Utjecaj Kevloc veznoga
posrednika na spoj metal-polimer

Sazetak

Polimerizacijska kontrakcija materijala za fasetiranje, razliciti ko-
eficijenti termicke ekspanzije i razliciti koeficijenti volumne ekspanzije
u vodi polimera i metala uzrokom su nastanka granicne pukotine na
njihovoj spojnoj povrsini sa svim, vec poznatim, posljedicama (odva-
janje fasete, egzogena promjena boje).

Nastanak granic¢ne pukotine treba sprijeciti uporabom modernih ve-
znih sustava koji takoder i ojacavaju veznu ¢vrstocu polimerne fasete
i metalne podloge.

Svrha ovoga rada bila je odrediti vezne ¢vrstoce postignute upora-
bom Kevloc veznog sustava na dvjema dentalnim slitinama (Ag-Pd, Co-
-Cr) i usporediti ih s rezultatima kontrolne skupine koja simulira do-
sad uobicajeni postupak fasetiranja u zubotehnickom laboratoriju, te
uporabom svjetlosnoga mikroskopa i kompjutoriziranog analizatora sli-
ke provjeriti izostanak granic¢ne pukotine nakon uporabe Kevloc vezno-
ga posrednika.

Smicnim je testom ispitivano SezdesetSest uzoraka nakon polimeri-
zacije i nakon provedenih postupaka umjetnog ostarivanja (pohranji-
vanje u vodi temperature 37 °C i termocikliranja), a po jedan je uzo-
rak iz svake ispitivane skupine mikroskopski rasclanjen.

Kevloc vezni sustav poboljsao je vrijednosti vezne cvrstoce na Ag-
-Pd i Co-Cr slitini, a mikroskopska rasclamba presjeka uzoraka nije
otkrila postojanje granicne pukotine.

Kljuéne rijeci: granicna pukotina, vezna cvrstoca, vezni sustav
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Denis Vojvodic i sur.

Kevloc vezni posrednik

Uvod

Kako bi protetski rad bojom, oblikom i smjeSta-
jem bio §to sli¢niji prirodnim zubima, za oblaganje
njegove metalne osnove (fasetiranje) na raspolaga-
nju su dvije medusobno konkurentne skupine ma-
terijala, polimeri i keramika (1).

Premda pomalo u sjeni keramickih materijala,
polimerni materijali za fasetiranje jo$ se Siroko upo-
trebljavaju u stomatoloskoj praksi zbog svoje eko-
nomic¢nosti (laboratorijski su postupci brzi i jedno-
stavni), zbog mogucnosti popravka u ustima (2) i
zbog dobre prilagodbe boje spram prirodnih zuba
(1,3,4). Polimerni materijali imaju i specifi¢na in-
dikacijska podrucja kao npr. za fasetiranje teleskop-
skih i konus krunica, odnosno mostova na skidanje.
Prema navodu Husera (2), ¢ak se 97% kombinira-
nih protetskih konstrukcija fasetira polimernim ma-
terijalima.

Jedan od najvecih nedostataka polimernih mate-
rijala za fasetiranje jest nastanak grani¢ne pukotine
izmedu povrsine metala i polimerne fasete, a taj je
problem dosad veé¢ potanko opisan u literaturi
(5,6,7,8,9).

U pokusaju da se izbjegnu negativnosti nastale
razvojem grani¢ne pukotine, do danas je promovi-
rano nekoliko veznih sustava. Prvi vezni sustav s kli-
ni¢kim uspjehom bio je Silicoater postupak (Kulzer,
Wehrheim, Njemacka)(10,11) predstavljen jo§ go-
dine 1984. na sajmu Dentechnica u Kolnu. U Zelji
da se jo§ poboljsa vezna ¢vrstoca i otklone proble-
mi primjeceni kroz desetljece uporabe Silicoater po-
stupka, tvrtka “Kulzer” promovirala je nov vezni po-
srednik.

Kevloc vezni posrednik i Artglass materijal za
fasetiranje
(Kulzer, Wehrheim, Njemacka)

Silanizacija je proslost, akriliranje je nova devi-
za (12). Tako je predstavljen Kevloc vezni postu-
pak, nasljednik Silicoater postupka u razvojnom pro-
gramu tvrtke “Kulzer”. Upotrebljava se novi kemij-
ski proces sa zadacom da se ostvari veza metal-ma-
terijal za fasetiranje, neovisna o razli¢itim svojstvi-
ma dentalnih slitina, kao npr. oksidacija ili pak
tvrdoca. Zato se taj vezni postupak moZe rabiti na
svim dentalnim slitinama, neovisno o kemijskome

sastavu, i postizati vezne ¢vrstoce visokih vrijedno-
sti. Kod Kevloc sustava rabi se nacelo izravnog akri-
liranja metalne povrsine, pa nema vise potrebe za
oksidnim, silikatnim ili silanskim slojevima, kao
npr. kod Silicoater postupka. Ovdje se primjenjuje
kontrolirani termicki proces, sli¢an reakcijama upo-
rabljenim u proizvodnji vlakana visoke tehnologi-
je, kao primjerice Kevlara (13).

Povrsina metalne konstrukcije protetskoga rada
pjeskari se jednokratno uporabljenim korundom, mi-
nimalne veli¢ine zrna od 110 mikrometara, pod tla-
kom od najmanje 2 bara. Ispjeskarene povrSine sa-
mo se iscetkaju Cistim, suhim i o$trim kistom, jer
bi masnoca ili ostatci ulja u stlacenome zraku vise
oslabili vezu nego eventualno zaostale ¢estice pra-
Sine od AL O, (12).

Na tako ispjeskarenu i o¢is¢enu metalnu povrsi-
nu nanose se: Kevloc primer, otopina sastavljena od
acrylnitril kopolimera, multifunkcijskog estera akril-
ne kiseline, te hlapiva acetona i vode, Kevloc bond,
otopina uretanske smole, multifunkcijskog estera
akrilne kiseline, acetona i smjese aromatskih otopi-
na (13).

Utjecajem temperature topla, stlacena zraka iz
Kevloc uredaja mijenja se kemijska struktura
acrylnitrila i ona prelazi u prstenasti oblik u koje-
mu sada postoji visak elektrona te molekula posta-
je elektronegativna. PovrSine metala uvijek su elek-
tropozitivne, te je ostvareno medusobno djelovanje
zapravo vrsta dipola.

Prvi sloj veznoga posrednika (Kevloc primer)
iznimne je ¢vrstoce i rigiditeta, Sto daje visoke vri-
jednosti vezne ¢vrstoce bez obzira na kemijski sa-
stav metalne povrsine. Na taj sloj veZe se i nastav-
lja sloj uretanske smole (Kevloc bond) otporne na
djelovanje vode. Za razliku od sloja Kevloc prime-
ra ovaj sloj je elasti¢no ¢vrst, §to omogucuje apsor-
pciju mehanickih i termickih stresova materijala za
fasetiranje proizaslih iz polimerizacijske kontrakci-
je, razlicitih koeficijenata termickog rastezanja, dje-
lovanja Zvacnih sila u usnoj Supljini itd. Kroz oba
ova sloja proteZe se visokopolimerizirana akrilna
mreZica koja na svojemu kraju ima slobodne dvos-
truke veze spremne za kemijsko povezivanje s Ar-
tglass opakerom.

Takav raspored slojeva stvara vodootporan po-
krov metalne povrsine. To se postiZze konverzijom
nanesenih otopina Kevloc primera i bonda upora-
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bom potrebne koli¢ine toplinske energije u odrede-
nom vremenu, koja inducira kemijsku reakciju. Po-
trebna koli¢ina toplinske energije dobiva se domi-
gljato projektiranim Kevloc uredajem koji kombinira
brzinu protoka topla stla¢ena zraka i vremensko tra-
janje te nadzire udaljenost od metalne povrSine, sve
s ciljem da se potrebna koli¢ina toplinske energije
prenese na spojnu povrSinu bez pretjerana zagrija-
vanja dentalne slitine. Zato temperatura od oko 480
°C na izlasku iz grijace cijevi Kevloc uredaja, zbog
odredene udaljenosti drZac¢ima razmaka i kratkoce
postupka od 15 sekundi, ne zagrijava dentalnu sli-
tunu preko kriticnih 80 °C.

