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1. Einleitung

1.1. Einflhrung

Glasionomerzemente (GIZ) stellen in der Zahnheillaugain weit verbreitetes Material dar. Zum einen
werden sie als Unterfillung, Fillung und Fissuresiegelung verwendet, aber auch zum Befestigen
von Kronen, Briicken und kieferorthopadischen Bamddi. Als vorteilhaft werden bei GIZ die
chemische Haftung an den Zahnhartsubstanzen, diee Hduoridabgabe sowie die fehlende
Schrumpfung, verglichen mit Kompositen, geseher8]2Aufgrund mangelnder Stabilitét, der langen
Abbindereaktion und mangelnder Toleranz gegenuleerchitigkeit und Austrocknung [1] werden
stetig neue Zemente mit verbesserten Eigenschafaut Hersteller - entwickelt. Zur Verbesserung
der Materialeigenschaften, zum Beispiel Biege- ofleriebfestigkeit der herkdmmlichen Zemente,
wurden Metalle in die Glaspartikel eingeschmolz€atéc Silver) [4, 5]. Kunststoffmodifizierte (zum
Beispiel Fuji Il LC) und hoch viskose (beispielsseeKetac Molar) GIZ erschienen auf dem Markt
und vor kurzem wurde ein neuer Zement, Glass Cagbaament (GCP), entwickelt [4, Bbenso
soll das Einschmelzen von Nanopartikeln (Nanohygapatit und Nanofluorapatit) in die Matrix der
Zemente [6] und die Anwendung von Ultraschall undiriive [7] zu verbesserten mechanischen
Eigenschaften fuhren. Warme soll die langsame Aldyieaktion beschleunigen [8]. Dadurch wird die
anfanglich kritische, feuchtigkeitsempfindliche Bbavor der Speichelkontamination verkirzt [9, 10]
und die mechanischen Eigenschaften verbesserGZR ist ein Glass Carbomer Zement. Er besteht
aus einem Fluorapatitglas, bei dem die Glaspartdahogrof3e aufweisen [11]. GCP und seine
klinische Anwendung ist mit konventionellen GIZ gksichbar, mit der Besonderheit, dass der
Hersteller Warme wahrend der Aushartungsphase ehipfi Der zugehorige Lack ist ein
silikonbasierter Lack, der den Zement vor Feucleigland Austrocknung wéahrend der Aushartung
schiitzen soll. Altere Studien bewiesen gute und Teihiiberlegene mechanische Eigenschaften der
Glass Carbomer Zemente verglichen mit GIZ [12,143,15].

Das Ziel der Forschungsarbeiten zu dieser Disgamtavar zu Uberprifen, ob die Anwendung von
Warme einen Einfluss auf GIZ und GCP hat und obldek die mechanischen Eigenschaften von

GCP beeinflusst. Als Erstes wurden die mikromedwm@n Parameter wie die Vickersharte, das



mikroskopische Elastizitdtsmodul (Emirko) und dagekhverhalten von funf konventionellen, hoch
viskdsen GIZ unter verschiedenen Temperaturbediggumund Lagerzeiten verglichen. Im zweiten
Teil wurden makromechanische Parameter (Biegefestigind Elastizititsmodul im Drei-Punkt-
Biegeversuch) und mikromechanische Parameter (¥8biéete, Emikro und Kriechverhalten) von
GCP in Abhéangigkeit von der Verwendung eines Lagkd unter unterschiedlichen Temperatur-
bedingungen gemessen und die Werte mit kunststdifin@rten GIZ verglichen.

Die Frage nach dem Einfluss der Temperatur aufntkehanischen Eigenschaften von Zementen
verbindet die Thematiken zweier PublikationeiEffect of heat application on the mechanical
behaviour of Glass lonomer Cementson Ulrike Menne-Happ und Nicoleta llie, verdffecht im
Clinical Oral Investigations (angenommen am 22. 2@13), und Effect of gloss and heat on the
mechanical behaviour of a glass carbomer cefmennh Ulrike Menne-Happ und Nicoleta llie,
vertffentlicht im Journal of Dentistry im Marz 2013Ausgabe 41(3):223-230. Bei beiden
Veroffentlichungen lag der Fokus auf der Untersumchmechanischer Parameter abhangig von der
Temperatur. In der ersten Studie wurde der Fokusoriers auf die Langzeitwirkung gelegt,
wohingegen in der zweiten Studie nicht nur derlas¥ der Temperatur, sondern auch der eines Lacks

auf den neu entwickelten Zement GCP untersuchtevurd

1.2. Material und Methode

Fir die erste Versuchsreihe wurden funf verschiedboch viskdse GIZ verwendet: ChemFil Rock,
Riva Self Cure, Fuji IX GP Fast, Fuji IX GP Extrafia und Ketac Molar Aplicap. Die beiden
kunststoffmodifizierten G1Z, Fuji Il LC und Photdsl Quick Aplicap, sowie das kirzlich auf dem
Markt gekommene GCP waren die Materialien der ameitersuchsreihe (siehe Tabelle Seite 6). Alle

Zemente wurden in Kapselform und in der Farbe ASveadet.



Tabelle: Material, Hersteller, Lotnummer und Angaben deiligstoffe der Zemente

Material Hersteller Lotnummer Inhaltsstoffe
ChemFil Rock Dentsply, 1105000885 | Kalzium-Aluminium-Zink-Fluoro-
Konstanz Phosphor-Silikatglas, Polycarboxysaure,
Eisenoxid Pigmente, Titaniumdioxid
Pigmente, Tartarsédure, Wasser
Riva Self Cure SDI Limited, | B0912111 Fluoro-Aluminosilikatglas, Polyacrylséure,
Victoria, Tartarsaure
Australien
Fuji IX GP Fast GC Europe 1005211 Alumino-Fluorosilikatglas, Polyacrylsaure,
N.V., Leuven, mehrbasiche Carboxysaure, destilliertes
Belgien Wasser
Fuji IX GP GC Europe 1005281 Aluminosilikatglas, Polyacrylséure,
Extra/Equia N.V., Leuven, destilliertes Wasser
Belgien
Ketac Molar Aplicap| 3M ESPE, 70201103911 | Kalzium-Aluminium-Lanthanum-
Seefeld Fluorosilikatglas, Copolymer der
Acrylsaure und Maleinsaure, Tartarsaure
Fuji Il LC capsule GC Europe 1109107 Alumino-Fluorosilikatglas, Polyacrylséure,
N.V., Leuven, 2-Hydroxyethylmethacrylat, 2,2,4-
Belgien Trimethyl Hexamethylene Dicarbonat,
Triethylen Glycol Dimethacrylat
Photac Fil Quick 3M ESPE, 454040 Natrium-Kalzium-Aluminium-Lanthanum-
Aplicap Seefeld Fluorosilikatglas, 2-Hydroxyethylmeth-
acrylat, difunktionelle Monomere,
Aktivator (Amin), Copolymer der Acryl-
saure und Maleinsaure, Camphorquinong
Stabilisator
GCP Glass fill & GCP Dental, | 7103067 Fill: Fluoro-Aluminosilikatglas, Apatit,
gloss Vianen, Polysauren
GCP 1: ohne Lack, | Holland 1104070 Gloss: modifizierte Polysiloxane
ohne Wéarme
GCP 2: ohne Lack,
mit Warme
GCP 3: mit Lack,
ohne Wéarme
GCP 4: mit Lack, mit
Warme

Die Proben wurden in einer rostfreien Stahlmatpreduziert. Hierbei wurde der jeweilige Zement in

eine 6 x 2 x 2 mm (Versuchsreihe 1) beziehungswhkis& 2 x 2 mm (Versuchsreihe 2) messende
Form appliziert und dann zwischen zwei planpamfieGlasplatten und durch einen durchsichtigen
Frasacostreifen ausgeformt. Um der klinischen 8anaméglichst nahe zu kommen, befand sich die

Matrize 20 Minuten lang auf einem 37°C warmen Ofen.



Die Stabchen der ersten Versuchsreihe wurden naclerschiedenen Methoden hergestellt: 1) keine
zusatzliche Warme, 2) 20 Sekunden Warme und 3) éurtlen Warme. Die Warmebehandlung
erfolgte eine Minute nach dem Anrthren mittels eihED-Lampe (Bluephase, Ivoclar Vivadent,
Intensitat: 1435 mW/ch auf der Oberflache der Proben. Nach der Hersigllwurden die Proben
vorsichtig aus der Matrize entfernt und in drei en aufgeteilt. Der erste Teil wurde eine Woche,
der zweite einen Monat und der dritte drei Monatelestilliertem Wasser bei 37°C gelagert. Das
destillierte Wasser wurde zweimal wochentlich atesggcht. Die mechanischen Eigenschaften der
funf GIZ wurden bei drei verschiedenen Temperatirigingen (keine Warme, 20 Sek. und 60 Sek.
Warme) und drei verschiedenen Lagerungszeiten (@oehe, ein Monat, drei Monate) gemessen.
Folglich entstanden 45 Gruppen und insgesamt 460er(n=10).

Die Herstellung der Proben fir die zweite Versueitng erfolgte &hnlich. Die kunststoffmodifizierten
GIZ wurden von beiden Seiten mit der oben genanbtanpe 20 Sekunden lang polymerisiert. Der
Lichtleiter der Lampe wurde dreimal pro Seite aué &robe aufgesetzt, wobei sich dabei die
Durchmesser der Lichtkreise nicht um mehr als eiditimeter Uberlappen durften, um eine
mehrfache Polymerisation zu verhindern. Bei den ®@Mhen wurden vier verschiedene
Herstellungsvarianten verwendet: 1) keine Warmekeid Lack (GCP 1), 2) kein Lack, aber Warme
(GCP 2), 3) Lack, aber keine Warme (GCP 3), 4) Lac# Warme (GCP 4) (siehe Tabelle Seite 6).
Die Warme wurde mit der LED-Lampe fir 20 Sekundedr hei den kunststoffmodifizierten GIZ
beschrieben appliziert. Die Proben wurden nach #tutédn vorsichtig aus der Matrize entfernt und
eine Woche in destilliertem Wasser bei 37°C gelageno Gruppe wurden 20 Stéabchen hergestellt,
was eine Gesamtzahl von 120 Proben e(gat20) Nach der Lagerung erfolgte die Bearbeitung der
Proben mit Schleifpapier aus Siliziumcarbid der idrg 1200 (LECO, St. Joseph, MI, USA), um
eventuelle Kanten zu brechen und Uberschisse fer@en.

Bei den Proben der ersten Versuchsreihe wurdemidtimmechanischen Eigenschaften im Universal-
harteversuch (Fischerscope H100C, Fischer, Simgelfi) bestimmt. Bei den Proben der zweiten
Versuchsreihe wurden zuerst die makromechaniscliggng&chaften im Biegeversuch und anschlie-

Rend die mikromechanischen Eigenschaften im Urallesisteversuch ermittelt.



