256

ACTA
STOMATOLOGICA
CROATICA

www.ascro.hr

Acta stomatol Croat. 2021;55(3):256-263.
DOI: 10.15644/asc55/3/3

ORIGINAL SCIENTIFIC PAPER
1ZVORNI ZNANSTVENI RAD

@10

Anna Theocharidou?, Konstantinos Tzimas?, Kosmas Tolidis?, Dimitrios Tortopidis®

Evaluation of Elastomeric Impression Materials’ Hydrophilicity:

An in vitro Study

Procjena hidrofilnosti elastomernih otisnih materijala:

istraZivanje in vitro

! Department of Prosthodontics, School of Dentistry, Aristotle University of Thessaloniki, Greece

Zavod za stomatolosku protetiku Stomatoloskog fakulteta Sveucilista Aristotel, Solun, Grcka
2 Postgraduate student, Department of Operative Dentistry, School of Dentistry, Aristotle University of Thessaloniki, Greece

Student postdiplomskog studija — Zavod za restaurativnu stomatologiju Stomatoloskog fakulteta Sveuciliste Aristotel, Solun, Grcka
3> Department of Operative Dentistry, School of Dentistry, Aristotle University of Thessaloniki, Greece

Zavod za restaurativnu stomatologiju Stomatoloskog fakulteta Sveucilista Aristotel, Solun, Grcka

Abstract

Received: April 10, 2021

Introduction: Hydrophilicity of dental impression materials is crucial for obtaining an accurate im-
pression and necessary for the production of a well-fitting cast restoration. The most common tech-
nique for evaluation of hydrophilicity is a contact angle measurement. The aim of the present in vitro
study was to compare the water contact angles of four groups of elastomeric impression materials,
before and during setting. Material and methods: Flattened specimens (n=10) of tested impression
materials were prepared by the use of a Teflon mold with specific dimensions. A 5pl droplet of deion-
ized water fell on the specimen, and photos were taken using a Nikon D3200 DSLR camera and a 105
mm macro lens (Nikorr, Nikon) in specific time points. Results: The CAD/CAM material showed the
highest contact angle measurements. The light body polyvinylsiloxane (PVS) material 1, polyether
and vinylsiloxanether material showed comparable contact angle measurements especially at the ini-
tial time point. A statistically significant reduction of contact angles was reported during setup time
for all PVS, PE and vinylsiloxanether materials, while the most expressed reduction of contact angle
measurements, and thus the most significant increase of hydrophilicity were reported for light wash
PVS material 2. Conclusions: The CAD/CAM impression material showed the most hydrophobic be-
havior. PVS materials showed excellent hydrophilicity. Polyether and polyvinyloxanether impression
materials presented lower contact angle measurements, and thus superior hydrophilicity, compared
with other tested materials initially and during setting. All tested impression materials presented a
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stepwise development of hydrophilicity during the setting stage.

Introduction

Accuracy is the key word for an impression material to
be considered clinically successful so that all the supragingival
and subgingival prepared tooth details can be impressed and
an accurate stone cast can be produced. Thus, accurate im-
pression is necessary for the production of a well-fitting cast
restoration (1, 2). Over the years, a variety of impression ma-
terials have been introduced in the field of prosthetic den-
tistry. Reversible hydrocolloids, alginate materials, polysul-
fides, condensation polysiloxanes, addition polyvinylsiloxanes
(PVS) and polyethers (PE) are representative examples, each
presenting advantages and drawbacks (3). Among the elasto-
meric impression materials, PVS and PE are the most com-
monly used materials in dental practice due to their favorable
clinical properties and minimal dimensional change (4, 5).

Simplicity of use, high dimensional stability, and superior
elastic recovery from undercuts, low viscoelastic properties,

Impression Materials; Hydrophilicity;
Elastomeric Impression Materials

Uvod

Preciznost je klju¢na rijec za otisne materijale koji se sma-
traju klinicki uspjesnima, a to znaci da se mogu otisnuti svi
detalji supragingivno i subgingivno od zuba i izraditi to¢an
sadreni odljev. Zato je precizan otisak nuzan za izradu dobro
prilagodenoga nadomjestka (1, 2). Tijekom godina u podru¢-
ju stomatoloske protetike koristeni su razli¢iti otisni materi-
jali. Reverzibilni hidrokoloidi, alginati, polisulfidi, konden-
zacijski polisiloksani, adicijski polivinilsiloksani (PVS) i
polieteri (PE) reprezentativni su primjeri, no svaki ima pred-
nosti i nedostatke (3). Medu elastomernim otisnim materi-
jalima u stomatoloskoj praksi najcesée su koristeni PVS i PE
zbog povoljnih klinickih svojstava i minimalne promjene di-
menzija (4, 5).

