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Sazetak

Lomovi polimernoga materijala jedan su od najc¢es¢ih razloga za popravak pomicnih
proteza. Zato ih se neprestance nastoji ojacati te su tako vec proizvedeni i polimer-
ni materijali visoke otpornosti na udarac. Svrha ovog istrazivanja bila je metodom
kratke grede odrediti ¢vrstoc¢u na savijanje materijala lvocap ,,Plus®“ High Impact,
uz uporabu injekcijske metode polimerizacije te uspordba s ¢vrsto¢om na savija-
nje materijala Meliodent Heat Cure, primjenom klasi¢ne tlacno-toplinske polime-
rizacije i to odmah nakon polimerizacije i provedenih postupaka umjetnog ostari-
vanja uzoraka pohranjivanjem u vodi na temperaturi od 37° C tijekom 28 dana te
termocikliranja.

IstraZivanje je pokazalo statisticki znatno vise vrijednosti ¢vrstoc¢e na savijanje
(130,1-150,65 MPa) materijala Ivocap ,,Plus“ u odnosu prema materijalu Melio-
dent (109,2-110,3 MPa) u skupinama uzoraka ispitanima nakon polimerizacije i po-
hranjivanja u vodi, dok u skupini uzoraka testiranih nakon termocikliranja nije bilo
statisticki znatne razlike (148,75:156,25 MPa). Izmedu uzoraka izradenih od istog
materijala nije bilo statisticki znatne razlike, iako su obavljeni postupci umjetnoga
ostarivanja.
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Uvod

Od pocetka Cetrdesetih godina proSlog stoljeca,
kada se poceo koristiti kao materijal za izradbu po-
micnih proteza, kao najpouzdaniji se pokazao metil-
metakrilat. No, bez obzira na sve prednosti njegov
velik nedostatak i dalje je podloznost lomu. Lomo-
vi polimernoga materijala proteznih baza jedni su
od najéeséih (64%) razloga za popravak pomicnih
proteza (1-4). Teoretski, bezubi pacijent ne bi mo-
gao slomiti potpunu protezu zbog razmjerno viso-
ke staticke ¢vrstoée protezne konstrukcije i slabih
okluzijskih Zvacnih sila koje se postizu uporabom
pomicnih proteza (5, 6). No, sve ¢eS¢om uporabom

Introduction

Since the beginning of the 40s of the last cen-
tury, when it was used as denture base material for
the first time, methyl-metacrylate has proved to be
the most reliable material. Notwithstanding the ad-
vantages, its great disadvantage is still a tendency to
fracture. Fractures of the denture base polymer ma-
terial are one of the most frequent (64%) reasons
for denture repair (1-4). Theoretically, an edentu-
lous patient could not be able to fracture a denture
due to a reasonable high static rigidity of the denture
construction and weak masticatory forces that are
developed in the use of removable dentures (5,6).
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implantata, pa i za sidrenje pomicnih proteza, po-
vecavaju se i1 zvacne sile kojima su izvrgnute pro-
tetske konstrukcije (7,8). Ali, presudan je utjecaj
zamora materijala na ¢vrstou na savijanje poli-
mernoga materijala i upravo je on razlog za lomove
proteza (9,10). Lom gornje potpune proteze najce-

§¢i je u medijalnoj liniji (11) i moZe se reci da se do-

gada upravo zbog spomenutoga zamora materijala

(9). Matthews i Wain (12) pronasli su da je tijekom

funkcije najvedi stres u materijalu na poliranoj pala-

tinalnoj povrsini proteze odmah iza prednjih zuba.

Zato su i zakljucili da je iz navedenoga razloga bas

taj palatinalni dio baze proteze, odmah iza prednjih

zuba, jedna od najces¢ih lokacija medijalnog loma
proteze, uz ve¢ dobro poznati duboki vestibularni

urez kojim se zaobilazi frenulum gornje usne (2).

Za razliku od gornje totalne proteze, kod donje pro-

teze zamor materijala nije glavni uzrok lomova, ne-

go u oko 80% slu€ajeva oni nastaju zbog udarca ako

padnu na tvrdu povrSinu (2).

Proteze od polimera nastojale su se ojacati ili
modificiranjm sastava gradivnoga materijala ili,
pak, ugradivanjem ojacanja u akrilat kako bi se po-
vecala zamorna ¢vrstoda na savijanje i ¢vrsto¢a na
udarac (13).

Tako su se na trziStu pojavili i polimerni materi-
jali visoke otpornosti na udarac - bili su ¢vrséi i Zi-
laviji od dotadasnjih polimera za izradbu proteznih
baza (14, 15).

Jo§ jedan velik nedostatak polimernih materi-
jala jest podloznost nekontroliranim dimenzijskim
promjenama zbog polimerizacijske kontrakcije. Za-
to se pokuSavalo prevladati i taj nedostatak kom-
penzirajuci polimerizacijsku kontrakciju materijala
kako bi se postigla potpuna reprodukcija izmodeli-
ranoga vostanog objekta i omogucilo $to bolje pri-
lijeganje izradene pomicne proteze na njezino leZi-
Ste (16-18).

Kako isti¢e proizvodac, postupak SR-IVOCAP
(Ivoclar, Schaan, Liechtenstein) u cijelosti rjeSava
problem dimenzijskih promjena, uz povecanu ¢vr-
sto¢u samoga materijala (19). Zato bi taj postupak
trebao biti osobito pogodan za totalne pomicne pro-
teze, djelomi¢ne pomicne proteze, okluzalne splin-
tove - nagrizne udlage, ortodontske naprave te za
podlaganja pomicnih proteza.

