
Effect of a New Glass-Ionomer Restorative 

Material on the Elemental Composition and 

Micro-Hardness of Hard Tooth Structures  

 

Thesis  

Submitted to the Faculty of Dentistry, Ain Shams University in Partial 

Fulfillment for the Requirements of the PhD of Doctor Philosophy in 

Operative Dentistry 

 

 

By 

Ahmed Ahmed Laithy Hassan 

Master Degree in Operative Dentistry, 2010  

Faculty of Dentistry, Ain Shams University 

 

 

Faculty of Dentistry 

Ain Shams University 

2013 



Supervisors 

 

 Dr. Mokhtar Nagy Ibrahim 

Professor of Operative Dentistry 

Faculty of Dentistry, Ain Shams University 

 

 

Dr. Khaled Aly Nour 

Associate Professor of Operative Dentistry 

Faculty of Dentistry, Ain Shams University 

 

 

 

 

 

 

Faculty of Dentistry 

Ain Shams University 

2013 



 

 

 

 بسم الله الرحمن الرحيم

نك أ نت العليم الحكيم قالو "  لا ما علمتنا ا  "ا س بحانك لا علم لنا ا   

 صدق الله العظيم

 

( ٣۲الآية  –البقرة )  

 

 

 

 



 

This work is dedicated to… my encouraging father and 

mother … my wife …. My little stars Mariam, Ruqaya and 

Hafsa… …and supportive brothers and sisters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



I would like to acknowledge Dr. Mokhtar Nagy Ibrahim, 

Professor of Operative Dentistry, Faculty of Dentistry, Ain Shams 

University, to whom I would like to express my grateful thanks and 

deepest appreciation for his unlimited, endless help, meticulous 

supervision, continuous encouragement and valuable guidance throughout 

the study. 

 I am very indebted to Dr. Khaled Aly Nour, Associate Professor 

of Operative Dentistry, Faculty of Dentistry, Ain Shams University, for 

his patience, valuable advices, great help and sincere effort during the 

supervision of this research. 

I also would like to deeply thank all of my colleagues in the 

Department of Operative Dentistry, Faculty of Dentistry, Ain Shams 

University, for their valuable help and efforts they gave to me through the 

course of this study. 

 

 

 

 

 

 



Contents 

 

 

 

 

 

 

List of Figures i 

List of tables v 

Introduction 1 

Review of literature 3 

Aim of the study 42 

Materials and methods 43 

Results 65 

Discussion 111 

Summary and conclusions 121 

References 124 

Arabic summary  



List of Figures 

Figure 

No. 
Title 

Page 

No. 

1 

Ketac™ Fil Plus Aplicap™ , Photac™Fil Quick 

Aplicap™, Aplicap™ Activator and Aplicap™ 

Applier. 

43 

2 Ketac™ N100 and Ketac™ N100 primer. 44 

3 Ketac™ Conditioner and Ketac™ Glaze. 44 

4 
Split Teflon mold (7 mm diameter x 2 mm 

thickness). 
48 

5 Glass ionomer disc samples 48 

6 Ion-selective electrode (ICS-3000) 51 

7 Sectioned tooth into 2 halve 51 

8 Carbide bur used for cavity preparation. 52 

9 
Cavity preparation (2mm diameter x 1 mm depth) in 

enamel (left) and dentin (right). 
52 

10 

A representative chart showing elemental 

composition analysis for enamel sample using 

SEM-microanalysis. 

60 

11 
Polypropylene mold (1.3 cm diameter  x 1 cm 

height). 
61 

12 

Glass ionomer restored teeth halves facing 

downward and encircled with polyethylene molds 

on top of double adhesive tape.  

 

62 

13 
Finished enamel (right) and dentin (left) samples 

embedded in self-cured acrylic resin molds.  
62 

14 
Nexus 4000 

TM 
(INNOVATEST Europe BV, 

Borgharenweg, Netherlands, Europe) 
63 

15 

Line chart describing the effect of glass ionomer on 

fluoride release within each storage period for non-

fluoridated samples. 
67 



Figure 

No. 
Title 

Page 

No. 

16 

Line chart describing the effect of glass ionomer on 

fluoride release within each storage period for 

fluoridated samples. 
69 

17 

Line chart describing the effect of fluoridation on 

fluoride release within each storage period for Ketac 

Fil samples. 
71 

18 

Line chart describing the effect of fluoridation on 

fluoride release within each storage period for 

Photac Fil samples. 