Jednostavnost uporabe, visoka dimenzijska stabilnost i
elasti¢ni oporavak podminiranih mjesta, niska visokoelasti¢-
na svojstva, karakteristike velikoga protoka i kratko stvrdnja-
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high flow characteristics and short setting time are some of
the advantages of the PVS impression materials (6, 7). These
materials show hydrophobic behavior. As a result, moisture
may negatively affect the accuracy of the definite impression
(8, 9). Incorporation of several surfactants in the PVS matrix
provides hydrophilic characteristics (7). PE impression mate-
rials containing copolymer tetrahydrofuran and ethylene ox-
ide have a purely hydrophilic behavior, with the ability to wet
the tooth and gingiva surface in presence of saliva (10).

A new impression material that combines the properties
of PE and PVS, vinylsiloxanether or vinyl polyether siloxane
has been introduced in the dental market since 2009 (Iden-
tium, Kettenbach Co, Eschenburg, Germany) (11). This ma-
terial has been reported to combine easy removal of a PVS
material with hydrophilic wetting properties of a polyether
(12), which makes it a promising material for demanding
prosthetic conditions in which both easy removal and mois-
ture control are necessary, such as with narrow and deep gin-
gival crevices (13).

The introduction of digital dentistry in recent years has
led to the development of CAD/CAM systems that use an
intraoral scanner for digital impression procedures and for
patient comfort. This progress is followed by use of new im-
pression materials, instead of conventional materials, which
can be easily digitally scanned for impression making and a
digital workflow (14).

Since accuracy of dental impressions depends on flowing
and wetting properties of the applied impression materials,
hydrophilicity is regarded as a major influencing factor in the
outcome of an impression (15). Several studies investigated
wettability of the a/ready set impression materials, showing no
statistically significant differences between PVS and PE ma-
terials (16). However, wettability of an impression material
during its setting time proved to be a field that needs further
investigation (16, 17).

There are several methods for determining wettabili-
ty of impression materials (15). Dynamic contact angle ses-
sile drop goniometry and dynamic Wilhelmy tensiometry are
commonly used (18, 19). Contact angle measurement was
proved to be the most clinically relevant technique. Using
this method, the investigator measures the contact angle of
a distilled water droplet on a flat surface of a solid specimen
of an impression material. The contact angle value may be af-
fected by the drop volume that may be decreased due to evap-
oration (17). The lower the contact angle, the more increased
is wettability and the greater is hydrophilicity (10).

The aim of the present 7 vitro study was to compare wa-
ter contact angles of different impression materials, includ-
ing one PE, two light wash PVS materials and a CAD/CAM
scannable impression material, initially and during setting, in
an effort to determine their surface wettability.

Methods and materials

Four groups of dental impression materials were used in
laboratory conditions 230+10C, 50%25% relative humidity)
in this i vitro study. The groups were as follows:

1) Two light wash materials - PVS 1: polyvinyl siloxane

Elastomerni otisni materijali

vanje neke su od prednosti PVS materijala za otiskivanje (6,
7). Ti su materijali hidrofobni. Zbog toga vlaga moZe nega-
tivno utjecati na preciznost kona¢noga otiska (8, 9). Ugra-
divanje surfaktanata u PVS matricu omogucuje hidrofilna
svojstva (7). Materijali za otiske PE-a koji sadrzavaju kopo-
limer-tetrahidrofuran i etilen-oksid potpuno su hidrofilni sa
svojstvom ovlazivanja poviine zuba i gingive u prisutnosti
sline (10).

Novi otisni materijal koji kombinira svojstva PE-a i PVS-
a, vinilsiloksanetera ili vinilpolietersiloksana predstavljen je
na stomatoloskom trzistu 2009. (Identium, Kettenbach Co,
Eschenburg, Njemacka) (11). Istaknuto je da taj materijal
kombinira jednostavno uklanjanje PVS-a sa svojstvima hi-
drofilnog vlazenja polietera (12), §to ga ¢ini obecavajuéim
materijalom za zahtjevne proteticke uvjete u kojima je po-
trebno jednostavno uklanjanje i kontrola vlage, kao $to su
uski i duboki sulkusi (13).

Primjena digitalne stomatologije posljednjih godina po-
taknula je razvoj CAD/CAM sustava koji ima intraoralni ske-
ner za digitalni otisak i pove¢ava udobnost pacijenata. Taj na-
predak prati upotreba novih otisnih materijala umjesto onih
konvencionalnih koji se mogu jednostavno digitalno skeni-
rati radi ukljucivanja otisaka i imaju digitalni tijek rada (14).

Budu¢i da to¢nost otiska ovisi o svojstvima tecenja i vla-
zenja otisnih materijala, hidrofilnost se smatra glavnim ¢im-
benikom koji utje¢e na preciznost otiska (15). U nekoliko
istrazivanja autori su se bavili vlazljivos¢u ve¢ stvrdnutih oti-
snih materijala, ne pokazujudi statisticki znacajne razlike iz-
medu PVS-a i PE-a (16). No hodrofilnost otisnoga materija-
la tijekom stvrdnjavanja pokazala se kao podruéje koje treba
dodatno istraziti (16, 17).

