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[Engineering or Biomateriats, 37, (2004), 4-s]

lntroduction

Staphylococcus aureus ard S epldeffidts are hlman
pathogens that colonise ]mp]ani suńaces. They are of in'
creBŚ]ng impoitance dUe to the rise in aniibiotic resjstance
[11. S. arrels is one ofihe rnain causes of meta -biomate-
rial, bonejoint and soft tissue infedions [2], and is dtstinct
from s. epldem'dls which ]s an oppońL]nistic bacteria, as_
socialed with catheterc and other indwe ing medicat de-
vices [3]. s. auleusand S. ep'derrtuis are both capabte or
fonning blofilms which can be difftcutt to ctjnically treat be-
calse the bactefia in the interiorofthe biofirn are protected
from phagocytosis and antibiotics J4l, henc€ ihe need to
o'F!e-L ba..e-ir do-.5 on ro inota rb. I i s -., be posr-
blF o' moo Ą -g 'le tooog'.ohy rl.err s.rv o- -elnp|a4.
suńace, orcoating itWith an ant]microbia]/protein lesistanl
coaling. Here we describe methods for the visuaJisaUon and
quantification of S. a,reus and S. epl{/erm,rdls a.ther nq to
djfiereni imp anlab e b!omateńa|s'

Methods

iI

To visualise S. aureus and S. epidemidis adherence
on d]ffe.ent s! ńaces, bactedaWe.e cultured on ihe vanous
modified b]omaieral suńaces in braln heań ]nfusion broth
(BHl)at 37'C overseveratrime peiods. then itxed wilh 2.s%
glut6raldehyde in buffer, poslstained wtth 1% osmium
tetrcxlde. dehydrated, criticat poini d ed, coaied with Au/Óo' aro /'su.h5eo wi' d '.a1n'g .'elrron micrcscope
using a backscaitered etectron deiertor l5l. To quantifythe
a-oJil o biL(errt .d le.ro'1, ad'le.ent bdcr.r c were
stained with fruorescent s-cyano,Z-d totylietrazo ium chto-
ride (CTC), and visuatised with a Zeiss Epiftuorescence
microscope Jitted wth an Axiocam canrera t6l The densiry
of ive bacieaa on the surfaces in each image was counied
Usi]rg Ks400 software' on suńaces 1hat aulo'fluoresce.
adherent S. aureus and S epidernridjs were detached by
sonicaiion in Tween 80, then slainedwith a live/dead asŚav
\\,1oe '' la PIobFsl rr" amourl or o""rela p'e_enr we'ó
counted Using a Pańec PAs flow cyłonreter'

Results

SEll images showed va ations in rhe adhesion of S.
au'ęUs and s. epldermi'ls to the sudaces (F]G'1)' No dif-
ferences in the amountofS aureus adheston were obserr'ed
on siandard titanjum (Ts), eleĆilopolshed tianium (TE)and
TS coa'ed w|.l ni ogA1 |oas rIlG' sJda Ps shghl} To€
wele bJrd ol _s 

"oaleo "!'lń 
po)rrel lo prcńo''rg r.

adSesio- -ASl,, out.FV! 6ere rornd on -e -S coateo
with hyaluronate acid (THY)(Flc.2). tn comparjson to ihe
uncoated tiianium surface {TiS), fewbactertawere seen on
the PLL-q-PEG {PEG) and PLL g-pEG iunctiona|sed wiih
RGD sUńaces (PEG RGD) (F|G.2b)

Flow clometry resutrs quanffed the difference in the
amount of S aureus and S. epldermrdls adhering to vari-

FlG. 1. SEM images of S. aoreus adhering to different materiats.
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FlG'2. Graphs showing the Clen'ity of bacteria on different suńaces after 1h of culluring' a) on Ts, TE, TlG, TAST
and THY: b) TiS, PEG and PEG-RGO.



FlG.4. SEt'.,| images of a) S. aurers and
b) S. epidermtdis aclhering to 70% polyurethane.

ous surfaces. The example shown in FIGURE 3 conlirrned
SEM obseNations (FlG 4), ihat rnore S. auleus adhered io
the sLrriaces than S. epidermldls.

Discussion and conclusions
These resulls show that different methods can be used

to study the adhes on of bacteria to biomaierials rn vrko.
SEl"ł is useful for morphoogy and general obseruations'
and depending onthe materlal (polynrers iend io auto-fluo-
resce), eiiher lluorescence mjcrcscopy or flow cy,tometry
can be used lo quantily the amount ofadherent bacteria.
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THE RADIOIMMUNO-
ASSAY OF CORTISOLE
LEVEL IN MIXED SALIVA
FROM THE PATIENTS
WITH MULTIPLE DENTAL
CARIES
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BELLoRi]ssRN STATE MFo6A UNlVFFŚtrv
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[Engineerins ot Bionaterials, 37, (2004),5]

caries is known to be accompanied by the meiabolism
impainTent in a human organlsm. These changes involve
lhe oral llquid medium, whjch is mixed sa va. A qrcat number
ofarticles are devoied lo ihe proieclive rcle ofihe oraliuid,
its pańicipation in oral metabol]sm. However jittle aiiention
s paid to the study of corUsole level jn mixed saljva from
patients Wjth diffe€nt degrees of caries'

The aim

of presented ańic]e Was to study of cońisole leve] in rn]xed
saliva from palients with different degrees ofcaries.

Materials and methods

For ihis purpose we have studied 3 groups of patients
from 15 to 25 years of age. The sanrples ol saliva tor re,
search were collected inthe mo.nlng time, before b.eaktast
in d sposable siedle iubes.
Belore iesting, samples were stored in liquid nitrogen at
temperature - 196'C. The hormone levelsin orai fluid was
detetmined by using cońisole marked with lodine 125
(Steron-C-125 l) ln ihe detector of Gamrna-carneE meas,
uing the speed ofsedimentatjon in each sample in lminule.
After that we deterrnined ihe coń'sole level]n nlv4ol/l'

Results

Analysis of the results of our research shows ihai there
are considerab]e differences in concentralion of cońsoJe in
saliva frcm people wilh low and high intenslty of caries
(p < 0,01) and low and middle intensily of the process (p <

0,05). Differences beiween middle and hlgh caries iniensity
groups weren't reliable (p < 0,05).

Conclusion

On the basis ofourresearch we can say thal change ol
.onisoe eve ir Ir:'ed s. \, a .e'leąs ql oM1 o'.aI e.oqe1ic
siiuation in ihe o.a] cav'ty' consequeni]y, 1his lesl Ćan be
t'sed for djagnosiic purposes and for deternrlnation of the
effectiveness of irealnrent and prevenllve measures.

FlG. 3. Graph showing llow cytomeky results
from SA (S. aureus), and SE (S. epidermidts)
adhering to different polyur€thanes'
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POLYMERS IN GUIDED
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lntroduction

Long segmentald aphysealbone oss often resultsfrorn
hlgh eneruy tralrma like blast inj!ry. osteomyettis or wide
excision of maiignanicondltions. Treatmenl of this long seg
mental diaphyseal defects rcmain a d ffic! i ctlnica prob-
lem.ln the lirerature, rnanyauthorchave reporled thai bone
loss morethan 2.5 cnr always requ re bone grafting. This is
probably the critical siŻe def€ct in human' Non vascu|al-
ized bone graft frequently falls ifthe defect is longerthan 6-
7 cm 2.5 cm is probabiy the critical size defect is hunran
andT cm is likelythec tica size lor non,vasculaized bone
gmft. Various treatmeni nrethods are adopted currenty io
address lhis problem, nclud ng vascLrlar zed bone graft, dts
traction osieogenes s and massive allograft. However, all
these nreihods a'e assoĆiated With a oioiproblems'

SL'ccessful g uided bone regeneration has been achteved
in sku]lbone andjaw bone using lesolbabl€ a ]ograft' Bone
regeneraiion ln long segmenialdefecr and retativety sma
defeci in tumour excision has been achteved using
resorbable poly aciide scaffolds.

Methods and materials

10 patienis wiih bone defeci of siŻes up to 6 cm due to
varous causes lncuding benign tumol]l, osteomyelitis &
fraclures were treated with resorbable polylactide scaffotcl
lmpregnated wilh marrow blood whjch contains stromat ce[s.
ln cases with infecUon, anibiotics was also loaded into the
scaffold afd in thls situation. the scaffotd a so served as a
drug deliverydevce. The pailenis have assessed regularty
wilh X rays and clinicalsymptoms.

Results

Seria X ray evallation and cllnicat evatLraiion reveaed
presence of bone regeneraijon' Tlr€ limbs enjoyed salis_
factoryfunct]on and theleWas m flimaldonarsil€ morb]diiv
and riajor surgery can be avoided.

Discussion

Selected cases are treaied with guided bone regenera-
tion which would be keated otherwise by conventonattech
nique Vascu|arized bone aansf€r has lrrr]ted supply and
nvolves a major operaiion. There is always a chance of
vascuLar conrplication and ilrere ls dono. site morbidliy. Dis-
tracljon osteogenesls has a I rr]ltation of length that can be
lengthened and requires a prclonged placenrenl ofexternat

fixation. There is a h gh chance of traciton injury to nerue
and ofher sofl I ssues l\,4asslve attograft requtres a protonged
peiod, in terms of decad€s, for complele cleep substjt!_
' or' -] elp ls a'so a 1 gn ,lc de' -e o.olęase L'ar"n Śsjon
and infecuon. Thereforc lhere isaconstantdernand for bone
substiilrte whlch can bridge long segmental defect effec-
iively wiih minirnal motu dity and can heal in reasonabte
t]mefram€ The affected limb can berehabiljlated and bear
WeightfolfunĆtiona rcsiorat]onasearlyaspossible' These
ea y results are prornising.

INJECTABLE
POLYURETHANES FOR
THE TREATMENT OF THE
OSTEOPOROTIC
SKELETON
KarARzyNA GoRNA, SyLwEsrER GoGoLEWsKI

PÓLYMER REsaRcH, Ao REsEtc! lNsTTUTE.
cH-7270 DAVos, S!$ŻERLANo

IEngineering ot Biomateńals' 37, (20u),6-81

lntroduction

Bone loss resulUng from osieoporosis jncrcases the rtsk
offracturcs. The "at risk" populaUon is esiimated io be 28
milljon in ihe US and 100 million worldwide. Among frac
tures of osteoporolic bones compressjon f€ctures of ihe
Veńebral body are the most de.nandjng 10 łeat' conrmon
trealmenl lrvolves intecung of methytmerhacryiate (N4tv1A)
cernen1 into ihe Veńebtal body to lesiore the height of a
collapsed Veńebla (Veńebloplasty, kyphoplasty)'

Both procedures have several drawbacks inctuding teak-
age of MIlA cement outs]de ollhe Veńebra, soft t]ssUe dam_
age, pressure on nerve rcots and/orlhe spinatcord rcs!lt
ing in pain, paralysls necessitating cemeni.emoval, migra
tion of cemeni to the llngs, which may cause putrnonary
ernbollsm, respiratorvand card ac failure. and even death.
lncreased stifiness ofthe segmenis resullingfrom the pres
ence of injected cement, often leads 1o fraciures oflhe ver
tebrae adjacent to those ireated. The tt[,4A cemenls have
high rigldiiy and in consequence, there is a mismatch tn
Young's moduli behłeen cerneni and osleoporctic bone'
Tissue n€crcsis due io high polymerizatjon ter'rperature of
MMA and high monomer ioxicity can be yet anoiher prob,

A posslble soluion to these probtems cou d be the use
ofnew njectable polyme c mareriats that setat towerienr-
peraiures. posŚibybased on nonioxic n-]onomers and hav
ing lower rnodu l than those of poly(methylmeihaĆrylate)
(PL4N4A) c€ments' The aiier propeńy can be achieved,lor
example, by incolporaiing a n elasiic component in the poty-
mer chain or by developing porous structure in the seriing
cement' ln addition, such ]njeclabl€ materbls could be
loaded with antiresorptive drugs preventing fuirherbone toss
and osteogenic drugs pronroting new bone folmaiton.

lfthe osieoporoi c bone of the Veńeblae possesses po_
tentis to regenerate, it mighi be beneficia io use biode-
gradable cements. allowing new bone 1o fill the space fonned
by degrading cemenl

Candidate materials forslrch njeciablecemenis are seg-
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menied po]yuleihanes Which can be sy|thesjŻed with a
blodd -drqe o_ ne raai.r d_d oio oq Ća' plope- es

lnlectable polyurethane cements can potentalLybe pre-
pared n \,vo l!'ays' n the frsi approach the ljn€ar poymel
]s d ssoV€d n an applopliaie solventto obia n so]ut]onwth
viscosily sultable for intecton. The second roLrle is sinrllar
to thai of l\,lMA cements, le. tvvo or more inonofirerc arc
premixed and subsequently njecied intolhe Verlebrae \łhere
por'rar.3lio r Lo p F.eC c). re,u t or.crJrrs )

rhi> s.-dt rppoa, o lhe p'o.... o oocg'rlg 'r6w
biocompatble injectable materals for the treatment ofthe
osieopololic skeleton, based on lin€al segnrented po]y
urethanes and/or hybrlds cofsistinq ofthese poymers and
nanosŻe Ća]Ć Um phosphBte sa]ts.

Experimentai

Polymerci Expe. mental linear poly!rethanes with a mo-
lecular we ghi lf ihe range of 70 000 - I10.000 da ion, de
signed for cancelols bone grafi subsUtutes and for lissue
englneerlng. The poymers were based on aliplraiic

TABLE L Stability ol HA suspension in various
solvents after 24 hr of storage.

nonc€lcinogenic diisocyanaies' ś caplolacto|e dio], po]ysac
charide dioland biocompaiibie catalyst The hard segment
conienls ofthese materials were 60 and 70%, respectively

Polymer so uUons for njection: lnjectable polyureihane
soluUons were prepared by dissolving the polynrerc in dime,
ihyl sulfox de (DN,1SO) and/or methyl-2-pyrrolldone (NlvlP).
Botlr solvents are allowed by the FDA allowed for contac!
with Ussues (PMP - permited daiv exposure = 48.4 mg/
day) Nanosize CaP saltwas hydrcxyapatile (HA)with brcad
pa'1cle_size distributio| (N4erĆk' Germany)'
lvlaterials characterizationr Po ymerizatirn kinetics:
ca orimetry' lnfraled spectrosĆopy' cementsetting tempera_
ture: calorimetry Composition: infrared spectroscopy. Ab
solute HA conienir ihermograv metry. Cement skucture:
sEtr'l' N4eĆhanlcal propeńies: complessive sirength and
Yo!ng's modull at 10% defomation Water uptake: grcvi
metac. n vitro degradation. phosphate buffer, 37.C, pH
changes. l\,łass oss upon degradation: gfavimetl]c. Addi_
iional tests: exiraĆtables, degradation ploducts' cyiotoxiĆ

ź

FlG. L Nanosize HA crystals in various solvent systems.

FlG' 2' Porous structur€ developing in PU - nanosize HA hybrids in an aqueous €nvircnment.

Results

For the polymers used ln the siudy the concentrations
ofso utions suilableforinlecUons were 20 Wi-% forthe poly-

FlG.3. Mechanical properties of injectable
polyurethane materials.
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FlG.4' Polous tubular scaffolds for nerv€

merwlth a hard segrnent contenl of60%, and 16 M-% for
th€ polymer Wlth a hard seoment content of 70%. Stab]e
suspensions of nanosze hydloxyapatite HA Ćo!ld be ob_
tained by uslfg suiiable high'viscosily, high-bo ling point
solvents (TABLE l).

lnjectable hybrd maierlals can be produced bydissolv,
ing new bloconrpai ble polyurethanes of varying elasticlty
n ih€ suspens]ons of nanos]ze hydroxyapat]te crysials ]n
such solvents The iotal amouni of HA ihal can be loaded
into ihe polyu.eihane soluUon depends on the stabitity of
the HA suspension, ie. the qua ity ofihe solveni. The hy,
brid rnaierlals solid fy in an aqueous environnrent as a re,
s rl'of solvenr 'Fpld.enerr by wo p . So o fi.orrol .s a(.
companied by the deveIopm€ni ol poroLrs st.ucture of Vary_
iJrs pore size and oeomeiry (Flc. 2).

Due io highly porous structure, the mechanlcai proper-
ues o{ the PU maierlas and the PU , HA hybrlds are far
from those requked for the Aeatment oi osteoporotic bone
(FrG.3).

Mechancalpropeńiescanbeenhancedbyleducngthe
poreło'Volume raiio in the hybid. ]nc'easing the hald seg_
ment content in the polylrrethane, and/or increaslng the HA
load ln ihe hybrid The injeclabe materlals based on poty-
urethane soluiions and nanosize hydroxyapailte n]ay have
limted applications in vedebropasty due to the amount of
solvent req! red to permit ]njeĆtion of the maler]al. These
so utions are, however, excellent systems for the prepara-
tiof of porous scatrolds for iissue repair and regenerauon
(FrG.4).

Conclusions
_ie''dble polyu-Pihańe a-lo polyu'e(h.1e _ raao<Że

calcium phosphaie cements for Veńeblop]asty should be
based on systems conslsting oflwo or more mofomers thai
are premixed before inlection and solldifv In the vertebrae
as a resultofa cata ),11c prccess.

EXPERIMANTAL WAY TO
DETERMINE EFFICIENTY
OF ACUPUNCTURE AND
ANALOGOUS TREATMENT
IN ALLOGENIC
RHINOPLASTY
O.P. CHUoaKov, l.O. PoHoDENKo'CHuoAKova, Ll. LENKoVA

BEroRL]ssAN SrArE [4ED]c L UNryERsry
PUSHXTNAA!. 33 - 239.220092 [,l]Ns(, BELARUS

tEngineeńnq of Bionate als' 37' (2004), E
Aesthetic surgery of innale and acqlrired nose paihol

ogy takes 58,90% ofthe total amount of aestheiic operc-
tions made in cranio-rnaxillofacial area Graie aiteniion in
plastic sL]rgery is pied io ihe stimulat]on of reparct]V€ and
compensatory processes which are turned to the quickest
rehabiitation of connecUve body struciures, as weti as in

Aim
ofihis absiract deals wlth making ofexperimental model

for deiermlning effciency of acupuncture and anatogous
keatnrent application in allogenic rhinoplasty.

Materials and methods

Experiment Was peńolmed on 36 rabbits 'chinchilla,''
Line slii of nasal bone, moving under pedosteLm of first
sterllized ear allogenic transplant taken from an oiher an
mal were perlormed under intravenous anesthesia of
thiopenta inatr um (0,2 mglkg) and iocat infiltraiion
anesthesia (Novocaini 0.5% - 5 ml). Allogenic iransplant
was sier]ized and conserved frstwj|h Water SÓl' Fatmalini
0,5% withln 3 days. The wourd was closed ln layers w1h
akaUmatic needle and materials (vicń]urn)' Animals wele
divided into 3 groups. Acupuncture stimulation of the
acupoint G 14 was app ied for ihe animals of the 1,st grcup.
LocaL acupoinis in the nos€ bone region Were s1jmulated
for the animals of the 2-nd group. Acupoint cl14 was irri-
iated as well as local acupoints closed io the re.lion of
posioperalivewound forthe anirnals of the 3-rd grcup. Acu-
puncturel€atmenicourse have been lasted 10 days. Slrong
brake method has been applied for acupuncture irritation.

Results

TlssLre infiliration in posioperative scar region ofthe 3-rd
group animals was auihentically less expressed nve days
posioperallvely ln respeci of 1 and 2 groups (p<0,01 and
p<0 01 correspondingly). Thalgives io iake conclusion ihai
lo mak€ €xperimenia] mode| of determ]ning eff]ciency of
acupuncture and analogous trealment application in allo,
genic rhinoplasty it ls advisable to use acupuncture trea!
meni model applied for ihe 3'rd group animals.



HIGH- STRENGTH
BIORESORBABLE
POLYLACTIDE FIBERS -
PRODUCTION AND
PROCESSING
SCHLEGEL, u., GLARNER, M'' GÓGoLEws(l s.

PoLyrEF R.SEAR.!. AO RESEARo! lNsrr(]rEl
cH_7270 DAV.Ś s!,Tż:F' ANn

[Engineering or Biomateriats, 37, (2004), 9-1 0]

lntroduction

Standard n surgical treatment of bone fractures is the
use ofmetalllc jmplants made outoibulk materlalwlih well
denned mechanica characterlsiics, bLrt witholrl the abillly
to be resorbed nor to be radiolucent. A new generation of
]mp]aniscoLrld hÓWever' be seen as inrplants madeofcom_
posile structurcs. either made oia single materialor multi
ple maierials, madeofrcsorbable polymer c structu res Ths
requires thai these composiie lmpants have mechanical
p.opeńies closeto' olequa iothose ofto date used metal
lic implanis [4eUrods used in the producilon olnreia]lic im
plants, Es foroino, castino or machinins, however, are not
well suited for ihe construciion of bioresorbable composlte
lmplanis These problems coLrld potentially be solved if
hishly orienled bloresorbable polymeric fbers are trans-
fomed inio high strengt]r conrposiie impianis' The objeĆ
tve therefore is, to prcduce h qh'sirenglh monoilamenis
made of resorbable polymers or co polymers. Those
monoi 6nrenls would lhen be used as basic building blo.s
fol the consiruct|on of ]mp anl struĆtures

TABLE 1. Extruder parameters.

TABLE 2. Hot_dlawing con.litions and mechanical param€ters

Materials and methods

Polymels used in the sludy werc poly(L/DLlacilde)80/
20% wlth a viscosity average molecularweighi of 160.000
dalton (PURAC CCA. Holland) and a terpolvmerwith a vls-
cosity-average rnolecular llelght of 370 000 dalton devel,
oped ]n oul insiitution' based on L' DLłaclides-glycoljde
(PUMC ccA, Holland). Both polyrnerswerc dńed to a con'
sta'rf weight under vacuurn before rneli exttusion into
monofilaments wiih diameiers betweeń 0 2 and 0 65 mm
(Brabender, Plasticorder PL 2100) (TABLE 1) The
monofilarnents were then subtecled to hotdrawing

Hot'drawing device
Hot drawing oithe monofiamenls was done with a cus,

tom madetool, equipped with feed roller, heater and draw-
lng rollel (FlG 1) The 

'eed 
rol|erhad a €nge ol0'25 rrls

1.0 m/s and the drawing rollera range of 1.85 m/s-8.95 m/
s' The resultantdraw ralio theleiore Was benłeen 1'85 and
35.8 rcspectively The temperature range of the heaier was
bebłeen 50'c and 175"c' The differcnt lollers and1he heate.
were micrcprocessor-conlrolled with an accuracyof 10.025
m/s of ihe rollers and 10.2 "C ofihe heater. The dlawing
zone had a iotal length of 210 cm with a heaier zone of 6
cm in ihe middle' The lelaxing Żone Was 13 cm and ihe
lakeup speed ofthe bobbin was equal io the speed ofthe
drawlng roller. The fibers were d.awn with differenl draw'
.alios and heaier- iemperaiures (see TABLE 2).

4'

FlG. 1. Hot drawing device.

Testing

Aftet ireatmeni, ihe fbers \łere lested for their mechani-
cal properties as tensile strength and Young's Modulus. The
lesis were done with a commercialtest- rig (lnstron model
4302 lester High Wycombe, Bucks, England). The sBrn
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lo ly(L_]aci de), po y(Uo ]acl].le)' aid poly(LlDL'acide], J B Ómed
l,łaler Res 30. a'13. 1996'
[4] J&J, Maxon Froduct BroĆhure' 2oo2'

[7]GoqolewskiS Pennngs AJ, GogoewskiS. pennjngs AJ, Re
so.bable materals of poly(LłaĆl de). ]l. Fbres spun lrom Śolul]on
Ófpo y(L lacl de)]ń good $lveń1s, J ApplPolym sci28' 1o45,1983'
18] Gogo]ewski s' Tepc s, Hish_Śtrength high_ńÓdu!s, @mpo_
!nd_fi]ament or cońpolnd_n]m mplant and method lor producing
ii. European Parenr EP 0499 917 61 (1994)tus palent5.728.336
(1998)

EXPERIMENTAL MODEL
FlG.2. St.ength and elastic modulus ofdifferent FOR STUDYING

1: lnjection molding
2: Soli.l state extrusion KIST
3l solid state €xtrusion sF & sG
4r Maxon monofilament
5r Aulhor monofilament batch 3 & 4
6: Author monofilament batch 2

oung's Modulus IGPai EFFECTIVENESS
OF TREATMENT AND

ples werc clamped wlth fiberclamps with a grip distanceof
100 mm. The load cell used had a range of 0.1 kN and an
accuracy of 0.001 kN. The crosshead speed was 20 nrm/
min. The tesis were carried oui using three sarnptes ofeach
maiedaland ihe average ofthe ihree vatues was used for
iuńher da1a_ processing'

Results

Monojllanrents Wiih a tensile Śvength of>500 MPa and
a Young's llodulus of >5500 NlPa could be produced by
hot- drawing of the melt extruded materialwhen drawn with
a draw €iio of 8 ''10 and temperatures belween 125 and
155"C. These condilions guarantee a coninuous n-ronofita-
ment produciion. The skength of the nronoitaments pro
duced byihe authots is more than \łice ofthat repoded in
the liierature (FIGURE 2).

