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paper provides basic information about the role of third body components in 
lubricating the wear interface, which forms the basis of research protocol used in 
the PhD project. Permission has been obtained from the Elsevier to reproduce this 
paper in this thesis.] 

 
2. Ranjitkar S, Kaidonis J, Richards LC, Townsend GC. The effect of CPP-ACP on 

enamel wear under strong erosive conditions. 
Arch Oral Biol 2009, 54: 527-532. 

 
[This paper relates to the role of CPP-ACP in reducing enamel wear under a heavy 
load of 100N at a pH of 1.2 simulating gastric regurgitation, and these findings are 
covered in Chapter 3. Permission has been obtained from the Elsevier to reproduce 
this paper in this thesis.] 

 
3. Ranjitkar S, Rodriguez JM, Kaidonis JA, Richards LC, Townsend GC. Bartlett 

DW. The effect of casein phosphopeptide - amorphous calcium phosphate on 
erosive enamel and dentine wear by toothbrush abrasion. 
J Dent 2009; 37: 250-254. 

 
 [This paper relates to the role of CPP-ACP in reducing toothbrush abrasion of both 

enamel and dentine in an erosive environment. The findings related to enamel wear 
prevention are covered in Chapter 4. As this thesis focuses on enamel wear 
prevention, findings on dentine wear prevention are not included in Chapter 4. 
Permission has been obtained from the Elsevier to reproduce this paper in this 
thesis.] 

 
4. Ranjitkar S, Narayana T, Kaidonis JA, Hughes TE, Richards LC, Townsend GC. 

An in vitro assessment of the effect of casein phosphopeptide- amorphous calcium 
phosphate on erosive dentine wear. 
Aust Dent J 2009; 54: 101-107. 

 
[This project was conducted as an honours project by T Narayana, who was 
supervised by other co-authors. The findings relating to lubricating and 
remineralizing potential of Tooth Mousse® from this project have formed a 
foundation for the development of experimental protocols for the PhD project. 
Permission has been obtained from the editor of the Australian Dental Journal to 
reproduce this paper in this thesis.] 

 
5. Piekarz C, Ranjitkar S, Hunt D, McIntyre J. An in vitro assessment of the role of 

Tooth Mousse in preventing wine erosion. 
Aust Dent J 2008; 53: 22-25. 
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[This paper arose from a selective research project involving C Piekarz. Other co-
authors supervised this project. The findings of this project have also formed a 
basis for the development of experimental protocols for the PhD project. 
Permission has been obtained from the editor of the Australian Dental Journal to 
reproduce this paper in this thesis.] 

 
6. Nguyen C, Ranjitkar S, Kaidonis J, Townsend G. A qualitative assessment of non-

carious cervical lesions in extracted human teeth. 
Aust Dent J 2008; 53: 46-51.

 
[This paper arose from an honours project involving C Nguyen, who was 
supervised by other co-authors. This paper highlights the potential role of erosion 
and toothbrush abrasion in the aetiology of non-carious cervical lesions. The 
findings of the PhD project involving the role of CPP-ACP in reducing toothbrush 
abrasion in an erosive environment (Chapter 4/ Paper 2 of this section) is relevant 
to the management of non-carious cervical lesions. Permission has been obtained 
from the editor of the Australian Dental Journal to reproduce this paper in this 
thesis.] 

 
7. Liu P, Ranjitkar S, Kaidonis J, Townsend G, Richards LC. A system for the 

acquisition and analysis of three-dimensional data describing dental morphology. 
Dent Anthrop 2004; 17: 70-74. 

 
[This paper relates to the validity and reliability of the 3D profilometer mentioned in 
Chapter 3 of this thesis. The editor of Dental Anthropology has indicated that the 
journal does not require the author to transfer copyright for reproduction in this thesis, 
and that authors retain the copyrights of their papers.] 
 
 
 
 



 
 
 
 
Ranjitkar, S., Kaidonis, J.A., Townsend, G.C., Vu, A.M. and Richards, L.C. (2008) 
An in vitro assessment of the effect of load and pH on wear between opposing enamel 
and dentine surfaces. 
Archives of Oral Biology, v.53 (11) pp. 1011-1016, November 2008 
 
 
 
 

 
NOTE:  This publication is included on pages 122 - 127 in the print 

copy of the thesis held in the University of Adelaide Library. 
 

