N

YEDITEPE UNIVERSITY

INSTITUTE OF HEALTH SCIENCES

DEPARTMENT OF PEDIATRIC DENTISTRY

THE EFFECT OF SURFACE COATING AND
ARTIFICIAL AGING ON THE SURFACE
ROUGHNESS AND MICROHARDNESS OF GLASS
IONOMER-BASED RESTORATIVE MATERIALS
IN-VITRO

DOCTOR OF PHILOSOPHY THESIS

YAGMUR YILDIRIM, DDS

istanbul — 2023



'\

YEDITEPE UNIVERSITY

INSTITUTE OF HEALTH SCIENCES

DEPARTMENT OF PEDIATRIC DENTISTRY

THE EFFECT OF SURFACE COATING AND
ARTIFICIAL AGING ON THE SURFACE
ROUGHNESS AND MICROHARDNESS OF
GLASS IONOMER-BASED RESTORATIVE
MATERIALS IN-VITRO

DOCTOR OF PHILOSOPHY THESIS

YAGMUR YILDIRIM, DDS

SUPERVISOR
ASSOC. PROF. DR. ELIF SUNGURTEKIN EKCi

istanbul — 2023



THESIS APPROVAL FORM

Institute : Yeditepe University Institute of Health Sciences
Programme : PhD Program in Pediatric Dentistry

Title of the Thesis  : The Effect of Various Surface Coating Agents and Artificial
Aging on the Surface Roughness and Microhardness of Glass Ionomer Based
Restorative Materials In Vitro

Owner of the Thesis : Yagmur Yildirim

Examination Date ~ : 01.03.2023

This study have approved as a Master Thesis in regard to content and quality by the
Jury.

Title, Name-Surname (Institution)
Chair of the Jury: | Prof. Dr. Senem SELVI KUVVETLI

Yeditepe University

Supervisor: Dog. Dr. Elif SUNGURTEKIN EKCI

Yeditepe University
Member/Examiner: | Prof. Dr. Didem OZDEMIR OZENEN

Yeditepe University
Member/Examiner: | Prof. Dr. Serap Hatice AKYUZ

Marmara University
Member/Examiner: | Dog. Dr. Bahar Basak KIZILTAN ELIACIK

Hamidiye University

APPROVAL

This thesis has been deemed by the jury in accordance with the relevant articles of
Yeditepe University Graduate Education and Examinations Regulation and has been
approved by Administrative Board of Institute with decision dated ..............cccceene.

and numbered ..................

Prof. Dr. Bayram YILMAZ
Director of Institute of Health Sciences



DECLARATION

I hereby declare that this thesis is my own work and that, to the best of my knowledge
and belief, it contains no material previously published or written by another person nor
material which has been accepted for the award of any other degree except where due

acknowledgment has been made in the text.

Yagmur Yildirim



ACKNOWLEDGEMENTS

I would like to express my acknowledgements to my dear teacher and thesis
consultant Assoc. Prof. Dr. Elif SUNGURTEKIN EKCI, who always shares her
knowledge and experience with me during my doctorate study and never spared her

support and tolerance, and whom I take as an example in all aspects;

to my dear teacher Prof. Dr. Senem SELVI KUVVETLI, Head of the
Department of Pediatric Dentistry of Yeditepe University Faculty of Dentistry, who never
spared her support, knowledge, and experience and always guided me during my

doctorate study;

to my dear teacher Prof. Dr. Didem OZDEMIR OZENEN, who never spared
her knowledge and experience throughout my doctorate study and always reminded us
that we are a family as a department, and to all other valuable academic members of our

department;

to Dilek Oztiirk, who have always been with me since I started my doctorate, and

all my teammates;

to my dear mother Nurgiil Yildirim, my father Haydar Yildirim and my brother
Umit {lkan Yildirim, whose love I always feel and who helped me come to these days,

guided me in every period of my life, and supported me in every respect;

Thank you very much.



THESIS APPROVAL FORM. ..o i

DECLARATION. ...t e il
ACKNOWLEDGEMENTS. ... v
TABLE OF CONTENTS ... .ttt e A%
LIST OF TABLES. ...t e e viii
LIST OF GRAPHICS. .. .. ix
LIST OF IMAGES ... e X
LIST OF SYMBOLS AND ABBREVIATIONS. ...t Xi
AB ST R ACT .. e Xiv
1. INTRODUCTION AND PURPOSE. ... .ottt 1
2. GENERAL INFORMATION (LITERATURE REVIEW)......cccocoiiiiiiii, 2
2.1. Glass IonOmMer CeMENTS. ... ..uiutinteti ettt 2
2.1.1. History of Glass [onomer Cements. ...........ouvvuiiiiiniiiiiiiiiiiiieiiaiieaneanans 2
2.1.2. Classification of Glass [onomer Cements by Areasof Use..............ccovvviininnnn. 3



2.1.3. Classification of Glass lonomer Cements by Content.................c.ccceeven.n. 3

2.1.3.1. Conventional Glass Ionomer Cements ............c..coeviiviiiiiiiiiiiiniiniiinnen... 4
2.1.3.2. Resin-Modified Glass Ionomer Cements (RMGICSs) ............cccoeeiiiiinnna... 8
2.1.3.3. High-Viscosity Glass lonomer Cements..............cevvuiiiiiiiiiiiiianianinannnns 10
2.1.3.4. Polyacid-Modified Composite Resins (Compomer) .............cevviviiennnnnn. 11
0 R T TR € 103541 13
2.1.3.6. Glass CarbOmeT. .......ouiniit it 13
2.2, Surface Coating AGENTS. .....o.uiuiint ittt et et et 14
2.2.1. Petroleum Jelly (Vaseline).........oouiiniiniiiiiii i 15
2.2.2.C0C0a BULET. ...ttt 15
2.2.3. Light-Cured Surface Sealants...............oooiiiiiiiiiiii e, 16
2.3. Artificial AgIng Methods .......ooviiniii e 17
2.3.1. Aging by Thermal Cycling Test..........c.ooviiiiiiiiiiiiiiiiii e, 17
2.3.2. Aging by Water ReSOTPLION. ........iiuiiniiitii e 18
2.3.3. Aging by Occlusal Loading............ccoouiiiiiiiii e 19
2.4. Evaluation of Surface Roughness. ..., 19
2.5. Evaluation of Surface Microhardness. ............cocooiiiiiiiiiiiiiniiiiiiinieaes 20

Vi



3. MATERIALS AND METHODS. ... 22

3.1 Tested MaterialS. ...... e 22
3.2. Sample Preparation for Surface Roughness Test and Microhardness Test............. 27
3.3. Surface Roughness Test........c.ovuiiniiiiiiiiiii e 34
3.3.1. Measurement of Surface Roughness.................ocooiiiiiiiiiiiii 34
3.4. Surface Microhardness Test.........c.oiuiiuiuiiniiii e 36
3.4.1. Measurement of Microhardness. ............ooevueiuiiiiiiiiiniiiiii e, 36
3.5. Statistical ANALYSIS. ... ...ouuieiitiii e 39
A RE SU LT St e e e 40
4.1.Surface Roughness Test Results..........ooviiiiiiiiiii e, 40
4.2.Surface Microhardness Test Results.............ooooviiiiiiiiiiiiii, 45
5. DISCUSSION. L. e 50
5.1 Discussion of Surface Roughness Test Results................cooooiiiiiiiiii, 54
5.2 Discussion of Surface Microhardness Test Results................cooooiiiinn. 57
6. CONCLUSION .. ...ttt e 62
7. REFERENCES. ... e 65
8. CURRICULUM VITAE. .. ...ttt 77

Vii



LISTS OF TABLES

Table 1. Light-cured surface sealants used in dental applications.

Table 2. General properties of materials used in the study.

Table 3. Preparation method of samples used in the study.

Table 4. Tested material groups.

Table 5. Comparison of surface roughness values of ACTIVA™ kids BioACTIVE-
RESTORATIVE™ before and after thermal aging.

Table 6. Comparison of surface roughness values of EQUIA® Forte Fil before and after

thermal aging.

Table 7. Comparison of surface roughness values of ChemFil® Rock before and after

thermal aging.

Table 8. Comparison of surface roughness values of all tested materials without coating

application.

Table 9. Comparison of surface roughness values of all tested materials after coating

application.

Table 10. Comparison of surface microhardness values of ACTIVA™kids BioACTIVE-
RESTORATIVE™ before and after thermal aging.

Table 11. Comparison of surface microhardness values EQUIA® Forte Fil before and

after thermal aging.

Table 12. Comparison of surface microhardness values of ChemFil® Rock before and

after thermal aging.

viii



Table 13. Comparison of surface microhardness values of all tested materials.

Table 14. Comparison of surface microhardness values of all tested materials after

coating application.



LIST OF GRAPHICS

Graphic 1. Comparison of Surface Roughness Values of ACTIVA™ kids BioACTIVE-
RESTORATIVE™ before and after thermal aging.

Graphic 2. Comparison of surface roughness values of EQUIA® Forte Fil before and

after thermal aging.

Graphic 3. Comparison of surface roughness values of ChemFil® Rock before and after

thermal aging.

Graphic 4. Comparison of surface roughness values of all tested materials without

coating application.

Graphic 5. Comparison of surface roughness values of all tested materials after coating

application.

Graphic 6. Comparison of surface microhardness values of the ACTIVA™ kids
BioACTIVE-RESTORATIVE™  and the ACTIVA™ kids BioACTIVE-
RESTORATIVE™ + coating before and after thermal aging.

Graphic 7. Comparison of Surface Microhardness values of test EQUIA® Forte Fil

before and after thermal aging.

Graphic 8. Comparison of surface microhardness values of ChemFil® Rock before and

after thermal aging.

Graphic 9. Comparison of surface microhardness values of all tested materials without

coating application.

Graphic 10. Comparison of surface microhardness of all tested materials after coating

application.



LIST OF IMAGES

Image 1. ACTIVA™ kids BioACTIVE-RESTORATIVE™ (PULPDENT®, Watertown,
USA).

Image 2. EQUIA® Forte Fil (GC Corporation, Tokyo, Japan).
Image 3. ChemFil® Rock (Dentsply Sirona, Kontstantz, Germany).
Image 4. EQUIA Forte™ Coat (GC Corporation, Tokyo, Japan).
Image S. Plexiglass molds.

Image 6. Elipar® S 10 (3M ESPE, USA).

Image 7. a.max, AM-1 Capsule mixer (Monitex, Taiwan).

Image 8. Capsule Applier III (GC Corporation, Tokyo, Japan).
Image 9. Phonenix Beta Twin Wheel (Buehler®, USA).

Image 10. Polishing the samples with sandpaper.

Image 11. Profilometer (MarSurf M 1, Germany).

Image 12. The surface roughness measurement of the specimens using the profilometer.
Image 13. Thermocycler (Salubris-Technica, Turkey).

Image 14. Buehler Micromet 5114D digital microhardness tester (Buehler, Dusseldorf,

Germany).

Image 15. Vickers microhardness (VMH) measurements using the microhardness tester.

Xi



LIST OF SYMBOLS AND ABBREVIATIONS

AP : Aluminum

ADA : American Dental Association

AlLO3  : Aluminum Oxide

ART : Atraumatic Restorative Treatment

ASPA : Aluminosilicate Polyacrylic Acid

Bis-GMA : Bisphenol-A Glycidyl Methacrylate

°C : Celsius Degree
Ca™? : Calcium
CaF; : Calcium Fluoride

CGIC : Conventional Glass Ionomer Cement

d : Specimen Diameter

F : Force

FDA : The American Food and Drug Administration

F-PRG : Fully pre-reacted glass

GIC : Glass Ionomer Cement

HEMA : 2-Hydroxyethyl methacrylate

ISO : International Standards Organization

Xii



ITR

K+

La*3

LED

MPa

MMA

mm/s

NaO

Na*

P20s

pH

PRG

Ra

: Interim Therapeutic Restoration

: Potassium

: Lanthanum

: Laser Emission Diode

: Megapascal

: Methyl methacrylate

: Millimeter

: Millimeters Per Second

: Sodium Oxide

: Sodium

: Phosphorus Pentoxide

: Power of Hydrogen

: Pre-reacted Glass

: Arithmetic Roughness

RMGIC : Resin-Modified Glass Ionomer Cement

Sr+2

SiO;

S-PRG

: Strontium

: Silicon Dioxide

: Surface pre-reacted glass

Xiii



SPSS.  : Statistical Package for the Social Sciences

TEGDMA : Triethylene Glycol Dimethacrylate

UDMA : Urethane Dimethacrylate

VMH : Vickers Microhardness
VHN : Vickers Hardness Number
Zn™? : Zinc

% : Percent

pm : Micrometer

Xiv



ABSTRACT

Yildirim Y. 2023. The Effect of Surface Coating and Artificial Aging on the Surface
Roughness and Microhardness of Glass lonomer-Based Restorative Materials In-

Vitro. Yeditepe University Institute of Health Sciences, Ph.D. Thesis, Istanbul.

