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1 Einleitung

Als Fullungsmaterialien stellen Glasionomerzemer{telZ) in der modernen
Zahnmedizin eine effiziente Moglichkeit dar, Zahwikd@ten temporar zu versorgen.
Durch vorteilhafte klinische Eigenschaften dieseménte, wie beispielsweise ohne
zusatzlichen Haftvermittler und jeglicher Konditierung des Zahnschmelzes und der
Dentinoberflache eine chemische Verbindung mit d&gahn aufzubauen, sowie eine
gute antikariogene Wirkung durch kontinuierlicheudtidabgabe, als auch die gute
Biokompatibilitdt und einen niedrigen thermischensdehnungskoeffizienten, stehen
diese Materialen fir eine verlassliche Methode empordre Versorgungen in der
taglichen Praxis durchzufuhren [1-5]. Den Vorteiltgr GIZ stehen jedoch erhebliche
Nachteile und Einschrdnkungen gegeniber. Kompriematide mechanische
Eigenschaften wie Sprodigkeit, geringe Biegefestigkhoher Oberflachenverschleil3,
hohe Porositat, und eine grofe Empfindlichkeit gébger Diskrepanzen zwischen
Wasseraufnahme und Wasserabgabe in der frihen Awsdsphase, wirken bereits
erwahnten positiven Eigenschaften limitierend egege [5, 6]. Gerade die
Biegefestigkeit, spielt eine besondere Rolle beai mechanischen Charakterisierung
eines GIZ [7, 8] und ist vor allem aussagekraftigHinblick auf die Langlebigkeit des
Zements. Die Verwendung einer Oberflachenversiegelfilhrte in einigen bereits
durchgefuhrten Studien zu der Annahme, dass GlZ¢hdeinen dadurch deutlich
reduzierten Einfluss von Wasser auf die Oberflagestarkt werden kdnnen [9, 10]. In
der ersten Phase der Aushéartung von GIZ, werdeachsh Calcium lonen und spater
auch Aluminium lonen aus dem Ca-F-Al-Si-Glas hegelisst [11]. Das Material
unterliegt in dieser Zeit einem hohen Risiko derhyafatation. Unter klinischen
Bedingungen bedeutet dies, dass Veranderungen dsseWiaushaltes grol3en Einfluss

auf die finalen Eigenschaften der Restauration mdtismnen [5]. Die unverzlgliche



Applikation einer Oberflachenversiegelung auf ddZ Gat hierbei gezeigt, dass der
Einfluss von Wasser auf die Zementoberflache lemitiverden kann. Somit wirkt die
Oberflachenversiegelung  unterstitzend fir das @dewicht zwischen
Wasseraufnahme und Wasserabgabe, was zu bessaisohkin Resultaten fuhrt [9].
Zusatzlich zur Entwicklung von Oberflachenversieggen aus Polymerbasis, versucht
man sowohl durch variierende ZusammensetzungenGauinetrien der Glaspartikel,
als auch durch unterschiedliche Zusammensetzunget Kombinationen der
Polyacrylsauren, bessere Uberlebensraten fir Glizvigen in Regionen mit hohen
Kaubelastungen zu erlangen. Durch ein kirzlichdeuf Markt gebrachten GIZ soll die
Verwendung einer Oberflachenversiegelung bei dieZement hinfallig werden. Es
wird postuliert, dass der Oberflachenschutz keimebessernde Wirkung auf das
Produkt hat. Der Ansatz bei der Entwicklung desiwrativen GIZ war, ein Material mit
einer neuen chemischen Zusammensetzung der Glaskdna der Acrylsauren zu
schaffen. Das neue Material enthalt Zink als madifendes Element in der
Glaskérperzusammensetzung. Dadurch soll eine bmsulgkte Aushartereaktion in
Kraft treten, die bei gleicher Bearbeitungszeit #pplikationstechnik, auch ohne das
abschlielBende Auftragen einer Oberflachenversiegelzu besseren mechanischen
Eigenschaften bzw. zu gréRerer Stabilitat fuhrdh[$@]. Die Wirkung von Zinkoxid
als modifizierendes Element in der Vernetzung deraden Glaskorpern herausgeldsten
lonen mit der Polyacrylsdure, konnte in einer fréhe Studie [13] nachgewiesen
werden. Ebenfalls wurde beschrieben, dass mit estdgy Menge an Zink die
chemische Reaktion innerhalb des Zementes versiéarit[14]. Dass sich lUber einen
langeren Zeitraum (z.B. innerhalb von 12 Monaterjgliche Veréanderungen von
mechanischen Eigenschaften wie z.B. Oberflacheeh®tuck- und Zugfestigkeit

einstellen, wurde bereits in Langzeituntersuchungem kunststoffmodifizierten GIZ



und herkémmlichen GIZ nachgewiesen [15-17]. Ein&Z Gtudie auf Basis einer
hochauflosenden Aluminium Festkorper-Kernresonagkdspskopie mit Prorotation
um den magischen Winkel (Al MAS-NMR Spektroskodi&}] hat Gber die Dauer von
einem Jahr herausgefunden, dass die Zusammensetasagirspringlichen Glases
einen beachtlichen Effekt auf die Aushartung des Idt. Die Beobachtungen konnten
die Entstehung eines Aluminiumkomplexes mit Kooadliionszahl sechs erfassen, der
die Carboxylgruppen in den Polyacrylsduren vernddréser Komplex resultiert aus
einer Umformung eines Aluminiumkomplexes mit derokdinationszahl vier. Mit
Fortschreiten der Aushartung entstehen somit mail mehr Komplexe mit
Koordinationszahl sechs, die sich folglich oktaschi anordnen und die
Carboxylgruppen der Polyacrylsduren vernetzen. @ukiennte innerhalb dieser Studie
gezeigt werden, dass Phosphor ebenfalls groRetu&snauf die Aushartereaktion von

GIZ hat.

Ein weiterer wichtiger Aspekt der berticksichtigtrden muss, ist der Einfluss auf die
mechanischen Eigenschaften durch das direkte Unde$dGIZ in einer Zahnkavitat,
also den Zahnschmelz und das Dentin. Zu nennennwarenaustauschprozesse, die
zwischen dentalen Zementen und dem Hydroxylapatih Wentin und Schmelz
stattfinden und dadurch die Bindungsstarke beeisfin kdonnen [19, 20]. Ebenso
wurde diskutiert ob eine mogliche Dissoziation dernetzten Polycarboxylatgruppen
aufgrund von Diffusion von Wasserstoff-lonen stattét [21]. Hierbei kdnnte der
Diffusionsvorgang durch die unterschiedlichen Idwazentrationen zwischen dem
benachbarten Umfeld und der GIZ Matrix gesteuertdee [21]. Des Weiteren konnte
in einer Rontgenphotoelektronenspektroskopie (XS Bildung einer Ubergangszone
zwischen GIZ und Dentin gezeigt werden, die durelgemseitige Diffusion von den

Zement und Dentin aufbauenden Elementen zustandemko Hierbei wurde die



lonendiffusion aufgrund der unterschiedlichen at@naVerhaltnisse zwischen GIZ

und der Ubergangszone in Gang gesetzt [22].

Hinsichtlich der vorgestellten wissenschaftlicherus@inandersetzungen mit der
Thematik der GIZ stellt sich also die Frage, obtéedn wie Zahnhartsubstanz (Dentin
und Zahnschmelz), Fullungsoberflache oder die cbemei Materialzusammensetzung
beeinflusst werden mussten bzw. modifiziert werki@énnten um diese Materialen auch
als langerfristiges Fillungsmaterial einsetzen @onen. Dabei ist es zusatzlich wichtig
zu verstehen, ob es z.B. durch eine natirliche néedung der chemischen
Zusammensetzung des Zements durch den Einflus®eatin zu Verdnderungen der
mechanischen Eigenschaften kommt. Die Bedeutungt ldarin, zuklnftig einen

Zement zu entwickeln, der schnell und unkomplizieat verarbeiten ist, weniger
Anfalligkeit gegenuber wassrigem Milieu zeigt undeighzeitig einen guten und

stabilen Verbund mit der Zahnhartsubstanz eingéda@m, um damit insgesamt langer

als bisher mdglich als Restauration erfolgreiclseun.

Die vorliegenden Studien befassten sich folglicht mier Analyse mechanischer
Eigenschaften von traditionellen und innovative GBesonders der mogliche Einfluss
auf die mechanischen Eigenschaften durch untedicthe Lagerungsmedien, durch
eine alternative chemische Formulierung fir GlAvisodurch eine aus Polymerbasis
bestehende Oberflachenversiegelung als sinnvolldserfdchenschutz, wurden
Uberpruft. Zudem wurde durch klinisch simulierte dBgungen anhand von 200
Zahnkavitaten analysiert, ob mégliche Veranderurdgmmechanischen Eigenschaften
von GIZ Uber definierte Zeitperioden bis hin zuesimJahr stattfinden. Hierbei wurden
zusatzlich mechanische Eigenschaften der direktegelbung der Restaurationen, also
der Grenzbereich zum Dentin sowie das Dentin ah sitersucht. Im Zuge dessen

wurde auch besonders die atomare Zusammensetzungefd® Fillungsanteile der



GIZ untersucht und diese mit den weiter an der {Hdre liegenden Fullungsarealen
verglichen, um gegebenenfalls daraus Schliissediauualitat der Verbundfestigkeit

der Zemente zum Dentin zu ziehen.

Ein erster Schritt sich dem Ziel von stabileren @rzunahern, war es, wie bereits oben
erwéahnt, durch die Veranderung der chemischen Zosarsetzung eines GIZ, namlich
durch die Zugabe von Zink und einer modifizierteslyBcrylsdure, einen innovativen
Zement zu entwickeln, der sich ohne jeglichen Q&ehenschutz bei hoher
Anwenderfreundlichkeit benutzen lassen soll unsg@samt durch bessere mechanische
Eigenschaften langfristig zu héherer Stabilitatréih soll. Dieser Zement, entwickelt
von der Firma Dentsply DeTrey und heute bereitsdemi Markt eingefuhrt, spielte in
den beiden Studien eine zentrale Rolle. In der eerstStudie, die unter
Laborbedingungen durchgefihrt wurde, lag das Paieiin der Bestimmung eines
klinisch relevanten Lagerungsmediums zur Simulatikimischer Bedingungen.
Untersucht wurde der Effekt von destilliertem Wass&l kiinstlichem Speichel auf die
makro-  [Biegefestigkeit (FS) und  Elastizitatsmodul(E-Flexural)] und
mikromechanischen [Vickersharte (VH) und Eindringiub (E)] Eigenschaften
verschiedener Zemente nach kurzen (eine Woche) landeren (ein Monat)
Alterungsintervallen. Der innovative zinkmodifizier GIZ wurde somit mit drei
traditionellen Aluminiumsilikat-Zementen verglichenDie Tests fanden unter
unterschiedlichen  Bedingungen statt. Die Proben demr jeweils mit
Oberflachenversiegelung (Applikation eines dinnewckies auf Polymerbasis auf die
Zementoberflache) bzw. ohne Oberflachenversiegelkmuditioniert. Des Weiteren
wurde jeder der vier Zemente sowohl in destillierté/asser als auch in kinstlichem
Speichel gelagert. Als Lagerungszeiten wurden ¥&ilmehe und ein Monat gewahlt.

Obwohl der Hersteller des innovativen Zements diepplkation einer



Oberflachenversiegelung als irrelevant fir die tueig des Produkts ansieht, wurde
auch fur dieses Material eine experimentelle Okehfénversiegelung, die vom
Hersteller gestellt wurde, benutzt, um jedes Matenmter den gleichen Bedingungen zu
analysieren. Es galt herauszufinden, ob der neded@Gich seine innovative chemische
Zusammensetzung mechanische Vorteile gegenibdrat#tionellen GIZ aufweist um

z.B. in Zahnkavitaten, welche unter hoher Kaubalagtstehen, langer Bestand zu

haben.

Die makromechanischen Eigenschaften FS und E-Ré&Xn=20) wurden innerhalb
einer Drei-Punkt-Biegeversuchsanordnung mit einemnivéisalhartemessgerat
ermittelt. Aus der Versuchsanordnung mit den upteesllichen Bedingungen
resultierten insgesamt 32 Versuchsgruppen. 620ch@biormige Proben mit den

Mafl3en 16x2x2mm wurden im Rahmen der Studie helgastd benutzt.

Die mikromechanischen Eigenschaften VH und E wurdé@rden Fragmenten der beim
Dreipunkt-Biegeversuch verwendeten GIZ-Stabchenitein Pro Versuchsgruppe
wurden 10 zufallig ausgewdahlte Fragmente (alsoesamt 320 Fragmente) gewahlt
und dabei innerhalb dieser Gruppe 60 Messungenhdaféhrt. Hierbei wurde ein

Mikroh&rtemesssystem zur automatisierten Mikrol#sémmung benutzt.
Folgende Arbeitshypothesen wurden formuliert:

a) Das neue GIZ erzielt ahnliche Ergebnisse beirmalS und E-Flexural) und

mikromechanischen (VH und E) Eigenschaften im \&ofl zu den traditionellen GIZ.

b) Die Applikation einer Oberflachenversiegelund di¢ G1Z hat keinen Einfluss auf

die oben erwéhnten mechanischen Eigenschaften.

c) Die Lagerungszeit von sowohl einer Woche alshaemem Monat wird die

mechanischen Eigenschaften nicht beeinflussen.



d) Die Lagerung der GIZ in destilliertem Wasser\ergleich zu kiinstlichem Speichel

wird zu ahnlichen Ergebnissen in den mechanischgens&chaften fihren.