Discussion
By hotdla\łing' lhe fibel d]anreterWas reduced by a fac_

tol of 2 to 2.5' To ..anufaĆture thin frbers. the iniljal fiber
dianieter needs iherefore to be kept low. The limitrng fac-
tols however are the processing parameteB of the exkuder,
like nozzle diarneter, pressure and iemperatures. The
svength of the monofllanrents can fudher be increased if
ihe ihermo- oxldaiive degradatjon upon met extrusion ts
dlminlshed. The high- strcnglh, high, rnodulus potylactide
monoRlaments can be transformed nio high strengih in
ternalfixaiion devices by solveni weld;ng I8l.
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PROPHYLAXIS
PROCEDURESS ON THE
BEGINNING AND
DEVELOPPING OF
PURULENT.
INFLAMMATORY
PROCESSES
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aE[oRUssńN STATE ]\4ED cAL UN VERslw
PUSH(NA AV' 33 _ 239, 220092 t\4 NsK. BąARIS
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For many yearc the prcblem of purulentseptic compli

cations siays one of acluat as forctinics of cranio-maxjllofa
clal surgery as well for other stomaiotogicat and surgical
clinics. Nalure ofpurulentcornp ications evatLration has been
changed with n lasi years Very often we meet hard forms
of puruleni infecuons when purutent process ts tocated in
some anatomic regions and have severe complications
Which cause dangerforhuman li'e. Thatsituaijon mak€s to
elaboraie new preventive, treatment and prophytaxts prc
cedures, so ihere ls necessity io do medico-biotogtcat ex-
aminaiions to appreciate effectiveness of some treatnrent
procedures and to compare ihem.

Aim

ofthis research s to elaborale expe mentatmodetsfor
sl.rd, irg e'ec. v.ne". ol treatr enr a-d p.oprytalL proLe-
dures on the beginning and developmentof purulen!inflam

Materials and methods

Guinea pigs have been subjected inio the experiment
which has been peńo.rned on 21 animals ofthe samewe]ght
and age' Animais have been operat€d accord]ng toihe same

4
4.4
14

0.9
6
7

t=o
-ś
.-ź.
Iu

'Ę
.=
ę
E



schema: under the loca anaesihesia Novocajn€ 0'25% _

5-7 ml we have cui aninrals back hairon the area of5.0 x
5,0 cm The operation f eld was treaied with an anUseptc
(so Lrtion sp riliJous t|ncnrre of iod ne) We have done hło
]nc]sionsof3,5cm le|gth oflhe para]lel of V€ńebra spinal
skin and subcLrtaneous fbrolrs tssLre The subcutaneols
flbro!s tissue was separated from the musculariascia. The
culture of varety field of St. aureus (n conceniration 1:500
and 111000)was leaded into the wound. On lhe wolrnd lt
was pL'i postpofe kfot slitches with an aaaumauc suiure
maierial (vicr$um _ 5 0) The animals Were assess€d at
24, 48 hours 3. 7. an 14 day. and followed up 3 and 6
monilrs postoperat v-a y.

Results
of expeimental st! dles had demonstraied development

o{ purLr enl-inf anr matory process n 100% ofcases

Conclusions

All menloned above gives to make concluslon ihat de
scribed method oimaking experrmenial model for studying
effectiveness oftrcatment and prophyaxls procedures on
ihe beginning and development of puruleni-inflanrmatory
prccess ls simp e lo be reprodLrced, it does nol demand a
iot money. That is why lt is to be rccommended for large
use in nredico-biologrcal investigations

METHODS OF
EXPER|MĘNTAL MoDELs
MAKING TO STUDY
STIMULATION
OF REGENERATION
PROCESS OF MANDIBLE
BONE TISSUE
LO. PoHoDENKo-cHUDAKovA

BE''L'oRJss AN sńTE ]\4ED.Ą: UNIERS]TY
PLTSHKNA AV 33 239, 220092 ll NsK, BELArius

lEnsineering of Biomateriats, 37, (2001), 11-12]

Traumauc fraclures of manCible rs one of actual prob
lem in crano-maxi ofaclalsLrrgery lncreasing number of
maxillolacial lnjures is involvng rise of traumallc iractures
ofnrandlble astyears, whlch isva.ying from 67 4%to85%
I...1. lt is we I known frequency of adult people dental
anomaly makes from 33,6% 1o 63%. Thal faci bing grcte
intercst of specalists to look for new and more etrective
nrethods of treatmeni and sUrg]cal procedures of l.nełlioned
above d seases ii reqr, res making of new experlmenial
node s to study stinru aiion of regeneralion presses of
nrandib]e bÓne lissUe

Aim of research

s to elaborate new exper mental models for studying
sUmulaton of regeneraiion proresses ofmandible boneiis
slre whlclr meet the followlng requlrements: 1) operation

procedures are io be done palnless; 2) experimentat anl
malis io be kept alve postoperaiivelywith good function of

Materials and methods

ExperimentWas perfonned on 24 dogs ofthesanre W€ight
and age. OperaUon has been done under tntravenous
anesthesia wiih Sol. Thiopeniali-Naf um 10%. 40 - 45 r.g
per 1 kg of anima weighi. Using of thai anesthesia treat
ment has perrnitied io make opemiions on mandible wfhtn
1 ,5 - 2 hoLrrs withoui additional anesthesia They have used
approximaiely 15 ml oiSol. Thiopentali,NatiLrm 10% while
one operation p.ocedurc. That melhod glves to avoid conr-
p]icationŚ as during opelatjon procedures as We]l after it.

operations have been peńormed in asept]c cond]tions'

ęi

Eplsodes ofopemtion procedures are shown on the FlG.1.
lncision has been made parallel rn 1 sm to the edge of
mandible. Skeen was cut ill ihe bone After ihe periosle-
otonry and skeletlzaiion ol horizontaI pań of mandlble made
by SIEMENS stomatologic equiprnent, osieolomy has been
peńormed undet ihe angle of 80 goin the tegion of 5 6'l
iooths- Nerves and capillary have stayed undamaged as it
is shown in the FlG.2. Tooihs of osleotomlcal reglon have
been extracied. Affer the operation the wound was cult
vated with 5 ml of Sol. Lincomjcini 30%. Layer by ayer,
they have puistiiches in a Wound by supemmide' stitĆhes
were cullivaied by Sol. lod i Spirituosae 5%. Than the same
operation has been made on the opposile site of animal
mandjble. Postoperatively, al aninrals had anU bacterial and
antilnflammatoryireaimenicourse of7 days. Anir'ra s were
trcated by Sol. Llncoriicinl 30% - 1 ml, Sol. Analoinl 50% -
2 ml. once perday lniramusculary.

FlG. 1a) skeletized
pari of the horizontal
section of animal

FlG.2. schema
experimental mo.lel

FlG. 1b) osteotomic
cut of th€ horiżontal
s€Gtion of animal
mandible.

of ost€otomical cut fol
of nandible trauma,



l2 ln order to iake sarfples for hislological examiraiton,
animals were subjected ]nto intravenoUŚ anesthesi' ' sam_
ples have been taken 7, 14,21 days and 1,2 months tater.
Eanier damaged bone ofmandible was sawn forsamptes.
lt Was a p ece of bone With 4 Śm oiwidlh,2 sm lengh from
]]ne of cui to eaĆh side' This hollowness has been filled
with aciive materials of "biossetal" lO.P.Chudakov,
A.M.Grehukha, A.Z.Barmulskaya ei all, 20021. They have
putstjches in a wound slit by slit. After the experiment has
beenfinished. samples have been pui intoihe Sol. Farmalini
10%' Decalcinated by HNo]' they have been plaĆed into
alcohol and put into paraffin llnaiy. Misroscopic secUons
have been painted accolding to the methodsofVan-Guison
and put into bah. Histological preparations have been
made for latest examination ln deiails and studying wiih
lighl microscope.

Conclusion

DeŚc bed above methods of nraking of expedmenlal
models io sludy prccesses oi bone tissue regeneraiion ot
Ta.dib e are d,fierFn ron o d ores. I a ows .o I eep a-i
mals alive, there maxilofacial system stays in normatcon-
diiions' h some iimes these anima]s cou ld be uŚed fol new

eases. These malerials promote recoveing bone tissue,
enable one to siop destrLrcting theioorh rootand to stimu-
late ihe processes of purposeiLrl regeneralion and recon
slruction ofthe tissues of living organism. Catcium phos-
phale maler]als [5] a€ used ]n modem maxillofac]al sur_
gery.ln Russia bone defects areJittedwtlh home-prodlced
synthetic hydroxyapatite-basecl materials:.Oslim,1O0,..
'Gapkol", "Kolapol", 'Koilapan", etc t6l.

ln the Republic of Belarus the co-workers at the tnsli-
tute of Genera and lnorganic Chemistry of the NAS of
Belarus and a1 the [4ax]lolacial Surgery Chatr of ihe
Belarusian State lledlcal Unversity are atso carryins oui
investigaiions on creating osteoplasUc mareriats. Untike ihe
Russ:a1 idenL'cal rra'e'ia's BFarlsiar porous cFrar(Ś
"Kafam" is siable in shape. When mixed wilh the btood in
the operative wound, lt makes a porous structure needed
for a fuńher purposeful groMh of the cells of the new]y

The chemical composition and siructure ol the deve!
oped materialale adequaie lo ihose ofthe rnlnefalpań of
the human bone. The calciumlo, phosphorus ratio tswithtn
1.67-1.70 and conesponds to the one in the hurnan native
bone. This material can be ste tlzed many iinres. noi los-
ing iis propeirles and can be used in combination with dit
ferent iype aniibioUcs and antiseptics The apptjcaUon ot
"Kafam" in medical pracice does not reqLrire speciat in-
sirumenlaiion and equiprnent. tt is produced tn diferent
shapes (blocks, plates, gmnlrles Jrorn 0.1 to .1.2 mm) in
fouriypes A, B, C and D that differ by heat ircaiment tem-
p€rature and strength' A]l-type materjals are Used for sur'
gical ireatment of dlffereni stomaiologicat diseases [7]. This
material undefwenl 1echnical. sanitary'hygjenjc, biom€di-
caland cljnical tests. lis use in stomatotogicat prcctice was
suppońed by the pemrission of ihe l\,linistry of Hea]th of
Belarus ll\4. 7. 3743 of March 20,2003.

ln planning ihe surgical intervenUon it is necessary to
choose a requircd shape of Kafam' - btocks, plates or gran,
ules. The size and shape olthe imptant maleriatare cho,
sen individuaiiyiorevery paiientdepending on the size and
the shape ofthe bone defect. To ittustrate the appljcaUon
ofthemate al Kafam" in siomarotogicat surgery, 1wo meth-
ods are presenied below.

Prccedures of filling the operaljve bone defects after
radicular cysis 6re removed (Fig. 1). Prorlo the operarjon
the calclurn phosphate ceramics Kafam" undergoes sieri,
liŻation together with operative instrumenis' A palient is
lesied on the sensitivltylo a used antibtotic. The radicuiar
cyst is removed using ihe lradiiionat su rgicat methods_ The
formed bone defecl is instilled wlth an aqoeous 0.05%
chlorhexidine solution and ihen wtth a 30% dichloide
jyncornicine soiution (FlG' 1a)' Th€ defect cavity is loose]y
nlbd Wiih 'Kafarn' glanules (type A' 0.5 0'6 rnm in siŻe)
with a surgicalspoon (FlG.1b) Having been insnlbd with
the blood the granules form a blood ctot with the materiat
introduced (FlG. 1c). A mucope ostealgraft is rcturned to
its piace and is fixed wlth separate inierupted suturcs (Flc.
1d). Sutures are renroved after 6 7 days. A paiienr is ihen
under dynamic observailon.

Procedures of lrcating periodonirtis (FtG. 2). After the
gram'lation tissue and tooth deposits are rernoved, ihe tooih
roois are pollshed and also ihe alveolar bone border and
ihe inner surface of the mucopeiosiea] g€ft are aeaied'
The wound ls treaied with an aqueous 0.05% chlorhexidine
solution. lfa palient is very sensitive to aniibiolics, ihen the
inslillation wlih a 30% dichloride lyncomicine soluilon is noi
łrade' After the operaijve Wound has been Visually exam_
ined and ihe sizes oiihe marginal periodontium defeci have
been determined, the'Kafam" plate (type C) of the corre

APPLICATION OF THE
NEW BONE-REPLAC!NG
MATERIAL "KAFAM"
IN STOMATOLOGY
T.M. ULyANova , L.V. Ttrova', S.V.v MEoTHENKo .
O.P. CHUDAKoV *, L.c. ByMDoRova*', V.L. EwuKBov*.,
T.B. LYUDCHTK "'
-lNsTlTUTE ÓF GENEML ANo |NoRGANE clrEMlsTfu oF NAs oF
BEBRUS, MNsx, E MAL: uLyA@iGc.Ms Mr ay
"BELARUS AN STATE MEDCAL UN VERS]].'/, 83 DŻERŻ!] NsKy
AvE., MNSK, BEuRLrs

[Engineering of Bionatetia{s, 37, (2004), 12-13]

T'ealn enro'rhe oarie.rLs sufler ng l.or cl. or.upe api-
ca] destructive processes' chron]c Ćomplex pel]odoniilis,
benigh fornrations of the maxlllae and other diseases of
facialbones is ihe impodant and urgent probtem ofmaxil
lolacial surgery since the above mentioned diseases are
very often encountered in the pracilce of physician-den-
liŚ's' Alcold 19 'o 'Ąe wJo da|3 ooLa ,leo.Io- F^alr|n|"g
lhe populaiion of53 countries ihe prevatence ofperiodon
iitis diseases attalns 98% [1]. Among ihe grown-up popu-
laiion ofthe Republlc of Belarus is pra.Ucatiy the

100% nrorbldity of glnglvity, simple and comptex
peHodontiljses [2, 3]. The results of ihe lasl iwo decades
are evidentofthe fact thaichrcfic apicat periodontjses are
30% and benigh iumorc and cysts are no lessthan45% of
Lle rota nu-Der ol sLrgical -dxitia oiseases. t'l he rato..
ity ofcases the irnmediaie and dlstant results on ihe tre6t
ment ofpatients with such affections remain unsaiisfactory
[4]' At the same łime in the UsA' Germany, Great Br]tain,
switŻerland, Japan and ln other counlfies new osteopłas_
iic matefials are acilvely used for treating the above dis-
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FlG. 1. The filling of bone defects after the
radicular eyst removal,

sponding shape and size and "Kafam" granules (lype B,
0-2-0.3 or 0.3-0.5 mm ln size)are chosen. The plate is in'
troduced lnto the periodoftal pockei. Slightly pressing lt
the defect is illed. As the plate can be loosey adjacentio
fhe walls ofthe bone defects, granuies are addilionally in-
troduced lnto ihe pocket. The nrucoperiosteal graft is re-
turned lo its place and is sulured. Then the prolective gum

Sutures are removed after 7-8 days.
Dunng the postoperaiive perlod ihe patienis with the

eraion prccess was more ciearly observed ai its perlph- ! 3
ery. After6 nronih the maiure bone tissue was found using . 6 . ; 6 o
X-rals at the places of small and medilrm defects. As for
the patients wlih large posioperative bone defects the com-
plete regeneraiion ofthe mature boneltssue was observed

As for ihe patienis operated upon chronic conrp ex per -
odorLi.,. n J mo' lhs aftar lrparrrerrlhe sldble rcm:s,on
was seen, the haemophilia slopped, lhe tooih mobilliy dl
min shed, and lhe depth of periodontal pockets dec€ased
to 3 mm. The X ray examinaUon revealed ihe fornration of
new bone siruclures, the osteoporosis reduction and the
improverneni oi the sharpness of bone contours. ln tolal,
more than 200 operations were made using lhe material

The posiUve immediate and dislani resulls on the surgi
cal treatment of benigh lomations of maxillae and also of
chronic complex pe odontitjs, when posoperailve bone
defects are filled with calcllm phosphate ceramics "Kafam ,

permit one to recommend ihis nraierialfor use in everyday
siomaiological pracf ice.
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bone defects filled wlth "Kafam were subjected to X-ray
examinations. Small opefftive defects that are formed af-
terthecyst removal were filled with a young bone regener
ate inespecilve of the used matedal type and the granule
siŻe in 2'3 monihs' As for ihe patjents W]ih medium and
larqe posioperative bone defects, the decrease in bone
deieci siŻes Was seen ]n 3 monihs. ln th]s case, the regen_
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CHEMICAL STRUCTURE
OF ALIPHATIC
POLYESTERS
ON ADHESION
AND GROWTH
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MG63 CELLS
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Abstract

Degradable copotyrners of glycatide and Llactide
(PGLA), glycotide and . -caprctactone (pccap) and
terpalynetofglycolide, L lactide and ! capralactane
(PGLCap)were synthesized by rins apening potyn-
erizatian usins zjrcaniun acetytacetonate (Z4acac) )
as a biaconpatibte initiatar.Ihe sttucture and physi-
cochemica| sunace propeńies of the naterials Were
studied by N^łR spectroscopy ge! perneatian chra-
matagraphy, Xłay phatoelectran spectroscopy and
sessile clrop' The inn2ractian af pÓlyfierjc films pro-
duce!1 by slip-casting with asteoblast-tike MG63 cels
was tested in vń"o' The nunber of adhenng cels, theł
shape and the size af ce ,material cantact arca were
evaluatecl ffom day 1 ta 7 after seeding. It was found
that the cell behaviour an PGLA and PGLCap was
very sinilar as on contrcltissue cuiturc polystyrene
(TCPS) On Pccap, however, the nunber of initialy
adhering cells was stgnificantty tower (by 84% than
an TCPS) antl cett spreading area smaller (by S0%
than on TCPS). On day 7 after seeding, these cetts
reached the lawest papu|ałian density (by 30% snaler
than an TCPS). We hypathesize that the tower cetl
adhesion and gra||Ąh ot MG63 cel/s o, Pccap Was
caused by the highest hydraphabicity of this naterial
anong all studiell samples.

[Engineering of Biomateriats, 37, (2004), 14,12]

lntroduction

A1iphatic polye51e€ such as polylaclides' polyglycolide
poly{'caprolaclone and their copolymers have been widety
used ln medicine as mateials for sutures. prostheses or

implants for internal fixalion of bone frcctures [1]. t\,tore re-
cenily these polymels have received considerabte atten-
tion as carderc for controtted re{ease ofdruos and biode-
gradable scaffolds fortissue engineerins I2l
It was recently shown that such male ats can be synihe-
sized by the use of initiators of tower toxicity, jnstead of
commercially !sed, but hlghly toxic tin compounds. These
lnitiatorc are represented by compounds ofzinc, catcium,
iron and zirconium 1361.

Extensive siudies of aliphaUc potyesters over past i\,vo
decades have shown that suńace chemistry, wettability,
topography and roughness markedty inftuence btotogicat
propedies such as protetn adsorpiion, ce aiiachmeni.
spreading and proliferaiion, ultimaiely affecljng new iissue
formaiion 11,2,7, 81.
ln the present sludy we characterlze chemicat siructure and
suńace prcpeńies of thlee aliphatic polyesiers synihesiŻed
wilh the use ofzirco|ium aceiylacelonaie, and inveŚiigale
the behaviour of osteob]asll]ke NłG 63 cells contaclino
these maiedals in viao

Materials and methods
Synthesis

Preparation of subsirara was .tescribed tn detait earijer
16,91. Brieiy, copoiymerization of gtycotide and L-lacude
(Purac, N etherlands) (PGLA), siycolide and - caprolacrone
{Fluka, Germany) (PGCap) and rerpotymertzaiton of
glycollde, L lactide and r,caprolactone (pGLCap) were
peńormed in bulk with a z]rconilm (lV) acetylacetonate
Zr(acacL (Aldnch Corp.. Germany) motar ralio of 1.25x10
r ai 100.C by a conventional method using a vacuum line
for degassing and sealing of the ampoutes The resutUng
mateńals Were ground and shaken !łiih methyt aicohol in
order to rcmove non,reacted mononrers and then dried in
vacuum at 50.C.

The films were castfrom 10% ( v) potymersotuUon jn
methyiene chlorlde on glass Petri dishes, iolowed by
vacuum drying for 72h

The compositions of lerpolymer and copotynrerc were
determined by 1H NN4R (Varian iJnity tnowa spectronreter)
al 300 N4Hz and a s-mm sampte tube. Dried dimethyl
sulfoxide-d6wasusedasasolvent Themolecutarmasses
and poiydispercity indices were determined by get perrnea-
tion chror.atogrcphy (cPC) wtth the aid of Specrra phys-
lcs SP 8800 chromatograph (chloroform was used as the
elueni, flow mte. 1 Brl/mln, Stymset cotums 104, 103 and
500Aand a shoedex SE detector). suńace chem]calcom
posliion was studied by X ray phoioetectrcn speciroscopy
(XPS) (s S l X_Probe specttometer, suńace scjence lnstru
menis. l,lountain Vlew, CA, USA)according toihe method
described previoLisly [10]. The contact angle was nreas-
ured by sess;le drop method by an autornaUc drop shape
ana yŚis sysiem DsA 10 Mk2 (Kruss' Germany)' UHo_
water (produced by Purelab UHO, Etga) of resislivj{y - 18
l\,19/cm. was used for experinrents.
Cell culture conditions

The polymer samples were ptaced inlo Nuncton
Mullidishes (24 wells wiih drameterof 15 mrn, Nunc, Den-
mark) and sterilised with ultraviolet irradiarion tor th lrom
both siles. The N,,lc63 osteoblasllike cell line (European
CollecUon of Cell Cultures, Sattsbury, UK; passage 156)
were seeded on the iotls atthe initiat density of 25.000 ceus/
cm'Ż (i.e. 45,000 per well) in 1.5 mL of Dulbecco-modified
Eagle Minimum Essentia Medium supptemented with 1O%
foeial bovin€ serum and genlamicin (40lg/ml)' NUncjon
TCPS wells W€re used as contlo] maieria]' Fol each ex_



peime.ia oroup and iime interval 2 samp es were used.
The cells were cultured for 1. 3 and 7 days at 37'C ln hu
mid fied alr atmosphere conta ninq 5% of CO,
c€ll adhesion and groMh

The samp es were rnsed w;th phosphale bufiered sa'
ine (PBS). fxed jn +"/" formadehyde in PBS for 5 nrn,
starned wth Gili's lrenratoxylln for 5 mln, aqleous eosln Y
fol2 min, and mo!nteł] ]n Glycerol Ge]aiin (a] ch€micals
plovided by Sigłra D agnostcs' U S A ) The numbe. of
adher ng cels on day I was counied u n der phase-contrast
nr]c.osĆope 1op1on, Germany) n 10 .andomy selected
mrcroscop c tulds of 1 mnr'? honrogenously d istributed on
each sample. On day 7, because of hgh cel populaton
denslty ihe cels were detached by trypsin-EDTA (Sigma)
and co!ntec] in Co!lter Pań cle counier (Cou]ter E]ecilon
rcs LTd Florlda U.S.A.: 3 measurements for each sam-
ple) For evallauon of cell shape and spreading area, Lm

ases from 5 to 6 resiofs on samples 1 and 3 days afier
seedlng were captLrrecl by Olympus X 51 inverted nricro'
scope equipp-Ad with d gltaicamera DP 70 and DP coftro
Sofiware (objective x20 captufed area or 1.376 mm:). At
lasTescan D gital [4 icroscopy lmaging lTescan Co.. Brno,
CR)was used ror the ana ysis oi cell area (13'50 cells per
sa nrp € ) cells fornr ng ceil cell coniact were exclud ed from

Data we.e presented Es averages 1 S EM (Standard Error
of l!1eanl from 61o 50 measurements obtained frcm 2 in-
dependent experlmenls. The slatist cal slgnlfcance of the
d fferences was evalualed by the Siudent's { iesi for un-
pa red daia and by one way ana ysls oivariance (ANOVA)
JŚ'lqsÓ ąS.J' o1.(d p (J"noei co'o USA)'

Results and discussion

Propeńies of substrata
The physlcal and clre$ical properties ofthe newly con

structed biomaterials are provided rn TABLE 1. The ob-
ia ned data ind icale lhat syntheslsed materials have d ffer
ent chemical structure but quite s mllar molecularmasses
(1,4n). The r s'rrface composition, as deter.ined by XPS,
reveals that the hiqhesi amount of oxyqenated functons
(aboui 40 mole%) was detected for PGLA and PGLCap.
On the olher hand, only 27 mole% of oxygen was rneas
Lrred orr thesur{ace of PGCap These results go along wiih
the Va ues of contact ang]es: the owest coątact angles,
s ighlly above 70", were measlrred on PGLA and PGLCap,
contrary 1o PGCap whrch lrad coniact angle ofaboul80".
Cellcultirre

The morpho ogy of MG63 ce s €dher]ng to examined
subslraia on 1, 3 and 7 days after seedlng s shown on
FIGURES 1. 2 and 3. On day 1. the cells or all samples
except PGcap Were ma nly sp]nd]e-shaped and pańia y

FlG' 1' Morphology of lłG63 cells adhering to
PGLA (A), PGcap iB), PGLcap (C), and Nunclon
TcPs {D) on day 1 after se€ding' Hematoxylin '
eosin stain ing. Olympus lX51 inve.ted microscope
wi(h DP Controllersoftware, objective 20x, bar 100

spread while on PGCap, the cells were round and nof-
spread [FlG'1]. The spreading area of cells on day I after

'eedi I ^a' "r,o sq,lr'car lJ rałe o.l oGLdp a (o-
parison to TCPS, PGLA and PGLCap IFlG 4].