Glass Ionomer Cements (GIC), due to their chemical bonding to dental tissues with
minimal preparation and their fluoride-releasing properties, have become popular in
pediatric dentistry. Until the secondary hardening of restorations made using GIC is
completed, surface coatings are applied to the restoration surface to reduce its negative
physical properties. When applied to glass ionomer restorations, surface coatings improve
the properties of materials, such as surface roughness and microhardness. A bioactive
restorative material ACTIVA™ kids BioACTIVE-RESTORATIVE™ (PULPDENT®,
Watertown, USA), high-viscosity glass ionomer cement materials EQUIA® Forte Fil (GC
Corporation, Tokyo, Japan) and ChemFil® Rock (Dentsply Sirona, Konstanz, Germany)
were used within the scope of the study. EQUIA Forte™ Coat (GC Corporation, Tokyo,
Japan) was used as a surface coating agent. Thirty-four samples were prepared from each
material group, and Equia Forte Coat was applied to half of them. Plexiglass molds
(10£0.1 mm in diameter and 2+0.1 mm in depth) were used for surface roughness and
microhardness tests. Before and after the thermal cycling procedure, surface roughness
and microhardness measurements were performed for all samples. Statistical Package for
the Social Sciences (SPSS) 24.0 program was used for statistical analysis. Significance
was evaluated at p<0.01 and p<0.05 levels. In the intragroup comparison where the effect
of the surface coating application was evaluated, the surface roughness values of all tested
materials showed a statistically significant decrease (p<0.05). Surface roughness values
in all other tested materials showed a statistically significant decrease after artificial aging
(p<0.05). In the intragroup comparison where the effect of the surface coating application
was evaluated, the surface hardness value of all tested materials showed a statistically
significant decrease (p<0.05). The microhardness value of all other tested materials

showed a statistically significant decrease after artificial aging (p<0.05).

Keywords: Surface roughness, surface microhardness, thermal aging, glass ionomer

cement, artificial aging, in vitro, surface coating.
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OZET

Yildirim Y. 2023. Yiizey Ortiicii Uygulamasinin ve Yapay Yaslandirmanmin Cam
Iyonomer Esash Restoratif Materyallerin Yiizey Piiriizliiliigii ve Mikrosertligine
Etkilerinin In Vitro Degerlendirilmesi. Yeditepe Universitesi Saghk Bilimleri

Enstitiisii, Doktora Tezi, Istanbul.

Cam Iyonomer Simanlar (CIS); minimal preparasyonla dis dokularma kimyasal
baglanmalar1 ve fluorid salma 6zellikleri nedeniyle 6zellikle ¢cocuk dis hekimliginde
yaygin sekilde kullanilmaktadir. Cam iyonomer siman restorasyonlarin sekonder
sertlesmesi tamamlanana kadar olumsuz fiziksel 6zelliklerini azaltmak i¢in yiizey Ortiicii
ajanlarinin kullanilmasi giderek yayginlagsmaktadir. Yiizey ortiicii ajanlar, cam iyonomer
restorasyonlara uygulandiginda restorasyonun yiizey piiriizliiliigli ve mikrosertlik gibi
fiziksel ozelliklerini iyilestirir. Calismamizda biyoaktif bir restoratif materyal olan
ACTIVA™ kids BioACTIVE-RESTORATIVE™ (PULPDENT®, Watertown, USA),
yiiksek viskoziteli cam iyonomer siman materyalleri; EQUIA® Forte Fil (GC
Corporation, Tokyo, Japonya) ve ChemFil® Rock (Dentsply Sirona, Kontstantz,
Almanya) kullamlmustir. Yiizey oOrtiicii ajan olarak EQUIA Forte™ Coat (GC
Corporation, Tokyo, Japonya) kullanilmistir. Mikrosertlik ve yiizey piiriizliiliik testleri
icin pleksi cam kaliplar (10+£0.1 mm ¢apinda ve 2+0.1 mm derinliginde) kullanilmigtir.
Termal dongii isleminden Once ve sonra orneklerin ylizey piiriizliiligii ve mikrosertlik
dlciimleri yapilmistir. Istatistiksel analizler i¢in SPSS (Statistical Package for the Social
Sciences) 24.0 programi kullanilmistir. Anlamlilik p<0,01 ve p<0,05 seviyelerinde
degerlendirilmistir. Yiizey oOrtlicii uygulamasinin etkisinin degerlendirildigi grup igi
karsilagtirmada, test edilen tim malzemelerin yiizey piiriizliiliik degeri istatistiksel olarak
anlamli diisiis gostermistir (p<0,05). Test edilen diger tiim materyallerde yiizey
purtizlillik degerleri yapay yaslandirma sonrasi istatistiksel olarak anlamli diisiis
gostermistir (p<0,05). Yiizey ortiicii uygulamasinin etkisinin degerlendirildigi grup igi
karsilagtirmada, test edilen tiim malzemelerin yiizey sertlik degeri istatistiksel olarak
anlamli diislis gostermistir (p<0,05). Test edilen diger tiim materyallerim mikrosertlik

degeri yapay yaslandirma sonras istatistiksel olarak anlamli diislis gdstermistir (p<0,05).

Anahtar Kelimeler: Yiizey piriizliligi, ylizey mikrosertligi, termosiklus, cam

iyonomer siman, yapay yaslandirma, in vitro, ylizey Ortiicil.
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1. INTRODUCTION AND PURPOSE

Restoration of decayed primary and permanent teeth is one of the most essential
treatment needs in pediatric dentistry. Materials and treatment methods used in dentistry
are changing, and new materials and treatment alternatives are emerging today. In
pediatric dentistry, the search for the ideal material for restoration continues. Supporting
the remaining tooth tissue and restoring the lost form and strength of the tooth are the

main features that an ideal restorative material should have.

Glass ionomer cements (GIC) are frequently preferred as restorative materials due
to their chemical bonding properties to enamel and dentin tissues. In addition to these
properties, other advantages of GIC can be listed as their ability to release fluoride, be
biocompatible, have a similar coefficient of thermal expansion to the tooth structure, and
have the potential to heal the pulp in teeth with caries progression below the enamel-
cementum boundary (1). However, they also have disadvantages such as sensitivity to
moisture in the early period, low resistance to chewing forces and low abrasion resistance,
not being translucent and aesthetic, and short working times (2). To reduce the negative
properties of GICs and increase their success in clinical use, the components in their
structures have been changed, and different types of GICs, such as compomer and resin-

modified glass ionomer cements, have been produced (3).

Until the secondary hardening of restorations made using GIC is completed,
surface coatings are applied to the restoration surface. Their use is tried to be expanded
to eliminate the contact of the restoration with moisture, reduce its negative physical
properties and protect the material. It has been reported that surface coatings improve the
properties of materials, including surface roughness and surface microhardness when

applied to glass ionomer restorations (4).

This study aims to evaluate the effect of surface coating and artificial aging on the
surface roughness and microhardness of three different glass ionomer-based materials. A
bioactive restorative material ACTIVA™ kids BioACTIVE-RESTORATIVE™
(PULPDENT®, Watertown, USA), and high-viscosity glass ionomer cement materials;
EQUIA® Forte Fil (GC Corporation, Tokyo, Japan) and ChemFil® Rock (Dentsply

Sirona, Konstanz, Germany) were used as glass ionomer-based materials. There are few



studies about this subject in the literature. The tested null hypothesis was that there is no
difference within both the surface roughness and microhardness values of three different
glass ionomer-based restorative materials regardless of surface coating and artificial
aging. Hi hypothesis was that coating application improved the roughness and hardness

of all tested materials.

2. GENERAL INFORMATION (LITERATURE REVIEW)

2.1. Glass Ionomer Cements

GICs were first introduced by Wilson and Kent in 1971 under the name of
aluminosilicate polyacrylic acid (ASPA). GICs contain silicate and zinc polycarboxylate
in their structures. GICs are made with a combination of silicate cement, which is capable
of releasing fluoride, and polyacrylic acid, which is capable of binding to hydroxyapatite

in enamel and dentin (5).

2.1.1 History of Glass Ionomer Cements

GIC was first developed due to the acid-base reaction between fluoro-
aluminosilicate glass and polyacrylic acid in the aqueous medium. This cement was
named ASPA. GIC powder called "G 200" consists of fluoro-aluminosilicate particles
and liquid aqueous polyacrylic acid. In addition, the powder contains high levels of
calcium and fluoride and low amounts of sodium and phosphate. Different versions of
homo and copolymers of alkenoic acids in the acid part have been used to produce

different types of ASPA (6).

In 1971, ASPA I was not suitable for widespread use in clinical use due to its long
curing time, difficulties experienced during operation, and disadvantages such as opacity
in its color. On the other hand, ASPA II was obtained by Wilson and Crisp by adding
some tartaric acid to this content, and it was reported that it contains polyacid. ASPA II
contains polyacid, and it has been observed that the bonds formed between hydrogen
molecules after a specific time cause the liquid to turn into a gel. It has been reported that
the hydrogel structure formed because of this gelation reaction has a negative effect on

the aesthetic and mechanical properties of the material. To prevent this, ASPA III was



developed by adding methyl alcohol to the solution in 1974 by Wilson and Crisp. ASPA
IV was created by adding itaconic acid to the liquid of ASPA III. Due to its fine granule
structure, it was suggested to be used as a cementation agent. ASPA V is formed by
adding dried acid to glass powder, which has been reported to increase its durability and

shorten the setting time of the material (7).

The properties of ASPA result from the combination of the properties of dental
silicate cements and polycarboxylate cements. A similar feature with polycarboxylate
cement is adhesion, and the transparency feature of GICs creates a significant advantage
regarding aesthetics. Dental silicate cements and GIC have many common features
despite their different chemical structures. Their durability is similar; however, GICs

show a higher resistance to acid attacks but have a more negligible effect on the pulp (7).

2.1.2 Classification of Glass Ionomer Cements by Areas of Use

According to their usage areas, GICs are divided into four types. The chemical
structures of the classes are the same, but due to various changes in powder/liquid ratios,

and particle sizes, they can gain the necessary function.

Type I: GIC used as luting cements
Type II: GIC used as restorative materials
a) Aesthetic restorative cements
b) Reinforced restorative cements
Type II: GIC used as a fast-setting base material and fissure sealant

Type I'V: GIC used as root canal sealant (8).

2.1.3. Classification of Glass Ionomer Cements by Content

According to the contents of GIC:

e Conventional Glass Ionomer Cements

e Glass Ionomer Cermet Cements

e Resin-Modified Glass lonomer Cements

e High-Viscosity Glass lonomer



e Polyacid-Modified Resins (Compomers)
e Giomers

e (Glass Carbomers (9).

Areas of use of GICs in pediatric dentistry are; Class I, I, III, IV, and V primary tooth
restorations, fissure sealants, Class III and V permanent tooth restorations, bonding of
brackets and bands used in orthodontics, atraumatic restorative treatment (ART), and

interim therapeutic restorations (ITR) (10).

2.1.3.1. Conventional Glass Ionomer Cements

The powder part of conventional glass ionomer cements (CGIC) consists of
fluoro-aluminosilicate particles; the liquid part consists of polyacrylic acid and contains
calcium, fluoride, phosphate, and sodium in the powder part (3). GICs harden by the acid-
base reaction. The acid-forming liquid part (pH:1) dissolves the silicate glass particles
and releases calcium, ammonium, fluoride, and strontium ions. It has been stated that the
ionized carboxyl groups of acids are bonded to calcium ions by deflation. As a result of
this reaction, hydrogen salt, which plays the role of the binding matrix, is formed. The
main structure remains intact while the surface part of the glass particles reacts. The
hydraulic stabilization of the cross-ionic bonding network is formed after hardening.
Hydrogen continues to exist even after the hardening reaction, providing ion exchange
and creating strong cross-links by replacing calcium ions with aluminum ions in 24-72

hours, thus gaining a more durable structure (3,11).

Hydrate silicate incorporates silicon ions and unbound water into inorganic matrix
formation during maturation involving cross-linking of aluminum ions. As a result of the
problems in clinical applications at this stage, both water absorption and water loss can
occur with the contamination and dehydration of the cement with water; therefore, it is

crucial to maintain the water balance in the first 24 hours (12).
Powder Structure of Conventional Glass lonomer Cements

The glass powder is formed by the preparation of molten aluminum oxide (Al>O3),
silicon dioxide (Si0O2), aluminum phosphate, and aluminum fluoride at a temperature of

1100°C-1300°C. It has been stated that calcium fluoride (CaF>) is included in the structure



to act as a fluoride reservoir. In addition, sodium oxide (Na,O) and phosphorus pentoxide
(P20s) in the powder structure, aluminum (A*®), and calcium (Ca*?) as metal ions.

Potassium (K*), lanthanum (La*?), zinc (Zn*?), and strontium (Sr*?) are present (13).

Al>03 and Si0: form the skeletal structure of the glass, while lanthanum oxide and
strontium oxide provide radiopacity. (14). It has been stated that phosphate and fluoride
are added to the glass composition, which lowers the melting temperature and modifies
the hardening properties. Barium sulfate, titanium oxide, strontium oxide, and zinc oxide

can be added to the glass powder, provided that they are not in the glass composition.
Liquid Structure of Conventional Glass lonomer Cements

It has been reported that the polyacid in the glass ionomer cement is a
polycarboxylic acid and reacts with fluoro-aluminosilicate glass. The elements added to
the glass ionomer cement are polyacrylic acid, poly maleic acid, acrylic acid-itaconic acid
copolymer, acrylic acid-maleic acid copolymer, acrylic acid, acrylic acid-maleic acid-
2butene dicarboxylic acid copolymer, and polyvinyl phosphoric acid. It has been reported
that the molecular weight, concentration, and content of the copolymer are the factors that
affect the reactivity of the polyacid, and an increased viscosity problem will occur
because of increasing the molecular weight or concentration. To prevent this, water as
liquid or diluted tartaric acid is added to the powder using the dehydrated form of
polyacrylic acid (14).