Nekoliko je metoda za odredivanje hidrofilnosti otisno-
ga materijala (15). Uobicajeno se koriste goniometrija s dina-
mickim kontaktnim kutom i dinamicka Wilhelmyjeva ten-
ziometrija (18, 19). Mjerenje kontaktnoga kuta pokazalo se
klini¢ki najrelevantnijom tehnikom. Tom metodom istrazi-
va¢ mjeri kontakeni kut kapljice destilirane vode na ravnoj
povisini ¢vistog uzorka otisnoga materijala. Na vrijednost
kontaktnog kuta moze utjecati volumen kapljice koji se moze
smanjiti zbog isparavanja (17). Sto je nizi kontakeni kut, to je
vece ovlaZivanje i veca je hidrofilnost (10).

Cilj ovoga istrazivanja in vitro bio je usporediti kontaktne
kutove vode s razli¢itim otisnim materijalima, ukljucujudi je-
dan PE, dva rijetka PVS-a i CAD/CAM otiskivi otisni mate-
rijal na pocetku vezivanja i tijekom toga postupka, u nastoja-
nju da se utvrdi njihova povrinska vlazljivost.

Materijali i metode

Cetiri skupine otisnih materijala koristene su u laborato-
rijskim uvjetima (230 + 10 C, 50 % + 5 % relativne vlaznosti
zraka) u ovom istrazivanju iz vitro. Skupine su bile sljedece:
1) dva rijetka materijala — PVS 1: polivinilsiloksan (Varioti-
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(Variotime, Heraus Kulzer Michui Chemicals) and PVS

2: polyvinyl siloxane (Detaseal lite, hydroflow impression

silicone, Detax)

2) A soft polyether impression material PE (Impregum, 3M

ESPE)

3) A CAD/CAM scannable polyvinylsiloxane CAD
4) Hybrid vinylsiloxanether impression material ID (Iden-
tium, Kettenbach Co, Eschenburg, Germany)

All materials except PE were provided in cartridges to-
gether with their mixing tips. The soft base and catalyst were
set in the Pentamix TM 3 Automatic Mixing Unit and spe-
cific mixing tips were used (20).

Hydrophilicity was evaluated by water contact angle mea-
surement for each material before and during setting. Flat-
tened specimens were prepared by the use of a Teflon mold
with specific dimensions. A mixing tip was always embedded
in the mold in order to avoid air entrapment and subsequent
bubble formation. The Teflon molds were overfilled and a
flattened surface of each impression material was obtained
by means a glass slab that slid over the impression material
after its initial infusion in the mold (Fig. 1). Ten (10) speci-
mens for each impression material were created, which made
50 specimens in total.

A 5pl droplet of deionized water was collected in a calibrat-
ed micropipette and positioned above the flattened specimen
surface (Figure 2) (8, 15). The droplet fell on the specimen and
photos in specific time intervals were taken. (Figure 3)

The imaging of the droplet was standardized for all im-
pression materials. Photos were taken using a Nikon D3200
DSLR camera and a 105 mm macro lens (Nikorr, Nikon).
In order for the camera and the specimen to be aligned, the
DSLR camera was set on a 3 mm height basis and the speci-
men on a 6 mm height basis. The distance between the edge
of the lens and the edge of the specimen was set at 12.5 mm

Elastomeric Impression Materials’ .

me, Heraus Kulzer Michui Chemicals) i PVS 2: polivinil-

siloksan (Detaseal lite, Detax)

2) mekani polieterski otisni materijal PE (Impregum, 3M

ESPE)

3) CAD/CAM polivinilsiloksan koji se moze skenirati CAD
4) hibridni vinilsiloksaneter ili drugi otisni materijal ID
(Identium, Kettenbach Co, Eschenburg, Njemacka)

Svi materijali, osim PE-a, isporucuju se u patronama za-
jedno s nastavcima za mijesanje. Mekana baza i katalizator
postavljeni su u Pentamix TM 3 jedinicu za automatsko mi-
jesanje i koristeni su posebni nastavci za mijesanje (20).

Hidrofilnost je procijenjena mjerenjem kontaktnoga ku-
ta s vodom za svaki materijal prije vezivanja i tijekom toga
postupka. Spljosteni uzorci pripremljeni su u teflonskom ka-
lupu specifiénih dimenzija. U kalup je uvijek bio umetnut
nastavak za mijesanje da bi se izbjeglo uklju¢ivanje zraka i
poslije stvaranje mjehurica. Teflonski kalupi su prepunjeni, a
spljostena povrsina uzorka svakoga otisnoga materijala posti-
gnuta je s pomocu staklene ploce koja je kliznula po otisno-
me materijalu nakon pocetnoga ulijevanja u kalup (slika 1.).
Za svaki otisni materijal napravljeno je deset (10) uzoraka,
$to je ukupno ¢inilo 50 uzoraka.