It is also available online to authorised users at: 
 

http://dx.doi.org/10.1016/j.archoralbio.2008.05.013 
 

 
 

http://dx.doi.org/10.1016/j.archoralbio.2008.05.013�


 
 
 
 
Ranjitkar, S., Kaidonis, J.A., Richards, L.C. and Townsend, G.C. (2009) The effect of 
CPP-ACP on enamel wear under severe erosive conditions. 
Archives of Oral Biology, v.54 (6) pp. 527-532, June 2009 
 
 
 
 

 
NOTE:  This publication is included on pages 128 -133 in the print 

copy of the thesis held in the University of Adelaide Library. 
 

It is also available online to authorised users at: 
 

http://dx.doi.org/10.1016/j.archoralbio.2009.03.006 
 
 

 
 

http://dx.doi.org/10.1016/j.archoralbio.2009.03.006�


 
 
 
 
Ranjitkar, S., Rodriguez, J.M., Kaidonis, J.A., Richards, L.C.,Townsend, G.C. and 
Bartlett, D.W. (2008) The effect of casein phosphopeptide-amorphous calcium 
phosphate on erosive enamel and dentine wear by toothbrush abrasion. 
Journal of Dentistry, v.37 (4) pp. 250-254, April 2009 
 
 
 
 
 

 
NOTE:  This publication is included on pages 134 - 138 in the print 
copy of the thesis held in the University of Adelaide Library. 
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9.1.1.2 Papers/manuscripts to be submitted for publication
 
1.  Ranjitkar S, Kaidonis JA, Richards LC, Townsend GC. The effect of CPP-ACP on 

enamel erosion under conditions simulating acid regurgitation. 
Aust Dent J. 
 
[This paper forms Chapter 5 of this thesis and will be submitted for publication after 
further experiments involving fluoride have been conducted. This paper has not been 
included in this section to avoid duplication.] 
 

 
2. Ranjitkar S, Lewis A, Kaidonis J, Marino V, Richards LC, Townsend GC. Spectral 

analysis of the enamel surface treated with CPP-ACP. 
Aust Dent J. 

 
[This paper forms Chapter 6 of this thesis. It covers preliminary findings on the spectral 
analysis of the enamel surface after treatment with CPP-ACP, and it will be submitted 
for publication after experiments on a larger sample have been conducted. This paper 
has not been included in this section to avoid duplication.]  
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9.1.2 Research abstracts
 
Abstract of a paper presented at the 86th General Session of the International Association for 
Dental Research (IADR), Toronto, 2008 
 
Presentation date: Friday 4 July, 2008 
 
 
2500 The role of Tooth Mousse in reducing 
erosive tooth wear 
 
 
S. RANJITKAR1, J.M. RODRIGUEZ2, D.W. BARTLETT2, J.A. KAIDONIS1, G.C. 
TOWNSEND1, and L.C. RICHARDS1, 1The University of Adelaide, Australia, 2King's 
College London Dental Institute, United Kingdom 

In addition to its role as a remineralizing agent in preventing dental caries, 
recent evidence has shown that Tooth Mousse (TM, GC Corporation, Japan) can 
reduce dental erosion. Objective: Our aim in this study was to determine 
whether TM could reduce erosive tooth wear involving toothbrush abrasion. 
Methods: Flat, polished enamel and dentine specimens (n=72) were subjected 
to 10 wear regimes, with each regime involving immersion in 0.3% citric acid 
(pH 3.2) for 10 min followed by toothbrush abrasion in a slurry of fluoride-free 
toothpaste and artificial saliva (1:3 ratio by weight) under a load of 200gm for 
200 cycles. The specimens were immersed in artificial saliva for 2hrs between 
wear episodes. In experimental group 1 (n = 12 each for enamel and dentine), 
TM was applied at the beginning of each wear episode for 5min whereas Tooth 
Mousse without the remineralizing agent (TM-) was applied in experimental 
group 2 (n=12 each for enamel and dentine). No TM or TM- was applied in the 
control group (n = 12 each for enamel and dentine). Results: A linear mixed 
model showed that intervention involving TM and TM- had a significant effect 
on both enamel and dentine wear (p<0.01). The mean wear depth for enamel 
in experimental group 1 (mean ± SE, 1.26 ± 0.33µm) was significantly less 
than that in the control group (3.48 ± 0.43µm) (p<0.001), but not significantly 
different from that of experimental group 2 (2.41 ± 0.50µm) (p>0.05). The 
mean dentine wear in experimental group 1 (2.16 ± 0.89µm) was significantly 
less than those in experimental group 2 (5.75 ± 0.98µm) (p<0.01) and control 
group (10.29 ± 1.64µm) (p<0.001). Conclusion: Our findings that TM can 
reduce erosive tooth wear, probably by remineralizing and lubricating eroded 
tooth surfaces, have clinical implications in the management of tooth wear. 
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Abstract of a paper presented at the 42nd annual meeting of International Association for Dental 
Research (IADR)-Continental European and Israeli Divisions, Thessaloniki 2007 
 
