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Sazetak

Svrha: Svrha ovoga rada bila je procijeniti utjecaj termocikliranja na ¢vrstocu savijanja poliamidnog
materijala za bazu proteze. Materijali i metode: Testiran je poliamidni protezni materijal (Valplast),
a kao kontrola koristen je PMMA (Vertex). Trideset primjeraka svakog materijala izradeno je za ispi-
tivanje ¢vrstoce savijanja prema standardu ISO 1567. Svi su uzorci pripremljeni i ¢uvani 48 sati u vo-
di na temperaturi od 37 °C, a zatim su podijeljeni u tri jednake skupine (n = 10). Ispitivanje ¢vrstoce
savijanja obavljeno je odmah nakon uranjanja u vodu te nakon termocikliranja (5 °C/55 °C, 2c/min.)
poslije 3000 i 5000 ciklusa. Ispitivanje fleksibilnosti provedeno je na trima to¢kama u univerzalnom
stroju za testiranje na brzini krizanja od 5 mm/min. Konaé¢na ¢vrstoca savijanja izracunata je formu-
lom: FS = 3PL/2bd?. Dvosmjerna ANOVA s Tukeyjevim post hoc testom primijenjena je na razini .05
statisticke znacajnosti. Rezultati: tatisticki znacajno smanjenje ¢vrstoce savijanja zabiljezeno je na-
kon termocikliranja poslije 3000 ciklusa za PMMA-e i 5000 ciklusa za oba materijala. Cvrstoca savija-
nja PMMA-e bila je znacajno veca u odnosu na poliamid za sve ispitane uvjete (p < 0,05). Zaklju¢ak:
Termocikliranje je vrlo nepovoljno djelovalo na ¢vrstocu savijanja materijala poliamida i materijala
PMMA za bazu proteze.
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Unato¢ sve vecoj popularnosti dentalnih implantata za
potpunu rehabilitaciju usta, opskrba bezubih pacijenata pot-
punom i djelomi¢nom protezom i dalje je korisna metoda
lijecenja. Pritom je pravilan odabir polimera smole za bazu
proteze vazan ¢imbenik za dugorocni uspjeh mobilnih nado-
mjestaka. Polimetilni metakrilat (PMMA) desetlje¢ima je bio
materijal izbora za konstrukcije baze proteza. Alternative su
ukljucivale materijale kao $to su polimeri visokog udara, po-
likarbonati i poliamidi koji su posljednjih desetlje¢a uvedeni
na dentalno trziste (1 — 3).

Poliamidi [NH(CH,)mCOn] poznati su u svakodnev-
nom zivotu kao najlon. U svojoj molekuli, veze dobivene
aminskom skupinom (NH) i krajnjom karbonilnom kompo-
nentom funkcionalne skupine (COOH), reagiraju kako bi se
dobila veza ugljik — dusik (amid). Aminska skupina i skupi-
na karboksilne kiseline mogu biti ili na istome monomeru, ili
se polimer moze sastojati od dvaju razlicitih bifunkcionalnih

Despite the increasing popularity of dental implants for
full mouth rehabilitation, complete and partial dentures re-
main a useful treatment modality for the restoration of eden-
tulous patients. The proper selection of the base resin denture
polymer is a significant factor for the long term success of re-
movable restorations. Polymethyl methacrylate (PMMA) has
been the material of choice for denture base constructions
for decades. Alternatives to PMMA include materials which
have been introduced in dental market in the past decades,
such as high impact polymers, poly-carbonates and polyam-
ides (1-3).

Polyamides (NH (CH,) mCOn) are known in every-
day life as nylon. In their molecule bonds produced by an
amine group (NH) and a terminal carbonyl component of a
functional group (COOH) react to produce a carbon-nitro-
gen bond (amide). The amine group and the carboxylic acid
group may either be on the same monomer, or the polymer
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monomera — jedan s dvjema aminskim skupinama, a drugi s
dvjema karboksilnim ili kiselinskim kloridnim skupinama (4
- 6). Najlon se sintetski proizvodi i polimerizira reakcijom
kondenzacije i mora specificno ukljucivati ravni (alifatski) la-
nac monomera (5, 6).

