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Abstract

Objectives: This study aimed to assess the color stability, surface roughness, and flexural properties
of the injection-molded thermoplastic polyamide Vertex ThermoSens denture base resin following a
3-minute immersion in Polident 3-minute denture cleanser. Methods: Sixty specimens (Vertex Ther-
moSens) were processed and divided into two main groups (n = 30) based on the type of test. Group
1 was further subdivided into two subgroups (n = 15): the control group immersed in distilled water
(G1DW) and the test group immersed in Polident cleanser solution (G1PD). Group 2 was divided into
three subgroups: a non-immersed group (G2None), a group immersed in distilled water (G2DW), and
a group immersed in Polident cleanser solution (G2PD). Color change (AE) and surface roughness
measurements were conducted for group 1, and flexural modulus (E) test was performed for group
2. The CIE Lab* formula was utilized to calculate AE. An optical 3D surface analyzer and a three-point
bending test were employed for surface roughness and E assessments, respectively. Data were sub-
jected to statistical analysis using a paired-sample t-test for differences within each group before
and after immersion. Furthermore, independent-sample t-tests and one-way ANOVA were conduct-
ed to analyze differences between groups. A significance level of P < 0.05 was considered. Results:
The results revealed a slight, statistically insignificant (P > 0.05) AE in all color components (L*, a*,
b*) after immersion in distilled water. However, after immersion in the denture cleanser, only the L*
component exhibited a statistically significant AE (P = 0.002), which was slight in magnitude. Addi-
tionally, a significant difference was found in the AE between G1DW and G1PD, with G1PD showing a
higher change (P = 0.007). A significant increase in surface roughness afterimmersion was observed
in G1IPD (P = 0.017), with a notable difference between G1DW and G Conclusion: Denture cleans-
ers have the potential to modify the properties of thermoplastic polyamide resin. Further research is
needed to explore the clinical implications of these observed changes on denture performance. 1PD.
However, the E remained unaffected (P = 0.537).
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Introduction Uvod

Dentures fabricated from polyamide thermoplastic mate-
rials are recommended for patients who experience frequent
denture fractures, and numerous studies have document-
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Proteze izradene od poliamidnih termoplasti¢nih materi-
jala preporucuju se pacijentima kojima proteze Cesto pucaju,
a u mnogobrojnim je istrazivanjima dokumentirana njiho-
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ed their applicability for complete and partial denture cases
(1, 2). The material’s flexibility helped patients who clench,
and removable denture wearers with bony undercuts to chew
comfortably (1, 3). In addition to their flexibility, polyamide
resins offer several other important features, including bio-
compatibility and allergen-free properties due to the absence
of residual monomers. These resins also have a low density,
resulting in lightweight prostheses. Furthermore, their high
light transparency enhances the reflectivity of the gingival tis-
sue color beneath the denture, providing excellent esthetic
qualities that meet the demands of patients with high esthet-
ic expectations (4, 5).

Despite denture wearers mechanically clean their den-
tures with tap water, a substantial 60% of them still expe-
rience poor denture hygiene (6). This plaque accumulation
leads to denture stomatitis (7). Elderly denture wearers, par-
ticularly those with poor eyesight and decreased dexterity, of-
ten find it challenging to completely remove plaque by using
just a toothbrush. In such cases, chemical denture cleaning
with denture cleansers proves to be an effective method to
maintain removable denture hygiene following mechanical
cleaning. In-vitro studies demonstrated the efficacy of den-
ture cleansers in removing Candida albicans from the denture
base (8-10). However, concerns regarding the effect of chem-
ical denture cleaning agents on denture base materials still re-
main. While certain studies (11, 12), reported color stabil-
ity after immersion for the recommended duration, others
documented some alterations in color and surface roughness.
Specifically, polyamide materials showed a reduction in gloss
and an increase in surface roughness following immersion in
denture cleansers (12-18). Immersing polyamide dentures in
chemical cleansers can lead to a decrease in the flexural mod-
ulus (E) of the material (18-20).

There is limited information regarding the effect of Poli-
dent 3-minute denture cleanser on the properties of poly-
amide Vertex ThermoSens denture base resin. Therefore, this
study aimed to assess the effect of immersing polyamide Ver-
tex ThermoSens denture base resin in Polident 3-minute den-
ture cleanser on AE, surface roughness changes, and £ chang-
es. The null hypothesis was that the color stability, surface
roughness, and E of the polyamide Vertex ThermoSens den-
ture base resin remain unaffected following the immersion in
Polident 3-minute denture cleanser.

Material and methods

This in-vitro experimental study used polyamide thermo-
plastic resin Vertex ThermoSens (Vertex ThermoSens, Ver-
tex-Dental B.V, Netherlands). Sixty specimens were pro-
cessed and divided into two main groups. Group 1 (n = 30)
was further divided into two subgroups: the control group
(G1DW; n = 15), immersed in distilled water, and the test
group (GI1PD; n = 15), immersed in the cleanser solution
(Polident 3-minute denture cleanser, GSK, Brentford, UK).
Group 1 was used for color analysis and surface roughness
analysis before and after immersion. Group 2 was used for
the flexibility test (n = 30) and divided into three subgroups:
G2None (n = 10) for the flexibility test at baseline without
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va primjenjivost za slu¢ajeve potpune i djelomi¢ne bezubosti
(1, 2). Fleksibilnost materijala pomogla je pacijentima koji
stiS¢u zube i onima koji nose mobilne proteze s nepravilno-
stima grebena da Zvacu bez smetnji (1, 3). Osim fleksibilno-
sti, poliamidne smole imaju nekoliko drugih vaznih znacajki,
ukljucujuéi biokompatibilnost i hipoalergena svojstva zbog
odsutnosti zaostalih monomera. Te su smole takoder male
gustoce, $to rezultira laganim protezama. Nadalje, njihova vi-
soka transparentnost pojacava refleksiju boje sluznice ispod
proteze i osigurava estetska svojstva koja zadovoljavaju i viso-
ke zahtjeve pacijenata (4, 5).