Zbog toplinskoga djelovanja mijenja se i boja
premaza. Od mlijecne (Kevloc primer), polusjajne
(Kevloc bond) u smedkastu (nakon zavr§enog po-
stupka), Sto omogucuje i vizualni nadzor ispravno-
sti provedenog postupka (13).

Taj novi postupak omogucuje vezu svjetlom po-
limerizirajuceg Artglass materijala za fasetiranje sa
svim dentalnim slitinama bez mehanickih retencija
(modelacija kao za metalnokeramicke radove), uz
jednostavno rukovanje s vizualnim nadzorom sva-
kog stupnja postupka.

Na spomenute slobodne dvostruke veze veznih
slojeva veZe se Artglass opaker, kemijskim sastavom
funkcionalni metakrilni ester sa silaniziranim SiO,
kao mikropunilom, prosje¢ne veli¢ine zrnca od 0,7
mikrometara. Dodani anorganski pigmenti su bez
kadmija (14).

Osobitost tog opakera je jednokomponentnost.
Zato su izbjegnute pogrjeske, tj. razlike u omjeru mi-
jeSanja praha i tekucine. Posljedi¢no razli¢it visko-
zitet opakera ve¢ mozZe utjecati na ¢vrstocu veze.

Opaker se obi¢no nanosi u 2-3 sloja, a svaki se
svjetlom polimerizira 90 sekundi. Pojedini sloj opa-
kera ne smije biti deblji od 80 mikrometara, a ukup-
na je debljina obi¢no oko 150 mikrometara (12).

Sada se stavlja marginalna, dentinska i incizal-
na masa Artglassa, koncepcijski novog materijala
koji popunjava prazninu izmedu keramickih i poli-
mernih materijala za fasetiranje. Otuda i naziv Po-
lyglass toj vrsti materijala, koji se temelji na Micro-
glass tehnologiji. Sastavljen je od multifunkcijskog
metakrilnog estera, visokoumrezZenog, u obliku-or-
ganskog stakla (30% tez.) i anorganskih punila: si-
licijeva dioksida i barij-aluminij-silikatnog stakla
(70% tez.) prosje¢ne veli¢ine zrna 1 mikrometar. To

su sastavnice potpuno stabilne, omogucuju izvrsno
poliranje, pa je zbog toga smanjena i kumulacija
dentalnoga plaka (14).

Artglass materijal se tvrdocom i abrazivno$cu
pribliZava prirodnim zubima, §to omogucuje i oklu-
zalno fasetiranje fiksnoprotetskih radova uz mini-
mum debljine sloja od 1 mm. Pacijentu ujedno daje
ugodu “komfora” pri Zvakanju, jer se dio Zvac¢nih
sila neutralizira unutar materijala za tu svrhu prila-
godenim modulom elasti¢nosti. Zato je taj materi-
jal osobito pogodan za suprakonstrukcije na implan-
tatima, uz ve¢ spomenutu minimalnu kumulaciju
plaka.

Polimerizacija Artglass materijala za fasetiranje
obavlja se u uredaju za svjetlosnu polimerizaciju
“Uni XS”, §to je poboljSana inacica uredaja aparata
“Dentacolor XS”. Znacajna su novost dvije strobo-
skop lampe punjene xenonom valne duljine spektra
od 300 do 520 nm. Svi se slojevi polimeriziraju u
od 90 sekundi, osim zavr$ne polimerizacije koja tra-
je od 180 sekundi.

Treba napomenuti da Kevloc postupkom moze-
mo takoder kondicionirati sve metalne povr§ine kao
1 Silicoater postupkom, no ispitivanja o mogucno-
sti kondicioniranja keramike jo§ nisu zavr$ena.

Svrha je ovoga istraZivanja ustanoviti nastanak
(ili izostanak) grani¢ne pukotine i vrijednosti vezne
¢vrstoce postignute Kevloc veznim sustavom i to:
odmah nakon polimerizacije i nakon provedenih po-
stupaka umjetnog ostarivanja (imerzija pod vodom
i termocikliranje), te ih usporediti s kontrolnom sku-
pinom uzoraka gdje nije primijenjen vezni posred-
nik. Temeljem dobivenih rezultata valja ustanoviti
opravdanost uvodenja toga veznog posrednika u §i-
ru stomatolosku praksu.

Materijali i postupci

Ispitivanje je provedeno na dvijema dentalnim
slitinama: Auropal SE (Ag 64%, Pd 25%, Cu 8%,
Au 2%, Zn<1%) i Basil S (Co 64,6%, Cr 28%, Mo
4.8%, Si<1%, Mn<1%, C<1%), obje proizvod Au-
rodenta (Zlatarne Celje, Slovenija).

Sezdesetsest polimetilmetakrilatnih ~ objekata
oblika zakovice, glatkih povr§ina, sljedecih dimen-
zija: promjer oboda 7 mm, debljina oboda 2 mm,
promjer peteljke 2,5 mm, duljina peteljke 12 mm
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uloZeno je u uloZni materijal. Trideset i tri modela
predvidenih za izlijevanje u Auropal SE slitini ulo-
Zeni su u Aurowest materijal za ulaganje (Aurodent,
Zlatarne Celje, Slovenija), a trideset i tri modela pre-
dvidenih za izlijevanje u Basil S dentalnoj slitini u
Basowest (Aurodent, Zlatarne Celje, Slovenija) pre-
ma naputcima proizvodaca. Materijal za ulaganje za-
mijesan je u vakuumskoj mijesalici Multivac 4 (De-
gussa, Frankfurt, Njemacka) i uliven u kivete na vi-
bratoru Vibramat midi (Krupp, Essen, Njemacka).

Nakon stvrdnjavanja uloZznog materijala, te pred-
grijavanja i Zarenja prema uputama proizvodaca,
uzorci su lijevani u ljevacu Globucast (Krupp, Es-
sen, Njemacka). Posto su se ohladili do sobne tem-
perature uzorci su izvadeni iz kivete izbijacem Dob-
by (Bego, Bremen, Njemacka) i ispjeskareni u pje-
skari s cirkulirajucim pijeskom Dentastral automa-
tic (Krupp, Essen, Njemacka) kako bi se odstranio
uloZni materijal. Zatim su rezac¢im klijeStima odvo-
jeni od lijevnih kanalica i obradeni tungsten gloda-
licama Ivodrill (Ivoclar, Schaan, Liechtenstein), $to
je ujedno simuliralo i obradu protetskoga rada u la-
boratoriju. Na uzorcima iz obiju slitina primjenjen
je Kevloc vezni sustav ili su metalne povrsine sa-
mo ispjeskarene (kontrolna skupina).

Kevloc vezni posrednik

Metalni uzorci ispjeskareni su u pjeskari s jed-
nokratnom uporabom pijeska (Ivoclar, Schaan, Li-
echtenstein) s pokretnom sapnicom oblika olovke.
Udaljenost sapnice od uzorka bila je 5 mm, tlak pje-
skarenja 4 bara, korundna zrnca veli¢ine 110 mikro-
metara, a vrijeme pjeskarenja 15 sekundi po povrSini
predvidenoj za fasetiranje. Uzorci su zatim i$¢etka-
ni ¢istim, oStrim kistom i posloZeni u nosa¢ izraden
za ovu prigodu, bez dodirivanja aktiviranih povrsi-
na na koje su naneseni Kevloc primer i Kevloc bond
(Kulzer) prema uputi proizvodaca. Uzorci su zatim
tretirani toplim zrakom iz Kevloc uredaja 15 sekun-
di. Artglass opaker (Kulzer) nanesen je u dva sloja,
a svaki je polimeriziran 90 sekundi u uredaju za sv-
jetlosnu polimerizaciju Uni XS (Kulzer). Na uzor-
ke su zatim postavljeni plasti¢ni profili cjevasta
oblika, promjera 7mm, duzine 10 mm, koji se ke-
mijski ne veZu s materijalom za fasetiranje. U tako
dobivene kalupe stavljena je Artglass dentinska ma-
sa. Ravnim nabija¢em ta masa je priljubljena uz sloj

opakera, debljine je do 2,5 mm, i svjetlom je poli-
merizirana 90 sekundi. Postupak je ponovljen s jo§
jednim slojem dentinske mase iste debljine s traja-
njem polimerizacije 180 sekundi.