Prvi pokusaji koristenja poliamida kao materijala za bazu
proteze poceli su tijekom 1950-ih, ali su u tu svrhu uvelike
koriSteni nakon pronalaska novih generacija najlonskih ma-
terijala (4 — 6). Zbog dobrih fizickih i mehanickih svojstava
poliamida, ukljucujui veliku fleksibilnost, nisku gusto¢u, vi-
soku otpornost na udarce, nisku apsorpciju vode i topljivost,
materijal su izbora za bazu proteza (4). To su netoksi¢ni ma-
terijali s malom moguénos¢u alergijskih reakcija, a relativno
im je dobra i stabilnost boje (4, 7, 8). Glavni nedostaci po-
liamida kao materijala za bazu proteza odnose se na njihov
nizak modul elasti¢nosti, savijanja i vla¢ne ¢vrstoée (9, 10),
nisko prianjanje na podloznu masu proteze (11), nepostoja-
nje kemijske veze s akrilnim zubima i nemoguénost popravka
(12). lako su u mnogim studijama (7, 9, 13, 14) objavljeni
podatci u vezi s ¢vrsto¢om savijanja PMMA-e u razlicitim ek-
sperimentalnim uvjetima, nedostaju dokazi o ponasanju flek-
sibilnosti poliamida (1, 3, 15).

Krajnja ¢vrstoca na savijanje materijala pokazuje svoj po-
tencijal tako da se odupire katastrofalnom neuspjehu pod op-
teretenjem na savijanje. Visoka ¢vrstoéa na savijanje osnov-
nog materijala za proteze nuzna je za klinicki uspjeh mobilnih
djelomi¢nih nadomjestaka s obzirom na ¢injenicu da je al-
veolarna resorpcija postupan i nepravilan proces koji moze
rezultirati neravnim nosacem proteze na tkivu. Potrebna je
visoka proporcionalna granica da bi se osnovni materijal mo-
gao oduprijeti plasticnoj deformaciji te povecala otpornost
na zamor koja je nuzna da bi se podnijelo ponavljano zva¢-
no opterecenje (16 — 18). Velika fleksibilnost poliamida pri-
jeko je potrebna za funkciju bezmetalnih mobilnih djelomic-
nih proteza (PDD) (2). Utinak vode, a time i sline, te utjecaj
promjene temperature na svojstva savijanja poliamida kada se
konzumira vruéa i hladna hrana, nije temeljito istrazen.

Cilj ove studije bio je ispitati ¢vrstoéu na savijanje po-
liamidnog materijala za bazu proteze u usporedbi s konven-
cionalnim materijalom PMMA nakon izlozenosti razli¢itom
broju termickih ciklusa. Nulta hipoteza bila je da ne posto-
ji znacajna razlika u ¢vrstodi savijanja prije termocikliranja i
poslije toga postupka, te da broj ciklusa ne utje¢e znacajno na
¢vrstoéu savijanja materijala.

Materijali i metoda

Ispitivana su dva smolasta materijala za bazu proteze —
PMMA (Vertex Rapid Simplified, Vertex-Dental B.V., Nizo-
zemska) i poliamid (Valplast, Valplast Int Corp., Long Island
City, NY, SAD). Uzorci od nehrdajuceg celika upotrijeblje-
ni su za izradu ukupno 60 Sipki (30 za svaki materijal) ve-
li¢ine 64 mm x 10 mm x 2,5 mm, prema specifikaciji ISO

1567 (19).
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may be constituted of two different bifunctional monomers,
one with two amine groups and the other with two carbox-
ylic acid or acid chloride groups (4-6). Nylon is synthetical-
ly produced and polymerized by condensation reaction and
must specifically include a straight chain (aliphatic) mono-
mer (5, 6).

The first attempts to use polyamides as denture base ma-
terials were made in the 1950s, but they have been used ex-
tensively for this purpose after the introduction of new gen-
erations of nylon materials (4-6). Physical and mechanical
properties favor the use of polyamides as denture base ma-
terials since they exhibit high flexibility, low density, high
impact resistance and low water sorption and solubility (4).
They are non-toxic materials with a low possibility of allergic
reactions. They offer relatively good color stability (4, 7, 8).
One of the disadvantages of polyamides as denture base ma-
terials is their low modulus of elasticity, flexural and tensile
strength (9, 10), their low adherence to denture liners (11),
the absence of chemical bond with acrylic teeth and the in-
ability of repair (12). Although a large number of studies (7,
9, 13, 14) have been published on the flexural strength of
PMMA under different experimental conditions, there is a
lack of evidence concerning the flexural behavior of polyam-
ides (1, 3, 15).