SimlLa y, in 3-day-old cullures on PGLA, PGLCap and
TCPS, the cells were more flaliened nrain y polygonal n

shape. On the olher hand on lhe PGCap the cells 
',^rere

less spread [FlG.2]. On day 7, the cells on all substrata
{ormed monolayers IFIG. 31.

The numberofcells adhered on PGLA and PGLCap on
day 1 end 7 aflel seeding [FlG' 5 and 6 respeciVe y], \łas
comparab|€ to thal orr TcPs and s]gnjfcantly h]ghellhan
thai on PGCap.

The lower cell adheslon and subsequent growth of
l,,'IG63 ce ls on PGCap Ćou]d be exp]ained by a rclatVe]y
h]gh waiercontactangl€ found on ih]s subsirate. Wh ch js a
sign ofits hydfophob]cily' similal lesu]ts Wer€ obtained on
hunran dermal nbroblasts and myoblasis Baby Hamsler
Kldney (BHK) cells or vascu ar endothella cells cultured

*s;

TABLE 1. Properties of substrata

FlG. 2. lvlorphology of MG63 cells adhering to
PGLA (A), Pccap (B), PGLcap {c), and Nunclon
TCPS {D) on day 3 afte. seeding. Hematoxylin -
€osin staining' olympus lx51 inveńecl microscope
with DP Controller software, objective 20x, bar'1 00
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FlG. 3. [4o.phology of MG63 cells adhering to
PGLA (A), PGCap (ts), PGLCap {C). and Nuncton
TcPs (D) on day 7 afte. s€eding' Hematoxylin -
eosin stain ing. oIympus lx51 inVeńed microscope
with OP Controller sofiware, objective 20x, bar 1OO

on plrre poy-. capfoactone oiltscopo ymers w th poty(L-
actide) or po y(elhylene g ycol) (PEG). \^/her the
hydroplriliciy ofthese nrater a s was enhanced by phys-
ca and chemica suńace mod]fcat Ón. sl]ch as tleatment
by p asma discharge, polymerzailon wth acrytc acid,
hydro],łic etching or ncrease.icontent o{ PEG. the coto-
nlzaUon ofilrese substrateswth cells markedty inrproved
t11-131.

Tlre sUńaceWeliab] ty ol po]ynrel samp]es inth]s stldy
was posinveiy correlated wilh the concertrarton ot oxy
gen-conta nlng chemica flfctona groups on the mate-
r ai suńace' Whicłr are ''\7e known to suppolt adhesion,
growih and difiereniiaton olvarious cetttypes [14]. The
nclease ofthe nraiera]suńace wettab lily is prcbab y noi
the on y mechanlsm by which these groups improve the
ce l adhesion on b om€1eria]s' h o!r€ar ier stldy [']4] the
number ofvascular smooth m!scle cells nirtalty adhered
to po]yethylene impanted Włh o+ or C+ ons ceLls ap_
peared to be pÓsitjvely corre]a1ed wth the anroLnt of the
oxygen gfoup present atthe polymer surface miherrhan
with the suńace hydroph a alsing 1lom oiher reasons'
Oxygen groups nray have a direct infuence on adsorp
tion of cell adhesion-medlating extrace utar matrix mot-
ecules (e g . ibroneciin vit.onectif, coltagen provided by
t]re s€I!m in the cU iUIe med]a) to tlre materia s l]4]

other jmpońani sur1ace ieat! res Whjcl.] m ghi nl uence
the ce]] adhesion on ou r po ymers ' were the sLr ńace rolg h
ness afd lopography li has been reported that
nanosirLrct!red sudaces le. surfaces wth nanomeier
fealures. e.g gra ns, markedty promorer:t cel adlresof,
wh ch was explained by adsorptof of celladhes on me
diating exiracei]ul2r matrixploieinŚ n appIopI ate coIfof_
mation alorving therr good accessib iry by adhesion
receptors on ce s {l5l

Conclusions

The nLrnrbe. and spreadlng o1 Vlc63 cetts, compara-
ble io that on coniro TCPS. was folnd on folls made of
PGLA and PGLCap. Of the conirary s gnifcanlly tower

FlG.4. Spreading area of wlc63 cetts adhering to
PGLA, PGCap, PGLCap, and Nuncton TCPS on
day l afterseeding. Averages +/- SEM from 13 to
50 measurements on lwo independent samples;
Studenl s t-test for unpaire.t data. .p<0.01
compared to TCPs.

nurnber oi cels differeni celnrorphoagy and sma er
spreading area ',rere observed for PGCap

SLrch dlfferences are ljke y due to much higher
hydlophobic]ty of PGCap suńac€, fesult]ng from loweIcon
tent ol suńace oxygen' The corelation between physico_

FlG. 5. Number of lVG63 cells adhering to PGLA,
PGCap, PGLCap, and Nunclon TCpS on day 1
after seeding. Averages +/- SEM from 20
measurements on two independent samples;
Student's t-test for unpaired daia,'"P<0.001
compared to TCPS.

FlG. 6. Number of MG63 cells adherins to PGLA,
PGCap. PGLCapand NunclonTCPSon dayT after
seeding. Averages +/. SElvl from 6 measurements
ontwoindependentsamples: Stuctenfsr-testfor
unpaired data, ..P<0.001 compared to TCPS.
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chemical suńace properiies and cell behaviour, plovided
bylhe presenl study. may help in beiter underctanding of
thephenomena alihe inteńace ofa biomateria]and its b]o_
loglcal env ronnrent. [4oreover, it may provide some idea
howio modily cellbehaviourby simp e chanoinq the mate-
rial chem cal compositon.
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ĆÓlde and e-.aproiactÓne initiated by zjrconium (]V)Acely]a@lo_
naIe' J' Poym' sĆ]. pań A:Polyr chem,40, (2002),3129-3143
[10]Pamula E', De cupere V DllreneY, Rouxh€t P. Nanoscae
orgafization of adsorbed co lagen i.fllenr olsubstEte hydropho-
b]cLiy and adsorpijon l!me' J' coL ]nieńace sc]'' 271. (2004) 8o'9]
[111PeregoG., P.eda P., Pasquine]iG. CudiT, F.eyrieA Cenni
E': Funct]ona]lzaton of po]y L lactc.o epsjlon €pro]actone: effects
ol Surface m od]iicaiio n o n e ndothe ia cel] p.ol fe'ation and heńo_
compatib]jty J' B omate.' sci Polym' Ed'' 1'1 (20m)' 1057ł075
[12] cheą] z.' Teoh s'H.: s!ńace modincalon ol lltń th ń pÓ]y

(epsi on-caprolactone) lilms !s]ng acry]c acid and cÓl]ageń B]Ó_

maie als25 {2004), 1991 2001.
[13] Hsu S.H , Tanq C lvl . Lln C C.r B o.ompatb lity ot poly( ca
prcla.ione)1poy(ethyene glycol) d block copo]yńerŚ with nanÓ
p d " ppod:o Bna")-a"..2 -00-) ,.9J-5601
I]4] Baćakovó L', lvalachove K' śVorćik V Hna1Ówjlz V': Adhe
Ś on a.d plo iferaion of Elvas.ular smoo1h mtŚĆe Ćells (VsMc)
Ón polyethylene implanted Wilh o(+) and c(+) ons J. B]ońater
sc ' PÓlym' Ed' 12. 12001] 817 834
I]5] ThapaA.' Vvebst€lT.J'' Haberslroh K N4 PdymeBWthnano
dmensona s!ńace feat! res enhance b adde.Śmooth muscle cel]
adhesof J Bromed Mater Res.67,Ą (2003).13741383.

TNFLUENCE OF SURFACE . "1?.
PROPERTIES OF
CARBON BASED
MATERIALS
ON CELL SPREADING
M. Do']DERovA-, L. BAć^Kovń-'' v' STAR''

"DEE. oF N4ATERTAL ENGN., FAc. oF N4ECH. ENGN.,
cTU PF^GLJE' cŻEcH REPUBI1C

'.lNsr. oF PHysioLocy. AS CR, PMGIE, CzE.e REpuBLc

Abstract

Cańon natelials are generaly we talerated by
anjna] cells' The possibility of appłvinq cańon fibel
rcinfarcec! carban (CFRC) canpasite nalenals is
given by their excellent biacanpatibilily and parosity,
caupled with a nodulus which can be tailored to be
similar to that of bone. This makes then an attrcctive
matenał fór bone plates and implanls in olthapaedic
and denta| suĘery' lt js knawn that the volune prcp'
et7les of a mateial usLally have little or na influence
on the surrounding livlng tissue ce|s. in gene.at,
biacanpatibllity is contraled najnly by the interface
between bianaterial and |jvinq nssue celłs'

The lilelaturc and oul study indiĆate that the inter-
actian at the inteiace is specifically controlled by the
sunace norpholagy, (i.e., especialy by sunace rough
ness), and by the chenical state of the saface - by
hyclraphobia (wettability), free chenicat bands and
present chenical groups, etc. NeveFtheless,
bioconpattbility can be inproved by a suitable change
ofthese paraneters. There are severalpossible neth-
ocls far influenciną the roughness and chenical state
ot |he sunace' one way lo change the sućace prop
efles isby prcparing a sutablecoating. The praper-
ties ofthe sunace are controlbd by process technal-
agy, and the grindlng and polishing ofthe subsłate
can be used far raughness contraL

TiI notr' we studied the inUuenceafthe sunace an
the cel adhesion and an the rate of the cell srowth.
There, we have studied the influence af a sunace
coaling of CFRC uŚing a severaltypes of layels an
the base of earbon. ln aur present cantributian we
continue in this work using the suiaces of CFRC in
native and polished states, bath covered by layers 01

amarphaus carban, or titanium with carban or pyrolitic
graphite. The vascular snoath nuscte cels were
grawn an these sućaces. The purpose of this papel
is to tind the influence af the surface an the inpotlan!
pammeter of tissue cel grov/th - the sprcading af ce s.

The maintapic ofthiŚwolk is therefale the meas
urenent and statistical evaluation at the ce area on
the vańous twes of suiaces' lt WiI be shown' that
Lbe fe]l .precding i5 ó|ongl, Ą,].]e?-e.! bv vdĄaL'
sunace roughness and also /is chemlcal siat€'

[Eagineering of Biomaterials, 37, (2004),17]
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..:3.. vAscuLAR
ENDOTHELIAL CELLS IN
CULTURES ON METAL/
C:H COMPOSITE FILMS
LlcE BacAKova', LENkA NosKovA*, HRyHoRNy KosHElyry.t,

'INST TUTE OF PHYsroLoGY.
AcADErw oF ScrElcEs oF rrrE C:E.N REplBlc
VDEŃSK,{ 1083, PRAGU.4' CŻECH REPLrBL]C
''D aó- !'-A| o P' ' 

E. ' :' o' r " 'A_ EN-N
EfuNc' cŻEcH TEcHNlcAL UNlVERslTY N PP"ĄGLr..
TEcnNcKA 2, PĘAcLrE 6, cŻEcH REPLrBLc
'-'DEPARTMENT oF l"4AcRoMoLEcuuR Pryscs. FAcIL,y or
MArHEMArics AND Prrysrcs, CHARLES UN vERsB,
V HolEśoV ĆXAcs 2. PFAGLr. 8' cŻEcH REPIB .

Abstract

Adhesion, proliferatian and maturatian af vascutat
endothełia| ce|ls in cultures derived frcn the bovine
pulmonary ańery \ne .PAE)were stuł1ied anłj/C:H
ar Ag/C:H tilns prcpared on gtass using dc nagnetran
plasna deposition. fhe concenttatian af Tior Ag in
thefilms ranged frcm 0%ta 2a%' an Ag/C:H :ayerŚ,
increasing cancentration af sitver markedty decreased
cell viabi]ity an]y sanpłes With very lÓW sj]ver con'
tent allawed cel spreadjną andfumatian of cantinu
ous endothelial layer. Although lang-term presence
of this naterial in patient's organisn woutd nat be
advantageous. antintcrabial effect af silver may be
favotabte far shatl tenn appljcations, e.g. coating ol
catheters. On Ii/C:H layers. the cetts were sinjlany
ar nare active in adhesian, praliferatian and natura
tian thanthose an glass ar pure amorphaus carbon.
respectively. This material could be suitable for jang,
tern use in bath soft and hardtissue sdrsery. s.g.far
inner coatingafvascular prcstheses ar sunace nadi,
ficatian af atliflctal bone implants.
[Engineerins of Bionaterials, 37 , (2004), 1&20]

lntroduction

Amorphous hydrogenated caóon (a_c:H. alsocaled dia'
mond]]ke .albon ) has been Used lor s uńace rnod]f cations
ofVarious polymeF ormetalbas€d b]omatel]als in oldetio
lncrease lhelr wear resisiance. smoolhness, hydrophobta
and blood compatibillty J1-51. Forexample. jt has been em-
ployed ior coating offemora heads ofmetattich p prosthe
ses in order io prevent lhe release of nrelat ons and wear
pańic]es |1] ol deposited on Various blood_conlacting de
vices, e.9., blood pumps, in order to enhsnce ihetr resist.
ance to profein adsoeiion and thrombus fomation [2-5].

The phys]cochemical propeńies of a-C:H ll ms and their
atiractivenessforcolonization w]th ce]ls can befuńhelmod _

fied by incorporauon oi melal ions into ihese layers 16, 71.
Thus, the airn of this sludy is to evaluale ihe adhesion,
growth and maturation oivascu ar endothelalcells in cut,
iures on Ti/C:H or Ag/C:H f lms deposited on glass. Ttta-
niurn is wldely used maieria tor construciion ofbone, jotnt
or dental im planis, and ]t has been repońed to suppoń ad
hesion and groMh ofosteogenicand Vascu]alsmooth rńus'

c]€ ce]ls 16 7]. silvel is known by its strong an1]microb]al
aciivity 18, 91.

Material and methods

T c:H o. Ao c:lr fi 11. $ele oeposiLed or g,aśs u'' g
unbalanced magnetron wilh Tl or Ag larget operated tn the
dc mode in a working gas mixture of n-hexane/Ar [j0]. As
esUmaied using iransmission electron microscopy (TEII),
atomic force micrcscopy (AFtvl) Ruiherford backscatiedng
techn]qu€ (RBS) and elastic recoiI deteci]on ana ysis
(ERDA), the concentrauon ofTiorAq in ihe fitms increased
p'opon'oĘ. !y lo lhe aToJnI ol A. 1I1e woll 19 gas'rli*
tur€, ranging frcm 0% to 20% |10]'

The sarnples lsize 8x8 mm) were sierittzed by tlv tra
diaiion, inserled lnto l.tuncton N,tultidishes lN UNC, Denmarki
24wells, diameier l5 mm)and seededwiih bovine putmo
nary ańery endothel]al cells ( ine CPAE' ATcc ccL 209'
17 000 cells per cm.). The cels were incubated in 1.5 mtol
DUlbecĆo's Ilodif]ed Eagle lVjnimum Essential N4edjum sup_
plemented wirh 20% of felzt bovine serurn for 1, 3 or 7
days at 37"C ln alr aimosphere wtth 5% CO,.

Adhesion oi endolhelLal cetts on the metat/C:H ft ms were
evaluated by the number ofinitialty adhering ce|s on day.T
after seeding, cell,mate al contact area (t.e.. ce spread-
ing area) and fo.mation of foca adhesion plaques' d€iected
by ]mmunolluolescence sta]ning ofVinculin [11] cełlpro
liferatlon was eslimated by the percentage of ce[s newty
synthesiz ng DNA. The nuclet ofihese cetts were visuat,
zed by 30'min lncubation ofcells with bromodeoxv!ridine
B'oUl' _o ońecl o,/ arl B d-l ln1u-opelo"loase 

' " rng
I111. Nilarkers of endothetia cett maturaiion used in ths
siudy were reprcsented byformation ofconfluenl cobbte-
slone I ke cell layer, content of von Witlebrand lactor and
forrnation oi disUnct beia actin cabtes. The tatte. two pa-
rameierc were evaluated by rmmunofluorescence starn ng
tl1l

Results and discussion
OnTi/C H ayers.ihe endothe iatcetts adhered in higher

niUal numberc and by a large cellmateda contact area
than on pule amorphous cańon (FlGs' 1A' B)' sim]]ar re'
su ts Wele obta]necl €ariiet on Vascularsr.oolh musc e ce]ls,
osteob ast ike N4G,63 cetts or bone marrow ce s cutured
on calbon fibre re]niorced cańon compos]tes (cFRc) or
ttanlum discs coated with Tr-coniaining a-C:H [6, 7]. The
improved celladhesion could be exptatned byformalion oJ
oxygen-conlain ng groups in theTi/C:H tayers and their in,
cleased Weitab lity |6,7' 10]. Th€ synthesis ol DNA ]n cells
on T/C:H samples, measured by BrdU tncorporation,
tended to be lower ihan on a-C:H, atlhough these differ
enc€s Were noi s]gnificallt lF]G' 1c). The laltef lesult s
consistent wilh the frndings that ttre proliferation acr vity is
the highest at the intermediale stlength of Će]l adhesion'
When the adheslon is very hlgh. the cetts skip the prolifera
t on phase and eniersoonerthe difierenr at on prcgram {t 

jl
Bolh a C:H and Tl/C.H fllms alowed formaUon ofcontinu-
ous layers ofcobblestone- ike endothelia retis (FlG.2A),
alihough th s formation was sooner on T|/C:H. Thus ihe
Ti/C:H ilms showed a good compatibiliiy wirh endothetjal
cells, so ihalihese materia s could be used for cardiovas-
cular applications. such as coating ofvascular prostheses
o. heań Va]Ves I order to improve their l]ning wi1h endoihe_
iialcels. Anoiher possible appticalion ts surface coating ot

on Ag/c:H layers, increas]ng conĆeniralion of sjlvel
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FlG. 1. Number (in % ofvalues obtajned on purc a:C-H; A, D), cell-material contact area {8, E)ancl percentage of
DNAsynthesizing endothelial cells {C, F)on arC-H layers with low, me.lium and high concentntions (withinthe
range approx' from 1 % to 20%) of titanium {A'c) or silver (D-F) on day 1 (A' B 

' 
D, E) or day 3 (c' F) after s€eding.

Average a sEM frotn 9-38 measu.€ments, student's t_test for unpaired data' statistical significance: p<0.02,
p<0.001 jn comparison with values ollla'ned on p!rc a:C-H.

m arkedly decreased ad hesion and prcliferaiion of endolhe-
llal ce ls. Cells on ihe nlms wlih hlgh and medllrm silver
conceni€lons adhered at Very low in]iia|numbers and did
noi spread They did not incorporate BrdU inio DNA and
usually died betore day 7 of cultvation (FIGS. 1D-F, 2C).
on]y the ]ayers wiih the lolłesi silver content allowed suff|
ceni cel attachment and spreading, assemby oflocalad-
heslon siies and aciin cyioskeleion, synihesls of DNA and
Von Wi]ebrałd factor. and format]on ofcontinuou5 endothe_
l]al cell layer (F]G'1D'F,2B' 2D F)' similańy, po]ystyrene
lmpanted wlih Ag- ions (energy from 51o 30 kev, dose
frorn']0t io 6x10E ions/cm'Ż) also suppońed grolr]th ofVas'
cular endothelial cells [12]. Therefore, lfthe As/CrH layers
wrth relaiively low s lver content ensure slgnflcani antimi
crobialeffects, which remains to be investigaied, ihe useof
these coatings forconsiructron ofdurable lmplants lnio hu-
man body cou d be advanlageous. Th€ Aglc:H layers with

ihe hlgher and c),1otoxlc silverconceniraiions could be suii.
cb e or y lo'shońł..m co1lact wi'l oa''erts orgaa|s-l .'g'
as antimierobial coaUng of iniravascLrlar or u.inary cathetels
18, el.

Conclusions
Ti/C-H andA9/C-H films wlih lowAg concentration sup-

pońed adhesion, growth and maturai]on of vascular en_
dothelial cells in cell culture conditions. These fihs could
be used forconstruct]on of longłerm artificia]]mplants inio
hunran body' e'g' for coating of lhe inner suńace ofVasĆu_
]ar prostheses oI suńace modification of bone ir.plants'

Ag/C'H Jilms wiih higher sllver concentraiions were cy-
iotoxicand could be suiiable for antimicrobia I coaiing of in
bavascular and urinary catheters for shońłerm insertion.
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EVALUATION OF THE
EFFECT OF
TRANSPHYSEAL
BIOABSORBABLE
SCREWS ON GROWTH OF
RABBIT FEMUR
EERo WARs', CHREToPHER P. KELLY.., LEE ANDRUS'., TrMo
WaRls*", lN T. JArKsoN'*, NUREDDN ASHAMMAKHT*.
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UNlERsE oF HErsiNk FN AND

""lNsTTuTE For cFĄNoF^cAL AND REcoNsrRUcTVE slRoEqY'
PRo!NcĘ HoS?LTAL' soU.H.rE|D, ]\,'IcHlGAN. USA'
"'"DEp RrMElrr o. SuFcERy, OLrLU UNVERsrry Hosp:raL.

Abstract

A self-reinfarced biaabsarbabte paty-L-|actjde/
polyslycotile (SR-PLGA) 8o/2a sctew 2 a mn in di-
aneter was jnplanted jn a transphyseal location
across the rlistal growth plate of the rjght fenur jn 24
jmmaturc rabbjts' Rad]ola7ica] evaluatiÓn revea1ed a
mean shaftening af 3 1 nm at 3 weeks h=a 050),
11.1 mn at 6 weeks (p=o a01). 9.3 mn ar 24 weeks
@=4.411), 9.4 tnn at 18 weeks (p=0 009) and 12 6
mm at T2weeks (p=A AA2) conpared with the intact
contralatera] tenuL Growth retardation cÓntinued far
6 weeks pastopetatlvely (3 versus 6 weeks. p-0.0A3).
after which the banes grew narmalty up to 72 weeks
(p=a. 6) The duration Óf tenpamry grawth retardation
carrelated with that af strength retentian af the SR
PLGA 8a/20 capo|yner. These findjngs Śuggest that
SR-PLGA 8A/20 screws can be apptied in transphyseal
bane fixation. The use of bioabsarbable screws for
tenporary epphyseadesis seems aftractive but re
qurres fudher study.