Unato¢ tomu $to nositelji proteza mehanicki ¢iste svoje
proteze vodom iz slavine, ¢ak 60 % njih i dalje ima lo$u higi-
jenu proteza (6). Nakupljanje plaka zavrsava protetickim sto-
matitisom (7). Starijim osobama koje nose proteze, osobito
onima sa slabijim vidom i smanjenom manualnom spretno-
$¢u, Cesto je tesko potpuno ukloniti plak samo cetkicom za
zube. U takvim se slu¢ajevima kemijsko ¢iséenje proteza sred-
stvima za ¢iS¢enje pokazalo kao ucinkovita metoda za odrza-
vanje higijene mobilne proteze nakon mehanickog ¢is¢enja.
Istrazivanja in vitro pokazala su ucinkovitost sredstava za ¢i-
S¢enje proteza u uklanjanju Candide albicans s baze proteze
(8 = 10). Medutim, i dalje postoji zabrinutost zbog u¢inka
kemijskih sredstava za ¢iS¢enje proteza na materijal za bazu
proteze. Dok su autori nekih istrazivanja (11, 12) izvijestili o
stabilnosti boje poslije uranjanja tijekom preporuc¢enog traja-
nja, drugi su dokumentirali neke promjene boje i hrapavosti
povrsine. To¢nije, poliamidni materijali pokazali su smanje-
nje sjaja i povecanje hrapavosti povr$ine poslije uranjanja u
sredstva za ¢iS¢enje proteze (12 — 18). Uranjanje poliamidnih
proteza u kemijska sredstva za ¢is¢enje moze smanjiti modul
elasti¢nosti (E) materijala (18 — 20).

Postoje ograniceni podatci o ucinku trominutnog sred-
stva za Cis¢enje proteza Polident na svojstva poliamidne ba-
ze proteze Vertex ThermoSens. Stoga je cilj ovog istrazivanja
bio procijeniti ucinak uranjanja poliamidne smole za bazu
proteze Vertex ThermoSens u trominutno sredstvo za ¢iée-
nje proteza Polident na AE na promjene hrapavosti povrsine
i promjene E. Nulta hipoteza bila je da postojanost boje, hra-
pavost povsine i E poliamidne smole za bazu proteze Vertex
ThermoSens ostaju nepromijenjene poslije uranjanja u tro-
minutno sredstvo za ¢i$¢enje proteze Polident.

Materijali i metode

U ovoj eksperimentalnoj studiji i vitro koriStena je po-
liamidna termoplasticna smola Vertex ThermoSens (Vertex
ThermoSens, Vertex-Dental B.V, Nizozemska). Obradeno je
60 primjeraka koji su podijeljeni u dvije glavne skupine. Sku-
pina I (n = 30) dalje je podijeljena u dvije podskupine: kon-
trolnu skupinu (G1DW; n = 15) uronjenu u destiliranu vo-
du i testnu skupinu (G1PD; n = 15) uronjenu u otopinu za
¢is¢enje Polident, trominutni ¢istaé za proteze (GSK, Brent-
ford, UK). Skupina 1 podvrgnuta je analizi boje i hrapavo-
sti povrsine prije i poslije uranjanja. Skupina 2 podvrgnuta
je testu fleksibilnosti (n = 30) i podijeljena u tri podskupine:
G2None (n = 10) za test fleksibilnosti na pocetku bez uranja-
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immersion in any solution, G2DW (n = 10) for the flexibili-
ty test after immersion in distilled water, and G2PD (n = 10)
for the flexibility test after immersion in Polident 3-minute
denture cleanser.

The specimens were prepared in accordance with the In-
ternational Organization for Standardization (ISO) specifica-
tion 20795-1:2013 [21] by using a rectangular-shaped wax
pattern with the dimensions of 64 mm x 10 mm x 3.3 mm
as a template. The pattern was placed into a metallic flask to
produce gypsum molds. The processing was conducted using
the Vertex ThermoJect 22 injection machine (Vertex-Den-
tal B.V, Netherlands). In accordance with the manufacturer’s
instructions, the cylinder of the machine was primarily pre-
heated to 290 °C for 8 minutes. Then, the polyamide mate-
rial cartridge was inserted into the cylinder with the flask in
position inside the machine. The machine started the injec-
tion procedure under the pressure of 6 bars at 290 °C for 18
minutes. The flask was then removed from the machine and
left for bench cooling for 20 minutes.

Edges were smoothed with a cross-standard acrylic bur
and polished with silicone polishers (Vertex Thermo Silicon
Polisher, Vertex-Dental B.V, Netherlands). The finishing pro-
cedure was conducted using Thermo-Gloss paste (Vertex-
Dental B.V, Netherlands) and a microfiber polishing brush
(Vertex Gloss brushes, Vertex-Dental B.V, Netherlands). The
accuracy of the dimensions was verified with a digital Vernier
caliper (Mitutoyo Digital Caliper, Mitutoyo Co., Japan) with
a precision of 0.05 mm.

After the baseline measurement of color analysis and
surface roughness was applied, G1PD and G2PD were im-
mersed manually in the commercially available neutral perox-
ide enzymatic denture cleanser Polident 3-minute. In accor-
dance with the manufacturer’s reccommendations, G1PD and
G2PD were immersed for 3 minutes in 200 ml-warm (40
°C) tap water with one tablet of denture cleanser and then
washed thoroughly in running water. An immersion in dis-
tilled water was performed for GIDW and G2DW at room
temperature (23 °C £ 2 °C). These procedures were repeat-
ed 180 times, simulating 180 days of patient cleansing (22).