The ultimate flexure strength of a material reflects its po-
tential to resist catastrophic failure under a flexural load. The
high flexural strength of the denture base material is essen-
tial for the clinical success of removable partial restorations,
given the fact that the alveolar resorption is a gradual, irregu-
lar process that may result in uneven support of tissue-borne
prostheses. A high proportional limit is necessary in order
for the base material to resist plastic deformation and en-
hanced fatigue resistance is essential to withstand repeated
masticatory loading (16-18). The high flexibility of polyam-
ides is necessary for the function of metal-free removable par-
tial denture (RPD) clasps (2). The effect of the presence of
water, and consequently saliva, and the effect of temperature
changes when hot and cold foods are consumed on the flex-
ural properties of the polyamides have not been thoroughly
investigated.

The aim of the present study was to investigate the flex-
ural strength of a polyamide denture base material in com-
parison to a conventional PMMA denture base material after
they had been submitted to a large number of thermal cycles.
The null hypothesis was that there would be no significant
difference in the flexural strength before and after thermocy-
cling and that the number of cycles would not significantly
affect the flexural strength of the materials.

Materials and Method

Two denture base resin material, a PMMA (Vertex Rapid
Simplified, Vertex-Dental B.V., The Netherlands) and a poly-
amide (Valplast, Valplast Int. Corp, Long Island City, NY,
USA) were tested. Stainless steel patterns were used to fab-
ricate a total of 60 bars (30 of each material), measuring 64
mmx10 mmx2.5 mm, according to the ISO 1567 specifica-
tion (19).
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Priprema uzoraka

Broj uzorka najprije je procijenjen koristenjem softvera
G*Power (G*Power v.3.1.5, Franz Faul, Sveu¢iliste Kiel, Nje-
macka).

Tri metalna uzorka ulozena su u tikvicu s dentalnim gip-
som ISO tipa III (Microstone, Whip-Mix, SAD). Prije ulaga-
nja na svaki je postavljen vosak (3 mm u promjeru). Uzorci
su uklonjeni nakon kuhanja, a $upljine kalupa napunjene od-
govaraju¢im materijalom za izradu uzorka.

Prije ubrizgavanja u Supljine kalupa, poliamidni materi-
jal je 11 minuta bio plastificiran u digitalnoj pedi za talje-
nje Valplast na 280 °C. Tikvica je bila pritisnuta 3 minute u
injekcijskom presanju Valplast i zatim odloZena na klupu da
se ohladi prije nego $to ¢e se otvoriti.

Akrilna smola Vertex proizvedena je prema preporuci
proizvoda¢a mijesanjem 1 ml teku¢ine (monomera) s 2,3 g
praha (polimera). Nakon $to je postala poput tijesta, akrilna
masa umetnuta je u $upljine kalupa i polimerizirana 20 mi-
nuta na 100 °C. Nakon susenja tikvice su 30 minuta hladene
na klupama na sobnoj temperaturi.

Svi uzorci izvadeni su iz kalupa, a visak s rubova uklonjen je
Tungstenovim karbidnim svrdlima. Nakon toga uzorci su po-
lirani do 600 granula u jednoj poliranoj jedinici (Ecomet III
Buehler Ltd, Evanston, IL, SAD), a poslije toga postupka bili
su 48 sati u vodi na 37 °C prema standardu ISO 1567.

Ovisno o kori$tenom materijalu, uzorci su podijeljeni u
dvije skupine od 30 (skupina 1/Vertex, skupina 2/Valplast).
Uzorci svakog materijala nakon toga podijeljeni su u tri jed-
nake podgrupe (n = 10) (tablica 1.). Podgrupe Al i B1 bile
su podvrgnute testu savijanja odmah nakon $to su 48 sati bi-
le uronjene u destiliranu vodu na temperaturi od 37 °C. Pod-
grupe A2 i B2 dodatno su bile podvrgnute termocikliranju
od 3000 ciklusa, a skupine A3 i B3 bile su termociklirane u
5000 ciklusa (5 °C i 55 °C, 2 ciklusa/min.) (tablica 1.). Ispi-
tivanje savijanja na trima tockama provedeno je na univerzal-
nom stroju za testiranje (Tensometer 10, Monsanto, Akron,
Ohio, SAD) sa silom primijenjenom pri brzini krizanja od 5
mm/min. Uzorci su stavljeni u nosa¢ s ugradenim nosa¢ima
udaljenima 50 mm.