Ke)/,łłords: FenuL grawth abbil' SR'PLGA
[Ensineering of Bionateriats, 37. (2004), zoj
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WPŁYW DoDATKU INFLUENCE OF MODIFIED 2N
MODYFIKOWANEGO BENTONITEE ADDITION
BENTONITU NA ON ACRYLIC
WŁAŚclwoŚcl NANOCOMPOSITE
NANOKOMPOZYTOW PROPERTIES
AKRYLOWYCH

EWA soBoLEWskA*' STAN|*WA sPYciAj'', PRzEMYsŁAw
zELjŃsxf-, BoGUMtA FRĄcz^K.' HALNA EY'cHMlELEwsxA*

"SEcroN oF DENr srRy PRosr-,rErrcs,
PoMERA\AN MED]cAt ACAoEMY SŻcŻE.lŃ
"lNsrrurE oF PoLyMERs.
TEcNNjcAt. UNVERŚry oF SŻczEciN' sz.ŻEc N

Abstract
Madern dental prosthetics ls provicted wtth a wkle

range af naterialŚ that nay be used far the purpase
of slanathognatic system rehabilitation. Frequent
dar'ag€s olprostłesls base structures nay hawever'
indicate that acry.lic maIerial used ta construcł ihe proŚ
lhesls bases proves tnsuffblent mechanica! stength
and resistance characteristics. The afticte discusses
the resułts ofexperinents an modifjcation the acry\ic
naterialwith laninar silicate (bentanitee), ainjng at
p,rcsthes]ś slr./clurc sirenqth inprovenent.

Key wotds: acrylic nanacomposrtes - /esisiarce.
moclified bentanitees

lEngineering of Bionateriats, 37, (2004), 21 -27

lntroduction

Acrylic syntheiic material. having been used 10 make
fhe dental prosthesis bases. ts produced in awtde rangeof
variations and subjeci to continuous modiicarions to im-
prove its physical-mechanicat characrerisiic [i, 2]. One of
the essential leŚearch Workdirections ln denlal prosthetics
field are the rcsearches on improving ihe quatjiy of deniat
prosthesis made of poly (methyl-metacrybie) Acrytic den-
tal prosthesis are implemenied in treaiment oi boih totat
footh]essness oI pańjal def]ciency of teeih. However' de_
spite iechnological progress still ihere are f.equent mechani-
mldamages of acrylic dental prosthes]s bases enĆoun1ered
in clinical practice. Thus, any and attimprovemenls ofacrytic
dental prosthesis base durcbility is s]gnificantly impońant
for a large group ofpatienis, in particutar etderpeopte [3].

Having the above factors ln mind, the research works
aiming at providlng a modlfied acryhc rnatertatof irnproved
tesistance propeńies have been Undedaken' one of the
improvernent melhods is addition of a nl]er lbentonite) 10
polymer, i. e. produclion oi a composiie. Addtlion of the U[er
should enabletoprcduce lhinnerand tightueight dental prcs,
ihesis' thus mole comfońable for its user To achieve ihe
lalter effeĆt' afillershould be disperced in polymermat.ix to

Composites are the nraierials acquired ihrough combl
nalion ofat least flło componenimateials of diffelent chaF
acleHstics and form. Acomposite proves io havethe char-
acterisiics being the resultantof chamcterisUcs oftts conr-
ponentE and their propodlon by volunre I4l.

The ierm 'nanocomposite" denotes a two,phase mate-
rial where one phase ls dispersed n the other one at
nanornetric level (10-9 m) l5l. ln nrost cases the size of

EwA soBoLEWsKA', STAN]ŚŁAWA sPYcHAl"' PRZEMYSŁAW
zEuŃŚK'', BoGUMu Fącaxł, HAL|NA EY_CNMlELEWsXAi

'ZAKŁAD PRoTETYK STolAToLoccŻNEr.
PoMoRsKA AXADE / N4EDY.ŻN^ w sŻ.ŻEc N E
't NSTYTIT PoL MERÓ!!
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Streszczenie
Ws pÓlcze s n a pratetyka sta n atalag ! czn a dy spa n u] e

szeraką ganą nate.iałóW, ktÓre nagąbyć vlykarzy
stane w rehabilitacjj ukladu stonatognatycznega.
częste uszkodzenia pł',t pratez mogąjednak świar1
czyć a zbyt na|ej Wtlzynałaści nechanicznej twa.
rzywa akrylowego, z którego sa vr'ykonane' W pracy
omóWjona pńbę nad'flkacjj tega twalzywa kŻemja'
nem warstwawyn (bentoniten), w cetu paprawy wy
trzynałości prolezy

slowa kluczowe: nanokampozr/ły akry]owe - Wy
trzym ałaść, mad'fikowane bentonity

Inżynieria Bionateriałów, 37, (2004), 21 -27]

Wprowadzenie

Tworzywo akryowe siosowane na p]yly prolez zębo
wych pmdukowane test w wie u odm anach poddawane
jes1cąglym modlkacjom W ce U polepszen a ]ego Właśc
wośc nzyko mechan]cŻnych |1' 2]' Jednym Ż slotnyclr k e
runkóW prac ŻŻEkresu protetyk]stomato og cŻne]sąbada_
nia nad podn es]eniemjakośc proteŻ wykonwvanych Ż po
(metakryanL metyu) Prolezy akryo\łe są stosowane

7el 'd'\on l.oo oÓ /óoi. a| | /Ó\ |o
Wych brakÓw uzęb en a' N4 mo postępLr nada baldzo czę_
sto w praktyce k niczne] spolykamy S]ę z L]szkodzen am
mechanicznymi płyt akryowyĆh pro|ez zębowyclr Każda
popral\/a ]chtrwałośc ma znaczen e d a liĆznej gr! py osób
zwlaszcza w wieku starszym [3]

B orąc pod uwagę powyższe czy]rnik pod]eto badan a
majacena ce u uzyskan e zrnod),,fikowanego \łofzn\ra ak.J/
lowego o lepsŻych Właśc wośc ach Wzymałościowych Po'
plawę !!łaściwoŚc prÓbowano oslasnąć popŻez wplowa
dzen e do pol]meru napełn acza (benton lu), czy i Wyfu/o_
Żen!e kompozyt! Dodatek nape]niacza poWin]en umoż|i
WiÓ wykonan e c eńszei i żejsze] plolezy bardŻie] komfor_
towej d a lzytkown ka' Aby uzyskać ten efekt' nape]niacz
pow n:en być maksymaln e roŻproszonyw rnatrycy po me_

Kompozyry to maielały !Żyskiwane przez po]ączen e
'o -d an'e d\(o - -.'el c'o^ o .oż-' n ' ĘJ'd 'e'zA po.
staci' posiadających W]aścWości będącewypadkowąwła
ścWośc] komponentÓW ch Lrdz atÓW ob]ętościowych [4]

Term n nanokompozyt opis!le dwlrfazowy maie r at, w
trotr Joo d r.r a( o/o o5ro d .\ o-Jg e_ aa pol or e
nanonrel.ycznynr (10rm) [5). Zaz\Nycza wym a.v struktur
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I

z2 ::::_':- 1 .;nokorrrpoz)'łach zawierają s ę W przedŻ a]e
.. :. -]a .n {żadzie] do kilkusei J']m) t6]

''l.irycą W n3nokompozyiaĆh polimero\łyĆlr mogą byÓ
Ż.rc!!no po mery ternrop astyczn e ]ak termoLrnłaldŻa ne'
]' o'. obo. oo a- ' '|'adl _ie .oloo' 'o\ 'qrŻ_
cŻeściei substancie n eorganiczne' prŻede wszystk m róż_
nego lodzaju krzerniany Warsiwowe krzemionka, a e rów
n eŹ fu]ereny mela]e i ]nne zw azki n eorganiczne [6]'

Nanokompozyiy po mercwe powsta]ąpzez nrodyfika_
Ć]ę |radycy]nych Iłorzyw' Wprowadzen e do matrycy po
merowe] reatywnie ma]ej ]ości (k ka częśc Wagowych)
składnika roŻdrobnionego do rzędLr nanomelróW (an zotro-
po!!e nanocząstk Ż Wysok m WspÓłcŻynnikem ksŻtałlu) W
Żasadn czy sposób Wpływa na osiągn ęcie Żadanych wła
ściwości [7]' Napełn enie nanokompozytóW polinrerowych
wynos zazwyczal 1 do 5 cz. wasowych (rnaksymatn e 1o
cz \łag.)

oo 
^prolao/-'iJ lJ'orJpe'lid lo oośÓ'IJA ę

znacznąpoprawęWy'ilzymałośc na rozc ągan e iWŻlost mo-
dt]łtl Yo!nga \łŻrasta też odporność na ściskan e [8]'

KrŻenrlany Warstwowe do któryclr na eży montmorylo_
n t to na]WaŻnieisza gIL]pa nanonapeh aczy Terrnin.kŻe
m anywarstwowe!! odnos sę do natura]nych m neElÓW a
stych oraz do syntelyĆznych krŻem]anÓW Wars[łowych la_
k|ch ]ak magadyt. aponjt fuorohektoryt' lłontmoryoniy
slanow ą głÓwny skład n k skał zwanych be nton tam ZaróW_
no naturahe]ak jsyn]etyczne krzerniany !varstwoWe sąsto
sowane jako nanonapełniacŻe W nanokompozyiach [8]

Charakt€rystycŻnącechąnrontrnory on lu]est jego Żdo
ność do sorpc] n ektÓrych katonóW za1rzymywania chpo
wynr anle, co Lrnrozlwia modyfkacle lego mineral!

Podslawowe metody otrŻymywania nanokornpoŻytóW
po (me1akryan meiy !) benton t nrożna podzie Ćnadwie
glLo oem 

'/a q' od ną_od ooeoo 1J poinónld'''
nras e t9]lpo]meĄ/zacj W roŻpuszczaln k! [10] drLrga obei_
muie melody interkalac] W rozplszcŻa njku [].]] oraz nter
kalacliw stop e [10]

Reakc]ę po imelyzac] meiakry]anU mety u prowadzis ę
w obecnośc zdyspergowanego zmod!.f kowaneqo bento_
n tL] monomerWn ka]ąc m ędzy u]oŹÓne W pakiet płytkim _

neralL powodu]e pęcznien e pak etu aŻ do sepalacj p|ytek
Wzrastające podczas pol]meryŻacjj lańclchy polirneI! Żo_
sta]ąz€b okowane m ędzy Warsiwan krzeman! tymsa
myrn unlerL]cham ając montmory|onit ] ltMa aiąc separa_
cje WarsIv. W eiekc]e powstaie kompozyl z napełniacŻem
o duŻym stopniu rozploszen]a []0]

inn autorzy pode]mowa i próby wŻmacnra nia tworzylva
protez poprzeŻ zaslosowanie s atek meta]owych tkan n
szklanych nyonowych v/eg owyclr aramldowych Kevtar
112 191

Przedstawony artyk!] ŻaWera wstępne Wynikl próby
modyf kac]i [łożywa akry]owego nanocząstkam zmod),,f
kowanego hydrofobowo benton iu.

Cel pracy

okreśen e WptylVL]dodatku benton t! rodzaju Ćzynn ka
modyfikljącego ten napetn acŻ nE Właściwośc kompoŻytu

Materiały i metody

Materia] p rotetycz|y Ve ńex Rap d Simp ifje d (Dent mex
B'V' Ho andia)' iest iwoŻywern na baz e po (metakryan!
mety !) slosowanym do wykonywan a prolez zębowych
lechn ką pLlszkowan a' clrarakterystykę utwardŻonego
mater]ału VeńeX R'S prŻedstaw a TABELA 1

Veńex Rapid Sinplifed zostal napełniony Żnrod],{ko_

struciures in nanocom posites fatt with in the rangefrom lLrp
to 100 nrn {thecases up tosevelathundrcd nrn occurraiher
seldom)t61.

The mat x ln polymer nanocomposites can be based
on both the thermopastic and thermalty cured potymers.
Anoihercomposlte component, bestdes ihe potymer, in nrost
cases are nor-organ csubsrances, maintyva oustypesof
laminarsillcate orsiiica butalso futerens. meials and oiher
non'organic compoLrnds [6].

Polymer nanocomposites are iormed thrcugh modifica-
Uon of convenUona I syntheUc nrateriats. tnrrcduction oireta-
ilvely smai amount (sevelal parts by weight) of a compo-
nent cnrshed down io nallorneier magnjiude par1ic]e siŻe
(an1sotrop]c nanopańic]es of high shapi.g factol) to the
matrlx signlficanily inflLrences the requjred feaiures 10 be
achieved [7]. The polymer nanocomposites set flted up
usual]y ffonr 1 up to 5 pańs by We ght (max' up 10 10 pads

On having intrcduced a nanofrtter,lhe composite shows
considerable lmprovement in lensite strength and ncrease'. You_q( nooJlL. as welr a< irc,edse rr Lo np.es-i,e
svensth t8l

Laminate slcaies, eg montmoryttoniie, ronstitule the
most importart group of nanofittels. The term tamtnarsiti
caies" stands tor natu ral clay minerats and syntheric ta minar
sllicates. e.g. nragadyt, laponit and ftuorohekloryr.
N4ontmoryllonites arethe maln componenrs ot rocks known
as bentonites. Both ihe naiural and syntheUc taminar sili
cates are used as nanofillers n nanocomposjies IBl.

Tlre characterist c feature ofmonrmory tonttets itssorp-
t]on Ćapabilily for certa n caiions and reta]ning them after
theexchange, thusenab ng modificarion of the m neraicon-

The rnetlrods of produring poy (methyt-meiacrylate)
nanocomposites ' bentonite, can bed V]ded into hło gloLrps'
The filst gloup of rnethods s based on pc]ymeriŻalion in
mass [9] or polymeriŻalion in so]Vent [10] while the oiher
groupincludesmethodsoiinterkaiationsinsolvent[11]a]lł1
lnterkalailons n alloys I101.

he l e"c l'o1 ol meLhyLIrAlaUĄ 
'alp 

po ) -e''za| 01 s' 9'_
ried out at presence of d spergaied modifed benronttet the
rnonomer penetrating the minera! bet\'l'een nrine€l p]ales'
conrposing a pack, causes the pack sweting so as rhe
p ates gei separated. The polymerchains expanding dur-
ing polymerlzaUon process, gei btocked bebreer the siti
cate layers, causing the nrontmoryttoniie to get stuck and
making the layer separation stitt. tn the resLltr we obtarn a
composite with a filler, ofhigh dlspersion degree [j0].
Theolherauihorc repoded iheiraitempts to strengthen the
prosthesis nraierial thrcugh using material ners, glass fab,
ric, nylon iabr c, carbon fabric oraramide fabic, Kevtar [12-
191.

This ańicle presents the flst res! is of acry]ic maier]al
modification w th nanopańicles of hydrophobica ly modlfied

Research work objective
Determination of effect of b€nton]te addiiion and ben_

lo' ie odr'ar r./o. or dLll. co-po5 te p-oper eJ

Materials and methods
The pros|hetic maler]alVeńex Rapid simplineld (Denimex
B.V, Holland) is a synthetic maierat based on poty (me-
.L/' Teld.llrte.. oenL" pro-Ile. s ..-ir q
tlre canning technique. The characteistics otcured Vertex
R.S.materja has been presented n TABLE j.
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wanym bentcnlam (Organobenton iem O iBenton tem AL)
ktÓrych charakterystykę plzedstaw ono !! TABEL 2

N4od!4kowane org.nof owo benton]ty do materiałLr pro
telycznego wprowadzano ki koma metodam!. poprŻez mechan]cŻne zin eszan e organobenton tLr Q z

. poprzeŻ lozproszen e organobenton t! Q !V monomerze
Vearex na dlodze sonifkac] następ.e Żm eszan e z po

Ko e]na me1oda to po meryŻacja melakryanu mety]! W
o becn ośc zmoa yf kowa i ego benton tLt Następn e prod Lr kt
po meryzac] mechan czn e nr eszano z po imelem Veńex
Ub roŻpuszcŻano W monomeŻ e Vertex dodawano do po_

Próbk do badań zostały pŻygotowane poprzez doda'
n]e do odważonej częśc c ekłej (monomer) okreś one] o
śc częśĆ stałei (po inrer).D ,b _: - l"d -o/---"
nina była nakładana do siikonowe] dwucześciowej formy
Formy były następn e przykryWane 

'o 
a.po estrowąpokry_

tąśrodkem podŻ;ałowym iŻamykane ZłoŹona forma była
poŻostawona na 1h !r temperalurze poko]owe] by mono'
mer rnóqł ep e] zw!]żyć spęczn Ć po mer Następn e for
mę Lrm eszcŻano W łaŹni wod|ej lv tenperatLrrŻe 95 98 c

/d o o^ .oro o prl. . 1

b re l.trord o- a./1 po.o ldr d oooo _,9.! d
Do analzy WłaścWości mechan cŻnyĆh posłLrżyły dwe

metody badań Ą'lrzynra]ość na zg nan e onz !dalność
najbaldz e] stotne ze lvzq ędu na obszar zastosovr'ań ba_
danego m.1er ałLr Badan e właściwośc mechan cznyclr
Wykonane zostało na !n Wersa ne] maszyn e llytżymalo_
ścowej nstron4026_006 po]ącŻonejŻ kompLrterem ( nstron.
USA,1997] Według nornr PN EN so 527_3 toŻcia!an e)
PN EN so 178 (Ż9 ian e) Udarność Wykonanc na młoc]e
charpy'ego beŻ kalbLr Vredł!g normy PN_81/c'89029

Wyniki badań i ich omówienie

Podaie Wyn k zaw era]a poróWnan e lvłaścWości me_
chan cznych konrpoŻytów W Ża eżnośc od meto.]y Wpro
\\'adŻen]a organobenton t! o do układLr

PoróWnano rÓwnież Wplyv/ lodza]Lr benton 1! na Właści_
Wośc meclran czne l'lytworzoneqo kompoŻytu do ktÓrego
nape]n acz dodany ŻostałprzeŻ sonfkac]e W monomerze
(vo[4)

D a plÓbek lv klórych benton t doda\łany by] do po i_

mer! (VoP) okres olo 
'óWi 

eż !!pływ Lrdz a]! nape]n acza
na W]aścWośc mechan czne konrpoŻytÓW

Wyn 1 badań me.han cznych podz e one zoslały na

ta

TABELA 1. charakterystyka utwardzon€go
materiału protetycznego Verlex Rapid simpl'fi€d
(dan€ producenta)
TABLE 1. Characteristics of curcd prosthetic
material Vertex Rapid Simplified (produce.s data)

Veńex Rapid s]mp]ifield was filled With rnod fied benionites
(O.ganobentonile Oor Benlon te AL), the characteristics of
which have been presented in TABLE 2
The organophyLlically modi{ied bentonites were added into
the prosthelic materal !sing differcnt nrerhods:. mechanical mixng of Organobentonite O with potyrner

. d spersion of Organobenlonlie O n monomer Ve(ex
through soniilcaton, {o owerjby nr xing the dtspersion with

Another metbod was the methylornelacrytan potymer-
zat on at presence of modlfed benionite The pohmerjzalion
prcd uci Was mlxed mecha n caily w th polymel Veńex or d s_
soVed in nronomel Ve.tex aad added lo polymerVeńex

-|e|-5(19(a-oA- łe -o'poJ.Adir he'ollo"\ 19wlJ'
cerlain arnount of soliC compo!nd (povmer)was added io
cedain weighed liquid compound {monomer).

On havLng the components stirred manuatly blrtfast, the
ririx !{ras put into a iwo pań s ]icone mo! d The mou d was
covered with polyesierfoil, ma nialning ihe separation edge
and closed. Then the cosed moutd was teft stitt at roonr
temperaiure for I hour perod 1o enable ihe mononrer io
provde the pÓ ymef Wetiing and swelling betiel. Next' the
molrld was placed ln lr/ater bath at iemperature 95,98.C
and poLymerlzaton prccess proceeded for 2 ho!rs. After
thatlime period the mouLd was taken oLtfrom the bath and
left to get cooled down

To provde the ana]ysis of nrechanica] propeńies iherc
!łere two rnethods apP]ed: bending strength and impaci
resislance, ihe most impońanl featlires if concefning the
app|Ćat]on alea of th€ nraiera] tested' N4echanical proper'

r$is1anĆe lwithÓ!t not.h
Wl,1zym.łoś.a Żg ńanie

Ż.u.ńoś ronorer! W !ol.Ąvej!olez e
l].ro-Pl o.'enls r l.9|e] !lÓ'| ć's
'D.re Drodu.enta i Prod!.!rs i.r:

pochodna okladecy rminy'
derivative of oklade.y @miny-

Proszek kooru kemoJego, beŻ Żapa.hu zalvańoś wÓdy W 8o.c maks 2%.
Pozostaloś na s ceoo.zk! 0'056 ńm maks 1%

:.ó ('ea Po'o'o8' '! I8'-
cream colorpowder' noodoul' Wate..onlents at8ooc ńax 2%'
ReŚdleo. mesh 0.056 mm max 1%
Swelrna.lhemix ksv1e.+tano 9O:2 mn 13cm:'

Hyam.a 1622 (chro.e(
d !Żobuty of enÓkŚyelokŚy_
€tyod melylobeńŻy]Óań ny)*

Ż le a ż alny Woną n]e pęŻn r]e, pbĄla na pow eż.rr|j wo.ry pe. abnElv
a.etonie 85.m'i1 g próbki
PoorwatelNetl|g noswej]ng'oats on lvalerslria.e ślvei!n! in aceione

d.|e pod!.eńtaŻGl'l Ż{ ec Żsie.

D.la byth€ prod!.er zGM,Ż{eĆ' z€ie.

TABELA 2. charakterystyka Żmodyfi kowanych hydrofobowo bentonitów.
TABLE 2. Characteristics of hydrophobically rnodified bentonites.



z4 dwe sele, seria druga Wykonana została d a 1% Wag za
Wańości napelnacŻa Na Wykresach zazrracŻone zostały
odchy en a standardowe
W peMszej ser badań okreśony Żosiał Wpływ meto.]y
wprowaclzan a bentonitu do materiałLl protelycznego:
. dodatek do monomertl Veńrex (VoNl_1olo)
. dodatek do po nreru Vertex (VoP 0 5%)

Z d. {Lt r". R S ^. lr. 
-" \,.

trzymalość na Żginan e matera]u proletycŻnego Veńex z
dodatkiem nape]n aczaWylaŹnie spada Nawetn ewielk do
datek bentonitLr (VoP_0'2%) powoduje obniżen e W},tzy_
małościna zg nanie o ok. 18o/o Wartość 77,7 ['IPa dla czy
siego nraiera]! (VoP_o%)jesi n żsŻa od m n mE nei poda_
wanej pEez producenta Ve.texu (85lVPa).

W p'2,oao_U' odL, o 1oo R 5' obo-AJe 'ępewenWzrostjegoWańośc W poróWnan U docŻystego ma
teria]L] (VoP_O% 2220 N4Pa)' d a kompoŻytÓW VoP 0 2%
(2602l'']Pa)iVoP 5% 12580 N4Pa)olaz porÓwnyĄ/Va nąwe
kość z niena pełnionynr poiimerem dla kompozylu VoP 0 5%
(2217 N4Pa)' Ze wzrostem ldz ał! napełn acza nasiępu]e
spad ek wa ńośc stlzałki uglęc a (spad ek elastvcŻnoŚci kom'
pozĄ- B(al 'dl /ó \ 'dz ó9D 

'tp,J4 <o' i.a . .ld po
prawę wańości mod!łu YoLrnga N/]in ma]ny rnodLrł YoUnga
podany pŻezprodLrcenta d a mater]ału VeńeXwynosi2367
.4Pa a Więc ]est wyższy niż oznaĆzony przeŻ nas d a n e

mod],{kowanej prÓbki tworŻywa akryowego
Na RYS. 3ŻestawonoWyn k]pomarÓWL]darnościkom

pozylóW Veńex benton l Wdocznyjest znaczny spadek
wfrzynrałÓśc L]darnościowe] badanych kompoz},ióV/ po
nad dwukrciny przy 0 5% tJdŻa e nape]n acza Kompozyl
allzyna|y plzez rozprosŻenie benton tlr W monomerŻe
Veńex (Vo[4_1ol.) cechu]e lepsza chalaktervstvka Lrdarno
ścowa niż odpowiadający mL] kompozyi VoP 1% (napet
n acŻ Wym esŻany nechan cŻn e Ż pol]rnerem)

W dr!q ej seri badań benton t (orqanobenton t o) Żo_
stał rozp roszony w po (melakryan]e nrely]!)wtrakce poli_
meryŻacj Naslepnie okreś ono wpbt sposobLr Wprowa-
dzenia benionli! interka owanego Pl,llvlA do materal! pro

' pŻez lozpLrszczen e W monomerze Veńex (VPl'/])
. przez zmiesŻanie z polirnerem Veńex (VPP)(zd]ece) .