Es konnte gezeigt werden, dass das neue Materiaf aflen Bedingungen stets die
hochsten Werte fir die FS erreichte. Der EinfluasreOberflachenversiegelung auf die
FS konnte mit Ausnahme zweier Versuchsgruppen wsgeisamt 32, als signifikant
(p<0,05) festgestellt werden. Die Lagerungszeit hatabhé&ngig von dem

Lagerungsmedium, aul3er einer Ausnahme, keinerfiggmien Effekt auf die FS.

Weder die Verwendung einer Oberflachenversiegelungoch die neue
Zinkformulierung, konnten fur die mikromechanischdgigenschaften Vorteile

generieren.

Durch die Anwendung der Oberflachenversiegelunganjedoch in dieser Studie auch
durch visuelle Inspektion der Proben zu sehen, d&sskelierung und andere
Oberflachendefekte wie Porenbildung deutlich reelizverden konnten, was letztlich
zu besseren mechanischen Resultaten fur die F&irgdfat. Dies galt auch fir den
neuen GIZ und widerspricht der Empfehlung des Ieless, dass ein
Oberflachenschutz keinen Einfluss auf die Leistdeg Produkts hat. Der neue GIZ
kann aufgrund dieser Studie als ein durchaus inh@sMaterial angesehen werden,
dass durch weniger Krakelierung und Oberflacherdiefeine stark verbesserte FS im
Vergleich zu den traditionellen GIZ aufzeigte. Digmnte sich langfristig positiv auf

die Lebensdauer einer GlZ-Fillung in Klasse | undavitaten auswirken.

Dieser unter Laborbedingungen simulierten Studigtdo eine Kklinisch relevante
Langzeitstudie mit einem Beobachtungszeitraum \srzb einem Jahr. Diese in vitro
Studie mit extrahierten Molaren wurde mit den dieic vier GIZ durchgefiihrt die in

der ersten Studie verwendet wurden. Es wurde a@iterdas Ziel verfolgt, den Einfluss



von Langzeitlagerung und die Verwendung einer Q@enenversiegelung auf
mikromechanische Eigenschaften innerhalb 3,5 mnfertie Zahnkavitdten zu
untersuchen. Andererseits lag die Zielsetzung in Aealyse der mechanischen
Eigenschaften der tiefen Fillungsanteile und desrgiingsbereichs zwischen Dentin
und GIZ. Die ausgewdahlten GIZ wurden in mit 3,5 ntef praparierten Klasse |
Kavitaten von 100 extrahierten Molaren applizidder dieser Molaren besald zwei
gleich grol3e Kavitaten gefullt mit dem jeweiligehZGwobei eine der Fullungen eine
Oberflachenversiegelung erhielt, die andere niddie Proben wurden zudem
unterschiedlich lange (eine Woche, ein Monat, ttenate, sechs Monate und ein Jahr)
in kiinstlichem Speichel bei 37° C gelagert. Flej&gitperiode wurden pro GIZ funf
Molaren analysiert. Bevor die mechanischen Eigesiseh der Proben gemessen
wurden, wurden die Zahne in mesio-distaler Richtgegchnitten, exakt durch den
Mittelpunkt der Fullungskavitat, um eine Quersctsfiiche zu erhalten. Daraufhin
wurden die Proben mit einem Mikrohartemesssystemr automatisierten
Mikrohartebestimmung den Tests zur Bestimmung vanh whd E unterzogen. Die
mechanischen Eigenschaften - Vickershéarte (HV) &mbringmodul (E) - wurden
dann in 100 pum Schritten zwischen FullungsoberBacimd tber den GIZ-Dentin
Ubergangsbereich bis 100 um tief ins Dentin hirgémessen. Dies wurde fir jede
einzelne Kavitat zweimal durchgefihrt. Zur weiter&nalyse wurde das integrierte
Lichtmikroskop des Mikrohartemesssystems verweraletRasterelektronenmikroskop
sowie abschliel3end eine Energiedispersive Rontg&trggkopie (EDX) hinzugezogen
um die Menge der unterschiedlichen lonen in allereBhen der Kavitét in Relation zu

allen messbaren Atomen zu erfassen.



Folgende Arbeitshypothesen wurden formuliert:

a) eine einjahrige Lagerung und die Anwendung eiserflachenversiegelung werden

keinen Einfluss auf HV und E der GIZ und der Glzabe Ubergangszone haben.

b) innerhalb eines Materials werden die untersdicieein Kavitatentiefen ahnliche

Ergebnisse fur HV und E aufweisen.

c) HV und E werden nicht durch die unterschiedlithechemischen

Zusammensetzungen der GIZ beeinflusst.

Die statistische Auswertung der Daten zeigte, d#désund E stark vom Material (p<
0,05, partiales eta-quadrgP2 = 0,31 und 0,23) beeinflusst wurden, jedoch gemi
durch die Lagerungszeit (p< 0,082 = 0,02 und 0,12) und Oberflachenversiegelung
(p< 0.05,nP2 = 0,02 und 0,03). Die Fullungstiefe (0 - 2 mma) keinen Einfluss auf
HV (p = 0,789). Eine ca. 300 um breite Zone innkrtieer G1Z, die nahe des Dentins
lokalisiert war, wies schwachere mechanische Egwaften auf als die Werte
oberflachlicher gelegener Fullungsanteile und a¢sWerte, die im Dentin gemessen
wurden. Dies konnte fir alle Fullungen mit und olteerflachenversiegelung und bei
jeder Lagerungszeit, festgestellt werden. Die Diatieser Zone wurde starker
beeinflusst durch die Lagerungszeit (p < 0,682 = 0,081) als durch die
unterschiedlichen Materialtypen (p< 0,02 = 0,056). Die Glaskoérpergrofl3e und deren
Morphologie zeigten in dieser Zone zwar keinen thuieied zu den Glaskérpern in den
oberen Anteilen der Kavitat. Jedoch war der Angeil niederwertigen Kationen in
diesem Bereich hoher, wie die EDX-Analyse ergabe Biudie konnte zum einen
zeigen, dass Klasse | GIZ Restaurationen keinet&antesn mechanischen Eigenschaften
in den unterschiedlichen Kavitatentiefen aufweisgmbhéngig von Bedingungen wie

Oberflachenversiegelung und Lagerungszeit. Zum randeveisen die GIZ-Dentin
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Zwischenzonen am Kavitadtenboden im Vergleich zueh@elegenen Kavitatenanteilen
schwache mechanische Werte auf, die moglicherwaisigrund der multiplen
lonenaustauschprozesse bzw. des Flussigkeitssmorsshen Dentin und GIZ zustande
gekommen sind. Die Entstehung einer solchen Zonsckhen Dentin und den Anteilen
der GlZ-Fullung nahe dem Kavitatenboden, konntetlieh auch fur die Qualitat der
Bindungsstarke vom GIZ zum Dentin verantwortlichnseDadurch ergibt sich die
Uberlegung, ob nicht doch der zuséatzliche SchiitereKonditionierung der Kavitaten
vor der Applikation eines GIZ eingebaut werden,safh dadurch méglicherweise den

Verbund zu optimieren.

Zusammenfassend kann gesagt werden, dass daeZistiden Studien, ndmlich einen
Beitrag zur Verbesserung der Haltbarkeit und Stabivon GlZ-Restaurationen zu
leisten, dadurch realisiert werden koénnte, dass -Rillungen mit einer
Oberflachenversiegelung versehen werden solltene nédaterialmodifikationen, wie
beispielsweise der Zusatz von Zink, als vielverspeader Ansatz angesehen werden
kbnnten, sowie eine mogliche Vorkonditionierung #eavitdten sich positiv auf die

Stabilitat der GlZ-Restaurationen auswirken konnte.
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2 Veroffentlichungen

2.1 ,Evaluation of a conventional glass ionomer cemenwith
new zinc formulation: effect of coating, aging andgtorage

agents”

Julius Zoergiebel and Nicoleta llie
Department of Restorative Dentistry, Dental Scladdhe Ludwig-Maximilians-

University, Munich, Germany

Clin Oral Investig. 2013 Mar;17(2):619-26. doi: 1M07/s00784-012-0733-1. Epub
2012 May 2.
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Abstract:

Objective:the study focused on a recently launched conveditiglass ionomer cement
(GIC) with a particular chemical formulation of betfiller and acrylic liquid, by
analysing its mechanical behaviour in comparison thoee conventional GICs.
Furthermore, the effect of resin coating and steragnditions was evaluated.

Materials and methodsThree commercially available GICs were chosen: Roedf
Cure (SDI), Fuji IX Fast (GC) and Fuji IX GP Exteguia (GC). Additionally a new
developed zinc containing GIC - ChemFil Rock (Dphis- was tested. Mechanical
properties were determined at macro- {flexuralrggte (FS) and modulus of elasticity
(Esexura)} @nd micro-scale {Vickers hardness (VH) and ind¢ion modulus (E)} after
storing coated and uncoated specimens in artifgativa and distilled water for 7 and
30 days.

Results:ChemFil Rock revealed the highest FS, but the lowWésand E. The micro-
mechanical properties of the analysed GICs didheeibenefit from the new zinc
formulation, nor from resin coating. A resin cogtiis nevertheless a valuable support
for GIC fillings, since it offers the absence osible surface defects like crazing and
voids and thus it led to significant improvememtdlexural strength. This statement is
also valid for Chemfil Rock, contrary to manufaetuecommendation. The impact of
storage agent and storage duration on the meaptopdrties was low.
Conclusions: The new development (ChemFil Rock) might represenpromising
approach regarding longevity of GIC fillings in raolregions, due to the high flexural
strength and the absence of visible surface delfigetsrazing and voids.

Clinical RelevanceAll GICs should receive surface protection in ortteperform their

maximum in stability



13

Introduction:

In the field of dentistry, glass ionomer cement$q§) are a common and useful choice
for restorative therapgoncerning fillings which are not situated in higtiess sites.
However compared to permanent filling material® llesin-based composites, GICs
show several advantages, such as the ability teradto moist enamel and dentin
without necessitating an intermediate agent andcanibgenic properties such as the
long-term fluoride release. Other clinical advaetadike biocompatibility and low
coefficient of thermal expansion support their ahlie position in the daily dental
practice [1-5].

These positive properties are unfortunately dwarfsd rather weak mechanical
properties, such as brittleness, poor surface lpgbsrosity and surface wear. Therefore
it is doubtful that GIC represents a capable caparé of amalgam or resin based
composites in high stress sites [5,6].

The first 10 minutes of the hardening process oC<Gare characterized by a slow
release of calcium ions within the matrix, followleg aluminium ions. [7]. During this
time period the material is very much frail to ddrgtion [5], meaning in clinical
conditions that a gain or loss of liquid in thisagk can tremendously affect the final
properties of the restoration

One advance in strengthen GICs was the applicaticgurface protection in order to
preserve the balance of the amount of liquid [8-Rgviewing the literature, only few
studies are dealing with the effect of resin caatin conventional GICs. Earl et al. [8]
found that immediate covering of the immature Gl@face with light-activated
bonding resin is the most effective method of lingt water movement across the
surface. This supports the balance between watekepand loss, leading to better

clinical results. In a study by Ribeiro [10], amghg the effectiveness of surface
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protection for resin-modified GICs it was statedtthll tested materials required surface
protection. Furthermore they found that Heliobonghttactivated bonding resin
displayed superior results than nail varnishes sundiace coatings suggested by the
manufacturer.

The manufacturer of a recently launched GIC (ChérRieck, Dentsply) followed a
different approach to enhance material’s stabilitgiming that surface protection in
form of resin coating is irrelevant for product'®rfpormance. An enhanced setting
reaction in the new GIC is supposed, due to the @aimtent as part of its glass particles,
leading thus to higher strength, by similar workitnge and application comfort as
regular GICs [12].

Our present study aimed therefore primarily to fyeifi the zinc containing material
performed comparable to traditional alumina-sikc&ICs. The influence of resin
coating, aging and aging agent, such as artifisa@iva and distilled water, are
evaluated.

The null hypotheses tested were that: a) the ne@ Would perform similar to the
traditional GIC in terms of macro (flexural strengind modulus of elasticity in flexural
test) and micro (Vickers hardness and modulus adtieity) mechanical properties; b)
applying resin coating on the GICs surface woult inluence the above mentioned
properties; c¢) aging (7 days and 30 days) would affe#ct the measured mechanical
properties; d) storing the GICs in artificial saiwr distilled water would result in

similar mechanical properties.
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Materials and methods:

Three commercially available conventional restesatjlass ionomer cements (GICS) -
Riva Self Cure, Fuji IX GP Fast and Fuji IX GP Ex{Equia) — and a new conventional
GIC, ChemFil Rock were selected (Table 1).