Prednosti postupka ocituju se u sljedecem:

- u kapsuli dozirani materijal mehani¢kim mijeSa-
njem postaje homogen i spreman za polimeriza-
ciju, a izbjegava se kontakt tehni¢ara s monome-
rom;

- konstantno visokoj kvaliteti materijala;

Cvrstoca materijala za proteze

With the ever-increasing use of implants, even for
the anchorage of removable dentures, bite forces
that are developing on the denture base are growing
(7,8). But, the influence of material wear on flex-
ural strength of the material is decisive, being the
sole reason for denture fractures (9, 10). Medial line
fracture of the upper denture is the most frequent
(11), and it can be said that it occurs exactly because
of the wear (9). Matthews and Vain (12) have re-
ported that during function, the great stress is exhib-
ited on the polished palatinal surface just behind the
frontal teeth. They concluded that this palatinal por-
tion of the denture base is one of the most frequent
locations of medial line fracture; together with the
well-known deep vestibular cut that opens the lo-
cation of the upper lip frenum (2). Contrary to the
upper total denture, fracture of the lower denture is
not caused by wear, but occurs due to the fall on the
hard surface (80% of the cases, 2).

Polymer dentures may be strengthened by mod-
ification of the material or by incorporating vari-
ous enhancements into the acrylate that enhance the
flexural strength and resistance to fall (13).

Subsequently, new, stronger and more resistant
polymer materials for denture base appeared on the
market (14, 15).

Another great disadvantage of polymer materials
is a tendency to dimensional changes due to contrac-
tion during polymerization. An attempt was made
for compensation in order to achieve complete re-
production of the modeled object in wax and enable
better contact of the denture and its bed (16-18).

As outlined by the manufacturer, SR-IVOCAP
(Ivoclar Vivadent, Schaan, Liechtenstein) proce-
dure completely solves the problem of dimensional
changes, with added hardness of the material itself
(19). Therefore, this procedure should be especial-
ly applicable to totally removable dentures, partially
removable dentures, occlusal splints and orthodon-
tic appliances, as well as for relining of dentures.

The advantages of the procedure are mirrored in
the following: (a) by mechanical mixing, the mate-
rial in the capsule becomes homogeneous and ready
for polymerization; contact of the dental technician
with the monomer is avoided; (b) high quality of the
material is constant; (c) precise occlusion, i. e. there
is no disturbance in the occlusion after polymeriza-
tion; (d) after polymerization, the dentures are not
porous, even the big ones; (e) a controlled polym-
erization in enabled; it starts in the frontal segment
of the cuvette and slowly spreads towards the injec-
tional canal; a constant flow of the material compen-
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- preciznoj okluziji, tj. nema poremecaja u oklu-
ziji nakon polimerizacije materijala pri izradbi
proteza;

- nakon polimerizacije proteze nisu porozne, ¢ak
ako su i velikih dimenzija;

- omogucena je kontrolirana polimerizacija koja
pocinje u prednjem segmentu kivete i postupno
se §iri prema injekcijskom kanalu. Stalan dotok
materijala kompenzira polimerizacijsku kontrak-
ciju i daje homogeni materijal visoke ¢vrstoce te
dobar lezaj za proteze i dobro prisisavanje prote-
ze na leZiste;

- biokompatibilnosti materijala spram leZista zbog
homogenosti i jednoli¢nosti materijala;

- optimalnom poliranju i visokoj otpornosti na
lom (16-19).

Materijal Ivocap, koji se koristi za zubne proteze
nabavlja se pod tvornickim nazivom Ivocap “Plus”
High Impact (Ivoclar), a sastoji se od praha (polime-
tilmetakrilat 90,5 tez.%, ko-polimer 8,0%, benzoil-
peroksid 1,4%, pigment 0,1%) i teku¢ine (metil-me-
takrilat 88,4 tez.%, dimetakrilat 5,6%, ko-polimer
6,0%) (19).

Svrha istraZivanja

Razlicita ojacanja i poboljSanja kakvoce polime-
ra uporabom razliCitih tehnologija ve¢ su opisana u
literaturi - kako stomatoloskoj tako i tehnickoj. No,
rezultati su Cesto kontradiktorni, a upute i objaSnje-
nja dentalnih tvrtki koje proizvode materijale za ba-
ze pomicnih proteza obi€no su pristrani i rijetko se
slazu s rezultatima objektivnih istrazivanja.

Zato se ovim istraZivanjem zeli ispitati vrije-
dnosti ¢vrstofe na savijanje uobiCajenog polimera
za protezne baze tlacno-toplinskim postupkom te
polimera za protezne baze injekcijskim postupkom.
Kako bi se simulirao i utjecaj starenja materijala na
¢vrstodu na savijanje, uzorci su testirani nakon:

- polimerizacije materijala;

- 28 dana pohranjivanja uzoraka u destiliranoj vo-
di na temperaturi od 37° C;

- provedenog postupka s ciklickim promjenama
temperature vodenog miljea u koji su uzorci po-
tapani.

Dobiveni rezultati medusobno su usporedeni i
statisticki obradeni, kako bi se ustanovila statisticka
znatnost (znacajnost) razlika koja bi pokazala koji
je materijal bolji za klini¢ku uporabu.