Zur Untersuchung der makromechanischen Parameiegdstigkeit und Elastizitditsmodul) wurden

die stabchenformigen Proben vermessen und ansehtiein einer Universalprifmaschine

(Zwick/Roell Z 2.5, Ulm und test Xpert Il softwari®) einem Drei-Punkt-Biegeversuch bis zum Bruch
mit einer konstanten Geschwindigkeit von 0,5 mm/rbalastet (Versuchsreihe 2). Wahrend der
gesamten Prifzeit waren die Proben komplett mitildegdem Wasser bei Raumtemperatur bedeckt.
Gemessen wurde die Prifkraft in Newton in Abhangigkon der Dehnung der Zemente bis zum
Bruch der Probe.

Die Biegefestigkeitr wurde mit folgender Gleichung berechnet:

_ 3FI
2bh?

Das Elastizitatsmod e, Wurde mit Hilfe dieser Gleichung berechnet:

=K

E =
flexural 4bh3y

F ist die maximale Kraft [N], | der Abstand zwischden Widerlagern [mm], b die Breite der Proben
[mm], h die H6he der Proben [mm] und y die Durclghieg bei Belastung [mm].

Zur Untersuchung der mikromechanischen Eigensahafteden jeweils sechs Stabchen (Versuchs-
reihe 1) und sechs beim Biegeversuch entstandamehBilften (Versuchsreihe 2) nebeneinander auf
einen Objekttrager aufgeklebt. Diese wurden mitfeHilon Schleifpapier der Kérnung 2500/4000
(Hermes, Virginia Beach, VA, USA) aus Siliziumcattiearbeitet, auf dieselbe Hohe geschliffen und
poliert. Die mikromechanischen Eigenschaften (Viskérte, Emikro und Kriechverhalten) wurden in
einem Universalharteversuch getestet. Bei diesenssiefahren wird ein pyramidenférmiger
Diamant (Vickerspyramide) mit bekannter Geometnd die polierten Proben aufgesetzt und mit
kontinuierlich gesteigerter Prifkraft (von O - 5@M) in diese vertikal hineingedriickt. Nach erregcht
maximaler Prufkraft von 500 mN wird diese finf Se#tan konstant beibehalten, bevor die Prufkraft
wieder kontinuierlich bis auf null reduziert wir@ie wirkende Prifkraft und die Eindringtiefe der

Vickerspyramide werden wéahrend des gesamten Pgdwnges fortlaufend gemessen. Das Resultat



der Messung ist ein Prufkraft-Eindringtiefe-Verldif die Be- und Entlastung, aus dem sich wichtige
Parameter ableiten lassen. Die Vickersharte wind der Herstellersoftware durch Umrechnung aus
der Universalharte bestimmt. Das Elastizitatsmddst sich aus der Steigung der Tangente an der
Entlastungskurve bei maximaler Kraft von 500 mNe#bh. Aus der finf Sekunden konstant
gehaltenen Prifkraft bei 500 mN und den Messwattgrveranderten Eindringtiefe tber die Haltezeit
wird das Kriechverhalten berechnet.

Die Oberflache der Proben wurde im Lichtmikroskogr dJniversalhartepriifmaschine bei der
Messung der mikromechanischen Eigenschaften somgehtiel3end in einem Elektronenmikroskop
(SEM, Zeiss Supra 55 VP, Carl Zeiss AG, Oberkoche@rsucht. Die Grol3e, Anzahl und Verteilung

der Blasen und Glasfuller innerhalb der GCP-Gruppehunter den Zementen wurden verglichen.

1.3. Ergebnisse

Die Untersuchungen des Universalhartegeréates dwmePrifreine ergaben eine mittlere Vickersharte
von 115,6 N/mrfi(Equia, 3 Monate Lagerung) bis 58,7 N/m(@hemFil Rock, eine Woche Lage-
rung). Das groRte Emikro wurde bei Ketac Molar Agp 8,5 GPa, ein Mondtagerung) gemessen,
wahrend ChemFil Rock (17,4 GPa, eine Woche Lagéraenm kleinsten Wert aufwies. Ebenso
erreichte ChemFil Rock den héchsten und somit sbhdsten Mittelwert im Kriechverhalten (4,9 %,
eine Woche Lagerung). Das geringste, somit besiecKverhalten wurde bei Riva Self Cure
gemessen (3,5 %, drei Monate Lagerung). Statigiddhtersuchungen ergaben, dass die Art des
verwendeten Zements den groRten Einfluss auf dieomiechanischen Eigenschaften hat, gefolgt von
der Lagerzeit (vor allem bei ChemFil Rodkquiaund Ketac Molar Aplicap). Die Warmezufuhr
zeigte keinen Einfluss auf die mikromechanischegeEschaften der Zemente mit Ausnahme von
Ketac Molar Aplicap (Vickersharte und Elastizitatedul) und Riva Self Cure (Elastizitatsmodul).
Jedoch wurde bei diesen beiden Zementen ledigliohsehr geringer Einfluss gemessen. Bei
Betrachtung der Proben im Lichtmikroskop der Ursadharteprifmaschine sowie im
Elektronenmikroskop fielen kleineren Blasen beid¢etolar Aplicap im Gegensatz zu grol3en Blasen

bei ChemFil Rock und Riva Self Cure auf. Die graf¥eiller wurden bei Riva Self Cure, Equia und
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Fuji IX GP Fast entdeckt, wohingegen ChemFil Rooll Ketac Molar Aplicap viele kleine Fller in
der Matrix enthielten.

Die zweite Versuchsreihe zeigte eine mittlere Bieggkeit von 61,8 MPa und 58,0 MPa bei den
kunststoffmodifizierten GIZ, Fuji Il LC und Photd&tl. Die GCP-Gruppen erreichten mit 9,5 - 10,1
MPa lediglich ein Sechstel der gemessenen Wertkuweststoffmodifizierten GIZ. Bei Betrachtung
des Elastizitdtsmoduls erzielten GCP und Fuiji Il di€ héchsten, somit besten Mittelwerte (3,8 - 4,8
GPa), wahrend fur Photac Fil der geringste Wertegmman wurde (2,6 GPa). Die Untersuchungen im
Universalhartegerat ergaben eine mittlere Vickatshéon 57,9 - 68,5 N/mm?2 (Fuji Il LC und GCP)
und 45,5 - 48,6 N/mm? (Photac Fil). Ebenso wurdas grol3te Emikro fur Fuji Il LC und GCP (14,9 -
13,4 GPa) gemessen (Photac Fil: 13,2 - 12,8 GRes) Kibiechverhalten erstreckte sich von 3,6 - 4,2 %
(GCP) bis 5,0 - 5,6 % (kunststoffmodifizierte GIZwischen den einzelnen GCP-Gruppen - abhéngig
von der Lack und Warmebehandlung - lieBen sich ekdimterschiede erkennen. Statistische
Untersuchungen bestatigten, dass auch hier derevelete Zement den gro3ten Einfluss auf die
mechanischen Eigenschaften hat. Bei der Untersgcan mikromechanischen Parameter zwischen
Ober- und Unterseite der Proben der zweiten Vessedie waren keine Unterschiede erkennbar. Im
Lichtmikroskop der Universalharteprifmaschine umnd Elektronenmikroskop zeigten sich mehr
Blasen und Risse auf der Stabchenoberflache bei &€Bei den kunststoffmodifizierten GIZ. Die
kunststoffmodifizierten GIZ wiesen, verglichen fiCP, eine &hnliche Matrix mit deutlich grél3eren

Fullern auf. Fuji Il LC und GCP beinhalteten meliti€r als Photac Fil.

1.4. Diskussion

Die beiden Versuchsreihen untersuchten den EinflossVarme auf die mechanischen Eigenschaften
von Zementen. Zusatzlich wurde in der ersten Vdrsigthe der besondere Fokus auf den
Langzeiteffekt gelegt. In der zweiten Versuchsreihede neben dem Einfluss von Warme auch der
eines Lacks auf einem neu auf dem Markt erhdlthcli®dlas Carbomber Zements untersucht.
AulRerdem wurden die mechanischen Eigenschaften bedinnten kunststoffmodifizierten GIZ

verglichen.
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Die Warmebehandlung zeigte weder auf die konveatiphoch viskésen GIZ (ChemFil Rock, Fuji
IX GP Fast und Equia) noch auf GCP einen Einfll3& mechanischen Eigenschaften waren
hauptséachlich von der Art des verwendeten Zemdattaragig.

Woolford nahm an, dass die Verwendung von WarmeAbigindereaktion der Zemente beschleunigt
und so eher eine grolRere Oberflachenhéarte ern@icth10]. Die Zemente enthalten unterschiedliche
Fuller und Sauren (siehe Tabelle Seite 6). Die Véaufuhr soll zu einer schnelleren Aktivierung der
Sauren fuhren, sodass diese eher und frihzeitigdenit Glasfillern reagieren [10]. Das wiederum
fuhrt zu einer schnelleren Bildung der Kalziumpalydatmatrix, dem ersten Produkt der
Abbindereaktion [10]. Die Warmebehandlung der Zetmererbesserte deren mechanische Eigen-
schaften in der frilhen Abbindephase, in der diete smpfindlich gegenlber Feuchtigkeit sind.
Frihere Versuche zeigten, dass eine Zufuhr von dimexie das Vorheizen der Zementkapseln
(40 £ 1°C fur 90 Sek. vor der Aktivierung), die Memdung einer Halogenlampe (Optilux 501, Kerr
UK Ltd., Peterborough, GroRbritannien; bei 10120tr@W cmi” fiir 40 Sek.) oder Ultraschall (P-tip
Ultraschallscaler betrieben durch einen Mini-Piekt$h Generator, EMS, Nyon, Schweiz; bei 30 kHz,
Stufe 1 fur 40 Sek.) 30 Minuten nach dem Anmischereiner héheren Oberflachenharte fuhrte im
Vergleich zu GIZ ohne externer Energiezufuhr [Hjenso zeigte die Verwendung von Infrarotlicht
(Phillips Electrical, Holland; bei 80°C fir 60 Sgkder Halogenlicht (Litema GSD, Baden-Baden; fur
20, 40 und 60 Sek.) bei Chemfil Il (DeTrey Divisjddentsply, Weybridge, Surrey, Grol3britannien)
eine deutlich erhdhte Harte nach 24 Stunden im émig zu einem nicht warmebehandelten Zement
[10]. Warme beschleunigt die Abbindereaktion [8], M#@réndert jedoch langfristig die mechanischen
Eigenschaften der Zemente nicht.

Ein Grund fir die unterschiedlichen Messergebnimiedemselben Zement in Abhangigkeit von der
Lagerzeit ist die unvollstdndige Abbindereaktiord somit schwachere mechanische Eigenschaften
nach einer Woche im Vergleich zu drei Monaten. EréhStudien belegten, dass die Harte von GIZ
(zum Beispiel Fuji IX GP)nach einem Tag signifikant geringer war, als reider Woche oder einem
Monat [17]. Der Aushartungsprozess erfolgt nachBilelung der Kalziumpolyacrylatmatrix durch die

Bildung von Aluminiumsalzbriicken und Bindung von $&er [18]. Die Lagerung von Zementen
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verstarkt die Matrix und fuhrt zu verbesserten naeitchen Eigenschaften aufgrund der langsamen
Abbindereaktion.