Setting Reaction of Conventional Glass lonomer Cements

The hardening of GIC occurs by an acid-base reaction due to mixing powder and

liquid in the presence of water. The reactions of GICs are,
1. Contact of powder and liquid
2. Acid attack on glass particles
3. Chelation of matrix
4. Hardening, respectively (15).

An acid-base reaction occurs between the aqueous solution of polyalkenoic acid

and soluble alumina silicate glass. The acid dissolves the alumina-silicate glass structure



and releases calcium, sodium, and aluminum cations (Ca*?, Na™ A*%). Later, these cations

were chelated by carboxylate groups and cross-linked to the polyalkenoic acid chain

(16,17).

The hardening phase of glass ionomer cements occurs in two stages (18). It has
been reported that the first stage is the first 10-minute clinical hardening process after
mixing the GIC. The second stage is the slow and long-lasting stage that starts with
releasing Ca*™, Sr*2, and A™" ions due to the hydrogen ions of the acid sticking to the glass
particles in the presence of water. GIC polymerization was completed after 24 hours. If
the cement surface comes into contact with water before the cement setting reaction is
completed, the Ca*™ and A*3 ions move away from the surface and prevent the cement
from hardening, which causes the cement to lose its translucent property and weaken the
surface and become easily eroded. It takes one week for GICs to reach optimal physical

properties, so finishing processes should be completed at least one week later (14,19).

Adhesion of Conventional Glass Ionomer Cements to Dental Structures

Glass ionomer restoration materials bind to dental tissues physically and
chemically. It has been reported that physical bonding occurs due to the micro-
mechanical adhesion of the material to the tooth surface irregularities. An ion exchange
begins immediately between the GIC and dentin with the removal of the smear layer from
the surface. The silica particles in the GIC are small enough to enter the dentinal tubules.

The possible mechanism of adhesion can be explained by both diffusion and absorption.

While polyalkenoic acid penetrates the tooth structure, phosphorus ions are
released, and they cause electrical neutrality by releasing calcium ions from the tooth
surface (20,21). This phenomenon is defined as "diffusion-induced adhesion". It was
stated that this adhesion is formed by the replacement of polyacrylic ions in the GIC with
phosphate ions of hydroxyapatite and the formation of hydrogen bonds between the
amino and carboxylic groups of the glass ionomer. Meanwhile, metallic ions emerging
from hydroxyapatite and glass ionomer have been reported to contribute to adhesion by

deflating free carboxyl groups on the surface (22).



Advantages of Conventional Glass Ionomer Cements

e Chemically binding to calcified tissues such as enamel and dentin by forming
cross-links with calcium and metal ions,

e They can release fluoride, be able to be reloaded with fluoride, and, accordingly,
show anti-cariogenic properties,

e Being biocompatible,

e They have similar thermal expansion coefficients to dental tissues.

e Thermal compatibility to enamel and dentin,

e Low cytotoxicity due to their low monomer content,

e Easy to apply,

e Low solubility in oral fluids after hardening,

e Being more successful compared to resin-based materials regarding secondary

caries formation (2,23).

Disadvantages of Conventional Glass Ionomer Cements

e Short working times and long hardening times,

e Moisture contamination during application and hardening.

e High susceptibility to dehydration,

e Abrasion resistance, compressive strength, elasticity coefficient, and breaking
point to be low,

e Requires high technical precision,

e Due to their low color stability, they are not aesthetic as composite resin

restorations (23,24).

Mechanical Properties of Conventional Glass Ionomer Cements

Both tooth and restorative materials are exposed to tensile and compression forces
during chewing. Therefore, it is necessary to know the mechanical properties of
restorative materials well to evaluate clinical success. The modulus of elasticity of glass
ionomer cements varies between 1-10 MPa, depending on the test conditions applied. It

is stated that the excessive moisture contamination that GICs are exposed to, especially



during the initial curing, causes a decrease in the cement's modulus of elasticity and

fracture resistance (18).

After the restorations with GICs are completed, the water absorption of the
restoration is 5% in the first six months. The high water absorption indicates that the

expansion of GICs is higher than that of composite resins (25).

Occlusal wear of GICs is three times greater than that of composite resin and five
times that of amalgam. Due to mechanical fatigue, restorative materials with low surface
wear resistance may exhibit negative effects such as particle breakage, crack propagation,
and cavity formation. The compressive strength of glass ionomer restorations is lower

than composite resins (2).

2.1.3.2. Resin-Modified Glass Ionomer Cements

Resin-modified glass ionomer cements (RMGIC) were introduced to the market
in 1991 to increase the mechanical properties of CGIC. In the structure of RMGIC, in
addition to glass powder, water, and polyacid in CGIC, there is a resin monomer and

related initiator system.

It is known that the content of RMGIC consists of 80% glass ionomer cement and
20% resin. It has been stated that hydroxyethyl methacrylate (HEMA), methacrylate
groups, tartaric acid, polyacrylic acid, and water form the liquid part, whereas fluoro-

aluminosilicate particles form the powder part (26,27).

Setting Reaction of Resin-Modified Glass lonomer Cements

The hardening mechanism of RMGIC takes place in three different stages. These
stages are neutralization (acid-base reaction), light polymerization, and chemical
activation. An acid-base reaction has been reported to start when powder and liquid are
mixed, and HEMA polymerization occurs if chemical initiators are present. In light
curing, it has been reported that only HEMA polymerization occurs with blue light
activation. In both cases, it has been stated that the initiation is with HEMA

polymerization, and a matrix is formed, which is strengthened by a slower acid-base



reaction (28,29). RMGICs are classified as RMGICs that perform a dual-cure reaction
when light-cure is used alone and a triple-cure reaction when both chemical and light-

polymerization are used (30).

Adhesion of Resin-Modified Glass lonomer Cements

RMGICs bind to dental tissues both micro-mechanically and chemically. It has
been reported that the wettability of HEMA contained in RMGIC and the increased
penetration of the material into the tooth supports the formation of chemical bonding by
the acid-base reaction. The micro-mechanical bonding of RMGIC is due to the
demineralization of the dentin tissue by the polyacrylic acid contained in the material.

The adhesion of RMGIC to the tooth surface is better than CGIC (31).

Mechanical Properties of Resin-Modified Glass lonomer Cements

The resin content of RMGICs increases their resistance to contamination and
mechanical strength. The compressive strength of these cements is lower than hybrid
composites and higher than conventional glass ionomers (30). Fluoride, sodium,

aluminum, phosphate, and calcium releases of RMGICs are similar to CGICs (27).

Advantages and Disadvantages of Resin-Modified Glass lonomer Cements

Since the filler particles in the structure of RMGICs are smaller, it has been stated
that RMGIC is more aesthetic than CGIC. Longer working times, easy manipulation, low
intraoral solubility, and more color options are among the other advantages of RMGIC.
The biocompatibility of RMGICs is less than that of CGICs, due to the HEMA monomers
in the material. The amount of HEMA released from the material depends on the light-
curing time, and it has been reported that it can have a cytotoxic effect on the pulp (32).
In addition, microleakage resulting from polymerization shrinkage during curing and
postoperative sensitivity and discoloration are shown among the negative features of

RMGIC (33).



2.1.3.3. High-Viscosity Glass Ionomer Cements

The use of high-viscosity glass ionomer cements increased with the spread of ART
in the 1990s. Particle sizes and distributions were changed to reduce moisture sensitivity
and increase abrasion resistance. GICs were strengthened by adding polyacrylic acid to
the high-viscosity powder, and high-viscosity glass GICs were introduced to the market.
While the powder: liquid ratio is 3:1 or 4:1 in GCIS, it is stated that this ratio is 6:1 or 7:1
in high-viscosity GICs. It has been reported that the curing mechanisms of high-viscosity
GICs occur with an acid-base reaction, as in CGIC. It has been reported that fluoride
release of high-viscosity glass ionomer cements is similar to CGICs, but their abrasion,
wear, and tensile strengths are higher than GCISs (34,35). It has been stated that since
high-viscosity GICs complete their hardening reaction quickly, their physical properties
are not adversely affected in contact with water in the early period. However, it is known
that the application of high-viscosity GIC together with surface protective resins is

recommended by the manufacturers (36).

It has been reported that the reason for the higher viscosity of these materials is
the change in the particle distribution and size in the powder fractions and the addition of
polyacrylic acid to its content. High-viscosity GICs, whose condensation in the cavity is
likened to amalgam due to their high viscosity, were developed as an alternative to
amalgam restorations in the teeth in the posterior region. The aesthetics obtained in

restorations made with these materials are acceptable (24).

ACTIVA™ kids BioACTIVE-RESTORATIVE™ (PULPDENT®, Watertown,
USA) was introduced to dentistry practice in 2013 as a material that combines the
advantages of RMGIC and composite resins. ACTIVA™ kids BioACTIVE-
RESTORATIVE™ has abrasion and fracture resistance close to composite resins and can
be used as an alternative to composite resins in anterior and posterior teeth due to its

advantages, such as fluoride release and low polymerization shrinkage (37).

The manufacturer has reported ACTIVA™ kids BioACTIVE-RESTORATIVE™
as the first bioactive-based material with a shock-absorbing resin component that mimics
the chemical and physical properties of teeth. This new material contains the acid-base

reacting glass particles and the polyacid component that all GICs have. They have a
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formula that is a 'bioactive ionic resin matrix' with light and chemical polymerization
capability. This product has three light-curing mechanisms and cures per layer with low-
intensity light for 20 seconds. It has an acid-base reaction (glass ionomer reaction) and
composite self-cure setting reactions. The self-cure setting time is 3 minutes. It is also
advisable to allow the material to self-cure for 15-20 s before light curing (38).
ACTIVA™ kids BioACTIVE-RESTORATIVE™ can be used as a restorative material,
base/lining material, and luting cement (37). The bioactive properties of ACTIVA™ kids
BioACTIVE-RESTORATIVE™ are based on a mechanism whereby the material
responds to pH cycles and plays a role in calcium, phosphate, and fluoride-releasing and

recharging.

2.1.3.4. Polyacid-Modified Composite Resins (Compomers)

Polyacid-modified composite resins (Compomers) were first introduced in 1994
by the Dentsply company under the name Dyract. It is known that because they contain
both the aesthetic properties of composites and the fluoride release feature of GIC, they
are briefly named "Compomer" by the manufacturers to include the names of both
materials. It has been reported that 30% of its structure consists of glass ionomers and

70% composite resin (10,39).

The chemical content of compomers contains strontium fluorosilicate glass
particles, which can exchange ions (ion-leachable) as in composites. Since salt matrix and
hydrogen are not formed in compomers, fluoride ions cannot be recharged, and therefore
fluoride ion releases are reported to be limited. The mechanical and physical properties
of compomers are between composite resins and glass ionomer cements and closer to
composites and contain small-diameter fillers such as composite resins (40,41). Although
compomers are resin-based materials, it has been reported that they do not contain water
(42). After the light polymerization, an acid-base reaction occurs between the saliva
(water) absorbed by the material from the oral environment and the acidic monomer and

basic glass particles. The absorbed saliva also initiates the release of fluoride.
Definition confusion arises in the classification of compomers due to their

structure and properties. It is known that names such as "Hybrid glass ionomers," "Light-

cured GIC," and "Resin-modified GIC" were used at the beginning (10). Since
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compomers cannot bind to dental hard tissues alone, a special primer-adhesive system
has been developed to ensure the adhesion of the material to the tissues. In addition, since
the material contains resin monomers, it has been reported that its hardening occurs with

light activation (42).

Advantages and Disadvantages of Polyacid-Modified Composite Resins

The mechanical, physical, and aesthetic properties of polyacid-modified
composite resins are more substantial than conventional and RMGIC:s. It has been stated
that it provides the advantage of not requiring acid during application and is

biocompatible with dental tissues.

Fluoride release of compomers is lower than GICs (43). Being able to release
fluoride, setting with light, and being easy to apply to the cavity are shown among the
favorable properties of compomers (11). The disadvantages of compomers have been
stated as the inability of the curing reaction to occur in areas where light cannot reach,
polymerization shrinkage, lower physical properties than composites, and lower fluoride
release compared to CGIC and RMGIC (44). Compomers are recommended for use in
Black Class V restorations of permanent teeth and Black Class I and II restorations of

primary teeth (11).

2.1.3.5. Giomers

It is known that a search for new materials has been started due to the wear of
CGIC and RMGIC materials over time. Accordingly, the physical restoration wear of the
surface leads to an increase in bacterial colonization. Giomer has been launched as a new

"fluoride-releasing resin-based restorative material" (45).