72 

19 

Line chart describing the effect of fluoridation on 

fluoride release within each storage period for Ketac 

N100 samples. 

74 

20 

Line chart describing the effect of glass ionomer on 

fluoride uptake within each storage period for 

enamel samples. 

78 

21 

Line chart describing the effect of glass ionomer on 

fluoride uptake within each storage period for dentin 

samples. 

81 

22 

Line chart describing the effect of substrate on 

fluoride uptake of enamel and dentin within each 

storage period for Ketac Fil samples. 

83 

23 

Line chart describing the effect of substrate on 

fluoride uptake of enamel and dentin within each 

storage period for Photac Fil samples. 

84 

24 

Line chart describing the effect of substrate on 

fluoride uptake of enamel and dentin within each 

storage period for Ketac N100 samples. 

86 

25 
SEMicrograph for group-1 elemental composition 

changes assessment samples. 
89 

26 
SEMicrograph for group-2 elemental composition 

changes assessment samples. 
89 

27 
SEMicrograph for group-3 elemental composition 

changes assessment samples. 
90 

28 
SEMicrograph for group-4 elemental composition 

changes assessment samples. 
90 

29 
SEMicrograph for group-5 elemental composition 

changes assessment samples. 
91 



Figure 

No. 
Title 

Page 

No. 

30 
SEMicrograph for group-6 elemental composition 

changes assessment samples. 
91 

31 
SEMicrograph for group-7 elemental composition 

changes assessment samples. 
92 

32 
SEMicrograph for group-8 elemental composition 

changes assessment samples. 
92 

33 
SEMicrograph for group-9 elemental composition 

changes assessment samples. 
93 

34 
SEMicrograph for group-10 elemental composition 

changes assessment samples. 
93 

35 
SEMicrograph for group-11 elemental composition 

changes assessment samples. 
94 

36 
SEMicrograph for group-12 elemental composition 

changes assessment samples. 
94 

37 
SEMicrograph for group-13 elemental composition 

changes assessment samples. 
95 

38 
SEMicrograph for group-14 elemental composition 

changes assessment samples. 
95 

39 
SEMicrograph for group-15 elemental composition 

changes assessment samples. 
96 

40 
SEMicrograph for group-16 elemental composition 

changes assessment samples. 
96 

41 
SEMicrograph for group-17 elemental composition 

changes assessment samples. 
97 

42 
SEMicrograph for group-18 elemental composition 

changes assessment samples. 
97 

43 
SEMicrograph for group-19 elemental composition 

changes assessment samples. 
98 

44 
SEMicrograph for group-20 elemental composition 

changes assessment samples. 
98 

45 
SEMicrograph for group-21 elemental composition 

changes assessment samples. 
99 

46 
SEMicrograph for group-22 elemental composition 

changes assessment samples. 
99 

47 
SEMicrograph for group-23 elemental composition 

changes assessment samples. 
100 

48 
SEMicrograph for group-24 elemental composition 

changes assessment samples. 
100 



Figure 

No. 
Title 

Page 

No. 

49 
Bar chart describing the effect of glass ionomer on 

enamel microhardness within each storage period. 
103 

50 
Bar chart describing the effect of glass ionomer on 

dentin microhardness within each storage period. 
105 

51 

Bar chart describing the effect of tooth substrate on 

enamel and dentin microhardness within each 

storage period for Ketac Fil. 

106 

52 

Bar chart describing the effect of tooth substrate on 

microhardness of enamel and dentin within each 

storage period for Photac Fil. 

108 

53 

Bar chart describing the effect of glass ionomer on 

microhardness within each storage period for Ketac 

N100. 

109 

54 
A light microscopic image showing a diamond 

indentation in enamel (I). 
110 

55 
A light microscopic image showing a diamond 

indentation in dentin (I). 
110 

 
  



List of Tables 
Table 

No. 
Title 

Page 

No. 

1 Materials used in the study. 46 

2 Levels of the study. 53 

3 

Factorial design of investigations for fluoride release 

and uptake ability for the selected glass ionomer 

restorations. 
 

54 

4 
Factorial design of investigations for Enamel and 

Dentin microstructural changes. 
 

54 

5 
Groups for assessment of fluoride release and 

uptake ability. 
 

55 

6 
Groups for assessment of elemental composition 

changes. 
 