Wykonano prŻ€badano róWnieŻ kompozyi(VALN4)' W
którym hydrofobowy Benton l AL rozproszono przeŻ son f

Ues of the material were rested by rneans of a versaiite re-
slstance iestng machine lnsiron 4026-006 tinked to the
computer (lnsiron, USA,1997), ln accordance to potsh
standards PN-EN ISO 527-3 (tenslle)and PN EN ISO 178
(bending). The mai€lal irńpact rcsisiance was iesled on
Charpy's impact machine wlthoui the notch,ln accordance
to Polish siandard PN-81/c 89029.

Test results and discussion
To presentthe test resuits,lhe comparlson ofcompos-

i1e mechanrcal prcperlies was done n relation to th6 method
of invoduclng the Organobenlonite O to ihe system.

Another comparison concerned the infllenc€ of ben_
ion]te iype on mecha nica] pfop€ńjes ofthe compos]iewhere
ihe filler was added in the process of sonification in moromer
(voM).

Forthe sampleswhere bentonlie was added to ihe poly-
mel (VoP), the nfluence off]]]el pońjon on cornposile me-
chanica| propeń]es Was also detenrrined'

The resLrlis of mechanical examinaUon were achteved
in two series oftests' where the second seńes was carried
oui for llller contents equalio 1% by welghl. The cuir'es on
the charts presenied below have the standard deviation
values marked thereon.

Thenlstseies of tesis was used to deternrtnethe influ-
erce ofrneihod iflntroducing bentonite to proslhetic mate

al:
. adding the benton ie to monornel Veńrex (Vol\4_1%),
. adding ihe bentonite to po]ymer Veńex (VoP_o 5%)'

'e cha.] ElG'' .on|lrr) .^ dpparĄ1' deL'ease 'n
bending strength of pros1hei c materia] Veńex wiih addi1ion
ofihe filler. Even a small irraction of benlonite iVOP-o,2%)
causes the decrease in bendlng sAength by about 18%.
The value 77.7 N4Pa forthe pure mate al(VOp 0%)istower
than the mrnimurn value indicated by the producer of VeF
tex (85 MPa)

The values ofYouns's modulus {FlG.2)showvatue in-
crease When cornpared io pure maieral (voP 0.ń] 2220
MPa),lorthe composiies VOP-o.2% (2602 MPa)and VOP-
5% (2580 MPa), and comparable value to non{itted poty-
mer value for the composite VOP-o.5% (2217 MPa). Atong
wilh the increase in tlllerfraciion the value ofdeflection gra-
dient decreases (drop of cornposite nexibility). N4oreover
no appalent łnfluence oisonif]cation on Yo!ng's modulus
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RYs. 1. Wpływ udziału napełniacza na
wytr:ymałość na zginanie kompozytów pieFrrsŻej
Śerii.
FlG. 1. lnfluence of filler fraction on composite
bending słrength for the first series composiles-

RYs. 2' Mocluł Younga olaz strzałka ugięcia
podczas zginania kompozytow pierwszej serii.
FlG.2. Young's modulus and deflection gradient
during bencling the first series composites.
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kac]ę W monomeze' WsŻysik e k.m..._: - :: .-. ..
W eraly 1% Wag nape]niacŻa

\d P\ S' Żl \ od p' r ndnA oo po/
i '- " 

', 
" L j ..,| Ó'' e 'lq''. po ' -'

plzycąganie na zasadz e s łe ektrostalyczny._ ]9si r''.li:
dzęk roŻw n ęiei powerzchn koitaktu cŻąstek

7d"''' '" - ''ŻÓ aĘ 5I' .a''- po_
dol -'d n'|-4 7ój e _4l.. i/o. _1"' -ld '-_j
teriał! protetycznego Ż dodatk em napełniacza u egły po_
gorszen]U ' Z p Żebada nych kompozylóW na]Wie kszą Wl,,ilzy
małość |a zginan e ma konpozf VPL] 141,1 [4Pa).

Z RYs 6lłyn ka' Że modu]Yo!ngaWŻrasla d aWszyst
kich modyflkowanych materatóW proietycznych' Na]Węk_
sŻy WŻrostw porÓwnan u do n]enapeh onego hloŻywa (V
frmowy' ]768 MPa)obseŃu]e się W prŻypadkLr kompozy_
tóW VPP (2289 l,']Pa Wzlosto30%) VPN4 (2243 fulP3 Wzrost
o 27%) (RÓzn ceW oznacŻonych Waltośc aclr wytzynrało
śc d]a prÓbek materał! n e|apełn one!o oirzymanych w
pierwsze] d rLrg e] serii \Ąyn ka]ą z rÓŻnego sposobu ch przy-
gotol\rania oraz trudności Ż odpowietrŻeniem kompoŻyc]i)
spada]ą Wańości Strałek ug ęca modyfkowa|ych mate
riałÓWj na]w]ększą e astycŻność spośród napełnionyclr
kształtek pos ada kompozyt VPN4

Wańość lda rn ości maler]ałLr nrenapeh onego (V o)Wy_
nos 2 1 kJ/m,:kompoŻyl VPl']ma ldarnosĆ najbardzie]do
n e] zblizoną (1 66 k J/m:) (RYS 7)'

Do.Ón1 ''" olool
dyf kowanym hydlofobo\ło benton tanr Wplowadzonymi
poprzez Sonif kac]ę (organobento| t o _ Vol"l .]9; Bento
n l AL _ VALM] | e stw eldŻono stotne] różn cy W WytrŻy_

'na]ośc 
na Żg nanle'o ed "'l o '- oo ' Ż. _'e oo ' o." ./' |:e ^ /o.pL ą

metody mod}'f kacjimater ałL] prot€tycznego benton tem bez
ngerenc] \łstrL]ktulę po meruVertex WprŻypadku prÓbek

$' k1Órych ben1ontdodawany byłdo po]]merl] (seraVoP)na
pogorsŻei e Właśc]Wośc kornpozytóW m]a] prawdopodobn e
wpływ krótk cŻas koniakt! napeln acŻaznonom€rem (kon_
kL] rency]ny ]est tLr p.oces spęcŻn]a n a po meru pŻez mono
nrer) Niższe wańośc Właściwośc Wyi.zyma|ościowych da
nienapełnionych materałóW Ióżn ce W iyc|.r Wa 1ośc ach W
polownaniu z danym prodLlcenta mog]y być Żwa.zane irud_
ioścam W Uzyskaniu Żnorma zowaiych ksztaliek do ba_
dań puyiednoczesnym zachowan u WafunkÓW zbliżorrych
do wykonywan a protez akrytowych

a-.
4,.

RYs' 3' Wytrzymałość udarnosciowa kompo.
zytów pierwszej śerii [kJ/m,]'
FlG. 3. lmpact resistance of the first series
composiles, [kJ/mź]'

RYs. 4. zdjęcie mikroskopoM/e mieszaniny
vertexu ipoli{metakrylanu metylu ) zawierająceg o

FlG' 4' Microscope pholo ofthe mix ol Veńex and
poly(methyl-'n€tacrylate) containing b€ntonite.

Value mprovement can be noiic€d' The min mum Va]ue of
Young's nrodu us {or Veirex mai€Ila| according1o ploducer
data, is 2367 ł.4 Pa. The atter value is hjgher than the vatue
deternrined in ihe course of our tests on norr'modifier] aĆry ic

FIGURE 3 presentsthe nrpacr resisianre measurement
le<'l|5o-ląA.orpoJIAsol!enA,1laoerlorleliller'he>
('ldnr'lołŚd)9.rf|anjoe''edJFiń'paI€si>idn'e"jL.>
ofI1A 'o-po\ les 'Pó|eo| ( el'lle'Lon(erIsoto]9o.ause"
lhe - pdcL ras|s|. 'Le Y. Je lo oec.FŻse over I\ło llme5 \.{
oo*.'h".o^oo.'.ooołAdI'r'oJs^benlonieo,spAl 

=venp" rvov l"a 
",o'" o"u*,.i'".1

L\d'"-Ie'iŚl's'| .n lhF.o'lespo1o 1q co lpo.i.e \/^o . o

t_le l llF' reL_ar 'J v rrLed wil po yn Ał' e.
Tl e o!le' 5e'es o- res' .o"i. n"o 1e loroo. lóS FJ

w'el.ber ori'e orqŻ looerLo'lllA o ' ńJ s olspeted '1 oo L r=
.n.e,',lrera.1a'e'our9pol/.1eil"l'or.tet..lla,<
lońeotode|P'-:'eI.en.le'UeolneLhodo'1rlodLLilq<
lnte,a'osdnegooe1'o1iLePMVAlop'osl1enĆ-a'eld'' l" <-
methods included: &..."..... E
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RYs' 5' Wpływsposobu wprowadzania i.odŻaju
cżynnika modyfikującego n6 wytrzymałość na
zginanie kompoŹytów drugiej serii.
FlG' 5'lnflu€nc€of modifierintroductionmethod
and modifier type on bending strength 6f ihe
second seri€s composites'
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26 ' bentonite dissoluilon in monomer Vedex (VPN,4),
. bentionit m]xing with polymerVeńex (VPP)(see the photo

Addil onally, therc was anolhercornposiie prepared and
tested, i.e. cornposile (VALM) where hydrophobic Bentonile
AL was dlspersed in monomer ihrough sonlftcation proc-
ess. There was 1% offlller, by welght, in each second se,

The photo in FlG' 4 rcVeals the pańicles of Veńex poly_
mel (sma|ler ones)attached to lhe suńace of poly (methyl
metacrylate) pańicles] the altachment' based on electto_
static forces, remainsdurab]e dueio the pańicle contacting

Thedata indicaied in FlG.5 conllrm thar, stnrilartyas in
case offirstseries composltes - the plop€ńies of prosthetic
materialwiih flller conienis gol woGened.

Frcnr among the compositesiested, the composlte VPIM
(41 , l MPa) prov€d 10 have lh€ best bending strength Value '

On base ofFlG.6 itcan be stated ihatYoung s modulus
lncreases for each modified prostheiic materjal. The high-
est ]ncrease in comparison to mate a] withoui any fiłler
added (V-0, 1768 N,lPa). can be noticed in case of compos-
ites VPP {2289 [łPa. inclease by 30%) and VPM (2243
MPa, increase by 27%). (The differcnces in resistance vat
ues deiermined fol ]lonłilled maierial samp]es obtained for
the first and second serles of composlies resutt{rom differ-
ence ln melhods used for cornposite preparation and ditr-
cultles in composite deaerallon). The deflection gradtents
ofmodilied nraierials show decrease in values;from among
the fjller coniaining nraterials the VPI\,1-compos e shows ihe
highesi flex bility.

The ]mpact resisianc€ Value olnonjilled material(V_0)
is 2, 1 kJ/m,; the inr pact resisiance value of VPlv-composiie
(1,66 kJ/m2)appearc to be the closestvalue !o ihatof V?O
mate.ial (FlG.7).

On havlng compared the samples ol composiies tttted
with two dlfferent bentonites modified hydrophobjcally,
added through sonfication (organobentonite Q_ VoN,1ł %
and Bentonite AL'VALM), no signilicanl difference in bend,
ing strength values has been observed.

The experimental melhods presented herein are in Jact
ihe only methodsenabling ihe prcsthetic materiatto be modi-
liedwiih benlonitewithout]n1erfer'ng in Veńex po]ymersiruc_
i!€' ln samples whele bentonite v/as added 10 po|ymer
(VoP series)' the composlie prcpeńies prcVed io geiworse
prcbab\ due .o ""on łTe o''ll el's cor|ac1 !łlh ńono-le'
(in ihat case ihe process of po ymer swellins with monomer
appearslo prevail). The lower values olresisiance pamm
eLel vdl-r\ ln'asp ol ł| el_l'ee n ale_a|s a-d dilelen(es in
those values, comparing to prodLrcerdaia, could resutifrom
diffic!lties in prod!cins standard shape sanr ples al simulta-
neous L'phold ng ihe condiUons possibly the closest to rhe
condltions of acryllc prosihesis construciion.

Gonclusions

1- The attempts io achisve ihe prosthetic material of im-
proved mechanical propertles proved to have been unsLrc

2 The test resulls concerning bending strength and lmpact
resistance allow to conclude that fller addiUon, regardless
ihe filler type or melhods, makes the acrylic materia me,
chanical propeń]es 1o Worsen.
3. An inrprovenrent in rcslstance and sirength parameters
should be expected in case the bentonite of higher con,
tents of montrnoryilonlie is added, where benlonlte woutd
be modifed wilh a double bond compound, thus enabling
chemical bindinś] olfillerwith polymer mairix'

RYs' 6- Moduł Yolnga oraz slrzałka lgięcia
podczas Żgin6nia kompozytów drugiej serii'
FlG.6. Young's modulus and deflection graclient
during b€nding ihe second series composil€s'
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RYs. 7. wpływ sposobu wprowadzania i rodzaju
czynnika modyfikującego na wytrzymałość
udarnościową kompozytów drugiej serii [kJ/m,].
FlG. 7- lnfluenceof modifierintro.luction method
and modifier type on second s€ries composi(e
impact resistance IkJ/m1.

Wnioski

1'Wstępne próby uzyskan a materałU protetycznego o pod
wyżsŻonyĆh Wlaśc Wośc ach mech an]cznych nie Ża kończyły

2' Przedsta\łione Wyn ki badań podczas zginan a oraz ba_
dań Udarnoścowych pozvra ają na stwierdŻenie, ze doda
tek napelniacza wjakielko wiek z przedstawonych poslac
pogarsŻa właścWośc meclran cŻne tworzywa akryowego'
3 Na po epszenie WytŻym a]ośc powin n o W znacŻący spo
sÓb Wp]ynąć zasiosolvanie benton tu o W]ększej Żawańo_
śc monimoly on tU' do modyfkacj którego uż}ło zvliąŻek

".\iedd ) ^drd r"poo^ot. ro ._o.lr'1- .._-
zWązanie nape]niacza z matrycą polmerową.
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NIEPOWODZEN THE CAUSES OF
W LECZENIU UNSUCCESSFUL
IMPLANTOLOGICZNYM IMPLANTOLOGIC

TREATMENT RESULTSBoc!MLA FRĄcaK, lvARc N TUTAK, EDWARo KJAK,

ZarAD PRorEryK S-or,rArol.. ./NEr PAN4

Slowa kluczowe: planawanie leczenia pratetycz
nega irnplanty zębawe

lnżynieria BiomaterialóW, 37 ' 
(2004),27'29]

nrplantoproteiyka sta]a się]uż uzna]rąnretodą postępo'
Wan a leczn cŻego. zwłaszcza u pac]entóW' U których Wa
runk anatonr cznołzjo og cŻne W ]am e usine] są trL]dne a
lladycyjne metody lecŻenia nie da]a dobrych rezu latóW' W
sytuacjach iych ]ecŻen e plotetyczne opańe na rnp antach
Wyda]e s ę być eczen enr zWybonr NaeŻyjednakzda\łaĆ
sobie sprawę Ż ryŻyka związanego Ż eczeniern, klÓre Wy_
njka ze Żłej oceny WarU n kóW k n]cznych iniepraw d]owego
zap anowanra lzupełn eń proietycznych W p ano$ran u e
' /.'lio' oo d I- L |ńJ
s1aiu ogó nego pac]enta na]eŹy L]WŻo edn]ć ]eqo ocŻeki
Wanla oraŻ możiwoŚc ch spełnienia [9141516 17] Tak
Więc st]kces W leczen u ]mp]an1ooo cŻnym za eŻY od
. !łłaściwego doborLl pac]enta'
. praw dlowego planowan a
. dobrej osteolniegracti
. praw dlowego obc ażen a
'r'f" "le oopolo nó'd'7Aj
(slatycznej zmęcŻenowe])
. dobq h gieny stalego kontaktLr paclenta z ek!,zenr,

BocUMrŁA FRĄcŻAk' MARCN TUTAk' EDWARD KUAK'

SEcroN oF DENisrFy PRosrHErcs Ar PoMERANAN [,4ED clLr

Key wotds: planning af prosthelic treatment, den-

[Engineering ot Bionatetiats, 37, (2001), 27,291

lmplantoprosthetic has already become an approved
dental tleatment method' pańiculat]y in patientswhose olal
cavity has displayed difflcult anatomic-physiologtcat condi-
tions, where conventona treatment nrethods do not pro-
vide satisfactory results n suctr cases the imptant based
prosthetic ireatment seems the appropriale treatment
cholce. However, we should be aware of rsks connecied
wiih ihe tleaiment Undeńaken ]n a result of inapprop ate
eva]uat]on of Ćlinjcal condit]ons and incorleci plann ng of
prostheiic resioration elenrents. Whie planning the pros-
theiic trealmenl, besides the ihorough evatuation of exis!
ifg condiiions and general patient's state, ihe paiients ex,
pectailons and possjbllities io meet those expectarions
should be considered 19,14,15,16.171. Therefore, the
implantologic treaimeni success depends on:
. relevant pateniselecUon,
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28 . os ą!n ęte] estetyki
Do leczen ia protetycznego zq]aszaią s ę pacjenc ŻarÓw

no dośW]adczen poŻyiywn e Lrb negatywn e jak n edo_
śWiadcŻen protelycŻnje Bardzo częsio, to, czego pacjenl
spodziewa s ę po lecŻen u implanioog cŻnym jest nierea _

ó^ <|o\ltJdo4o/ no. jI l tda |rl.]''d 
^F'

^ 
d 'L>'lp' zdazę ę..ż 7FparÓ-lo'Żol Ó ''popl.

'to '\'9Jd '' -i- g]ęboLo lt/ dce n l cblĘ-l A o
podłożu psych cznyrn Ziakm pacjenlam Że zd]agŃzo
Io.j-' .ą-a^ięL /ppobel t lpslo \r 'lćąo - _A
z niewłaśc!'/ie przeprowadzonego lecŻen a' ale Ż nierea
nych oĆzekWań pac]enta

Wl- ',,o' Apo^od?.- I | .J Ó1.9ooooo' pj jÓ

ta n ekozystnych WarunkóW mie]scowych n epraw d]owe_
go Wprowadzenia mp antÓW, brakL] osteo niegrac]l złyclr
WłaścWośc matera]! Użytego do rekons1rukcji' Ewentua _

na ltrala wsŻcŻepu W faze póŹnjeiszej moŻe Wyn kać z
n ew]aŚcWego obcązenia konstfurkc]ą plotetyĆŻną brakl]
od egłejopek nad pacieniern oraz wyn kające)zrega 

^e)hg eny Należy rÓWnież zdawać sobie sprawę z tego Źe
pacjeni zg]a sza]ący s ę do eczen a musi W edzieć ja kie ma
moŻ Woścj atematyrrvnego leczenia plo1etycŻnego i to on
podeimLr]e decyz]ę RyŻyko n;epo$'odŻen a spoczywa Ża_
lÓWno ia ]ekazu ]ak ipacjenc e [] 2'18].

Zła oc€na !,rarL]nkÓw protetyĆŻnych nie rozpatrylvan]e
narŻądu ŻLcia ]ako całości' niel]Wzg ędn en e współistnie
jącego bruks]zmLr ]Lrb \,!zmożone] €ktywnośc parafl]nkcjo_
na ne]. a 1akŻe zla h g ena jamy ustne] i szybko postępLrją
ce periodontopai]e w efekce wplywa]ą na ostateczny Wy_
n k leczen]a Przed rnpianto og czna analiza mode i Żd]eć
ńg ze znaczn kami poz$'a a na Wstępne określenie licŻby
oraz Lrnr e]scÓW enia mp antóW Badanie grubośc blony
ś !Żoweina Wyrostku zębodotowym urnoŻ Vria prŻybliżone
ustaleni€ położen a powerzchn nośnej mp ant!

Aby właścWe leczyć trzeba pos adać roz egła \łiedŻę
dotyczącą ukladLr stomatognatycznego ponieWaż terapia
'Io-J|ooq! lo l o'-'' -'la to oAl " lALdb l'" Jd "'7ądt]żlcia W odn esen Lr do wszysik ch ]ego flnkc]i W Wa'
rt]nkach !Żębienia natura nego siły Żucia przenoszone są
na kośc szczę ki i zt]chwy poprzez zęby Siła nacsk! amoF
iyzowana jest przez aparal zaw esŻen owy zębóW a W el_
kośĆ sił ż!c a regulowana iesl poprzeŻ proprioreceptory
Żnaidu]ące się !ł oŻębne] RóWn eż Żęby zróżn cowane są
mońoog czn e dzęk temLr bardziej dosiosowan e do zmien
nych \łle kości sł obciąŹen owyclr W poszczegó nych ob_
szarach narządu ŻLrcia' Proces Wga]an a ]mp antLr polega

d polą'' e epo ięd/, ł>/L'ApA'
kościąiest połączen em sziylvnym' W zw ązku z tynr sily
przenoszone prŻeŻ zrekonsillrowane na mpantach LŻę'
b enie nie są EfirońyŻowane tak ]ak ma to m e]sce W uzę_
b en u naturalnym' RÓżnolodna struklura kośc sŻcŻęk

'p'''n d/v" 1e''ob.ą'e'
do cŻynienia W jam e !stne] są]ednym Ż czynn kÓ!! Wpły
Wa]alych na n epowodzenie ecŻen a

S1osunkowo częstą prŻyczyną probLernÓW W eczeniL
proietycznym ]est n eplawdłowe Wprowadzen e mp antóW
I) Do| ' lo ę o^ o 1po1lo'\ 4p o^aduol ,"r. "o.'olo b^-b,'_J" i/bi" Jt 'Ó^-ó JÓgo 'l /,-ó''
(dłLrgość, średn ca) oraz z]ej okalzaci bez uwzg ędnlenia
p anowan a protetycznego oraz b omecl-]anik prŻenosŻ-A
na obcjąŻeń okluzyjnych [5'6'7 8 1a 11 13'21'22)

oÓ' -Ó' ppo 'od p.d I -' - i 1p.1.ooq /1,n
Wynikają naiczęśc ejŻ n e prawid]owo wykon a n ej nad b udo-
wy protetycŻne] Zazwyczaj]est to]
. zbvt rozeqla poweEchn a okluzyjna.
. zbyi aktywne kontakty ok r'zytne
. n ecent.ycŻie konlakty zwarciowe
. zbyt roz egła konslrukcja na małe] ljcŻb e i'nplantóW'

' good osteointegration,
. appropdate structure load arangemeni,
' applying mateials ol high mechanlcal reslsiance (stalic
and faiig!e resistance)
. good hygiene and continuous contaci betrreen ihe pa-

. esihelic levelaĆhieved.
An-rong the paiients io undergo the prosihetic treainrent

lhere are paiienis wlih bolh positive or negaiive prosthetic
experiences, as well as the inexperlenced at a L ln fa rly
many cases the palient's expectaiions, conceming ihe
inrplantologic lreatment, appear unreal against :c1ual pos-
sibilities arislng from rntra-cavity conditions. Sornetimes a
palieni happens to expecl that hislher teeih appearanĆe
improvement should rcmove ceńain disoders deveoped
due io deep psychical factors Such pat ents, having been
improperly diagnosed at jnitial implantologic treatment
phase, would cause the r.osi probLems Qulte frequentty
the problems rcsult noi f.om the inrproper lreatment but
unreal paUent's expectations.

i\,'lost failures resulis from irelevani patent selection,
adverse oral cavity condiiions, improper implani introduc,
ton, lack ofosteointegrat]on or poor propeńies of maierials
used for reconstrLrcUon. Posslble loss of implant in later
phase can belhe result of inapprop.iale loadwlth prosthetic
struciure, ]ack offuńher Ćare ovelthe patient and ihus poor
hygiene resulting lhereol Moreover, i should be pointed
out that a palient appiying for the proslhelic keatmenl must
be informed about possible prosiheilc lreatmeni alternatives
and il is the patient who aciually makes the decision. The
risk of potentlal fa ilure resls on both ihe dentist and patient
112,181

lnconect eva uation of prosthetic conditions and failLire
io concern the masUcatory organ as an entire system, dls,
regarding the co'exlsting btuxism or parcfunciional over
activity as well as poor hyg ene of oral cavily and rapidly
progressing perlodontopaihy, would affecl the frnal results
of the aeatment. The pre-implantologlc analysis of models
and X-rcy pictures wlih ndices enable preliminary determl
naiion of lmplants quantity and location The examinalion
of mL]coUŚ membrcne ihickness on alVeo]arappend]xshoLrld
enable est]malion oi inrplant carrying suńace pos]tion'

