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Abstract

The current generation of Glass lonomer Cements (GICs) have many advantageous
properties over other dental restorative materials but lack the compressive strength of these
other materials. The aim of this project is to increase the compressive strength of
conventional Glass Poly-Vinyl-Phosphonate cement by inclusion of reactive sub-micron
filler particles.

The setting characteristics, chemical reactivity and cement strength have been found using
oscillating rheology, infrared spectrometry, nuclear magnetic spectrometry, transmission

electron microscopy, potentiometer analysis, laser diffractometry and mechanical analysis.

The addition of sub-micron filler particles in direct weight by weight replacement of
aluminosilicate glass of a control material has increased the ultimate compressive strength
of the new cement from 206MPa (control) to 250MPa after 365 days of aging. The strength
of the new filler enhanced cements were comparable with the control material after 3 hours.
The setting chemistry of the filler enhanced cements follows the same order as the control
cement but at a decelerated rate.

Theoretical modelling found that a large volume of sub-micron filler could fit into
interstitial spacing in formed cement however the alteration of the aluminosilicate glass to
polyelectrolyte ratio has been found to drastically alter the cement setting time.

The use of cubic and polyhedral shaped filler particles as supposed to spherical particles

may increase the cement strength further as greater packing densities are achieved.

The formulation of a Glass lonomer Cement with increased compressive strength may find
use as a posterior restorative or as a better material for restoration of lesions and cavity

liners.



Acknowledgments

I would like to express my gratitude to my supervisors Dr Oana Ghita, Dr Michele Barbour
and Professor Ken Evans for firstly giving me the opportunity to undertake this research

and their continued support and guidance during this research project.

This research has been funded by the Great Western Research fund and Associated Dental
Products (Kemdent, Swindon). | would like to thank Tony Cook of Kemdent for his
knowledge of quality control for water based dental cements and providing me with

materials to perform my research.

A special thank you is extended to Mr lan Moon and Mr Peter Jerry for their skill, hard
work and technical guidance provided when producing parts and supervising myself in the

workshop environment; their tuition has evolved into a firm friendship.
My love goes to my partner Ailichia and daughter Lilly for all their unwavering

encouragement, motivation and patients without which, none of this would have been

possible.



Content

Chapter L1: INrOUUCTION .......oiieiiece ettt sttt s 1
Chapter 2: LItErature REVIEW. .......c.ciuiiieeiriirie ettt sttt e 3
2.1 INEFOTUCTION ...ttt et ene s 3
2.2 Dental ReStOrative CEMENTS.........cuiiveiiieiieieseeieeete et 4
2.2.1 Glass Polyalkenoate Cements (Glass lonomer Cements) .........c.ccoevvervrennerinens 5
2.2.2  COMPOSITE RESINS . .cueiiiiiteeiei et sttt ettt st se e 25
2.2.3 Resin Modified Glass lonomer Cement (RMGIC) .......cccocevrivrinniennnienenens 28
2.2.4 Polyacid Modified Composite ReSin (PMCR) .......ccooviiriennirinininiee e 31
2.2.5  CONCIUSION ..ottt et st bbb e 32

2.3 Cement forming Metal OXITES........ccoiiiiririreieiiiie et 33
2.4 Particle Packing in Cement and Resin Based Materials............ccccocevininiriinennne, 34
241 GIC POIOSILY ..ovvivieeeiesieiieiesie et sttt st sttt sttt s bene s 34
2.4.2  Packing OPtiMIZatiON ........ccocoeiiuiirenisieiree st s 35
Chapter 3: Materials & MEetNOd..........coooiiiiiriiee e 37
3.1 INEFOTUCTION ...ttt ettt s 37
I 0o T 111 [o o (0 Yol =T (U OSSR 38
3.2.1  TiO2 SUSPENSION w.veueiiieietesie e iereete ettt st sttt se et s sbe e s e 39
3.2.2  Aluminium Hydroxide PreCipitation..........cccocoieinienninnsienee s 39
3.2.3 Separation of Coated PartiCles..........ocovviiiiiiriiinsecee e 40

3.3 Diamond Carve CEMENL .........cccoii ittt s se e 40
3.3.1 Diamond Carve ManUFaCtUIE.........ccccouiririreiriie s 41
3.3.2  Cement PreParation .........coceeiruieeeneeie s sesieeste s et sbese e sessesesse e e 41

3.4 Titanium Filler Incorporated Cement (TIGIC) ......ccccoiriiiriniieire e 43
341 TIGIC ManUTACTUIE .....cveiiiieieeeie et 43
3.4.2 TIGIC Preparation ......ccoeieeiriiineseeisiesesie sttt s se e see s 44

35  Coating lIdentifiCatiON ........ccveeiiiiiieeee e e 44
351 TitaNiUM DIOXIUC. ...ci ettt e 45
3.5.2 Coated TiO2 (9% W/W) .....euireriiiieeie sttt sttt s st s se e 46

3.6 Glass and Filler Size CharacteriSation...........ccouvveereierinine s 48
3.7 C0atiNG REACHIVITY ..ottt bbb 50
3.7.1 ROSSEtt-RICE REACTIVILY ....cveieeeiiiiieie et 51
3.7.2  AI(OH)3 TIIALION 1ottt sttt 53
Chapter 4: Rheological Analysis OF TIGICS.......ccouieirrieiriireire e e 55
4.1 INEFOTUCTION ...ttt ettt 55
4.2 Experimental MEethOUs .........cccoiiiiiiisieee e 55
4.2.1 WilSON RNBOMELET ....ccuiiiieieie ettt e et 56
4.2.2  Advanced RNEOMEIET .......couciieiiiei et e 57
4.2.3 Data Analysis (Wilson RNEOGramMS) .........ccceireirrinenesinieesessieeeee s 58