Color analysis

The digital spectrophotometer CM-5 (Konica Minolta,
Tokyo, Japan) was used to measure the color change (AE).
Before the test, calibration was conducted in accordance with
the manufacturer’s instructions using the provided white cal-
ibration plate. The aperture size was 3 mm. Measurements
were performed three times from three places with a 16 mm
gap on the same side. AE was calculated by measuring the
values at several wavelengths in the visual spectrum with the
use of the Commission Internationale de I'Eclairage (CIE,
L*, a*, and b*) uniform color scale (23). The CIE L*a*b* is a
color system representing three-dimensional (3D) color space
with components of lightness (L), red-green (a), and yellow-
blue (b). The following equation was used to calculate AE af-

ter immersion in distilled water or cleanser solution:
AE = [QALYZ + (Aa)? + (Ab)?,

where AL, Aa, and Ab are the differences between the L, a,

Ucinak sredstva za ciScenje proteza na svojstva termoplasticnih poliamida

nja u bilo koju otopinu, G2DW (n = 10) za test fleksibilno-
sti poslije uranjanja u destiliranu vodu i G2PD (n = 10) za
test fleksibilnosti poslije uranjanja u trominutno sredstvo za
¢is¢enje proteza Polident.

Uzorci su pripremljeni u skladu sa specifikacijom Medu-
narodne organizacije za standardizaciju (ISO) 20795-1:2013
(21] koriStenjem vostanog uzorka pravokutnog oblika di-
menzija 64 mm x 10 mm x 3,3 mm kao predloska. Uzorak
je stavljen u metalnu kivetu za izradu kalupa od sadre. Obra-
da je provedena s pomocu Vertex ThermoJect 22 injekcijskog
stroja (Vertex-Dental B.V, Nizozemska). U skladu s uputama
proizvodaca, cilindar stroja je prethodno zagrijan na 290 °C
tijekom 8 minuta. Zatim je ulozak od poliamidnog materija-
la umetnut u cilindar kivetom u definiranom polozaju unutar
stroja. Stroj je poceo postupak ubrizgavanja pod tlakom od 6
bara na 290 °C tijekom 18 minuta. Kiveta je zatim uklonjena
iz stroja i ostavljena na stolu da se hladi 20 minuta.

Rubovi su zagladeni standardnim kriznim frezama za
akrilat i polirani silikonskim polimerima (Vertex Thermo
Silicon Polisher, Vertex-Dental B.V, Nizozemska). Zavr$ni
postupak proveden je pastom Thermo-Gloss (Vertex-Den-
tal B.V, Nizozemska) i ¢etkom za poliranje od mikrovlakana
(Vertex Gloss brushes, Vertex-Dental B.V, Nizozemska). To¢-
nost dimenzija provjerena je digitalnom pomi¢nom mjerkom
Vernier (Mitutoyo Digital Caliper, Mitutoyo Co., Japan) s
precizno$¢u od 0,05 mm.

Nakon osnovnog mijerenja boje i hrapavosti povtsine,
GI1PD i G2PD ru¢no su uronjeni u komercijalno dostupno
neutralno peroksidno enzimsko sredstvo za ¢iséenje proteza
Polident tijekom 3 minute. U skladu s preporukama proizvo-
daca, GIPD i G2PD uronjeni su 3 minute u 200 mL tople
(40 °C) vode iz slavine s jednom tabletom sredstva za ¢is¢e-
nje proteza, a zatim su temeljito isprani tekué¢om vodom. Za
G1DW i G2DW obavljeno je uranjanje u destiliranu vodu
na sobnoj temperaturi (23 °C + 2 °C). Ti su postupci ponov-
ljeni 180 puta, simuliraju¢i 180 dana ¢i¢enja koje bi provo-
dio pacijent (22).

Analiza boje

Za mijerenje promjene boje (AE) koristen je digitalni
spektrofotometar CM-5 (Konica Minolta, Tokyo, Japan).
Prije testa kalibracija je provedena u skladu s uputama pro-
izvodaca s pomocu prilozene bijele kalibracijske ploce. Veli-
¢ina otvora bila je 3 mm. Mjerenja su obavljena tri puta na
trima mjestima s razmakom od 16 mm na istoj strani. AE je
izracunat mjerenjem vrijednosti na nekoliko valnih duljina
u vizualnom spektru uz koriStenje jedinstvene ljestvice boja
Commission Internationale de 'Eclairage (CIE, L*, a* i b*)
(23). CIE L*a*b* sustav je boja koji predstavlja trodimenzio-
nalni (3D) prostor boja s komponentama svjetline (L), crve-
no-zelene (a) i Zuto-plave (b). Sljedeca jednadzba koristena je
za izracunavanje AE poslije uranjanja u destiliranu vodu ili u
otopinu sredstva za ¢iS¢enje:

ME = [QALYZ + (Aa)? + (Ab)?,
gdje su AL, A a i Ab razlike izmedu vrijednosti L, a i b prije i
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Table1  National Bureau of Standards units for color NBS unit ® Critical observation of color change
change NBS jedinica Kriticko promatranje promjene boje
Tablica1 Jedinice Nacionalnog ureda za standarde za .
. . <0.5 Trace ¢ U tragovima
promjenu boje
0.5-1.5 Slight * Lagana
1.5-3.0 Noticeable, perceivable ¢ Primjetna, uocljiva
3.0-6.0 Appreciable, marked change ¢ Primjetna, izrazita promjena
6.0-12.0 Much, extreme * Ekstremna
>12.0 Change to another color ® Promjena u drugu boju

and b values before and after immersion, respectively. The
color data were quantified by the National Bureau of Stan-
dards units (Table 1) by using the formula NBS units = AE
x 0.92 to transmit the color differences (AE) to clinically un-
derstandable values (24-26).

