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On Yesterday’s 

Show ... 

UNMET 

CHALLENGES 

FUTURE 

OPPORTUNITY 
≈ 

Clinical Material Variability 



Elasticity of Orthodontic Archwires 

K. Tian, B. W. Darvell, Dent. Mater. 26, 821-829 (2010)   



Clinical Variability 

Silicon Impression Moulds 

Compression Set 

Gypsum 
Impression Mould 
Setting Shrinkage 



Clinical Variability 

Denture Wax 

Efficiency of Wax 

Burn-Out in moulds 
 

Flaws from Carbon-

Deposits 

 



Orthodontic Elastics 

Influence of 

Environment and T° 

Clinical Variability 

GIC Cement 

Clinical mixing ratios 

vs. Properties 



So … 

WHY CEMENTS? 

WHY NOW? 



• more wealthy EU-states are the 

ones lagging the furthest behind 

in phasing-out Hg-amalgams 

 

• most promising alternative GICs 

are unknown by a large number 

of dental practitioners (up to 

~44% in UK) 

 

• Italy is among 5 countries 

(DK,EE,SE,IT,FI) expected to 

have 0% share of Hg dental-use 

in 2025 

• FR, PL, RO, UK, CZ are leading 

users of dental-Hg (00’s of 

tonnes) 

 

• Main reasons for continued use 

of Hg-amalgams = cost, lack of 

knowledge on GICs !! ! 

Phasing-out Hg-Usage in the EU 



Tooth/Bone Implants & Restorations 

Poor Adhesion / Toxic 

€ € € £££ $$$  

Highly Invasive / Hg! 



Bioactive Glass Ionomer Cements (GIC) 

 



THE PROBLEM - Brittleness 
Strength Testing 

SAMPLE 

IDENTITY 

SPECIFIC 

NON 

REALISTIC 

(clinically) 



Hardness & Poisson’s Ratio 

Tian KV et al, J Mater Sci Mater Med 2012;23:677-85.   



Failure at Glass-Polymer Interface...? 



SEM & TEM Imaging 

2 (3?) phases 

TEM 
SEM 



27Al-NMR - Tracking Al-Coordination 

IV V VI 
NMR Standard = AlCl3•6(H2O) 

Zainuddin N et al, Dent. Mater. 2009;25:290-5. 



Work Ongoing 

The glass and polymer components of GICs, in addition 

to the GIC cement and its setting profile are currently 

under investigation using the following techniques: 

 
• Differential scanning calorimetry (DSC) 
 

• Coherent THz Spectroscopy (CTHz) 
 

• Neutron Comptom Scattering (NCS) 
 

• Small / Wide Angle Neutron Scattering (SANS/WANS)  
 

• Quasi-Elastic Neutron Scattering (QENS) 
 

• Computational modeling 

 







Summary & Future Prospects 

• GICs have been made overly strong (thus 

brittle) at the expense of toughness 

• DSC, Neutron and THz spectroscopies 

provide effective means for characterising 

GICs and their setting reactions 

• Strong potential for similarly 

characterising setting and mechanical 

properties in other cementitous materials 
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