Additionally, the corresponding light cured reswating for each material was chosen
(Table 1). It should be noticed, that for ChemFalcR no surface protection is indicated
by the manufacturer. We still choose to apply gpeeixmental resin coating supplied by
the same manufacturer in order to confront everieria with the same conditions. The
mechanical properties were determined at macrexgiftal strength (FS) and modulus
of elasticity (Eexura)} @and micro-scale {Vickers hardness (VH) and indéion
modulus (E)} for coated and uncoated specimeng afteing the samples in artificial
saliva or distilled water for 7 and 30 days, resipety. In order to evaluate the size and

shape of the glass particles, a Scanning ElectnenoStope (SEM) was used.
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Macro-mechanical characteristics:

Using a three-point bending test (in analogy to 18®9:2009) on bar-shaped
specimens (16mm x 2mm Xx 2mm), FS an@xf (n=20) were evaluated. Four
materials (Table 1), two coating conditions (witidavithout coating), two aging times
(7 days and 30 days) and two aging agents (dostillater and artificial saliva) resulted
in 32 groups, summarising 640 samples.

The encapsulated GICs were mixed by rotating incwM®ix (3M-ESPE, Seefeld,
Germany) apparatus and fabricated at room temperatacording to the manufacturer
instructions. The specimens were prepared in aleta steel mould, allowing them to
set for 20 min at room temperature in the mouldritter to achieve plane and possibly
voids free specimens, a transparent foil (US-120 Rifasaco, Tettnang, Germany) was
placed on the surface of the unset material, bysomg it with an object slide. The foils
were removed about two and a half minutes afteringixSpecimens, receiving resin
coating, were prepared in the same way, exceghéapplication of the coating. Latter
was applied three minutes after activation of th€ Gapsules. Thereby the transparent
foils were removed and the coating product was iagplAnother foil was gently
pressed on the coated surface of the specimemididy light-curing the coating for
20 seconds (Mini L.E.D, SATELEC SED-R, France) bsee overlapping irradiations.
After 20 minutes the specimens were then takenobuhe moulds and conditioned
either in artificial saliva or in distilled watet &a7° C, and stored for 7 or 30 days.
Previously to loading into a universal testing maeh(MCE 2000ST, Quicktest
Prifpartner GmbH, Langenfeld Germany), each spatimas gently grounded with
1200-grit Silicon-Carbide (SiC) paper (LECO, Stsdph, MI, USA) and the exact
dimension was recorded. The load was applied abrestant crosshead speed of

0.5mm/min until fracture. The distance between shpporting points was 12 mm.
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During loading, the specimens where immersed itllés water at room temperature.
The coated side of the specimen was facing towtrdstensile zone. tEwra Was

calculated from the linear part of the force-deflmt diagram.



18

Micro-mechanical characteristics:

Fragments of the three-point bending test were tsatkttermine VH and E by means
of an automatic micro-hardness indenter (Fisch@es¢tilO0C, Fischer, Germany).

Ten randomly selected specimens of each group wetegrounded with 2500 and
4000-grit Silicon-Carbide paper (FEPA). The coatimgs completely removed by this
procedure. Six indentations were accomplished @h sample’s coated sight, with a
total of 60 measurements in each group. The measmts were carried out force
controlled: The test load increased and decreastidconstant speed between 0.4 and
500 mN. The load and the penetration depth of tidenter were continuously
measured during the load-unload-hysteresis.

The Universal hardness is defined as the test fdindded by the apparent area of the
indentation under the applied test force. From &ipleity of measurements stored in a
database supplied by the manufacturer, a convefaator between Universal hardness
and Vickers hardness was calculated and implemantedthe software, so that the
measurement results were indicated in the more lilamVickers hardness. The
indentation modulus was calculated from the sldpth® tangent of indentation depth-
curve at maximum force (DIN-50359-1 (1997) Testiignetallic materials - Universal
hardness test - Part 1 : Test method).

The samples used for the SEM analysis (Zeiss, SofprdP, Oberkochen, Germany)
were stored for 7 days in distilled water and reegino sputtering. The images were

taken by using a backscatter signal (RBSD).
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Statistical analysis:

The Kolmogoroff-Smirnoff test was applied to verifff the data were normally
distributed. Results were compared using one anfiipleaway ANOVA and Tukey
HSD post hoc-testi(=0.05). An independent t-test additionally anatlytee differences
in mechanical properties as function of coatingh@gluration and aging agent (SPSS
Inc.; Chicago, IL, USA, Version 19.0). An addition&eibull analysis was performed
for the flexural strength data. A multivariate arsid (general linear model with partial
eta-squared statistics) assessed the effect'sgtrasf the parameters GIC, coating,
storage agent and storage duration on the consigeoperties. The partial eta-squared
statistic reports the practical significance of rederm, based upon the ratio of the
variation accounted for by the effect. Larger valué partial eta squared indicate a

greater amount of variation accounted for by theleheffect, to a maximum of 1.
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Results:

Post hoc multiple pairwise comparisons with TukeyfSD test (p<0.05) revealed the
highest values in FS for ChemFil Rock under all suead conditions (Table 2a).

The influence of coating on the flexural strengthsvproved to be significant (p<0.05)
for almost all tested conditions (exception: Rivaf &£ure, saliva, one month and Riva
Self Cure water, one week). Furthermore it could Veeified that aging has no
significant effect on FS (exception: Riva Self Cwiéh coating, stored in water) in both
of the analysed storage agents. As for the Weiballhmeter m, the reliability of the
material, no clear dependency from material, cgationdition, aging agent or duration
can be emphasized. The highest value (m) was gederaChemFil Rock, coated and
stored for 30 days in artificial saliva.

Regarding the flexural modulussckra, the difference among materials were lower.
Similar is valid also for the influence of the stge agent. A significant higher flexural
modulus (p<0.05) when samples were stored in @dilfisaliva compared to samples
stored in water was found only in few groups (batbated and uncoated samples of
Riva Self Cure, one week and Fuji IX GP Fast, orentim of storage). The positive
influence of coating on the modulus of elasticitgsamore frequent evident in samples
stored in water (Fuji IX GP Fast and Equia all ager durations) than in saliva (Riva
Self Cure and Equia, both materials one week oag®)

The micro-mechanical properties, in contrast, vhr@®nsistently among the tested
materials (Table 3a, b), achieving the highest WiHruji IX Fast with coating, stored
for 4 weeks in water. Generally this GIC reached s$ignificant highest VH and E
values under all measured conditions, whereas Ch&uEk, the significant lowest.

A significant increase in both measured microme®rproperties, VH and E, with

storage duration was measured only for Riva SetleGiored in saliva and uncoated.



21

The influence of coating and storage agent on tloeoamechanical properties was in
most cases not significant.

Considering the multivariate analysis (Table 4) flegural strength was proved to be
stronger influenced by the material itsei?£0.915) than by the coating condition
(n2=0.740), whereas the effect on the flexural mosluhas consistently lower (lowg?
values, Table 4), with the coating conditiaff40.236) exerting a stronger influence
than the storage duration?€0.190).

The SEM images display small glass particles sizeChemFil Rock (Figl). The
diameter of the particles differs consistently fridme larger diameter of the other three
measured materials, demonstrating a greater gasgicface area in ChemFil Rock. The
glass particles in ChemFil Rock appeared ratherdgamous in size and shape (SEM
Images, Figl). More erratically glass particlesevierund in Riva SC, Fuji IX Fast and

Equia.
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Discussion:

The study evaluated whether a new developed GIGrEi Rock, Dentsply), can
provide higher mechanical properties than conveatiGIC containing alumina-silicate
glasses. According to the manufacturer, this newer# should present an enhance
durability due to a zinc-containing glass with atelerated ion-release pattern, when
compared to conventional GICs. Beside changes enctiemical composition of the
glass patrticle, also a novel acrylic acid copolyméh a high molecular weight was
incorporated in the material [12].

Generally, the setting process in a GIC is charaeté by an interaction between a
polyacid liquid and a glass powder in form of aiddwzase reaction [13]. Upon an initial
build-up of calcium polyalkenoate, the formationadfiminium polyalkenoate occurs.
This reaction is characterized by a stepwise, rdthg lasting setting, where changes
in mechanical properties occur, mainly charactdrlsea rise in strength within the first
24 h. A continuing altering of strength can be obsé over several weeks and months
[14-16] .

At first, the precipitation of the cement is contimy until most of the ions are in
insoluble form.This period can be observed 3 to 6 minutes afterntixing process
[17,18]. Considering clinical conditions, both, eatontamination and dehydration in
this phase can be compromising for the cement egpin a cavity [5]. Crack
propagation, frequently observed in GIC fillings & typical mechanical failure
resulting from desiccation [19]. Gemalmaz [20] aled that due to early moisture
contamination, the mechanical properties of GlGzeksed and their surfaces became
more susceptible for erosion and abrasion. Naa$gnemphasizes that water
contamination must be prevented during the deligpdtase of the setting, which is

referred by the author to endure one day up toweseks. The same author [5] also
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claims that as time progresses, surface coatimgsdaay on the strength of mastication
wear. Within this process, the resistance of theer# increases towards variations in
water balance due to post hardening [5].

Regarding the results of our study, it becomes ais/ithat once the materials were
protected from the influence of aqueous solutiopdidght cured resin, FS could be
improved. Hereby, it has to be pointed out thasathples prepared in this study were
protected by a transparent foil in the initial phad setting, which in this case was
about 150 seconds. Thus, an initial surface protecivas actually supplied for all
specimens, coated and uncoated, which cannot betlglitranscribed to real clinical
conditions. This step was however necessarily lmwatorrect samples preparation for
the three-point flexural strength test, which igisg as the most meaningful test to
evaluate the mechanical behaviour of GICs [21,28F described in former
investigations [21] FS shows a high sensitivity &o8ls surface irregularities, resulting
in erosions caused by water. Crisp and Wilson féspmed that the high affinity of
water to GICs is caused by the ion-depleted silisephase, whose behaviour is
analogical to silica gel, taking up water from theroundings. Xie et al. [23] conclude
that a less dense surface, or rather larger arftehigmounts of voids result in worse
mechanical properties. The assumpitan be made, that FS usually rises when surface
protection is applied. But the strength of GIC isciding influenced by its glass-
composition as well [24]. Especially a high contehfluoride was proved to induce a
higher compressive and flexural strength [24]. &mis valid also for GIC containing
high amounts of zinc embodied in the glass powderce an enhanced network
connectivity will occur, thus raising the ability the material to form a cement with the
acrylic acid. The setting time was also shown torei@se, making the resulting GIC

more resistant against hydrolysis and, finallyucidg in the material a higher strength
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[25]. The high FS measured for ChemFil Rock comgphdcethe other materials in this
study supports this thesis. Further examinatior@upe cross-link density in GIC by
using, amongst others, MAS-NMR spectroscopy, figumut that zinc oxide is
primarily a network modifier than a network fornj@6]. It was also evidenced that an
increasing amount of zinc is direct connected toeahanced reactivity [27]. As a
network modifier, zinc oxide contributes to theCsiSi bond disruption in the glass and
thus increases the vulnerability of the glassesat¢ad attack. According to the
manufacturer [12] and confirmed by our data, thengttion of the zinc-polycarboxylate
complexes during the setting of the novel GIC exbathe strengths more than other
complexes consisting of bivalent ions like calcianstrontium.

Besides the chemical composition of glasses, dsopblyacrylate acids in GIC can
influence the setting reaction and the resultirgpprties of GIC [27]. In ChemFil Rock,
a new acrylic acid copolymer with a high moleculsight was incorporated as well.
The material also has included in its chemical cositppn itaconic acid as a co-
monomer, which incorporated in a conventional comwmé GIC was shown to
improve the biaxial flexural strength and diamettahsile strength compared to
compositions without this copolymer [28]. The itagpacid as a co-monomer to the
high molecular polycarboxylic acid contained in @@l Rock is supposed to reduce
the interaction between the high molecular polysadform of hydrogen bridges, and
thus to delay the building of a gel phase which Maworsen the storage stability [12].
The working properties of composition with or withiataconic acid as a co-monomer
were proved to be comparable and acceptable farvoaised cements [28].

Another approach to explain the high flexural sgtanf ChemFil Rock is suggested by
Prentice [29] who found that improved strength ¢€@ related to a decrease in mean

particle size and thus an increase in glass sudeeg® This thesis might correspond to
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our results within the SEM imaging. Moreover, thisual inspection of the GIC
samples previously to loading in the three-poimidieg showed crazing and surface
imperfections for the materials Riva Self Cure,iH¥j Fast and Equia, but none for
ChemkFil Rock. There is thus evidence that macrealefin GICs, such as crazing and
voids, are responsible for the weak mechanical gnags.

Turning our attention towards the aqueous solutissed in this study, distilled water
and artificial saliva, higher flexural strength waseasured in both solutions under
coating conditions. Within a coating condition, tterage media was proved to have
only scattered significant effect on the physicalperties measured. Our finding of a
low effect of the storage agent on the measurechamécal properties is in agreement
with Nicholson and Wilson, who stated that there ao statistically significant
differences of strengths measured between theg&taredia, among others deionized
water and artificial salivagconcerning the time period from 24 h to 30 days].[30
Focusing on the condition of storage time, theed#éht materials evolved distinguished
behaviour of mechanical strength.

In view of the measured micro-mechanical propertidd and E (Table 3a and 3b),
these properties are likely to depend stronger len domposition of the selected
materials than the measured macro-mechanical grepeMany studies [22,31-34]
discussed this assumption as they described theende of the chemical composition,
concentration and molecular weight of the polycagtio acid, the glass structure and
the power/liquid ratio.