Surface roughness analysis

The Ra (pm) was used to assess the surface roughness
changes (27). The Ra values before immersion of the spec-
imens in distilled water or cleanser solution were measured
and compared with the surface roughness values after im-
mersion. An optical 3D surface analyzer (Infinite Focus Stan-
dard; Alicona Imaging, Graz, Austria) was used to obtain the
surface roughness measurements at 20x magnification, with
376 nm vertical resolution, and 2.93 nm lateral resolution.
The mean Ra value was computed (IFM software 5.1, Alico-
na Imaging) from five different spots (712.14 pm x 540.25
pm) on each specimen on the same side and five lines on
each spot (total = 25 measurements). The line width was one
point, which equals 438.51 nm.

E test

A three-point bending test was used to determine the
flexural elastic modulus of the specimens. The distance be-
tween the two supporting heads was 50 mm, and a vertical
load was applied at the mid-point of the specimen at a cross-
head speed of 5 mm/min by using a universal testing ma-
chine (AG-X model, Shimadzu, Kyoto, Japan), (1, 28). The £
was determined after calibrating the machine, and the values
were automatically computed using the following equation:

FL3
E= wwa
where F is the load (in Newtons); L is the distance (in mm)
between the supports; & is the width (in mm) of the speci-
men; 4 is the height (in mm) of the specimen; and 4 is the
deflection (in mm) at load F.

Statistical analysis

Statistical analyses were performed using statistical soft-
ware (SPSS version 25.0 for Windows, SPSS Inc., Chicago,
IL, USA). The collected data were verified for the normal-
ity of the distribution. Accordingly, a paired-sample t-test
was used to compare the color parameters (L*, a*, and b*)
and surface roughness before and after immersion. The Inde-
pendent-sample t-test was used to compare the mean values
of different groups after immersion. The £ values were com-
pared using one-way ANOVA. The level of statistical signifi-
cance was set at P < 0.05.

poslije uranjanja. Podatke o boji kvantificirale su jedinice Na-
cionalnog ureda za standarde (tablica 1.) koristenjem formule
NBS jedinice = AE x 0,92 za prijenos razlika u boji (AE) do
klini¢ki razumljivih vrijednosti (24 — 26).

Analiza hrapavosti povrsine

Ra (pm) koriten je za procjenu promjena hrapavosti po-
visine (27). Vrijednosti Ra prije uranjanja uzoraka u destili-
ranu vodu ili otopinu za ¢iS¢enje izmjerene su i usporedene
s vrijednostima hrapavosti povrsine poslije uranjanja. Opti¢-
ki 3D povrsinski analizator (Infinite Focus Standard; Alico-
na Imaging, Graz, Austrija) koristen je za mjerenja hrapavosti
povisine pri povecanju od 20 puta, s okomitom razlucivoséu
od 376 nm i bo¢nom razlucivos¢u od 2,93 nm. Srednja vri-
jednost Ra izracunata je (softver IFM 5.1, Alicona Imaging)
za pet razlicitih tocaka (712,14 pm x 540,25 pm) na svakom
uzorku na istoj strani i pet linija na svakoj tocki (ukupno =
25 mjerenja). Sirina linije bila je jedna tocka, $to je jednako
438,51 nm.

E test

Ispitivanje savijanjem u trima tockama koristeno je za
odredivanje modula elasti¢nosti pri savijanju uzoraka. Raz-
mak izmedu dviju potpornih glava bio je 50 mm, a okomito
optereéenje primijenjeno je na sredisnju tocku uzorka brzi-
nom krizne glave od 5 mm/min s pomo¢u univerzalnog ispit-
nog stroja (model AG-X, Shimadzu, Kyoto, Japan), (1, 28). E
je odreden nakon kalibracije stroja, a vrijednosti su automat-
ski izracunate s pomocu sljedece jednadzbe:

FL3
E= wwa
gdje je F opterecenje (u Newtonima); L je udaljenost (u mm)
izmedu nosaca; b je Sirina (u mm) uzorka; h je visina (u mm)
uzorka; a d je progib (u mm) pri optere¢enju E.

Statisti¢ka analiza

Statisticke analize obavljene su koriStenjem statistickog
softvera (SPSS verzija 25.0 za Windows, SPSS Inc., Chica-
go, 1L, SAD). Prikupljeni podatci verificirani su s obzirom
na normalnost distribucije. U skladu s tim, t-test uparenog
uzorka koristen je za usporedbu parametara boje (L, a* i b¥)
i hrapavosti povrsine prije i poslije uranjanja. T-test neovi-
snog uzorka koriSten je za usporedbu srednjih vrijednosti ra-
zli¢itih skupina poslije uranjanja. E vrijednosti usporedene su
koristenjem jednosmjerne ANOVA-¢. Razina statisticke zna-
¢ajnosti postavljena je na P < 0,05.
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Results

Table 2 shows the measurements of the color components
(L*, a*, and b*) and the AE and NBS values for the control
and test groups before and after immersion. The paired-sam-
ple t-test showed a significant increase (P = 0.002) in the L*
values following immersion in cleanser solution. However,
no significant differences were found for other components.
The AE value of the test group was significantly (P = 0.007)
higher than that of the control group (0.88 + 0.73 compared
with 0.27 + 0.22).

The results of a paired-sample t-test showed a significant
difference (P = 0.017) in the surface roughness of the test
group following immersion in the denture cleanser. Howev-
er, no statistically significant difference (P = 0.546) was found
in the surface roughness of the control group before and af-
ter immersion in distilled water. A comparison between test
and control groups (after immersion) showed a significantly
(P = 0.048) higher value of the test group than of the control
group (0.24 + 0.05 and 0.21 + 0.03, respectively). Further
details are presented in Table 3.