Unlike other fluoride-releasing materials, giomers have been reported to contain
pre-reacted glass (PRG) fillers. It has been stated that PRG fillers are produced by
hydrogen formed due to an acid-base reaction between fluoride-containing glass and
polyacrylic acid. After freeze-drying, the dehumidified gel is ground and silanized to
create PRG fillers. It has been stated that PRG fillers allow the material to release long-

term fluoride and recharge with fluoride (46).
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PRG particles are divided into:

1. Fully pre-reacted glass (F-PRG)
2. Surface pre-reacted glass (S-PRG) (46).

The resin part of the giomers is the same as the conventional composite
component. The monomers bisphenol A glycide methacrylate (Bis-GMA) and triethylene
glycol dimethacrylate (TEGDMA) bind to PRG fillers and form a stable distribution (46).
The most apparent advantages of giomers are that they can release fluoride, be recharged
with fluoride, resist abrasion, have good long-term clinical stability, cause minimal pulp

damage, and neutralize the acid. There are many F-PRG and S-PRG particles (46,47).

2.1.3.6. Glass Carbomers

Glass carbomers have been introduced as a new generation of restorative material
which contains nano-sized glass particles and fluorapatite crystals as a secondary filler.
Crystals provide tooth remineralization and formation of fluorapatite (48). The liquid part
of the glass carbomers consists of polyacrylic acid. Since it contains nanoparticles in its
structure, the material's physical properties, such as compressive strength and abrasion
resistance, are high (49). Glass carbomer also contains resin, monomer, metal, and
bisphenol-A. When applying glass carbomers, it is recommended to use the
manufacturer's surface sealant. It has been stated that the purpose of the silicone-based
surface sealant is to protect the surface from moisture in the first stage of curing and
prevent dehydration and microcrack formation. Application of heat is recommended
during the curing process of glass carbomers. It is recommended to perform this
application with a laser emission diode (LED) device (1400mw/cm? wavelength and
60°C) for 60-90 seconds on each surface of the restoration and in a way that creates a
right angle to the restoration. Heat application shortens the setting time, thus increasing
the adhesion of the material to the dental tissues and its physical properties. Glass
carbomers are recommended for use in Class I, I, and V restorations of posterior teeth as

a core material and fissure sealant and crown/bridge cementation (50).
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2.2. Surface Coating Agents

GICs have a long setting time (24 hours). The material is sensitive to moisture and
dehydration in this process. If dehydration occurs during the hardening reaction, size
change, loss of resistance, adhesion problems, and cracks may occur in GICs. As a result
of the early contact of the material with water, the loss of calcium and aluminum ions,
surface erosion, and a decrease in translucency can be observed (51). Some surface
coatings are recommended to avoid these problems and protect GIC restorations. Another
advantage of surface coatings is preserving the restoration's original color by filling small

gaps and defects on the surface and preventing discoloration (7).

Softeners (cocoa butter, petroleum jelly), varnishes (nitrocellulose-based), resins
(methyl methacrylate and amide resins, light-cured bonding agents), and nail polish are
shown as alternatives to surface sealants (52). Vaseline, cocoa butter, liquid-proof surface
sealers, and nail polishes have been used as surface coating agents in the past. As a result
of wear due to chewing, these surface sealants were moving away from the restoration
surface in a short time. However, during this time, the cements became more resistant to
changes as they reached the fluid balance after setting. With the developments in surface
coating systems, light-cured surface coatings have emerged as the optimal surface
protection agents. Light-cured surface coatings restricted water contact with the
restoration surface during curing (52). Resin-containing surface coating agents that
reduce water absorption also slow down the rate of polymerization shrinkage. In addition,
the American Dental Association (ADA) declared the importance of light-cured surface

coatings for GIC in 1990 (53).

2.2.1. Petroleum Jelly (Vaseline)

Petroleum jelly has been reported to be used in many areas of pharmacology due
to its viscoelastic structure. It has been reported that the chemical structure of petroleum,
which is obtained by distilling crude oil and passing it through a coal filter, consists of 2
different solid hydrocarbon waxes (paraffin wax and microcrystalline wax) and a liquid
hydrocarbon part. Different ratios of these hydrocarbons determine the characteristic

features of petroleum jelly. Petroleum jelly is recommended as a surface protector for
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GICs because of its advantages, such as ease of application, patient safety, more

effectiveness than copal varnish and adhesive systems, and low cost (54,55).

2.2.2. Cocoa Butter

The American Food and Drug Administration (FDA) defined cocoa butter as the
oil obtained from Theobroma cacao or its close species before or after the roasting
process. It has been reported that the chemical structure of cocoa butter contains 98%
glyceride, 1% free fatty acids, 0.3-0.5% diglyceride, 0.1% monoglyceride, 0.2% sterol,
and 150-200 ppm tocopherol. While cocoa butter is solid at room temperature, it takes a

slippery and fluid form in the mouth (55).

2.2.3. Light-Cured Surface Coating Agents

The manufacturers recommend using light-cured surface coatings to ensure the
edge harmony of glass ionomer restorations, prevent discoloration and facilitate polishing
processes. Surface coatings also resist intraoral forces in GIC in the first months when
their maturation is not completed. There are adhesive monomers and nanofiller particles

in the structure of light-cured surface coatings (56).

Light-cured surface coatings provide excellent coverage on the glass ionomer
cement surface with their high hydrophilic properties and low viscosities. Shear and
compressive strength of high-viscosity glass ionomer cements with light-cured surface
coatings were reported to increase after four to eight weeks (57). Light-cured surface
coatings have a positive effect on edge sealing (58). Light-cured surface sealants may or
may not be used depending on the chewing force, occlusion, chewing habits, and diet of
the person to whom the restoration is applied. It was observed that the chipping remained
on the restoration surface for six months (57). At the end of six months, the maturation
of the high-viscosity glass ionomer cement has been completed, so there is no need to
repeat the surface coating application. In addition, light-cured surface coatings, when
used in combination with GIC, give better clinical results (58). Sample products and
manufacturers of light-cured surface coatings used in dental applications are shown in

Table 1.
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Table 1. Light-cured surface coating agents used in dental applications.

Light-Cured Surface Coatings Manufacturer

EQUIA Forte Coat GC, Tokyo, Japan

Riva Coat SDI Bayswater, VIC, Australia

Easy Glaze VOCO, Cuxhaven Germany

Ketac Glaze 3M ESPE, St Paul, MN, United States
Perfect Gloss UMSDENTAL, Cairo, Egypt

2.3. Artificial Aging Methods

It is not always possible to conduct experiments on the materials used in dentistry
in the oral environment. However, in laboratory conditions to predict the prognosis of the
materials in the mouth, aging techniques mimic the oral environment, such as thermal
cycling, occlusal loading, pH cycling, and water resorption. In bonding tests, the pre-
experimental storage conditions of the teeth are as important as the procedures performed

after the experimental materials are applied and before the rupture test.

Dental materials are exposed to many factors in the mouth. They are exposed to
chemical, mechanical, and thermal factors for life. Due to these factors, their mechanical
properties weaken over time. Structural changes and the weakening of mechanical
properties due to thermal, physical, and chemical effects are called aging. By examining
the aging resistance of restorative materials with in vitro studies, the necessary factors for
high long-term success can be determined. For this purpose, artificial aging processes are
applied to restorative materials. Artificial aging processes can be done using thermal,

chemical, and physical factors.

The chemical structure deteriorates due to the water absorption with the thermal
cycle aging method. In addition, thermal contraction and expansion happen within the
material due to temperature changes. For this reason, it is thought that crack formation

increases and mechanical properties weaken in restorative materials (59).
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2.3.1. Aging by Thermal Cycling Test

The average intraoral temperature is 35.2 + 2.1°C without any thermal effect and
mouth breathing. Oral temperature is constantly changing due to eating, drinking, and
breathing in the oral environment. The thermal cycling test applies heat exchange to the
test materials to mimic the oral environment in vitro. It is designed to adapt the oral
environment to in vitro conditions. The aging method with thermal cycling test; is

frequently used in microleakage, shear bond strength, and tension bond strength tests.

According to the International Standards Organization of 2003 (ISO TR 11405-
2003), in a study that will measure the bonding value of adhesives used in dentistry, it
has been determined that 500 thermal cycles in water where the upper and lower
temperature values are between 5 and 55 °C are appropriate for artificial aging when
applying the thermal cycle test. In thermal cycle test applications, residence time
(immersion time), the number of cycles, and waiting time vary. There is no clear
information in the literature regarding the number of cycles per unit of time required to
simulate in vivo conditions. If the daily intraoral temperature change is 20-50 times,

10,000 cycles correspond to approximately one year of aging (60).

The mechanism of action of this test occurs in two ways; the first is by accelerating
the hydrolysis (water uptake) of the interface components of hot water, the formation of
degradation products or incompletely polymerized resin oligomers, and the other is the
coefficient of thermal contraction and expansion. As a result of the difference between
tooth and material, it is aimed to age by creating repetitive shrinkage and expansion
stresses. In evaluating restorative materials, clinical studies are the most accepted studies.
However, since clinical and long-term studies are complex, laboratory tests with easier

standardization are preferred (61).

2.3.2. Aging by Water Resorption

The most commonly used artificial aging technique is leaving the samples in
water for a long time. The samples are kept in water at 37 °C for a certain period. This
period may be several months, 4-5 years, or more extended. Most studies have shown a

reduction in bond strength even after a short waiting period (62).
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After leaving the in water for one year, water tree formation is observed in the
adhesive layer. Interfacial aging occurs with water uptake and porous areas increase in
the hybrid layer (63). The decrease in bond strength is due to the degradation of resin or
collagen by hydrolysis. In addition, water infiltrates the polymerized matrix, causing a

decrease in its mechanical properties. Residual monomers also weaken the linkage (64).

Artificial saliva solutions can also approximate the clinical situation to in vivo
conditions. The decrease in bonding values obtained from samples stored in artificial

saliva was similar to degradation in samples stored in pure water for the same material

(65).

2.3.2 Aging by Occlusal Loading

Teeth are under constant load and stress in the oral environment. These stresses
are chewing forces, parafunctional habits, bruxism, and forces during swallowing,
threatening the long-term durability of restorations (66). To simulate the in vivo
environment with in vitro conditions with occlusal loading, it is aimed to measure the
bonding efficiency by applying occlusal forces to the restorations. For this purpose, the

bonding efficiency is calculated after the samples are aged in chewing simulators.

Studies have reported that mechanical loading can be performed in 1000 to
100,000 cycles. However, it has been reported that up to 100,000 cycles, this application
does not affect bond strength values when done alone. For this reason, the mechanical

cycle is usually applied together with the thermocycling process (67,68).

2.4. Evaluation of Surface Roughness

Irregularities on the surface of materials are defined as “surface roughness”.
Recesses and protrusions in molecular dimensions are responsible for this rough structure
on the surface (69). Inadequate finishing and polishing processes are directly related to
surface roughness and essential to plaque accumulation. Surface roughness measurement
can be determined with the help of a “mechanical profilometer”, in which the sensor

scanning the surface is in contact with the surface during the scanning, and an “optical
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profilometer,” where the sensor scanning the surface is not in contact with the surface
during scanning. Mechanical profilometers work on the two-dimensional surface profile
measurement principle by passing a diamond-sharp tip with a radius of 5 pm over the
indentations and protrusions on the sample surface (70). In optical profilometers, by
scanning the sample surface with optical rays, the surface topography can be transferred
three-dimensionally to determine the surface morphology. Although the "Ra" parameter
is the most commonly used in the profilometric evaluation of surfaces, it is defined as the

average roughness value (69,70).

Cilli et al. (2009) stated that surface roughness, an important physical property of
restorative materials, directly affects the surface properties of materials such as gloss,
color, and surface hardness (71). Ersoz et al. (2012) have reported that the mean surface
roughness threshold value in plaque accumulation is approximately 0.2 pum (72).
Giirdogan et al. (2017) have stated that surface roughness values (Ra) above 0.2 um
cause an increase in plaque accumulation, periodontal inflammation, and a higher risk for

caries (73).

2.5. Evaluation of Surface Microhardness

Surface hardness tests are defined as the resistance of materials to plastic
deformation and are one of the most widely used surface characterization and analysis
methods. Surface hardness is related to the other mechanical properties of the material.
Surface hardness evaluation is based on measuring the resistance that occurs in the
material by immersing a standardized and non-deforming penetrating tip into the material.
The surface hardness value is determined by measuring the dimensions of the permanent
traces formed on the sample by the cone, pyramid, or pyramid-shaped penetrating tips
immersed in the material at a certain time interval and under a certain load. For this
purpose, microhardness methods, which are suitable for measuring the hardness of small
and thin material samples, are "Vickers" and "Knoop" microhardness measurement
methods, and the difference between these methods is the shape of the tips of the devices

used to create traces (74).