The prope. t.eatment requires extenslve knowledge on
Ślomatognaih]c sysiem sinĆe ihe dentalprcsthetic therapy
rrea'rs ful 'paab ]a oro ^ds..aro1 o.gan.o-.pairg
all i1s functions. n case of naiurai teeih the masticatory
forces are passed on tolhejaw bones and mandibula bones
with the teeth' The impactforce is amońiŻed w]th 1eeth sus_
pension apparalus whilelhe masticaUon force level d con,
trolled by the proprjoreceptors locaied if periodonliunr
lvoreover. the teeth are diversified ln terrns of their mor-
pLrooqv J_d l-us irdiv:ou. Leerr arF.oapreo o "dtir 9
load lorces jn pańcular aleas of masticatory organ' The
process oi lmplant cicatrization involves osleointegratlon and
thejoini belween the implant and the bone ls a rigld toini.
Therefore, the forces caried byihe ieeth rcconstructed w th
]mplanis lack of ihe amońiŻation Wh]ch occurs in case oi
naiural teeth. The diversined siructure of iaw bones and
mandibula bones aswellas 'unpredlciable loads found in
oralcavty. are among the faciors eading lo l.eatrnenllai,

The re]atively frequeni caus€ oi prob ems n prostheiic
trealnreni is the inrproper insiallation of lmplanls [3]. The
latter covers such disorderc as non-axial insiallalion or ln-
sufficient number ot implanis or lnaccurBte inpiani size
(lengih, diametea or inappropdate lmplani placement wllh
no regard to prosthetic planning or occLuson load transler
biomechanics Is,6,7 8, 1A.11, 13,21,221
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' n ekorzystny stos!nek dłUgośc implant! do korony
. n eszcŻe nośc pom ędŻy mp antem a nadbudowąprote_

. ll/ady rnater ałowe WszcŻe póW i kon strL] kcji p rotetycznych.
Czasam]lekaŻ p anu]ac ]ecŻen e Źle ocenia dane este

tycŻne a wiec roŻmieszczen e zarysu dzasła b.odawek
m ędzyzębowyĆh pĘeb eg niiśm echu czyWysokość beŻ
Żębnych odcinkóW lł stosunkU do poŻostałych zębÓW' Wy
żejWym eniorre e ementy mogąbyć plzyczynąpóźniejszych
ploblemów z !zyskan]em dobrego efektu esteiycznego
przez lekarza proletyka zdaŻa sę że kończy sę to re_

Podsumowanie

Pd}doa. o"lo^"| Ą ó 'ó' c ''p|o'.o09 'óqo
z'].ln e)sza ryzyka n epowodŻenia W ecŻenU których nie
]esi siYA W sianle prŻew dzieĆ do końca i mogąs ę one zda_
rŻyć zalóWno !/ sytLrac]aclr Wydawałoby się ,'łatlvych 

]ak
trL]dnych D atego też sukces ecŻenia imp anto og cŻne_

go Żależyod śc s]e]WspÓłpracy pomiędzyĆh r!rg em, eka
rŻern prÓtetykiem techn k em dentystycŻnym, nrimo że
odpowedzalność opreka dł!golerminowa spocŻywa na
AL"'7" o o e 'l ^<aaa9'ąznŻ'- 

ąlÓ
mi któĘy konstrulją mpanty w oparcu o sŻczegó]owe
do'p bo- ó'Ia-'l|ó /,d' ^o' lo' ' '/1'pa^-'Ó
zaowocować opracowanienr doskona sŻych metod rehab _

itacj]naranu żuc a' Wyda]e sięjednak że przyszłoŚć eŹy
plawdopodobn]e W inżyn e lkankowei
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fatgue p@peńies of lhe denla]impani abuhen1 inte.faĆe. J PlÓ_
sthet Dent, 85, i2001), 47-52

The subsequent failures of mplantotogic ireatment the
mosl often .esult from inrproperty made prosthe|c
or'e'5LL,tu'e I ' nos' .ases i. corre ns tne rorow no:
. too Wjdespread ocĆlusion suńace;
. too active ocĆlusion contactŚ:
. non-centered occluslon contaclsl
. too excessive skuclure over a few jmptants,

' iJ nfavorabie .ailo behleen the impla nt ienqth and the crown. lack of iightness between the implant and lhe prcsthetic

. defecis in implani materialol prosthetic sauĆiure rnatel al
ln the course oftreatment p anning a dentist may evatu,

ate inapproprlately the esthetic eements, e.g. gum contour
oL]tline, inieFtooth Wańs, shape ol smi]e ne or the height
ofteethJree segmenis in reference io adtacent ieeth. The
elemenis menioned can cause fuńherprob ems jn achlev'
ing relevani estheUc effect by prcstheiic surgeon, and it
happens the reoperatlon is necessary.

Summary

App.opdale implantolog c treatrnent planning alows io
reduce the risks of treatmeni failures which are difficutt io
predict and may unexpeciedlyoccurjn Ć Ic!mstances eva]u_
ated as seemingly easy' and those recognized as "difit-
.uli". Therefore. the flnal success of implantolog jc treatment
dep€nds on saict cooperation behłeen the prosihetic sur_
geor p os*.r,. de .s..rnd p os reliL tecnli(.r. erer
though ilre overall responsib lity and tong{erm care rests
on the prostheiicdentist. The cooperation, in iiswide mean
lng, wiih engineerc consvucting the inrptants, on base of
deta]Jed bjomechan]Ćal data on jaw bone characterjsiics
should give dse to development of increasingty improved
meihods of masilcatory organ resioration. li seems, how-
ever, thefuture prospecnve porentialshou d come ouialong
with issue engineering advancenrenr and innovaiions.
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WŁASNA METoDA
KONSERWACJI
PRZESZCZEPIANYCH
NARzĄDoW
MlĄzszowYcH z
ZASTOSOWANIEM
POLIETYLENOWEGO
ZBIORNIKA
ARTUR PLjPM' PAWEŁ cluDoBA

KAT.DRĄ KLNGc!RIRG Nr.ŻYN o!"'EJ oGoLNEJ T9^Ns
P:ANIACYJlEJ Ak^DE! l\,']EoY.ŻN!J (E WRocŁAW!'
!1. PoNA-ors(:co 2. 50 326 WR..rAW

Streszczenie

W placy pŻedstawiono netode e]imjnacji czasu
ciepłega niedokrwienia przez zastosowanie specjal
nie skansttuDWanega wareczka polietylenowega.
W.neczek zbudowanyjest z falii poliety|enavłe] HDPE
a .:'l a 9ó' aó : 

^ 
nraŻa !ó] pao

niem Własna kanstrukcja WÓreczka (tlzy przestrze-
nie i palety|e n) unożliwia pŻetrzymwanie pŻeszcze
planego nażadD W stałą tenperatuDe + 4 stapnjceL''' /c Dz -ą' !" Ia ardńÓ' 'ne]oo''ó ó''^ ' o' ]' \/ 1

su ciepłegr niedakr e nia nażna spodziewać się ]ep'''- ! /e n-] r I l -j a aą' J po pże-z 'zAp ?'
słowa k]uczowe: czas ciepłego niedakfuienia'

pD esz Ćze p n a Eąd u' z biarn i k p r]iety] e n owv
lnżynieria Bionaterialów, 37 ' 

(2004),30'33]

Wstęp

cŻas cieplego n edokrwen a dŻe isię na pefuszy cŻas
cepłego niedokMen]a obe]mL]]ący okres od zatrzynran a
krąenia d awcy do schłodzen a pob eranych narŻądóW pty_
nem peńtrŻyinym oraz Ćzas dr!g ego ceplego n edokMie
n a 11_7] czasten miezonyod \łvcągn ęcia naŻan! z odu
do cŻasu odn/Vorzen a pżepływ! kM] przez naczynia ]est'c^szer^i a. tpTa<1 epd-
nego ijednocześ| e n edokM onego nażądU [1 3]' Niedo_
klwen e iwzrosi temperatury są czynn kam uszkadŻa]a.-

d|-1o'' o I'o-śo'''-1' |oŻ-p.o'
Wadzió do]ego opÓŹn one]fUnkc]it3 4'8]'

Opis metody

W K in ce oplacowano Własna rnetodę e im naĆji czasu
d Jo.oo L -or-oo 1-oo
cia n e skonstrLroWa nego po] ely]enoweg o worecŻka, W któ
rym UmiesŻcza|y jesl przeszcŻepiany narŻąd (np nerka)
w czas e od Wyciągn ęcia z ]odu do od\łozen a pżepływL]
nacŻyniowego' WorecŻek zbudowany jes1 z jo polietyle_
nowej t|cH2-cH2 ], ) o n sk]e] gęstośc \ĄĄl\^/azane] pod
Wysokm ciśn enetn (HDPE _ Hjgh Density Poyethylene).
Zastosowanofo ę po iety enowąo grubośc 0 04mm Fol]ę
.po^odoo/ -d i-b.r.d d-.ap e," /o1ap.zr /, 1

specja nel zgrzewarki typLr Slvl5-350 (SLrper lvlaanet Se-

THE OWN METHOD OF
PRESERVATION OF
TRANSPLANTED
PARENCHYMAL ORGAN
WITH THE USAGE OF
POLYETHYLENE
RECEPTACLE
ARTUR PUPKĄ' PAWEŁ cHUooBA

DEPNTLTENT oF VAscuLAR, GENEMT AND TRANspuNroLoc,.AL
SURGERY WRoąAW UN]VERS]TY oF MED]C]NE,
!L- PoN AToWsKEco 2 50 326 WRocŁA\q,

Summary

ln this study a methÓd of e|ininatiÓn of lhe warm
ischemiais shawn The nethod is based on theappti-
cation of a specjally constructed pdyethylene bag. The
bag is built of polyethylene fail HDPE of low density
produced under high pressure. Awn construction af
the bag (three spaces and polyethylene) enabtes the
storage of a transplanted organ at lhe stable iernpera-
ture +4 Celsius degrees. Due ta the app ed nethod
of the elinination afthe wam ischenia ane can ex-
pect better early organ functian after ttansptantatian.

Key wott|s: Warn ischeniatitne, organ transpłan-
tation, palyelhy lene rcce ptacle

IEBgineeing of Bionaterials, 37, (moa), 30-331

lntroduction

The iime ofwalm lschenrla can be dlvided into the first
time ofwam ischemia conrp sing ihe period frcm the cir-
culaiory arresi of a donol to the Ćoolino of 1he harvested
organs with perfusion iluid, afd the time of the warm
ischemia. The latler ls measured fronr lhe replacement oi
ihe organ frorn ice io the ilme ofthe recofsiruciion ofblood
now through organ Vessels' and is always asŚociated W]th
the temperature rise of the iransplanted and ischem1Ć or
gan' lśchemia and lemperature r]se arc factors damaging
the innsplanted oĘan, which as a resuli can lead to its
delayed function t3, 4, 81.

Method description

in our cllnic we create the own method of linre etimina
iion ofthe warm lschenr'a through applicaiion ofa specially
constructed polyethyiene bag, jn which the transptanted
organ (fe. k'dney) is placed from the ume of its removal
from ice to ihe reconsiruclion of vessel ftow. The bag is
built of polyelhylene foil (-lCH,-CH,,l"-) of low density prc-
duced under high pressure (HDPE - High Densiiy
Polyethylene). The applied foil was 0,04 mm ihick. li was
cut in appropriate forrns and connected using a speciat
seale. SMS-350 (Super Maonei Sealer). As a resuli a
polyeihylene receptacle consisling of three compartments
wasformed. The bagswere sierilizedwilh the use ofeihy-
ene oxide, iaking advantage of low iemperatuĘ of1his gas
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a el) W]'łwarzanoWten sposób zborn k poietyenowyzbu_
dowany z irzech kompańnrentÓW' WorecŻk slery zowano
za pomocąllenku etylenu Wykolzysluiąc n ska iemperat!-
rę działan]a tego gazu jego zdo noŚc przen kan a iwnika'
n aWgłąb stery zowanego h(orzylva orazz]awsko adsorp
cli Stery zacja tMa 6 godzin. Wysierylzowane zb orn ki
po| ety enowe poddawano degaŻacjj W temperaiuEe poko

'a^p' pze/ /Ó1 t01-''.l''dńo'A 7'Ż rol^iÓqre-
trzymywan e przesŻczepianego narŻądu w stałejtempera
'. |ŻA '/ -Ioor Ce >iL,l" al ę.l rro7
rządLl rczhvorem so i Jiz]oLogiczne] z topnieiącym lodern
Worek do pŹechowywania nerk musi spełniać warl]nek
schłodzen a nerk do określone lemperatLrry oddzieen a
przesŻczep anego narŻą]u od topn ejącego iodu orazswo_
bodne Wykonywan e zespo]eń naczyniowych' Rea izac]a
tyc]r założeń była moż Wa dz]ęki Wydzie en u w po]emnjku
trzeĆh pżeslEenj: dwÓch słLrŻącyĆh jako zbiornik na iop'
nie]ący ód otaczających tŻec, beŻ płynu, pfzez|acŻany
do prŻechowwan a nerk na cŻas zespoleń naczyniowych
(RYS 1). Wydz]e en e Żborn ka na ne*e umoż W]ało wy
godny dostęp do naczyń nerkowych (tętnjcy żyły) dzięki
wyręc L] dwóch ohłorÓw w podstawe iego zb ornika. Do
datkowo gÓrne bieg!ny naczyń przeszĆŻepianejnerk były
zaz|acza|e szwami nacŻyniowymj W celu uniknięcia jch

skręcan a W cŻas e Wykon}'wania zespoleń ' Zbiornjk na top_
n ejący lÓd pozostawa]yw tym
czasie n enar!sŻone dzięki
teml] mogły spel]r ać rolę 

''.zerWualLr Ćh]odzącego nerkę'
Po odtworzenju prŻepływ!
krW przez plzeszczep aną
nerkę WoIek ztopn e]ącym lo_
dem usuwano unroż iwja]ąc
Wykonanie dalszych etapóW

omówienie

Nai epszym sposobem za-
bezpieczenia naządóW prŻed
!szkodzen!aml poWstającym
w czas e c eplego n edokrwle-
n a iest obniżen e tenrperatu_

ry do 4 stopn CesjusŻa w
którei zwo nlen]Lr ! ega proces
melabo zmu i enowego azapo
trzebowane na ten spada do
5% W poróWnan u do zapotrŻe
bowan a w temperaturze 37
stopni Cesjlsza t3. 4,81. Czas
ceplego n edokrw en a obelm!
je W praktyce tyLko cŻas dr!g e_
go Ćepłego niedokMen a Re
gUłą W plocedL]rŻe pobieran a
rrażądóW a w tym iakże nelek

oo

'Lnflio.:no ds we. as fs capaoility olpenetra ng rnlo sTe.i. ?l
'red .1alel al ano adsorptiol pr.er on enon. Ste 'lizar:on . .: : . .
lasted 6 hours' The steriJiŻed polyethylene receptac]es un_
deMenl degassing at room temperature for 7 days. The
bag consltuctlon allows for ihe storage of a iransplanied
organ at a stable tempercture +4 Celsil]s degrees due to
oppońuniiy of surrounding the organ Wiih an isoionic sali
solulion with melling lce. The bag for kidney sioring has to
meel ihe reqLrirements of cooling a kidney to ihe defined
temperature and separating the iransptanied organ from
lhe me]ting ice' as \łel] as an unrestrained peńo.nrance of
ihe vessel anastomosis. Realization ofihese assumptions
was poss]bleihankŚ to separat]ng three spaces in the con'
tainer: t\^/o serying as res€rvoirs for meli]ng ]ce- surround'
lng ihe ihird, withoul liquid, assigned for storing the kldney
during the tim€ of Vessel anasiomosis (FlG'1)' separaiing
a special rcnal coniainer enabled convenient access to re-
nalvesse]s (anartery and aVein)lhańks to a cutting of two
openings at lhe basis ol this contalner. AddiUonally, upper
polesof ihevessels of lheiransplanted kidneywere marked
by Vascułar sutures to avoid iheir i\łisiing durjng peńorm'
r_.e o'tr'e anasrclosF. Ar ne saTe r.ie the reseruo,rs
fornreliing ice renrained untouched, whlch enabledthenr io
exed a cooling function for the kidney. After the rcconstruc-
iion oi the bood flow through the ircnsplanted kldney. ihe

bag wiih the nrelting icewas re
moved, thus allowlng for ihe
performance of the fUńher
stageŚ of transplaniation.

Discussion

The besl way of protection of
organs aga nst deleterious et
lects of warm lschemia ls low-
ering the temperature io 4 Cel-
slls degrees. ln such condiiions
oxygen metabollsm slows down
and oxygen denrand decreases
to 5% in comparison to the re-
quirement althe temperalure 37
Celsius degrees [3, 4. 8]. There-
fore. the iime ofwarm ischemia
Ćomprises practicai]y only the

time of the second warm
ischemla. However. the rule in
organ haruesling proced! rc is !ak-
ing organs for iransplantaiion from
donoG with heań aciion [9]. ln
such a siuation the first lime of
warm renal ischemia ls reduced
to zero' because cold peńusion
slańs yei durjng heań work [9]
Eliminaiion of the time of wann
ischemiawas possible through the

RYS.1. Schemat worka polietylenowego z
topniejącym lodem i narządem (N - zbiornik z
nar2ądem' L - zbiorniki z topniejącym lodem) _

przekroj popŻecŻny.
FlG.1' scheme of polyethyl€ne rcceptacle With
melting ice and with organ (N - the containerwith
orgań' L _ two containelwith melting ice) _ cross

]est pozyskiwan]e oIoanóWdo przeszczepLr u da!'cÓWŻ Ża
'io^._adL.'dsó'!dlo.' 

^.F 
Ś''La. peM''r''d).e_

ojÓgo 'óoo.aF'ra ele. e 'lońl]lóro parpuęz zll
na peńuz]ę rozpocŻyna s ę ieszcŻe V/ cŻasie pracy selca
[9]' E m nac]a czas! ciepłego njedokrwen a by]a możliwa
p.ŻeŻ um eszczan e prŻesŻczep anej nerki w WoreĆzkl po
ety enowym HDPE własnej konstrurkcii [10]' Dzięk zasto_

sowan L] po iety enu NDPE o nisk ej gęstości Wytwarzany
zb aff | ad/aÓ' c )ę dL-q |ętlo,. ą 'o -]"ld " p'--_
chowywan e nerkiw czas e transpantacl. W konstrLrowa-
niu Worka \łykożystano odporność mechan czną po ety e'
nu oraŻ ]ego odporność na dz a]anje czynnikóW chem cz_
nych n skch tempelatur. DŻęk]wydzie en LrŻblorn kÓ!ł na

pacement of the Vansplanied kidney ln the polyethylene
bag of ourown construction [10]. Kidneytransplaniation was
possible also through the usage soft polyethylene HDPE.
ln ihe process oi the bag construcilon mechanical resist
ance ofpolyeihylene HDPE was used, as wellas its resisl
ance io chemicaliactors and low iemp€ratufes' Thanks to
the separaiion ofconiainercfor melUng ire and for the kid-
ney, possible beconres Unrestrained peńormance of both
venous and arterial anasiomosis independenuy of existing
operative condiiions. Thanks lhe sep6ralion of container for
kidney without liquid was eliminated of the diflusion of or-
ganlc addltives from polyethylene nraterial into Liquid and
€nal 111,12]' The lenal b8g Application of ihe descr]bed
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Ilnżynieria Bionateriałów' 37' (2004), 32-35]

Wstęp

Stopy N T|slały s ę ]ednym z Ważn ejszych matera]óW
pozwa ających prezwyc]ężyĆ W e e 1rud nośc tech no og cz

modiiicaiion of lhe total eliminatior of warm ischemia at,
jows for ihe preclse peńormańce oithe vesselslage of re_
nal transplanlation 

' 
Which exeńs also a beneficial effect on

the grafttunclion.

Conclusion

Due to the applied method ofihe etimtnation ollhe walm
.sc' err a w h Lse o .\e poryelhy e1F oaq t-.DpE o1F .,an
expe.I bellel otgaą aJn.tio1 after ła| sp anrano1
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lntroduction

NiTi a]oys have become an impońani m3ieria]' which
alows overcoming a wlde rcnge of technical and designing

._ _ ]_ 'a.l :e:. ::]Lc! 1eza eżnie od za'
-:-:]......:1li.lr Zb o.n]k na nerkę po

''ó o IoŻ^oś p-el _

: -... a:.1a- e n: pŻeszczepranąnerkę []1,12] Zastoso_
.,' . - e Jp sa ne] m odf kac] całkowitej elim nac] ciepłego nie
doLa-rcLlolla"o'e'' 'd -j'o4Ó9o
etapu transplantacji nerki co ma róWnież korzystny Wp]y1ł
na rLrnkcjonowan e przeszczep onejnerk.
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CHARAKTERYSTYKA SURFACE
PASYWOWANYCH POWIE CHARACTERIZATION OF
RZCHNISTOPOW NiTi NiTiSHAPE MEMORY
WYKAZUJĄCYCH EFEKT ALLOY AFTER
PAMlĘcl KSZTAŁTU PASSIVATION
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.tch konstrl]kcyinych zw]ązanych z m nraiuryzaĆ]ą LŻą_
]Żeń oferljąc lym samym beŻ nwaŻy]ne mi ej bo esne
:rowadzenle operacj medycznych t1l

Pom mo szereg! Wstępnych Wyn kÓw badań k nicznych
!.fl! erdzająĆyclr ceowośĆ siosowan a stopóW NiT jako
'iaterałU na implaniy, W tym róWnież brak negatywnych
skltkóW Wy\,lieranych na organ zm ]!dzk co pozwo ło na
osagniece konsensLls! b of(rnkc]ona nośc biokompaly_
b iości nada istn]eia oba\'ły że powsta]ące W wyn kU
(oroŻj ]ony n k]Lr mogą powodować n epoża'dane skutk]
uboczne t2l

odporność koroŻy]na stopóW metali]est opańa na z]a_
('sku pasywaci Wyn ka]ace z llleniania sę metali na ch
powierzchni Pow erzchnia siopLr N Tisklada siew przewa-
Ża]ące] m erze z tenków tytan! To. olaŻ W mnie]szych
ościach ztenkóVr n]k U (N o iNj'o.) metalcznego N [3]V r" -,, o<. od a oo. od\Ar -. do . 1e _.rr po-

Vrierzclrni]ak lównież ość nik U zm en ająsie W szerok m

Sposób pżygoiowan a pow]erŻchn siopu N T ma śor
ny Wpływ na komÓrk nfocytowe ś edziony szcŻL]róW ob'
róbka powezchn N Tl Ż zastosowan em Hlo, powod!]e

Wodnei w aliok aW e n e Wykaz!]e toksycŻnego dŻiałan a
mp antóW Wy]aŚn en em tego by|y rÓżnice stęŹen a nik L]

Vr' spasp\?owa ne] warst!\r e od 0 4 do 27% W zaleŻnośc od
przy]ęte] meiody pasywac] 14].