Materijali i postupci

U ovom istraZivanju uporabljeni su polimer-
ni materijali Meliodent Heat Cure (Heraeus Kul-
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sates for the polymerization contraction and yields
homogeneous material of high flexural strength, as
well as good fit of the denture; (f) biocompatibility
of the material due to its homogeneity; (g) optimal
polishing and high flexural strength (16-19).
Ivocap material that is used for dentures can be
obtained by the name of Ivocap “Plus” High Im-
pact (Ivoclar Vivadent, Schaan, Liechtenstein). It is
comprised of powder (polymethyl-metacrylate 90.5
w%, co-polymer 8.0%, benzoil-peroxide 1.4% pig-
ment 0.1%) and liquid (methyl-metacrylate 88.4
w%, dimetacrylate 5.6%, co-polymer 6.0%) (19).

Aim of study

Different strength and quality enhancers of the
polymer are already described in literature, both
dental and technical. The results are often contra-
dictory, and instructions and explanations of the
dental companies that produce denture base mate-
rials are usually biased and only rarely comply with
the results of the objective investigations.

It is the aim of this study to assess the values of
flexural strength of the common polymer used for
denture bases produced by the pressure-heat proce-
dure, and polymer produced by the injectional pro-
cedure. In order to simulate the ageing process the
samples were tested after: (a) material polymeriza-
tion, (b) 28 days of storage in distilled water at 37°C,
and (c) cyclical changes of the temperature of the
water milieu in which the samples were immersed.

The results were statistically analyzed and com-
pared in order to obtain statistical significance that
would give information about which material is bet-
ter for the clinical use.

Material and Methods

Materials used in this study were Meliodent Heat
Cure (Heraeus Kulzer, Hanau, Germany) and Ivo-
cap “Plus” High Impact (Ivoclar Vivadent, Schaan,
Liechtenstein). We manufactured polymer quadratic
samples with smooth surfaces (18x10x3 mm).
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zer, Hanau, Njemacka) i Ivocap “Plus” High Impact
(Ivoclar, Schaan, Liechtenstein), kako bi se izradi-
li polimerni uzorci glatke povrSine u obliku kvadra,
dimenzija: duZina 18 mm, Sirina 10 mm, debljina 3
mm.

Zaizradbu uzoraka tlacno-toplinskim postupkom
najprije su pripremljeni voStani modeli ve¢ opisane
veli¢ine uzoraka, zatim su stavljeni u Moldano (Ha-
ereus Kulzer, Dormagen, Njemacka) - tvrdom sa-
drom ispunjenu kivetu na udaljenost od najmanje
1 cm od njezina ruba. Kako postupak SR-IVOCAP
(Ivoclar) sam po sebi ve¢ zahtijeva posebne kivete,
navedeni vostani modeli postavljeni su na voStane
kanale za ubrizgavanje debljine 3 mm s kojima su
bili povezani plasti¢nim lijevkom. Zatim su takoder
uloZeni u Moldano - tvrdom sadrom ispunjenu ki-
vetu ovog sustava na najmanje 1 cm udaljenosti od
njezina ruba. Nakon stvrdnjavanja sadre rastvore-
ne su kivete obaju sustava polimerizacije te je vo-
sak ispran u uredaju za ispiranje (Type 5522, KaVo
EWL, Biberach, Njemacka). Nakon toga su sadre-
ne plohe u tankom sloju dva puta izolirane fluidom
Ivoclar Separating (Ivoclar).

Tlacno-toplinski polimerizirajuéi polimer (Meli-
odent Heat Cure) zamijeSan je prema uputama proi-
zvodaca o mijeSanju polimera i monomera te postav-
ljen u impresije u sadri jednog dijela kivete. Zatim
je preko njega postavljen drugi dio kivete i zatvoren
te je kiveta stavljena u hidraulicnu presu (Zlatarne
Celje, Celje, Slovenija) i stlaena pod pritiskom od
200 bara. Kiveta je zatim premjeStena u rucni Skri-
pac te je obavljen postupak polimerizacije u polime-
rizacijskom uredaju (Type 5518, KaVo EWL, Bibe-
rach, Njemacka) u skladu s uputama proizvodaca,
tj. kiveta je stavljena u kipuéu vodu - zagrijavanje je
prekinuto nakon 15 minuta. Zatim se ponovno ku-
hala u kipuéoj vodi 20 minuta te je ostavljena da se
polako hladi u vodenoj kupelji.

Kod injekcijske metode priredena je kapsula
Ivocap “Plus” High Impact (Ivoclar) polimernoga
materijala, tako da je monomer iz bocice uliven u
kapsulu s polimernim prahom i pet minuta protre-
sen u Cap-vibratoru (Ivoclar). Obje polovice kivete
oprezno su sastavljene i postavljene u zatezni okvir,
umetnuta je kapsula s polimernim materijalom i pri-
kljucen sustav zracnog potiska te je kapsula optere-
¢ena tlakom od 6 bara tijekom 5 minuta. Zatim je
prikljuc¢ena kiveta 35 minuta poloZena u kadu za po-
limerizaciju (Ivoclar) u kipu¢u vodu. Nakon toga je
premjeStena u hladnu vodu, ali je i dalje ostala pri-
klju€ena na tlak od 6 bara tijekom dvadesetominut-
nog hladenja.

Cvrstoca materijala za proteze

Wax models of these dimensions were fabricated
and immersed in Moldano (Heraus Kulzer, Hanau,
Germany) cuvettes filled with hard plaster, at least
1 mm from its margin. Since SR-IVOCAP (Ivo-
clar Vivadent, Schaan, Liechtenstein) procedure re-
quires special cuvettes, wax models were put on
wax canals for the injection (3 mm thick), to which
they were connected with a plastic. Subsequently
they were immersed in Moldano cuvettes filled with
hard plaster, at least 1 mm from its margin. After
plaster hardening, both cuvettes of the polymeriza-
tion system were opened and the wax was rinsed in
the rinsing machine (Type 5522, KaVo EWL, Biber-
ach, Germany). Plaster surfaces were isolated twice
in a thin layer using Ivoclar Separating fluid (Ivo-
clar Vivadent, Schaan, Liechtenstein).