In the method developed in England in 1925, values are evaluated by applying

pyramid-shaped diamond tips with an apex angle of 136° and a square base to the surface
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of the material with a certain load, then removing the load and measuring the diagonals
of the trace formed on the material surface (75). The two parallel lines on the microscope
inside the device are set tangentially to the corner regions of the pyramid formed on the
material's surface. The measurement values of the lower and upper corners, the right and
left corners, are determined separately in the microscope, and the device automatically
records the average of the obtained values, and "Vicker's surface hardness value (VHN)"
is obtained (75,76). As the resulting scar area gets smaller, the Vicker's hardness value
increases and a high Vicker's hardness value indicates that the hardness ratio of the
material is high (75). The diamond tip used for the hardness measurement test does not
deteriorate with time and use. The values are accurate and reliable. However, it is essential
to adjust the thickness of the material correctly so that the pyramid tip applied to one
surface of the test sample does not form a protrusion on the other side of the sample. It is
also essential that the test specimens' lower and upper surfaces are prepared flat to prevent

the test specimen from moving and slipping when the load is applied (77).

Kanik et al. (2011) used two different GICs (Fuji IX GP Extra and Riva Self Cure)
and two different surface sealers (G-Coat Plus and Fuji Varnish) to measure
microhardness after keeping the samples in artificial saliva for one day, one week, and
one month. It is reported that the microhardness values of all glass ionomer cement groups

increased over time (78).

This study aims to evaluate the effect of surface coating and artificial aging on the
surface roughness and microhardness of three different glass ionomer-based restorative
materials. A  bioactive restorative material ACTIVA™ kids BioACTIVE-
RESTORATIVE™ (PULPDENT®, Watertown, USA), and two high-viscosity glass
ionomer cement materials, EQUIA® Forte Fil (GC, Tokyo, Japan) and ChemFil® Rock
(Dentsply Sirona, Konstanz, Germany) were used as glass ionomer-based restorative
materials. The tested null hypothesis was that there is no difference within both the
surface roughness and microhardness values of three different glass ionomer-based
restorative materials regardless of surface coating and artificial aging. H; hypothesis was

that coating application improved the roughness and hardness of all tested materials.
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3. MATERIALS and METHODS

All in vitro tests carried out within the scope of this thesis study were performed

in Yeditepe University Faculty of Dentistry Hard Tissue Laboratories.
3.1. Tested Materials

A bioactive restorative  material ACTIVA™ kids BioACTIVE-
RESTORATIVE™ (PULPDENT®, Watertown, USA), and two high-viscosity glass
ionomer cement materials, EQUIA® Forte Fil (GC, Tokyo, Japan) and ChemFil® Rock
(Dentsply Sirona, Konstanz, Germany) were used in this study (Images 1, 2, 3). As a
surface coating agent, EQUIA Forte™ Coat (GC, Tokyo, Japan) was used (Image 4).

The general properties and handling methods of the materials used in the study

are shown in Tables 2 and 3. Study groups are shown in Table 4.
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Image 1. ACTIVA™ kids BioACTIVE-RESTORATIVE™ (PULPDENT®, Watertown,
USA).

Image 2. EQUIA® Forte Fil (GC, Tokyo, Japan).
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Image 3. ChemFil® Rock (Dentsply Sirona, Kontstanz, Germany).
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Image 4. EQUIA Forte™ Coat (GC, Tokyo, Japan).

23



Table 2. General properties of materials used in the study.

Material Name Manufacturer Material Type | Lot Number Content
A blend of diurethane and
o other methacrylates with
ACTIVA™ kids PULPDENT®, Bioactive _ o
. modified polyacrylic acid
BioACTIVE- Watertown, MA, Restorative 191007
_ (44.6%), Amorphous
RESTORATIVE™ | USA Material . '
silica (6.7%), Sodium
fluoride (0.75%)
High-viscosity L
Fluoro alumino silicate
EQUIA® Forte Fil | GC, Tokyo, Japan | Glass Ionomer | 1903161
glass, UDMA, MMA
Cement
Calcium-aluminum-zinc-
. . I fluoro-phosphorus silicate
Dentsply Sirona, High-viscosity )
' glass, polycarboxylic
ChemFil® Rock Kontstanz, Glass Ionomer | 1903000819 o o
acid, iron oxide pigments,
Germany Cement o ) )
titanium oxide pigments,
tartaric acid, water
Camphorquinone,
EQUIA Forte™ Nano-filled '
GC, Tokyo, Japan ) 190423A phosphoric ester
Coat Resin

monomer
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Table 3. Handling methods of samples used in the study.

Material Name

Preparation Method

Setting Time

ACTIVA™ kids BioACTIVE-
RESTORATIVE™

Application of the material

with an automix syringe.

20 seconds of light-cure

EQUIA® Forte Fil

Mixing the capsule in the
mixing device for 10 seconds
and applying it with a capsule
applier.

2 minutes and 30 seconds

of self-cure

ChemFil® Rock

Mixing the capsule in the
mixing device for 10 seconds
and applying it with a capsule
applier.

6 minutes of self-cure

EQUIA Forte™ Coat

Application of the material to
the surfaces of restoration

with an applicator.

20 seconds of light-cure

25




3.2. Sample Preparation for Surface Roughness and Microhardness Tests

The power analysis by G*Power software version 3.1 revealed that the effect size
between the study groups was 0.4 (alpha error probability=0.05). In the sample size
analysis performed by taking the power value as 0,8, the total number of samples required

was 15 per group. In this study, 17 samples were prepared from each material group.

Plexiglass molds with a diameter of 10+0.1 mm and a depth of 2+0.1 mm were

used for microhardness and surface roughness tests (Image 5) (79).

Image S. Plexiglass molds.
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Table 4. The tested material groups.

Group 1 ACTIVA™ kids BioACTIVE

Group 2 ACTIVA™ kids BioACTIVE + EQUIA Forte™ Coat
Group 3 EQUIA® Forte Fil

Group 4 EQUIA® Forte Fil + EQUIA Forte™ Coat

Group 5 ChemFil® Rock

Group 6 ChemFil® Rock + EQUIA Forte™ Coat

The materials used in the study were prepared as described in Table 3, following
the manufacturers’ instructions. For each tested material, cylindrical specimens were
prepared using plexiglass molds. The interior of the molds was insulated using petroleum
jelly to prevent the materials from sticking to the plexiglass molds. Then all tested
materials were placed in plexiglass molds taking care to avoid incorporating air bubbles
and were immediately covered with a Mylar strip. A glass slab was laid over the top and
held under hand pressure for proper placement. Excess material was extruded laterally,

ensuring that the lower surface of the specimen remained flat.

Groups 1 and 2 samples were polymerized using a halogen light device for 20
seconds (Elipar™ S10, 3M ESPE, USA) (image 6). After the setting process of the

materials was completed, the specimens were removed from their molds.
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Image 6. Elipar™ S10 (3M ESPE, USA).

For Groups 3-6, a mixing device (a.max, AM-1 Capsule mixer, Monitex, Taiwan)

was used (Image 7).
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Image 7. a.max, AM-1 Capsule mixer (Monitex, Taiwan).

EQUIA® Forte Fil and ChemFil® Rock were overflowed into the plexiglass molds
according to the manufacturers’ instructions with Capsule Applier I1I (GC, Tokyo, Japan
(Image 8). Materials were left in the molds for 6 minutes at room temperature to ensure
the chemical setting. After the setting reaction was completed, the specimens were

removed from their molds.
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Image 8. Capsule Applier III (GC, Tokyo, Japan).

After the removal of samples, the top and bottom surfaces of all specimens were
polished with 600, 800, and 1200 grit sandpaper with a polishing device (Phoenix Beta
Twin Wheel, Buehler®, USA) (Images 9 and 10).
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Image 9. Phoenix Beta Twin Wheel (Buehler®, USA).
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Image 10. Polishing the samples with sandpaper.

After polishing all specimens, half of them in each group were left uncoated
(n=17), while the remaining half was covered with one layer of EQUIA Forte™ Coat
(n=17) (GC, Tokyo, Japan). EQUIA Forte™ Coat was applied with a micro brush, then
gently air blown for 5 seconds, and all surfaces were light-cured for 20 seconds. Then all

specimens were stored in distilled water at 37°C for 24 h.
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3.3. Surface Roughness Test

3.3.1. Measurement of Surface Roughness

The surface roughness of the specimens was measured two times (baseline and
after-aging) using a profilometer (Mahr Perthometer M1, Germany) with a 5.6 mm
tracing length and a 0.8 mm cut-off value (Image 11). A reading was obtained by a
diamond stylus moved at 0.5 mm/s, and then the arithmetic roughness (Ra) was recorded.
This procedure was repeated at three positions on the same specimen, and the average

value was calculated using these values (Image 12).

Image 11. Surface Profilometer (Mahr Perthometer M1, Germany).
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Image 12. The surface roughness measurement of the specimens using the profilometer.

The thermal aging procedure was performed According to ISO TR 11450 (1994)

standards within 10,000 cycles simulating an average of 1 year under in vivo conditions.

Following the baseline measurements, all specimens were thermocycled in
distilled water for 10,000 cycles between 5 and 55°C+2°C with a dwelling time of 30 sec.
(Salibrus Technica, Turkey) (Image 13). After the thermal cycling procedure, final

surface roughness measurements of the same specimens were performed.
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Image 13. Thermocycler (Salibrus Technica, Turkey).

3.4. Surface Microhardness Test

3.4.1. Surface Microhardness Measurement

Vickers microhardness (VMH) measurements were performed two times
(baseline and after-aging) using a Buehler Micromet 5114D digital microhardness tester
(Buehler, Dusseldorf, Germany) at a load of 200 g for 10 seconds on top of the surfaces
of each sample from three different areas (Images 14 and 15). The VMH measurement

of each specimen was recorded as the average of these three measurements.

The Vickers hardness number (VHN) was calculated according to the following

formula:

VHN = 1.854(F/d?)

F: The applied load (measured in kilograms-force).

d?: The area of the indentation (measured in square millimeters).
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Image 14. Buehler Micromet 5114D digital microhardness tester (Buehler, Dusseldorf,

Germany).
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Image 15. Vickers microhardness (VMH) measurements using the microhardness tester.
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Following the baseline measurements, all specimens were thermocycled with
10,000 cycles between 5 and 55°C+2°C with a dwelling time of 30 sec. (Thermocycler,
Salibrus Technica, Turkey). After the thermal cycling procedure, final microhardness

measurements of the same specimens were performed from the bottom surfaces.
3.5. Statistical Analysis

SPSS (Statistical Package for the Social Sciences) 24.0 program was used for
statistical analysis. While evaluating the study data, the Wilcoxon Signed Rank test was
used to compare the changes seen over time according to positions, and descriptive
statistical methods (Mean, Standard Deviation, Median, Frequency, Ratio, Minimum, and
Maximum) were used. Mann Whitney U Test was used for comparisons of two groups,
whereas Kruskal Wallis Test was used for comparisons of groups of three or more.

Significance was evaluated at p<0.05 level.
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5. RESULTS

5.1. Surface Roughness

Table 5. Comparison of surface roughness values of ACTIVA™ kids BioACTIVE-
RESTORATIVE™ before and after thermal aging.

Baseline After-aging
pa
Mean+SD* Mean+SD*
0.23+0.05 0.26+0.04 0.055
ACTIVA™ kids
0.06+0.02 0.10+0.02 0.001%*
ACTIVA™Kids + Coating
p* 0.001** 0.001%**
“Wilcoxon Signed Rank Test *Standard deviation **p<0.01

No statistically significant difference between the baseline and after-aging surface
roughness values was found within the ACTIVA™ kids BioACTIVE-
RESTORATIVE™ group (p=0.055), whereas a statistically significant difference was
found within the ACTIVA™ kids BioACTIVE-RESTORATIVE™ + coating group
(p=0.001; p<0.01). In ACTIVA™Kkids BioACTIVE-RESTORATIVE™ + coating group,
thermal aging revealed statistically higher surface roughness values than the baseline

(p=0.001; p<0.01) (Table 5 and Graphic 1).

There was a statistically significant difference between the baseline surface
roughness values of the ACTIVA™ kids BioACTIVE-RESTORATIVE™ and
ACTIVA™ kids BioACTIVE-RESTORATIVE™ + coating groups and between the
after-aging values of both groups (p=0.001; p<0.01). Accordingly, coating application
significantly decreased the surface roughness values at baseline and after thermal aging

(p=0.001; p<0.01) (Table 5 and Graphic 1).
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Comparison of Surface Roughness Values of
ACTIVA™kids BioACTIVE-RESTORATIVE™ Before
and After Thermal Aging
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Graphic 1. Comparison of surface roughness values of the ACTIVA™ kids
BioACTIVE-RESTORATIVE™  and the ACTIVA™ kids BioACTIVE-
RESTORATIVE™ + coating groups before and after thermal aging.

Table 6. Comparison of surface roughness values of EQUIA® Forte Fil before and after

thermal aging.

Baseline After-aging
pa
Mean+SD* Mean+SD*

0.31£0.04 0.46+0.08 0.003**
EQUIA® Forte Fil

0.06+0.01 0.13£0.03 0.001**
EQUIA® Forte Fil + Coating

0.001** 0.001+**
pa
“Wilcoxon Signed Rank Test *Standard deviation **p<0.01
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A statistically significant difference was found between the baseline and after-
aging surface roughness values within the EQUIA® Forte Fil and the EQUIA® Forte Fil
+ coating groups (p<0.01). Accordingly, the aged group showed statistically higher
surface roughness values than the baseline in both groups (p<0.01) (Table 6 and Graphic
2).