Die Benutzung eines Lacks bei GCP zeigte keinefiuss auf die nach einer Woche gemessenen
mechanischen Parameter. Wegen ihrer Feuchtigkepfsadfichkeit sind Zemente sehr
techniksensibel [19]. Die Oberflache von Zementelites mit einem Lack vor Feuchtigkeit und
Austrocknung geschutzt werden [19]. Die Lackappid@bei konventionellen GIZ (Riva Self Cure,
Chemfil Rock, Fuji IX GP Fast, Equia) flhrte zu einsignifikant hoheren Biegefestigkeit [20],
wohingegen Lack bei GCP keinen Einfluss auf die maatschen Eigenschaften zeigte. Ein Grund
dafir kann die unterschiedliche chemische Zusametemsg und somit unterschiedliche
Feuchtigkeitsempfindlichkeit sein. Der GCP-Lack isei von Monomeren und besteht aus
modifizierten Polysiloxanen (siehe Tabelle Seite @phingegen Lacke zum Schutz von GIZ
Ublicherweise aus Monomeren bestehen, die polyradriserden kdnnen.

Die Untersuchung der makromechanischen Eigenschatieh einer Woche zeigte, dass GCP den
getesteten kunststoffmodifizierten GIZ unterleggnkbenso waren die konventionellen GIZ (Fuji IX,
GC, Leuven, Belgien und lonofil Molar, Cuxhaven)ndeunststoffmodifizierten GIZ (Fuji Il LC
Improved, Photac Fil) nach 24 Stunden unterlegéh Reim Vergleich von GCP mit konventionellen
GlZ (Riva Self Cure, Chemfil Rock, Fuji IX GP Fasid Equia) bei denselben Versuchsbedingungen
wurde eine grol3ere Biegefestigkeit fur die konwamilen GIZ nach einer Woche gemessen (14,3 -
39,4 MPa) [20]. Jedoch zeigten andere Studien BacBtunden eine groRRere Biegefestigkeit fir GCP
als fur den konventionellen GIZ Fuji IX GP Fast J1Pas kann sich durch die Nanopartikel in der
GCP Matrix erklaren lassen, die zu einer schneillekdbindereaktion aufgrund der vergrof3erten
Oberflache fuhren und somit Gberlegenen mechaniséligenschaften in der frihen Abbindephase
(siehe auch Seite 13, Zeile 5-8).

Anders als die makromechanischen Eigenschaftennwdieegemessenen mikromechanischen Werte
von GCP den kunststoffmodifizierten GIZ UberlegemVergleich zu konventionellen GIZ (Riva Self
Cure, Chemfil Rock, Fuji IX GP Fast und Equia; V#6,8 - 125,9 N/mm?; E: 17,1 - 25,7 GPa) zeigte
GCP schlechtere mikromechanische Eigenschaftenddeselben Versuchsbedingungen [20]. Die

relative Eindringtiefe bei konstant gehaltener Rmft von 500 mN fur funf Sekunden ist ein
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Messwert, der das Kriechverhalten angibt und eitenex wichtiger Parameter, der die mechanischen
Eigenschaften eines Materials bestimmt. Mit eimdaitiven Eindringtiefe von 3,6 - 4,2 % bietet GCP
eine groRere Stabilitat unter Belastung als diestataffmodifizierten GIZ (5,0 - 5,6 %).

Beim Vergleich der Mikrostruktur, der Zusammensatrwnd der mechanischen Eigenschaften
kénnen gewisse Beziehungen erkannt werden. Die ndllebéaktion und die mechanischen
Eigenschaften der Zemente werden unter andererdetoRiillergrof3e und deren Anzahl in der Matrix
beeinflusst. Kleine Filler vergréRern die Oberficimd bieten deshalb dem Saureangriff eine groRere
Flache [22]. Dadurch verringert sich die Abbindef22]. Chemfil Rock und Ketac Molar Aplicap
beinhalten kleine Glasfiller, jedoch unterscheigsieh die mechanischen Eigenschaften dieser beiden
Zemente deutlich. Grund dafir kénnen eine unteesltiche BlasengroRe und die chemische
Zusammensetzung sein (siehe Tabelle Seite 6). Dagiuk-Aluminium-Zink-Fluoro-Phosphor-
Silikatglas von ChemFil Rock ist schwacher als d&alzium-Aluminium-Lanthanum-
Fluorosilikatglas von Ketac Molar Aplicap. Nach Axden des Herstellers soll das Zink beinhaltende
Glas von ChemFil Rock die Abbindereaktion beschigem und zu besseren mechanischen
Eigenschaften fuhren. Frihere Studien belegen édpme makromechanische Werte (Biegefestigkeit)
von ChemFil Rock verglichen mit Riva Self Cure,iA¥] GP Fast und Equia nach einer Woche und
einem Monat [20]. Jedoch zeigte ChemFil Rock diedrigste Vickershéarte und Elastizitdtsmodul
[20]. Folglich ist bei Betrachtung der mikromechsien Eigenschaften das Aluminosilikatglas der
getesteten Zemente dem Zinkglas von ChemFil RoeKeéipen.

Die gemessenen Werte ergeben eine signifikant bdBiegefestigkeit fir die kunststoffmodifizierten
GlZ, wohingegen GCP eine groRere Vickersharte uhendre und somit bessere Werte im
Kriechverhalten zeigt. Die gré3eren Glaspartikekniger Blasen und Risse in der Matrix der
kunststoffmodifizierten GIZ ergeben eine groRReregdfestigkeit. Die kleineren Glaspartikel in der
GCP-Matrix fihren zu einer groReren Vickershartd kieinerem Kriechverhalten. Die Nanopartikel
vergroRRern die reaktive Oberflache von GCP undéfitau einer gréReren Harte [23]. Fuji Il LC und
GCP erreichten signifikant hohere Elastizitatsmbdisl Photac Fil aufgrund einer gré3eren Anzahl an
Glasfullern in der Matrix. Die chemische Zusammeénsgg und unterschiedlichen Polymere sind

weitere Grinde fur die unterschiedlichen mechaeisciigenschaften der kunststoffmodifizierten
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GlIZ und GCP. Die Zemente bestehen aus Silikatglatei die kunststoffmodifizierten GIZ auch
Monomere (siehe Tabelle Seite 6) beinhalten, dignperisiert werden kdénnen. Auch das dual-
hartenden System (selbsthartend und lichtharteed)kdnststoffmodifizierten GIZ tragt zu einer

hdheren Biegefestigkeit bei [24].

1.5. Zusammenfassung

Die Warmebehandlung zeigte weder bei konventipheith viskdsen GIZ (ChemFil Rock, Fuji IX

GP Fast und Equia), noch bei Glass Carbomer ZesiaatVeranderung der mechanischen Eigen-
schaften. Diese waren hauptsachlich von der Artvdesendeten Zements abhéngig. Die Lagerung
der GIZ zeigte einen geringen Einfluss auf die magdthen Parameter. Fir ChemFil Rock und Equia
wurde bei einem Monat Lagerzeit der grofite Anstd® gemessenen mechanischen Werte
beobachtet. In der zweiten Versuchsreihe Uberragtien kunststoffmodifizierten GIZ bei den

makromechanischen Versuchen GCP, wahrend GCP ledzidgr mikromechanischen Parameter

dominierte. Ebenso wie Warme beeinflusste der Idkekmechanischen Eigenschaften von GCP nicht.

1.6. Conclusion

Statistical analysis revealed that heat applicasbawed neither an effect on the conventiaylaks
ionomer cements (ChemFil Rock, Fuji IX GP Fast &agiia) nor on GCPAIso, no effect of gloss
application on the mechanical properties of GCP meaasured. The impact of storage duration was
low. Vickers Hardness, modulus of elasticity and creegistance increased most for ChemFil Rock
and Equia up to one month storadye.the second testnacroscopically, the resin-modified glass
ionomer cements performed significantly better t6&P. Conversely, in the microhardness test, GCP
was superior to the resin-modified glass ionomenear@s.The mechanical properties were basically

influenced by the type of cement.
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2. Publikationen

Zwei Publikationen wurden bei dentalen Fachmagazeiagereicht und akzeptiert: im Clinical Oral
Investigations und im Journal of Dentistry. Beimin@al Oral Investigations steht die Drucklegung
noch aus Effect of heat application on the mechanical bebay of Glass lonomer Cements/bn
Ulrike Menne-Happ und Nicoleta llie, angenommen \@imical Oral Investigations am 22. Mai
2013). Im Journal of Dentistry wurde die Publikatioereits verdffentlicht (,Effect of gloss and heat
on the mechanical behaviour of a glass carbomeectmon Ulrike Menne-Happ und Nicoleta llie,

Journal of Dentistry, Volume 41, Issue 3, Marz 2(88ite 223-230).

2.1. Effect of heat application on the mechanicaldhaviour of Glass lonomer Cements

Abstract

Objectives:The aim of this study was to examine the long-tefifiect of heat on the mechanical
behaviour of conventional highly viscous glass imeo cements. Besides, the effect of storage time
was evaluated.

Materials and methoddgrive cements (ChemFil Rock, Riva Self Cure, Fuji®R Fast, Equia and
Ketac Molar Aplicap) were evaluated using thrededént preparation methods: no heat application,
application of heat by means of a LED curing uoit 20 and 60 seconds. 450 bar-shaped specimens
were produced, maintained in distilled water atG3&hd tested after one week, one month and three
months (n = 10). The Vickers Hardness, indentatimuulus and creep were measured. In addition,
the amount and size of the glass fillers and veidee examined using a light and a scanning electron
microscope.

Results:Fuji IX GP Fast showed the highest Vickers Hardné&stac Molar Aplicap the highest
indentation modulus and the best value of creepmeasured for Riva Self Cure. Vickers Hardness,
modulus of elasticity and creep resistance incakasest for ChemFil Rock and Equia up to one
month storage.

Conclusions:Heat application showed no effect on the mecharieahviour of ChemFil Rock, Fuji

IX GP Fast and Equia at all aging tinfdne impact of storage duration was low.
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Clinical RelevanceConsidering the measured mechanical propertiese tis no need of using heat

when restoring teeth wittlass ionomer cements.

Introduction

In an attempt to improve the mechanical charadtesiof glass ionomer cements (GICs) several
studies suggest applying heat during the settiagti@n of the cements [1, 2]. GICs are acknowledged
for their chemical adhesion to enamel and denBecpntinuing fluoride release [4] and tooth calou
[5]. The major drawbacks of GICs have been the latlphysical strength, moisture sensitivity,
inherent opacity [6] and the slow curing reactidi. [So, for use in large stress-bearing posterior
cavities as permanent restorations, convention&lsGiere previously not considered material of
choice [8-10]. However highly viscous GICs used dorgle-surface atraumatic restorative treatment
(ART) restorations show a potential for restoringl @aving posterior permanent teeth [11] and are
frequently recommended in primary teeth [12].