Kapljica deionizirane vode od 5 pL navucena je u kalibri-
ranu mikropipetu i postavljena iznad povrsine uzorka (slika
2.) (8, 15). Kapljica je pala na uzorak i snimljene su fotogra-
fije u odredenim intervalima (slika 3.).

Snimanje kapljice standardizirano je za sve otisne mate-
rijale. Fotografije su snimljene fotoaparatom Nikon D3200
DSLR i makroobjektivom od 105 mm (Nikorr, Nikon).
Kako bi se fotoaparat i uzorak poravnali, DSLR kamera po-
stavljena je na visinu od 3 mm, a uzorak na visinu od 6
mm. Razmak izmedu ruba le¢e i ruba uzorka postavljen je
na 12,5 mm s pomocu digitalne pomi¢ne mjerke. Parame-
tri fotografije bili su sljededi: f = 29, zatvara¢ od 1/125 s,

Figure 1 The Teflon mold used in this experiment is shown. It is stabilized on a metal base, and a glass slab is used to achieve flattened
surface. The hole at the center denoted with an arrow was designed as an escape route for excess impression material to avoid air

entrapment and subsequent bubble formation.

Slika 1. Teflonski kalup upotrijebljen u ovom pokusu — stabiliziran je na metalnoj podlozi, a za postizanje spljostene povrsine koristena je
staklena ploca; rupa u sredini oznacena strelicom dizajnirana je kao izlaz za visak otisnoga materijala da bi se izbjeglo ukljucivanje

zraka i poslije stvaranje mjehurica

Figure 2. Flattened impression materials specimens were prepared and a specific value drop fell on the surface.
Slika 2. Uzorci spljostenoga otisnoga materijala pripremljeni su i kapljica specifi¢ne vrijednosti pala je na povrsinu

Figure 3 Photos were taken after the drop felt on the specimen’s surface.
Slika 3. Fotografije su snimljene nakon 5to je kap pala na povrsinu uzorka
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by the use of a digital caliper. The photography parameters
were the following: £=29, shutter of 1/125 sec, ISO 100 film,
TTL ring flash with a shutter of % sec.

Digital pictures were taken at two time points for all spec-
imens; immediately after mixing of each impression materi-
al (t1) and at 50% of the suggested working time according
to the manufacturer’s instructions for each impression mate-
rial (€2).

For contact angle calculation, drop analysis program
plugged in Image j software was used (21, 22).

The Wilcoxon matched-pair test was applied in order to
explore the relation between two different time periods of the
same material. The distribution of the materials in the same
time period was compared and assessed using non-paramet-
ric tests, that is the Mann-Whitney and Kruskal-Wallis tests,
in order to detect differences in distribution of sample pop-
ulations. The significance level was set at 0.05 throughout

the analysis. Statistical analysis was performed by using IBM
SPSS 25.

Results

Contact angle values are presented in Table 1. A compari-
son of the contact angle measurements of the impression ma-
terials initially, after mixing, revealed statistically significant
differences (p<.05). All groups presented statistically signif-
icant lower contact angles initially comparing to the CAD
material. Although the PE material showed superior behav-
ior concerning hydrophilicity among all the tested groups, a
comparison of contact angles tI between the PE and PVS1
material did not reveal any significant differences (Table 2).

The contact angles measured during setting were signif-
icantly lower compared with those measured at initial time

Table 1

Elastomerni otisni materijali

ISO 100 film, TTL prstenasta bljeskalica sa zatvaracem od
V4 sek.

Digitalne slike snimljene su u dvije vremenske tocke za
sve uzorke; odmah nakon mijesanja svakoga otisnoga materi-
jala (t1) i pri 50 % predlozenog radnog vremena prema upu-
tama proizvodaca za svaki otisni materijal (t2).

Za izratun kontaktnoga kuta koristen je program za ana-
lizu kapljica koji je priklju¢en na softver Image j (21, 22).

Wilcoxonov test uparenih uzoraka primijenjen je da bi
se istrazila veza izmedu dvaju razlicitih vremenskih razdoblja
istog materijala. Raspodjela materijala u istom razdoblju us-
poredena je i ocijenjena neparametrijskim testovima, odno-
sno Mann-Whitneyjevim i Kruskal-Wallisovim testom da bi
se otkrile razlike u raspodjeli populacije uzoraka. Razina zna-
¢ajnosti tijekom analize postavljena je na 0,05. Statisticka
analiza obavljena je u softveru IBM SPSS 25.