Presentation date: Friday 28 September, 2007 
 
 
0375 The role of Tooth Mousse in preventing 
enamel wear 
 
 
S. RANJITKAR, J.A. KAIDONIS, G.C. TOWNSEND, and L.C. RICHARDS, The 
University of Adelaide, Australia 

In addition to its role as a remineralizing agent in preventing dental caries, 
recent evidence has shown that Tooth Mousse (TM), manufactured by GC 
Corporation, Japan, may reduce enamel wear under conditions simulating 
attrition and acid regurgitation. Objective: Our aims were to determine whether 
TM could reduce enamel wear under different in vitro conditions and to clarify 
its likely mode of action. Methods: Buccal and lingual enamel halves of human 
third molar teeth were worn against each other in a purpose-built 
electromechanical tooth wear machine under a load of 10.0 kg. In experimental 
sample 1, enamel specimens (n = 12) were worn for around 10,000 cycles in 
the presence of hydrochloric acid (pH = 1.2). The machine was stopped every 
two minutes (160 cycles of wear) and specimens were washed and dried before 
TM was applied for four minutes. Specimens were washed again and dried 
before the cycle was continued. This protocol was also followed for 
experimental sample 2 (n = 12) using Tooth Mousse containing the same 
formulation but without the remineralizing agent, CPP-ACP (TM-). In the control 
sample (n = 12), the specimens were worn at pH = 1.2, but no TM or TM- was 
applied. Wear rates were compared between the samples using a one-way 
ANOVA. Results: There were no significant differences in rates of enamel wear 
between samples 1 and 2 (0.44 ± 0.05 vs 0.63 ± 0.06 mm3 per 1,000 cycles), 
but both these rates were significantly less than that in the control sample 
(0.92 ± 0.11 mm3 per 1,000 cycles) (p<0.05). Conclusions: Tooth Mousse with 
and without the remineralizing agent reduced enamel wear under conditions 
simulating attrition and acid regurgitation. We suggest that this is related to the 
lubricating agents in the TM formulation (for example, glycerol). 
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Abstract of a paper presented at the 84th general session of the International Association for 
Dental Research (IADR), Brisbane 2006 
 
Presentation date: Friday 30 June, 2006 
 
 
2424 An in vitro study of wear prevention in 
dentine 
 
 
 
T. NARAYANA, S. RANJITKAR, J.A. KAIDONIS, G.C. TOWNSEND, and L.C. 
RICHARDS, University of Adelaide, Adelaide SA, Australia 
Tooth wear is a significant problem facing clinicians, and several approaches 
are being used to manage it. Objective: This study aims to quantitatively and 
qualitatively test the efficacy of Tooth Mousse® in managing dentine wear 
under highly controlled conditions. Methods: Eight dentine specimens from the 
lingual halves of third molar teeth were worn against enamel antagonists under 
a load of 9.95kg in an electro-mechanical tooth wear machine with hydrochloric 
acid lubricant (HCl) (pH=3), and with regular Tooth Mousse® application. A 
further eight dentine specimens were worn with Tooth Mousse® as the sole 
lubricant. Dentine wear was quantified by measuring reduction in dentine 
volume using a Dr PICZA 3D Scanner (PIX-4) and a MATLAB software package 
(version 6, The Mathwork Inc, Natick MA, USA), and assessed qualitatively by 
examining epoxy resin replicas under a scanning electron microscope. These 
data were then compared using ANOVA with data from two control experiments 
conducted under a load of 9.95kg with deionised water and HCl (pH=3) as 
lubricants, but no Tooth Mousse® was applied. Results: Dentine specimens 
worn with Tooth Mousse® as the sole lubricant exhibited minimal wear, and 
had very smooth and shiny wear facets. Those worn with HCl (pH=3) with 
regular Tooth Mousse® application showed less wear than both the control 
groups. Their wear facets were not obviously different from facets of control 
specimens worn with HCl (pH=3), but were smoother than those of specimens 
worn with deionised water as the lubricant. The control group worn with HCl 
(pH=3) exhibited less wear than that worn with deionised water, and also 
displayed smoother facets. Conclusions: This study has shown that Tooth 
Mousse® is capable of reducing dentine wear, and has also highlighted the 
importance of lubricants in reducing wear. Further research is required to clarify 
its clinical usefulness of Tooth Mousse® in this context. 
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Abstract of a paper presented at the 84th general session of the International Association for 
Dental Research (IADR), Brisbane 2006 
 