In contrast to the flexural strength, the effectredin coating on the micromechanical
properties was mostly not significant. A particutexhaviour was observed for ChemFil
Rock. Though reaching significant higher macro-na@atal properties when compared

to the other GICs, the micro-mechanical propenigese the lowest. The reason for
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lower micro-mechanical properties must be searcherfiller size and morphology [23]

of the glass particles in ChemFil Rock. Analysihg imicro-mechanical attributes of
GIC and the effect of coating, it has to be asaseth that surface protection in form of
resin coating, did not show the expected effe significant improvement in hardness

and indentation modulus.
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Conclusion:

The new GIC might represent a promising approadrating GICs higher longevity,

which turns it into a more favourable filling matdrin class | and Il cavities. In

contrast to the other materials tested it showedrack propagation and visible surface
irregularities and thus improved macro-mechanid@racteristics, but lower micro-

mechanical properties. The micro-mechanical proggerof the analysed GICs did
neither benefit from the new zinc formulation, f@m resin coating. A resin coating is
nevertheless a valuable support for GIC fillingsgs it led to significant improvements
in flexural strength. This statement is valid afso Chemfil Rock, contrary to the

manufacture indication. The impact of storage agemt duration on the measured

properties was low.
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Tables and figure:

Table 1: Materials, manufacturer and chemical caijpm of Glass lonomer Cements (all encapsulaed)coating materials.

Glass lonomer Cement

Manufacturer

Composition

Riva Self Cure; Lot: B1004281

ChemFil Rock; Lot: 1005004004

GC Fuji IX GP Fast; Lot: 1005211

GC Fuji IX GP Extra (Equia); Lot:
1005281
Coating

SDI Limited, VictoriaUS

Dentsply, KonstanERG

GC Europe N.V.ulen, BEL

GC Europe N.V., Leuven, BEL

Fluoro aluminosilicate Glass

Polyacrylic acid + tartaric acid, polyacrylic acid

Calcium-aluminum-zinc-fluoro-phosphor-silicate glapolycarboxylic acid,

Iron oxide pigments, titanium dioxide pigmentsiddc acid, water

Alumino-fluoro-silicate glass, polyacrylic acid stilled water, polyacrylic
acid,

polybasic carboxylic acid

Polyacrylic acid, alanisilicate glass, distilled water

Riva Coat; Lot: 091103
Seal&Protect TF; Lot: MTO-3-27-1

GC Fuji Coat LC; Lot: 1005061
GC G-Coat Plus; Lot:1004091

SDI Limited, Victoria, AUS
Dentsply, Konsta@ER

GC Europe N.V. LeuvBEL
GC Europe N.V. Leustsl.

chylic monomer
Di- and trimethacrylate, acetorgipentaerythritol penta acrylate
monophosphate
Methylmethacrylate, multifunctional methaatd, camphorquinone

Methyl methacrylate, colloidal Silica, camphongone

€€



Table 2: Macro-mechanical propertias Flexural strength (in newtons per square milter® and b) modulus of elasticity in flexuralttes
(Enexurar, IN gigapascals) are detailed in mean values ardlatd deviations (in parentheses). Symbols/letteisate statistically homogeneous
subgroups within a column (Tukey’s HSD test; 0.05). A t-test analysed differences as functibstorage (difference saliva vs. water storage
for samples with coating (pl1) and without coatipg)j and coating (difference coating vs. no coaforgsamples stored in saliva (p3) and in

water (p4)). The Weibull parameter m is indicated.

a)
. Coating No Coating Saliva| Water
Material Storage
Saliva m Water m pl Saliva m Water m p2 p3 p4
1w 19.3%(4.9) | 4.32| 14.3(8.3) | 1.73| 0.033] 133(4.4) | 4.12| 13.3(3.7) | 4.29] 0.73 | 0.001 | 0.641
Riva Self Cure
1M 17.6°(9.9) | 1.52| 22.8(7.8) | 2.47| 0.072] 155(5.8) | 3.22| 12.8(3.4) | 4.64] 009 | 0414| O
i\ 38.7° (12.5) | 3.77| 39.f(7.7) | 5.66| 0.908] 282(11.1) | 2.74| 31.7(9.6) | 3.15| 0.308 0.008 | 0.011
Chemfil Rock
M 4157 (3.8) | 13.1] 39.4(6.6) | 7.08] 0.22 | 30.938.2) | 4.19] 30.4(10.5) | 3.23] 0.867] O 0.003
) 1w 19.4* (6.2) | 3.74] 16.7°(5.9) | 4.39] 0.17 | 12%(8.2) | 1.97] 9.T (1.6) 6.88| 0.079] 0.007| O
Fuji IX GP Fast
1M 23.0°(4.7) | 5.76] 155 (4.3) | 459 0 9.7(2.6) 4.17| 9.2 (1.9) 5.53] 0.539] 0 0
coui 1w 20.4" (3.4) | 6.81] 20.1%(4.9) | 4.63] 0.815] 120 (7.4) | 2.21] 9.7 (4.1) 3.04] 0.221] © 0
ula
a 1M 22.4°(4.7) | 5.83] 18.3%(5.8) | 3.63| 0.027] 9.2(5.0) 251 12.6(6.9) | 2.13] 0.1 0 0.007

ve




b)

) Coating No Coating Saliva| Water
Material Storage : :
Saliva Water pl Saliva Water p2 p3 p4
_ 1w 6.3 (1.3)| 4.3*(1.3)| 0 5.4%(0.8)| 4.4" (0.9) | 0.001/ 0.016 | 0.72
Riva Self Cure
M 5.4°(1.7) | 6.4°(1.5)] 0.062) 5.5°(2.5)| 5.8 (0.8) | 0.538 0.933 | 0.167
Chemfil Rock 1w 5.9%(2.1)| 5.9% (1.1) | 0.919 5.3%(1.0)| 5.3"° (1.0)| 0.979] 0.286 | 0.141
emrtil ROC
M 6.4 (1.1)] 6.1% (1.0)| 0.367| 6.0°(1.2)| 6.6°(1.0) | 0.072/ 0.203 | 0.133
FUil IX GP B 1w 6.6" (2.0)| 7.0° (2.3)| 0.548/ 5.9°(1.5)| 5.8°° (0.8) | 0.878| 0.238 | 0.045
ujl ast
: M 7.27(2.0) | 6.0°(1.1)| 0.02 | 6.4(1.0)| 5.0"° (1.1)] 0 0.134 | 0.011
Eau 1w 6.3 (1.0) | 6.1° (1.0)| 0.403| 5.3°(1.4)| 5.0"° (1.0)| 0.489] 0.01 0.003
ula
a M 6.5 (1.1)] 6.6 (1.0)| 0.74 | 5.9(1.1) | 5.4°(1.2) | 0.176/ 0.145 | 0.004

g€



Table 3: Micro-mechanical property of a) Vickersrétgess (VH, N/mm?2) and b) indentation modulus (Balis detailed in mean values and
standard deviations (in parentheses). Symbols#ettdicate statistically homogeneous subgroupkimwe column (Tukey's HSD test,= 0.05).
A t-test analysed differences as function of ster@tifference saliva vs. water storage for sampiés coating (p1) and without coating (p2))

and coating (difference coating vs. no coatingstonples stored in saliva (p3) and in water (p4)).

a)
_ Coating No Coating Saliva| Water
Material Storage

Saliva Water pl Saliva Water p2 p3 p4
1w 105.6" (7.4) 116.F° (7.4) | 0.034] 85.5°(6.1) | 101.8"(33.8) | 0.289 0 0.354

Riva Self Cure
1M 114.5"° (11.4) | 115.8°(11.3) | 0.886] 111.%5(23.6)| 92.5°(9.6) | 0.112| 0.789 0.004
1w 59.1° (5.3) 67.6"(5.9) 0.024| 56.4(3.0) 60.8" (2.1) 0.016| 0.313 0.036

Chemfil Rock
M 68.4% (5.1) 66.8" (1.9) 0.498| 64.8°(2.6) 67.1°% (2.2) | 0.127| o0.161 0.814
1w 119.3" (3.0) 119.3° (11.3) | 0.998| 113.66(6.7) | 118.5°(13.9) | 0.406| 0.073 0.921

Fuji IX GP Fast
M 124.6° (11.9) 125.9 (19.0) | 0.896| 115.6(14.6) | 122.P (10.0) | 0.349] 0.24 0.683
1w 103.0° (9.2) 99.3 (14.3) | 0.603| 90.7(16.5) 97.6°(7.5) | 0.383] 0.149 0.802
Equia

1M 110.9°(5.2) | 109.7°(13.8) | 0.846| 97.9(10.4) | 103.3°(11.8) | 0.423] 0.027 0.407

9€
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_ Coating No Coating Saliva| Water
Material Storage
Saliva Water pl Saliva Water p2 p3 p4

1w 24.7° (1.1) | 24.3P(1.3)| 0.746 | 19.8(2.5) | 22.0°°(2.2) | 0.119 | 0.003 | 0.061

Riva Self Cure
1M 22.5° (1.6) | 23.1°(0.8) | 0.437 | 23.1(1.7) | 20.5“(1.5) | 0.018 | 0.571 | 0.006
1W 17.4*(0.6) | 18.9°% (0.9)| 0.008 | 17.6(0.6) | 17.8°(0.7) | 0.072 | 0.31 0.039

Chemfil Rock
1M 16.5% (1.3) | 17.1%(0.8) | 0.34 17.£(0.4) | 17.2°(0.45) | 0.907 | 0.279 | 0.856
1w 24.3%(0.7) | 25.6°(1.7) | 0.129 | 23.9(0.6) | 23.77(1.2) | 0.642 | 0.291 | 0.044

GC Fuji IX GP Fast
1M 25.3°(1.1) | 25.7° (1.7) | 0.657 | 24.5(1.7) | 24.4(1.2) 0.87 0.371 | 0.159
1w 19.9° (1.1) | 18.7%(1.2)| 0.115 | 18.%(0.8) | 18.7°(0.8) | 0.189 | 0.01 0.977
Equia

1M 20.97 (1.0) | 20.0°(1.2) | 0.218 | 19.8°(0.8) | 19.4® (0.6) | 0.885 | 0.018 | 0.276

LE



Table 4: Influence of material, storage agentagerduration and coating on flexural strength (F®)dulus of elasticity in flexural test {d&urar,)
Vickers Hardness (VH) and indentation modulus () higher the partial eta-squared values the highée influence of the selected variables

on the measured properties (General linear m@gdeINS=Non Significant).

Parameter Eiexural FS HV E
Material NS 0.915 0.775 0.911
Storage agent NS NS NS NS
Storage duration| 0.190| NS NS NS
Coating 0.236 | 0.740 NS NS

8¢




Figure 1: Scanning electron microscopy images (isaelttered modus on not sputtered samples)

a) Riva Self Cure b) ChemFil Rock

¢) Fuji IX GP Fast

6€
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2.1.1 Deutsche Zusammenfassung

Die vorliegende Studie wurde durchgefiihrt um diemaaischen Eigenschaften eines
neuen innovativen Glasionomerzements (GIZ) mit reingeuen chemischen
Zusammensetzung (Glaskdrper und Acrylsdure) zuysieaén und diesen mit den
mechanischen Eigenschaften dreier traditionelleZ @it konventioneller chemischer
Formulierung (Aluminium-Silikat) zu vergleichen.

Innerhalb der Versuchsreihen stand den drei taadbtien GIZ Riva Self Cure® (RC)
SDI, Fuji IX Fast® (FF) GC und Fuji IX GP Extra/Ha® (FE) GC, ChemFil Rock®
(CR) Dentsply als ein innovativer GIZ mit neuer ormulierung gegentber. Das
Primérziel lag in der Untersuchung von makro- [Risgtigkeit (FS) und
Elastizitatsmodul (Rexura)) und mikromechanischen [Vickershéarte (VH) und
Eindringmodul (E)] Eigenschaften. Die Tests fandemter unterschiedlichen
Bedingungen statt. Die Proben wurden jeweils mie@&chenversiegelung und ohne
Oberflachenversiegelung in destilliertem Wasser kiadstlichem Speichel fur sieben
und 30 Tage gelagert.

Obwohl der Hersteller von CR die Applikation ein@berflachenversiegelung als
irrelevant fur die Leistung des Produkts ansiehirde auch fur dieses Material eine
experimentelle Oberflachenversiegelung vom Heestélénutzt um jedes Material unter
den gleichen Bedingungen zu analysieren.

Die Formulierungen der Arbeitshypothesen waren:

a) Das neue GIZ erzielt ahnliche Ergebnisse beirmakFS und Fexua) und
mikromechanischen (VH und E) Eigenschaften im \V&ofjl zu den traditionellen GIZ.
b) Die Applikation einer Oberflachenversiegelund di¢ GI1Z hat keinen Einfluss auf

die oben erwéhnten mechanischen Eigenschaften.
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c) Die Lagerungszeit von sieben und 30 Tagen wiedndechanischen Eigenschaften
nicht beeinflussen.

d) Die Lagerung der GIZ in destilliertem Wasser wiohstlichem Speichel wird zu
ahnlichen Ergebnissen in den mechanischen Eigeftsotéhren.