Ucinak sredstva za ciScenje proteza na svojstva termoplasticnih poliamida

Rezultati

Tablica 2. prikazuje mjerenja komponenti boje (L*, a* i
b*) te vrijednosti AE i NBS za kontrolnu i ispitnu skupinu
prije i poslije uranjanja. T-test uparenih uzoraka pokazao je
znacajno povecanje (P = 0,002) vrijednosti L* poslije uranja-
nja u otopinu sredstva za CiS¢enje. No nisu pronadene zna-
¢ajne razlike za ostale komponente. Vrijednost AE ispitivane
skupine bila je znacajno (P = 0,007) visa od vrijednosti kon-
trolne skupine (0,88 + 0,73 u usporedbi s 0,27 + 0,22).

Rezultati t-testa uparenih uzoraka pokazali su znacajnu
razliku (P = 0,017) u povrsinskoj hrapavosti testne skupine
poslije uranjanja u sredstvo za ¢is¢enje proteze. No nije pro-
nadena statisticki znacajna razlika (P = 0,546) u hrapavosti
povrsine kontrolne skupine prije i poslije uranjanja u desti-
liranu vodu. Usporedba testne i kontrolne skupine (poslije
uranjanja) pokazala je znacajno (P = 0,048) vecu vrijednost
testne skupine nego kontrolne skupine (0,24 + 0,05 odnosno
0,21 £ 0,03). Daljnji detalji nalaze se u tablici 3.

lako jednosmjerna ANOVA nije pokazala statisticki zna-
¢ajnu razliku (P > 0,05) izmedu triju skupina za vrijednosti

Table2  Color measurements before and after immersion in distilled water and cleanser solution
Tablica 2. Mjerenja boja prije i poslije uranjanja u destiliranu vodu i otopinu za ¢is¢enje
M 95% CI of the Difference
can * 95 % IP razlik
Mean+SD ¢ Difference ® L D ./0 rU - . P
Srednja vrijednost £ SD  Srednja ower pper
razlika Donja Gornja
vrijednost  vrijednost
L* bCfO[fi imme.rsion o ¥ pri.j.e uranj.anjha 38.01 +5.98 0,06 ~0.19 0.08 0.390¢
L* after immersion * L* poslije uranjanja 38.07 + 6.00
Disti.ll.ed water ® a* beforc.s imme.rsion o g* pri.j.e uranj.anj.a 5.54 +3.23 0.01 0.07 0.10 0.729¢
Destilirana voda a* after immersion * a* poslije uranjanja 5.53£3.20
b* befor.e imme.rsion o b* pri.j.e uranj'anj'a -2.68 £ 1.97 0.04 0,06 015 0.409¢
b* after immersion ¢ b* poslije uranjanja -2.72£2.00
L* before immersion ® L* prije uranjanja 37.54 +5.51
-0. -1.17 -0.32 0.002¢
L* after immersion ® L* poslije uranjanja 38.29 +5.41 7
Cleagser 50151.51,0[1 : a* beforf: imme.rsion o g* pri.j.e uranj.anj.a 5.76 +3.13 0.08 ~0.09 0.25 0.355¢
Otopina za ¢iscenje a* after immersion ® a* poslije uranjanja 5.68 £ 3.09
b* beforf: imme.rsion ° b* pri.j‘e uranj.anj.a -3.19 £2.09 0,06 on 0.09 0387
b* after immersion ¢ b* poslije uranjanja -3.13+2.07
Distilled water ® Destilirana voda 0.27 £0.22
Ch: in color (AE -0.61 -1.02 -0.19 0.007°
ange in color (AE) Cleanser solution ® Otopina za ¢iséenje | 0.88 +0.73

“Paired t-test was used ® Upareni t-test; P Independent t-test was used © t-test za neovisne uzorke

Table3  Surface roughness (Ra) before and after immersion in distilled water and cleanser solution
Tablica 3. Hrapavost povrsine (Ra) prije i poslije uranjanja u destiliranu vodu i otopinu za ¢i3cenje

Mean+SD ¢ M. 95% CI of the Difference ® 95 %
Srednja L ean IP razlike
vrijednost + Dlitsves 0 Lower ® Donja U * Gornj
J ®  Srednjarazlika OV °0Ma Lpper® Lormja
SD vrijednost vrijednost
Distilled water (N = 15) © Before immersion 0.21 £0.03
.. 0.00 -0.01 0.00 0.546"
Destilirana voda (N = 15) After immersion 0.21 +0.03 ’
Cleanser solution (N = 15) Before immersion 0.21 +0.03
. vovs -0.0 -0.06 -0.01 0.017¢
Otopina za ¢iséenje (N = 15) After immersion 0.24 £ 0.05 3 7
]?wls,tlll.cd water - Clezfnse.r solution (after immersion) ® Destilirana voda — otopina za 0.03 0,07 0.00 0.048°
¢idcenje (poslije uranjanja)

“Paired t-test was used; ? Independent t-test was used ¢ * Upareni t-test; P t-test za neovisne uzorke
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Figure 1 Flexural modulus of different groups of
polyamide resin according to immersion
status

Slika 1. Modul savijanja razli¢itih skupina

Mo immersicn Distilled water

Although the one-way ANOVA showed no statistical-
ly significant difference (P > 0.05) among the three groups
for the flexural elastic modulus values (Figure 1), the test
group immersed in cleanser solution showed the lowest val-
ue (1289.48 + 125.05 MPa). By contrast, the control group
immersed in distilled water had the highest value (1337.89
+73.67 MPa).

Discussion

The immersion of Vertex ThermoSens denture material
in Polident 3-minute denture cleanser did not produce a sig-
nificant effect on £. However, notable changes in color and
surface roughness were observed, leading to the partial rejec-
tion of the null hypothesis. This study involved immersing
the material in the denture cleanser solution 180 times, sim-
ulating the typical 6-month cleansing regimen adopted by
patients (29, 30). A spectrophotometer was used in the pres-
ent study because its readings are objective, quantifiable, and
rapidly compared with visual color assessment [31]. The CIE
L*a*b* system is employed to translate combinations of col-
or differences into mathematical data, thus allowing for the
determination of chromatic differences and an approxima-
tion of the uniform color space with coordinates for lightness
(23). These calculations are designed to align with human vi-
sual perception.