Rezultati

Vrijednosti kontaktnoga kuta prikazane su u tablici 1.
Usporedbom mjerenja kontaktnoga kuta otisnih materijala
na pocetku mijesanja i poslije toga postupka, otkrivene su
statisticki znacajne razlike (p < 05). Sve su skupine pokaza-
le statisticki znacajno manje kontaktne kutove na pocetku u
usporedbi s CAD materijalom. lako je PE materijal pokazao
bolje ponasanje kad je rije¢ o hidrofilnosti medu svim ispiti-
vanim skupinama, usporedba kontaktnih kutova t1 izmedu
PE i PVS1 materijala nije otkrila znacajne razlike (tablica 2.).

Kontaktni kutovi izmjereni tijekom vezivanja bili su zna-
¢ajno nizi u usporedbi s onima izmjerenima u pocetnim vre-

Mean values and standard deviation of contact angles measurements for all tested materials

Tablica 1. Srednje vrijednosti i standardne devijacije mjerenja kontaktnih kutova za sve ispitivane materijale

Case summaries ® Sazetak

Tested material ® Testirani materijal

Vremenska tocka_tl

Time point_t1 ¢ Time point _t2 ®

Vremenska tocka _t2

PVS 1 Mean * Srednja vrijednost 56.0158 49.0618
Std. Deviation ® Std. devijacija 1.88897 1.57554
PE Mean * Srednja vrijednost 59.5220 41.3034
Std. Deviation * Std. devijacija 9.12284 8.60896
VS 2 Mean * Srednja vrijednost 70.8020 45.8863
Std. Deviation ® Std. devijacija 5.30755 4.82622
D Mean * Srednja vrijednost 56.5320 50.9244
Std. Deviation  Std. devijacija 5.89244 5.33345
CAD Mean * Srednja vrijednost 102.5576 99.8886
Std. Deviation * Std. devijacija 14.15034 15.82237
Table2  Statistically significant differences between contact angle measurements (significance level is (@<0.05)

Tablica 2. Statisticki znacajne razlike izmedu mjerenja kontaktnoga kuta (razina znac¢ajnosti je a < 0,05)

Tested material ®

Significance level  Razina znacajnosti

. .. Statistical analysis ® Statisticka analiza (a<0.05)
Testirani materijal i o
PE- PVS1 Independent-sample Mann-Whitney U test ® Nezavisni uzorak Mann-Whitney U test 0.721 0.038
PE- PVS2 Independent-sample Mann-Whitney U test ® Nezavisni uzorak Mann-Whitney U test 0.004 0.568
PE-ID Independent-sample Mann-Whitney U test * Nezavisni uzorak Mann-Whitney U test 0.622 0.065
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points for all the tested groups. Moreover, all tested impres-
sion materials presented a stepwise development of hydrophi-
licity in the setting stage, which was not observed at the ini-
tial time point t1. The PE presented lower measured contact
angle values both at t1 and t2 examined time points. At t2,
the PVS 2 showed the most pronounced reduction in contact
angle measurements, and thus the most significant increase
of hydrophilicity. As a result, no statistically significant differ-
ence was reported between the contact angle values of PVS2
and PE at 2 (during setting) (Table 2).

Discussion

It is known that water interaction with elastomeric dental
impression materials may compromise the quality and accu-
racy of impressions (14). Contact angle measurements have
been suggested for hydrophilicity evaluation of elastomeric
impression materials. Drop analysis used in this in vitro ex-
periment has been reported as an alternative method for con-
tact angles measurements and analysis of hydrophilic proper-
ties of unset PE, ID, CAD and PVSI and PVS 2 impression
materials (15). Impression material samples of 2mm thick-
ness were chosen because it was recommended by most man-
ufacturers (20). It has been speculated that not only lower
but also higher thickness of impression material could com-
promise the final result as well (23, 24).

Contact angles values measured in this experimental study
were lower compared with those reported in other in vitro ex-
periments (10, 15). More specifically, the tested PVS mate-
rials presented contact angle values higher than 70° at initial
time points tested (10, 15, 17). Light consistency of the test-
ed PVS materials presented the values lower than 60°, while
other studies reported contact angle values higher than 80°
for similar materials (10, 15). These differences could be at-
tributed to the consistency of the tested PVS impression ma-
terials and to differences in the experimental protocols (25).

The theory argues that surfactants in PVS materials re-
duce contact angles by either migrating to the PVS surface
and increasing its wettability (23), or releasing from the PVS
surface and reducing the surface tension of the wetting lig-
uid (13). An experiment by Balkenhol et al. (18) discovered
that PVS surfactants were present within the wetting liquids
exposed to set PVS materials. In the current study, surfac-
tants of PVS materials were released from impression materi-
als surface interacting with the dropped water droplet causing
a downregulation at contact angle values, and consequently
increasing wettability and hydrophilicity of impression mate-
rial. Unlike water, saliva contains dissolved proteins and salts.
Saliva also contains mucins, which cause strong adhesiveness
and increase its viscosity. If surfactants could dissolve in sa-
liva, they might not be able to overcome the surface tension
produced by adhesive forces of mucins (26). Protocols using
drops of saliva may report higher contact angle values, as PVS
materials with surfactants may not achieve low contact angles
when they come in contact with saliva. Low contact angles
measured in this iz vitro study — using water for hydrophilic-
ity measurements - could not be directly correlated with the
clinical condition.