The setting reaction of GICs is divided into twaapls: an initial set with the formation of mainly
calcium polyacrylate which occurs within the filst minutes after mixing and a subsequent long-term
hardening process with the formation of aluminiuotypcrylate [7, 13]. During the first reaction,
GICs are very susceptible to water or saliva coirtation and in the second phase to dehydration [7,
13, 14]. The initial moisture-sensitivity results a susceptibility to fracturing and initial wedt.[In

the initial stages of the setting reaction, a higbportion of loosely bound water is present in the
cements [15]. If this is lost by desiccation owdter or saliva contacts the cement, the cementifgr
ions will be washed out resulting in a decreasgligsical strength and loss of translucency [15].
Ongoing developments have led to improved GICs. Waaturers added silver (Ketac Silver, 3M
ESPE, Seefeld, Germany) [16], resin-modified Gl@senintroduced [3], the viscosity was increased
by reducing filler size (Ketac Molar, 3M ESPE, SHdf Germany) [16] and heat application was
suggested [1, 2]. Heat application is supposedctelarate the slow setting reaction [17] and thus,
skipping over the initial sensitive period beforgesure to saliva occurs [1, 2]. The heat energy ca
be supplied by the use of a high energy LED, haldgenp or ultrasonic excitation [18, 19, 20]. The
compressive strength of GICs (e.g. Fuji IX GP F&«t, Europe N.V., Leuven, Belgium) was affected

by heat application [7]. At early setting stagesignificant increase in the compressive strength wa
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measured compared to the standard setting reacfithe material (for ultrasonic excitation 65%
increase in strength after 15 minutes and 21% dftday and for heat application 130% after 15
minutes and 24% after 1 day) [7]. An obvious relaship between temperature of the GIC samples
(70°C) and their compressive strength was obsdijeth addition, the compressive strength of GICs
was shown to increase during 28 days [7]. It hanh@reviously reported that the hardness of GICs
gradually increased over one month to a value fsogmtly greater than the recorded value at 24 h
[21]. Considering the early surface hardness (0Fh- 1 week) the use of an external energy source
such as preheating capsules, application of halogémfrared light or ultrasonic energy resultedain
significantly improved upper surface hardness @$3l2, 22].

The objective of this study was to assess the teng-effect of heat on the mechanical behaviour of
five conventional highly viscous GICs by determmiseveral mechanical properties at microscopic
scale: Vickers Hardness, indentation modulus aedcr

The following null hypotheses were tested: i) ¢éhevould be no differences in the measured
properties of the GICs when heat is applied; a)differences would exist at different storage 8me

iii) the five GICs would perform similarly in all echanical properties.

Materials and methods

The five GICs used are listed in Table 1 (ChemBitiR Riva Self Cure, Fuji IX GP Fast, Fuji IX GP
Extra/Equia and Ketac Molar Aplicap), together wiitie manufacturer, batch number and chemical
composition according to the material safety daees All GICs were supplied in encapsulated form

and in shade A3.

Table 1 Material, manufacturer, batch number and chemicalposition of the GICs

Material Manufacturer | Batch no. Chemical composition
ChemFil Rock | Dentsply, 1105000885 | calcium-aluminium-zinc-fluoro-phosphor-
Konstanz, silicate glass,
Germany polycarboxylic acid, iron oxide pigments,
titanium dioxide pigments, tartaric acid, water
Riva Self Cure | SDI Limited, | B0912111 fluoro-aluminosilicate glass,
Victoria, polyacrylic acid , tartaric acid
Australia
Fuji IX GP Fast| GC Europe 1005211 alumino-fluorosilicate glass,
N.V., Leuven, polyacrylic acid, polybasic carboxylic acid,
Belgium distilled water
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Material Manufacturer | Batch no. Chemical composition
Fuji IX GP GC Europe 1005281 aluminosilicate glass,
Extra/Equia N.V., Leuven, polyacrylic acid, distilled water
Belgium
Ketac Molar 3M ESPE, 70201103911 | calcium-aluminium-lanthanum-fluorosilicate
Aplicap Seefeld, glass,
Germany copolymer of acrylic acid and maleic acid,
tartaric acid

Vickers Hardness, indentation modulus and creep

450 bar-shaped specimens, measuring 6 mm x 2 mmm2were produced out of the five GICs by
using a stainless steel mould. In order to simwhtecal conditions the mould was placed on a éeat
(Prazitherm PZ 34, Bachofer, Reutlingen, Germany37dC. The GICs were used according to the
manufacturers’ instructions and mixed for 10 sesonith a RotoMix (3M ESPE, Seefeld, Germany).
After injecting uncured cement into the mould, gsmples were covered with transparent matrix
strips (Matrix-Strips, Orbis, Minster, Germany) astthped between two parallel glass plates. The
matrix strips are supposed to simulate the coatimdyprotect the GICs from loss or gain of moisture.
The samples were prepared according to three eliffeonditions: 1) no additional heat application,
2) heat application for 20 seconds and 3) heatcagijan for 60 seconds. The heat was applied on the
top surface by using a light-emitting diode (LEDQJ¥riog unit (Bluephase, Ivoclar Vivadent, Schaan,
Liechtenstein) one minute after mixing. The irratia of the used curing unit (=1435 mW#mwas
determined by means of a calibrated fiber opticcsply resolving radiometer equipped with an
integrating sphere (S2000, Ocean Optics, USA).ITiotdiance was achieved by integral calculus of
irradiance as a function of wavelength over thdrenwavelength range, and then divided by the
effective area of the curing unit tip. The diamegéthe tip was measured with a digital micrometer,
whereby the effective area was defined as theddrtdee tip without cladding.

The mould was permanently located on the heate2@ominutes. Then the samples were carefully
removed from the mould and stored one week, onehmanmd three months in distilled water at 37°C
in order to simulate clinical conditions. The dlstl water was changed twice a week, keeping the

volume of water constant. The five GICs were thuesasured at three different heat conditions (no

18



heat, 20 s and 60 s heat application) and thréerelift storage durations (one week, one month and
three months) making a total of 45 groups (n = 10).

After the storage period, the top surface of themas was polished with silicon carbide paper of
grain P2500 and P4000 (Hermes, Virginia Beach, ¥8A). So,a surface layer of approximately 100
um was eliminated to allow a comparison with rdalical conditions, since in patients, after the
cement is cured, the filling must also be polisHadhe universal hardness test, the Vickers Hasine
indentation modulus and creep were recorddek measuring syste(fischerscope H100C, Fischer,
Sindelfingen, Germany)sed for this study is designed to measure thestsal hardness according to
DIN 50359-1:1997-10 (Testing of metallic materials-ensal hardness test-part 1: test methéd)
the test, a square diamond indenter in shape gfaard (Vickers pyramid) with an opening angle of
136° was pressed vertically into the surface of dhecimens. The measurements were carried out
force controlled, during which the test load insed and decreased with constant speed between 0
mN and 500 mNDuring the test procedure, value pairs of load padetration depth of the indenter
were continuously recorded during both loading antbading. Due to the known geometry of the
Vickers pyramid, the universal hardness [HU] waswdated by the quotient of the test load [F] and
the indentation surface [A] generated under load: HF/A. A conversion factor between universal
hardness and Vickers Hardness was calculated byn#raifacturer and fed into a software (WIN-
HCU®, Fischer, Sindelfingen, Germany), so thatrieasured results were converted into the more
common Vickers Hardness units. The elastic indematodulus, which matches the modulus of
elasticity, was determined from the slope of thegémt of indentation depth curve at a maximum
force of 500 mN. While constantly holding the mawim test load for five seconds, the relative
indentation depth changes were used as a measuneép. Six different areas on the surface of each

sample were measured making a total of 60 measutsrimeeach group.

Statistical analysis

The normal distribution of the data was verifiedhwihe Kolmogoroff-Smirnov test. A multivariate
analysis (general linear model with partial etasgsgd statistics) calculated the effect of the
parameters “material”’, “heat application” and “stpe” on the considered mechanical properties.

Additionally, the influence of the parameters “hagplication”, “storage” and their combined effect
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on the mechanical properties was assessed witkin teated material. The level of significance was

set at p < 0.05.

Light microscope and scanning electron microsc&iyM) analysis

When measuring the micro-mechanical properties stiéace of all specimens was analysed in the
light microscope of the universal hardness devide size and number of voids and cracks were
examined. After the universal hardness test, thestwface of one randomly selected specimen of each
GICs group (without heat application, three morstasage) was observed in an electronic microscope
(scanning electron microscopy SEM, Zeiss Supra B5 Garl Zeiss AG, Oberkochen, Germany) to
assess filler size and morphology. For examinaadmack-scattered electron image and a standardized
magnification of 1000was used (Figs 1a-1e). The size and amount ofltiss fillers in the matrix

were examined to investigate the effects of micuastire on the mechanical properties.

Results

Vickers Hardness, indentation modulus and creep

In the universal hardness test (Table 2), the nvadures of Vickers Hardness varied betwddb.6
N/mm? (Equia, three months) and 58.7 N/mm? (CherRBitk, one week). In the ranking of the mean
values of indentation modulus, Ketac Molar Aplicagached the highest value 8.5 GPa (one
month), while ChemFil Rock reached the lowest value o#41GPa (one week). Also in this test,
ChemFil Rock distinguished with 4.9 % (one weelg thighest mean value of creep and thus the

worst creep resistance. The other extreme is RelfaCaire with 3.5 % (three months).

Table 2 Micro-mechanical properties: Vickers Hardnegkl ( N/mm?2), indentation modulug&(

GPa) andreep Cr at 500 mN, %). Mean values and standard deviafionsarentheses)

VH

Material Storage No heat 20 s heat 60 s heat
application application

ChemFil 1 week 58.7 (3.4) 60.3(5.3) 62.1(3.7)

Rock 1 month 69.7(5.7) 71.7(6.0) 69.2 (3.6)

3 months | 71.8(7.1) 71.6(5.3) 67.9 (5.0)

Riva Self 1 week 105.1 (7.1) | 96.8(5.6) 93.7 (6.2)
Cure 1 month 99.3(9.0) 105.7(8.3) 105.7 (5.2)

