néw kinds of coatings are also developed often mcludmg advanced technotogres ‘Authors
[32] researched _coatings, with layers of fibrillar: type-1. collagen prepared on titanium, cobalt
and their alloys_to improve initial osteoblast-adhesion and.implant-tissue infegration. An in-
.crease in the surface density of reactive groups due to chemical and. electrochemical pre-
treatment of the metal surfaces enabled the formation of a higher number of covalent link-




ages between the metal oxides and the coilagen layers and thus srgmﬁcantly enhanced ad-
hesron and proliferation of osteoblast-hke cells LE

‘Crossection of HA coatrng 'en ’t'h'e
alloy lmplant

other way is. to make -a microcosm-
i posite  using ” metal fibers or particles to

remforce the. hydroxyapatrte Authors [33-
~35] have pointed.the excellent bioactivity of
* biocomposite .. fabricated - from HA and
l. fitanium.. -powders by powder metallurgy
: - method:: ~ +.

Very prospective are also active bioglasses used as the coating as well as the composde
layer on the metallic rmplant surface;’ A number of studies focused the' beneficial influence of
used bioglass on the corrosion resistance and the bone restoratron process due to the abrlrty
of apatrte formation in body ﬂurd enwronment [36 : i

Tnbological properties - : ‘

Artificial implants are desrgned to restore functron and rehef pam but many ave farled espe-
cially in'the long term, for a variety of reasons [38). Failure of total hip arthroplastics’ has been -
shown to be pnnctpally due o late aseptic loosening of acetabular components [39]. Currently, the “
majority of:hip prostheses are, metal articulating. with ultra-hrgh-molecular weight polyethylene
(UHMWPE) and it, Is the general consensus that failure is due to ‘UHMWPE particulate debris,
- which induces bong resorption {12,40,41]. In recent years, there has been resurgence in metal-on-
metal articulating designs; motivated mainly by the fact that wear debris from PE acetabular com-
ponents can lead to foreign body reactions, aseptic loosening and irmiplant failure. Among metals
that are commonly used ‘as biomaterials,” cobaltchrom-molybdenium’ (Co-Cr-Mo) alloys-are the
preferred materials for self-bearing applrcatlons because of their: excellent wear resistant [3,42].
The use of titanium alloys as bearing surfaces in total human replacements was widespread dur-
ing the 1970s. However, following revision surgery, after severat years use, concems were: Taised
regarding the creation of unwanted, titanium based debris.

Different solutions aimed at improving the tribological propertles of the femoral and knee head-
acetabular system are being developed. The most common used are the light ion implantation (C*,
0, N*), various nitriding processes, thin wear resistance coatings like TiN, ZrOp, DLC. Many au-
thors emphasized the excellent influence of surface treatments on changes in the dominant wear
mechanism and hence on reduction in the wear loss of investigated materials [9,43,44] However,
most of them concentrated research in laboratory conditions; very often a far cry from the nature in
real joints. Compared to the volume of literature on improvement of implant materials wear resis-
tance due to various surface engineering techniques; there are relatively few works on the long-
term results: Some of them reported the deterioration of friction conditions.and the danger of rapid

-abrasivé wear.-In vivo observations confirmied the resisting of thrrd body wear mechanrsm espe-
icrally in a case of TiN coated titanium alloy femoral head [45].-. .+ .-

The author-own research showed ambrguous results. The jon rmplantatlon of Co-Cr-Mo al-
on with oxygen and carbon, showed an increase.in the surface hardness; especrally in acase

-of high-dose C* rmplantatron by near 100% [46]..The tnbologlcal tests carried Gut in the ball-
on-disc system with alumina ball confi rmed good protecting’properties’ of harderied surfaces
However, pin-on-disc wear tests, when the contact area between’ slldmg ‘materials was ‘larger
(comparable to the one in artifi cial hip joint) did not caused the improvement of friction condi-
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.- tions resultingfrom jon implantation.. The. friction” process was more unsteady in:compare.to -

-unimplanted alloy. The resistances to moving: lower ‘at-the: beginning. of . process, rapidly
changed as a consequence of forming hard wear debris and three-body abraswn Hence the
. mcrease of wear Ioss in the case of lmplanted materials was observed
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Flg 3. SEM ysis m disc surfaces after comparative tribological
N symulator of hlp jolnt friction: (C0) not treated alloy; (C1) w:th NCD coatmg, (CZ) f
.. with TiN coating; (C3) with BN coating .. -

; ln acase of thln ceramic layers on CoCrMo alloy the xmprovement of tnbolog:cal propertxes
“Was’genérally observed (fig.2 and fig.3) [47, 48] ‘Nonetheless, there might appear the danger

of local coating delamination. Debris, staying in-a friction zone, might cause the abrasive wear
_‘j(what is visible on the wom surface with NCD coating - fig. 301) ‘The thin layers deposnted on
* titanium implant alloys showed the protecting’effect during tribological tests only in a‘case of
" low’range ‘of load (tifl contact pressure of pmax"ZMPa) lncreasmg of load entailed the rapid
: jdamage of hard coatmg (due to strong- dlspantles of ceramic Iayer and metalhc ground me-
;chamcal propertles) and 1nten31f ed abraswe wear [49 50] R
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-+ Conclusion+- s LR EE : 2 RN T

«:Surface engrneenng is consrdered a very prospectrve method of rmprovrng functronal prcp-‘
ertles of rmplant alloys. There are some problems regarding matenals in. bromedrcal applrca-
tions, conceming mainly with elongation of joint prostheses life time. -

- A large number. of research showed excellent affect of ion rmplantatron oxrdatron and nrtnd-
; mg processes as.well-as thin ceramic, coatings, like:TiN, Zr0,,:DLC; on corrosion resistance
.- and biocompatibility of bromatenals +For. intensifi cation of osseorntegratron the hydroxyapatrte
and bioglass coatings are the” most promrsrng soluuon GiyEeant
- Many works.are focused on improwing. tnbologrcal propertres of rmplant alloys by ron lm-
- plantatron nrtndrng orbyt usrng thin wear resistant ooatrngs In fact, ‘hardening of slrdrng mate-
. rials surface layers changed wear mechanism and decreased wear 10ss,. especrally in condr-
- tions of low friction velocity and high load. However some long-term in-vivo observalrons as
well as the‘author's’ own rnvestrgatrons showed the danger of local coating del mrnatrng and
- hence intensification of abrasrve wear, entailing necessity of rermplantatron
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