Elastomeric Impression Materials’ .

menskim to¢kama za sve ispitane skupine. Stovide, svi ispi-
tani otisni materijali postupno su razvijali hidrofilnost u fazi
vezivanja, §to nije uéeno u pocetnoj vremenskoj tocki t1. PE
je imao nize izmjerene vrijednosti kontaktnoga kuta u ispiti-
vanim vremenskim tockama t1 i €2. Pri 2, PVS 2 je pokazao
najizrazenije smanjenje kontaktnoga kuta, pa tako i najzna-
¢ajnije povecanje hidrofilnosti. Kao rezultat toga nije zabilje-
zena statisticki znacajna razlika izmedu vrijednosti kontak-

tnoga kuta PVS2 i PE pri t2 (tijekom vezivanja) (tablica 2.).

Rasprava

Poznato je da interakcija vode s elastomernim otisnim
materijalima moze ugroziti kvalitetu i preciznost otiska (14).
Mjerenje kontaktnoga kuta predlozeno je za procjenu hidro-
filnosti elastomernih otisnih materijala. Analiza kapljice ko-
riStena u ovom eksperimentu in vitro ponudena je kao al-
ternativna metoda za mjerenje kontakenih kutova i analizu
hidrofilnih svojstava nevezanih otisnih materijala PE, ID,
CADiPVS1iPVS2 (15). Uzorci otisnoga materijala deblji-
ne 2 mm odabrani su jer ih je preporudila veéina proizvoda-
¢a (20). Pretpostavljalo se da ne bi samo manja, nego i veca
debljina otisnoga materijala mogla ugroziti kona¢ni rezultat
(23, 24).

Vrijednosti kontaktnih kutova izmjerene u ovom eksperi-
mentalnom istrazivanju bile su niZe u usporedbi s onima zabi-
ljezenima u drugim pokusima 77 vitro (10, 15). To¢nije, ispi-
tivani PVS materijali imali su vrijednosti kontakenih kutova
veée od 700 u pocetnim ispitivanim vremenskim tockama
(10, 15, 17). Rijetka konzistencija ispitivanih PVS materija-
la imala je vrijednosti nize od 600, a u drugim su istrazivanji-
ma autori izvijestili o vrijednostima kontaktnih kutova ve¢i-
ma od 800 za slicne materijale (10, 15). Te se razlike mogu
pripisati konzistenciji ispitivanih PVS materijala i razlikama
u eksperimentalnim protokolima (25).

Teorija tvrdi da povrsinski aktivne tvari u PVS materija-
lima smanjuju kontaktne kutove migriranjem na povrsinu i
povec¢anjem vlaznosti (23), ili otpustanjem s povrsine i sma-
njenjem povrsinske napetosti tekuéine za ovlazivanje (13).
Eksperiment Balkenhola i suradnika (18) otkrio je da su PVS
surfaktanti u tekuéinama za vlazenje izlozeni stvrdnutim PVS
materijalima. U ovom istrazivanju su povrsinski aktivne tva-
ri PVS materijala oslobodene s povrsine otisnoga materijala
u interakciji s ispustenom kapljicom vode, uzrokuju¢i sma-
njenje vrijednosti kontaktnoga kuta i posljedi¢no povecava-
juéi vlaznost i hidrofilnost otisnoga materijala. Za razliku od
vode, slina sadrzava otopljene bjelan¢evine i soli. U njoj su
takoder mucini koji izazivaju snaznu ljepljivost i poveéava-
ju njezinu viskoznost. Ako bi se tenzidi mogli otopiti u slini,
mozda ne bi mogli prevladati povrsinsku napetost koju stva-
raju adhezivne sile mucina (26). Protokoli koji upotrebljavaju
kapljice sline mogu rezultirati ve¢im vrijednostima kontak-
tnoga kuta jer PVS materijali sa surfaktantima mozda nece
posti¢i male kontaktne kutove kada dodu u doticaj sa slinom.
Mali kontaktni kutovi izmjereni u ovom istrazivanju in vi-
tro — s pomocu vode za mjerenje hidrofilnosti — nisu se mogli
izravno povezati s klinickim stanjem.
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The superiority of PE could be attributed to the intrinsic
hydrophilicity of PE impressions. Other studies (19) showed
that PE favored moist surfaces producing precise reproduc-
tions despite the presence of moisture. Also, Shah et al. (27)
concluded that PE has a significantly better accuracy than
polyvinyl siloxane. A 3D laser scanner was used to measure
plaster models obtained with a double-phase 1-step impres-
sion in the absence of moisture. In contrast, in the present in
vitro study, the main goal was to evaluate hydrophilicity and
therefore impression accuracy in the presence of moisture.
This difference could provide explanation for the absence of
statistically significant differences among PE, ID and PVS 2
materials in this study.