Dobra odporność koroŻVjna boog czna Wyn ka z]ed
no itośc cenk ch. amońcŻnych warsM Wylwarzanyclr na
podtożaclr trawonych !poddanych dzia]an L] pa.zyWodne]'
ASTN/] Ża eca pasywac]ę eleklrochem cznąW ce U lzyska-

/ '. | 'o.ó <a 
^okp 

oo 9 ć i. . d'A'
dys]okac]] Wykluczaiąc przyĆzynę e ektrochemicznego prŻe
bcawarsiwy[5]

celenr prezentowane] pracy było otzymanie amorfcz
nych warsn\r T O:w wyn ku pasn\raci stop! wstrumienu
pary Wodne] oraz Żbadanie je] slrUklUry ]ednorodnośc od

Materiał i metodyka badań

Płyik]stopLr N Ti(50 6%at Nj)dostallrŻone przez fnnę
AN4T (Be]g a), po mechanicznym Wypo erowan u, były pod
dawane działan L] strum en a pary WodnejW altok aWe W
temperaiuŻe 130"c przez 10 20 30 m nul

strukt!ra pasylowanych Vrarsiw była badana melodą
rentsenowsket reflekiometr (XRR) re nigenowsk ej spe k
troskop fotoelektronóW (XPs) oraz teclrn ka. WysokoloŻ_
dzle czel rnikroskop e ektronowel (HREM)

odpomośĆna kotoz]ę w}two2onych Wars[v by]a sp'aW
dzana V"' fjzjo og cznym roztworze Tyroda W cyk cŻnym
potenc]odynarnicznym po aryŻatorze

Wyniki badań

WTABELl 1 zeŚtaw ono Wyn k badań z renigenowskch
pomiaróW ref ektomeilycznyclr grubośc WaIstWy t]enko
ł-.' .opołoo- oo^ól-' l'' .opo^Ż'os q'a rlo
dŻ]ałU. gęstośc Warsiwy t enkowej i podłoża W ce u plze_
o.oł"d7"'aob>e Ic' idloć',/rp 4J--nnJ o .].poj
o i pod'oŻ" l \ al o/ i- i .o o'od o' ' p ,so_

towano c enk e fo ie z przeklo]Ów poprzecznycl, p]ytek
Zm erzona gruboŚĆ amońicznych Warstw t enkowych po_
zosiaje w dobre]Żgodnośc zWynjkam otrzymanym meto'
d" A1oe_o^ t|e '4rA'.o_1ÓI' i ! a!a p/'ÓlśrÓ po' ę
dzy amończna. !łalstwą tlenkową a kryslalcznynr podło_
żem prŻedstEWono na RYS' 1

probler5'pl.leo lo |he 1lr al-.iŚdLio1o. n eo cc| oevLes 
' 'ano ofiels lFss .Vd<|\A aad lne'e.ore e..lralnar"-ę6' ..ij..

cal procedures 11l.
Despiiethe factthat mosi previous stLdies showed good

clinical rcsults of nickel,tiianium implants and it tooks that
the Niiinolhas no deleierious efiects on human body. here
is stii]some concern that freed due lo rorrosion nickelionŚ
may cause undesirable side-etrects l2l.

The corrcs on res stance of metat attoys ts based on
passivalior phenomena witch is due 10 a metai oxide layer
on ihe suńace The suńaĆe of NiT] consisis mainly of sta
be tilanium oxides TiO,, smaier amouni of nicket oxides
(NrO a_d N O , dno meu lic \ wr 'e r . e.ria ,iLm on-
situles the ]nner layer ł3] Depencling on the passivation
method, ihe suńace chemislry and the amouni of nickel
may vary over a wide range [4].

The NiTlsurface preparailon has shown a criiicaletfect
on the cells of ratsplenoeytes. The NiTt sudace treatmenl
wlih H,O, caused a toxlc effect comparcble to that ofpure
nickel. However the ireaiment in watersieam byauioclavjng
wascleany nonłoxic' The exp]anation forthis was thaiihe
nlckel concentrat]on at the suńace Ćou|d Vary from 0.4 to
27 % dependins on the passivation method [4]

A uniformly amorphous suńace flnr creating at chern]_
cally etched and boiled in waier substrates contriblries to
the excellent coroslon resistance and biotogicat response.
ASTM recommends eleclrochem cal passivation to obtain
an amorphous layerwhich is f.ee of grain boundaries and
dis ocations and preclLrde electrochenrical breakdown I5l

The aim of this work was to obiain an arnorpholrs TiO,
surface layer after passivation in water stearn ustng the
autoclaving p.ocess and tostudythe st.uciure ofthis ayer,
its homogeneity and cor.osion resistance.

Experimental

Flat speclmens of the NiTi alloy (al 50,6 ai. % Nj con,
tent the Ą =10"c) de|]Vered by A,4T lBelgium) aftel me'
chanical po]ishing wele crcat€d by autoclaving ]n Water
steam at 130.C for 10, 20 and 30 minutes

The structure ofthe passivated layers was studted us,
ing the X-ray reflectivity (XRR), X ray photoetectron
speclroscopy (XPS) melhods and HREI\,1 maging techntq ue.

The coffosion reslstanceofthe passivared surface was
tesied ln the physiological Tyrod solution using the cyctic
potenliodynam c polarization

Results

Thedetermined from X ray rcflectivlty measurement ox-
ide ]ayer ihickness, suńac€ roughn€ss' inteńace roughness
and densltyofthe oxide layers metalmatix are puttogether
inTABLE 1 ln orderto observe the amorphous TiO, tayers
and theircoher€ncy With NiTjmatix as Wei]as iheil hon]o_
geneity ihin lolls for HRENI were prepared frcm the cross
sect]on of the flat speĆinrens' The meas!red ihickness of
the amorphous oxide ayer is in good agreement with the X
ray rellectivity resulls. A continuous iransition from the amotr
phous layel to the crystalline alloymatrix is v]sible {FłG' 1).

The structure of the oxide ayer afier passivation was
deiermined using XPS melhod. The deplh profile of ihe ox de
layer for the specimen autoc aved at 130"C for 30 mln. is
shown in FIG 2 Theoxygen profile cha Ecterises the deprh
ofihe oxide iayer !{rith low evelofthe Ni concentration. ln
FlG.3lhe 2p Tjand Nispeclra ofthisspecjmef are shown
lo' d'1..pr. oeLeLtro_ ang.es .or.soo orng to rnc .a(:-g
deplh infomaUon. The s1rcng peak on ihe 2p Tl spectrum
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TABELA 1' charaklerystyka warstw otrzym6na metodą r€ntgenowskiej reflektometrii.
TABLE 1. The results ofth€ XRR measurements.

'. ..ł' '-'. ' '"|Jlp-. "'-'','. 
_'r.

RYs' 2. Plotil głębokości warstwy tlenku .lla
próbki Pasywowanej w 130"c w czasie 30 minut.
FlG' 2. Depth prolile of th€ oxide lay€r for the
specim€n autoclaved at 130.c for 30 min.

(FlG' 3a) corresponds to theTio,phasethus Łheamo.phous
layer can be identified as TiO,. The iniensiiy of the Nt 2p
spectE (FlG. 3b)increases strongty with the deteciion an-
gle' li may be concluded that b€low the Tio, layer there

r=o
-d.
LIJ

'Ę

"źr
1:-t

RYS. 1 . V{ysoko.ozdzielczy obraz mikroskopowy
warstwy amorf icŻnego llenku.
FlG. 1. HRElvl image of the amorphous oxide.

SIIL]kture powerŻchn warstwy tenkL] L]ŻyskanejW Wy
n ku pasywac] badano ló rn eŻ metodą XPS G]ębokość
profi u Warstwy i enkov/e] wyllvorŻone] W lemperatLrrŻe
]30"c W cŻas e 30 m nLt przedsiawiono na RYS 2' Prof
Wyznaczony d a t enu chalakieryzLrje głebokość Warsivvy

RYs' 3' Widma 2p dla Ti {a) oraz Ni (b) rejestrowane pod fóźnymi kąlami dla próbki pasywowanei w .t3o.c w
czasie 30 minut.
FlG.3' The 2p spectra of Ti (a) and Ni (b) for different det€ction angles ofa specimen autoctaved at 13o.c
for 30 min.

ex]sis a t€nŚition layel Wiih nickel oxides' The samp]es
oxidised ai 130.C for 30 minutes have shown the best re-
sults ol ihe corrosion resistance The established values arc
E"""- +33 mV and brcakdown poteniial E& = +1227 mv.
The presented here values are better than those presenled

464 462 ,460 4s3 456 4s! 452 r50
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tlenkowe] z niska' zawańośc ą N
Na RYS 3 Żosla]y przedstawone wdma 2. .: - ''

re]esilowane dla różnych kątÓW deiekcj co..:. ' ?::,]
zwększen u głebokośc penetrac] DŻ e{
'ol aoo 'ro- . j r,- r do. lr Pqo ld-" l ó'e'"c' ld'd'I-l'''l -d.'o''-o
/d- tlrala.'"/Fdiat / a..o-O \,1 .., .

2p da Ni (RYS 3b) ŻlłleksŻa se \\r mare wzrcstL kala
de|ó J|' Vo_ó
prŻejśc owej Wa rshłie znajdL]]acejsie 1Uż pon ŻeJWarSM}
To"

otŻymaneW aliok aw e a morficzne wa rs\ły t en kowe
|a płytkach wykonanych ze stopl] N T poddano badaniorn
odpornoścl na koroŻje' Najlepsze Wynik w badaniach od_
pornośc na kolozję L]zyskano d]a próbk] stopU N Tj pasy_
WoWanego wtemperaiLrże 130oc w czas e 30 m nut' War
tośĆ E'_' Wynosiła +33 mV' naiomiast potenciału przeb c]a
lEo') +1227 nv Uzyskane WańościsąŻnaczne korzyst
nieisze niŻ podawarre w iteratLrrze d a próbek pasywowa_
nyclr e ektroclrenr cznie.

Wnioski

' Podczas pasywowania W aL]tokaw e można otrŻymać
cienkąwars\łe (_ 3 nm] Tio, kiÓrej obecność zWększa
odpornośĆ na korozię
_ Warstwa T o:jest gładką' amończnąWarstwą | e wyka
zljącąobecnośc atomóW n k]u
- NajwyŹsząwańość potencjału pŻebic a (Eb, = +1227 mV)
Wykazują pasywoWa n e WarstWV w!4worzone W autoklaWie
Wtempel€|uŻe 130.c Wczasle 30 m nUt

for electropol shed passivation

Conclusions

- The surface passvation by autoclaving ensures a thtn
(- 3 nm)TiO,oxidenlm whtch s responsibte iorhioh corro-

- The TiO, oxide ayer is amorphous and shows low rough,
ness and ]ack of nickelon the suńace'
- After passivation at 130"C for 30 min. the highest break-
down potential (Eb,= 1227 rnv) is oblained
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ocENA PEŁZANlA
ELASTOMEROW
TERMOPLASTYCZNYGH
W WARUNKACH
DYNAMICZNYCH

PoLTE.HN (A sŻ.ŻE. !s<A
lNsTfLrT PoLlERo'"l sŻcŻE.N

Inżynieria Biomateria!ów, 37, (2004), 35-38]

Wstęp

N.4ate.ał pracLljący W warunkach cykl]cznych obciążeń
Wymagana mon torowania procesóW odksŻtałceń posle
puiącego niszcŻen a materałLl (zmęczen a)' Wje e obc a._

Źeń W układach b]o og cŻnych ma chalakter cyk czny {np
ściegna) kióre Wykazl]]ą za]eżn e od czasu w]aśc WośĆ ep_
kosplężyste W odn esieni! do zm arr sŻtywnośc, pęt hi_
steleŻy czy pełzan a [1' 2]' Gdy matera] po imerowy pod
dawa ny ]esl działa n Lr obc ążeń ŻachodŻ w n m sŻereg pro_p-ol \"- r f-.l1J'o7"_ia ę
konkLrllr]ących procesÓW za eŻy od $/ie Ll czynn kóW ta_
k ch ]aktemperalura środowsko cŻy podstawowe W]aśc
Wośc nro ekularne po inrer! [3] W konwencjona|nych te_
stach Żmęczen owych' próbka poddawanajest cyk cznynr
obciąŻen onr, podczas ktÓryclr WyŻnacza się liczbę cyk

VALUATION OF CREEPOF
THERMOPLASTIC
ELASTOMERS IN
DYNAMIC CONDITIONS

TECHN cAL UMVERSITY oF sŻcŻEcll'],
PoLYMER lNsTTUTĘ' szczEc N

IEngineering of Biomateriats, 37, (2004),3 S-3Bl

lntroduction

lfthe materials are slrbjected to cycttc toads (fatigue)then
characterisation of defomation and flacture plopeńieŚ of
mateials is ol greai interest. Many toads are cvctic jn bio-
log]cal objects such in the case of tendons wńich exper]_
ence loading patierns in vivo and show iime-dependeni
viscoelastlc propel1ies in terms ofchange in stiffness, hys-
te.esis loop or creep behaviour 11 21. When a potymedc
malefial is subtected to an applied siress, a grear va ety of
chemicaland rheological events mayoccurin agiven poly
mer. The nei effect oi ihe several compeitng processes
deo.los 01 -a1y 'a-Lo"s rrc do 1q Le-per.ture, en! ro--
ment, and basic molecu ar pmpeńes oiihe polymer13]' ln
a conventiona] faiigL]e tes1, the speĆimen is subjec1ed to
cyĆ|ic oadlng and 'he 1u nbAl ol (yL Ps Io Ta Jle s ror
Lo.ed [1]. ll.e 'esurls arF rl^en preserted as S-N, urves i e.
siress vercus number of cycles ro faiture Anoiher tesiing
approach is the hysteresis method which addilionally giV€s
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3Ó polrzebną do Żn szcŻen a maielału 14] Wynk] sąpŻed_
stawane W postac charakterysiyĆznych wykresówiyp! S
N, tzn napręŹene W funkc] czby cyk potrzebnych do
zn sŻczen a mater ałU'lnną lechn ką badawczą]est nrelo
d"o- ee
zm anach strLrktL]ra nych zaclrodzacyclr W matela e' RÓż
ne WłaścWośc są mierŻone W tym samym czasie: naprę'
.-lie a p ooodls."1 p a..o
proszonej eiergii tłLrmene materału oraz prŻebieg pro_
cesl] pełzan a W wallnkach dynam cznych [5] Metoda ta
jesi szĆŻegÓ nie poŹyieczna W badan ach m]ękkĆh mate_
r ałów. takiclr jak e aslomery lerrloplastycŻne lrJb kauczu

b.d r"'ooe n'- d',,a |a 
^aroś' .p'ę_

zeń (Wtzw' metodŻie skokowo narastających obciąŻeń [6])
można ocen ć proces dynam cŻnego pełzarr a'' W war!n_
kach s nuso da n e Żm ennych obcąŻeń (obc ążeń dyna
_]i ,/ J r Wo,.
czen owych nowego e astomeru lermop astycznego do
d'to o\"i b|o' ed' !'' '' 'o o/d oo(óld \ ę9ę

zginacŻy pa cóW lęki). po] (al fatycŻno/a romaiycŻnego_es_
trlr)(PED)oraz stosowaneqo w medycvn e po (etero !re
tanL') ze szczegÓlnynr lwzg ędn en em proces! pelzan a
w warunkach dynam cznych.

Część doświadczalna

W pracy badano kopol mer PED zaw erata.cy 26% was
poi(tereftalan! buty enu) (PBT)17,1%was d meryzowa
rrego kwasu liuszcŻowego (FDA) otrzymany melodątran_
sestMikacj poikondensac]iW stope op saną We wcze
śnie]sŻyclr pL]b]kacjach 17 8] Po](etero_uletan) (PU) o
iwardośc shora A 80 (Pe]elhane 2363_804)otrŻymano Ż
Jirrny Dow Niemcy Próbkj do badań slatycznych dyna
m cznych (Wosełka typL] 52) prŻygotowano nretodąWtry_
sku połi c śn er em ok 50 NlPa Qlas statyczne badan a

o 
^ 

'ó 'pF'd'L'"Apo.oo^A d
ilV lV I'oo'"żo' ej

w glowiĆę 500 N prŻy szybkości przesu\łLr tlawersL] 100
nrm/min' Do oceny W]a śc Wości zmęcŻeniowych kopo me
ru PED i PU jako materallr odn es enla zasloso\,lano ma-
szynę selwohydra! iczną !'/yposaŹona W cyfrowy sterow
n k ( nstron 8400/8800) i pakiet do ana iŻy pęilj h sterezy
[6] l"laszyna seMohydraL] iczna była WypÓSaŹona W gło_
Wcę 200 N oraz cy nder 10 kN Stanowsko doŚWiadczal-
ne urnoŻ iWa|o m n ma zacię przesLrn ęca sygnału naprę_
żen a wzg ędem odksŻtałcenia pon Że] 20!s' PodcŻas te
siu dynamicŻnego pełŻania (sLI) prÓbk były poddawane
s nlrso]dalnym odkształcen om o zadane] !ańośc naprę
żen a przy częstoll\,!ośc 1 |z N]e obseMowano h]stere_
tycznego na9rŻewan]a probk! na ]ej pow erŻchn. Nłaksy
ra|'ą n" 'o . 1"p'ę''.l d poo<IJ^ e -'
tody stopn owo narasiających naplęŹeń (s LT) (TABELA
1)' Naprężen e ltĘymvwano przez 100 000 cyk (tempe_

infcmation about structural chanoes ofthe n-ra1e at. Dtffer-
enf properties can be determinect simujianeousty stress,
Śtrd n an o| iJoe :L; l'lAscFq ano sLoled 3_d |o:t enF.g'Aq
materialdamping and ihe cychc creep behavroLrr [5] This
method is pańicu]ar|y usefu|ior evaluai]on offatigue prop-
erties of soft materials such as th€lmop|astic elastomers ol
rubbers' With use of Ępid method for deierminalior ofthe
amount of stress (so ca ]ed stepw]se increasino load ieŚi
[6]), il ls possible to evaluate ihe "dynamiccreep ofama-
terialwhen a sinusoldalforce patiem (dynamic toadjng)is
app]ied.in lhis study' evaluaiion offatlgL]e prcpeńies of nove]
thermoplasti. elastorner for biomedical applications (tem-
porary prosthesls for finger flexor tendon), poty(atiphatic/
aromatic-ester) (PED) and a nredical grarle poJy(etheF
urcihane)wll be presented with speciatfocus on "dynarntc

Experimental

The synthesls meihod of PED copotymer conlaining
26Mo/o poly{buiylene ierephiha aie) (PBT) and 74wi9;
dimeriŻed fatty ac]d (DFA), ]nvo]Ving tra nsesteilication and
polycon densatiÓn from the me]t has been described in ple
vjous publications 17, 81. Poly(eiher-urethane) (P U ) of hard,
ness Shore A oi 80 (Pellethane 2363-80 AE)was received
from Dow company (Gernrany) SampLes for rensite and
faligue iesting were prepared by injeciion moulding at a
pressure oi around 50 NłPa' The quas]_staiic tensile daia
werc collected at room temperaiurc wjth an lnstron T1\4-N4

tensile iester equipped wlih a 500 N load cett at a crosshead
speed ot 100 mm/min. A servo-hydrau lic tesi machtne wtth
a digltal controller (lnsiron 8400/8800) and a soft!,rare pack-
ageforiheevaluaton ofthehysterests toop 16lwas used to
study the PED copolymer and sl icone elastomer as a ref-
etencÓ male' al' A se.Vo_h}ofJLl. lesl l. aLl'n. I"!
equipped wiih a 200-N load cell and 10 kN cylinder. A pos,
slble p.lase sli1oeMee.lsl'ess.ad sl'a - 5 gnć łas m 1'
mized below 20 !5 by the exper]m€nta| set.L]p. ]n a s ngle
load test (SLT) the specimens were subjected ro a saess
i orho ed s|r 'soda oslilldlor',1płAq-"r'y'l 'J) rarange of 1 HŻ and no hysterellc heatingWas detected aith€
suńaceofthe specimen' The max]nrUm slrcss Was set a1 a
value preselected frcm the slepwlse increasing toad tesiing
(SILT) (TABLE 1). The stress was kept constant durtng a
pe od of 1 00 000 cyc]es jn ail at 24'c. The dig]tal contrÓller
was used 10 keep the oad l€Vel constanl Wiih an accuracy
of 5 %. The load ratio R, was 0.1. This oad raUo indicates
tha1 sin usoida l osc]lLatjons were cyc]ic repeal€d jn tension
rnode at rnlnimurn load ten times lowerthan maximum toad.

Results and discussion
The resu lts irom the quasi statictensile nreasL]lements and
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TABELA 1. statyczn€ właściwości wytrzymałościowe kopolifteru PED imateriału
przesuwu trawersu 100 mm/min.
TABLE 1' static tensjle prope.ties of PED copolymer and a reler€nce mat€riat.
100 mm/min.

odniesienia' szybkość

Cross-head speed of

Pelethane 2363 30AE

E",, Yo! i9 s modr !s:
r. eonoaron at break:
.L o.C !.lues for aynanri. .reep lest
T,, metińg poni delerP ned Ón a BÓeth]ls apparaluŚ
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RYs' 2. Pętla histerezykopolimeru PED imateriału
odniesienia dla cyklu o numerze 50 000.
FIG. 2 Hysteiesjs loops of PED copolym€r and a
re'erence materialtaken at cycl€ number 50 000.

ratura 24!C) Stały pozom obcażenla Ż dokładnośc 5%
byi llrŻymylvany prŻez cyfrowy sterownik' Wspcłczynn k
amp tLrdycyk u R= 0'1. oznacza to że s nLlsodalneoscy
acje były cykllczn e poMaŻane pEy rozcąlan u próbk

lob ą/A1 '07óśę..J r - -i 1 r
obc ąŻen e maksynralne

Wyniki i dyskusja

Wyn ki wytrymałośc owych badań qLrasistatycznyclr
o d/ \. .o;' oo aŻÓ' L/ <\al ę / ' P'aa] ) op. o^o ' a_
rasta]ących naprężeń przedstawa TABELA ] RYsUNEK
] pŻedslawia krz}Ąłe dynam cŻnego pełzan a kopo me_
róW PED Peleihane podczas teslu dynam]cznego pelza
n a (SLT) plz y częstoilwośc 1 Hz w tempelat!]rze 2Żl.c
Pełzanie dynamiczne.Ża ezyn etylko od rLrch WoŚciflag

mentÓw łańcucha makrocząsteĆzk krystalicŻnośc a e
róWnieŻ od obecnośĆ WiąŻań drugorzędowych [9]' Kopo '
mer mU t b okowy zawierający dinrelyŻowany kwas tłUsz
czowy W segmenlach g ętk ch Wykazujący mikrosepala_
cję fazową nanostruktuly charakteryzU]e sję ma]ąWańość
natych miastowego od kształcenia e astycznego imałąWar
iość pełzan a (ok' 1 8%) po 100 000 Ćyk Kopo nrer PED
]est bardŻie]odporny na pelzanje W pońWnaniu do kopoli_
meru po ureianowego 1genera nie, po iUretany WykazLrją
dobrąodpomośÓna płyn ęce pod obc ążeniem dz ękiobec
nośĆ w ąŻań Wodofowych stabiizujących stlt]ktulę)' s]ab_
szą odpomośĆ na pełŻanie można ]nlerp.etować zgodnj_A

RYs. 1. a) Krzyw€ pełzania dynamicznego (sd)
kopolimeru PEo i materiału od n i€sienia; wańości
obciążen są zaznacŻone clla każdego pol]ńeruI
b) wartości bezwŻglęclnego pełzania {^ .) dla
kopolimerów. częstotliwość pomiarów: 1 Hz,
liczba cykl': 100 000. T= 24'c-
FlG. 1. a) Dynami€ ereep {€d) curves of PED
copolymer and a ref€.ence nateriali loading
patterns are indicated for each polyme.t b)
absolute creep (^ r)values forthese copolymers.
Test frequency: 1 HŻ, number of cycles (N)l
100000.T=24'C.

load values for dynamic creep iesi are given in TABLE 1.
FlG 1 shows dynamic creep culv€s of PED and a Palleihane
dLrring constani loading (single load iest, SLT) wllh a fre-
quencyof 1 Hzlor a period of 100 000 cycles at24'C. The
'dynamb creep" depends not only on the mobtlity of the
chain segmentsand crysiallinily, but also on the strength of
secondary bonds [9]. MulUb ock copolymers conraininq
dimeHzed faily acid in the soft segmenls and showing
rnlcrophase separated nanostructure shows very tow value
of immediaie elastic defomation and very low creep (about
1.8 %)after 100 000 cycles. PEDcopolwnerts nrore resist.
ant to creep compared to polyureihane copolymer (poly-
urethanes usually show good resistance to creep due to
}l'e pleserle of stloąq hvdloge oo'ds.Iab'/i.9 aLlo_
struciu.e). Lowercreep reslstance of a polyureihane sanr-
pe can be interpreled following suggestions r0. 111, ihal
under the cyclic deformalion the destruction of the hard
segment domains and/or lntermlxing of the hard and sofl
segrrents car ta\. o d' e T o' 2 pIeśF'rIs lne 'orpal son
of hysteresis loop patterns of polymers lesied under con-
stant load. The much broader hysteresjs oop of a poly-
urethane copolymercompared to PED copolymer can indt-
cate structural changes, and in consequence induĆes high
efergy dissipalion and very arge creepinq, as it was al

