The Effect of Filler Loading and Packing
Technique on Physical Properties and
Nanoleakage of Different Composite

Formulations

Thesis submitted to the Department of Operative Dentistry,
Faculty of Dentistry, Ain-Shams University in Partial Fulfillment
of the Requirements of the PhD Degree in Operative Dentistry

By:

Mona Mohamed Galal Mohamed El-Aftris
B.D.S, Ain-Shams University (2007)
M.Sc., Ain-Shams University (2014)

2018



Supervisors



Dr. Mokhtar Nagy Ibrahim

Professor of Operative Dentistry,
Operative Dentistry Department,

Ain-Shams University

Dr. Omaima Hassan Ghallab

Associate Professor of Operative Dentistry,
Operative Dentistry Department,

Ain-Shams University

Dr. Ahmed Ahmed Laithy Hassan

Lecturer of Operative Dentistry,
Operative Dentistry Department,

Ain-Shams University



Dedication



Dedication

To my beloved family....
All my love and gratitude.

Thank you unconditionally.



Acknowledgment



Acknowledgment

All my gratitude to my professor, advisor, role-model; Professor Dr.
Mokhtar Nagy. You had always been and always will be an example to

follow. I will try to follow your lead. May God rest your kind soul.

I would like to express my gratitude to Dr. Omaima Ghallab. Thank
you for your help, and encouragement. Your support made this work

possible. Thank you for your great work ethics.

My gratitude to Dr. Ahmed Ahmed Laithy for your continuous help
despite the hard times.

I would like to express my appreciation to my professors and
colleagues in Operative Department, Faculty of Dentistry, Ain Shams

University, for their support.

Thanks are due to research and development department, VOCO,

Germany for supplying GrandioSO and Futurabond DC.



List of Contents

List Of TabIES ...eeeveiieiieeie e 1
List Of FIUIES ..evvviieiieiece et e i
List of AbDIeviations .........ccoceerierierieniesie e s \%
INtrodUCHION ..o e 1
Review of LIterature ..........ccoecueeuieriiniiniieiesie e 4
AIm of the StudY ..oevviieeiiie e 96
Materials and Methods ...........coceeviiriiiniiinninniieececeeeee 97
RESULLS . 121
DISCUSSION ..ttt sttt ettt st et 148
Summary and ConcClUSIONS .......cc.eeeeeeuireeiiiiieeiiie e 178
RETETENCES ....oeieieeiiiieiieeee e e 182

ATabiC SUMMATY ....ooooviieciiieiie e e



Table (1).

Table (2).

Table (3).

Table (4).

Table (5).

Table (6).

Table (7).

Table (8).

Table (9).

Table (10).

Table (11).

Table (12).

List of Tables

Materials, composition, manufacturer and lot
number of materials used

Levels of Investigation

Interaction between the variables

The effect of different filler loading, packing
techniques and storage periods on solubility

The effect of different filler loading in different
resin composite materials on solubility mean values
The effect of different packing techniques on
solubility mean values

The effect of different storage periods on solubility
mean values

The effect of different filler loading, packing
techniques and storage periods on water sorption ..
The effect of different filler loading in different
resin composite materials on water sorption mean
values

The effect of different packing techniques on water
sorption mean values

The effect of different storage periods on water
sorption mean values

Effect of different resin composite types on the

degree of conversion mean values

97

98

99

124

126

127

129

133

134

136

137

139



Figure (1).
Figure (2).

Figure (3).

Figure (4).
Figure (5).
Figure (6).

Figure (7).
Figure (8).
Figure (9).

Figure (10).
Figure (11).

Figure (12).

Figure (13).

Figure (14).

Figure (15).

Figure (16).

List of Figures

Split Teflon mold bounded by metal ring
Schematics representation of the layering
techniques used in this study.
Light-curing of resin composite material inside the
Split Teflon mold.
Tested resin composite materials.

Incubator for storage of specimens.

Digital caliber for measurement of specimens’
diameter and height.
Analytical Balance.

Cylinder volume calculation.

FTIR spectrophotometer

Absorption spectrum of a cured specimen.
Scatter with smooth lines chart for data obtained
from FTIR spectroscopy of a cured resin composite
sample.

Schematic representation of nanoleakage
specimens’ preparation.
Method of calculation of C-factor.

Schematic representation of different packing
techniques used for nanoleakage specimens’
preparation.