Snaga loma (F) zabiljezena je u njutnima (N), a ¢vrsto-
¢a savijanja (FS) izrac¢unata je u megapascalima (MPa) pre-
ma formuli FS = 3PL/2bd* (P = maksimalno optereéenje, L =
duljina uzorka, b = $irina uzorka i d = debljina uzorka). Vri-
jednosti ucestalosti optere¢enja (N) Valplasta izvedene su iz
krivulje stres — naprezanje na mjestu proporcionalne granice.

Kako bi se testirao u¢inak materijala, broj toplinskih ci-
klusa i njihove interakcije na ¢vrstocu savijanja ucinjeni su

Tablica 1. Grupe i podgrupe testiranih materijala

Flexural Strength of a Polyamide Material

Specimen preparation

The specimen number was estimated before testing. For
this purpose, G*Power software (G*Power v.3.1.5, Franz
Faul, University of Kiel, Germany) were used.

Three metal patterns were invested in a flask with ISO
type I1I dental stone (Microstone, Whip-Mix, USA). Before
investing, a wax sprue (3 mm in diameter) was positioned on
every pattern. The patterns were removed after boil-out and
the mold cavities were filled with the respective material for
specimen fabrication.

Before injection into the mold cavities, the polyamide
material was plasticized in a digital melting Valplast furnace
at 280°C for 11 min. The flask was pressed for 3min in a Val-
plast injection press and then allowed to bench cool before
opening.

The Vertex acrylic resin was fabricated according to the
manufacturer’s recommendation by mixing of 1ml of liquid
(monomer) to 2.3 g of powder (polymer). When it reached the
dough stage, the acrylic mass was inserted in the mold cavities
and polymerized at 100°C for 20 min. After curing, the flasks
were bench-cooled at room temperature for 30 min.

All specimens were removed from the molds and the ex-
cess margins were trimmed with tungsten carbide burs. Sub-
sequently, the specimens were polished up to 600 grits in a
polishing unit (Ecomet III Buehler Ltd, Evanston, Ill, USA).
The specimens were then stored in water at 37°C for 48
hours, according to ISO 1567.

According to the material used, the specimens were di-
vided in two groups of 30 (Group 1/Vertex, Group 2/Val-
plast). The specimens of each material were further divided
into three equal subgroups (n=10) (Table 1). Subgroups Al
and B1 were submitted to flexural test immediately after stor-
age in distilled water for 48 hours at 37°C. Subgroups A2 and
B2 were further submitted to thermocycling for 3000 cycles,
while groups A3 and B3 were submitted to thermocycling
for 5000 cycles (5°C and 55°C, 2 cycles/min) (Table 1). The
three point flexural testing was accomplished in a universal
testing machine (Tensometer 10; Monsanto, Akron, Ohio)
at a force applied with a crosshead speed of 5 mm/min. Spec-
imens were placed in a rig with incorporated supports dis-
tanced at 50 mm.

The fracture force (F) was recorded in Newtons (N) and
the flexural strength (F) was calculated in MPa following the
formula F =3 PL/2 bd?* (P=maximum load, L= specimen
length, b=specimen width, and d=specimen thickness). The
Valplast failure load values (N) were derived from the stress-
strain curve at the point of proportional limit.

Table1  Groups and subgroups of tested materials
Podgrupe ® Subgroups
A B C
48 sati * 48 hours 3000 ciklusa ® 3000 cycles 5000 ciklusa ® 5000 cycles
(voda 37° C * water 37°C) (TC*) (TC*)

Grupe * Groups Al Bl C1

1 (Vertex
2 ((Valplas)t) A2 B2 2

*TC = Termocikliranje ® Thermocycling
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prema rangiranim podatcima, dvosmjerna ANOVA s pomo-
¢u Tukeyjeva post hoc testa. Svi su testovi imali razinu stati-
sticke znacajnosti .05. Za analizu podataka koristen je sta-

tisticki softver (Sigma Plot, Verzija 12.0, SSI, Jandel CA,
SAD).