3 months | 101.1(7.3) | 99.6 (8.8) 98.6(4.5)
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Material Storage No heat 20 s heat 60 s heat
application application
Fuji IX GP 1 week 104.6(7.6) 105.5 (8.4) 106.2 (7.7)
Fast 1 month 107.9(10.1) | 112.2(8.9) 108.5 (13.3)
3 months | 110.0(8.9) 108.6 (10.4) | 106.6(10.0)
Fuji IX GP 1 week 98.1(7.9) 95.8(4.8) 96.7(12.0)
Extra/Equia | 1 month 108.8(5.7) 107.4(4.6) 110.7(7.9)
3 months | 115.6(12.4) | 110.2 (6.5) 104.6(6.4)
Ketac Molar | 1 week 104.6(4.9) 103.7 (3.3) 102.2 (4.7)
Aplicap 1 month 110.9(4.2) 112.5(11.7) 111.1 (3.2)
3 months | 101.0(9.5) 99.5 (9.4) 89.5(7.6)
E
Material Storage No heat 20 s heat 60 s heat
application application
ChempFil 1 week 17.5(1.2) 17.4 (1.0) 17.4(1.0)
Rock 1 month 19.3 (1.0) 18.4(1.5) 18.9 (1.0)
3 months | 20.4(1.7) 20.3(1.1) 19.7 (1.0)
Riva Self 1 week 24.0(0.9) 23.1 (0.9) 22.1(1.5)
Cure 1 month 23.4(1.3) 22.8(1.1) 23.2 (1.0)
3 months | 23.6 (2.1) 24.0 (1.4) 23.0(2.0)
Fuji IX GP 1 week 24.7 (1.0) 24.9(0.8) 24.9 (1.3)
Fast 1 month 24.8 (1.7) 25.6 (1.5) 245 (1.4)
3 months | 26.7(1.8) 26.0 (1.5) 26.2 (2.2)
Fuji IX GP 1 week 21.4 (1.3) 20.7 (0.6) 21.0(1.4)
Extra/Equia | 1 month 22.3 (0.5) 22.2 (1.1) 22.8 (1.3)
3 months | 24.2 (1.2) 23.3(1.2) 22.9 (0.6)
Ketac Molar | 1 week 26.8(1.1) 26.9(0.8) 27.2(1.0)
Aplicap 1 month 28.5(0.8) 28.0(1.0) 28.4 (1.1)
3 months | 27.5(2.2) 27.0(2.6) 23.9 (2.3)
Cr
Material Storage No heat 20 s heat 60 s heat
application application
ChemfFil 1 week 4.9 (0.2) 4.9(0.3) 4.8(0.2)
Rock 1 month 4.6(0.2) 4.6(0.2) 4.4(0.1)
3 months | 4.5(0.2) 4.5(0.3) 4.5 (0.2)
Riva Self 1 week 3.7(0.2) 3.8(0.3) 3.8(0.2)
Cure 1 month 3.6(0.2) 3.5(0.2) 3.7(0.3)
3 months | 3.5(0.2) 3.6 (0.2) 3.5(0.1)
Fuji IX GP 1 week 4.1(0.3) 4.2 (0.3) 4.0 (0.3)
Fast 1 month 3.8(0.3) 3.6(0.2) 3.7(0.2)
3 months | 3.9 (0.4) 3.9(0.2) 3.9(0.2)
Fuji IX GP 1 week 4.1(0.2) 4.1(0.3) 4.1 (0.2)
Extra/Equia | 1 month 3.8(0.2) 3.8(0.2) 3.8(0.3)
3 months | 3.7 (0.3) 4.0 (0.3) 3.8(0.1)
Ketac Molar | 1 week 4.0(0.2) 4.0 (0.2) 3.9(0.2)
Aplicap 1 month 4.0 (0.2) 3.9(0.3) 3.9(0.1)
3 months | 4.0(0.2) 4.2(0.1) 4.2(0.1)
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Influence of material, heat application and storage Vickers Hardness, indentation modulus and

creep

The multivariate analysis indicated that the mateshowed the highest influence on the micro-

mechanical properties (Table 3), followed by treresge duration, whereas heat application showed no

influence on creep and a minimum influence on Viskdardness and indentation modulus.

Table 3 Influence of material, heat application and storag&/ickers Hardness (VH), indentation

modulus (E) and creep (Cr)

VH E Cr
Material 0.82 0.83 0.71
Heat application 0.02 0.03 NS
Storage 0.17 0.14 0.19

The higher the partial eta-squared values, the highthe influence of the selected variables onrtteasured properties

(General linear modéh?2)); NS = nonsignificant

Influence of heat application, storage and theimtined effect within a material

The influence of the parameter heat application avadysed in a general linear model and shown to
be significant only in few cases: for the indematimodulus of Riva Self Cure and the Vickers
Hardness and indentation modulus of Ketac Molariogpl (Table 4) The storage time affected
mostly the micro-mechanical properties of the malerChemFil Rock Equia and Ketac Molar

Aplicap, reaching the highest values for eta-squared.

Table 4 Influence of heat application, storage and theilgimed effect on Vickers Hardness (VH),

indentation modulus (E) and creep (Cr) within aeriat

Material Parameter VH E Cr
ChemFil Rock | Heat application NS NS NS
Storage 0.48 0.49 0.35
Heat application + Storagg NS NS NS
Riva Self Cure Heat application NS 0.07 NS
Storage 0.09 NS 0.17
Heat application + Storage 0.18 NS NS
Fuji IX GP Fast | Heat application NS NS NS
Storage NS 0.18 0.32
Heat application + Storagg NS NS NS
Fuji IX GP Heat application NS NS NS
Extra/Equia Storage 0.38 0.49 0.26
Heat application + Storagg NS NS NS
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Material Parameter VH E Cr
Ketac Molar Heat application 0.09 0.09 NS
Aplicap Storage 0.45 0.26 0.15
Heat application + Storagg NS 0.23 0.16

The higher the partial eta-squared values the high#hie influence of the selected variables onrtteasured properties
(General linear modéh2)) NS = nonsignificant

Light microscope and SEM analysis

Comparing the samples in the light microscope ef uwhiversal hardness device, cracks and voids
were observed within the matrix of all cements. @ size was greater and more irregular for
ChemFil Rock and Riva Self Cure than for Equia, FXijGP Fast and Ketac Molar Aplicap. The
smallest void size was observed in the microstreadfi Ketac Molar Aplicap. In the SEM, large glass
filler particles were detected in the microstruesiof Riva Self Cure, Equia and Fuji IX GP Fast.

ChemFil Rock and Ketac Molar Aplicap contained mamall glass particles dispersed in the matrix.

Figure 1 SEM views of the cemen{back-scattered electron image and a standardizgpification
of 1000)

a) ChemFil Rock
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b) Riva Self Cure
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Discussion

This study evaluated the long-term effect of heatttee micro-mechanical properties of five GICs.
Heat application did not influence the mechaniatidviour ofChemFil Rock, Fuji IX GP Fast and
Equia at all aging timeThe mechanical properties were basically infleehby the type of cement.
The impact of storage duration was low. Woolfassumed that heat application is supposed to

accelerate the matrix-forming reaction of the cetneend so at initial stage the setting reaction will
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result in a more advanced and greater surface éssdj2]. GICs contain different aluminosilicate
glasses and acids (Table 1). The effect of heahersetting reaction is supposed to make the acid
more active and thus may more rapidly degrade tassdillers [2]. This causes an increase of the
diffusion rate at which the ions are leached anéased from the glass [2]. Subsequently, a more
reactive acid and greater rate of ion release dffigsibn lead to a faster formation of the calcium
polyacrylate matrix, the result of the first seftireaction and so to superior mechanical propejies
Applying heat improves the early properties of GI€s at a time when they are most susceptible to
damage. Heat application enhances the reaction[2at&7] but does not change the mechanical
properties of the GICs. It just accelerates th& Betting reaction but in our study no long-teffect
was observed. The small significant differencehaf Yickers hardness and modulus of elasticity of
Riva Self Cure and Ketac Molar Aplicap treated bffedent heat conditions can be attributed to
incorrect measurements and varying temperature ittmmsl even though they were tried to keep
constant.

Previous studies showed that the use of an extemeaigy source such as preheating capsules
(40 + 1°C for 90 s prior to activation), applicatiof light with a high irradiance (halogen lightring

unit: Optilux 501, Kerr UK Ltd., Peterborough, Uit Kingdom; operating at 1012 + 20 mW Grfor

40 s) or ultrasonic energy (P-tip ultrasonic scaldven by Mini-Piezon US generator, EMS, Nyon,
Switzerland; operating at 30 kHz, power settingpd 40 s) significantly improved the early surface
hardness of GIC (0.5 h post-mix) compared to tlaaddrd setting reaction [22]. Also, Chemfil
(DeTrey Division, Dentsply, Weybridge, Surrey, Uit Kingdom) heated under an infrared light
source (Phillips Electrical, Holland; operating8®°C for 60 s) and a quartz halogen fibre optibtlig
source (Litema GSD, Baden-Baden, Germany; operdtin@0, 40 and 60 s) showed a significant
increase in hardness immediately after settingZhfl post-mix in comparison to the cement which
had not been heat treated [2].

The most common available light curing units ingugliartz-tungsten-halogen (QTH) lights, plasma
arc lights and LEDs [23]. For many years QTH lightcame the mainstay of dental light curing
[24]. However, the future of the QTH lights will ip@or as no light bulbs are produced any more and

many governmental agencies are banning these diegifiincandescent light sources from general
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usage [24]. Therefore, in our study the heat waslieg by a LED curing unit (irradiance: 1435
mW/cnf). The LED light curing units can be classifiedoirthree generations based on successive
improvements of their performance [25]. First-gaien LED (average irradiance: 150-400 mWcm
power output 1W) offer low output and poor curingrfjprmance compared to conventional QTH
lights [23]. Second-generation LED (irradiance ofto 800 mW/crfy power output 5 W) [23] can
achieve superior polymerization and curing perforoes which are similar to those of QTH lights
under equal exposure times [26]. Third-generati&b lights (exceed 1100 mW/érpower output 8

W) [27] use a combination of LEDs to produce a bdeyaspectral output [23]. They have higher power
densities, inducing potentially higher heat emissiand curing depths and perform as well as or even
better than QTH lights [23, 28]. Earlier studiedigated that LED curing units generally generated
smaller temperature rises than QTH units [23, B®jwever these studies used first-generation LED
curing units, which have lower power than somehefd¢econd- and third-generation LED curing units
used today [23, 26]. Previous studies concludetl gbaond- and third-generation LED lights (L.E.
Demetron 1, SDS/Kerr, Orange, CA, USA and Blue BI@5, Ivoclar Vivadent, Inc., Amherst, NY,
USA) generated the same or similar heat emissioalstamperature rises than QTH lights (VIP,
Bisco, Schaumburg, IL, USA and Cromalux 100, Mebgdik GmbH & Co., KG, Rastatt, Germany)
[18, 23]. This result is different from the usel@iver power density LED units [23]. Hence, heat can
be applied by a QTH or a high energy LED lightelikade in our study.

Ultrasonic excitation is supposed to produce hedttAus to accelerate the setting reaction [20, 29,
30]. But on the other hand, compared to heat agijibic, ultrasonic excitation reduces the void size
verifiable and so the porosity of the cements [3Ble macro-mechanical properties, e.g. compressive
strength are influenced by voids. A reduced vom $h the microstructure of the samples results in
improved macro-mechanical properties [31] compat@dsamples without ultrasonic excitation.
However, the micro-mechanical properties (Vickemrdthess, modulus of elasticity and creep) are
less capable of being influenced by ultrasonic takioin and voids, as the measurements occur on
selected areas of the surface where few voidsrasept.

During the first setting reaction, GICs are vergcaptible to water contamination which results in

inferior mechanical properties [15]. Thus, the cetaehave to be protected by a surface coating to
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maintain water balance of the restorations [15oun study during the first 20 minutes of the sgti
reaction transparent matrix strips were used taksita the coating and protect the cements from loss
or gain of moisture. Since the storage medium wateartificial saliva was proved not to be a
significant factor affecting the mechanical progstof GICs [32], the samples were stored in our
study in distilled water. As cracks were observadte surface of all one week stored samples after
the universal hardness test, new samples fromahe datch were prepared for the one month and
three months measurements. The cracks were caysihipdration during the microhardness test. In
this study the cements were polished right befbee universal hardness test to simplify the test
procedure. Statistically, resin modified GICs shdwe significant difference in hardness means
recorded at four analysed depths (up to 2.6 mm). [@3act that can possibly be explained by the
continuing acid-base reaction and a chemical-fexlical polymerization after the removal of the
light-source and therefore ensure a complete hardesf the material [33]. Also no effect of the
storage medium on the mechanical properties wasrneds [32]. Hence, it can be concluded that the
measured mechanical properties do not depend artiaydar polishing time or depth.