Presentation date: Friday 30 June, 2006 
 
 
 
2428 Enamel wear prevention under conditions 
simulating bruxism and acid regurgitation 
 
 
S. RANJITKAR, J.A. KAIDONIS, G.C. TOWNSEND, and L.C. RICHARDS, 
University of Adelaide, Australia 

Tooth wear is a growing public health problem and there is a need to better 
understand its aetiology and management. Objective: Our aim was to 
investigate the effectiveness of frequent applications of Tooth Mousse (GC 
Corporation) in preventing enamel wear in vitro, under conditions simulating 
bruxism and acid regurgitation. Methods: Sixteen human third molar teeth 
were sectioned longitudinally in a mesio-distal direction, and enamel halves of 
the same teeth were worn against each other in a purpose-built 
electromechanical tooth wear machine under a load of 10.0 kg with 
hydrochloric acid lubricant (pH = 1.2) for around 10,000 test cycles. In the 
experimental sample (n = 8), the machine was stopped every two minutes 
(160 cycles of wear) and the specimens washed and dried. Tooth Mousse was 
then applied for four minutes. The specimens were further washed and dried 
before the cycle was continued. The same protocol was followed for the control 
specimens (n = 8) but no Tooth Mousse was applied. Tooth wear was quantified 
by measuring reduction in enamel volume per 1,000 cycles using a Dr PICZA 
3D Scanner (PIX-4) and MATLAB software package (version 6, The Mathwork 
Inc, Natick MA, USA). Wear rates were compared between the samples with an 
unpaired t-test. Qualitative assessment was also carried out using Scanning 
Electron Microscopy (SEM). Results: The rate of enamel wear was significantly 
lower in the experimental sample (0.41 mm3 per 1,000 cycles) than in the 
control sample (1.01 mm3 per 1,000 cycles) (p<0.01). Enamel wear facets in 
the experimental sample were also found to be smoother than those in the 
control sample. Conclusions: Frequent application of Tooth Mouse is effective in 
reducing enamel wear under conditions simulating bruxism and acid 
regurgitation, probably due to its lubrication properties. These findings open up 
new possibilities for the prevention of tooth wear. 
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Abstract of a paper presented at the 45th Annual Meeting of Australian/New Zealand Division 
of the International Association for Dental Research (IADR) 2005 
 
Presentation date: Tuesday 27 September, 2005 
 
 
 
0087 Characteristics of dentine wear: an in vitro 
study 
 
 
S. RANJITKAR, G.C. TOWNSEND, J.A. KAIDONIS, A.M. VU, and L.C. 
RICHARDS, University of Adelaide, Australia  
 
 
 
Previous studies have described the nature of wear in enamel and various restorative 
materials under conditions simulating attrition and erosion. Objective: The aim of this 
study was to investigate the pattern of dentine wear under various loads and with 
different lubricants. Methods: 53 human third molar teeth were sectioned longitudinally 
in a mesio-distal direction. After removing enamel from one half of the teeth, dentine 
surfaces were worn against enamel in a purpose-built electromechanical tooth wear 
machine at different loads (3.2, 6.2 and 9.95 kg), and with different lubricants (water at 
pH 7.0 and hydrochloric acid solutions at pH 1.2 and 3.0). Tooth wear was quantified 
by measuring reduction in dentine volume over time using Dr PICZA 3D Scanner (PIX-
4) and MATLAB software package (version 6, The Mathwork Inc, Natick MA, USA). 
Qualitative assessment was also carried out using Scanning Electron Microscopy 
(SEM). Results: Dentine wear increased with increasing loads at each pH level 
(p<0.05). Dentine wear rate was greatest at pH 1.2 (p<0.05) and there was a trend for 
the wear rate at pH 3.0 to be less than that at pH 7.0 under all loads. Dentine was noted 
to wear more slowly than enamel at loads of 3.2 kg and 9.95 kg at pH 1.2 (p<0.05). 
SEM analyses showed extensive surface destruction of dentine wear facets due to 
erosion at pH 1.2, whereas dentine wear facets were smoother at pH 3.0 compared with 
pH 7.0. Conclusions: This study provides evidence of different wear mechanisms in 
dentine under different experimental conditions. Dentine wear rate is linear with load 
but its relationship with pH is more complicated. This project was supported by the 
National Health and Medical Research Council of Australia (Grant no: 207803). 
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Abstract of a paper presented at the 45th Annual Meeting of Australian/New Zealand Division 
of the International Association for Dental Research (IADR) 2005 
 