There was a statistically significant difference between the baseline surface
roughness values of the EQUIA® Forte Fil and the EQUIA® Forte Fil + coating groups
and between the after-aging values of both groups (p=0.001; p<0.01). Accordingly,
coating application significantly decreased the surface roughness values at baseline and

after thermal aging (p=0.001; p<0.01) (Table 6 and Graphic 2).

Comparison of Surface Roughness
values of EQUIA® Forte Fil before and
after thermal aging
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Graphic 2. Comparison of surface roughness values of the EQUIA® Forte Fil and the
EQUIA® Forte Fil + coating groups before and after thermal aging.
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Table 7. Comparison of surface roughness values of ChemFil® Rock before and after

thermal aging.

Baseline After-aging

pa
Mean+SD* Mean+SD*

0.28+0.05 0.32+0.04 0.001%*
ChemFil® Rock
ChemFil® Rock + Equia Forte 0.07+0.01 0.12+0.02 0.001%**
Coating

0.001** 0.001**
pa
“Wilcoxon Signed Rank Test *Standard deviation **9<0.01

A statistically significant difference was found between the baseline and after-
aging surface roughness values within ChemFil® Rock and ChemFil® Rock + coating
groups (p=0.001; p<0.01). Accordingly, the aged group showed statistically higher
surface roughness values than the baseline in both groups (p=0.001; p<0.01) (Table 7
and Graphic 3).

There was a statistically significant difference between the baseline surface
roughness values of the ChemFil® Rock and the ChemFil® Rock + coating groups and
between the after-aging values of both groups (p=0.001; p<0.01). Accordingly, coating
application significantly decreased the surface roughness values at baseline and after

thermal aging (p=0.001; p<0.01) (Table 7 and Graphic 3).
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Graphic 3. Comparison of surface roughness values of the ChemFil® Rock and the

ChemFil® Rock + coating before and after thermal aging.

Table 8. Comparison of surface roughness values of all tested materials without coating

application.
ACTIVA™ kids EQUIA® Forte Fil ChemFil® Rock
pa
Mean+SD Mean+SD Mean+SD
Roughness
0.23+0.05% 0.31+0.04* 0.28+0.05° 0.001%**
baseline
Roughness
0.26+0.04< 0.46+0.08¢ 0.32+0.04¢ 0.001%**
after-aging
“Kruskal Wallis Test *Standard deviation *9<0.01

***Groups with the same superscript letter have statistically significant difference
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Comparison of Surface Roughness Values of all
Tested Materials
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Graphic 4. Comparison of surface roughness values of all tested materials without

coating application.

In the surface roughness test performed in the study, for the baseline groups, the
highest surface roughness value was found in EQUIA® Forte Fil, followed by ChemFil®
Rock and ACTIVA™ kids BioACTIVE-RESTORATIVE™ groups, respectively
(p=0.001; p<0.01). All groups' differences were statistically significant except for
EQUIA® Forte Fil and ChemFil® Rock. The highest surface roughness value for the aged
groups was found in EQUIA® Forte Fil, followed by ChemFil® Rock and ACTIVA
BioACTIVE groups. The difference between all groups was statistically significant
(p=0.001; p<0.01) (Table 8 and Graphic 4).
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Table 9. Comparison of surface roughness values of all tested materials after coating

application.
ACTIVA™ kids + EQUIA® Forte Fil + ChemFil® Rock +
Coating Coating Coating p?
Mean+SD Mean+SD Mean+SD
Roughness
0.06+0.02 0,06+0,01 0,07+0,01 0,193
baseline
Roughness
0.1£0.02% 0,13+0,032 0,12+0,02°
after-aging 0,002%*
“Kruskal Wallis Test *Standard deviation **9<0.01

***Groups with the same superscript letter have statistically significant difference

Comparison of Surface Roughness Values of all
Tested Materials After Coating Application
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Graphic 5. Comparison of surface roughness values of all tested materials after coating

application

Regarding the surface roughness of the baseline groups after coating application,
the highest surface roughness value was found in ChemFil® Rock, followed by
ACTIVA™ kids BioACTIVE-RESTORATIVE™ and EQUIA® Forte Fil, respectively.
There was no statistically significant difference between the groups (p>0.05). In the aged

groups, the highest surface roughness was found in EQUIA® Forte Fil, followed by
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ChemFil® Rock and ACTIVA™ kids BioACTIVE-RESTORATIVE™ groups,
respectively. All groups' differences were statistically significant except for EQUIA®

Forte Fil and ChemFil® Rock (p<0.01) (Table 9 and Graphic 5).

5.2. Surface Microhardness

Table 10. Comparison of surface microhardness values of ACTIVA™ kids BioACTIVE-
RESTORATIVE™ before and after thermal aging.

Baseline After-aging
pa

Mean+SD Mean+SD

53.47+£2.18 52.14+1.83 0.001%**
ACTIVA™ kids

24.354+0.95 23.82+0.92 0.017*
ACTIVA™Kids + Coating

0.001** 0.001%**
pa
“Wilcoxon Signed Rank Test *Standard deviation  **p<0.01 *<0.05

A statistically significant difference was found between the baseline and after-
aging surface microhardness values within ACTIVA™ kids BioACTIVE-
RESTORATIVE™ and ACTIVA™ kids BioACTIVE-RESTORATIVE™ + coating
groups (p=0.001; p<0.01). In both groups, thermal aging revealed statistically lower
surface microhardness values than the baseline (p=0.001; p<0.01).

There was a statistically significant difference between the baseline surface
microhardness values of the ACTIVA™ kids BioACTIVE-RESTORATIVE™ and
ACTIVA™ kids BioACTIVE-RESTORATIVE™ + coating groups and between the
after-aging values of both groups (p=0.001; p<0.01). Accordingly, coating application
significantly decreased the surface microhardness values at baseline and after thermal

aging (p=0.001; p<0.01).
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Comparison of Surface Microhardness Values of
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Graphic 6. Comparison of surface microhardness values of the ACTIVA™ kids
BioACTIVE-RESTORATIVE™  and the ACTIVA™ kids BioACTIVE-
RESTORATIVE™ + coating before and after thermal aging.

Table 11. Comparison of surface microhardness values of EQUIA® Forte Fil (GC,
Tokyo, Japan) before and after thermal aging

Baseline After-aging
pa

Mean+SD Mean+SD

EQUIA® Forte Fil 86.47+1.62 70.62+2.42 0.001%%*
36.45+1.00 35.11+£1.08 0.005%*

EQUIA® Forte Fil + Coating

p* 0.001%* 0.001%*

“Wilcoxon Signed Rank Test *Standard deviation **p<0.01

A statistically significant difference was found between the baseline and after-
aging surface microhardness values within the EQUIA® Forte Fil (GC, Tokyo, Japan) and
the EQUIA® Forte Fil (GC, Tokyo, Japan) + coating groups (p<0.01). Accordingly, the
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aged group showed statistically lower surface microhardness values than the baseline in

both groups (p<0.01).

There was a statistically significant difference between the baseline surface

microhardness values of the EQUIA® Forte Fil (GC, Tokyo, Japan) and the EQUIA®

Forte Fil (GC, Tokyo, Japan) + coating groups and between the after-aging values of both

groups (p=0.001; p<0.01). Accordingly, coating application significantly decreased the

surface microhardness values at baseline and after thermal aging (p=0.001; p<0.01).

Comparison of Surface Microhardness
values of test EQUIA® Forte Fil before
and after thermal aging
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Graphic 7. Comparison of Surface Microhardness values of EQUIA® Forte Fil (GC,
Tokyo, Japan) and EQUIA® Forte Fil (GC, Tokyo, Japan) + coating before and after

thermal aging.
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Table 12. Comparison of surface microhardness values of ChemFil® Rock before and

after thermal aging

Baseline After Aging
pa

Mean+SD Mean+SD

58.67+0.73 51.02+1.69 0.001%*
ChemFil® Rock
ChemFil® Rock + Equia Forte

34.42+1.01 36.98+1.45 0.001%*
Coat
p* 0.001%** 0.001%%*

“Wilcoxon Signed Rank Test *Standard deviation **p<0.001

A statistically significant difference was found between the baseline and after-
aging surface microhardness values within ChemFil® Rock and ChemFil® Rock + coating
groups (p=0.001; p<0.01). Accordingly, the aged group showed statistically lower
surface microhardness values than the baseline in the ChemFil® Rock group, whereas it
was statistically higher than the baseline in ChemFil® Rock + coating group (p=0.001;
p<0.01).

There was a statistically significant difference between the baseline surface
microhardness values of the ChemFil® Rock and the ChemFil® Rock + coating groups
and between the after-aging values of both groups (p=0.001; p<0.01). Accordingly,
coating application significantly decreased the surface microhardness values at baseline

and after thermal aging (p=0.001; p<0.01).
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Graphic 8. Comparison of surface microhardness values of ChemFil® Rock before and

after thermal aging

Table 13. Comparison of surface microhardness values of all tested materials

ACTIVA™Kkids EQUIA® Forte Fil  ChemFil® Rock

pa
Mean+SD Mean+SD Mean+SD
Microhardness Baseline 53.47+£2.18* 86.47+1.62° 58.67+0.73* 0.001%**
Microhardness After-Aging 52.14+1.83b 70.62+2.42b¢ 51.02+1.69¢ 0.001%**

“Wilcoxon Signed Rank Test *Standard deviation **p<0.001

***Groups with the same superscript letter have statistically significant difference
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Comparison of Surface Microhardness Values of
all Tested Materials

100
80
60
40
20

0
Microhardness Baseline Microhardness After Aging

m ACTIVA Mean m EQUIA® Forte Fil Mean ChemFil® Rock Mean

Graphic 9. Comparison of surface microhardness values of all tested materials without

coating application

In the surface microhardness test performed in the study for the baseline groups,
the highest microhardness values were found in EQUIA® Forte Fil, followed by
ChemFil® Rock and ACTIVA™ kids BioACTIVE-RESTORATIVE™ groups,
respectively. All groups' differences were statistically significant (p=0.001; p<0.01). The
highest surface microhardness value for the aged groups was found in EQUIA® Forte Fil,
followed by ACTIVA™ kids BioACTIVE-RESTORATIVE™ and ChemFil® Rock,
respectively. All groups' differences were statistically significant except for ACTIVA™
kids BioACTIVE-RESTORATIVE™ and ChemFil® Rock (p<0.05).
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Table 14. Comparison of surface microhardness values of all tested materials after

coating application

ACTIVA™ kids + EQUIA® Forte Fil + ChemFil® Rock +
Coating Coating Coating p*
Mean+SD Mean+SD Mean+SD
Microhardness
24.354+0.95° 36.45+1.00° 34.42+1.01° 0.001%*
Baseline
Microhardness
23.82+0.92? 35.11+1.08? 36.98+1.45° 0.001%*
After-Aging

“Wilcoxon Signed Rank Test *Standard deviation **p<0.001

***Groups with the same superscript letter have statistically significant difference

Graphic 10. Comparison of surface microhardness of all tested materials after coating

application

Comparison of Surface Microhardness of all Tested
Materials After Coating Application

40
35
30
25
20
15
10
5
0
Microhardness Baseline MicrohardnessAfter Aging

B ACTIVA + Coat Mean  m EQUIA® Forte Fil+ Coat Mean ChemFil® Rock+ Coat Mean

52



In the surface microhardness tests performed for the baseline groups with coating
application, the highest surface microhardness value was found in EQUIA® Forte Fil,
followed by ChemFil® Rock and ACTIVA™ kids BioACTIVE-RESTORATIVE™
groups, respectively. All groups' differences were statistically significant (p=0.001;
p<0.01). In the aged groups, the highest surface microhardness was found in ChemFil®
Rock and EQUIA® Forte Fil, followed by ACTIVA™ kids BioACTIVE-
RESTORATIVE™ groups, respectively. The difference between all groups was
statistically significant (p=0.001; p<0.01).

53



5. DISCUSSION

Surface roughness and surface hardness are important properties that need to be
addressed to achieve a proper dental restoration. Surface hardness increases resistance to
abrasion and roughness and positively affects clinical success by preventing the material

from deforming against the forces it is exposed to in the mouth (80).

Surface roughness can determine the quality and clinical behavior of the
restoration material. A smooth surface is not only a requirement for the desired aesthetic
appearance but also prevents the formation of a coloring film layer and plaque retention.
Surface smoothness can also reduce the coefficient of friction, which can reduce the wear
rate. As a result, surface roughness is an important criterion affecting the restoration's
aesthetic, friction, abrasion, bacterial adhesion, and optical properties. Surface roughness
and surface microhardness are important parameters used in the evaluation of dental
materials in vitro and affect the success of restorative materials, as well as an essential
factor influencing the long-term success of dental restorative materials by reducing the

durability and surface quality of the restoration (81).

Glass ionomer restorative materials, due to their chemical bonding to dental
tissues with minimal preparation and their fluoride-releasing properties, have become
increasingly popular in routine dental practice (82,83). The flexibility in their clinical use
and the fact that they are expandable materials have led to the frequent use of GICs in
dental practice. International organizations support using glass GICs, especially in low-
income regions, due to their positive clinical performance (84). Other than some
advantages, such as biocompatibility, good adhesion to dental hard tissues, and fluoride
release, it also has disadvantages, such as poor resistance to abrasion and compression-
tensile strength. For this purpose, studies are carried out to develop new glass ionomer

cement formulations (85,86).