There is a wide range of scientific papers concerning con-
tact angle values that are reported in the literature (10,12,26).
Different experimental protocols do not allow the compar-
ison between contact angle values. The volume of droplet,
the choice of saliva or distilled water and the time points at
which photo images are taken affects the contact angles val-
ues. Although they differ when experimental design differs,
it is supported that ID and PE usually presented lower con-
tact angle values compared to other impression materials.
This comparable and superior hydrophilicity was established
in many studies and is more pronounced in case of using sa-
liva instead of water droplets (10, 11, 26). More specifically,
the hybrid impression material which has been introduced in
dental market as Identium, and characterized as vinylsilox-
anether material, combines the ease of removal of PVS with
the hydrophilicity wetting properties of polyether (12).

In line with the findings of Menees et al. (10), PE showed
the smallest deviations after setting, according to contact an-
gle measurements and thus the best hydrophilic behavior.
PVS 2 indicated statistically significant differences of contact
angle measurements between the two examined time points,
presenting consequently a statistically significant improve-
ment of hydrophilicity, which is important for the accura-
cy of impression when moisture is present. This result could
be attributed to the composition of this elastomeric impres-
sion material (PVS 2 Detaseal), containing polydimethylsi-
loxane with functional groups and fillers and pigments ad-
ditionally, while the catalyst additionally contains platinum
complex compound.

Several factors, including the hydrophilicity measured
with contact angle values, material thickness and the impres-
sion materials types are of great importance and are related
with accuracy of impressions either at every day clinical prac-
tice (fixed or removable prosthodontics) (28) or at innovative
protocols in maxillofacial prosthetics (29). The limitation of
this study was that specimens of impression materials were
flat. Furthermore, deionized water was used instead of sali-
va, which is in agreement with other similar studies (6, 10).
Artificial saliva does not represent clinical conditions, as sali-
va viscosity and composition varies among different persons
(30, 31). Attachment of saliva drops to the tip of a calibrat-
ed pipette could affect contact angle measurements negative-
ly. Higher variability and contact angle values were recorded
in studies using saliva.

Elastomerni otisni materijali

Superiornost PE-a mogla bi se pripisati unutarnjoj hidro-
filnosti otisaka od toga materijala. U drugim istraZivanjima
(19) autori su pokazali su da PE favorizira vlazne povrsine
na kojima daje preciznu reprodukciju unato¢ prisutnosti vla-
ge. Shah sa suradnicima (27) takoder je zaklju¢io da PE ima
znatno ve¢u preciznost od polivinilsiloksana. 3D laserski ske-
ner koriSten je za mjerenje sadrenih modela dobivenih dvofa-
znim otiskom u jednom koraku u odsutnosti vlage. Suprotno
tomu, u ovom istrazivanju #z vitro glavni je cilj bio procije-
niti hidrofilnost, a time i preciznost otiska u prisutnosti vla-
ge. Ta razlika mogla bi objasniti to $to u ovom istrazivanju
ne postoje statisticki znacajne razlike izmedu PE, ID i PVS
2 materijala.

Mnogobrojni su znanstveni radovi o vrijednostima kon-
taktnoga kuta koji su objavljeni u literaturi (10, 12, 26). No
razliciti eksperimentalni protokoli ne dopustaju usporedbu
njihove vrijednosti. Volumen kapljice, izbor sline ili destilira-
ne vode i vrijeme u kojemu se snimaju fotografije utje¢u na
vrijednosti kontaktnoga kuta. Iako se razlikuju kada se razli-
kuje eksperimentalni dizajn, ID i PE obi¢no su imali manje
vrijednosti kontaktnih kutova u usporedbi s drugim otisnim
materijalima. Ta usporediva i superiorna hidrofilnost usta-
novljena je u mnogim istrazivanjima i izrazenija je u sluca-
ju koristenja sline umjesto kapljica vode (10, 11, 26). To¢ni-
je, hibridni otisni materijal koji se na stomatoloskom trZistu
moze nabaviti pod nazivom Identium, a okarakteriziran kao
vinilsiloksaneter, kombinira jednostavnost uklanjanja PVS-a
sa svojstvima vlazenja polietera hidrofilnosti (12).