Prior studies indicated that AE in denture base materi-
als can result from alterations in the matrix of material. Ad-
ditionally, external colorants, solubility, water sorption,
leakage, surface roughness, and chemical degradation may
contribute to the staining effect (18, 32-35). The polyamide
samples in the present study exhibited color change; however,
the changes were less than 1.5 NBS units, and were consid-
ered slight (NBS value classification 0.5-1.5). The AEs were
attributed to the increase in L* parameter, which may be re-
lated to the effect of peroxide within the cleanser. A previous
study (28) reported a significant change in polyamide col-
or after soaking in different denture cleansers. However, the
polyamide used in the present study is different (Valplast),
and the denture cleanser is a neutral cleanser that minimal-

poliamidne smole prema statusu uranjanja

Cleanser solution

modula elasti¢nosti pri savijanju (slika 1.), ispitna skupina
uronjena u otopinu za ¢is¢enje pokazala je najnizu vrijednost
(1289,48 + 125,05 MPa). Nasuprot tomu, kontrolna sku-
pina uronjena u destiliranu vodu imala je najvisu vrijednost

(1337,89 £ 73,67 MPa).

Rasprava

Uranjanje Vertex ThermoSens materijala za protezu u tro-
minutno sredstvo za ¢iSéenje proteze Polident nije imalo zna-
¢ajan ucinak na E. Medutim, uocene su znacajne promjene
u boji i hrapavosti povrsine, pa je nulta hipoteza djelomi¢no
odbacena. Ovo je istrazivanje ukljucivalo uranjanje materijala
u otopinu sredstva za Cis¢enje proteze 180 puta, simulirajudi
tipican Sestomjesecni rezim Ci¢enja koji su usvojili pacijen-
ti (29, 30). U ovom istrazivanju koristen je spektrofotometar
jer su njegova ocitanja objektivna, mjerljiva i brzo se uspore-
duju s vizualnom procjenom boje [31]. Sustav CIE L*a*b*
koristi se za prevodenje kombinacija razlika u boji u matema-
ticke podatke, ¢ime se omogucuje odredivanje kromatskih ra-
zlika i aproksimacija ujednacenog prostora boja s koordina-
tama za svjetlinu (23). Ti su izracuni osmisljeni kako bi se
uskladili s ljudskom vizualnom percepcijom.

Dosadasnja istrazivanja pokazala su da AE u materijalima
za bazu proteza motze biti rezultat promjena u matrici materi-
jala. Dodatno, vanjska bojila, topljivost, apsorpcija vode, cu-
renje, hrapavost povrsine i kemijska degradacija mogu pri-
donijeti u¢inku obojenja (18, 32 — 35). Uzorci poliamida u
ovom istrazivanju pokazali su promjenu boje; medutim, pro-
mjene su bile manje od 1,5 NBS jedinica i smatrane su ne-
znatnima (NBS klasifikacija vrijednosti 0,5 - 1,5). Vrijedno-
sti AE-a pripisane su poveanju parametra L¥, $to moze biti
povezano s u¢inkom peroksida unutar sredstva za ¢is¢enje. U
dosadasnjim istrazivanju (28) izvijeSteno je o znacajnoj pro-
mjeni boje poliamida poslije namakanja u razlicitim sredstvi-
ma za CiSéenje proteza. No poliamid koristen u ovom istra-
zivanju je drukdiji (Valplast), a sredstvo za ¢iséenje proteza

neutralno je sredstvo za CiS¢enje koje minimalno utjece na
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ly affects color stability. Meanwhile, the AEs in the present
study are similar to those in previous reports (13, 16).

Rough surfaces were found to encourage plaque and mi-
croorganism adherence if the Ra exceeded 0.2 pm (36, 37).
The 3D optical interferometric profilometer used to analyze
surfaces revealed a significant roughness change following
the immersion in cleanser solution, and the obtained results
are similar to those of previous reports (16, 38). Relative-
ly small rectangular samples are difficult to finish and pol-
ish and the low melting point of polyamide may be a para-
mount factor to this increase in roughness (32). Comparable
results were obtained after evaluating the effects of three so-
dium perborate-containing denture cleansers (Corega, Prote-
fix, and Valclean) on the surface roughness of the two poly-
amides (Valplast and Deflex), where the surface roughness of
the polyamide increased after 20 days of repeated immersion
regardless of the type of the solution used (13). Polyamide-
based resins have a higher fibrous structure, lower modulus of
elasticity, lower surface hardness, and higher roughness than
the conventional PMMA dentures (1, 13, 31). According to
the ISO specifications (21), the E of the processed thermo-
plastic polymer should be at least 2000 MPa. However, fol-
lowing immersion, it decreased to 1289 MPa. The lower £
exhibited by the thermoplastic material could be due to the
chemical effect of the cleanser, the perborate content, and
the effervescent effect of the denture cleanser used. The ox-
ygen in its structure is decomposed to free oxygen radicals,
and thus, water molecules are removed. Oxygen may cause a
chemical softening of the resin surface by damaging the in-
terchain forces in the polymer (13). Similar results were ob-
tained when the £ of a thermoplastic denture base material
(Lucitone FRS) decreased after immersion in two denture-
cleansing tablets (19). Meanwhile, the specimens immersed
in distilled water showed the highest £, may be due to the ab-
sorption of water. The specimens were impregnated with wa-
ter, which may increase the flexibility of the specimens com-
pared with non-immersed specimens. Although a decrease in
the values was observed, none of the specimens broke during
the test. Shah et al.(20) had a similar experience, where none
of the polyamide (Valplast) specimens broke when subjected
to three-point bending test. Polyamide is promoted as a den-
ture base material based on its flexibility, thus allowing a cer-
tain degree of undercuts for retention.