Pressure-heat polymerization polymer (Melio-
dent Heat Cure) was mixed according to the manu-
facturer’s instructions, and positioned in the plaster
impressions of one part of the cuvette. The cuvette
was closed and put in a hydraulic press (Zlatarne
Celje, Celje, Slovenia) under 200 bars. Cuvette was
subsequently moved to a manual bench vice and the
polymerization was performed in a polymerization
machine (Type 5518, KaVo EWL, Biberach, Ger-
many), according to the manufacturer’s instructions
— the cuvette was immersed in hot water and the
heating was stopped after 15 minutes. It was sub-
sequently left in boiling water for 20 minutes and
slowly cooled in a water bath.

The injectional method was performed in a way
that the Ivocap “Plus” High Impact (Ivoclar Vivadent,
Schaan, Liechtenstein) capsule was prepared. The
monomer from the bottle was poured in the capsule
that contained the polymer powder. It was shaken for
5 minutes in Cap vibrator (Ivoclar Vivadent, Schaan,
Liechtenstein). Both parts of the cuvette were joined
and the system of pressurized air was connected at 6
bar pressure during 5 minutes. The cuvette was im-
mersed in boiling water in a polymerization bath for
35 minutes, moved to cold water, still connected to 6
bar pressure during 20 minutes of cooling.

After polymerization and cooling the cuvettes
of both systems were opened and the samples were
manually cleaned of plaster. Polymer excess was re-
moved by a carbide bur (Ivomill, Ivoclar Vivadent,
Schaan, Liechtenstein). The margins were polished
with sandpaper (Sianor 7/0B, Frauenfeld, Switzer-
land). The samples of the stated dimensions were
controlled with a caliper (Dentarium 042-751, Den-
tarium, Ispringen, Germany), with allowed devia-
tion of 0.05 mm.
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Nakon polimerizacije i zavrSetka hladenja kive-
te obaju sustava su rastvorene, uzorci ru¢no ocisce-
ni od sadre, a suviSak polimera uklonjen je s uzora-
ka karbidnim glodalom — frezom (Ivomill, Ivoclar).
Obradivanje rubova uzoraka dovrSeno je brusnim
papirom (Sianor 7/0 B, Frauenfeld, Svicarska). Do-
biveni uzorci ve¢ navedenih dimenzija kontrolira-
li su se pomi¢nim mjerilom (Dentarium 042-751,
Ispringen, Njemacka), uz dopusteno odstupanje od
0,05 mm.

Opisanim postupcima izradeno je po 15 uzoraka
za svaki polimerizacijski postupak, a oni su, pak, po-
dijeljeni u tri broj¢ano jednake skupine od po 5 uzo-
raka u svakoj, te su ispitani metodom kratke grede
(20) kako bi se odredila ¢vrstoca na savijanje, i to:
1. skupina uzoraka testirana je nakon polimerizaci-

je;

2. skupina uzoraka nakon polimerizacije potoplje-
na je u destiliranu vodu na temperaturi od 37°C
i pohranjena 28 dana u termostatu (Btuj, Poznan,
Poljska), a zatim je testirana;

3. skupina uzoraka nakon polimerizacije podvrgnu-
ta je postupku termocikliranja, tj. naizmjeni¢nom
uranjanju u toplu i hladnu vodu i pohranjivanju
na hladnom zraku. Za postupak termocikliranja
koristila se Hanssonova metoda (21) prema ko-
Joj se uzorci potapaju u kipucéu vodu 25 minuta,
a zatim 5 minuta u vodu temperature 10° C. Taj
se postupak ponavlja 10 puta. Nakon toga uzorci
se ostavljaju jedan sat na zraku na temperaturi od
-22°C i ponovno se 5 minuta potapaju u kipuéu
vodu. Nakon provedenog termocikliranja uzorci
su testirani.

Svi uzorci ispitani su uporabom univerzalne ki-
dalice za ispitivanje materijala (Amsler, Schathau-
sen, Svicarska) koja ima umjernicu za sva podru¢ja
rada, pa tako i za podrucje sile od 0 do 3000 N, au
tom je rasponu i obavljeno ispitivanje.

Uzorci su bili optereeni prema shemi prikaza-
noj na Slici 1, s brzinom spuStanja pritiskivaca od
1,5 mm/s.

Mjerena je sila koja je uzrokovala lom uzoraka
te je izraCunata ¢vrstoéa na savijanje prema formu-
li (22):

o = Ful 6 N
ST 4 bR mm?
u kojoj je:
F_ ks — sila pritiskivaca, N,
/ —raspon oslonaca, mm
(ovdje uvijek 15 mm),
b — §irina uzorka, mm (ovdje uvijek 10 mm),

h — visina uzorka, mm (ovdje uvijek 3 mm).
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Described procedures were used for obtain-
ing 15 samples for each polymerization procedure.
The samples were divided in three groups contain-
ing 5 samples that were tested by the short bar sys-
tem (20) in order to determine flexural strength: (1)
sample group tested after polymerization, (2) sam-
ple group that was immersed in thermostat (Btuj,
Poznan, Poland) filled with distilled water (37°C),
left there for 28 days and tested afterwards, (3) sam-
ple group that was thermocycled after polymeriza-
tion (alternating immersion in warm and cold water,
storage in cold air). Thermocycling procedure was
performed according to Hansson’s method (21).
The method uses immersion in boiling water for 25
minutes and immersion in cold (10°C) water for 5
minutes. This procedure is repeated 10 times. After-
wards, the samples are left to dry in air at -22°C and
afterwards immersed in boiling water for 5 minutes.
The samples were tested after thermocycling.