Die makromechanischen Eigenschaften FS upguk wurden innerhalb einer Drei-
Punkt-Biegeversuchsanordnung mit einem Universahigssgerat ermittelt. Dafilr
wurden die GIZ als stabchenférmige Proben bei Ramperatur mit dem Mald 16x2x2
mm hergestellt. Die Proben wurden vor dem Beginn dersuchsreihen gelagert
(sieben bzw. 10 Tage in destilliertem Wasser baw.kiinstlichem Speichel) und
vorbehandelt (Oberflachenversiegelung bzw. ohnefobenversiegelung).

Die mikromechanischen Eigenschaften VH und E wurdé@rden Fragmenten der beim
Dreipunkt-Biegeversuch verwendeten GIZ-Stabchen iteitn Hierbei wurde ein
Mikroh&rtemesssystem zur automatisierten Mikrol#sémmung benutzt.

Die Proben fir das Rasterelektronenmikroskop wufdesieben Tage in destilliertem
Wasser gelagert. Dabei stand die Analyse der GuaBe~orm der Glaskérper der GIZ
im Vordergrund.

Die Auswertung der Ergebnisse erfolgte auf Grurelldgr Daten, die durch eine ein-
und mehrfaktorielle Varianzanalyse (ANOVA), Tuckeyionest significance post-hoc-
Test und einem unabh&ngigen t-Test gewonnen wurdes. Weiteren wurde eine
Weibullanalyse (m-Parameter) zur Zuverlassigkegsbenung fur FS durchgefihrt,
sowie eine multivariate Analyse (allgemeines liesaModell mit partiellen efa
Statistiken) zur Evaluation der GroR3e des Einflassmn GlZ, Oberflachenversiegelung,
Lagerungsmedium und Lagerungszeit auf die mechagmsEigenschaften.

Aufgrund des Tuckey post-hoc-Tests (p <0,05) komygeeigt werden, dass CR unter

allen Bedingungen die hotchsten Werte fur FS erteictDer Einfluss einer
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Oberflachenversiegelung auf die FS konnte mit Absmazweier Versuchsgruppen von
insgesamt 32, als signifikant (p<0,05) festgesteditden. Die Lagerungszeit hat aul3er
einer Ausnahme, keinen signifikanten Effekt auf F&pabhangig von dem
Lagerungsmedium.

In Bezug auf die mikromechanischen Eigenschaftenuvtl E konnte FF generell unter
allen Bedingungen die signifikant hochsten Werteeiehen und CR die signifikant
niedrigsten Werte. Weder die Verwendung einer (Qéarenversiegelung, noch die
neue Zinkformulierung, konnten fur die mikromeclsaghien Eigenschaften Vorteile
generieren.

Durch die Anwendung der Oberflachenversiegelungennte man jedoch in dieser
Studie auch durch visuelle Inspektion der Probdreisedass Krakelierung und andere
Oberflachendefekte wie Porenbildung deutlich reeldizverden konnten, was letztlich
zu besseren mechanischen Resultaten fur FS géigihrt

Das gilt auch fir CR und widerspricht der Empfelgludes Herstellers, dass ein
Oberflachenschutz keinen Einfluss auf die Leistdeg Produkts hat.

Das neue Material kann aufgrund dieser Studie ialslerchaus innovatives Material
angesehen werden, dass durch weniger Krakeliernddoberflachendefekte eine stark
verbesserte FS im Vergleich mit den traditionel®lZ aufzeigte. Dies konnte sich
langfristig positiv auf die Lebensdauer einer Gldtng in Klasse | und Il Kavitaten

auswirken.



43

2.1.2 English Summary

The present study analysed the mechanical propeatia recently launched innovative
glass ionomer cement (GIC) with a particular cheinformulation (filler and acrylic
acid) comparing it with three traditional GIC, catmer if the new cement would
perform better than the conventional GICs.

Three commercially traditional alumina-silicate Gl@ere chosen: Riva Self Cure®
(RC) SDI, Fuji IX Fast® (FF) GC and Fuji IX GP EatEquia® (FE) GC. They faced
the new innovative zinc-containing ChemFil Rock@(Mentsply.

The investigation focused on macro- [flexural sgtan(FS) and modulus of elasticity
(Erexura)] @and micromechanical [Vickers hardness (VH) andentation modulus (E)]
properties. The tests were executed after storm@ted and uncoated samples in
distilled water and artificial saliva for 7 and 88ys.

Although the manufacturer of CR emphasizes tham i@sating has no influence on the
products performance, it was still applied on thecgmens in order to confront each of
the materials with the same conditions.

The tested null-hypotheses were that:

a) The new GIC would perform similar to the traslital GIC in terms of macro-
(flexural strength and modulus of elasticity inxileal test) and micro- (Vickers
hardness and modulus of elasticity) mechanical gnags.

b) The application of resin coating on the GICdae would not influence the above-
mentioned properties.

c) Aging (7 and 30 days) would not affect the meadunechanical properties.

d) Storing the GICs in distilled water or artificisaliva would not result in similar

mechanical properties.
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The macro-mechanical properties FS angyka were tested by using a three-point
bending test on bar-shaped specimens (16x2x2 mefpr&the specimens were loaded
into a universal testing machine, they were falbeidaat room temperature, stored ( 7
and 30 days in distilled and artificial saliva) apaeconditioned with resin coating or
without.

The micro-mechanical properties VH and E were detezd by means of an automatic
micro-hardness indenter using the fragments o§fleeimens in the three-point bending
test.

The samples used for the scanning microscope an&f/EM) were stored for 7 days in
distilled water. Hereby the focus was on assegsiagize and shape of the glass fillers.
The results were compared using one and multipeAMOVA, Tuckey's HSD post
hoc test ¢=0.05) and an independent t-test. Furthermore abMieanalysis (m-
Parameter) was performed for the flexural strerdgia, as well as a multivariate
analysis (general linear model with partial etaasgqd statistics) assessing the effect’s
strength of the parameters GIC, resin coatingagmiagent and storage duration on the
considered properties.

Post hoc multiple pairwise comparisons with TuckeySD test (p <0.05) revealed the
highest values in FS for CR under all measured itond. The influence of resin
coating on the flexural strength was proved to igaicant (p <0.05) for almost all
tested conditions. Aging has, with the exceptioroolfy one test group, no significant
effect on FS in both of the analyzed storage agents

Observing the micro-mechanical properties VH andt Bvas found that FF could
generally reach the highest significant values,ne@a®e CR the significant lowest.

The micro-mechanical properties did neither benfefim resin coating nor from the

new zinc formulation. However, due to the appli@atof resin coating, visible surface
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defects like crazing and voids could be profoundiguced, leading at the end to

improved results for FS.

This is also valid for CR contrary to the recommegti@h of the manufacturer, saying
that resin coating has no influence on the prodpetformance. The new material can
thoroughly be seen upon this study as an innovatiaéerial that due to less surface
defects like crazing and voids compared to theiticahl GIC, better performed in FS.
This could represent a promising approach of gngntigher longevity of a GIC

restoration in class | and Il cavities.
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2.2 ,An in vitro study on the maturation of conventional

glass ionomer cements and their interface to dentin

Julius Zoergiebel and Nicoleta llie
Department of Restorative Dentistry, Dental Scladdhe Ludwig-Maximilians-

University, Munich, Germany

Acta Biomater. 2013 Dec;9(12):9529-37. doi: 10.10.46tbio.2013.08.010. Epub 2013
Aug 13.
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Abstract:

Objective: To investigate the influence of long-term storétjeone year) and coating
on the variation of micro-mechanical propertiesfair conventional restorative glass
ionomer cements (GICs) within 3.5-mm deep classvities.

Materials and methodsFour commercially available GICs (Riva Self Cuf@D(),
ChemFil Rock (Dentsply), Fuji IX Fast and Fuji IXPGExtra/Equia (GC)) were applied
in 100 teeth. In each tooth, two similar 3.5 mmpl€dass | cavities were prepared and
filled with the GICs, with and without resin coainThe samples were stored in
artificial saliva at 37°C for 1 week, 1 month, 3 mifzs, 6 months and 1 year. The
variation in mechanical properties (indentation olad (E) and Vickers hardness (HV))
were determined in 100um steps starting from tHéndi surface, through the
intermediate layer in-between dentine and GIC artting 100um in dentin.

Results:HV and E were highly influenced by the materiat lrss by aging duration
and resin coating. The depth of measurement hasfh®nce on HV. HV shows a
gentle increase over the one year storage perioch.800um GIC zone at the areas
close to dentin with weaker properties as thosesored in dentin or GIC was
identified in all fillings, irrespective of the mence of coating, and at all storage
periods. The thickness of this zone is strongduamiced by storage than by material-
type, while coating showed no influence. Filler plavlogy or dimension were similar
to upper parts of the GIC filling, however the ambaf low cations was higher.
Conclusion:This study has shown that class | GIC restoratemesunlikely featuring
constant mechanical properties throughout the gakggardless of conditions such as
aging and coating.

Keywords: Glass lonomer cement, Aging, indentation moduhasdness, GIC-dentin

interface
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Introduction:

Glass ionomer cements (GICs) have found their kelii in modern dentistry as
temporary restoration materials for cavities o high-stress locations. Due to their
ability to adhere to moist enamel and dentin withwecessitating an intermediate agent
and the anti-cariogenic properties such as the-teny fluoride release, as well as good
biocompatibility and low coefficient of thermal exsion, they proofed to be a reliable
filling material [1-5].

In order to improve mechanical properties to achiaeceptable longevity in high-stress
regions, manufacturers supplied resin coatingsedahe composition and shape of the
glass fillers, as well as the composition and coration of the polyacrylate acids. It
was already shown that a resin coating is ableramtgan improved performance in
GICs [6,7]. The balance between water uptake angkrwass represents a decisive
factor for better clinical results of GIC fillingsivhich might be achieved by an
immediate covering of the immature GIC surfacejtlimg thus water movement across
the surface [6]. In former studies it was foundttih@sin coating is a protective
component which should be applied on GICs restmmati[5,8]. However micro-
mechanical properties like Vickers hardness (HVY andentation modulus (E)
obviously do not profit from the surface protecti@s found in a recent study [8].
Micro-mechanical properties are thus presumably aftécted by aqueous solutions
with a neutral pH as artificial saliva and disullevater. However mechanical strengths
change during long-term staging [9-11]. A formeudst [12] used Aluminum Magic
Angle Spinning-Nuclear Magnetic Resonance (Al MABHR) spectroscopy during a
time period of one year and concluded that comjposibf original glass has a
considerable effect on the cements setting reacfidrereby the formation of six

coordinate aluminum (Al) was observed, which crog&sthe carboxyl groups in the
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polyacrylic acids. The six coordinate Al resultsnfr a conversion of four coordinate Al
leading to an increasing proportion of six coorténAl with setting time, and thus, to
the increasing formation of octahedral Al ions, ethcrosslink the carboxyl groups of
polyacrylic acids. Additionally this study showdtht phosphorus has high influence on
the setting reaction of the cement.

Few studies described mechanical properties oweraketime periods or in varying
storage solutions [13-16,9], but not necessarilywatying locations of an in-vitro
sample, thus the influence of dentin and enamel weglected. Especially the
borderline between GIC and dentin might revealexic mechanical behaviour due to
chemical interactions between both zones. Investigs on the interfacial occurrences
between GIC and dentin, like ion exchange procefkg48] have been carried out
between dental cements and hydroxyapatite (demithemamel) as those exchanges
may influence the bond strength between cementdamtin. In GIC fillings, it was
found [19] that a dissociation of cross-linking dlycarboxylate chains might occur
due to diffusion of hydrogen ions. Those ions akely to exchange with matrix
forming-cations, inducing dissociation [19]. Thdfukion process might be controlled
by the difference in the concentration of ionshia proximate surroundings and the GIC
matrix [19]. X-ray photoelectron spectroscopy (XR$}the GIC-dentin interface made
it possible to reveal atomic ratios between thenelgs found in the interface and those
found in the GIC and dentin. Varying atomic ratieteen GIC and the interfaces
indicates ion diffusion. Ca/Si and Ca/C ratios sltibat the dentin interface consists of
elements of dentin and glass ionomer cement, wihdesIC interface is mainly built up
of elements of the GIC and a minor part of calcilout none peptidic nitrogen. This
XPS study showed that an interphase is formed tipnecal diffusion of the different

elements composing the GIC and the dentin, howeitbout collagen [20]. Thus, one
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should ask if the mechanical properties in thetafiacial areas might alter significantly
over long term storage due to change within ther sldfusion of elements of the GIC

through the dentin during long-term interactionse &im of our study was therefore to
pursuit changes in the mechanical properties offférdnt GIC and their interaction

with dentin, as a function of coating applicationdatorage duration.

The null-hypotheses tested were: i) aging till gre&ar and resin coating would not
influence the Vickers hardness (HV) and the indionamodulus (E) of the GIC or the

GIC-dentine interfacial areas; ii) within one maekrdifferent depths of the cavity

would reveal similar results for HV and E; iii) Hvhd E would not be influenced by the

different compositions of the GICs.



51

Materials and methods:

Four conventional restorative glass ionomer cem@ai€s) - Riva Self Cure, Fuji IX
GP Fast and Fuji IX GP Extra (Equia) and ChemFitiRwere selected (Table 1).
ChemFil Rock is a new conventional GIC incorpomtiginc in the chemical
formulation of filler. The GICs were all encapseiat

A corresponding light cured resin coating for eachterial was chosen. There is no
indication given by the manufacturer of ChemFil Ran terms of applying resin
coating. Nevertheless, in order to confront evegtanal with the same conditions an
experimental resin coating supplied by the sameufiaaturer was applied also on this
material (Table 1).