Rezultati

Rezultati ispitivanja ¢vrstode savijanja pokazali su stati-
sticki znacajnu razliku izmedu ispitivanih materijala u jedna-
kim eksperimentalnim uvjetima (p < 0,05). Postojala je stati-
sticki znacajna interakcija izmedu materijala i termocikliranja
(p < 0,05). Opcenito, oba materijala pokazala su smanjenje
vrijednosti ¢vrstoée savijanja kada je povecan broj ciklusa.
Statisticka procjena medu svim uvjetima hidro-termocikli-
ranja bila je znacajna za sve podskupine i za oba materija-
la, osim za podskupinu od 48 sati i 3000 ciklusa za Valplast.
Vrijednosti ¢vrstoce savijanja Vertexa, nakon $to je 48 sati bio
uronjen u vodu, bile su gotovo dvostruke u usporedbi s vri-
jednostima Valplasta (119,13 do 60,31 MPa).

Rezultati ispitivanja ¢vrstoée na savijanje nalaze se u ta-
blici 2. Statisticki znacajno smanjenje ¢vrstoce savijanja ma-
terijala PMMA (Vertex) zabiljezeno je nakon 3000 i 5000
termalnih ciklusa (119,13 MPa u usporedbi s 99,82 MPa i
94,80 MPa) (p < 0,05). Nije zabiljezena statisticki znacajna
razlika u otpornosti na savijanje poslije 3000 termickih ciklu-
sa kada je ispitan poliamidni materijal (Valplast) (60,31 MPa
u usporedbi s 56,34 MPa). Ali, termocikliranje od 5000 ci-
klusa rezultiralo je statisticki znacajnim smanjenjem vrijed-
nosti ¢vrstoce na savijanja za Valplast (60,31 MPa u uspored-

bi s 35,39 MPa).

Tablica 2. Srednje vrijednosti i standardne devijacije svih podgrupa u MPa

Table2  Mean values and standard deviations of all subgroups in MPa
Al A2 B1
119.13 60.31 99.82
(£7,28)" (£2,34)° (£14,02)

Cvrstoca savijanja poliamidne baze proteze .

A two-way ANOVA to the ranked data was done to test
the effect of material, number of thermal cycles and their in-
teractions on the flexural strength using the post hoc Tukey’s
test. All tests used a .05 level of statistical significance. Statis-
tical software (Sigma Plot, Version 12.0, SSI, Jandel CA) was
used for data analysis.

Results

The results of the flexural strength test revealed a statisti-
cally significant difference between the tested materials under
the same experimental conditions (p<0.05). There was a sta-
tistically significant interaction between materials and ther-
mocycling (p<0.05). Generally, both materials showed a de-
crease in flexural strength values when the number of cycles
was increased. The statistical estimation among all hydro-
thermocycling conditions was significant for all subgroups
for both materials except for the subgroup of 48 hours to
3000 cycles for Valplast. Vertex flexural strength values after
48 hours storage in water were almost double compared to
the ones of Valplast (119.13 to 60.31 MPa).

The results of the flexural strength testing are present-
ed in Table 2. A statistically significant decrease in the flex-
ural strength of the PMMA material (Vertex) was recorded
both after 3000 and 5000 thermal cycles (119.13 MPa com-
pared to 99.82 MPa and 94.80 MPa respectively) (p<0.05).
No statistically significant difference in flexural strength was
recorded for 3000 thermal cycles when the polyamide mate-
rial (Valplast) was examined (60.31 MPa compared to 56.34
MPa). However, thermocycling for 5000 cycles resulted in a
statistically significant decrease in flexural strength values for

Valplast (60.31 MPa compared to 35.39 MPa).

B2 C1 2
56.34 94.80 e
(£3,1)° (£13,06) 35.39 (+2,67)

Jednako potencirana slova znace nepostojanje statisticke znacajnosti. ® Same superscript letters mean no statistical differences.

Vrijednosti ¢vrstoée na savijanje dvaju testiranih mate-
rijala pokazale su statisticki znacajnu razliku za sve testira-
ne eksperimentalne uvjete: nakon 48 sati skladistenja u vodi
vrijednosti Vertexa bile su gotovo dvaput vece od vrijednosti
Valplasta (119,13 do 60,31 MPa). Statisticki znacajna razlika
izmedu dvaju materijala pronadena je nakon $to su bili 3000
puta izloZeni termalnim ciklusima. Nakon 5000 termalnih
ciklusa zabiljezena je statisticki znacajna razlika u vrijednosti-
ma ¢vstoée na savijanje izmedu dvaju materijala.

Rasprava

Nulta hipoteza nije potvrdena jer su medu testiranim
skupinama zabiljezene znacajne razlike u ¢vrstodi savijanja.