All samples were tested by a universal breaker
for material testing (Amsler, Schaffhausen, Switzer-
land) that has a scale for all areas of work, even for
the workforce from 0 to 3000 N. It was in this range
that the test was performed.

The samples were loaded according to the
scheme (Figure 1) and the speed of the loader was
1.5 mm/s.

The force that caused the fracture was measured,
as well as flexural strength, according to the formu-
la (22):

Foas' ! 6 N
4 b-h* mm?
— force of the loader (N),
— distance between posts (15 mm),
— width of the sample (10 mm),
— height of the sample (3 mm).

O'maks =

Fm ax
!
b
h

Mjerena silaF;, N

"
e
-

\

Slikal. Dimenzija i shema opterecivanja uzoraka
Figure 1 Dimensions and scheme of specimens loading
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Broj¢ani rezultati vrijednosti ¢vrstoce na savija-
nje dobiveni u istraZivanju obradeni su racunalom
Intel Pentium 4, u programu SPSS (Chicago, Illino-
is, SAD). U statisti¢koj obradi podataka obavljena
je deskriptivna analiza istraZivanih varijabli i jed-
nosmjerna analiza varijance, a za odredivanje stati-
sticke razlike izmedu ¢vrstoca na savijanje uzoraka
izradenih iz dvaju razli¢itih polimernih materijala
primijenjen je Studentov t-test za nezavisne uzorke.

Rezultati

Sve vrijednosti ¢vrstofe na savijanje uzoraka
izraZene su u N/mm?, tj. u megapaskalima (MPa).

Izradena je Tablica 1 u kojoj su aritmeticke sre-
dine, standardne devijacije, standardne pogreske,
donja i gornja granica intervala pouzdanosti (95%)
te izmjerene minimalne i maksimalne vrijednosti
¢vrstoce na savijanje za svaku skupinu i podskupi-
nu uzoraka.

Cvrstoca materijala za proteze

Numeric results of the flexural strength have
been processed by a computer, using a statistical
package SPSS (SPSS Inc., Chicago, USA). Statis-
tical analysis was performed using descriptive sta-
tistics and one-way analysis of variance. The sta-
tistically significant difference between flexural
strengths of samples was performed using Student’s
t-test for independent samples.

Results

All values of flexural strength were in N/mm?2,
i.e. megaPascals (MPa). Table 1 represents mean
values, standard deviations, standard errors, upper
and lower values of the confidence interval (95%),
as well as minimum and maximum values of flex-
ural strength for each group and subgroup of sam-
ples.

Tablica 1. Deskriptivna statistika vrijednosti ¢vrstoce na savijanje ispitivanih uzoraka; MAT. = materijal; P = postupci
ostarivanja uzoraka - uzorci testirani: 1 = nakon polimerizacije, 2 = nakon 28 dana pohranjivanja u vodi na
temperaturi od 37° C, 3 = nakon termocikliranja; N = broj uzoraka; x = aritmeti¢ka sredina (MPa); SD = standardna
devijacija; SE = standardna pogreska; min.-maks. = raspon minimalne i maksimalne vrijednosti ¢vrstoce na savijanje.

Table1  Descriptive statistics of flexural strength values of investigated specimens; MAT. = material; P = specimen ageing
procedures - specimens tested: 1 = after polymerisation, 2 = after 28 days immersion in water temperature 37°C,
3 = after thermocycling, N = number of specimens; x = arithmetic mean (MPa); SD = standard deviation;
SE = standard error; Min.-Max.= range of minimal and maximal values of flexural strength.
95% interval pouzdanosti ®
Mat. p N " SD : 95% '1nterva1 rehal?lhty : Min.- Max.
Donja granicae | Gornja granica ®
Lower limit Upper limit
1 5 109,2 14,1459 6,3262 91,6356 126,764 92,5 124,25
Melio-dent 2 5 110,3 46,9938 | 21,0163 51,9495 168,651 28,75 144
3 5 148,75 | 10,5327 | 4,7104 135,672 161,828 132,5 160
1 5 130,1 30,468 13,6257 92,269 167,931 85 160
Ivocap 2 5 150,65 6,056 2,7083 143,131 158,17 144 158,75
3 5 156,25 8,3385 3,7291 145,396 166,604 145 166,25

Kako bi se odredila normalnost distribucije vrije-
dnosti Cvrstoe na savijanje ispitivanih uzoraka,
obavljen je Kolmogorov-Smirnov test koji je poka-
zao normalnu distribuciju (P>0,05).

Jednosmjerna analiza varijance vrijednosti ari-
tmetickih sredina ¢vrstofe na savijanje ispitivanih
uzoraka, pokazala je kako ne postoji statisti¢ki znat-
na razlika (P>0,05) izmedu pojedinih podskupina
uzoraka testiranih nakon polimerizacije i provede-
nih postupaka umjetnoga ostarivanja, a izradenih od
istoga polimernoga (Tablica 2).

Studentov t-test upozorio je na sljedece razlike
(Tablica 3). Ivocap Plus materijal imao je statisti¢-
ki znatno (P<0,05) vise vrijednosti ¢vrstoe na sa-

In order to determine the normality of distri-
bution of flexural strength values, Kolmogorov-
Smirnov test was performed, showing normal dis-
tribution (p>0.05).