Kontrolna skupina'

Metalne povrSine predvidene za fasetiranje kod
uzoraka kontrolne skupine ispjeskarene su na isti na-
¢in kako je i po¢eo Kevloc vezni postupak, a zatim
su ociscene jednokratnim kistom i etilnim esterom
octene kiseline.

Zamije$an je Chromasit (Ivolek, Ljubljana, Slo-
venija) opaker (omjer tekudina : prah 1:1) plastic-
nom spatulom tijekom 30 sekundi i kistom za jed-
nokratnu uporabu nanesen na tretirane metalne pov-
rSine u sloju dovoljnom da sprijeci prosijavanje me-
talne povrsine. Sloj opakera osusen je na zraku dok
nije izgubljena sjajnost povrsine (5 min.), a zatim 7
minuta polimeriziran u uredaju za tlacno-toplinsku
polimerizaciju Ivomat (Ivoclar, Schaan, Liechtenste-
in) pod tlakom od 6 bara pri temperaturi od 120 °C.
Nakon zavrene polimerizacije i posto su izvadeni
iz Ivomat aparata, uzorci su osuseni suhim, bezulj-
nim stlacenim zrakom i na njih su stavljeni plastic-
ni profili veé opisani kod Kevloc veznog postupka.
U dobiven kalup stavljena je Chromasit dentinska
masa, prethodno omeks$ana metalnom spatulom na
¢istoj staklenoj plocici, i potom ravnim nabija¢em
pritisnuta prema metalnoj podlozi. Na taj je nacin

Slika 1. Izgled uzorka: metalni dio oblika zakovice s polimer-
nom fasetom

Figure 1. Specimen appearance: rivet shape metal part with
polymer veneer
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dobivena faseta debela oko 5 mm koja je premaza-
na Chromasit fluidom i polimerizirana u Ivomat ure-
daju pod tlakom od 6 bara, temperaturi od 120 °C
u trajanju 10 minuta.

Nakon polimerizacije obiju skupina uzoraka
(Kevloc 1 kontrola) uklonjeni su plasti¢ni profili (ka-
lupi) i dobivene su polimerne fasete debljine oko 5
mm pri¢vrScene uz metalnu podlogu (Slika 1). Vi-
sak opakera ili polimera s postrani¢nih dijelova obo-
da metalnog dijela uzorka odstranjen je karbidnim
glodalom (frezom).

Kombinacije uzoraka: Auropal SE + Kevloc ve-
zni sustav (n=18), Auropal SE + kontrola (n=15);
Basil S + Kevloc vezni sustav (n=18), Basil S + kon-
trola (n=15) prije testiranja podijeljene su u tri broj-
¢ano jednake skupine (n=6): '

1. Skupina uzoraka testirana je 24 sata nakon po-
limerizacije,

2. Skupina uzoraka je 24 sata nakon polimeriza-
cije potopljena u destiliranu vodu temperature 37 °C
i 28 dana pohranjena u termostatu (Btuj, Poznan,
Poljska), a zatim testirana,

3. Skupina uzoraka 24 je sata nakon polimeriza-
cije podvrgnuta postupku termocikliranja, tj. naiz-
mjeni¢nog uranjanja uzoraka u toplu i hladnu vodu
i pohranjivanja na hladnome zraku. Za taj postupak
termocikliranja uporabljena je Hanssonova metoda
(15,16) prema kojoj se uzorci potapaju u kipucu vo-
du 25 minuta, zatim 5 minuta u vodu temperature
10 °C, i taj se postupak ponavlja 10 puta. Nakon
toga uzorci se ostavljaju jedan sat na zraku tempe-
rature -22 °C i ponovno se 5 minuta potapaju u ki-

Slika 2. Uzorak pricvricen u posebno izradenom dracu

Figure 2. Specimen locked in the specially made holder

pucu vodu. Nakon provedenog postupka termocikli-
ranja uzorci su testirani.

Vezna ¢vrstoca izmedu metala i materijala za fa-
setiranje testirana je na smik Smitz-Schulmeyerovim
testom (17).

Uzorci su pri¢vriceni u drza¢ (Slika 2), posebno
izraden za ovakva ispitivanja, koji je zajedno s
ucvr§éenim uzorkom postavljen u univerzalnu kida-
licu za polimerne materijale WPM (VEB, Rauenste-
in, Njemacka).

Ostrica kidalice postavljena je na materijal za fa-
setiranje na 1 mm udaljenosti od njegova spoja s me-
talom, brzina pokretanja ostrice bila je 7 mm/min i
biljeZena je sila koja odvaja materijal za fasetiranje
od metalne podloge (Slika 3).

Povrsine metalnog i polimernog dijela uzorka su
nakon testiranja na smik promatrane svjetlosnim mi-
kroskopom Olympus BH2-UMA (Olympus optical,
Tokyo, Japan) da se utvrdi karakter loma.

():)l ))())‘))‘))()) ()')( ))«)—)K ))«))x))()_)( D) ()—)13

PBPB)
L L X

7

3 D)D)
))«))«))«))«))«))(P )«))u)*)u))«)) «))«))«))«)) «))«))« X

Slika 3.  Shematski prikaz uzorka (p=polimer, m=metal), dria-
¢a (d) i ostrice kidalice (F)

Figure 3. Schematic presentation of the specimen (p=polymer,
m=metal), the holder (d) and the blade of the testing
machine (F)
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Po jedan uzorak iz svake podskupine Kevloc
uzoraka nije testiran na smik ve¢ je zaliven u aral-
ditnu masu za zalijevanje uzoraka kako bi se pripra-
vio izbrusak za promatranje presjeka slojeva. Posto
se je masa za zalijevanje stvrdnula uzorci su izbru-
Seni i polirani prema uobicajenome postupku (18).

Presjeci uzoraka promatrani su svjetosnim mikro-
skopom Olympus BH2-UMA pod razli¢itim pove-
danjima kako bi se ustanovio eventualni nastanak
grani¢ne pukotine. Presjeci su snimljeni televizij-
skom kamerom Leco (Leco Co., St. Joseph, Michi-
gan, SAD) kroz okular mikroskopa pri povecanju
500 puta, a zatim su izmjerene debljine pojedinih
slojeva veznih posrednika analizatorom slike Leco
L2001. Snimke analiziranih presjeka uzoraka pohra-
njene su na racunalsku disketu TIFF programom, di-
gitalizirane na fotografski film i napravljene su fo-
tografije.

Brojc¢ani rezultati veznih vrijednosti dobiveni u
ovom ispitivanju obradeni su kompatibilnim racu-
nalom IBM PC 486 programom SPSS, Microsoft
Co. U statistickoj obradi izvr§ena je deskriptivna ra-
§¢lamba istrazivanih varijabla, a za odredivanje sta-
tisticki znacajne razlike upotrebljen je Scheffeov test
i Studentov ¢-fest.

Rezultati

U Tablici 1. iznesene su aritmeticke sredine (u
MPa), standardne devijacije i standardne pogrjeske
za svaku skupinu uzoraka.

Odmabh se opaZaju znacajne razlike vezne ¢vrsto-
¢e izmedu kontrolne skupine uzoraka i uzoraka izra-
denih Kevloc veznim postupkom.