Comparing the differences of the mechanical proggrtithin a material at varying storage times, the
small differences can be partially attributed tooimplete setting after one week compared to one or
three months. Previous studies repotteat the hardness of GICs (e.g. Fuji IX GP) wasificantly
lower at one day than at one week and one monih TA& hardening process occurs after the gelation
phase and involves an increase in strength duleet@dntinued formation of aluminium salt bridges
and increase in the ratio of bound to unbound wg8dt. Storage strengthens the matrix of the
cements and thus, leads to superior mechanicakgrep. However, long-term storage can result in a
decrease in strength as a result from erosion ¢astigzing effect of water [35]. Tartaric acid -
contained in Riva Self Cure and Ketac Molar Aplicapmcreases the stability of the cements [36].
Tartaric acid acts as an accelerator that effdgticreases the amount of aluminium which is
released from the glass [36]. So, tartaric acickkcates the final setting reaction. This factesded

in our study, as the parameter “storage” showedomgust a small significant influence on the
mechanical properties of Riva Self Cure. A high mealue was already achieved after one week and

stayed at a nearly constant value during three Insasibrage.
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Examining and comparing the microstructures, contipos and mechanical properties of cements
some relationships were detected. The settingiogaahd subsequent mechanical properties of GICs
are influenced by the filler size and distributionthie matrix. Small filler sizes in GICs increake t
surface area and provide a greater surface aresciorattack, thereby reducing the setting timg.[37
In this study small glass particles were observethe microstructure of Chemfil Rock and Ketac
Molar Aplicap but their mechanical behaviours dié@ significantly. This may be due to the different
void size and the chemical composition (Table 1)e Tcalcium-aluminium-zinc-fluoro-phosphor-
silicate glass of ChemFil Rock seems less stroag the calcium-aluminium-lanthanum-fluorosilicate
glass of Ketac Molar Aplicap. According to the meaaturer, the zinc-containing glass of ChemfFil
Rock should accelerate the setting reaction ofGhe and thus lead to a higher strength. Previous
studies revealed superior macro-mechanical prazeit@.g. flexural strength) for ChemFil Rock
compared to Riva Self Cure, Fuji IX GP Fast andi&aiter one week and month [32]. However,
ChemfFil Rock showed the lowest values in Vickenslhess and modulus of elasticity [32]. So, the
zinc-containing GIC ChemFil Rock is inferior in timeicro-mechanical properties compared to the
aluminosilicate glass cements tested. In our stity void size does not influence the micro-
mechanical properties as measurements were acabmplon areas of the specimens with less voids.
Previous studies approved that Ketac Molar Easyiik ESPE, Seefeld, Germany) and Fuji IX (GC
Europe N.V., Leuven, Belgium) performed better e tmechanical properties (wear resistance,

Knoop hardness, flexural and compressive stremgtmpared to Riva Self Cure after 24 hours [38].

Conclusions

Statistical analysis revealed that heat applicasbowed no effect on the mechanical behaviour of
ChempFil Rock, Fuji IX GP Fast and Equia at all ggiime The mechanical properties were basically
influenced by the type of cement. The impact ofegle duration was lowickers Hardness, modulus

of elasticity and creep resistance increased noosEliemFil Rock and Equia up to one month storage.
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2.2. Effect of gloss and heat on the mechanical behour of a glass carbomer cement

Abstract

Objectives:The effect of gloss and heat on the mechanicahdebr of a recently launched glass
carbomer cement (GCP, GCP dental) was evaluated@ngared with resin-modified glass ionomer
cementgFuji Il LC, GC and Photac Fil Quick Aplicap, 3M BE).

Methods:120 bar-shaped specimens (n=20) were producedtamsed in distilled water at 37°C and
tested after one week. The GCP specimens were aitie@dnd without heat application and with and
without gloss. The flexural strength and moduluselafsticity in flexural test as well as the micro-
mechanical properties (Vickers Hardness, indematodulus, creep) of the top and bottom surface
were evaluated. The amount and size of the fillo&ls and cracks were compared using a light and a
scanning electron microscope.

Results:In the flexural test, the resin-modified glassdorer cements performed significantly better
than GCP. Fuiji Il LC and Photac Fil (Weibull pardaete17.7 and 14.3) proved superior reliability in
the flexural test compared to GCP (1.4 - 2.6). Tighest Vickers Hardness and lowest creep were
achieved by GCP, whereas Fuiji Il LC reached thé&dsg indentation modulus. The results of this
study proved that relationships exist between tbmpositions, microstructures and mechanical
properties of the cements.

ConclusionsHeat treatment and gloss application did not arite the mechanical properties of GCP.
The mechanical properties were basically influermethe type of cement and its microstructure.
Clinical significance:Considering the measured mechanical propertiese thao need of using gloss

or heat when restoring teeth with GCP.

Introduction

During the last few years, a new glass ionomerdbasstorative material had been developed: glass
carbomer. GCP is a fluorapatite-containing glasbaraer cement with powder particles reduced to
nano sizé. GCP and its clinical application are similar tongentional glass ionomer cements
(cGICs), except that heat application is recommdrdigring the setting reaction. According to the

manufacturer GCP sets chemically and is optimisechéat curing. The appendent GCP gloss is a
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silicone-based coat to protect the surface fronosupe to moisture and saliva during the first sgtti
reaction and from dehydration in the second ph#@kes, the manufacturer claims that it leads to
superior product characteristics.

GICs are mainstream restorative materials usediriorg, bonding, luting, sealing or restoring a
tooth? CGICs are acknowledged for their chemical bondingrtamel and dentine, continuing fluoride
release and show no setting shrinkage under din@aditions® * On the other hand, it is subject to
criticism due to its lack of physical strength esphy in the initial stage of setting, the slowririg
reaction and moisture sensitivityTherefore, the low mechanical properties of emistiGICs make
them unsuitable for use in high stress-bearingsamsch as posterior teéthlowever, several studies
recommend, the use of highly viscous cGICs placedingle-surface posterior permanent teeth by
means of the atraumatic restorative treatment (ARIProachbut also in primary teethFatigue
fractures after several years of clinical service a usual cause of failure in GIC restoratidns.
Moreover, the median annual failure rate in postestress-bearing cavities was shown to be high for
glass ionomer cements (7.7%) when compared to amald.1%) or direct resin-based composite
restorations (2.1%).

The quest for a perfect restorative filling matehas been ongoing. Efforts for improvement of
cements had been made in several aspects: metialgsawere added (e.g. Ketac Silver, 3M ESPE,
Seefeld, Germany), resin-modified glass ionomerearegm (RMGICs) were introduced in 1992, the
viscosity was increased by reducing filler sizey(&etac Molar, 3M ESPE, Seefeld, Germany) and
recently, glass carbomer cement had been devel8pét Furthermore, the incorporation of
nanoparticles (nanohydroxyapatite and nanofluoi@)ainto cGICs showed an improve of their
mechanical behaviour and bond strength to deftiG@mpared to cGICs, RMGICs are characterised
by having a longer working time, a rapid set, imyai aesthetic appearance and translucency and an
increased early strength** The longevity and strength of cements partly ddp@mtheir mechanical
properties. Although the mechanical properties @b mecessarily represent the cements’ actual
clinical performance, they are used to guide tifeced of changes in the composition or application

processing on these properti@$urthermore, laboratory and in vivo tests mighphae clinician to
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choose the right material once comparisons bet@ener formulations and new ones, as well as,
with the leading brand, are highlight&d.

Besides, in order to improve the mechanical pragerapplication of ultrasonic or heat energy to
cGICs can be used so that the cement sets “on codirtfaThe compressive strength of heat treated
cGICs showed an increase compared to the stand#idgsreaction of the material at early curing
time® An obvious relationship between temperature of sheples and compressive strength of
cGICs was measuréfilt was observed that raising the temperature @fstirface of the cement to a
maximum of 60°C significantly improved the surfabardness of the material after 24 holrs.
Furthermore regarding glass carbomer, the amouméat is directly associated with the quality & th
cement setting® The use of heat is supposed to accelerate théxriming reaction of cGICS and
GCP™ When using different polymerisation units (e.gafyeno significant difference in the micro-
hardness for the upper and lower surface of the §@Rimens was measurédrurther studies about
glass carbomer concluded that the retention ratglasfs carbomer was comparable to Helioseal F
(Ivoclar Vivadent, Ellwangen, Germany) after six mtits of clinical trial (retention rate: 100%°).
Glass carbomer showed lower microleakage values fist setting cGIC (Fuji IX GP Extra, GC,
Leuven, Belgiumf! Besides, the flexural strength of glass carbori22 9 + 9.9 MPa) was higher
compared to cGICs (Fuji IX GP Fast, GC, LeuvengBeh (57.85 + 7.54 MPa)) after 24’tand GCP
showed significantly higher shear bond strength7{M8Pa) comparing to cGIC (6.7 MP&)Thus,
glass carbomer might be a great development arithefuresearch is necessary to confirm its
mechanical properties. Analysing the compressikength of teeth restored with RMGIC, GCP and
cGICs after three weeks, the compressive strengtheoRMGIC teeth was statistically significantly
higher than of GCP and cGI&SIt was concluded that restorations of GCP were fiexcture resistant
than those of cGICS.

It is assumed that the heat emitted by a curingduring polymerisation of a gloss or coating could
additionally positively affect the mechanical prdjes of cements.

The aim of this study was therefore to assessfthet®f gloss and heat on the mechanical behaviour

of a glass carbomer cement and to compare it WMGRCs. Therefore mechanical properties at
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macroscopic (flexural strength and modulus of elagtin flexural test) and microscopic scale

(Vickers Hardness, indentation modulus and creepgwecorded.

The tested null hypotheses were that: i) thereldvba no difference in the measured properties®f t

glass carbomer cement when gloss, heat or botbr&aate applied; ii) glass carbomer cement would

perform similarly to the RMGICs in all propertiesjii) in all materials no differences in the

mechanical properties would be between the topbattdm surface of the 2 mm-specimens.

Materials and methods

Flexural strength and modulus of elasticity in fled test

The three cements used are listed in Table 1 (FWC, Photac Fil Quick Aplicap, GCP), together

with the manufacturer, batch number and composdimmording to the material safety data sheet.

Table 1 -Material, manufacturer, batch number and chemicalgosition of the cements.