One-way analysis of variance of mean values of
flexural strength showed no statistically significant
difference (p>0.05) between subgroups of the same
material that were tested after polymerization and
after artificial ageing procedures (Table 2).

Student’s t-test showed following differences
(Table 3). Ivocap “Plus” had significantly (p<0.05)
higher values of flexural strength when compared to
Meliodent Heat Cure in samples tested immediately
after polymerization, and after 28 days in distilled
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vijanje od materijala Meliodent Heat Cure, i to kod
uzoraka testiranih odmah nakon polimerizacije i na-
kon $§to su uzorci bili 28 dana pohranjeni u destili-
ranoj vodi na temperaturi od 37° C. Izmedu Ivocap
Plus i Meliodent Heat Cure uzoraka ispitanih nakon
provedenog postupka termocikliranja nije bilo stati-
sticki znatne razlike (P>0,05) u vrijednostima ¢vr-
stoce na savijanje.
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water. There was no significant difference in mate-
rials after thermocycling (p>0.05) regarding flexur-
al strength.

Tablica 2. Jednosmjerna analiza varijance izmedu skupina uzoraka; MATER.= materijal; DF = stupnjevi slobode;
F = F-vrijednost; P = vjerojatnost, *= statisti¢ki znatno na razini pouzdanosti od 95%, NS = nije statisti¢ki znatno na

razini pouzdanosti od 95%

Table2  One way analysis of variance between specimen groups; MATER.=material; DF=degrees of freedom; F=F-value;
P=probability, *=significant at the level of 95%, NS=not significant at the level of 95%

N Analiza » Analysis Ssuma kvadrata ¢ DF Kvad. arit. sred. © F P
um of squares Square of mean

Izmedu skupina ¢ Between groups 5073,03 2 2536,51 3,02 0,087 NS
Melio-dent Unutar skupina ® Within groups 100779 12 839,821

Ukupno ¢ Total 15150,9 14

Izmedu skupina ¢ Between groups 1895,81 2 947,904 2,749 0,104 NS
Ivocap Unutar skupina ¢ Within groups 4138,03 12 344,835

Ukupno * Total 6033,83 14

Tablica 3. Prikaz vrijednosti T-testa izmedu podskupina uzoraka; P = postupci ostarivanja uzoraka - uzorci testirani: 1 = nakon
polimerizacije, 2 = nakon 28 dana pohranjivanja u vodi na temperaturi od 37° C, 3 = nakon termocikliranja;
(x) = aritmeticka sredina u MPa, * = statisticki znatna razlika na razini vjerojatnosti od 95%.

Table 3  Account of t-test values between specimens subgroups; P = specimen ageing procedures - specimens tested:
1 = after polymerisation, 2 = after 28 days immersion in water temperature 37°C, 3 = after thermocycling, (x) =
arithmetic mean in MPa, *= statistically significant difference on the level of 95%

Skupine | Podskupine (P) 1 2 3
Meliodent (x) 109,2 110,3 148,75
Ivocap (x) 130,1 150,65 156,25
Vrijednosti t-testa 2,80%* 3,51°%* 1,25

Rasprava

Testovi ¢vrstode na savijanje smatraju se pri-
kladnima za polimerne dentalne materijale (23-26).
U usporedbi s tim testovima izravna mjerenja vlac-
ne ¢vrstoce tehniCki se teZe obavljaju, ne omogu-
¢uju testiranje samo izabrane povrSine uzorka na
vlak i ne odrazavaju deformaciju pri savijanju koja
se dogada pri Zva¢nom opterecenju. Kompresivna
¢vrstoca je samo indirektno, i to vrlo kompleksno,
povezana s odredenim vrstama loma kod vlacnih i
smi¢nih opterecenja. Mjerenje dijametralne vlatne
¢vrstoée zahtijeva, pak, od materijala da ne pokazu-
je sposobnost plasti¢nog tecenja, Sto nije svojstveno
vecini dentalnih polimernih materijala.

Molekule vode prodiru u prostore izmedu poli-
mernih lanaca, zadrZavaju se u njima i razmicu po-
limerne lance. Tako mogu smekSati proteznu bazu,
jer apsorbirana voda djeluje kao plastifikator PM-
MA, $to proizlazi iz interakcije s polimernom struk-

Discussion

Flexural strength tests are considered to be ap-
propriate for polymer dental materials (23-26). In
comparison to these tests, direct measurements of
tensile strength are technically more demanding,
do not enable testing of the selected surface of the
sample and do not resemble the flexural deforma-
tion that occurs during masticatory load. Compres-
sive strength is only indirectly, and in a very com-
plex way, correlated to specific fractures that occur
during flexural and tensile load. Measurement of
diametric tensile strength requires that a material
does not represent the characteristic of plastic flow,
which is not inherent to most of the dental polymer
materials.

Molecules of water that penetrate into the areas
between polymer chains remain there and separate
these chains. In that way they may soften the den-
ture base, since absorbed water can act as PMMA
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turom te smanjuje mehanicka svojstva gradivnoga
materijala, a posljedica je smanjenje ¢vrstoce na sa-
vijanje i modusa elasticiteta (27).

Ulazak vode primarno je uzrokovan difuzijom, a
dio apsorpcije polarno$¢u polimernih lanaca koja se
javlja zbog nezasi¢enih veza unutar samih molekula
i neuravnoteZenih medumolekularnih sila (27).