Knowing the physical, biological, and mechanical properties of the dental
materials to be used provides an idea about the clinical conditions in which they should
be used. Using appropriate dental materials in pediatric patients with poor cooperation is
advantageous for the dentist and the patient. Therefore, using glass ionomer cements in
pediatric dentistry is very beneficial in terms of easy application of these materials, direct

bonding to dental tissues, and releasing fluoride (87,88). In this study, a bioactive
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restorative material ACTIVA™ kids BioACTIVE-RESTORATIVE™ (PULPDENT®,
Watertown, USA), and two high-viscosity glass ionomer cement materials, EQUIA®
Forte Fil (GC, Tokyo, Japan) and ChemFil® Rock (Dentsply Sirona, Konstanz, Germany)

were used.

In vivo tests used to evaluate a new material introduced in dentistry are time-
consuming, costly, and difficult to standardize. For this reason, researchers prefer in vitro
tests that are effective and give rapid results, parameters can be changed, and results can
be compared. Therefore, in this study, in vitro test methods were also used. Van
Meerbeek et al. (2009) stated that there is a parallelism between bond strength tests (in
vitro tests) and clinical tests (in vivo tests) and that aging tests approximate laboratory test
results to clinical test results (89). Dental restorative materials are constantly exposed to
temperature and pH changes in the oral environment. The constant change in intraoral

temperature has a negative effect on restorative materials in vivo.

The thermal cycling test aims to transfer the intraoral temperature changes to in
vitro conditions (90). The temperature values to which thermal cycling will be applied
should mimic the oral environment. The American Dental Association (ADA,
Acceptance Program Guidelines 2001) recommended temperature values for bond
strength and microleakage tests of adhesive materials used on dentin and enamel are
between 5 and 55°C. In addition, according to ISO Standards (ISO TR 11405, 2003), in
the case of measuring the bond strength of adhesives used in dentistry, it is recommended
that the lower and upper-temperature values be between 5 and 55°C. In the literature,
there is no standard for applying the thermal cycling test. However, 500 to 10,000 cycles
are considered significant. It has been reported that 10,000 cycles are equivalent to mean
aging of one year. For this reason, 10,000 cycles were applied in this study to mimic aging

for one year in the oral cavity.

Restorative materials properties such as surface roughness, microhardness, and
wear resistance are important in clinical aesthetics, longevity, and resistance to dental
plaque (89). Surface roughness, an important physical property of restorative materials,
directly affects the surface properties of materials, such as gloss, color, and surface

hardness (71,91).
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Studies have reported that the lowest roughness value is achieved using a
transparent mylar strip after polymerizing composite resin materials (91). However, due
to the presence of an oxygen inhibition layer on the top layer of the restorations finished
using transparent tape, this layer reduces the surface hardness of the material, deforms its
mechanical properties, and causes discoloration in the restorations; it should be removed
from the environment (92). Finishing and polishing processes are required to remove this
layer from the oral environment. In this study, the materials were finished with a mylar

strip and polished with sandpapers after setting reaction to mimic the clinical procedure.

During the initial setting stages, fluid contamination and dehydration weaken the
physical properties of the GIC (93). It is recommended to use surface coatings to prevent
the early exposure of CGIC to moisture. It has been suggested that coating the material
with resin is necessary to ensure water balance and that this application improves physical
and aesthetic properties. Many coating materials have been developed for this purpose.
In studies examining the surface coating applications of glass ionomer restorations,
different surface coating agents were tested, such as; vaseline, cocoa butter, light-cured

surface sealants, nail polish, and petroleum jelly (94,95).

Gemalmaz et al. (1998) stated that early moisture contamination negatively
affects the mechanical durability of glass ionomer restorations and reduces the wear
resistance of the surface due to erosion and abrasion (96). To prevent these disadvantages,
restorations are strongly recommended to be protected from moisture contamination for

at least 1 to 2 weeks after placement (52,97).

Although it is known that the protective resin improves the physical properties of
CGIC, limited studies have been conducted on its effect on the physical properties of
high-viscosity GICs. Leirskar et al. (2003) reported that coating high-viscosity glass
ionomer cement with a light-cured protective resin reduces the shear puncture resistance
of this material. These researchers suggested that the increase in the drilling resistance of
GICs is related to the water absorption of the material from the external environment and

that covering the material with protective resin reduces the water absorption (98).

In their clinical study, Klinke et al. (2016) evaluated the 48-month clinical

performance of surface-coated glass ionomer restorations. Researchers have stated that
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applying surface sealant increases the wear resistance of GICs at a level close to

composite resins (99).

Lohbauer (2010) stated that applying the surface sealant increases the
impermeability of the material by coating the porosity and cracks on the material surface
(18). This study evaluated surface roughness and microhardness values of glass ionomer
materials with surface coating. The light-cured surface coating gives the surface a
slippery and shiny appearance in glass ionomer cements with low polishing properties
and makes the color more acceptable. It has been observed with the naked eye that most
or all of the light-cured surface coating is removed from the restoration surface in the
sixth month due to occlusal contacts during the chewing function, foods, and using a
toothbrush (18). Since the maturation of glass ionomer cements is completed in this
process, it is not necessary to repeat the surface coating application. In the present study,
a light-curing coating material (EQUIA Forte™ Coat (GC, Tokyo, Japan) was used as a

surface cover to mimic the clinical use and standardize the testing procedure.
5.1.Discussion of Surface Roughness Test Results

Surface roughness is a critical parameter in evaluating dental materials in vitro. It
affects the long-term success of dental restorative materials by reducing the durability
and surface quality of the restoration (100). The surface roughness of restorative materials
has various clinical implications. Changes in surface topography and surface roughness
are often used to determine the wear of a material. Increased roughness can increase
microbial colonization and cause oral diseases, secondary caries, gingival irritation, and
inflammation (101). In addition, the increase in surface roughness causes discoloration
and deterioration of restorative materials. In this way, it shortens the life of restorative

materials and limits their use (102).

Many external effects will affect the surface roughness of the materials used in
dental restorations. Of these, occlusal forces that occur during chewing, abrasions that
may arise according to tooth brushing and the paste used, temperature changes that may
occur in the mouth with consumed foods, and acid erosions are of prime importance
(103). The roughness may be related to a combination of factors, including the cement
matrix, the proportion and size of inorganic glass particles, and air bubbles formed during

material preparation (104).
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The roughness of the restoration surfaces can cause discoloration, plaque
accumulation, gingival irritation, and secondary caries formation. In addition, the surface
roughness of the restoration is a factor that directly affects the patient's comfort. The
tongue can feel a rough area of 0.3 um on the surface (105). It has been reported that the
optimum surface roughness value in materials should be below 0.2 um (105,106). In
addition, studies have stated that surface roughness values (Ra) above 0.2 um cause a
plaque accumulation increase and a higher risk for caries and periodontal inflammation

(69).

Surface roughness is a 2-dimensional parameter. Measurements can be made with
a device called a profilometer. This device calculates the surface roughness measurement
data numerically (107). Profilometer numerically gives the average surface roughness
value (Ra), is easy to use, can carry out surface roughness measurements effectively and
accurately, is suitable for statistical analysis, and is one of the most frequently used
traditional methods. Considering these advantages, using a surface profilometer was

preferred to evaluate the surface roughness in this study (107,108).

The most commonly used method to characterize the surface roughness is taking
the arithmetic average of the roughness values taken from five points along a line on the
sample surface. This average is stated as Ra (roughness average), and its unit is
micrometer (um). Many studies were based on the Ra value (101,109,110). The
parameters needed to measure the surface roughness are the measurement area of the
profilometer device and the sample size. Accordingly, samples with a diameter of 10 mm

and a thickness of 2 mm were prepared (111).

In surface roughness measurements, some studies used polishing or blasting on
the measured surfaces after the samples were prepared, while in others, only mylar strip
was used. Studies also show that very smooth surfaces are obtained using silicon carbide
discs (112). However, many studies report a smoother texture in samples prepared using
only mylar strips (95,109,113). In this study, a mylar strip was used to obtain a smoother

sample surface, and all samples were polished with sandpaper.

Baldag et al. (2014) evaluated the surface roughness of CGIC cement GC Fuji
IX GP® and zinc-containing glass ionomer cement (ChemFil® Rock) after 24 hours and

168 hours with or without using a surface coating. While there was no statistically
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significant difference between the GC Fuji IX GP® and ChemFil® Rock groups, it was
observed that the surface roughness values significantly reduced when the surface coating
was applied to both groups. In the measurements made after 168 hours, there were
statistically significant differences between the groups with and without the application
of surface coating. While the surface roughness of the groups with the surface coating
was lower, the surface roughness value of the GC Fuji IX GP® group without the surface
coating was higher than that of the ChemFil® Rock group (114). Similar to the above-
mentioned study, the surface roughness values of all surface coating groups were found
to be statistically significantly lower when compared to the groups without a surface
coating, regardless of the aging protocol. Hence, the surface coating application decreased

the roughness values in the present study.

Pacifici et al. (2013) aimed to determine the surface roughness of different GIC
groups with and without surface coating. It was concluded that a surface coating did not
significantly improve the surface roughness of glass ionomer cements in specimens
mimicking the standard clinical procedures. Although similar surface roughness values
were observed between the coated and uncoated surfaces of glass ionomer cements, it
was observed that coated GICs were more successful in terms of marginal sealing. In
addition, compared to resin-modified glass ionomer cements, the surface coating
application gave more successful results when used in high-viscosity glass ionomer
cements (60). In this study, surface coating application decreased the surface roughness

values of all glass ionomer materials.

Hotta et al. (1992) applied different surface coatings (3M™ Ketac™ Glaze Light-
Cured Varnish Refill, bonding agent, and Bellfeel brightener) to CGICs (GC Fuji [I®,
Chemfil II, and Chelon-fil). In the SEM images, cracks were observed on the surface of
all CGICs without surface coating after water absorption and after air drying, while the
surface of the surface-coated specimens was smooth. As a result, it was stated that
applying a surface coating is necessary for the clinical success of CGIC (52). Similar to
the above-mentioned study, the surface roughness values of all surface coating groups

were found to be lower when compared to the groups without a surface coating.

Al-Angari et al. (2014) conducted a study comparing the surface roughness of
conventional (GC Fuji IX GP® Extra), condensable (Ketac™ Molar), resin-added
(EQUIA® Forte Fil), and zinc-added (ChemFil® Rock) GICs. When the surface
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roughness of these materials, on which surface protection was applied, was evaluated
after the samples were prepared, it was found that GC Fuji IX GP® Extra had the lowest
roughness value. In contrast, ChemFil® Rock, a zinc-containing glass ionomer cement,
had the highest roughness value (115). In line with this result, the highest baseline surface
roughness value was found in the ChemFil® Rock + EQUIA Forte™ Coat group in the
present study. The second highest surface roughness value was found in EQUIA® Forte

Fil.

Korkut et al. (2018) evaluated the surface roughness of glass ionomer-based
fissure sealants combined with 10% and 30% bioactive glass. When the results obtained
in this study were examined, no statistically significant difference was observed in the
surface roughness values of the groups to which bioactive glass was added at the rates of
10% and 30%. In contrast, the control group's surface roughness value was statistically
significantly lower than the other groups (116). Unlike the study mentioned above, the
ACTIVA™ kids BioACTIVE-RESTORATIVE™ showed lower surface roughness
results than the other materials. The surface roughness of GICs is affected by the shape,

distribution, filler size, and the number of particles in the matrix.

In the present study, when baseline the surface roughness was evaluated, the
statistically highest values were found in Equia Forte Fil, and the lowest roughness was
found in ACTIVA™ kids BioACTIVE-RESTORATIVE™., The measurements after
aging revealed that the surface roughness increased significantly in all groups except the
ACTIVA™ kids BioACTIVE-RESTORATIVE™ group without coating. This increase
is thought to be due to the increase in the contact time of the materials with water. When
the literature was reviewed, it was seen that different results were obtained in studies with
zinc-containing glass ionomer cements. It is thought that these differences may be due to
the way the samples were prepared and the tests performed. In the present study, when
the after-aging surface roughness was evaluated, the statistically highest values were
found in EQUIA® Forte Fil, and the lowest roughness was found in ACTIVA™ kids
BioACTIVE-RESTORATIVE™,
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5.2. Discussion of Surface Microhardness Results

One of the most critical factors contributing to the clinical success of restorative
materials is the structural properties of the materials. The structural properties of the
materials also affect their performance in the oral environment (117). Microhardness, one
of the criteria for evaluating the structural properties of materials, is specified as the
material's resistance against indentations (117,118). Hardness is also defined as the
resistance of any material to continuous deformation against a hard object. Restorative
materials used in dentistry are exposed to many different effects in the mouth, and they
must have high surface hardness values to resist these effects. Hardness increases the
material's mechanical strength and resistance to fracture and wear and ensures the

preservation of the original shape against forces (119).

Surface hardness tests are test methods used to evaluate the deterioration and
durability of dental materials, examine the surface properties in the environments they
are stored, determine their abrasion resistance, and monitor the hardening processes of
cements (119,120). Brinell, Knoop, Rockwell, and Vickers test methods are used to
measure the surface hardness of the materials. Among these, Knoop and Vickers hardness

measurements are the most commonly used tests for dental materials (119,121,122).