A number of 100 extracted non-carious molars weltected and stored in a sodium
azide solution (3%). Prior to preparation the tegére abundant cleaned with distilled
water. Two standardise cone cavities 3.5 mm inldaptl 3 mm in diameter at ground
level were prepared in each tooth by using a diaivmn with the shape of a truncated
cone of 3 mm diameter at its bottom (Figure 1).

The encapsulated GICs were mixed by rotating incawoMix (3M-ESPE, Seefeld,
Germany) apparatus and the GICs fillings were pezpat room temperature according
to the manufacturer instructions. The cavities weeaned with water and dried gently
before the GIC was applied. One of the two caviteseived an additionally resin
coating, light-cured for 20 seconds with a power1d00 mwW/cm? (Mini L.E.D,
SATELEC SED-R, Merignac, France). A total of 25tkedor each material were
prepared, with 5 teeth for one aging period. Tham@as were than stored in artificial
saliva (pH 6.9) with the composition of 1,2 g KOI84 g NaCl, 0,26 g ¥PO, and
0,14g CaCl* 2 H,O per 1000 ml distilled water at 37° C for one lyeene month, 3

months, 6 months and 1 year. The artificial salies changed every day for samples
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stored one week and one month, while for the l@mgtstorage specimen, weekly
renewals took place.

Previously to measure, the teeth were cut mesialdihirough the center point of the
cavities by a circular saw (Isomet Low Speed SawelBer, Lake Bluff, USA) to
receive a cross-sectional area. The slices hatlen#ss of about 2 mm. The surface of
the cross section was wet-grounded with 2500 ar@D-4@it Silicon-Carbide paper
(FEPA, Hermes, Hamburg, Germany). The samples there fixed on an object slide
and the mechanical properties Vickers hardness @t\d)indentation modulus (E) were
determined by means of an automatic micro-hardimedsnter (Fischersope H100C,
Fischer, Germany). The measurements were donednuib® steps starting from the
surface of the filling in the middle of the fillingnd ending approximately 100 pum
within the dentin. For each cavity, coated and ated, two operated sequences of
indentation were performed. The integrated lightnoscope was used to take images of
the cavity bottom and margin with 40x magnificatiéior statistical analysis the values
measured at different positions, namely surfacsifiom 0), at 1 mm depth (position 1),
at 2 mm depth (position 2), as well as the intenatedlayer in-between dentine and
GIC (position 3) and dentine (position 4) were ¢dersed.

The measurements were carried out force controlldee test load increased and
decreased with constant speed between 0.4 and BOO'he load and the penetration
depth of the indenter were continuously measurenhgthe load-unload-hysteresis.
The Universal hardness is defined as the test fodraded by the apparent area of the
indentation under the applied test force. From &ipleity of measurements stored in a
database supplied by the manufacturer, a convefaator between Universal hardness
and Vickers hardness was calculated and implemantedthe software, so that the

measurement results were indicated in the more lilmVickers hardness. The
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indentation modulus was calculated from the slopi® tangent of indentation depth-
curve at maximum force (DIN-50359-1[21]).

Exemplary one sample for each GIC was analysedsoaaning electron microscope
(SEM). The samples used for the SEM (Zeiss, Supr&/B, Oberkochen, Germany)
were stored for 7 days in artificial saliva and &venalysed with no sputtering. The
images were taken by using a backscatter signabBThe energy dispersive X-ray
spectroscopy (EDX) (Zeiss, Supra 55VP, OberkocBemmany) was used to determine
the amount of the different ions throughout theityarelated to all possible measurable

atoms (Table 5).
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Statistical Analyses:

A multivariate analysis (general linear model watirtial eta-squared statistics) assessed
the effect’s strength of the parameters GIC, aguogting and position on HV and E.
The partial eta-squared statistic reports the macsignificance of each term, based
upon the ratio of the variation accounted for by #ffect. Larger values of partial eta
squared{r?) indicate a greater amount of variation accourtedy the model effect,

to a maximum of 1.
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Results:

The multivariate analysis of the parameter matayjaé showed a significant influence
on HV m% = 0.31) and Ev% = 0.23). The parameter aging displayed a lower but
significant influence on Eng? = 0.12) and HV {2 = 0.02). Coating grants only little
but still significant effect on HVn? = 0.02) and Exn? = 0.03). Position has little but
significant influence on Eng? = 0.02). The analyses of the effects within oregamal
reveal that E is significantly affected by agingRiva Self Curens?= 0.35), Equians?

= 0.18) and ChemFil Rock# = 0.1) (Table 4), while HV only in ChemFil Rockf =
0.1) and Riva Self Cureng = 0.1). The filling depth 0-2mm has no signifitan
influence on HV and E for Riva Self Cure, ChemFibcR and Equia. Only the
indentation modulus of Fuji IX Fast has been infleed low but significantly by depth
(me? = 0.04).

E and HV disclosed the highest values for Fuji &6 while ChemFil Rock presented
the lowest values (Table 2 and 3). An overviewtfe development of each material
during the one year storage period is suppliedgarés 2 and 3. The values for HV
slightly increased or remained constant over orax y@ each material. However for
Riva Self Cure the HV values of the surface de@eashe values between the different
storage times for E decreased for Riva Self Cuderamain rather constant for all other
materials. ChemFil Rock shows very similar mechanpcoperties to dentin.

The layer at the cavity ground showing differentchrnical properties when compared
to dentin or the GIC is defined as intermediateetain-between dentine and GIC
(intermediate dentin-GIC layer). Its thickness ti®isger influenced by storaggpef =
0.081) than by material-typey = 0.056), while coating showed no influence. The
layer thickness in Fuji IX Fast samples was sigatfit lower than in the other GICs.

The layer thickness in Riva Self Cure and ChemBitiRsamples showed a peak after 3
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months (392 um and 360 um) of storage. Fuji IX &agiia show the thickest layer
after one week of storage (351 um and 466 um)céihents have in common that the
thinnest layer was either detected after 6 monthme year of storage. Hereby Fuiji IX
Fast presented the thinnest layer with 259 pum.

The light microscope also reveals a layer kindctme at the cavity ground and cavity
walls (Figure 4) of ca. 300 um. The crossing betwde regular GIC filling and the
layer area appears as a diffuse zone for Chemlek Rod Fuji IX Fast. The crossing in
Riva Self Cure and Equia is more sharply confinéith & higher contrast. In the SEM
imaging, this special area was not detected (Fig)reHowever, the EDX analysis
reveals a difference in the amount of the diffeiens between the intermediate dentin-
GIC layer and upper parts of the cavity (TableEs)pecially the amount of &a Mg?*
and F changed depending on the position. The ratio &f Bahe intermediate dentin-
GIC layer (0-100 um) was always higher than in ugzets of the cement (900-1200

P

pm). AF"and Si in contrast remained constant (Table 5)s Tiitermediate dentin-GIC
layer with weaker properties (E and HV) was detéateall fillings, irrespective of the
presence of coating. The properties were weakareasured in dentin or GIC (Table 2

and 3).
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Discussion:

The basic approach of this study was, whether tbehamical properties E and HV will
experience changes during the varying storage geaad/or will alter when measuring
in different depths of the prepared cavities. Téitirsg reaction of a conventional glass
ionomer cement involves the acid-base reactionpflgacrylic acid and glass particles
as well as ions (AR Ca? ) located in the network of the glass [22]. Thesdiution of
alumino-silicate glasses is thought to occur witlwo processes. At first, there is an ion
exchange (C&%nd Sf' ions) with protons from the polyacrylic acid. Themong Al*
and F ions these ions are released from the glass dissol process. Due to the
migration of both to the aqueous phase of the céntlea cations ionically crosslink
with the carboxyl groups of the polyacrylic aci@]1

It is important to know in how far mechanical prapes like hardness and indentation
modulus change within a long-term observation. Hasd, which is defined as the
resistance of a material to penetration or inderiagives the opportunity to predict
parameters such as wear resistance and abrasi@4[ZBhe elastic modulus represents
the relative stiffness of a material and gives iinfation on the resistance to occlusal
forces [25].

The present investigation on mechanical properiesonventional GICs revealed a
strong dependence of E and HV on the type of nafeor rather their chemical
composition. Former studies [26-31,12,22] discugkeslassumption as they described
the influence of the chemical composition, concgran and molecular weight of the
polycarboxylic acid, the glass structure and thesge/liquid ratio. The results of the
present study are comparable with other long-téudias [9-11] of GICs storage, in so
far, as mechanical properties like hardness omtad®n modulus are subject to change

within one year storage in distilled water or &tél saliva, but only in a moderate way.
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There is obviously either a slightly increase ocrdase of the properties detectable
[10,11,9]. Water stored conventional GICs showrammaased hardness within the first
day of storage while in the following periods (till40 days) less changes were
identified, since the surface hardness remainedtaat) or only decreased slightly [14].
A similar development was detected for E in thesprg study, as it remains constant in
value or decreases within the long-term storagés iBmot transferable to the measured
values for HV, as the materials, coated and undpa&eperience rather an increase in
hardness after 6 months and one year of storag@arenh to the aging of one week.
The only exception is the HV measured at the sarfat Riva Self Cure, which
decreased clearly. The results of the present slsiydiffer from an older study, which
measured a softening of the surface [32] duringlaservation time of 1000 hours. A
softening after one month was only seen in FujiRXst, followed by an increase in
surface hardness up to one year.

The resulting values for the mechanical properéies probably owed to the glass
composition, which seems to have special influeaoethe setting reaction, where
different setting behaviour in the forming cementue to the original glass formation
[12]. The values measured in this study confirns thesis as there are three GICs (Riva
Self Cure, Fuji IX Fast and Equia) based on alunfinoro-silicate-glass with very
similar mechanical properties in contrast to ChdrRBck. This cement contains zinc as
a major part of the glass composition. The spesirat accretion, which is supposed to
enhance reactivity, and the contribution of zindexas a network modifier to the Si-O-
Si bond disruption in the glass [33], which inceedise vulnerability of the glasses to
acid attack [34-36], suggest higher mechanical gmigs in this GIC. Upon a recent

study [8] one might agree with this thesis as riaa@ns the flexural strength. In view of



59

the measured micro-mechanical properties (E and kOWever, the positive effect is
not evident.

It is acknowledged that mechanical properties d@$s¢hange or rather are reduced by
the influence of early water contamination or dehyidn during and after the initial
phase of the setting reaction [5]. The result wdaddlissolution or crack propagation of
the cements leading to worse mechanical propd@igs In former studies it was found
that resin coating is a protective component whattould be applied on GICs
restorations [5,8]. However, properties like HV d@aabviously do not profit from the
surface protection, as found in the present studyadso in a recent published study [8].
Micro-mechanical properties are thus presumably aftécted by aqueous solutions
with a neutral pH as artificial saliva and distillevater. To understand changes in
mechanical properties during long term storagegueaus solutions such as artificial
saliva, a closer look to the atomic level is help#in Al MAS-NMR spectroscopy
study [12] showed the formation of six coordinatenanium (Al) crosslinking the
carboxyl groups in the polyacrylic acids duringime period of one year. The six
coordinate Al results from a conversion of four whoate Al leading to an increasing
proportion of six coordinate Al with setting timadathus to the increasing formation of
octahedral Al ions which crosslink the carboxyl @we of polyacrylic acids. This
suggestion that the amount of different Al speaiethe different GICs would affect the
setting process of the cements is a possible assaeshy the measured values for
mechanical properties are likely to change during long-term storage. The above
mentioned study concluded that the presence ofpbluoss also affects the setting of
GICs. Cement with a higher content of phosphorusthns more Al-O-P bonds alters
the rate of glass dissolution and ion release. @tugd also explain the present study, as

well as the very low values recorded at the bottfnthe cavity. As ChemFil Rock
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contains a relatively high amount of phosphorous lass aluminium ions compared to
the other tested materials, one could assume tieateason for the weaker mechanical
properties is a reduced crosslinking compared & dtiher materials. This does not
contradict studies that mention the role of zinaa®twork modifier [36,35], since zinc
accelerates the reactivity in the initial hardenipgcess, but is presumably not
associated with the total number of crosslinks.

Furthermore the sizes and shapes of the glas<lpartnight be responsible for the
lower HV and E in ChemFil Rock, since the matecahtains small and uniform glass
particles (Figure 5). While small and homogenougdiparticles, resulting in a larger
surface area, seem to grant higher flexural strenf8], but only weak HV and E [8],
GIC with more erratically formed particles appetrachieve higher HV and E values
[39,8], as observed for the other cements.

lon exchange processes are taking place with tis Glirroundings like hydroxyapatite
of the dentin and enamel or artificial saliva. Awestigation concerning the influence
of calcium/phosphate on the micro-mechanical charestics (hardness and elastic
modulus) located at the cement surface [40] dedeatiyer kind structure. Thickness
and structure of this surficial layer were probaldgpending on the amount of the
environmental phosphate and the influence of enmental phosphate and calcium on
GIC was pH dependent [40]. The phosphate is reg@lagehe carboxylic groups of the
GIC, who then will launch ionic bonds with the dalo ions of the dentin’s
hydroxyapatite [41]. This phenomenon seems to afisen a magnificent ionic
diffusion (mainly cations) alongside the dentinereat interface during the setting
period or even afterwards, as suggested in areeatlidy [18]. Hereby, the appearance
of a new intermediate dentin-GIC layer is most piaip an incorporation of ions in the

set matrix of the cement. Those ions may haveedltdre crystallization and the degree
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of cross-linking of the GIC. The layer-thicknessswastimated to be an indicator of the
depth of penetration of the influencing ion [18]. ddssociation of cross-linking of
polycarboxylate chains might occur due to diffus@irhydrogen ions. Those ions are
likely to exchange with matrix forming-cations, uang dissociation. The diffusion
process might be controlled by the difference ie ttoncentration of ions in the
proximate surroundings and the GIC matrix. As alltesf these processes in form of
the removal of cross-linking and loss of metal madi the GIC matrix is degraded and
glass particles are lost [19].