Zato su za istraZivanja u podrucju dentalnih ma-
terijala nuzni postupci umjetnog ostarivanja kao $to
su skladistenje pod vodom i ciklicke promjene tem-
perature, kako bi se odredila trajnost mehanickih
svojstava materijala u zahtjevnom mediju usne Su-
pljine (28).

Razli¢iti autori koriste se razli¢itom duljinom
skladiStenja u vodi, pa i razli¢itim temperaturama -
sobnom ili 37° C. No, vazno je istaknuti da se bit-
no smanjenje vrijednosti ¢vrstoée na savijanje do-
gada tijekom prva Cetiri tjedna imerzije u vodi, dok
u sljedec¢em razdoblju viSe nema statisticki znatn-
og smanjenja ¢vrstoce na savijanje (29). Zato je i u
ovom istrazivanju uporabljeno skladistenje uzoraka
u vodi na temperaturi od 37° C i to 4 tjedna.

No, u ovom istrazivanju nisu se smanjile vrijedn-
osti ¢vrstoce na savijanje nakon Cetverotjednog po-
hranjivanja uzoraka u vodi temperature 37° C, nego
je ona ¢ak i porasla za 15% kod uzoraka izradenih
postupkom Ivocap. Namece se zakljucak da je po-
hranjivanje uzoraka u vodi prouzrocilo relaksaci-
ju stresa u samom materijalu nastalog polimeriza-
cijskom kontrakcijom (30, 31), Sto se pokazalo kao
mogudéi uzrok za poviSenje vrijednosti ¢vrstoce na
savijanje ispitivanih polimernih materijala.

Toplinski ucinci termocikliranja kojima se opo-
nasa unos tople i hladne hrane i/ili pi¢a, mogu ima-
ti znatan utjecaj na mehanicka svojstva polimernih
materijala (32, 33) te na boju, sjaj, povrsSinsku hra-
pavost i abrazijsku otpornost (33).

U ovom radu postupak termocikliranja nije uzro-
kovao pad vrijednosti ¢vrstofe na savijanje nego -
dapace - porast, a osobito u skupini tlacno-toplin-
ski polimeriziranih uzoraka (za 35%). Cini se da je
u ovoj podskupini uzoraka porast temperature kod
termocikliranja potaknuo efekt produzene polimeri-
zacije, a posljedica je smanjenje rezidualnoga mo-
nomera, §to je pak rezultiralo poboljSanjem meha-
nickih svojstava polimernoga materijala, pa tako i
poviSenjem vrijednosti ¢vrstoe na savijanje. Veli-
ke standardne devijacije, uobicajene za takva istra-
Zivanja (28), uzrok su $to nije i statisticki potvrdeno
znatno povisenje vrijednosti ¢vrstoce na savijanje
nakon termocikliranja tlaéno-toplinski polimerizi-
ranih uzoraka, iako su te vrijednosti bile za 35% ve-
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plastificator, a fact that emanates from the interac-
tion with the polymer structure. It diminishes the
mechanical properties of the material, resulting in
lower flexural strength and lower modulus of elas-
ticity (27).

Water entry is primarily caused by diffusion,
and partly by the polarity of polymer chains that is
caused by unsaturated molecules and unbalanced
intermolecular forces (27).

Therefore, the investigation of dental materials
requires procedures of artificial ageing, such as un-
derwater storage and cyclic changes of temperature,
in order to determine the longevity of mechanical
properties of materials in the demanding environ-
ment such as the oral cavity (28).

Different authors use different periods of under-
water storage, as well as different temperatures —
room temperature or 37°C. It is important to stress
that the important decrease of flexural strength value
occurs during first four weeks of immersion, while
the next period does not present statistically signifi-
cant decrease (29). It is the reason why we used im-
mersion in water at 37°C, during four weeks.

But, we did not measure the decrease of flexural
strength values after four weeks immersion in wa-
ter at 37°C. On the contrary, the valued increased,
even 15% for samples produced by Ivocap proce-
dure. One can consider that the immersion in water
caused relaxation of the stress in the material that
occurred during polymerization shrinkage (30, 31),
which has been proven to be the possible cause for
the increase of the flexural strength values for the
tested polymer materials.

Effects of thermocycling that imitates cold and
hot food/beverages can have a significant impact
on mechanical properties of polymer materials (32,
33), as well as on the color, surface smoothness and
resistance to abrasion (33).

Thermocycling procedure in this experiment
did not exhibit a decrease of flexural strength val-
ues of samples, but — on the contrary — it result-
ed in an increase of values, especially in pressure-
heat polymerization samples (35%). It seems that
the increase of temperature in this sample sub-
groups resulted in the effect of prolonged polymer-
ization, which can, in turn, result in the decrease of
the residual monomer volume, enhancing mechan-
ical properties of the material and increasing the
flexural strength values. Great values of standard
deviations, usual for this type of experiment (28),
have caused the lack of statistical confirmation of
significant increase of flexural strength values af-
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¢e od onih izmjerenih odmah nakon polimerizaci-
je 1 pohranjivanja u vodi. Nakon termocikliranja, u
podskupini uzoraka izradenih injekcijskim postup-
kom Ivocap, samo se neznatno povecala ¢vrsto¢a na
savijanje (4%) u odnosu prema skupini uzoraka po-
hranjenih u vodi, te se moze zakljuciti da su vrijedn-
osti ¢vrstoée na savijanje bile postojane bez obzira
na provedene postupke umjetnog ostarivanja. Po-
stojane vrijednosti ¢vrstofe na savijanje zapaZene
su i u istraZivanju Archadiana i suradnika (34), ia-
ko su bile nizih vrijednosti (oko 100 MPa) u odno-
su prema dobivenima u ovom istraZivanju (130-156
MPa). Rezultati u ovom istraZivanju takoder su vi-
§ih vrijednosti i od onih Karacaera i suradnika (35)
dobivenih injekcijskom metodom Palajet.