GCP 3: gloss, no heat
GCP 4: gloss and heat

Material Manufacturer Batch Chemical composition
no.
Fuji Il LC capsule GC Europe N.V.,| 1109107 | Alumino-fluorosilicate glass,

Leuven, Belgium polyacrylic acid, 2-
hydroxyethylmethacrylate, 2,2,4-trimethy
hexamethylene dicarbonate, triethylene
glycol dimethacrylate

Photac Fil Quick Aplicap | 3M ESPE, 454040 | Natrium-calcium-aluminium-lanthanum-

Seefeld, Germany fluorosilicate glass, 2-
hydroxyethylmethacrylate, difunctional
monomers, activator (amine), copolymef
of acrylic acid and maleic acids, campho
quinone stabilisers (radical captors,
chelating agents)

GCP Glass fill & gloss GCP Dental, 7103067 | Fill: fluoro-aluminosilicate glass, apatite,
GCP 1: no gloss, no heat | Vianen, the polyacids
GCP 2: no gloss, but heat | Netherlands 1104070 | gloss: modified polysiloxanes

They were tested in encapsulated form and in sh8dd.20 bar-shaped specimens (16 mm length, 2

mm width, 2 mm height) were produced out of thee¢hcements by using a stainless steel mould

which was placed on a heater (Prazitherm PZ 34h&ec, Reutlingen, Germany) at 37°C to simulate

clinical conditions (n=20). All products were usadcording to the manufacturers’ instructions and

mixed for 10 seconds with a RotoMix (3M ESPE, Skkf&ermany). The mould was filled with
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uncured cement and covered with a transparent xnatrip (Matrix-Strips, Orbis, Muenster,
Germany) and a glass plate on which a gentle foa® applied to eliminate excess material and to
achieve possibly void free samples. The mould waspnently located on the heater. The samples
were allowed to set for 20 minutes in the mouleéntiyround with grinding silicon carbide paper of
grain P1200 (LECO, St. Joseph, MI, USA) in ordereimove excess material and edge defects.

The RMGIC specimens were polymerised from both ssiflr 20 seconds (LED curing unit,
Bluephase, Ivoclar Vivadent, Schaan, Liechtenst&ith three light exposures, overlapping one
irradiated section no more than 1 mm of the diametehe light guide. For the GCP four different
curing conditions were usedo gloss and no heat application (GCP 1), no dhassheat application
(GCP 2), gloss but no heat application (GCP 3)glads and heat application (GCP 4) (Table 1). The
heat was applied from both sides by using the LEENng unit described above for 20 seconds with
three heat exposures, overlapping one heated seatianore than 1 mm of the diameter of the light
guide.

To simulate clinical conditions the samples werest at 37°C in distilled water for one week and
afterwards the flexural strength was determinedl fihree-point flexural strength test (n=20) acaaydi

to ISO 4049:2009 (Dentistry - polymer-based resteganaterials). The specimens were loaded into a
universal testing machine (Zwick/Roell Z 2.5, Ul@ermany and test Xpert Il software) with a
constant crosshead speed of 0.5 mm/min until thagtdred. During the test, the specimens were
immersed in distilled water at room temperature.

Flexural strengtle was calculated from formula (1).

3FI

(1) g=———
2bh?

F is the maximum load [N], | is the distance betwdbe supports [mm], b is the width of the
specimens [mm], h is the height of the specimema][m
The universal testing machine stored the forcendgubiending and the deflection of the beam in a file

The bending modulusg&.ra Was calculated from formula (2).
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2 E =
flexural 4bh3y

Y is the deflection at load point [mm].

Vickers Hardness, indentation modulus and creep

Randomly selected fragments (n=20) of the specintested in the flexural test were directly
evaluated in the universal hardness test. Pritihnéaneasurement, the surface of the specimens were
ground with grinding silicon carbide paper of gr&a500 and P4000 (Hermes, Virginia Beach, VA,
USA). So a surface layer of approximately 100 prs elaninated. Measurements were made with an
automatic microhardness indenter (Fischerscope Gl0&scher, Sindelfingen, Germany). The
Vickers Hardness, indentation modulus and creetheftop and bottom surface were determined
(n=10). The measuring system used for this studscfierscope H100C) is designed to measure the
universal hardness according to DIN 50359-1:199162¢}esting of metallic materials-universal
hardness test-part 1: test method) by documentaigevpairs of load and indentation depth. A
diamond indenter in shape of a right pyramid witbgaare base and an angle 136° between the
opposite faces of the vertex (Vickers pyramid) vpmessed vertically into the surface of each
specimen. The test procedure was carried out fovogrolled, where the increased and decreased of
the test load happened at a constant speed betveaN and 500 mN. Value pairs of load and
penetration depth of the indenter were continuotestprded during both loading and unloading. Due
to the known geometry of the Vickers pyramid, tmévarsal hardness [HU] was calculated by the
guotient of the test load [F] and the indentatiarface [A] generated under load: HU = F/A. From a
multiplicity of measurements stored in a databagmgpled by the manufacturer, a conversion factor
between universal hardness and Vickers Hardnesscelaslated and fed into a software (WIN-
HCU®, Fischer, Sindelfingen, Germany), so that meawent results were indicated in the more
familiar Vickers Hardness units. The elastic ind¢ioh modulus, which can be compared to the
modulus of elasticity, could be detected from tlope of the tangent of indentation depth curve at a
maximum force of 500 mN. While constantly holdinge tmaximal test load for 5 seconds, the

changing indentation depth at constant test lodit@tes the measure for creep. 20 specimens of each
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group were examined, 10 times the top and 10 tithesbottom surface. Six indentations were

accomplished on each specimen making a total ohé&@surements on each surface.

Statistical analysis

The Kolmogoroff-Smirnoff test was applied to verifythe data was normally distributed. Results
were compared using one and multiple-way ANOVA dndkey HSD post hoc-testi(= 0.05). A
multivariate analysis (general linear model withtiad eta-squared statistics) assessed the effébeo
parameters “material” and “surface” on the congdeproperties. An independent t-test additionally
analysed the differences in micro-mechanical priggebetween the top and bottom of the specimens
(SPSS Inc.; Chicago, IL, USA, Version 19.0). Beside Weibull analysis was performed for the

flexural strength data (Fig. 1(a and b)).
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Figure 1 - Weibull analysis for the cements. The Weibull pagganm is indicated.
(a) Fuji Il LC, GCP 1 and GCP 3 and (b) PhotacGI{LP 2 and GCP 4.
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A common empirical expression for the cumulativelyability of failure, P, at applied stress is the

Weibull model:

P (g,) =1-ex —(ﬂj
o

0

where g, is the measured strength, m the Weibull modulu$ ay the characteristic strength,

defined as the uniform stress at which the prolghof failure is 0.63. The double logarithm of ghi

expression gives:

1
InIn——=miIno, -min g,

By plotting In In(1/(1-P)) versus lg, a straight line results, with the upward gradientwhereas the

intersection with the x-axes gives the logarithnthef characteristic strength.

Light microscope and scanning electron microsc&@y\) analysis

When measuring the micro-mechanical behaviour stivéace of all specimens was observed in the
light microscope of the universal hardness devide size and number of voids and cracks were
compared. After testing the micro-mechanical progerthe surface of the cements was studied in an
electronic microscope (SEM, Zeiss Supra 55 VP, Zaids AG, Oberkochen, Germany) using a back-
scattered electron image. For the examination, specimen was randomly selected from each
cement, mounted on a metallic stub and the uppediac was studied, using a standardised
magnification of 5000x (Fig. 2(a-c)). The size, amband distribution of the glass fillers in the

specimens were compared to investigate the efééetscrostructure on the mechanical properties.

Results

Flexural strength and modulus of elasticity in fled test

In the ranking of the mean values of flexural sgten(Table 2) the RMGICs, Fuiji Il LC and Photac Fil
reached the highest values (61.8 MPa, 58.0 MPajlewBCP exhibited only one sixth of the

maximum flexural strength of these series (9.5.14 MPa).Post hoc multiple pairwise comparisons
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with Tukey's HSD test (p < 0.05) found two cleasgparate, homogeneous subgroups. This also
proves that GCP offered significant lower meandlefural strength without differences within the
four GCP groups. Different results were observeghrding the moduli of elasticity in flexural test.
GCP and Fuji Il LC offered the highest modulus lesécity (3.8 - 4.8 GPa), while Photac Fil showed

the lowest mean value (2.6 GPa).

Table 2 -Macro-mechanical properties.

Material FS Eiexural m

FujillLC | 61.8(4.2) | 4.2°(0.5) 17.7
Photac Fil | 58.00 (4.9) | 2.6 (0.8) 14.3
GCP 1 10.7(3.6) | 3.8 (1.0) 2.6
GCP 2 9.7°(5.2) | 4.8 (0.7) 1.5
GCP 3 9.7°(5.8) | 4.2°(1.2) 1.4
GCP 4 9.5°(6.1) | 4.8 (0.9) 1.4

Flexural strength (FS, MPa) and modulus of elastici flexural test (key.a» GPa) in mean values and standard deviations
(in parentheses). Superscript letters indicatassitally homogeneous subgroups within a columnkéis HSD testa =
0.05). The Weibull parameter m is indicated.

Weibull analysis for the flexural data is listedTiable 2 as well and Fig 1(a and b) show the Weibul
analysis for the flexural strength data of the aetsieéWith a Weibull parameter of 17.7 and 14.3j Fuj

Il LC and Photac Fil proved superior reliability ime flexural test, whereas GCP achieved a Weibull
modulus of only 1.4 - 2.6. Low differences betwéles four GCP groups are indicated which are not

significant.

Vickers Hardness, indentation modulus and creep

In the universal hardness test the values of tloe&érs Hardness varied between 57.9 - 68.5 N/mm?
(Fuji I LC and GCP) and 45.5 - 48.6 N/mm?2 (PhoEb (Table 3). Also, the highest indentation
moduli were achieved by Fuji Il LC and GCP (14.93.4 GPa), while Photac Fil reached the
minimum value. The percentage of creep measuréukininiversal hardness test varied between 3.6 -
4.2%(GCP) and 5.0 5.6% RMGICs). No significant differences between therf@CP groups were

detected.
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Table 3 -Micro-mechanical properties.

VH:
Material Top Bottom p
Fuji Il LC 63.4 (6.9) | 57.§ (4.4) | 0.05(NS)
Photac Fil | 48.6' (4.4) | 45.5 (7.2) | 0.27 (NS)
GCP 1 67.4 (4.9) | 64.7°(5.7) | 0.27 (NS)
GCP 2 62.3 (4.3) | 67.§ (6.8) | 0.04
GCP 3 67.6 (3.5) | 63.8°(3.5) | 0.01
GCP 4 65.7 (5.3) | 68.5 (3.7) | 0.19 (NS)
E:
Material Top Bottom p
Fuji I LC 149 (1.1) | 14.3(0.6) | 0.16 (NS)
Photac Fil | 12.8 (1.0) | 13.2 (1.7) | 0.45(NS)
GCP 1 14.3°(1.0) | 13.8(0.8) | 0.25(NS)
GCP 2 13.4(0.9) | 14.5(0.8) | 0.01
GCP 3 14.6°(0.4) | 13.4(0.7) | 0.00
GCP 4 14.2°(1.0) | 14.4(0.8) | 0.54 (NS)
Cr:
Material Top Bottom p
Fuji I LC 5.1 (0.4) 5.6 (0.3) 0.76 (NS)
Photac Fil | 5.6 (0.3) 5.4 (0.4) 0.36 (NS)
GCP 1 3.6" (0.3) 3.9 (0.4) 0.05 (NS)
GCP 2 4.7 (0.2) 3.8 (0.3) 0.00
GCP 3 3.8 (0.2) 4.2 (0.3) 0.00
GCP 4 4.1 (0.1) 4.1 (0.2) 0.78 (NS)

Vickers Hardness (VH, N/mm?), indentation modulls GPa) and creep (Cr at 500 mN, %) of the top antbin surface in
mean values and standard deviations (in parenthe&agserscript letters indicate statistically homiogous subgroups within
a column (Tukey's HSD test, = 0.05). A t-test analysed differences as functbrthe top and bottom (p, NS = non-
significant).