Uzorci kontrolne skupine biljeZili su statisticki
znacajan (p<0,05) pad veznih vrijednosti nakon pro-
vedenih postupaka umjetnog ostarivanja i to na obje-
ma ispitivanim dentalnim slitinama. U auropalskoj
skupini termociklirani uzorci bili su znatno nizih ve-
znih vrijednosti od uzoraka pohranjenih pod vodom
temperature 37 °C tijekom 28 dana i onih testiranih
24 sata nakon polimerizacije, §to se ponovilo i kod
uzoraka na Basil S slitini gdje je postojala i stati-
sticki znacéajna razlika izmedu veznih vrijednosti
uzoraka pohranjenih pod vodom temperature 37 °C

Tablica 1. Deskriptivna statistika za vrijednosti vezne ¢vrstoce (test
na smik) na dvije legure nakon razlicitih tretmana uzorka;
T=tretman uzoraka, uzorci testirani: 1=24 sata nakon poli-
merizacije, 2=nakon 28 dana imerzije u destiliranoj vodi
temp. 37 °C, 3=nakon termocikliranja; n=broj uzoraka;
x=aritmeticka sredina veznih ¢vrstoca (izraZena u mega-
pascalima); SD=standardna devijacija; SE=standardna
pogrjeska

Table 1.  Descriptive statistics for the values of bond strengths (shear
test) on two alloys after different specimens treatments;
T=specimen treatment, specimens tested: 1=24 hours after
polymerization, 2=after 28 days immersion in distilled
water temp. 37 °C, 3=after thermocycling; n=number of
specimens; x=arithmetic mean of the bond strengths (in
megapascals); SD=standard deviation; SE=standard error

Vezni sustav Kontrolna skupina Kevloc
Slitina: T|n X SD SE X SD SE
Auropal 15| 247|024 | 0,11 |13,19 | 3,32 | 1,48

SE 215129 |052 (023|761 098 | 043
3151078 | 056 | 025 | 6,68 | 415 | 1,86

Basil 151252024 011 (1243 | 481 | 2,15
S 2(5]322]031 ]| 0,14 |79 | 274 | 1,23
3 (5] 161|061 | 027|607 (352|158

Uzorci izradeni primjenom Kevloc postupka na
Auropal SE leguri pokazali su statisticki znac¢ajan
(p<0,05) pad veznih vrijednosti nakon provedenih
postupaka umjetnog ostarivanja, a pad veznih vri-
jednosti na Basil S slitini nije bio statisticki znaca-
jan (p>0,05) (Tablica 2).

Metalna podloga nije imala statisticki znacajan
(p>0,05) utjecaj na veznu ¢vrstocu kod istovrsno tre-
tiranih uzoraka kontrolne skupine uzoraka i Kevloc
uzoraka (Tablica 3).

Tablica 3. Razlika veznih cvrstoca uzoraka izradenih iz Auropala SE
i Basila S legura kod primjene istog veznog sustava,
Jjednako tretiranih. T=tretman uzoraka, uzorci testirani
nakon: 1=24 sata od polimerizacije, 2=28 dana imerzije
u vodi temperature 37 °C, 3=termocikliranja. Razlika (A-
B) izrazena u megapascalima; t=vrijedost; p=statisticka
znacajnost pri vjerojatnosti od 95% ili 99%

Table 3. Difference of the bond strengths between the specimens
made of Auropal SE and Basil S alloys after application
of the same bonding system after equal specimen tratment.
T=specimen tratment, specimens trated after: 1=24 hours
from polymerization, 2=28 days immersion in water
temperature 37 °C, 3=themocycling. Difference (A-B) in
megapascals; t=value, p=statistical significance at the level
of 95% or 99%

Vezni sustav Kevloc Kontrolna skupina
i Razlika Razlika
Slitina T (A-B) t P (A-B) t p

. S JEOT Auropal SE (A)| 1 | 0,76 | 0,29 |>0,05 | -0,05 | 0,34 |>0,05
tijekom 28 dana i onih testiranih 24 sata nakon po- = 2 1-035 | 0,27 {>0,05|-0,26 | 0,94 |>0,05
limerizacije. Basil S (B) 31061 | 0,25 |>005]|-0,83 | 2,26 |>0,05
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Tablica 2. Jednosmjerna analiza varijance za testiranje znacajnosti razlike izmedu aritmetickih sredina veznih cvrstoca pri razlic¢itim procesima ostvarivanja
uzoraka; D.F.=stupnjevi slobode. Analiza po Scheffeu: 1=uzorci testirani 24 sata nakon izradbe, 2=uzorci testirani nakon 28 dana pohranjivanja u vodi
temperature 37 °C, 3=uzorci testirani nakon procesa termocikliranja;, NS=nije statisticki znacajno; *=statisticki znacajno pri vjerojatnosti od 95%

Table 2.

One-way analysis of variance between the means of the shear bond strengths after different aging treatments. D.F.=degrees of freedom; Scheffe

analysis: 1=specimens tested 24 hours after polymerization; 2=specimens tested after 28 days immersion in water temperature 37 °C; 3=specimens
tested after thermocycling; NS=statistically not significant; *=statistically significant at the level of 95%

-

AUROPAL SE

BASIL S

|

JEDNOSMJERNA ANALIZA VARIJANCE IZMEPU ARITMETICKIH SREDINA VEZNIH CVRSTOCA PRI RAZLICITIM PROCESIMA OSTVARIVANIJA
UZORAKA KONTROLNE SKUPINE

Izvor D.F. Suma Srednji F F Testiranje po | Izvor DF. Suma  Srednji F F | Testiranje po

varijacije kvad. kvad. - kvoc.  vjeroj. | SCHEFFE-u | varijacije kvad. kvad. kvoc. vjeroj. | SCHEFFE-u

Izmedu skupina 2 13,1764  6,5882 30,3566 0,0000 [Skupina 3 2 1| Izmedu skupina 2 6,5030  3,2515 21,9796 0,0001|Skupina 3 2 1

Unutar skupina 12 2,6043 - 0,2170 e Unutar skupina 12 1,7752  0,1479 |

Ukupno 14 15,7807 2% Ukupno 14 8,2782 2LER*
3 3

JEDNOSMJERNA ANALIZA VARIJANCE IZMEPU ARITMETICKIH SREDINA VEZNIH CVRSTOCA PRI RAZLICITIM PROCESIMA OSTVARIVANJA
KEVLOC UZORAKA

Izvor DF. Suma Srednji F F Testiranje po | Izvor DF. Suma  Srednji F F | Testiranje po
varijacije kvad. kvad. kvoc. vjeroj. | SCHEFFE-u | varijacije kvad. kvad. kvoc.  vjeroj.| SCHEFFE-u
Izmedu skupina 2 123,7151 61,8575  6,3514 0,0131 [Skupina 3 2 1| Izmedu skupina 2 106,6678 53,3339  3,7096 0,0557|Skupina 3 2 1
Unutar skupina 12 116,8696  9,7391 1 #* | Unutar skupina 12 172,5271 14,3773 I NS
Ukupno 14 240,5847 2 Ukupno 14 279,1949 2 NS

3 3 NS

Kod svih istovrsno tretiranih podskupina uzora-
ka izradenih na istoj metalnoj podlozi utvrdene su
statisticki znacajno (p<0,05) viSe vezne vrijednosti
ostvarene uporabom Kevloc veznog posrednika (Ta-
blica 4).