An intermediate dentin-GIC layer of about 300 pnckhess was identified in all
samples, showing significantly lower values comgarethe bulk properties of GIC or
dentin. This area, visible in the light microscope,a diffuse reaction layer, whose
dimension reaches from the GIC-Dentin interface anols, approximately 200-400 pum
(Figure 3). This area (position 3) with lower megical properties compared to the
other regions in the GIC or dentin (Table 2 anas3lso visible at one year of storage.
One could suggest that the weak mechanical pregemi this area result from the
degradation of the GIC matrix and a different ciagon of glass particles. This study
used energy dispersive X-ray spectroscopy (EDX)fandd that the amount of the ions
(C&*, F and Md") seem to differ depending on the cavity-depth. eegly C&",
which is a fundamental part of the early settingction [22], is higher concentrated in
the intermediate dentin-GIC layer than in uppetp@Fable 5). Those ions are probably
less dissolved out of the glass particles tharhenrest of the cavity leading to lower
mechanical properties in this area. Besides thsetheoncerning ionic diffusion, one
needs to consider possible water permeation frontidento GIC, which has been

observed by dynamic laser confocal microscopy [32,4he measured, rather low
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micro-mechanical properties for the intermediatetiteGIC layer may also result from
possible water permeation across this area.

Upon these theses, we might suggest that the mmpasally observed layer and the
corresponding weak mechanical properties noticatligwregion of the cavity are owed

to the multiple ion diffusion processes betweentidesnd GIC.
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Conclusion:

This study has shown that class | GIC restoratiares unlikely featuring constant
mechanical properties throughout the cavity, relgasdof conditions such as aging and
coating. The intermediate dentin-GIC layer at theity ground have, compared to more
superficial cavity areas, weak mechanical valudschivare assumed to be the result of
multiple ion diffusion processes between dentin Hrel cement. The development of
this intermediate layer in between dentin and Glith lower mechanical properties
might be responsible for the bond quality of GICdentin. Mechanical properties are
likely to change in a decent way within a long-testarage with a progress in hardness

for most measured materials.
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Tables and figures:

Table 1: Materials, manufacturer and chemical casitjom of Glass lonomer Cements (all encapsulaed)coating materials.

Glass lonomer Cement

Manufacturer

Composition

Riva Self Cure; Lot: B1004281

ChemFil Rock; Lot: 1005004004

GC Fuji IX GP Fast; Lot: 1005211

GC Fuji IX GP Extra (Equia); Lot:
1005281
Coating

SDI Limited, VictoriaUS

Dentsply, KonstanERG

GC Europe N.V.uken, BEL

GC Europe N.V., Leuven, BEL

Fluoro- aluminosilicate glass

Polyacrylic acid + Tartaric acid, Polyacrylic acid

Calcium-aluminum-zinc-fluoro-phosphor-silicate glaBolycarboxylic
acid,

Iron oxide pigments, Titanium dioxide pigments, tadc acid, Water

Alumino-fluoro-silicate glass, Polyacrylic acid,ddilled water,

Polybasic carboxylic acid

Polyacrylic acid, Aluraisilicate glass, Distilled water

Riva Coat; Lot: 091103
Seal&Protect TF; Lot: MTO-3-27-1

GC Fuji Coat LC; Lot: 1005061
GC G-Coat Plus; Lot:1004091

SDI Limited, Victoria, AUS
Dentsply, Konsta@ER

GC Europe N.V. LeuvBEL
GC Europe N.V. Leurdal,

chylic monomer
Di- and trimethacrylate, Acetone, Dipentaerythritehta acrylate
monophosphate
Methylmethacrylate, Multifunctional methacye, Camphorquinone

Methyl methacrylate, Colloidal Silica, Camphohgpne

cL



Table 2: Indentation modulus (E, GPa) is detaifetheéan values and standard deviation; positiorsOrface, position 1 = 1 mm depth, position 2 = 2 dapth,

Position 3 = bottom, position 4 = dentin

Material aging coating no coating
Position Position
0 1 2 3 4 0 1 2 3 4
1w 21.1(3.4) 21.2 (3.0) 21.6 (4.6) 10.5(3.5) 3.71(2.5) 20.1(3.1) 20.9 (2.0) 20.9 (1.8) 9.5313 13.5(2.1)
1M 19.8 (4.2) 21.9 (2.8) 22.9 (2.4) 10.2 (4.2) 2.4(4.4) 21.4 (3.0) 22.0 (2.6) 22.8 (2.7) 9.8.2)3 13.5(3.7)
Riva Self Cure| 3 M 23.8 (2.6) 22.7 (2.5) 21.6 (2.2) 8.7 (3.4) 14.0 (2.7) 20.9 (5.0) 22.8 (2.6) 24.7) 9.0 (3.5) 12.9 (4.9)
6 M 18.7 (5.7) 21.0(3.8) 21.1 (4.0) 10.6 (3.2) 4.61(3.2) 19.2 (4.8) 22.1 (3.8) 21.9 (3.0) 11.B)4. 15.6(2.3)
12 M 14.9 (7.5) 17.8 (5.7) 19.5 (2.7) 7.2 (3.6) 12.3(1.8) 11.1 (4.9) 15.9 (3.7) 14.3 (4.3) 6(B.7) 13.2 (2.0)
1w 16.6 (3.6) 17.5(4.1) 14.4 (3.6) 4.9 (2.5) 2R.7) 16.3 (3.4) 18.7 (4.3) 18.7 (2.5) 7.4 (3.6) 14.6(2.8)
1M 16.9 (4.4) 20.1 (4.2) 19.0 (3.2) 7.8 (3.4) 6L@.3) 16.2 (3.2) 19.7 (2.8) 19.4 (4.2) 8.9(3.1) 14.3(3.1)
Chemfil Rock | 3 M 16.1 (5.6) 15.9 (3.8) 16.8 (2.3) .463.4) 13.8 (2.1) 14.1 (3.5) 17.3 (3.6) 18.0)2.6 6.4 (2.8) 14.4 (2.7)
6 M 16.3 (2.5) 17.7 (1.8) 17.2 (1.4) 7.7 (2.8) TR.1) 15.6 (3.8) 18.5 (2.8) 17.8 (2.8) 8.4 (3.0) 13.3(2.0)
12 M 13.5 (4.5) 16.7 (3.8) 16.5 (2.6) 8.1(3.1) 3.01(1.3) 13.6 (3.9) 16.8 (2.3) 16.8 (2.6) 7.9)3.0 12.3(1.7)
1w 23.3(2.9) 23.5 (4.0) 23.4 (3.8) 9.4 (4.0) 512.8) 22.2 (4.7) 24.7 (3.8) 24.4 (3.7) 10.3)4.1 15.5(2.0)
1M 23.1(3.2) 25.4 (1.9) 24.4 (4.3) 10.1 (4.6) 4.61(2.0) 21.5(3.7) 25.6 (2.6) 24.9 (4.7) 10.8)4. 14.5(2.2)
GC FujiiX Fas3 M 23.7 (2.4) 24.1 (3.0) 24.0 (2.7) 8.5 (3.4) 1a5) 23.5(5.7) 25.1 (3.5) 24.9 (2.3) 10.8 (4.0) 15.0 (1.9)
6 M 21.5(4.8) 24.3 (3.2) 23.5(2.8) 9.3 (4.0) 6LP.1) 20.2 (5.0) 23.7 (4.1) 23.1(4.4) 9.6 (3.1) 14.0(2.4)
12 M 18.2 (5.0) 22.3 (2.6) 21.9 (3.7) 8.5(3.2) 2.9(1.8) 16.9 (8.9) 22.0 (5.1) 24.8 (3.4) 7.0)4.0 125 (2.2)
1w 20.5(3.4) 21.8 (2.9) 18.9 (2.8) 8.5 (3.6) 212.8) 18.2 (2.1) 19.8 (2.1) 20.1(3.0) 8.5(3.5) 15.4(1.9)
1M 19.6 (2.4) 20.5(2.1) 21.3(2.3) 9.9 (3.9) BL3L.3) 18.4 (2.0) 20.3 (3.5) 21.6 (2.4) 9.6 (4.4) 14.4(1.0)
Equia 3M 17.9 (5.1) 20.0 (4.5) 22.7 (2.4) 9.0)3.4 15.4(1.5) 17.2 (4.2) 21.4 (3.0) 20.9 (4.2) RAY 14.4 (2.3)
6 M 22.2 (4.2) 20.6 (3.1) 21.5(1.9) 9.8 (3.4) .2141.6) 18.8 (2.6) 20.8 (2.5) 21.2(3.2) 8.1(3.1) 12.6(1.7)
12 M 14.9 (7.3) 18.4 (5.6) 17.2 (4.9) 8.3(3.8) 3.41(1.8) 12.8 (6.5) 17.9 (6.4) 19.6 (4.2) 7.3)2.6 11.4(1.7)

€L



Table 3: Vickers hardness (N/mm?) is detailed immealues and standard deviation; position 0 =asetfposition 1 =1 mm depth, position 2 = 2 mnthiep

Position 3 = bottom, position 4 = dentin

Material aging coating no coating
Position Position
0 1 2 3 4 0 1 2 3 4
1w 105.6 (31.6) 95.1(46.0) 102.1(70.1) 37B9L 51.7(8.3) 92.6 (21.6) 90.2(28.1) 82.5(18.286.5(17.2) 50.4(9.3)
1M 101.2(30.1) 95.1(25.3) 97.6(19.5) 43.9622 42.1(16.7) | 99.8(28.9) 91.7(23.1) 100.8(19.40.3(23.1) 48.2(15.4)
Riva Self Cure| 3 M 104.5(16.1) 97.0(20.8) 9681 35.4(22.5) 47.4(10.2)( 100.4(31.0) 97.2@L4. 103.2(13.1) 36.9(22.2) 48.4(15.2
6 M 102.7 (20.8) 100.6 (13.9) 98.2(16.2) 4423} 55.2(5.2) 105.6 (22.3) 104.1 (22.5) 95.37p2. 46.3(25.5) 55.6(13.9)
12M 94.3(36.1) 103.2(28.0) 103.2(24.0) 330@.3) 63.5(17.4) | 77.5(50.1) 100.7 (31.7) 92.11)2 37.6(27.2) 69.3(13.0)
1w 62.7 (18.4) 66.1(15.3) 58.6(13.5) 31.9Q@18. 53.7 (8.1) 50.8 (19.5) 60.6 (20.3) 61.4(13.2p8.3(15.1) 52.6(13.6)
1M 61.3(16.4) 65.4(13.1) 64.5(13.1) 33.1¢)8. 51.0(13.4) | 60.2(18.2) 65.2(11.0) 64.9(19.2p8.1(14.7) 55.9(16.5)
Chemfil Rock | 3 M 60.6 (20.3) 57.7(15.9) 59.8(32.224.3(14.8) 56.2(10.6)( 57.4(20.1) 62.9(15.0)5.2613.3) 25.9(16.7) 45.7 (13.6
6 M 70.6 (19.7) 67.4(12.0) 65.3(10.5) 26.89)3. 60.3(10.7) | 66.7(19.0) 70.2(11.3) 71.1(11.984.2(18.5) 56.5(9.3)
12M 73.1(21.0) 67.0(18.0) 64.1(11.8) 29.7.9)5 55.8(7.8) 67.1(21.6) 68.1(12.4) 68.7(12.282.5(18.5) 58.1(9.5)
1w 107.0 (21.9) 98.7 (27.4) 91.7(25.9) 34.2%21 52.9(15.6) | 104.1(24.5) 103.5(22.7) 93.78p0. 37.4(20.8) 57.5(7.2)
1M 97.4(24.8) 95.3(14.2) 99.5(27.8) 40.787. 50.7 (5.8) 93.6(26.9) 103.9(21.8) 99.1(29.788.1(26.2) 49.8(9.8)
GC Fuji iX Fas{3 M 114.3(21.5) 105.9 (22.4) 108.3(13.7) 36.1119 56.7 (12.5) | 113.2(35.0) 106.9 (18.9) 107.3918 40.9(18.3) 52.2(7.9)
6 M 113.1(32.7) 115.1(18.4) 108.6(16.4) 32®7) 60.0(15.0) | 110.3(26.2) 122.3(23.1) 1128Y) 40.0(19.6) 54.2(13.1)
12M 119.0 (43.8) 120.0(15.4) 111.9(29.1) 4228) 65.1(16.8) | 98.3(54.1) 115.1(28.2) 12689) 29.7(26.1) 58.6(19.2)
1w 96.9(33.6) 102.2(28.5) 90.2(20.6) 33.3321 50.6(12.5) | 85.1(18.2) 92.2(28.5) 88.3(21.783.1(23.0) 52.0(8.6)
1M 107.6 (13.2) 103.8(25.8) 90.3(16.4) 376.02 49.0(14.9) | 94.7 (18.5) 92.2(23.0) 94.7(21.137.7 (27.0) 46.4(3.4)
Equia 3 M 108.1(22.4) 95.3(24.9) 108.6(25.2) 3324.4) 56.0(9.2) 95.0(25.2) 107.1(22.2) 1Q0230) 36.4(22.2) 59.0(11.1)
6 M 114.7 (24.6) 99.6 (21.8) 105.5(20.9) 39822} 59.2(10.4) | 104.2(18.8) 102.8(18.6) 114831 37.2(20.0) 57.0(11.5)
12M 99.6 (48.1) 115.3(34.2) 100.3(28.5) 427.%) 57.3(22.7) | 94.2(48.4) 106.4(34.6) 113M{P 31.5(14.4) 54.1(11.8)

v



Table 4: Influence of aging, coating and positibthe selected materials on Vickers hardness (Hid)iadentation modulus (E). The higher the pagtal

squared values the higher is the influence of ¢ihected variables on the measured properties (@iear mode(n?), NS = Non Significant)