Graphical representation of specimens sectioning
and slabs preparation for scanning electron
microscopy.

Specimens preparation for SEM evaluation.

99

100

101
102
102

103
104
105
108
110

110

113

114

117

118
120



Figure (17).

Figure (18).

Figure (19).

Figure (20).

Figure (21).

Figure (22).

Figure (23).

Figure (24).

Scanning Electron Microscope.

Bar chart showing solubility means values of tested
materials of different filler loadings, with different
packing techniques and at different storage periods.
Bar chart showing solubility mean values of tested
resin composite materials of different filler loadings
regardless of packing techniques and storage
periods.

Bar chart showing solubility mean values of tested
packing techniques regardless of resin composite
materials filler loading and storage periods.

Bar chart showing solubility mean values of groups
stored for different storage periods, regardless of
resin composite material filler loading and packing
techniques.

Bar chart showing water sorption means values of
tested resin composite materials of different filler
loadings, with packing techniques and at different
storage periods.

Bar chart showing water sorption mean values of
tested resin composite materials of different filler
loadings regardless of packing techniques and
storage periods.

Bar chart showing water sorption mean values of
tested packing techniques regardless of tested resin
composite materials’ filler loading and storage

periods.

120

125

126

128

129

133

135

136



Figure (25).

Figure (26).

Figure (27).

Figure (28).

Figure (29).

Figure (30).

Bar chart showing water sorption mean values of
groups stored for different storage periods,
regardless of tested resin composite materials filler
loading and packing techniques.

Bar chart showing the mean values of DC% for the
three tested composite resin materials.

SEM photomicrographs of resin composite
specimens bonded with Futurabond DC after one
week of storage in water.

SEM photomicrographs of resin composite
specimens bonded with Futurabond DC after six
months of storage in water.

SEM photomicrographs of resin composite
specimens bonded with Futurabond DC after 12
months of storage in water.

SEM photomicrographs of resin composite

materials tested

137

139

143

144

145

147



List of Abbreviations

Acronym Synonym
Bis-GMA Bisphenol A glycidyl Methacrylate
CH, i i ci CH,
BisGMA
Bis-EMA Ethoxylated Bisphenol A dimethacrylate
0”2%0/\/0\/\0 . i . O/\/O\/\O)KKCH2
- BiS(E}I:;IA -
TEGDMA Triethyleneglycol dimethacrylate
CHZ\()T\O/\/Q\/\O/\/O\[(Q%
UDMA Urethane dimethacrylate
o T CH;  CHy o CH,
TR
Silane y-methacryloxypropyl-triethoxysilane
TCD urethane Tricyclodecane-urethane dimethacrylate
CQ Camphorquinone
BHT 2,6-Di-tert-butyl-4-methyl- phenol
TMPTMA Trimethylolpropane trimethacrylate.
PEGDMA Polyethylene Glycol Dimethacrylate
HEMA 2-hydroxylethyl methacrylate




Introduction



Introduction

irect resin composite restorations are currently one of the

most prevalent medical interventions in the human body

worldwide !. It was estimated that more than five hundred
million composite restorations are placed annually around the world 2. The
versatility of resin composite material is continuously growing since their
introduction to the dental market in the 1950’s * 4. As a result, an increasingly
greater demand to improve and develop these materials continue to date °.
Recently, nano-technology was incorporated into dental materials industries °.
This includes incorporation of nanoparticles and nanoclusters as fillers into
chemical composition of some resin composite materials ©. Eighth generation

adhesives also incorporated nanofillers into their chemical structure °.

Maturation of resin composite materials before putting them into
function involves polymerization reaction ” > *. Polymerization of resin
composite materials occurs by conversion of monomer molecules into a
complex polymeric network, which defines the material degree of conversion.
This reaction is accompanied by formation of shorter covalent bonds in place
of longer and weaker Van der Waals forces > 2. Consequently, volumetric
contraction inevitably occurs within the bulk of the material °>. Moreover, a
rapid rise in the material elastic modulus occurs. As a result, the stiff material
1s not allowed to compensate for the volumetric shrinkage, especially when
bonded to and restrained between cavity walls, leading to increased stress

levels within the material 8.

Filler loading is a strong factor affecting the resin composite elastic
modulus. Therefore, it affects the ability of the material to flow and relief
stresses, thus, it affects the amount of polymerization shrinkage stresses within

the material.