Influence of material and surface on Vickers Hasinendentation modulus and creep

The multivariate analysis indicated that the matetiad a significant influence on the micro-
mechanical properties, whereas the surface (tdg@tbom) showed no influence. The highest effect of
the material was observed by creep (eta-square85),Gollowed by Vickers Hardness (0.66), while
the effect of the material on the indentation madulas lower (0.23). In the t-test no difference in

micro-mechanical properties between the top antbbwsurface of Fuji Il LC, Photac Fil, GCP 1 and
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GCP 4 was detected, whereas the top and bottormcsuof GCP 2 and GCP 3 differed significantly (p

= 0.00 - 0.04) (Table 3).

Light microscope and SEM analysis

Comparing the samples in the light microscope ef whiversal hardness device, cracks and voids
were ubiquitously observed within the matrix of eiments. The number of voids and cracks was
generally greater for GCP than for RMGICs. In tHeMSthe RMGICs, Photac Fil and Fuji Il LC
showed a similar surface morphology: large glassighes were observed in the microstructures

compared to GCP. The surface texture of Fuji lldar@ GCP contained more fillers than Photac Fil.
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and (c) GCP.

Figure 2 - SEM images of the cements (a) Fuji Il LC, (b) Phdtd,
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Discussion

In vitro studies allow the analysis of selectedialzles for a better understanding of materials’
behaviour as well as the forecasting of its perforoe. Even when presenting some limitations,
compared to clinical conditions, in vitro studies aecessary to provide important data of new dlenta
materials> GICs are clinically attractive dental materialsdahe requirement to strengthen these
cements has led to an increasing research effrtr@inforcement and strengthening concepts. The
present study analysed the effect of gloss and dredlhe mechanical behaviour of a glass carbomer
cement. In addition, the mechanical properties wesepared to well-known RMGICs. In all
materials the top and bottom surfaces of the cesngete examined.

Heat treatment and gloss application did not infagethe mechanical behaviour of GCP after one
week. Due to their moisture sensitivity, cements fiequently said to be technique sensitive. To
maintain the water balance in cements, the suiddeenewly placed restoration should be protected
from water loss and also from water g&irmtherefore, on the one hand using GCP gloss helps t
protect the material from desiccation and on theeiohand it helps modelling and polishing fillings.
Protecting cGICs (Riva Self Cure, SDI Limited, \Gdh, Australia; Chemfil Rock, Dentsply,
Konstanz, Germany; Fuji IX GP Fast, GC Europe NReuven, Belgium; Equia, GC Europe N.V.,
Leuven, Belgium) with a coating resulted in a digant higher flexural strengtff, whereas gloss
application showed no influence on the mechaniaabiour of GCP. The reason might be a
difference between chemical compositions and thiffgerent moisture sensitivity of the cements.
GCP gloss is monomer free and consists of modjagsiloxanes (Table 1), whereas coatings used
to protect cGIC mostly consist of acrylic or mettydic monomers which can be polymerised
according to the manufacturer.

Also, heat treatment with an LED curing unit sinting clinical viable conditions showed no effect on
the mechanical behaviour of the glass carbomer eerbe use of heat is supposed to accelerate the
matrix-forming reaction of cements.!* While some studies have reported positive effettseat on
mechanical properties of cGI¢%,'" other studies indicated that different polymei@atunits (e.g.
heat) did not influence the strength of GCP (Elipagelight, 3M ESPE, Seefeld Germany, 1000

mW/cnt; Bluephase, Vivadent, Schaan, Liechtenstein, 1A0@/'cnt and Bluephase 16i, Vivadent,
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Schaan, Liechtenstein, 1600 mWA Using different polymerisation units did not sheignificant
difference in the micro-hardness for the upper lameer surface of the specimens tested after 24 h
storage in 100% humidity. Heat treatment increased the micro-hardness o€sGifter 24 H’
whereas no effect of heat on the mechanical bebnabGCP was measured. On the one hand, this
fact can again be explained by a difference betwa®#mical compositions. The GCP gloss is
monomer free, whereas coatings used to protect a@dStly consist of monomers which can be
polymerised and thus assure a better isolationpastéction from exposure to moistuf@n the other
hand, prior to the universal hardness test the Emmypere ground with grinding silicon carbide paper
and thus, a surface layer of approximately 100 pas wliminated. This was done to allow a
comparison with real clinical conditions, sincepatients, after the cement is cured, the fillingsmu
also be polished.

One disadvantage of GCP is the high viscosity coethéo the RMGICs. Filling the mould or teeth
with GCP and producing exact samples and dengagfllis harder compared to the RMGICs which
can flow easier under pressure. In this study #mpses were stored in distilled water and not in
saliva as saliva storage showed no influence onnikehanical properties of cGIEsA visual
inspection of the prepared GCP samples by usingrresparent gloss revealed no surface cracks
compared to the samples without gloss. The craeke waused by dehydration as the surface of the
cement was not protected by gloss. However, tlpe@svas not significant reflected in the measured
mechanical properties.

GCP is self-curing and therefore chemically simiarcGICs. Nevertheless, in our study GCP was
compared to RMGICs as the macro- and micro-mechbproperties of cGICs were already analysed
in a similar study. A comparison between GCP andCsGs given below. A high flexural and
compressive strength is desired which enhanceptigevity of a GIC by withstanding mastication
forces™ The modulus of elasticity is an important parameggause it is a measure of the ability of a
material to resist elastic deformation during loadf As it is determined by bending forces between
atoms, the modulus of elasticity is the most stmectsensitive of the basic material properties.
Therefore, it is a useful parameter to follow owee changes within a material or to compare

materials among each otH&Regarding the macroscopic mechanical properti€? &as inferior to
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the tested RMGICs after one week of storage. Tesfied 24 h, the RMGICs analysed in our study
(Fuji I LC Improved, Photac Fil) were shown to fmem significantly better when compared to cGICs
(Fuiji I1X, GC, Leuven, Belgium and lonofil Molar, @baven, Germanyy. Due to the snap resin
crosslinking upon photo-polymerisation of RMGICsewous studies also reported a two to three
times higher compressive strength compared to c@iCmitial setting stage of the first 24%h.
Comparing GCP to cGICs (Riva Self Cure, Chemfil RdEuji IX GP Fast and Equia) a higher
flexural strength was observed for cGICs (14.3.43@Pa) measured at the same storing condffion.
However other studies reported at earlier stagéh{2dhigher flexural strength for GCP than for €GI
(Fuiji IX GP Fastf? a fact that might be attributed to the nano plegiin the GCP structure and thus,
an accelerating setting reaction due to an inccettal filler surface. Analysing only the meanued
and standard deviations for the strength of inhanegus materials does not offer sufficient
information. For this reason the Weibull analysisthe flexural strength was added where the degree
of dispersion m (Weibull parameter) shows the hoeneity of materials. High m parameters provide
superior reliability. Thus, the measured RMGICs avproved to be more reliable compared to the
GCP, irrespective of an additionally gloss or hemtditioning.

Conversely to the flexural test, the parameterdyaad in the universal hardness test for GCP were
superior to the RMGICs. In comparison to cGICs éRBelf Cure, Chemfil Rock, Fuji IX GP Fast and
Equia)?’ GCP offers poor mechanical properties. GCP showeldwer Vickers Hardness and
indentation modulus than cGICs (VH: 66.8 - 125.enM#; E: 17.1 - 25.7 GPa) measured at the same
storing conditiong’ The relative indentation depth at a constant lest of 500 mN held for 5
seconds is a measure for the creep of a materithhaather important characteristic to evaluate the
mechanical properties of a material. With a relativdentation depth of 3.6 - 4.2%, GCP offered more
stability under load than RMGICs (5.0 - 5.6%).

Differences in mechanical behaviour exist betwe8GRCs and GCP but the mechanical properties
did not differ between the upper and lower surfaicBhotac Fil, Fuji Il LC and GCP groups 1 and 4.
The small differences between top and bottom sartdcGCP groups 2 and 3 might be a result of

varying room temperature and moisture conditiominduyproducing the samples.
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The results of this study proved that relationsl@pst between the composition, microstructure and
mechanical properties of the cements. The RMGI@shed a significantly higher flexural strength,
whereas GCP generally achieved higher values dfevicHardness and lower values of creep. The
larger glass particle sizes, less voids and cratkBe RMGICs resulted in higher values of flexural
strength. Toughness of materials is related tokcsime and crack size is related to microstructural
features (e.g. filler size and porosity) and caitito the effective value of toughness (e.g. freetu
resistance§’ The smaller glass particle sizes of GCP were tige with higher Vickers Hardness
and lower creep. The nanoparticles increased thetive surface of GCP and thus, led to a higher
hardnes$? Fuji Il LC and GCP achieved a significant highesdulus of elasticity in flexural test and
indentation modulus than Photac Fil. More gladerfibarticles in the surface texture in Fuji Il la@d
GCP resulted in higher values of modulus of elagtio flexural test and indentation modulus. The
chemical composition and different polymers maydnether possible reason for the variations in
mechanical properties of the cements tested. Adletltements consist of different silicate glasses b
the RMGICs Fuiji Il LC and Photac Fil also contaimmomers which can be polymerised (Table 1)
contributing thus to significantly higher flexursttength due to the dual-curing system.

During the last few years concerns have been ramsgarding the biocompatibility of the RMGICs.
Filing and sealing material including RMGICs oftenontains the toxic (co)monomers
hydroxyethylmethacrylate (HEMA), triethyleneglycottethacrylate (TEGDMA), urethanedimeth-
acrylate (UDMA) and bisglycidylmethacrylate (BisGM& The resin (co)monomers may be released
from restorative dental materials and can diffus® ithe pulp, the gingiva, the saliva and the
circulating blood”® Numerous cytotoxic responses to dental composgias have been describ¥dt

can lead to a variety of adverse biological efféantghe patient, from persistent inflammation to
sensitisation and potential allergic reactidh$here are potential problems of long-term exposare
HEMA in particular for dental personn&l.Besides contact dermatitis and other immunological
responses, HEMA is volatile and its vapour can dmdity inhaled, causing adverse reactions in the
respiratory systenr. One advantage of GCP and cGICs is that it is bigedible and monomer free
compared to RMGICs. Besides, RMGICs are considerggroduce an exothermic setting reaction

and thus, a greater temperature rise than cGHewvever, this fact has not been shown to be écalin
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issue’ Clinically, RMGICs and cGICs are used in similadications. Due to the rapid set, RMGICs
are more attractive in patients with low complianise children® On the other hand, the higher

fluoride release is one major argument for theaiseSICs in high caries risk patienfs.

Conclusions

Several attempts in improving the mechanical behavof cements were made. In this study, no
effect of heat treatment and gloss applicationhennbechanical properties of GCP was measured. The
mechanical properties were basically influenced thg type of cement and its microstructure.
Macroscopically, the RMGICs performed significanigtter than GCP. Conversely, in the universal

hardness test GCP was superior to the RMGICs.
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