Mikroskopskim pregledom lomnih povrSina te-
stiranih Kevloc uzoraka utvrden je lom izmedu dva

Tablica 4. Razlika veznih ¢vrstoca uzoraka OVS veznog posrednika i
kontrolne skupine na istim metalnim podlogama, jednako
tretiranih. T=tretman uzorka, uzorci testirani nakon: 1=24
sata od polimerizacije, 2=28 dana imerzije u vodi
temperature 37 °C, 3=termocikliranja. Razlika (x-y) izra-
Zena u megapascalima; t=vrijednost; p=statisticka zna-
Cajnost pri vjerojatnosti od 95% ili 99%

Difference of the bond strengths between the specimens of
OVS bonding system and control group on the same metal
surface after equal specimen tratment. T=specimen trat-
ment, specimens trated after: 1=24 hours from polymeri-
zation, 2=28 days immersion in water temperature 37 °C,
3=themocycling. Difference (x-y) in megapascals; t=value,
p=statistical significance at the level of 95% or 99%

Table 4.

Slitina Auropal SE Basil S

Vezni sustav | T R(axz-l;])(a ¢ p R(axz-l}lll)(a : )
Kevloc (x) 1 110,72 9,91
Kontr. (y) 2| 4,65 474
3] 590 4,46

7,20
9,42
3,15

<0,01
<0,01
<0,05

4,59
3,84
2,80

<0,01
<0,01
<0,05

sloja opakera ili izmedu sloja opakera i kompozit-
nog materijala za fasetiranje bez obzira na primije-
njene postupke umjetnog ostarivanja i na uporablje-
nu slitinu. Takva slika lomnih povrsina karakteristi¢-
na je za kohezijski oblik loma.

Slika 4. Mikrofotografija presjeka slojeva Kevloc veznog po-
srednika (m=metal, o=opaker, p=polimer, b=vezni
slojevi). Povecanje 500x

Figure 4. Microphotograph of the cut of Kevloc bonding layers
(m=metal, o=opaque, p=polymer, b=bonding la-
yers). Magnification 500x.
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Izravnim linijskim mjerenjem na presjecima iz-
brusaka Kevloc uzoraka (uporabom analizatora sli-
ke) izmjerena je debljina veznih slojeva (Pri-
mer+Bond) od 9-15 mikrometra, najéesce 12 mikro-
metra. Debljina svjetlom polimeriziranoga opaker-
skog sloja nanesenog u dva premaza iznosila je 42-
-61 mikrometar, a nije zabiljeZzen nastanak granic-
ne pukotine ni kod jednog ispitivanog (od razlicito
tretiranih) Kevloc uzorka (Slika 4).

Rasprava

U ovome radu istraZivao se je najnoviji vezni po-
srednik - Kevloc, a kao kontrolna skupina uzoraka
uporabljena je kombinacija materijala Auropal SE
(Ag-Pd) slitina i Chromasit materijal za fasetiranje,
tj. najéeséa kombinacija materijala za izradbu fik-
snoprotetskih nadomjestaka u nas. Co-Cr slitina Ba-
sil S ukljucena je u ispitivanje kao gradivni materi-
jal metalnih baza djelomi¢ne proteze i zbog potre-
be da se fasetira na mjestima ugradbe estetskih pri-
¢vrstaka (attachment). Metalni dijelovi uzoraka bili
su glatke povrsine kako mehanicke retencije (perli-
ce) ne bi zamaskirale rezultate ostvarene uporabom
veznoga posrednika. Uporaba mehanickih retencija
moZe ostvarene vezne vrijednosti samo jo§ poveca-
t1.

Znacajka Kevloc veznog postupka jest vrlo ve-
liki rasap rezultata, §to je uvjetovalo i veliku stan-
dardnu devijaciju. To je razlog §to nije zabiljeZena
statisticki znacajna razlika veznih vrijednosti razli-
¢ito tretiranih Kevloc uzoraka na Basil S slitini,
premda je postojala znatna numericka razlika. Re-
zultati u ovom istraZivanju dobiveni testiranjem
Kevloc uzoraka 24 sata nakon izradbe poklapaju se
s navodima proizvodaca (13) o vi§im veznim vri-
jednostima Kevloc veznoga sustava u odnosu pre-
ma svim dosad poznatim veznim sustavima, iako
proizvodac nigdje ne navodi velike standardne de-
vijacije.

Mikroskopskim pregledom povrsina testiranih
uzoraka opazile su se znatne nakupine opakera na
metalnoj povr§ini §to upucuje na kohezivni oblik lo-
ma, a samo je dio metalne povrSine ostao prekriven
s transparentnim slojem veznoga posrednika. To
znaci da je lom nastao izmedu sloja veznoga posred-
nika i svjetlom polimerizirajuéeg opakera ili unutar
samoga sloja opakera.

Nakon provedenih postupaka umjetnog ostariva-
nja, nastao je drasti¢an pad veznih vrijednosti, prem-
da su vezne vrijednosti bile jo§ uvijek vise od vri-
jednosti Silicoater postupka (19), prethodnika Kev-
loca.

Izgled lomnih povrs$ina bio je nesto drugaciji ne-
go kod uzoraka testiranih 24 sata nakon polimeri-
zacije. Kod termocikliranih uzoraka lom je nastao
izmedu dvaju nanesenih slojeva opakera ili izmedu
zadnjeg sloja opakera i kompozita. Samo mjestimi-
ce odvojili su se opaker i vezni slojevi od metalne
povrsine. Kod uzoraka pohranjivanih u vodi lom je
i8ao izmedu opakera i Artglass materijala za faseti-
ranje koncentri¢no prema srediStu, gdje je nastao
izmedu metalne povrSine i veznih slojeva. Tako ka-
rakteristian oblik loma namece zakljucak da je utje-
caj vode djelovao na spoj opaker-kompozit i oslab-
ljivao ga koncentriéno prema sredi$tu. Tu utjecaj vo-
de jos$ nije bio izraZen i nastao je lom izmedu me-
talne povrsine i veznih slojeva, pa se moZe reci da
je na toj maloj spojnoj povrsini postignut najveci dio
vrijednosti veznih sila.

Tako slabi rezultati suprotni navodima proizvo-
daca pobudili su sumnju u ispravnost izvrSenih rad-
nji, te su napravljeni novi uzorci, ponovljeni postup-
ci umjetnog ostarivanja i test na smik. Ponovili su
se rezultati prijasnjih ispitnih skupina uzoraka bez
statisticki znac¢ajne razlike. Ras¢lamba slike presje-
ka uzoraka pokazala je $irinu opakerskog sloja od
42 do 61 mikrometar. Opaker je bio nanesen u dva
sloja, a kako ni njihova ukupna debljina nije prela-
zila za polimerizaciju kriti¢énu debljinu od 80 mikro-
metara (12), moZe se odbaciti sumnja u nedovoljnu
polimerizaciju opakerskog sloja. Debljina veznih
slojeva (primer + bond) iznosila je od 9-15 mikro-
metara.

U ovome je istraZzivanju je za ras¢lambu presje-
ka uzoraka uporabljena svjetlosna mikroskopija i to
stereomikroskop Olympus BH2-UMA, a vazne sli-
ke snimljene su televizijskom kamerom i obradene
analizatorom slike Leco L2001. Uporaba analizato-
ra slike donijela je viSestruke mogucnosti. Kao prvo,
poboljsala je mogucnosti svjetlosne mikroskopije
koja je manje zahtjevna od elektronske, za koju
uzorci moraju biti elektricno vodljivi. Ako pak ni-
su, kao npr. polimerni dijelovi uzoraka, tada ih va-
ija uciniti elektri¢no vodljivima tzv. postupkom na-
parivanja. Postupak naparivanja podrazumijeva im-
pregnaciju elektri¢no nevodljivih materijala vodlji-
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vima, naj¢esce zlatom, §to je dodatni izdatak, a pro-
duzuje i vrijeme istraZivanja.