Iz rezultata ove studije moze se zakljuciti da promjene
temperature i uranjanje u vodu tijekom termocikliranja sma-
njuju ¢vrstocu na savijanje i PMMA-¢ i poliamidnih materi-
jala za bazu proteze.

Flexural strength values of the two materials tested re-
vealed a statistically significant difference for all the exper-
imental conditions tested: after 48 hours of water storage
the Vertex values were almost double than the ones of Val-
plast (119.13 to 60.31 MPa). A statistically significant differ-
ence between the two materials was found after submission
to 3000 thermal cycles. After 5000 thermal cycles a statisti-
cally significant difference in flexural strength values between
the two materials was also recorded.

Discussion

The null hypothesis was not verified because significant
differences in flexural strength were recorded among the test-
ed groups.

From the results of the present study it may be concluded
that temperature fluctuations and immersion in water during
thermocycling decrease the flexural strength of both PMMA
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U ovom radu PMMA je pokazala znatno ve¢u ¢vrsto¢u
na savijanje u odnosu na poliamid. Velik problem bio je utvr-
divanje tocke neuspjeha fleksibilnih poliamidnih materijala
tijekom ispitivanja savijanja. U ovoj studiji pretpostavlja se da
je toc¢ka neuspjeha vrijednost koja odgovara proporcionalnoj
granici materijala u krivulji stres — naprezange. Klinicko znace-
nje ¢vistoée na savijanje u proporcionalnom ogranicenju jest
da odrazava otpornost materijala na plasti¢cnu deformaciju.

U nizu studija (3, 9, 15, 20 — 22) ispitivala se ¢vrstoca
na savijanje poliamidnih materijala u odnosu na PMMA-u
u razlicitim eksperimentalnim uvjetima. Vrijednosti ¢vrsto-
¢e na savijanje poliamida dobivene u ovoj studiji u skladu su
s rezultatima drugih autora koji su testirali sli¢cne materijale
nakon jednakog izrauna tocke neuspjeha (10, 15). Razlike
u vrijednostima ¢vrstoce savijanja poliamida koje su prijavili
drugi autori mogu se pripisati razli¢itoj mikrostrukturi ispi-
tivanih specificnih zasticenih materijala (engl. trademark) ili
razlikama u izratunu tocke neuspjeha (3, 9). Visoke vrijed-
nosti ¢vrstoe na savijanje (163,62 MPa) koje je objavio Ab-
hay sa suradnicima (1) vjerojatno mogu biti posljedica razli-
Citog nacina izracuna.

Zbog njihove velike fleksibilnosti, poliamidni materija-
li za baze proteza ne lome se u klini¢kim situacijama ¢ak ni
u slucaju ekstremnih zva¢nih sila. Oni se ne mogu smatra-
ti klinicki u¢inkovitima ako plasti¢na deformacija prekoraci
proporcionalnu granicu jer rezultiraju dimenzijskim nepra-
vilnostima nadomjestaka (23). U tom slucaju, materijali baze
proteza mogu rezultirati slabijim Zva¢nim svojstvom i alveo-
larnom resorpcijom. Zvaéne sile odraslih muskaraca s kom-
pletnom denticijom kre¢u se od 60 do 305 N, s prosje¢cnom
vrijednos¢u od 137 N i 150 N (24, 25). Srednja vrijednost
proporcionalne tocke Valplasta u ovoj studiji nakon 3000 hi-
dro-termocikliranja iznosila je oko 220 N, $to je vidljivo na
slici 1. To zna¢i da potpuna proteza izradena od poliamid-
nog materijala Valplast uspjesno izdrzava uobicajene zvacne
sile, ali trajna deformacija nastaje kod ekstremnih opterece-
nja. U svim slucajevima zabiljezene vrijednosti testiranih ma-
terijala zadovoljavaju predlozenu minimalnu prihvatljivu silu
(55 N) ISO 1567.

Mnogi istrazivaci (26 — 29) izvijestili su da apsorpcija vo-
de i toplinske promjene (22, 30 — 32) smanjuju ¢vrstoéu na
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and polyamide denture base materials.

In the present study, PMMA presented significantly high-
er flexural strength in relation to polyamide. Determining the
failure point of the flexible polyamide materials during flex-
ural testing has been a substantial problem. In the present
study, the value corresponding to the proportional limit of
the material in the stress—strain curve was presumed to be the
failure point. The clinical importance of the flexural strength
at the proportional limit is that it reflects the resistance of a
material to plastic deformation.