4.3 RESUILS AN0 DISCUSSION ......cuvivieieiiieiieie sttt st s er et se e 60
4.3.1  WIilSON RNBOMELET ....ccuiiiieieie ettt et st 60
4.3.2  Advanced RNEOMELET .......ccueiiieiieii ettt 62

A4 CONCIUSION....c.eitiiietiietiee ettt et sttt e 70
Chapter 5: COmPressive SEIENGTN ... ..o e e 71
51 INEFOTUCTION ...ttt ettt st 71
52 MELNOA. ... ettt 71



5.2.1  Sample Preparation.........ccooe it sne s 72

5.2.2 COMPIeSSIVE ANAIYSIS .....ciiiiiiiieii ettt 72
5.2.3 Data ManipUlAtion ............coeeiiiiriiiiiiiiee e s 74

53 RESUILS AN0 DISCUSSION ......cuvivieieiiieiieie st sttt sttt er e ene e e 75
5.3.1  Short Term ODSEIVALIONS ......c.couiuerieriieirieiesisiesisie sttt st see e 76
5.3.2 Long Term Strength INCrEASE ........coovrueuiririereirieire ettt 79

5.4 CONCIUSION. ...ttt bbbttt eb e se et 82
Chapter 6: Infrared Investigation of Curing MechaniSm..........ccccocevrvnnieieiiennicine e 83
6.1 INEFOTUCTION ...t ettt 83
6.2 Experimental MEethOUS .........ccooiiiiriicieee s 83
6.2.1 Control Materials and SOIULIONS ..........ccoviiiiieiiince e 83
6.2.2  EXPerimental PrOCEAUIE .......ccuiviiriieieiricese sttt 84

6.3 RESUILS AN0 DISCUSSION ......cuvivieeeiiieiieie sttt sttt et ene et 86
6.3.1 Control Materials Peak ASSIGNMENT.........ccooviririineeririie s 87
6.3.2 Absorbance Change Spectra and Setting Mechanism............ccccceeveeviieieiinnneee, 94
6.3.3  Filler Incorporated CemMENtS ........ccccoeuriiireniniiinee et s 100

6.4  CONCIUSION. ..ottt ettt bt s 105
Chapter 7: Nuclear Magnetic Resonance SPeCtrOSCOPY ......evvveerieeriereseririeresinresessesesenenns 108
7.1 INEFOTUCTION ...t ettt e 108
7.2 Experimental Method .........cooviiiniee e 109
7.2.1  SaMPIe Preparation.......cccccoiricineiesinieee et s 109
7.2.2 Magic Angle Spinning Nuclear Magnetic Resonance (MAS NMR)............... 110

7.3 RESUILS AN0 DISCUSSION ......cuveviiieiiieiisieie st ire sttt 110
7.3.1  Aluminium ENVIFONMENT .....ccuiiiiiieeiiee et 110
7.3.2  PhoSphorus ENVIFONMENT ........ccciiiiiiieie ettt e 119

T4 CONCIUSION. ...eiiiiiiticie ettt ettt bt e 125
Chapter 8: Theoretical Modelling of Filler Enhanced Glass lonomer Cements.................. 127
8.1 INEFOTUCTION ... bbb ettt 127
8.2 MELNOD. ... bbbt 128
B.2.1  UNIE CII(S). ittt st e e 128
8.2.2  INTErSLItIAl GAPS. .. ivi ettt e e 131
8.2.3 Computer Simulated Random Packing ...........cccoevreinninnsieneneseiiee e 134

8.3 RESUILS .t ettt bbbt 135
8.3.1 Idealised Modelling (Packing).......ccccceerurereiniiinsenciee e e 135
8.3.2 Simulated Random Packing (MacCroPac) .........ccccevreiririreienenene e 140
8.3.3  Control CeMENt SYSEM .....ccviviieiiieeeiireiete e 149
8.3.4 Optimisation of the Diamond Carve SYStEM ........ccccvrreneiereiennsise e 153

8.4 Discussion / CONCIUSIONS .......cooouiiiiieieiriiee e 157
8.4.1 1dealised PaCKING.......couiirireeicise e e e 157
8.4.2 Random Packing SIMUIALIONS.........ccccuiririreirinse e e 158
8.4.3  GENEral DISCUSSION ......cueieiiiieiiieiisie ettt ettt ee e 159
Chapter 9: CONCIUSION.........iieiiieee ettt et eb e e 160
9.1 INEFOTUCTION ... bbb ettt 160
9.2 [ o ESE] o] o OSSO 160
9.3 (O] 004 1] To] o SRS 165
Chapter 10: FUINET WOTK.......oiiiiiiiieie ittt sttt e st 166
101 INTrOTUCTION ...ttt bbb s 166
10.2  Chemical AIEIatiON........ccoeiiieirie st st et s 166
10.3  Filler Effects on Cement RNEOIOGY ......c.cvvvviiiiiiniiieeree s 167

-1V -



104  Particle Packing Optimization ...........ccuoueiiiienninreee e s 167

105 Coatings and Coating MeAIUM ......cccuoiririieieririre e 168
BIDIIOGIAPNY .ttt 170
APPENTICIES ..ottt sttt b et bbb e st bbbt et st et et e st tnbereeb e e 203
AL IMAEEIIAIS. ..ottt ettt naeen e 205
F N 11T ] (o] TS USRPTRPRPRIN 213
A3: Infrared INVeStiIgation OF CUN.........ccviiiiiiie e e 237
A4 Theoretical MOelliNg.......cc.oiiiiie i s 265