Surface hardness measurements evaluate the surface hardness of restorative
materials used in dentistry under in vitro conditions. In the studies, surface hardness
measurements are made by applying loads of different weights to the material's surface
at different times using a Vickers or Knoop tip. The hardness measurements of the
materials tested in the present study were carried out using a Vickers tip. Restorative
materials are under intense chewing forces in the mouth, and their hardness values must
be high to withstand the stresses created by these forces. Materials with low surface
hardness values may have higher wear rates (123). However, it should be noted that the
microhardness measurements made on the surfaces of restorative materials only examine

the outer surfaces, and the changes in the deeper regions cannot be evaluated.

In the Vickers hardness test, the hardness is calculated by measuring the amount
of trace created by applying force on the material to be reckoned with a square-bottomed,
pyramid-shaped diamond tip with an apex angle of 136°. Vickers hardness test is

commonly used in dentistry in microhardness studies because it can produce accurate
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values after measurement, the diamond tip does not deteriorate with time and use, and it
can be used for the surfaces of all materials. It is suitable for measuring the hardness
values of highly brittle materials. The load and time adjustments employed in the Vickers
hardness test were preferred since the most precise image was obtained when a force of
200 grams was applied to the samples for 10 seconds (124). For the surface microhardness
measurements of the glass ionomer cements used, samples were prepared using standard
metal molds with a diameter of 10 mm and a thickness of 2 mm with the help of a mylar

strip (57,119,121).

Kanik (2011) investigated the effect of a nano-filled surface coating on the
physical and mechanical properties of different GICs with a long-term in-vivo study and
various in-vitro tests. While it was not found significant, the composite resin group
showed significantly higher abrasion resistance than glass ionomer cement groups.
Applying a light-cured surface coating has increased the wear resistance of glass ionomer
cements. The composite resin group gave significantly higher strength values in the three-
point bending and compression strength tests. Differences in 24-hour and 30-day data
were statistically insignificant in all groups. In the Vickers test, the microhardness of glass

ionomer cement groups increased significantly over time (78).

Celik and Ermis (2008) evaluated the effect of protective resin application on the
microhardness of HVGIC and CGIC. A protective resin was applied to half of the HVGIC
samples according to the manufacturer's instructions. The samples were kept in distilled
water for one month, and microhardness values were measured after 24 hours, two weeks,
and one month. They prepared the 2 mm thick and 5 mm diameter samples with and
without a surface coat using GC Fuji IX GP® extra and G-Coat PLUS, and the samples
were then kept in distilled water at 37°C for one month. In the microhardness
measurements, 200 grams of force was applied for 15 seconds. The microhardness value
in the group without protective resin increased significantly over time. It was reported
that there was no time-dependent difference in the group in which the coating application
was made. It has been concluded that exposure to water in the early period positively
affects the hardness value of HVGIC and that the protective resin application creates
lower hardness values on the surface of the samples. When the groups were compared,
the microhardness of the unsealed group was higher in all time periods. Therefore,

applying self-adhesive protective resin containing light-curing nano-fillers to the surface
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of high-viscosity glass ionomer cement did not provide an advantage to the material in
terms of hardness (78). In this study, in line with the above-mentioned study, the
microhardness value was statistically significantly decreased after the surface coating
application in all sample groups. Therefore, it can be considered that the surface
microhardness of the material can be reduced with coating application. However, a
statistically significant increase was observed in the microhardness value only in the

ChemFil® Rock group with surface coating after aging.

On the other hand, in the EQUIA® Forte Fil and ACTIVA™ kids BioACTIVE-
RESTORATIVE™ groups with surface coating, the microhardness values were
statistically significantly decreased after aging. According to the manufacturer, ChemFil®
Rock should present enhanced durability due to a zinc-containing glass with an
accelerated ion release pattern compared to conventional GICs. Besides changes in the
chemical composition of the glass particle, a novel acrylic acid copolymer with a high

molecular weight was also incorporated into the material (78).

Al-Angari et al. (2014) compared the surface microhardness of zinc-containing
glass ionomer cement (ChemFil® Rock) and different glass ionomer cements (GC Fuji
IX GP® Extra, Ketac™ Molar Quick Aplicap, and EQUIA® Forte Fil) it was found that
GC Fuji IX GP® Extra was the material with the highest surface hardness value. In the
present study, unlike the study mentioned above, the highest microhardness value was

found in the EQUIA® Forte Fil group before aging and without coating application (115).

Brito et al. (2009) compared the effect of different surface coating materials on
the hardness of glass ionomer restorative material (Ketac™ Molar Easy Mix) in their in-
vitro study. As a result of the study, the researchers stated that nail polish showed the
highest success in protecting the material surface. It has been noted that nail polish is
more successful because it adheres quickly to the surface and forms a thick film when it
comes into contact with the surface. However, it has been reported that nail polish is not
clinically indicated because it contains toluene in its structure and is not suitable for the

oral environment (51).

Zoergiebel and Ilie (2013) compared the surface microhardness of three different
conventional GICs (Riva Self Cure, GC Fuji IX GP® Fast, and GC Fuji IX GP® Extra)

and zinc-containing glass ionomer cement (ChemFil® Rock). It was concluded that Fuji
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IX GP Fast has the highest microhardness value. The microhardness value of ChemFil®

Rock was significantly lower (125).

Bagheri et al. (2013) measured the microhardness values of glass ionomer
materials before and after the coating application. Measurements of the materials kept in
distilled water were made in the 4th and 8th weeks. In the measurements made in the 4th
week, the microhardness values of all the materials were found to be significantly lower
than the first measurements (57). Similar to the above-mentioned study, the surface
microhardness values of all surface coating groups were statistically significantly lower

when compared to the groups without coating in both baseline and after-aging groups.

Shimada et al. (2015) used EQUIA® Forte Fil + EQUIA Forte™ Coat, Fuji IX
GP Extra + G-COAT PLUS™, Ketac™ Molar Quick Aplicap + Scotchbond Universal
+ Ketac Glaze, and Riva Self Cure + Riva Coat in their study. The samples were exposed
to 10,000 cycles (under 200 grams load) in the toothbrushing simulator in the presence of
toothpaste. The wear depth of the samples was measured by scanning electron
microscopy. The microhardness values of samples were measured with a Vickers
hardness device. Regarding wear resistance and surface hardness, EQUIA® Forte Fil +
EQUIA Forte™ Coat and Fuji IX GP Extra + G-COAT PLUS™have higher values than
other groups. Because it has been observed that there is no unpolymerized layer in these
two materials, EQUIA® Forte Fil +Equia Forte Coat showed higher abrasion resistance
than other materials. It can be said that the above-mentioned study overlaps with this
present study in terms of the high microhardness values of EQUIA® Forte Fil. In the
present study, the highest microhardness values before the thermal aging procedure are

found both in the uncoated and coated EQUIA® Forte Fil groups (126).

Ryu et al. (2019) evaluated the microhardness and wear resistance of a nano-
filled surface coating. The samples were prepared from GIC and RMCIS and divided into
three groups according to the surface coating: (1) no coating, (2) EQUIA Forte™ Coat,
and (3) a filler-free adhesive coating. All samples were then kept in distilled water for 24
hours. Surface hardness was evaluated on a Vickers hardness testing machine. Using a
chewing simulator, the abrasion resistance was evaluated after a sample was thermally
cycled for 10,000 cycles. Surface hardness was highest in uncoated groups, followed by
EQUIA Forte™ Coat and adhesive sealant groups (127). This study also found that

uncoated groups showed higher microhardness results.
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6. CONCLUSION

1.

In the ACTIVA™ kids BioACTIVE-RESTORATIVE™ group, no statistically
significant difference between the baseline and after-aging surface roughness
values was found within the uncoated subgroup (p=0.055), whereas thermal aging
revealed statistically higher surface roughness values than the baseline in the
coated subgroup (p=0.001; p<0.01). Coating application significantly decreased
the surface roughness values at baseline and after thermal aging in the ACTIVA™

kids BioACTIVE-RESTORATIVE™ group (p=0.001; p<0.01).

In the EQUIA® Forte Fil group, thermal aging revealed statistically higher surface
roughness values than the baseline in both coated and uncoated subgroups
(p<0.01). Coating application significantly decreased the surface roughness
values at baseline and after thermal aging in the EQUIA® Forte Fil group
(p=0.001; p<0.01).

In the ChemFil® Rock group, thermal aging revealed statistically higher surface
roughness values than the baseline in both coated and uncoated subgroups
(p=0.001; p<0.01). Coating application significantly decreased the surface
roughness values at baseline and after thermal aging in the ChemFil® Rock group

(p=0.001; p<0.01).

In the surface roughness test performed in the study, for the uncoated baseline
groups, the highest surface roughness value was found in EQUIA® Forte Fil,
followed by ChemFil® Rock and ACTIVA™ kids BioACTIVE-
RESTORATIVE™, respectively. All groups' differences were statistically
significant except for EQUIA® Forte Fil and ChemFil® Rock (p<0.01).
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. The highest surface roughness value for the uncoated aged groups was found in
EQUIA® Forte Fil, followed by ChemFil® Rock and ACTIVA BioACTIVE. The
difference between all groups was statistically significant (p=0.001; p<0.01).

. Regarding the surface roughness of the baseline groups after the coating
application, the highest surface roughness value was found in the ChemFil® Rock,
followed by ACTIVA™ kids BioACTIVE-RESTORATIVE™ and EQUIA®
Forte Fil. There was no statistically significant difference between the groups

(p>0.05).

. The highest surface roughness in the coated aged groups was found in EQUIA®
Forte Fil, followed by ChemFil® Rock and ACTIVA™ kids BioACTIVE-
RESTORATIVE™, respectively. All groups' differences were statistically
significant except for EQUIA® Forte Fil and ChemFil® Rock (p<0.01).

. In the ACTIVA™ kids BioACTIVE-RESTORATIVE™ group, thermal aging
revealed statistically lower surface microhardness values than the baseline in both
coated and uncoated subgroups (p=0.001; p<0.01). Coating application
significantly decreased the surface microhardness values at baseline and after
thermal aging in the ACTIVA™ kids BioACTIVE-RESTORATIVE™ group
(p=0.001; p<0.01).

. In the EQUIA® Forte Fil group, thermal aging revealed statistically lower surface
microhardness values than the baseline in both coated and uncoated subgroups
(p<0.01). Coating application significantly decreased the surface microhardness
values at baseline and after thermal aging in the EQUIA® Forte Fil group
(p=0.001; p<0.01).
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10.

11.

12.

13.

14.

In the ChemFil® Rock group, thermal aging revealed statistically lower surface
microhardness values than the baseline in the uncoated subgroup, whereas it was
statistically higher than the baseline in the coated subgroup (p=0.001; p<0.01).
Coating application significantly decreased the surface microhardness values at

baseline and after thermal aging in the ChemFil® Rock group (p=0.001; p<0.01).

In the surface microhardness test performed in the study for the uncoated baseline
groups, the highest microhardness values were found in EQUIA® Forte Fil,
followed by ChemFil® Rock and ACTIVA™ kids BioACTIVE-
RESTORATIVE™ groups, respectively. The difference between all groups is
statistically significant (p<0.01).

The highest surface microhardness value for the uncoated aged groups was found
in EQUIA® Forte Fil, followed by ACTIVA™ kids BioACTIVE-
RESTORATIVE™ and ChemFil® Rock, respectively. All groups' differences
were statistically significant except for ACTIVA™ kids BioACTIVE-
RESTORATIVE™ and ChemFil® Rock (p<0.05).

In the surface microhardness tests performed for the baseline groups with coating
application, the highest surface microhardness value was found in EQUIA® Forte
Fil, followed by ChemFil® Rock and ACTIVA™ kids BioACTIVE-
RESTORATIVE™, respectively. All groups' differences were statistically
significant (p=0.001; p<0.01).

In the coated aged groups, the highest surface microhardness was found in
ChemFil® Rock and EQUIA® Forte Fil, followed by ACTIVA™ kids
BioACTIVE-RESTORATIVE™, respectively. The difference between all groups
was statistically significant (p=0.001; p<0.01).
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Limitations of the Study;

e The use of thermocycling as an artificial aging method does not mimic the
possible effects of the actual oral environment, such as the presence of saliva, pH

changes, chewing pressure, tooth brushing, etc.

e Preparation of the samples was achieved under ideal in vitro conditions which did

not necessarily reveal the challenges faced in the clinical setting.

e The same coating was applied to all glass ionomer cements regardless of their

manufacturer. Different coating materials would possibly reveal different results.

In conclusion, the thermal aging procedure affected all materials' surface roughness
and hardness. Therefore, the tested null hypothesis was rejected. When all the tested
materials were evaluated in terms of surface roughness and microhardness, EQUIA®
Forte Fil showed the highest surface roughness and microhardness values. All tested
materials' surface roughness and hardness values decreased after coating application and
thermal aging. Therefore, the tested Hi hypothesis was partially rejected. Further in vivo
and in vitro studies are needed to evaluate the long-term effects of surface coating
materials and aging on the clinical success of glass ionomer-based dental restorative

materials.
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