This study has several limitations that must be acknowl-
edged. First, only one denture base material and one denture
cleanser were utilized, thereby limiting the generalizability of
the findings. Additionally, the study cannot fully replicate the
clinical behavior of dentures because it did not account for
several factors such as mastication, saliva, and food interac-
tion, during actual use. Furthermore, the specimens used in
this study were smaller than the base of a typical denture,
thus presenting challenges in handling. This situation could
have influenced the results of baseline surface roughness test.
Moreover, direct comparisons with previous research were
hindered by the presence of numerous variables and the use
of different materials. Further in-vitro studies on this materi-
al are recommended to address these limitations. These stud-
ies should consider incorporating conditions of the oral envi-
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stabilnost boje. Vrijednosti AE-a u ovom istrazivanju sli¢ne
su onima u prethodnim izvjes¢ima (13, 16).

Utvrdeno je da hrapave povrsine poticu prianjanje plaka
i mikroorganizama ako Ra prelazi 0,2 pm (36, 37). 3D op-
ticki interferometrijski profilometar koristen za analizu povr-
sina otkrio je znacajnu promjenu hrapavosti poslije uranja-
nja u otopinu za ¢iS¢enje, a dobiveni rezultati sli¢ni su onima
iz prethodnih izvjes¢a (16, 38). Razmjerno male pravokut-
ne uzorke tesko je doraditi i polirati, a nisko taliste poliami-
da moze biti glavni ¢imbenik za to pove¢anje hrapavosti (32).
Usporedni rezultati dobiveni su nakon procjene ucinaka triju
sredstava za CiS¢enje proteza koja sadrzavaju natrijev perbo-
rat (Corega, Protefix i Valclean) na hrapavost povrsine dvaju
poliamida (Valplast i Deflex), pri ¢emu se hrapavost povrsine
poliamida povecala poslije 20 dana koristenja bez obzira na
vrstu koristene otopine (13). Smole na bazi poliamida ima-
ju vlaknastiju strukturu, nizi modul elasti¢nosti, nizu povr-
Sinsku tvrdocu i ve¢u hrapavost od konvencionalnih PMMA
proteza (1, 13, 31). Prema ISO specifikacijama (21), E pre-
radenoga termoplasti¢nog polimera treba biti najmanje 2000
MPa. Medutim, poslije uranjanja smanjio se na 1289 MPa.
Nizi E koji je pokazao termoplasti¢ni materijal mogao bi bi-
ti posljedica kemijskog ucinka sredstva za ¢iS¢enje, sadrzaja
perborata i pjenusavog ucinka koristenog sredstva za ¢iscenje
proteza. Kisik u njegovoj strukturi razgraduje se na slobodne
radikale kisika, ¢ime se uklanjaju molekule vode. Kisik mo-
ze prouzrociti kemijsko omeksavanje povrsine smole o$te¢u-
juc¢i medulancane sile u polimeru (13). Sli¢ni rezultati dobi-
veni su kada se E termoplasti¢ne baze proteze (Lucitone FRS)
smanjio poslije uranjanja u otopinu od dviju tableta za ¢is¢e-
nje proteze (19). U meduvremenu su uzorci uronjeni u desti-
liranu vodu pokazali najvisi E, $to moze biti posljedica apsor-
pcije vode. Uzorci su impregnirani vodom, $to moze povecati
njihovu fleksibilnost u usporedbi s uzorcima koji nisu uro-
njeni. lako je primijeéen pad vrijednosti, nijedan uzorak nije
se slomio tijekom ispitivanja. Shah i suradnici (20) imali su
sli¢no iskustvo i nijedan se poliamidni uzorak (Valplast) ni-
je slomio kada je bio podvrgnut testu savijanja u trima to¢-
kama. Poliamid se promovira kao materijal za bazu proteze
zbog njegove fleksibilnosti, ¢ime se dopusta odredeni stupanj
savijanja za bolju retenciju.

Ovo istrazivanje ima nekoliko ogranic¢enja. Prvo, kori-
Sten je samo jedan materijal za bazu proteze i jedno sredstvo
za njezino CiS¢enje, ¢ime je ogranicena generalizacija nalaza.
Osim toga, istrazivanje ne moze potpuno replicirati klinicko
ponasanje proteza jer nije uzeto u obzir nekoliko ¢imbenika
kao $to su Zvakanje, slina i interakcija s hranom tijekom stvar-
ne uporabe. Drugo, uzorci koristeni u ovom istrazivanju bi-
li su manji od baze tipi¢ne proteze, $to je izazov u rukovanju.
Opva situacija mogla je utjecati na rezultate osnovnog ispitiva-
nja hrapavosti povrsine. Stovise, izravne usporedbe s dosadas-
njim istrazivanjima bile su otezane zbog mnogobrojnih vari-
jabli i upotrebe razli¢itih materijala. Preporucuju se daljnja
istrazivanja in vitro ovog materijala kako bi se prevladala ta
ogranicenja. Ta istrazivanja trebala bi razmotriti ukljucivanje
uvjeta oralne okoline, kao $to je kontinuirano ciklicko opte-
re¢enje, i produljiti razdoblje uranjanja kako bi se simulirala
dugotrajna uporaba. Osim toga, opravdano je istraziti poten-
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ronment, such as continuous cyclic loading, and extend the
immersion period to simulate long-term use. Additionally,
exploring the potential effect of mechanical cleaning meth-
ods on surface roughness is warranted. Finally, further clini-
cal in-vivo studies are needed to assess the effect of daily den-
ture cleanser use on mucosal irritation.