Buducnost je oc€ito pred akrilizacijom, kao no-
vom metodom povezivanja metalne povrsine i ma-
terijala za fasetiranje. Postupci ostarivanja nisu utje-
cali na taj sloj, niti je ra§¢lambom slike presjeka uzo-
raka otkrivena grani¢na pukotina. Najslabija tocka
ovoga veznog sustava jest sloj opakera, bolje rece-
no slaba veza izmedu njegovih slojeva. lako je taj
jednokomponentni opaker, koji se nanosi u vise slo-
jeva, znatno olaksao rad zubotehni¢aru, nije adekvat-
no rijeSeno medusobno povezivanje svjetlom poli-
meriziranih slojeva opakera kao ni spoj s Artglass
materijalom za fasetiranje, §to se je opazilo kod op-
terecenja postupcima umjetnog ostarivanja. Zato su
potrebna daljnja istraZivanja koja ce unaprijediti tu
najslabiju kariku u lancu i omoguciti da visoke ve-
zne vrijenosti acrylnitrila dodu do izrazaja.

Zakljuéci

Temeljem istrazivanja i dobivenih rezultata mo-
7e se zakljuciti:
e kod uzoraka izradenih Kevloc postupkom nije
primjecen nastanak grani¢ne pukotine usprkos
postupaka umjetnog ostarivanja,

* Kevloc postupkom ostvaruju se viSe vezne vri-
jednosti od dosadasnjega nacina rada u labo-
ratoriju (kontrolna skupina),

* izbor metalne podloge nije imao utjecaja na ve-
zne vrijednosti istovrsno tretiranih Kevloc uzo-
raka,

* i kod toga veznog posrednika dokazala se po-
treba da se ispitaju uzorci nakon postupaka
umjetnog ostarivanja, ¢ime je otkriven znatan
pad prvotno visokih veznih vrijednosti,

* zbog odvajanja polimerne fasete (opakerski
sloj) potrebna su daljnja istraZivanja (i klinic-
ka) prije $ire klini¢ke uporabe.
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Influence of the Kevloc Bonding
System on the Metal-polymer In-
terface

T P e e O R R W s e R s
Summary

Polymerization contraction of veneering material, different coeffi-
cients of thermal expansion and different coefficients of volume expan-
sion in water of polymers and metals cause marginal gap formation
on the metal-polymer interface with all the well known, consequences
(veneer detachment, egsogene discoloration).

The occurrence of a marginal gap can be avoided by the applica-
tion of a modern bonding system, which also reinforces of the bond
strength between the polymer veneer and the metal surface.

The aim of this study was to determine bond strengths obtained af-
ter application of the Kevloc bonding system on two dental alloys (Ag-
-Pd, Co-Cr) and to compare them with the results of a control group,
simulating common procedure in the dental laboratory. A light micro-
scope with computerized image analyzer was used to reveal existence
of the marginal gap after Kevloc bonding system had been applied.

Sixty-six specimens were tested with shear test after polymerization
and ageing treatments (immersion in water temperature 37 °C and ther-
mocycling), and one specimen from each investigated group was anal-
yzed by the use of a microscope.

Kevioc bonding system improved bond strength values on Ag-Pd and
Co-Cr alloys, and microscopical analyzis of specimens cuts did not re-
veal the existence of a marginal gap.

Key words: marginal gap, bond strength, bonding system
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Kevloc bonding system

Introduction

The colour, shape and position of a prosthetic ap-
pliance should be similar to the natural teeth. To ac-
hieve this two concurate groups of veneering mate-
rials used; resins and porcelain (1).

Although not as popular as porcelain, resins are
widely used because they are economical (labora-
tory procedures are fast and simple), it is possible
to repair them in the mouth (2), their colour adjust-
ment to the natural teeth is good (1,3,4), and they
are especially indicated for, e.g. telescope (cone)
crowns and removable bridges. According to Huser
(2) as many as 97% of combined prosthetic cons-
tructions are veneered with resins.

One of the greatest objections to resins is the oc-
currence of a marginal gap between the metal sur-
face and the resin veneer. This problem is already
well known from the literature (5,6,7,8,9).

In order to eliminate the problems caused by gap
formation, several bonding systems have been intro-
duced to date. The first one, with clinical success,
was Silicoater technique (10,11) introduced in 1984
at the Dentechnica Fair in Cologne. In order to im-
prove bond strength and solve problems observed
during the decade of use of Silicoater technique the
Kulzer firm promoted a new bonding system.

Kevloc bonding System and Artglass venee-
ring material '

“Silicoating is history, acrylization is a new met-
hod” (12). With this slogan the Kevloc bonding sy-
stem, substitution for Silicoater technique in Kul-
zer’s development program was introduced. New
chemical process is used with the object of gene-
raring bond metal-veneering material, regardless of
the different behaviour of dental alloys, such as oxi-
dation or hardness. This bonding system therefore
can be used on all dental alloys, regardless of che-
mical composition, resulting in high value bond
strengths. The Kevloc bonding system uses the prin-
ciple of direct acrylizing of the metal surface, which
eliminates the need for oxide, silicate or silane la-
yers such as for example, with the Silicoater techni-
que. The Kevloc system uses a controlled thermoc-
ycling process, similar to the reactions used in the
production of high tech fibers, such as Kevlar (13).

The metal surface of the prosthetic construction
must be sandblasted with clean, fresh aluminium
oxide of at least 110 micron grain size, and 2 bar of
air pressure. Sandblasted surfaces are cleaned only
with a clean, dry, and rigid brush, as grease or oil
contamination of comprimated air could weaken the
bond strength, causing more damage than benefit
from removal of aluminium oxide grain particles
(12).

Kevloc primer and Kevloc bond are applied to
the sandblasted and cleaned metal surface. Kevloc
primer is a solution consisting of acrylnitril copol-
ymer, acrylic acid multifunctional ester, acetone and
water; Kevloc bond is a solution consisting of uret-
hane resin, acrylic acid multifunctional ester, ace-
tone and a composition of aromatic solutions (13).

Affected with the hot, comprimated air from
Kevloc apparatus the chemical structure of acrylni-
tril is transformed into a ring shape in which there
are more electrons and the molecule becomes elec-
tronegative. As metal surfaces are always electro-
positive, interaction is obtained. A kind of dipole.

The first layer of the bonding system (Kevloc pri-
mer) is extremely tough and rigid, resulting in high
values of bond strengths, regardless of metal surfa-
ce chemical composition. With this layer a layer of
water resistant urethane resin (Kevloc bond) is con-
nected. Contrary to the Kevloc primer layer this la-
yer is tough and elastic and allows mechanical and
thermal stress absorption caused by polymerization
contraction, different coefficients of thermal expan-
sion, and reaction of different masticatory forces in
the oral cavity, etc. Through both of these layers a
highly polymerized acrylic network, is spread en-
ding with free double chemical bonds activated for
chemical bond with Artglass opaque. Such a distri-
bution of layers forms a hydrophobic coverage of
the metal surface. This effect is obtained by using
the correct amount of thermal energy in a given ti-
me, thus converting Kevloc primer and Kevloc bond
into a new form inducting chemical reaction. The
correct amount of thermal energy is obtained by
using the ingenious construction of the Kevloc ap-
paratus that combines airflow speed, time and di-
stance from the metal surface, in order to transfer
the right amount of thermal energy onto the bond
interface without excessive heating of the dental al-
loy. Because of the distance control and short dura-
tion of the process (15 sec.) the temperature of abo-
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ut 480 °C at the nozzle exit of the Kevloc appara-
tus does not heating up the dental alloy over the cri-
tical 80 °C.

The applied thermal energy changes the colour
of the layers from milky white (Kevloc primer), se-
mi-gloss (Kevloc bond) to brown (after finishing the
procedure), that enables visual control of the pro-
cedure results(13).

This new technique enables a bond between Ar-
tglass lightpolymerizing veneering material and all
dental alloys with no mechanical retention (mode-
lation as for metal-ceramic constructions) with ea-
sy handling and visual control of every procedure
step.

Artglass opaque is connected with the aforemen-
tioned free double chemical bonds. Its chemical
structure is multifunctional methacryl ester with si-
lanized SiO, as a microfiller average grain size 0.7
mic., and added anorganic pigments are cadmium
free (14).