Rezultati t-testa pokazuju da su uzorci izrade-
ni injekcijskim postupkom Ivocap imali statisti¢-
ki znatno vise vrijednosti ¢vrstoce na savijenje od
uzoraka izradenih klasi¢nim postupkom tlacno-to-
plinske polimerizacije, i to u skupinama ispitanima
odmah nakon polimerizacije i pohranjivanja u vo-
di. To valja pripisati maloj poroznosti toga materi-
jala s direktnim utjecajem na mehanicka svojstva,
na S§to su upozorili i drugi autori. Osim toga va-
lja istaknuti da od dviju uobicajenih tehnika izrad-
be pomicénih proteza - ubrizgavajuéa (injekcijska)
i kompresijska tehnika (tlacno-toplinska) (36, 37)
- ubrizgavajuca tehnika rezultira manjom polime-
rizacijskom kontrakcijom (36) i zato omogudu-
je vecu to€nost izradbe proteze u odnosu prema
kompresijskoj tehnici (37). Manja polimerizacij-
ska kontrakcija znaci i manje Supljina u polime-
ru, pa je zato takav polimer otporniji na apsorpciju
vode sa svim njezinim ve¢ opisanim posljedicama,
a osobito ako su potaknute ciklickim promjenama
temperature.

Zakljuéci

Na temelju rezultata dobivenih u istrazivanju
mozZe se zakljuciti da injekcijski Ivocap Plus High
Impact materijal ima konstantno visoke vrijednosti
savijne ¢vrstole bez obzira na postupke umjetnoga
ostarivanja, pa se svakako moze preporuditi u kli-
ni¢koj praksi. No, uobicajeni tlacno-toplinsko po-
limerizirajuéi materijal Meliodent Heat Cure, iako
nizih vrijednosti ¢vrstoe na savijanje, pokazao je
porast vrijednosti nakon postupka termocikliranja.
Zato valja preporuciti produZenu polimerizaciju
materijala iz te skupine, bez obzira na naputke pro-
izvodaca o trajanju (kratkoci) polimerizacije, kako
bi se postigla bolja mehanicka svojstva, a time i kli-
nic¢ki dugotrajniji protetski rad.
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ter thermocycling of pressure-heat polymeriza-
tion samples, although the values were increased
for 35% when compared to the values measured in
samples immediately after polymerization and im-
mersion in water. After thermocycling, the flexur-
al strength value in the sample subgroup that was
produced by Ivocap injectional procedure only
slightly increased (4%), when they were compared
to the samples immersed in water. It can be con-
cluded that flexural strength values remained sta-
ble during artificial ageing procedures. Archadian
et al. observed stable values (34), although they
were lower (around 100 MPa) than in our study
(130-156 MPa). The results of our study were
higher than in the study of Karacaer et al. (35) that
used Palacet injectional method.

T-test results show that the samples produced
by the Ivocap injectional procedure had statisti-
cally higher values of flexural strength when com-
pared to the classical pressure-heat polymerization
technique and water storage. It should be attribut-
ed to the low porosity of the material that direct-
ly influences the mechanical properties. Other au-
thors addressed this as well. It must be singled out
that out of the two usual techniques of removable
denture production — injectional and compression
technique (pressure-heat) (36, 37) — the injection-
al technique results in lower polymerization shrink-
age (36), therefore enabling greater precision in the
production when compared to the pressure-heat po-
lymerization procedure (37). Lower polymeriza-
tion shrinkage means less porosity; such polymer is
more resistant to water absorption and all of its con-
sequences, especially if they are triggered by tem-
perature changes.

Conclusions

Based on the results of this study, we can con-
clude that Ivocap “Plus” High Impact injection-
al material has constantly high values of flexural
strength, with no regards to artificial ageing pro-
cedures. It can be safely recommended for clinical
work. The pressure-heat polymerization material
Meliodent Heat Cure, although showing lower flex-
ure strength values, gave higher values after ther-
mocycling. Therefore, one should propose a pro-
longed polymerization of material in this group,
not regarding the manufacturer’s instructions on the
(short) duration of the polymerization, in order to
achieve better mechanical propertied of the materi-
al, and with it longer clinical duration of the prod-
uct.
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Abstract

Fractures of polymer material are one of the most frequent reasons for repair of re-
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movable dentures. Therefore, there is a continuous strive to strengthen them, and

polymer materials of high resistance to fracture are being developed. The aim of
this study was to determine the flexural strength of Ivocap “Plus” High Impact (Ivo-
clar Vivadent, Schaan, Liechtenstein) material using the method of “short bar” to-
gether with the injectional method of polymerization, as well as comparison of flex-
ural strength of Meliodent Heat Cure material with the use of classic pressure-heat
polymerization, immediately after polymerization and after artificial ageing by stor-
age at 37°C during 28 days and thermocycling. The study showed significantly high-
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ervalues of flexural strength (130.1-150.65 MPa) of lvocap “Plus” compared to Me-
liodent (109.2-110.3 MPa) in groups of samples tested after polymerization and
storage in water. In the group of samples tested after thermocycling there was no
significant difference (148.75 compared to 156.25 MPa). Furthermore, there was no

significant difference between the samples of same material although the proce-

dure of artificial ageing was performed.
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polymers; dental materials; dentures
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