Conclusions

Based on the findings of this in-vitro study, the follow-
ing conclusions can be drawn: The color change in the ther-
moplastic denture base material (Vertex ThermoSens) after
immersion in the Polident 3-minute denture cleanser was
minimal, and was considered clinically acceptable. The use
of Polident 3-minute denture cleanser resulted in a signifi-
cant increase in the surface roughness of the thermoplastic
denture base material. Although the flexural modulus of the
tested thermoplastic denture base material decreased follow-
ing the immersion in denture cleanser, this decrease did not
reach statistical significance.
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cijalni u¢inak metoda mehanickog ciS¢enja na hrapavost po-
visine. Kona¢no, potrebna su daljnja klinicka istrazivanja in
vivo kako bi se procijenio uc¢inak svakodnevne upotrebe sred-
stva za CiS¢enje proteza na iritaciju sluznice.

Zakljuc¢ak

Na temelju nalaza dobivenih ovim istrazivanjem in vitro
mogu se izvudi sljedeci zakljuéci: promjena boje u termopla-
sti¢cnom materijalu baze proteze (Vertex ThermoSens) posli-
je uranjanja u trominutno sredstvo za ¢iséenje proteze Poli-
dent bila je minimalna i smatrala se klinicki prihvatljivom.
Koristenje trominutnog sredstva za ¢i¢enje proteza Polident
rezultiralo je znacajnim povecanjem hrapavosti povrsine ter-
moplasti¢ne baze proteze. Iako se modul savijanja testiranoga
termoplasti¢nog materijala baze proteze smanjio poslije ura-
njanja u sredstvo za ¢iS¢enje proteze, to smanjenje nije dose-
gnulo statisticku znacajnost.

Eticko odobrenje i pristanak za sudjelovanje

Nije primjenjivo.
Dostupnost podataka i materijala

Svi podatci generirani ili analizirani tijekom ovog istrazi-
vanja dostupni su na zahtjev.

Sukob interesa

Autori nisu bili u sukobu interesa.

Financiranje

Ovo istrazivanje dobilo je financijsku stomatolosku pot-
poru za poslijediplomska istrazivanja (DPRG/19/17).

Priznanja

Ovaj se rad djelomi¢no temelji na disertaciji predanoj
Stomatoloskom fakultetu Sveucilista Malaya, u djelomi¢nom
ispunjavanju uvjeta za magisterij stomatoloskih znanosti.

Autorski doprinos: H. M. A.— konceptualizacija i studijski dizajn, pri-
kupljanje podataka, pisanje — izvorni nacrt; M. N. A. — prikupljanje
podataka, formalna analiza, pisanje, recenzija i uredivanje; N. M. S.
— konceptualizacija i studijski dizajn, metodologija, validacija, pisa-
nje, recenzija i uredivanje, vizualizacija, nadzor, administracija pro-
jekta, pribavljanje sredstava; A. H. H. E. — validacija, pisanje, pregled
i uredivanje, nadzor; W. A. M. — validacija, pisanje, pregled i urediva-
nje, nadzor.



. Mofreh Altarawneh i sur.

Sazetak

Svrha istrazivanja: Svrha ovog istrazivanja bila je procijeniti postojanost boje, hrapavost povrsine i
svojstva savijanja termoplasticne poliamidne smole za proteze za injekcijsko presanje Vertex Ther-
moSens poslije trominutnog uranjanja u sredstvo za ¢is¢enje proteza Polident. Materijali i metode:
Obradeno je 3ezdeset uzoraka (Vertex ThermoSens) i podijeljeno u dvije glavne skupine (n = 30) na
temelju vrste ispitivanja. Skupina 1 dalje je podijeljena u dvije podskupine (n = 15): kontrolnu sku-
pinu uronjenu u destiliranu vodu (G1DW) i testnu skupinu uronjenu u otopinu za ¢i3¢enje Polident
(G1PD). Skupina 2 podijeljena je u tri podskupine: skupinu koja nije uronjena (G2None), skupinu uro-
njenu u destiliranu vodu (G2DW) i skupinu uronjenu u otopinu za ¢id¢enje Polident (G2PD). Mjerenja
promjene boje (AE) i hrapavosti povrsine provedena su za skupinu 1, a ispitivanje modula savijanja
(E) za skupinu 2. Za izracun AE kori3tena je formula CIE Lab*. Opticki 3D povr3inski analizator i test
savijanja u trima tockama koristeni su za procjenu hrapavosti povrsine, odnosno E. Podatci su pod-
vrgnuti statistickoj analizi koristenjem t-testa uparenih uzoraka za razlike unutar svake skupine pri-
je i poslije uranjanja. Nadalje, t-testovi neovisnog uzorka i jednosmjerna ANOVA obavljeni su da bi
se analizirale razlike izmedu skupina. Uzeta je u obzir razina znacajnosti P < 0,05. Rezultati: Rezulta-
ti su pokazali blagi, statisticki beznacajan (P > 0,05) AE u svim komponentama boje (L*, a*, b*) po-
slije uranjanja u destiliranu vodu. Medutim, poslije uranjanja u sredstvo za ¢is¢enje proteze, samo
je komponenta L* pokazala statisticki znacajan AE (P = 0,002) koji je bio male veli¢ine. Osim toga,
pronadena je znacajna razlika u AE-u izmedu G1DW-a i G1PD-a, pri ¢emu je G1PD pokazao vecu pro-
mjenu (P = 0,007). Znacajno povecanje hrapavosti povrsine poslije uranjanja uoceno je kod G1PD-a
(P =0,017), uz primjetnu razliku izmedu G1DW-a i G1PD-a. No E je ostao nepromijenjen (P = 0,537).
Zakljucak: Sredstva za ¢iscenje proteza mogu modificirati svojstva termoplasti¢ne poliamidne smo-
le. Potrebna su daljnja istrazivanja kako bi se istrazile klinicke implikacije tih uocenih promjena na
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