In a number of studies (3, 9, 15, 20-22), the flexural
strength of polyamide materials in comparison to PMMA
under a variety of experimental conditions has been exam-
ined. The values of the flexural strength of polyamide re-
ported in the present study are in agreement with the results
of other authors, who tested similar materials following the
same calculation of the failure point (10, 15). The differenc-
es in the polyamide flexural strength values reported by oth-
er authors may be attributed to different microstructures of
specific trademark materials tested or to the differences in
the calculation of the failure point (3, 9). The high flexur-
al strength values (163.62 MPa) recorded by Abhay et al. (1)
may probably be due to different ways of calculating.

Due to their high flexibility, polyamide denture base ma-
terials do not fracture in clinical situations even under ex-
treme bite forces. They cannot be considered clinically effi-
cient if plastic deformation exceeds the proportional limit,
due to the resulting dimensional inaccuracies in the resto-
ration (23). In this case, denture base materials may lead to
inferior masticatory ability and alveolar resorption. Mastica-
tory bite forces which are exerted by adult men with full den-
tition range between 60 N and 305 N, with a mean value of
137 N and 150 N (24, 25). The mean value of the propor-
tional point of Valplast in the present study was about 220
N after 3000 hydro-thermocycling as it can be seen in Figure
1, which means that a full denture constructed by Valplast
polyamide material can withstand the usual masticatory forc-
es successfully. Nevertheless, there will be a permanent defor-
mation in extreme loads. In all cases, the recorded values of
tested materials exceeded the minimum accepted force values

(55 N) proposed by ISO 1567.

Slika 1. Dijagramska ilustracija krivulje
savijanja Valplasta nakon 3000 hidro-
termocikliranja

35 Figure 1 Diagrammatical illustration of bending
J curve of Valplast after 3000 hydro-
thermocycling.
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savijanje materijala za bazu proteze. U vedini ispitivanja ma-
terijali PMMA pokazuju vece vrijednosti apsorpcije vode od
poliamidnih. Kada je PMMA uronjena u vodenu otopinu,
otapala i druge topljive komponente mogu se dulje izlijevati,
avoda ili slina se apsorbiraju. Apsorbirana voda Stetno utjece
na fizikalna i mehanicka svojstva smolastoga materijala za ba-
zu proteze (33). Tijekom vremena, uglavnom zbog polarnih
svojstava molekula smole, voda moze omeksati akrilnu smo-
lu koja djeluje kao otapalo akrilata i smanjuje ¢vrstou ma-
terijala (34).

§ druge strane, niska apsorpcija vode i topljivost poliami-
da pripisuju se amidnim skupinama (28) — $to je visa kon-
centracija amidne skupine, to je ve¢a apsorpcija vode. Pred-
lozeno je da se koncentracija amidne skupine poliamidnih
materijala za baze proteze postavi na nisku razinu kao kod
najcesée koristenih industrijskih materijala, poput najlona 6
ili 66 (27).

Rezultati ovog istrazivanja u skladu su sa zaklju¢cima
Machada i suradnika (30) koji su istaknuli znacajno smanje-
nje ¢vistoée na savijanje PMMA-e termociklirane u 5000 ci-
klusa izmedu 5 i 55 °C. Autori su to pripisali porastu tempe-
rature, §to je uzrokovalo brzu difuziju molekula vode izmedu
polimernih lanaca, djeluju¢i kao otapalo i omogucujudi da se
lanci lakse sklope jedni na druge pod optereéenjem. U drugoj
studiji su Takahashi i suradnici (22) pripisali smanjenje ot-
pornosti poliamida na savijanje termickim promjenama ko-
je uzrokuju kontinuiranu ekspanziju i kontrakcije te rezul-
tiraju statickim zamorom materijala. Moze se zakljuciti da
je u ovom istrazivanju produljeno uranjanje u vodu tijekom
termocikliranja znacajno smanjilo ¢vrsto¢u na savijanje ma-
terijala PMMA, a smanjenje ¢vrstoée na savijanje poliamida
uglavnom je posljedica temperaturnih promjena.