Material Parameter |HV E
Aging 0.099 0.346
Riva Self Cure Coating NS 0.03
Position NS NS
Aging 0.119 0.083
Chemfil Rock Coating NS NS
Position NS NS
Aging NS NS
GC Fuji IX Fast Coating NS NS
Position NS 0.039
Aging NS 0.176
Equia Coating 0.047 0.056
Position NS NS

=72




Table 5: EDX analysis: Ratio of EaMg®*, F, AI** and Si ions (At %) related to all measurable atomifferent cavity areas (measured from the aebérder

as position 0 upwards in pm)

lons
Material Position 5 5 5 :
Ca™ | Mg“’ F Al Si
0-100 190 | 0.70| 8.08 1256 14.1P
100-200 15 0.35| 84 12.17 14.54
Riva Self Cure
200-300 0.95| 0.09| 9.67 12.26 14.28
900-1200 1.14| 0.11| 1058 1226 13.84
0-100 166 | 0.50| 7.32 11.57 13.2]7
100-200 0.95| 0.27| 8.69 1294 14.35
ChemFil Rock
200-300 0.74| 0.24| 8.57 12.02 14.66
900-1200 0.84| 0.15| 8.43 12.90 14.48
0-100 190 | 0.70| 8.08 12.56 14.1P
100-200 0.78| 0.11| 9.91 13.12 13.88
GC Fuji IX Fast
200-300 032 0 9.52 11.42 10.64
900-1200 0.95| 0.00| 9.27 11.09 10.26
0-100 1.02 | 0.10| 13.51] 10.71 8.11
100-200 0.8 0.27| 1495 1147 7.99
Equia
200-300 0.46| 0.13| 14.72 11.24 8.09
900-1200 097| 0.3 13.87 11.22 7.44

9/
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2.2.1 Deutsche Zusammenfassung

Die vorliegende in vitro Studie verfolgte einerseitlas Ziel den Einfluss von
Langzeitlagerung (bis zu einem Jahr) und die Vedueg einer
Oberflachenversiegelung auf  mikromechanische Eeaften von  vier
konventionellen Glasionomerzementen (GIZ) innertigbomm tiefen Zahnkavitaten zu
untersuchen. Andererseits lag die Zielsetzung inAtelyse des Ubergangsbereichs
zwischen Dentin und GIZ und mdglicher dort statténder Interaktionen
untereinander. Der Studie dienten vier restauraBVg: Riva Self Cure® (RC) SDI,
Fuji IX GP Fast, Fuji IX GP Extra (Equia) und eiaugres innovatives Material namens
ChemkFil Rock (Dentsply), welches durch eine neusidrmulierung der Glaskorper
charakterisiert ist. Die ausgewahlten GIZ wurder3/& mm tiefen Klasse | Kavitaten
von 100 extrahierten Molaren appliziert. Jeder Zhbrald zwei Kavitaten gefillt mit
dem jeweiligen GIZ wobei eine der Fullungen einee@lichenversiegelung erhielt, die
andere nicht. Obwohl der Hersteller eines der Glatevialien (ChemFil Rock) die
Applikation einer Oberflachenversiegelung als avent fir die Leistung des Produkts
ansieht, wurde dennoch ein vom Hersteller gestaditperimenteller Oberflachenschutz
untersucht. Somit wurden alle Materialien unterigjlen Bedingungen analysiert. Die
Proben wurden zudem unterschiedlich lange (eine h&oein Monat, drei Monate,
sechs Monate und ein Jahr) in kunstlichem Speidiel 37° C gelagert. Die
mechanischen Eigenschaften - Vickersharte (HV) &mbringmodul (E) - wurden
dann in 100 um Schritten zwischen Fullungsoberacimd tGber den GIZ-Dentin
Ubergangsbereich bis 100 um tief ins Dentin himgmessen. Die Formulierungen der
Arbeitshypothesen waren:

a) Eine einjahrige Lagerung und die Anwendung edieerflachenversiegelung werden

keinen Einfluss auf HV und E der GIZ und der Glzabe Ubergangszone haben.
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b) innerhalb eines Materials werden die untersdicieein Kavitatentiefen ahnliche
Ergebnisse fur HV und E aufweisen.

c) HV und E werden nicht durch die unterschiedlithechemischen
Zusammensetzungen der GIZ beeinflusst.

Bevor die mechanischen Eigenschaften der Probereggan wurden, wurden die
Zahne in mesio-distaler Richtung geschnitten, exditch den Mittelpunkt der
Fullungskavitat, um eine Querschnittsflache zu keha Daraufhin wurden die Proben
mit einem Mikrohartemesssystem zur automatisieMémohartebestimmung den Tests
zur Bestimmung von HV und E unterzogen. Mit Hillesdntegrierten Lichtmikroskops
des Mikrohartemesssystems wurden Bilder des Kawititdens und der tieferen
seitlichen Kavitatenrander angefertigt. Eine exempthe Probe der jeweiligen GIZ
wurde im Rasterelektronenmikroskop untersucht. fHienurden die Proben fiir sieben
Tage in kunstlichem Speichel gelagert und ohnetspat) im backscatter Modus
analysiert. Zusatzlich wurde eine EnergiedispersR@ntgenspektroskopie (EDX)
durchgefihrt um die Menge der unterschiedlicherehom allen Bereichen der Kavitat
in Relation zu allen messbaren Atomen zu erfassen.

Mittels einer multivariaten Analyse (allgemeineselares Modell mit partiellen eta
quadrat Statistiken) wurde die GroRe des EffekisRrameter GlZ, Lagerungszeit,
Oberflachenversiegelung und Fillungstiefe auf Hd Enermittelt. Die Auswertung der
statistischen Daten zeigte, dass HV und E stark Material (p< 0,05, partiales eta-
quadrat? = 0,31 und 0,23) beeinflusst wurden jedoch wenilyech die Lagerungszeit
(p< 0,05,n¢ = 0,02 und 0,12) und Oberflachenversiegelung (j95,6,»> = 0,02 und
0,03). Die Fullungstiefe (0 - 2 mm) hat keinen kis$ auf HV (p = 0,789). HV erfahrt
eine leichte Zunahme an Wert nach einjahriger Laggi(p = 0,002). Eine ca. 300 pm

breite Zone innerhalb der GlZ, die nahe des Dertkalisiert ist und schwachere
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mechanischen Eigenschaften aufwies wie die, di&lifhund Dentin gemessen wurden,
konnte fur alle Fdllungen mit und ohne Oberflachasiegelung und bei jeder
Lagerungszeit, festgestellt werden. Die Dicke diedene wurde starker beeinflusst
durch die Lagerungszeit (p < 0,087 = 0,081) als durch die unterschiedlichen
Materialtypen (p< 0,05y,> = 0,056). Die Oberflachenversiegelung hatte diesbkch
keinen Einfluss (p= 0,869). Die Fullkdrpergro3e wieten Morphologie zeigten in
dieser Zone zwar keinen Unterschied zu den Filld@rpn den oberen Anteilen der
Kavitat. Jedoch war der Anteil an niederwertigertié@en in diesem Bereich hdher wie
die EDX-Analyse ergab. Zusammenfassend kann mamnsadgss die Studie zum einen
zeigen konnte, dass Klasse | GIZ Restaurationemek&ionstanten mechanischen
Eigenschaften in den unterschiedlichen Kavitatémieaufweisen, unabhéngig von
Bedingungen wie Oberflachenversiegelung und Laggmzeit. Weiterhin weisen die
GlIZ-Dentin Zwischenzonen am Kavitatenboden im Vel zu hdher gelegenen
Kavitdtenanteilen schwache mechanische Werte aifindglicherweise aufgrund der
multiplen lonenaustauschprozesse zwischen DentinGlZ zustande gekommen sind.
Die Entstehung einer solchen Zone zwischen Dentid GIZ mit schwacheren
mechanischen Eigenschaften, kénnte fir die QualgaBindungsstarke vom GIZ zum
Dentin verantwortlich sein. Letztlich zeigte dieu&ie auch, dass sich mechanische
Eigenschaften wahrend einer Langzeitlagerung skgmt verandern kénnen, mit einer
Steigerung von HV uber einen Beobachtungszeitraameimnem Jahr flr die meisten

Materialen.
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2.2.2 English Summary

The present in vitro study focused on the one ham@nalyze the influence of long-
term storage (up to one year) and resin coatingnechanical properties of four
conventional Glass lonomer Cements (GICs) withénn deep cavities. On the other
hand the investigation aimed on analyzing the Gé@tith interfacial areas and possible
interactions between GIC and dentin. Four commigycavailable restorative GICs
were used for the study: Riva Self Cure® (RC) Shijj IX GP Fast® (FF) GC, Fuiji IX
GP Extra (Equia)® (FE) GC and a new innovative matenamed ChemFil Rock®
(CR) Dentsply, equipped with a new zinc formulatmthe glass fillers. The chosen
GICs were applied into 3,5mm deep cavities (classf 100 extracted molars. Upon
that, either a resin coating as surface protecti@s used, or not. Although the
manufacturer of CR emphasizes that resin coatirgyrtmainfluence on the products
performance, it was still applied on the specimensrder to confront each of the
materials with the same conditions. The sample wtared for different time periods
(1 week, 1 month, 3 months, 6 months and one yeaajtificial saliva at 37° C. The
variation in mechanical properties (Vickers hargn@$v) and indentation modulus (E))
were determined in 100um steps starting from théndi surface, through the
intermediate layer in between GIC and dentin, amtirey 100um in dentin. The tested
null-hypotheses were that:

a) Aging for 1 year and resin coating would notuahce the HV and E of the GIC or
the GIC-dentine interfacial areas.

b) Within one material, different depths of the ibawould reveal similar results for
HV and E.

c) HV and E would not be influenced by the diffareompositions of the GICs.
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Before measuring the mechanical properties, thi t@ere cut mesio-distally, through
the center point of the cavities, in order to getr@ss-sectional area. Afterwards the
samples were tested by means of an automatic rhamdness indenter to receive the
values for HV and E. The integrated light microssopas use to take images of the
cavity bottom and margin. An exemplary sample facke GIC was analyzed by
scanning electron microscopy (SEM). The sampled t@eSEM were stored for 7 days
in artificial saliva and were investigated with sputtering using a backscatter signal.
Additionally an energy dispersive x-ray spectrosc{pDX) was used to determine the
amount of different ions throughout the cavity tethto all possible measurable atoms.
A multivariate analysis (general linear model watirtial eta-squared statistics) assessed
the effect’s strength of the parameters GIC, agiogfing and position on HV and E.
The examination of the multivariate analysis shoaesignificant influence of material
type on HV and E (p< 0.05, partial eta-squargti= 0.31 und 0.23) and less but
significant influence of aging (p< 0.0f,> = 0.02 und 0.12) and resin coating (p< 0.05,
ne =0.02 und 0.03) on HV and E. The depth of measantf0-2mm) has no influence
on HV (p=0.789). HV shows a gentle increase over time year storage period
(p=0.002). An approximately 300um GIC zone at tteaa close to dentin with weaker
properties as those measured in dentin or GIC dexgified in all fillings, regardless of
the presence of coating, and at all storage peribas thickness of this zone is more
strongly influenced by storage (p< 0.0, = 0.081) than by material type (p< 0.0%,

= 0.056) while resin coating showed no influence (p869). Filler dimension and
morphology in this zone resembled fillers in upparts of the cavity. However, the
amount of low cations in these areas was higheordoty to the EDX analysis.
Summarizing the present observations one can shssiatclass | GIC restorations are

unlikely to feature constant mechanical propertiesughout the cavity, regardless of
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conditions like resin coating and aging. Furthemndine intermediate GIC-dentine
layers at the cavity ground have, compared to nsmngerficial cavity areas, weak
mechanical values, which are assumed to be thdt reumultiple ion diffusion

processes between dentin and the GIC. The develdpafiean intermediate layer in
between dentin and GIC with lower mechanical progemight be responsible for the
bond quality of GIC to dentin. Finally the studyutth show that mechanical properties
are likely to change significantly over long-tertorage, with an increase in HV for

most materials measured.
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