This opaque is one component, thus avoiding mi-
xing mistakes, powdert/liquid ratio, that could influ-
ence viscosity, resulting in different bond strength
values.

The opaque is applied in 2-3 layers each polyme-
rized for 90 seconds. Each layer must not be thic-
ker than 80 mic., while the total opaque layer thic-
kness is usually about 150 mic.(12).

Onto the polymerized opaque layer Artglass mar-
ginal, dentine and incisal materials are applied. That
is in concept a new material that comes in-between
ceramic and polymer veneering materials. Hence the
name ‘“Polyglass” for this sort of material which is
based on “Microglass” technology. It is composed
of multifunctional metacryl ester highly cross lin-
ked in the shape of organic glass (30% weight), and
anorganic fillers: SiO, and barium-aluminium-sili-
ca glass (70% weight) with average grain size 1 mic.
These components are totally stable, allowing ex-
cellent polishing, resulting is less plaque cumulati-
on (14).

With its hardness and mastication wears Artgla-
$s veneering material is very similar to natural te-
eth, thus allowing occlusal veneering of fixed pro-
sthodontic appliances, but with at least 1 mm mate-
rial thickness. Patients feel comfortable during ma-
stication because a part of the masticatory forces is
neutralised within the veneering material because of

its elasticity module. This material is therefore espe-
cially pliable for supraconstructions on implants
with such minimum mentioned plaque cumulation.

Artglass veneering material is polimerized in lig-
ht polimerizing apparatus “Uni XS”, which an is im-
proved apparatus “Dentacolor XS”. Important news
are two xenon strobe lamps with weave length 300-
-520 nm. All layers are polimerized for 90 sec., ex-
cept the final polimerization that lasts for 180 sec.
It should be mentioned that with Kevloc technique
we can treat all metal surfaces as with Silicoater tec-
hnique, although investigations on the possibility of
treating ceramics are still not finalized.

The purpose of this investigation was to deter-
mine the existence (or otherwise) of the marginal
gap and to reveal the bond strength values obtained
by using Kevloc bonding system 24 hours after po-
lymerization and artificial ageing (storage in water
and thermocycling), and to compare them with the
values of the control group where no bonding sy-
stem was used. According to the data obtained it can
be concluded that the Kevloc bonding system sho-
uld be widely used in dental practice.

Materials and methods

The study was carried out on two dental alloys:
Auropal SE (Ag 64%, Pd 25%, Cu 8%, Au 2%,
7Zn<1%) and Basil S (Co 64.6%, Cr 28%, Mo 4.8%,
Si<1%, Mn<1%, C<1%, both products of Aurodent
(Zlatarne Celje, Slovenia).

Sixty-six polymethylmetacrylatic objects in the
form of rivets, with smooth surfaces of the following
dimensions: flange diameter 7 mm, edge thickness
2 mm, pedicle diameter 2.5 mm, pedicle length 12
mm, were placed in the investment material. Thir-
ty-three models, envisaged for casting in Auropal SE
alloy, were placed in Aurowest investment materi-
al for insertion (Aurodent, Zlatarne Celje, Slovenia),
and thirty-three models, envisaged for casting in Ba-
sil S dental alloy in Basowest (Aurodent, Zlatarne
Celje, Slovenia) according the instructions of the
manufacturer. The investment material was mixed
in a Multivac 4 vacuum mixer (Degussa, Frankfurt,
Germany) and poured into the cuvette on a Vibra-
mat midi vibrator (Krupp, Essen, Germany).

After hardening of the investment material, pre-
-heating and heating in accordance with the manu-

Acta Stomatol Croat, Vol. 32, br. 3, 1998.

431



Denis Vojvodic et al.

Kevloc bonding system

facturer’s instructions, the samples were cast in a
Globucast centrifugal casting ' machine (Krupp,
Essen, Germany). After cooling to room tempera-
ture the samples were taken out of the cuvette with
a Dobby drive-out machine (Bego, Bremen, Ger-
many) and sandblasted in the sandblasting machine
with circulating sand, Dentastral automatic (Krupp,
Essen, Germany) in order to remove the insertion
material. The samples were then detached from the
casting canals with cutting pincers and treated with
tungsten milling bars, Ivodrill (Ivoclar, Schaan, Li-
echtenstein), which at the same time simulated pro-
sthetic work in the laboratory. Kevloc bonding sy-
stem was applied on the samples from both alloys,
and metal surfaces in the control group were merely
sandblasted.

Kevloc bonding agent

The metal samples were sandblasted in a sand-
blasting machine (Ivoclar, Schaan, Liechtenstein)
using a moveable propelling nozzle. The distance of
the nozzle from the sample was 5 mm, sandblasting
pressure 4 bar, aluminum oxide grains 110 micro-
meters in size, and sandblasted for 15 seconds on
the surfaces envisaged for veneering. Samples we-
re then brushed with a clean, hard brush and placed
into the holder, specially made for this purpose, wit-
hout touching the activated surfaces on which Kev-
loc primer and Kevloc bond (Kulzer) were applied
according to the manufacturer’s instructions. Sam-
ples were then treated with hot air from a Kevloc
apparatus for 15 seconds. Artglass opaque (Kulzer)
was applied in two layers, and each layer was poly-
merized for 90 seconds in an apparatus for light pol-
ymerization, Uni XS (Kulzer). Tubular plastic pro-
files were then placed onto the samples, diameter
7mm, length 10 mm, which chemically do not bond
to veneering material. Artglass dentine resin was
placed in these moulds. A level plastic instrument
was used to press the resin onto the opaque layer,
thickness up to 2.5 mm, and light polymerized for
90 seconds. The procedure was repeated with one
more layer of dentine resin of the same thickness,
with polymerization of 180 seconds.

Control group

The metal surfaces envisaged for veneering in
samples from the control group were sandblasted in

the same way as the Kevloc bonding system, and
then cleaned with a clean, disposable brush and et-
hyl ester of acetic acid. Chromasit (Ivolek, Ljublja-
na, Slovenia) opaque was mixed (ratio liquid : pow-
der 1:1) with a plastic spatula for 30 seconds and
applied with a clean, disposable brush on the trea-
ted metal surfaces in a layer sufficient to prevent the
metal surface shining through. The layer of opaque
was air dried until the surface was no longer shiny
(5 min.) and then polymerized in an apparatus for
pressure-heat polymerization, Ivomat (Ivoclar, Sc-
haan, Liechtenstein) at pressure of 6 bar and tem-
perature of 120 °C for 7 minutes. After polymeri-
zation and extraction from the Ivomat apparatus, the
samples were dried with dry, oil free pressurized air
and the plastic profiles placed on them, as previou-
sly described for the Kevloc bonding system. Chro-
masit dentine resin, previously softened with a me-
tal spatula on a clean glass slate, was placed into the
obtained mould, and pressed onto the metal base
with a flat plastic instrument. In this way a veneer
was obtained, approximately 5 mm thick, which was
then spread over with Chromasit fluid and polyme-
rized in the Ivomat apparatus, at 6 bar pressure and
temperature of 120 °C, for 10 minutes.

After polymerization of both groups of samples
(Kevloc and control) the plastic moulds were remo-
ved and polymer veneers obtained, approximately
5 mm thick, attached to a metal surface (Figure 1).
The excess opaque or polymer from the edges of the
metal part of the sample was removed with a carbi-
de milling bar.

Sample combinations: Auropal SE + Kevloc bon-
ding system (n=18). Auropal SE + control (n=15).
Basil S + Kevloc bonding system (n=18). Basil S +
control (n=15) prior to testing were divided into
three equal groups (n=6):

1. Group of samples tested 24 hours after poly-
merization.

2. Group of samples 24 hours after polymeriza-
tion immersed in distilled water at a temperature of
37 °C, and stored in a thermostat (Btuj, Poznan, Po-
land) for 28 days, and then tested.