U skladu s nalazima Meneesa i suradnika (10), PE je po-
kazao najmanja odstupanja nakon vezivanja prema mjerenji-
ma kontaktnoga kuta, pa tako i najhidrofilnije svojstvo. PVS
2 upozorio je na statisticki znacajne razlike mjerenja kontak-
tnoga kuta izmedu dviju ispitivanih vremenskih tocaka, $to je
posljedi¢no statisticki znacajno poboljsanje hidrofilnosti, a to
je vazno za preciznost otiska kada je prisutna vlaga. Taj rezul-
tat mogao bi se pripisati sastavu toga elastomernoga otisnoga
materijala (PVS 2 Detaseal) koji sadrzava polidimetilsiloksan
s funkcionalnim skupinama te punila i pigmente, a u katali-
zatoru je dodatno kompleksni spoj platine.

Nekoliko ¢imbenika, uklju¢ujuéi hidrofilnost izmjerenu
vrijednostima kontaktnoga kuta, debljinu materijala i vrste
otisnih materijala, iznimno su vazni i povezani su s precizno-
$¢u otisaka u svakodnevnoj klinickoj praksi (fiksna ili mobil-
na protetika) (28) ili prema inovativnim protokolima u mak-
silofacijalnoj protetici (29). Ograni¢enje ovog istrazivanja
bilo je to $to su uzorci otisnoga materijala bili ravni. Nadalje,
umjesto sline kori$tena je deionizirana voda, $to je u skladu s
drugim sli¢nim istrazivanjima (6, 10). Umjetna slina ne po-
kazuje klinicko stanje jer viskoznost i sastav sline variraju od
¢ovjeka do covjeka (30, 31). Pri¢vri¢ivanje kapi sline na vth
kalibrirane pipete moglo bi negativno utjecati na mjerenje
dodirnoga kuta. Veca varijabilnost i vrijednosti kontaktnoga
kuta zabiljezene su u istrazivanjima sa slinom.
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Conclusion

Within the limitations of this iz vitro study, the follow-
ing conclusions can be made: PE and ID showed superior be-
havior concerning hydrophilicity both initially and during
setting; The PVS materials showed excellent hydrophilicity.
PVS 1 presented comparable hydrophilicity with PE and ID
initially, while PVS 2 showed the most pronounced contact
angle value reduction; All impression materials presented sta-
tistically significant lower contact angles initially comparing
to CAD; All impression materials developed a stepwise hy-
drophilicity.
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Sazetak

Elastomeric Impression Materials’ .

Zakljucak

Unato¢ ogranicenjima u ovom istraZivanju iz vitro mogu
se donijeti sljede¢i zakljuéci: PE i ID pokazali su superiorno
svojstvo kad je rije¢ o hidrofilnosti te na pocetku vezivanja i
tijekom toga postupka; PVS materijali pokazali su izvrsnu hi-
drofilnost. PVS 1 je na pocetku bio, kad je rije¢ o hidrofil-
nosti, usporediv s PE-om i ID-om, a PVS 2 je pokazao naji-
zrazenije smanjenje vrijednosti kontaktnoga kuta. Svi otisni
materijali imali su statisticki znacajno manje kontaktne ku-
tove na pocetku u usporedbi s CAD-om. Svi otisni materijali
postupno su postajali hidrofilni.
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Uvod: Hidrofilnost otisnih materijala kljucna je za preciznost otiska i prijeko potrebna za izradu na-
domjestka s dobrim dosjedom. Najce3¢a tehnika za njezinu procjenu jest mjerenje kontaktnog kuta.
Cilj ovoga istrazivanja in vitro bio je usporediti kontaktne kutove vode u cetirima skupinama elasto-
mernih otisnih materijala, prije vezivanja i tijekom vezivanja. Materijali i metode: Spljosteni uzorci (n
= 10) ispitanih otisnih materijala pripremljeni su u teflonskom kalupu specifi¢nih dimenzija. Kapljica
deionizirane vode od 5 pL kapnuta je na uzorak, a fotografije su snimljene fotoaparatom Nikon D3200
DSLR i 105 mm makroobjektivom (Nikorr, Nikon) u odredenim vremenskim tockama. Rezultati: CAD/
CAM materijal imao je najveci kontaktni kut. Rijetki materijali polivinilsiloksan (PVS) 1, polieter i vi-
nilsiloksaneter imali su usporedive mjere kontaktnoga kuta, posebno u pocetnoj vremenskoj tocki.
Statisticki znacajno smanjenje kontaktnih kutova zabiljeZeno je tijekom postavljanja za sve PVS-ove,
PE-ove i vinilsiloksan, a najizrazenije smanjenje, pa time i najznacajnije povecanje hidrofilnosti, za-
biliezeno za rijedak PVS 2. Zakljucci: CAD/CAM otisni materijal imao je najhidrofobnija svojstva. PVS
materijali imali su izvrsnu hidrofilnost. Polieterski i poliviniloksaneterski otisni materijali imali su ma-
nji kontaktni kut, pa tako i vecu hidrofilnost u usporedbi s drugim ispitivanim materijalima na pocet-
ku vezivanija i tijekom toga postupka. Svi ispitani otisni materijali postupno su razvijali hidrofilnost
tijekom faze vezivanja.
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