Gonclusions

The hysteresls loop measuremeni nrethod can success-
fully be applied to evaluate the faiigle prop€rlies of ther'
moplastic poly(aliphalic/aromatic ester) (PED) multiblock
elastomer in terms ofcreep behaviour. PED copolymershow
much betier creep resistance compared io poy(ether,
urcthanes) when samples ofsimilar hardness (shore A 80)
are compared. Evaluated propedies can be very useful in
the design of senricrystailine polymers which are subjected
to a long duration loadlng.
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38 z s!gest ą [10' 1 1]' ]ż podczas cyk]ĆŻnych odkszlałceń na_
\lóp .de)'-t oMo'o''' do_.-' l|oa'n e5'd --.q
rn entóW sziywn ych igiętk c/T ' RYSUNEK2 przedsiawia po_
róWnan e ksŻtałtu pet] h]steleŻV nl. 50 O00 d a po merÓw
tesiowanych przy s1a]ym' cyk cznym obcążen u' Znacz_
n e szersŻe po e pęt i histerezy kopo merL] po iUretanovre

oo.ooo --,D-Dio.a^*d,//l(r.,d
ŻnacŻne zmany stlLrkturalne a W konsekwenc] Wększe

^ęt /ep.Ża iÓ i. ^'po_ d o

Wnioski

N']etoda pętlihisteleŻy może być z powodzen]enr stoso
Wana do oceny Właśclvoścj Żmęczen owych W odnies e_
nil] do z]aw ska pełŻania d]a po] (al fatycŻno/a romaiycŻne
go_estl!) (PED) będąceoo mU]t b okowvm e]asto..erem_Ó'roo]d''J'l,aJn topoi1Ar Pl D ^,l"'J- l'J' 

'e

'nnieisŻe 
pe]zai eti mn e]sŻe odkszta]cen e podwpłylvern

plzy]ożonego W \łarun kach dynam cznyĆh obc ąŻen a wpÓ
rÓWnaniu do kopo merLr po iUretanowego o porÓWny1va _

ne] twardośc (Shore A 80)

DANUTA PALUCH', sTANlsŁAW PELKA-, LEs2Ek solsKl,
JoANNA KARAŚ'-, zBlGNiEW JAEGERMANN'.,
sŁAWoMlR [4lclAŁowsK''

.ZAIAD CH RJRG ETPERiLIEN{.NET BADAN A B oMA Ei A.
1o( AklDE! N4E.!.ŻNEr !E WRo.ŁAtr !
-- lNslrTlT SŻK.Ą cEi+'( !! WAFsŻllJE

Ilnżynieria Bionateriałów, 37, (2004), 38-41]

Wstęp

7al Ó'ó1|a 'a.'
cŻai Wynraga]ą d]L]gotMa]e] kUracjianlyb oiykam ' N]ie]sco_
We deponowane odpowedno skuteĆznego aniybioiyku
bezpośredn o do ogniska zakażenia zwięksŻa skuteĆŻność
eczen]a e m nuie skltki ogóhego dllrgotMałego Wpły
wu eku na Ćaly organiŻm' N]]ateriałem rnogącym dobze
spe]n ać funkcię nośn ka antyb oiyku sŻczególn e W clr '
rurg ] kośĆ, sa polowate mpanly korundowe o \łysok m
stopn u b ozgodnośĆi W |nslytucie szkła i ceram ki \ł
Warszawe opracowano porowate mp anly korundowe w
postac p anki (45 ppi) Ż nośn k ern z lrydroksypropy ome_
iy]oce Lr ozy HP[4c fjrmy F Uka olaz porowate \łorzywo
kor!ndowe z nośnikenr z po i(a koho ! W ny Lr) PAW lirmy
Sh n_Etsu' Z obu rodzajów materlałÓw plzygotowano m_
p anty z dodatkiem antybiotykÓW [1 4]
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CYTOTOKSYCZNEGO CYTOTOXYCITY EFFECTS
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IMPLANTOW CORUNDUM IMPLANTS
KORUNDOWYCH Z CONTAINING
DODATKIEM ANTIBIOTICS
ANTYBIOTYKOW
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lntroduction

The bone infecilons posethe significani ctinicalprobtem
and in most rases 1hey need a long antibjoticŚ tlealrnent
The effectiveness of the treaiment could be increased by
the localdeposiUon ofthe antibiotics what additiona lly de,
creased the geneml effect of ihe long asting anlibiotic treat-
menl in hunran paUents. Anrono the maieriats which could
be used as the effecuve drug carie.s, especialty in bone
surgery, are porous corundum mplants of ihe high
brocorparib iLy At he rsri -te o. Glrss a1d Cercmi.s rr
Warcaw two differenl maie als were worked out: the po
rous corundum in the fornr of foam (45 ppi) wtth ihe
hydroxypropylomeihyl-cellulose carier (HPN,4C made by
Fiuka Co.) and porous corundum with ihe poiy(vtnyt atco-
hol) carrier (PAW made by Shin-Etsu). From rhese both
materials the impla nts contalning aniiblolicswere prepared.
t1-31.

The rnain targei of the study was the comparative as-



]..m badań była oceia poróWnawcza W waruikach n
] ]orowatyĆlr hlorzylv kolLrndowych Ż dodaikiem anty

: _ iÓ' nowe] senerac]i
::can a cytotoksycznośc są szybkim' WystandaryŻo

: ' 'n cz!łym testem d a określenia czy dany nrateriał
:: 9ra znaczące ośc 

' 
bio ogiczn!€ szkodlWych s!bstan_

: '],r'soka czu]ość tych lestÓw ]est Wyn]k em zo ac]i kU

- rlnórkowych a zatem blaku meahanzmÓW ochron_
:. ktÓre 1owaŻyszą komÓrkom Wewnąlrz cała PoŻy
' _9 wynik badań cytotoksycznych nrogą być Wczes nym

:::?ezen em Że badany nraler ałzawera Więce]toksycŻ
:lr subsiancj an Źe dopusŻcza pozom k niczny [5]

IVateriał i metoda badań

3adan ! dzałan a cyiotoksyĆŻnego poddano nasiępu

- Pank korundowe z nośnikem HPI4C bez anlybotvku
_]b z dodatk ern nasiępu]ących ości antyb olvkÓW: 27 5
a! ceftrakson! (B otrakson frrmy B oton) lLb 21,5 mg cy-
!r.ioksacyny (f rmy GZF Po fa Grodz sk N4azowteck ) !b
'ó m! Wankonrycyny (Ed c n, f]rmy Lek)
2 Porowaie twoŻylvo korLrndowe z nośnikem PAW beŻ
antyb otykL] Lrb Ż dodatk em nasiępu]ących iiości antyb o_
:ykólv:23 5 nrg ceftriaksonu Lrb 26 5 mg cyprofloksacyny
!b 16,5 rng wankomycyny

W< 's|L A ^ o|a '! pl?)ga'o^. ó a)') p !-/ plo^ a
'- d'ę' zą1|- 'o'1LcLo'L doł"goodpo

k em po merowym zawela]ącym w/W anlyb otyk BeŻpo
średnio po nasącŻen U prÓbkizamrożono {temp. 18"C)' a
następn e l,!ysuszono metodą liof liŻac]

Badania dz a]an a cytotoksYczneqo przeplolladŻono
m etodą bezpośred niego kontakt! na fibrob astach mysich
3T3 Ba b/c załoŻonych na płyikach Petreqo W ilośc 0.5 x
106 kaŻda Każdy materał ocen ano na 9 hodowach ko_
mÓrek (po 3 na kaŻdv dŻeń badan a] Hodowl€ komÓrko
we nklbowano w temperatt)rze 3/'C z dodatkem 5%
co. Zm any lościowe i r'rońo og czne W hodowac]r ko
nrórkowych ocenlono po 24 48 i 72 h Do oceny Żastoso_
lvano barwen e czeMen ą obo]ę1ną i błęk lern lrypanu'
\V ' 

Li o) o^A oaoŻ' lp 'd1) 'lj Ż'-

Wyniki badań

mplanty korundowe bez antybiotyków
Po24 4ai72 lr W hodowlach po kontakce Ż prÓbkanr

z p ankikor!ndowejz nośnikem HPlr']c twoŻywa korun_
dowegoz nośnikem PAW komÓrkiprŻy egaly do podłoża
m a]y prawldłowe cechy mońo ogiczne. N e stw erdŻono
ag Utynac]i Wakuo izac] , oddz el€n]a od podłoŻa an! Ży
błon komórkowych Pro iferacia komórek była prawdlowa
po 72 h komórki tworŻyly ko on e' lośÓ komórek ż}wych.
po kontakce z nrplantami!v postac piank korLrndowejz
HPN']C po 72 h by]a nie slotnle Wyższa n ż W hodow ma_
cerzystei' Natom ast ość komólek Ż}Ąłych po koniakce
z polowatym ]mp]antam korundowym z PAW była ni-._
stotn e n żsŻa niż W hcdow macerzystej l ość konrÓrek
rnańWyclr po 72h, W przypadkLr piank kol!ndowe] z HPl,4c
Wynos!]a 2%, a W pŻypadkU porowateqo t\rvorzwa korun_
dowego z PAW _ 3% całkowite] iczby 

'ibrob 
astóW by]a

poróu/nywa na z odsetk em komórek rnańWVch W hodow_
ach macezysiych 2% (RYS 'l 2)
lmplanty korundowe z dodalkiem ceftriaksonu

Po 24, 48 72hVrhodow! po kon1akceŻprÓbkam z
p anki korLrndowe] z HPl,'lc hłorzylva koll]ndowego z no-
śn]k em PAW z dodatki€m ceftaksonLr komÓrki ! egły s
nemL] obkurczen Lr ag]LrtynaĆ] jodkeien!odpodłoŹa Pro

sessment "in vitro of the porous conrndum implanrs with 3gihe new gene.ation antibiot]Ćs added'
The evaluation of ilre cytoioxiciiy are qutck, sensiUveand

standaldiŻed testŚ fol ihe assessment ofthe b]olooicalinr
purities in the tested sample. The high sensiUvenessoithese
iests is the resuit of isolailon ofce culture. which as such
have no defense mechanlsnr which are preseni tn ihe hu
man body' The positive results ofthe cyiotoxicity lests Ćouid
beihe earlywarning.thatihe malerial inquesiion eontains
mo.e ioxic subsiancesthen this is altolr/ atthe ctintca evel
t4t.

Materials and methods

The study ol cloioxicity eflecls was caried on the fot-
lowing implant materlals:
1. corundum foams with ihe HPMC caner. n,ithout antibi-
olic orwlth lhe aniibiolic otthe followlng dosages: 27,5m9
cephiriaxon (B;olrakson, Bioton Co.) or 21 5 mg
cyprophloxacjne (GZF Polfa co', Grodzisk Nłazowiecki) or
with 16 mg wankomycine (Edicin, Lek Co.)i
2. porous corundurn stuff wittr PAW car er without antibi-
otic or with the anUbioiics of the followtng dosages: 23,5
mg cephtriaxon (Bioirakson, Bioton Co.) or 26.s mg
cyprophloxaclne {GŻF Polfa co', Glodzisk N4azowiecki) or
with 16,5 ms wankornycine (Edicin, Lek Co ).

All implanis were prcpared by the vacuum soaking of
the corundurn maierla s with the properpotymercanierwtth
aforemeniioned antibioUcs. lmme.liateiy afier ihe materials
have been soaked the samples were frozen at 18"C, and
laler allwerc dded by liophllisation.

EvalLaiion of the cytoioxiclty was carrled ol]1 by the
rneihod of direct coniaci on mouse fibrobtasr 3T3 Batb/C
set up on Pelridjshes at 0,5 x 106 each. Each sampte was
evaluated on I cellcultures (3 each tesied day). The ceLt
cultureswere incubated at +37'C wlth 5% CO,added. The
quantityandmorphologicalchanges inthe cett cutturcswere
assessed after 24, 48 and 72 hours. For thls plrpose ihe
dyeclmethods wlih neutralred and trypane bluewere used.
The quantitative resu ts ofthese lests undeMentthe siatis

Results

Corundum implants without ant'biotics
After 24,48 and 72 hou.s in the cell cultures wh ch had

theconiactwth the samples ofcorundum foam wiih HPN4C
carrier and with the porous corundum stuff wlth PAW car
rier(boih wlihoLrtant biotics)allce ls were properlV adhered
tothe bed and had proper morpholog calcharacter. No ag-
gluiination vac!ollzation, separation from the bed ne ther
lysls ofthe cell's walls were obsetued. Proliferation of the
cellwas corrert and yet after 72 hours the cells form,ad
proper colonles. The quantity cf the lrving cetts afier the
contacl wilh the implants in the form oi corundum foam with
HP[,4C carrie.after T2 hourcwas higher then n the control
cell culture but of no s1atiŚtca impońance' on the oih6r
hand the quantity of the living cells after coniact with po,
rous corundum implants was lower then in conirolcuiiure,
bui as We] ofno statist cal ]mportance. Dead c€l]quant]iy
after 72 hours of contact wth corundum foam with HPI4C
was at the lev€l of 2%' whi|e in case of porous corundum
wlth PAW at the evel 0l 3% of ihe iotal number of fibroblasis
and both was althe comparableleve of dead cells cou nted
forthe conirolcultures 2% (FlG 1 2).
Corundum implants with cephtriaxon

Ailer 24. 48 ard 72 hours in the cell cultures which had
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4() iferŹc]a komÓrek w stosunkLr do Wyjściowej cŻby komó_
rek byla bardzo mała wŻrosla nie slotn]eW poróWnaniL do
Wyjśc o!l/ei czby komórek' L]cŻba mańwych konró.ek wy_
n osla 74% dla p anki korlndowei z HPN4c i 80% d a po.o
watego l{/or4^ła korundowegoŻ PAW Po48lr w lrodow_
lach stwierdzÓno denlyczne. ]ak po 24 h. znriany mońolo
g czne komórek' Liczba mańwyclr komórekwzrosła do 95
% w przypadk! pafki korlndowel z HP|4C do 1OO% w
prŻypadkL] porowatego hvorz}Ąl!/a kor!ndowegoz PAW. Po
72 h odseiek komórek mańwych WVn ós] 1O0, a cała ho
dowa ! eqła zniszcŻen u

lmplan(y korundowe z dodatkiem cyproftoksacyny
Po 24 h W hodow]po kontakcie z próbkarni Ż pank

korLrndowejz nośn klenr HPl,4C itworzywŹ korundowego z
nośn kjem PAW zdodatkiem cyprofoksacyny komÓ* !e-
gly s nemu obkurczen Lr i a9 utynacji Tytko niewie ki pro,
cenikomólekbyłprzykeonvdopod]oźa Sn]Verdzono80%
komólek ma rillych w pzypad ku p ankj korundowej z H Plvlc
i 90% W przypadkLr tworz],ta korLrndowego Ż PAW Pro]
feracja komÓlek w stosunkLrdo Wy]ścowei czby komórek
była bardzo mała i WŻros]a nie siotnie \,! poróWnan Lr do
Wy]ściowei ljcŻby komórek' Po '18h lcŻba martwyclr komó_
rek Wzrosła do 90 % W prŻypadku piank korl]ndowe] Ż
HPM]C do 1009" W pŻypadku porowatego \i/orŻywa ko_
llndowego z PAW Po 72 h procent komÓrek nańwyclr
WyniÓsi 100' a hodow e l] eg]y całkowitemLr zniszczen ! W
każdym t€rmin e badań, !ł poluwdzen a siM]ie rdŻUJ ro oZaF
ne masy' które św adcŻy]y o Wytrącen U cyplof|oksaĆyny
lmplanty korundowe z dodatkiem 16 mg wankomycyny

PÓ24 48'72h W hodow ach po kon1akc e z prÓbkam]Ż
p ank korlndowe] z nośn k em HPNlc twolzywa korun_
dowego Ż nośnikem PAWŻdodatk enr wankomycyny ko
mÓrk przy egaly d o pod]oża miały p raw dlowe ceclr y mor_
fo ogiczne. N ie stvv erdzono ag utynacji wa kUÓ izacj , od
dŻie ania od podłożaani zy błon komÓrkowych ' We WsŻyst_
kich hodowlach obsefwowano dLrżą]cŻbę komórek w po'
dz ałach ] ich plawid]ową proliferację LiĆzba komórek Wzro
sła isto1n e W poróWnan Lr do liczby Wyiśc owe] o.aŻ W po
róVr'naniU do plób z ceftriaksonem cyprof]oksacyna Po
48 72 h w hodowlach slwerdzono nie stotn 6 Wyższą cŻ_
bę komÓrek mańWych W poróWnan Lr do hodowlj kontrol
nel We wszystk ch lrodowaclr obsetuowano potedyncze
pow ększo n e ko rn Ó rki z z]a rn stościa mi cytoplazmatyczny
m Po 2'+ h n e stwerdzono komÓrek mar[vych apo72h

RYs.1' całkowita liczba fibroblastów mysich 3T3
Balb po kontakcie z implantamiw postaci pianki
korundowej Ż nośnikiem HPMc i z dodatkiem

FlG' 1' The total ńumber of mouse 3T3 Balb
fibrobIasts after th€ contact wi1b corundum foam
implants containing HPMC and antibiotics.

the contaciwiih the samples ofcorundum foam with HPN,4C
caffier and wlih the porous corundum stuff wtih pAW car,
rier both with added cephrriaxon, ce s were subject of ths
słong defolmation and agglutination' and d]d noiadhere to
the bed. Cells proljferation, as refered to ihe iniliatnunrber,
was very low and did not jncrease significanUy. The quan-
tity of dead cells was at lhe levelofT4% forcorundum foarn
wllh HPI,4C and even 80% for porous corundunr with. After
48 hours the observed rnorpho]ogicalchanges ofthe cellŚ
werc slmilar to ihose ailer 24h. The quantity of dead cells
jncreased up io 95 % and '100% for corundum foam włh
HPMC and porous corunduniwiih PAW respecljvety. After
72 hourc the in both cases all cetis were dead (100o/t and
the clrliurcs were dest.oyed.
Corundum implants with cyprophtoxacine

Aiier 24 hoLrls in the cett cuttures with the conract with
samples ofcorundum foarn With HPNło ancl porcus corun
dum with PAW, both Wjth cyprophloxaĆine' 1he ce]js Wele
subjectof thestrong shrinking and aggtutinaiton. Ontysmall
quantityofihe cellswere stilladhercd io ihe bed. The eO%
of the dead Ćells Were noled in the case of contaci w]th ihe
corundum foam with HPMC and Lrp to 90% tn case ofcon
tact with porous corundum with PAW. pro iferaiion of rhe
cells in relation to their inltial quantity was very tow and
s ightly increased. Afrer 48h the quantity ofdead ce ts were
althe levelof90% and 100% forcorundum ioamwtth Hp[,tC
and porous corundum with PAW respectjvety After 72 h in
both cases all cells were dead in 100% and ihe cutilres
wercd€stroyed' ln all investjgation limes' in ihe microscopic
lleld of views the black, amorphic masses were observed,
being the precipiiated cyprophloxacine_
Corundum implants with 16 mg of wankomycine

After 24, 48 and 72 hourc in the cetl cutiurcs which had
ihe coniact wilh ihe samptes ofcorundurn foam with HpN,4C
caffier and wiih ihe porous corundurn stuff wtlh pAW car
rierboth wlth added wankon]ydne, ce swere of the proper
molphological chafacteristjc and all adher€d to the bed No
agglutjnation, vacuolizaiion, separation fronr the bed nei,
ther lysls of the cell's walls were observed. inatcultures
the high numbel oi lhe miloi]c Ćells Were observed What
was the prootof thejrproperand fasiproliferarion The quan-
titv ofthe cel|s ]n the ĆLllture rn contact With teste.j malerels
increased slgnlfcantly as conrpared to their injriat number
and as compared toihe c!lture in conlaĆ1Wiih otheltested
aniibiotics, i.e cepht.jaxon and cyprophloxacine. Affer 48
and 72 hours ln the cultures the higher nurnber of dead
cel]s \łere noied as co.npared io con1rol cu]iule bul of no
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RYs.2. całkowita liczba fibroblastów mysich 3T3
Balb po kontakcie z implantami z porowatego
twolzywa korundowego z nośnikiem PAW iz
dodatkiem antybiołków'
FlG' 2. The total numb€r of mouse 3T3 Balb
fib.oblasts after the contact with po.ous
corundum implants containing PAW and
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lntroduction

Fudher to achievemeni oi rettabte biocornpaiibte hard
reliable tissue bioabsorbable f ixation devices, devetopment
of next generailon was envisaged. There has been atsoan
extensve research in development of sLow reteasing dtug
systems. These two technotogies thus were brought to-
gether, io deveop devices, e g with duat function, hence
th€ name ''multifunclional'' deV]ces' For addiiional function.
to address the problem of replacement ofihe bioabrorbate
screw Aacks with Rbrcus tssue, osieoconductiviteagentwas

Materials and methods
Bioaborbabłe polyesierjc polymers (PLGA 80/20 or

PLDLA 70/30)were Lrsed as the nratrix nratertat. Bioactive
glass (BG)93/13 was included 10 conferihe osteoeonductive
function. in lvlFlvl-1 for infection-resistance funciion.
ciprofloxacln (CF)was included in the lmplani. CF is bacte-
r ocidaland it has a wide range of aciivity againsi osieomy-
elitis-causing bacieria. wth good penet.ation to compact
bone. ln {VF]V,2, for the function of modifcation of tissue-
reaction, agent-x1was used. The composiie was made into
rods which werc subsequenuy self,reinforced (SR), ilren
machrned jnto screws' and granuiesand s1eń|izeclUsng g_
irradiaton. Drug release, changes in niotecutar weighi, in
vitrodegradaton prof]les, mechanical prcpeń]es and mjcrc_
structure \r/ere eva uaied. Effects of [4FN4s in vitro cellmod-
e s were sludy the effect oilhe devices (on S. epidermides
bacter;al culiure, atiachment and biofiim formationt on
chondrocytes. and on osteoblasts). ln v vo modetstnctlded
the implantaiion ln cranial bone ofmbbiis to assess tjssue
reactions, biodegradation and druq bone conceniraUon.

Biomechan]cal tes|ing WaŚ also Ćafiied oui usino human
cadaverbones {pul] out tesis). ln an os1eomy€]]tis nrodelin
rabbits' MFNł glanules Were Used'

Results

MFM.,1
CF was rcleased from ihe studied screws after 44 weeks

(P/L/DL)LA) and 23 weeks (PLGA) in viiro. Duringthis rime
drug reiease remalned ln range o10.06 - 8_7 Uo,,mt/d (for
P(L/DL)LA)and 0.6, 11.6 !g/nrl/d (for PLGA) afterihe sra(
burst peak. The rnaximum release occurred in the 1Slh week
(for P(L/DL)LA) and 81h week (for PLGA). cF remained
bioacUve lhroughout fhe in vitro drug retease study. tnitiat
me.ha|icalpropeńies ofthe screws are high and theirap_
plicaiion ls easy. l\leasured initial shear stengihs oi the
siudied ciprofloxacin-releasing screws were 152 [,4pa lp/U
DL)LA) and 172 NłPa (PLGA)' studied screws letain the]r
mechanical propeńies at least 12 weeks (P(L/DL)LA)and 9
weeks (PLGA) ln viiro at the levet that ensures theirfixaijon

Histology
did not show much difference from the controJplatn PLGA
screws except for sorne increased glani ce s at some ar
eas of the implanlation siie. Puti-outtests tndjcated that the
early vercion olihe [4F1,4 1 type ofscrcws have tower vat
ues as compared io controls. The tnctusion ofihe bioactjve
glass leads to fu rther drop in mechanical propeńies lnhjbi_
iion of bacterial groMh, atlaćhnrent and biofjlm fonnation
was slgnificantly dilJerent than controls. tn rabbit osteomy-
elitis model. healing \łas obseNed using [4FI,4-1 antibiotjc

MFM,2
over 60 d, re]eas€ The mod€ of the release curue fo!

low€d close trend to thai seen with MFM_1. A Peak Was
observed du.ing the 1st 6h. SR has enhanced the retease
process as also didl g,sterilization further. SEM microstrlrc-
ture showed highlyorienied SRstruciurc and properdisiri-
buiion ofthe drug agent. Study of mechanicat properties is
going on

Comments
These are ihe first retiabte MF .4 antibioiic-reteasing

screws in ihe world, that can add to surgeon,s ioots to com-
bai againsi bone infection and 

'is 
costlyconsequences. DuF

ing degradalion, MFlV,1 screws prcgressivety reteased the
drug and reiained s!fijcient mechanical plopeńies oVel 2_3
months. For l\,1FM-2, therapeutic levets were achieved and
maintalned forthe time passed so lar (61 d).

Conclusions
sB P(L/DL)LA a-d SR_PLGA l\'4E sL€ws wlh app.opr'

ate drug retease, structural, rnechanical and biocompatibitily
properties can be produced. Ciinicalsiudies w lbe staded
in near fut'rre ( łFN4ł).
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