56 

7 Elemental composition for SEM-microanalysis. 60 

8 

Multiple analysis of variance for the effect of glass 

ionomer, fluoridation and storage period on fluoride 

release. 
 

65 

9 

Descriptive statistics and test of significance for the 

effect of glass ionomer on fluoride release within 

each storage period for non-fluoridated samples. 

67 

10 

Descriptive statistics and test of significance for the 

effect of glass ionomer on fluoride release within 

each storage period for fluoridated samples. 
 

69 

11 

Descriptive statistics and test of significance for the 

effect of fluoridation on fluoride release within each 

storage period for Ketac Fil samples. 
 

70 

12 

Descriptive statistics and test of significance for the 

effect of fluoridation on fluoride release within each 

storage period for Photac Fil samples. 

72 

13 

Descriptive statistics and test of significance for the 

effect of fluoridation on fluoride release within each 

storage period for Ketac N100 samples. 

74 



Table 

No. 
Title 

Page 

No. 

14 

Multiple analysis of variance for the effect of glass 

ionomer, substrate and storage period on enamel and 

dentin fluoride uptake. 

75 

15 

Descriptive statistics and test of significance for the 

effect of glass ionomer on fluoride uptake for 

enamel within each storage period. 
 

78 

16 

Descriptive statistics and test of significance for the 

effect of glass ionomer on fluoride uptake for dentin 

within each storage period. 
 

81 

17 

Descriptive statistics and test of significance for the 

effect of substrate on fluoride uptake for enamel and 

dentin within each storage period for Ketac Fil. 
 

82 

18 

Descriptive statistics and test of significance for the 

effect of substrate on fluoride uptake for enamel and 

dentin within each storage period for Photac Fil. 
 

84 

19 

Descriptive statistics and test of significance for the 

effect of substrate on fluoride uptake for enamel and 

dentin within each storage period for Ketac N100. 
 

85 

20 

Multiple analysis of variance for the effect of glass 

ionomer, substrate and storage period on enamel and 

dentin microhardness. 
 

101 

21 

Descriptive statistics and test of significance for the 

effect of glass ionomer on enamel microhardness 

within each storage period. 
 

102 

22 

Descriptive statistics and test of significance for the 

effect of glass ionomer on dentin microhardness 

within each storage period. 

104 

23 

Descriptive statistics and test of significance for the 

effect of substrate  on enamel and dentin 

microhardness within each storage period for Ketac 

Fil 

106 

24 

Descriptive statistics and test of significance for the 

effect of substrate on enamel and dentin 

microhardness within each storage period for Photac 

Fil 

107 



Table 

No. 
Title 

Page 

No. 

25 

Descriptive statistics and test of significance for the 

effect of substrate on enamel and dentin 

microhardness within each storage period for Ketac 

N100 

109 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 



  

Introduction 



Glass-ionomer cements are mainly composed of fluoride-

containing silicate glass and polyalkenoic acids which are set by an acid–

base reaction between the components. During the setting reaction a 

variety of ionic constituents is released from the glass, including fluoride. 

Fluoride may be released from glass-ionomers into an aqueous 

environment by the means of one of two mechanisms, one mechanism is a 

short-term reaction, during the first 24 hours, that involves rapid 

dissolution from outer surface into solution (process I) due to reaction of 

the glass particles with the polyalkenoate acid during setting, whereas the 

second is more gradual and resulted in the sustained diffusion of ions 

through the bulk cement (process II) which occurs due to the dissolution 

of the glass in the acidified water of the hydrogel matrix(1-7).  

 Resin-modified glass-ionomers have been developed to overcome 

the problems of moisture sensitivity and low initial mechanical strengths 

typical for conventional glass-ionomers. They were basically formed by 

adding methacrylate components to the polyacrylic acid, which are 

polymerizable by light-curing that is followed by the fundamental acid–

base reaction that arises from sorption of water (8). It has been found that 

resin-modified glass-ionomers have a potential for releasing fluoride in 

equivalent amounts as conventional cements(9), but may be affected not 

only by the formation of complex fluoride compounds and their 

interaction with polyacrylic acid, but also by the type and amount of resin 

used for the photochemical polymerization reaction(10-12).  

 The ability of a restorative to act as a fluoride reservoir is mainly 

dependent on the type and permeability of filling material, on the 

frequency of fluoride exposure and on the kind and concentration of the 