3. Group of samples 24 hours after polymeriza-
tion, subjected to thermocycling procedure, i.e. al-
ternately immersing the samples in hot and cold wa-
ter and storing in cold air. Hansson’s method was
used for the thermocycling (15,16), according to
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which samples are immersed in boiling water for 25
minutes and then in water at a temperature of 10 °C
for 5 minutes, and the procedure repeated 10 times.
After which the samples were left for one hour at
air temperature of -220 °C and again for 5 minutes
immersed in boiling water. After the thermocycling
procedure the samples were tested.

The bond strength between the metal and vene-
ering material was shear tested by Smitz-Schulme-
yer’s test (17).

Samples were attached to the holder (Figure 2),
which was specially made the experiment, and pla-
ced in the universal testing machine for polymer ma-
terial WPM (VEB, Rauenstein, Germany).

The blade of the breaking device was placed on
the material for veneering, 1 mm away from its in-
terface with the metal, with blade speed of 7 mm/
min. The force which detached the veneering mate-
rial from the metal base was recorded (Figure 3).

After shear testing the surfaces of the metal and
polymer part of the sample, were examined with a
light microscope, Olympus BH2-UMA (Olympus
optics, Tokyo, Japan) in order to determine the type
of the breakdown.

One sample from each subgroup of Kevloc sam-
ples was not shear tested, but was sealed in an aral-
dite material, in order to prepare the smooth surfa-
ce for examining the cut layers. Following harde-
ning of the sealing material the samples were gro-
und and polished according to the standard proce-
dure (18).

Cuts of samples were examined by light micro-
scope, Olympus BH2-UMA at different magnifica-
tions, in order to determine the possible occurrence
of marginal gaps. The cuts were recorded with a te-
levision camera, Leco (Leco Co., St. Joseph, Mic-
higan, USA) by ocular microscope at 500 times
magnification, and the thickness of individual layers
of the bonding systems was measured by compute-
rized image analyzer, Leco L2001. The pictures of
the analyzed cuts of samples were stored on a com-
puter diskette, TIFF programme, digitalized on a
photographic film and photographs taken.

The numeric results of bonding values obtained
in this study were analyzed on a compatible com-
puter IBM PC 486, program SPSS, Microsoft Co.
Descriptive analysis of the studied variables was car-
ried out in statistical analysis, and Scheffe’s test and

Student’s z-test were used for determination of sta-
tistical significant difference.

Results

Table 1 presents arithmetic means (in MP), stan-
dard deviations and standard error for each group
of samples.

Significant difference can be seen in bond stren-
gth between the control group of samples and the
sample with Kevloc bonding system.

The samples in the control group showed a sta-
tistically significant decrease (p<0.05) in bond va-
lues after the procedure of artificial aging, on both
of the examined dental alloys. In the Auropal gro-
up the thermocyclized samples showed significan-
tly lower bond values than the samples immersed/
stored in water at a temperature of 37°C for 28 days,
and those tested 24 hours after polymerization,
which was repeated with the samples on Basil S al-
loy, where there was statistically significant diffe-
rence between the bond values of samples immer-
sed/stored in water at a temperature of 37 °C for 28
days and those tested 24 hours after polymerizati-
on.

The samples produced by application of the Kev-
loc bonding system on Auropal SE alloy showed a
statistical significant decrease (p<0.05) in bond va-
lues after the procedure of artificial aging, while the
decrease in bond values on Basil S alloy was not sta-
tistically significant (p>0.05) (Table 2).

The metal base did not have a statistically signi-
ficant effect (p>0.05) on bond strength in the iden-
tically treated samples in the control group and the
Kevloc samples (Table 3).

Statistically significant higher bond values
(p<0.05) were achieved in all the identically trea-
ted subgroups of samples, constructed on the same
metal bases, by using the Kevloc bonding system
(Table 4).

By microscopic examination of the breakdown
surfaces of the tested Kevloc samples, a gap was de-
termined between the two layers of opaque or bet-
ween the layer of opaque and the composite mate-
rial for veneering, regardless of the procedure of ar-
tificial aging and the alloy used, which is characte-
ristic for cohesive form of the breakdown.
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By direct linear measurement on the cuts of the
Kevloc samples (by means of an image analyzer),
the thickness of the bonding layers measured (Pri-
mer+Bond) was 9-15 micrometers, most frequen-
tly 12 micrometers. The thickness of the light pol-
ymerized opaque layer, applied in two coats, amo-
unted to 42-61 micrometers, and no gaps was regi-
stered in any of the examined Kevloc samples (of
those differently treated) (Figure 4).

Discussion

In this study was examined the latest bonding
agent - Kevloc, and to use as a the control group of
samples was combination of materiala, Auropal SE
(Ag-Pd) alloy and Chromasit veneering material, i.e.
the most frequently used combination of materials
for constructing fixed prosthetic appliances in our
country. Co-Cr alloy Basil S was included in the
study as a construction material for the metal bases
of partial dentures and for its need to be veneered
in places where esthetic attachments are construc-
ted. The surfaces of the metal parts of the samples
were smooth, in order to prevent mechanical reten-
tion beads masking the results achieved by using the
bonding agent. The use of mechanical retention can
only increase the achieved bond values.

A characteristic of the Kevloc bonding system is
the very great dispersal of results, which conditions
the large standard deviation. For this reason stati-
stically significant difference in the bonding values
of the differently treated Kevloc samples on Basil
S alloy was not registered, although there was a sig-
nificant numerical difference. The results of this
study, achieved by testing Kevloc samples 24 ho-
urs after construction, agree with the manufacturer’s
statements (13) on the higher bonding values of
Kevloc bonding system compared to all other known
bonding systems, although the manufacturer fails to
mention the large standard deviations.

Microscopic examination of the surface of the te-
sted samples revealed significant accumulation of
opaque material on the metal surface, indicating the
cohesive form of the breakdown, while only part of
the metal surface remained covered with a transpa-
rent layer of the bonding agent. This shows that the
breakdown occurred between the layer of the bon-

ding agent and the light polymerized opaque or wit-
hin the layer of opaque itself.

After carrying out the procedure of artificial
aging a drastic decrease in bond values occurred, al-
though bond values were still higher than the valu-
es for Silicoater procedure (19), a forerunner of Kev-
loc.

The appearance of the breakdown surfaces was
slightly different to the samples tested 24 hours af-
ter polymerization. In the thermocycled samples the
breakdown occurred between the two layers of opa-
que or between the final layer of opaque and the
composite. The opaque and bonding layers detached
from the metal surface only in some places. In the
samples immersed in water the breakdown occur-
red between the opaque and Artglass veneering ma-
terial, concentrically towards the middle, where it
appeared between the metal surface and the bond la-
yers. Such a characteristic breakdown leads to the
conclusion that the effect of water had an influence
on the interface opaque-composite and weakened it
concentrically towards the middle. Here the effect
of water was not marked jet, and the gap occurred
between the metal surface and the bond layers, and
consequently it can be said that the main part of
bond strength values are created on this small inter-
face surface.

Such poor results, as opposed to the statements
of the manufacturer, aroused some doubt as to the
accuracy of the completed work, and consequently
new samples were constructed and procedures of ar-
tificial aging and shear test repeated. The results of
the previously tested groups of samples were repe-
ated, with no statistically significant differences.
Analysis of the images of the cuts of the samples
showed that the width of the opaque layer ranged
from 42 to 61 micrometers. The opaque was spread
in two /layers, the total thickness of which was not
more than, for polymerization critical thickness of

- 80 micrometers (12), so the doubt regarding the po-

ssibility of insufficient polymerization of the opa-
que layer can be disregarded. The thickness of the
bond layers (primer + bond) amounted to 9-15 mi-
crometers.

In this study light microscopy was used to anal-
yze the cuts of samples, i.e. stereomicroscope Ol-
ympus BH2-UMA, and important images/pictures
taken with a television camera and examined by a
computerized image analyzer, Leco L.2001. Use of
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