Zakljuéci

Ukljuc¢ujuéi ogranicenja ove studije i vitro, moze se za-
kljuciti sljedece: termocikliranje je nepovoljno utjecalo na
¢vrsto¢u na savijanje poliamidnih i PMMA materijala za ba-
zu proteze; termocikliranje u 3000 ciklusa znacajno smanjuje
¢vrsto¢u savijanja materijala PMMA; termocikliranje u 5000
ciklusa znacajno smanjuje ¢vrsto¢u na savijanje i PMMA-e i
poliamidnog materijala za baze proteze.

Poliamidni materijal pokazao je znatno nize vrijednosti
¢vrstoce na savijanje od PMMA-¢ u svim ispitanim eksperi-
mentalnim uvjetima; oba materijala imaju vrijednosti ¢vrsto-
¢e na savijanje unutar specifikacija [SO-a.

Sukob interesa

Nema sukoba interesa.

Cvrstoca savijanja poliamidne baze proteze .

Many researchers (26-29) reported that water sorp-
tion and thermal changes (22, 30-32) decrease the flexur-
al strength of denture base materials. In most of the stud-
ies, PMMA materials showed higher water sorption values
than polyamide denture base materials. When PMMA is im-
mersed in water solutions plasticizers and other soluble com-
ponents may leach out over extended periods, while water or
saliva is being absorbed. Absorbed water has a detrimental ef-
fect on the physical and mechanical properties of the resin
denture base material (33). Over a period of time, primarily
because of the polar properties of the resin molecules, water
can soften an acrylic resin by acting as a plasticizer of acry-
lates and reducing the strength of the material (34).

On the other hand, the low water sorption and solubil-
ity of polyamides is attributed to the amide groups (28): the
higher the amide group concentration, the greater the water
sorption. It has been suggested that the amide group concen-
tration of the polyamide denture base materials should be ad-
justed to a level as low as that of commonly used industrial
materials such as nylon 6 or 66 (27).

The results of the present study are in agreement with the
findings of Machado et al. (30), who reported a significant
decrease in the flexural strength of PMMA thermocycled for
5000 cycles between 5 and 55°C. The authors attributed this
to the increase of temperature, which caused water molecules
to diffuse more rapidly between the polymer chains, acting
as plasticizers and allowing the chains to slip over each oth-
er more easily under load. In another study, Takahashi et al.
(22) attributed the decrease of polyamide flexural strength
to the ongoing thermal changes that cause continuous ex-
pansions and contractions and lead to static fatigue of the
material. It may be concluded that in the present study the
prolonged immersion in water during thermocycling led to
significant reduction of the flexural strength of PMMA mate-
rial, while the decrease of flexural strength of polyamide was
mostly due to temperature changes.

Conclusions

Within the limitations of this i vitro study, the following
conclusions may be drawn:

Thermocycling adversely affected the flexural strength of
polyamide and PMMA denture base materials. Thermocy-
cling at 3000 cycles significantly reduced the flexural strength
of PMMA denture base material. Thermocycling at 5000 cy-
cles significantly reduced the flexural strength of both PM-
MA and polyamide denture base material.

The polyamide denture base material exhibited signifi-
cantly lower flexural strength values than PMMA for all the
experimental conditions tested.

Both materials presented flexural strength values within
the relative ISO 1567 specification.
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Abstract

Objective: The aim of the present study was to evaluate the influence of thermocycling on the flexur-
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al strength of a polyamide base denture material. Materials and methods: A polyamide denture base

material (Valplast) was tested, whereas a PMMA material (Vertex) was used as a control. Thirty speci-
mens of each material were fabricated for flexural strength testing according to ISO 1567. They were
prepared and stored in water at 37°C for 48 hours. The specimens of each material were divided into
three equal groups (n=10). Flexural strength testing was performed immediately after water storage
and after thermocycling (5°C / 55°C, 2 ¢/min) for 3000 and 5000 cycles. A three point flexural test
was performed on a universal testing machine at a crosshead speed of 5 mm/min. The final flexural
strength was calculated using the formula: F, = 3 PL/2 bd?. A two-way ANOVA with post-hoc analysis
using Tukey’s procedure was applied at .05 level of statistical significance. Results: A statistically sig-
nificant reduction in flexural strength was recorded after thermocycling at 3000 cycles for PMMA and
at 5000 cycles for both materials. The flexural strength of PMMA was significantly higher compared
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to polyamide for all the conditions tested (p<0.05). Conclusion: Thermocycling had a significant ad-

verse effect on the flexural strength of polyamide and PMMA denture base materials.
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