Presentation date: Monday 26 September, 2005 
 
 
0038 A qualitative assessment of non-carious 
cervical lesions in human teeth 
 
 
C.T.M. NGUYEN, J. KAIDONIS, S. RANJITKAR, and G. TOWNSEND, The 
University of Adelaide, Australia  
 
 
 
Opinions vary about the causes of non-carious cervical lesions (NCCLs). They have 
been attributed to excessive tooth brushing (abrasion), effects of exogenous or 
endogenous acids (corrosion), and flexion of teeth from occlusal loads (abfraction). 
Objective: Our aims were to examine the micro-wear detail of NCCLs in a collection of 
extracted teeth under scanning election microscopy (SEM) and to look for evidence of 
abrasion and corrosion in these lesions. Methods: Twenty-four extracted teeth with 
NCCLs were selected from a collection in the Adelaide Dental School. Negative 
replicas of NCCLs were obtained in polyvinyl impression material (Light Body Imprint 
™II Garant™, 3M ESPE) and viewed under SEM. Results: All NCCLs were located 
below the cemento-enamel junction (CEJ) and they displayed a variety of wedge-shaped 
appearances. Abrasion was characterized by the presence of horizontal scratch marks, 
presumably caused by toothbrush and/or dentrifice, while corrosion was characterized 
by a smooth amorphous surface which at times displayed open dentinal tubules. There 
was evidence of abrasion in 19 (79.2%) teeth and corrosion in 23 (95.8%) teeth. 
Eighteen (75.0%) of the 24 teeth displayed evidence of both abrasion and corrosion, 
whereas 6 (25%) teeth displayed evidence of either abrasion or corrosion. Horizontal 
furrows were noted in 13 (54.2%) teeth. These furrows had smooth edges, with a 
corrosive appearance, but no evidence of abrasive scratches. They ranged in width from 
5-250 μm. All NCCLs with furrowing displayed evidence of corrosion. Conclusion: 
Based on microscopic assessment of a sample of extracted teeth, it appears that abrasion 
and corrosion are common associated aetiological factors in the formation of wedge-
shaped NCCLs. This project was supported by the Dental Board of South Australia. 
 
 



 

 
 

168 

9.2 Other academic activities during PhD candidature
 
 

� Scholarships and awards
- NHMRC Dental Postgraduate Award –2005/08 
- NHMRC travelling award – 2007 
- GC Travelling award – 2008 
- The Graham Mount ESPE Prize –2005 

 
� Research grants

- Ranjitkar S, Lewis A, Hall C, Townsend GC, Kaidonis JA, Richards LC, Smart R. 
ADRF. Characterisation of enamel surface treated with Tooth Mousse and Tooth 
Mousse Plus by using mass spectrometry (ToF-SIMS). 2009 - $7,000 

- Ranjitkar S, Hall C, Lewis A, Townsend GC, Kaidonis JA, Richards LC, Smart R. 
ADRF. Changes in the nanomechanical properties of eroded enamel after treatment 
with Tooth Mousse, Tooth Mousse Plus and fluoride. 2009 - $7,000 

- Ranjitkar S, Kaidonis JA, Townsend GC, Richards LC, Bartlett D, Lewis A. ADRF. 
The role of Tooth Mousse and Tooth Mousse Plus in reducing enamel wear by 
corrosion (erosion), $8,848 - 2008 

- Ranjitkar S, Bartlett D, Townsend GC, Richards LC, Kaidonis JA, Lewis A. ADRF. 
Prevention of enamel wear by Tooth Mousse under conditions simulating 
toothbrush abrasion in an acidic environment, $3,200 – 2007/08 

- Ranjitkar S, Kaidonis JA, Townsend GC, Richards LC, Lewis A. G C Asia Pty Ltd. 
Prevention of cervical wear under conditions simulating toothbrush abrasion in an 
acidic environment, $7,401 – 2007/08 

- Ranjitkar S, Kaidonis JA, Townsend GC, Richards LC, Bartlett D, Lewis A. 
Dentsply Pty Ltd. The role of Tooth Mousse and Tooth Mousse Plus in reducing 
enamel wear by corrosion (erosion), $1,500- 2008 

- Ranjitkar S, Kaidonis JA, Townsend GC, Richards LC, Lewis A. ADRF. Biology 
of tooth wear: preventive strategies, $5,500- 2006/07 

- Ranjitkar S, Kaidonis JA, Townsend GC, Richards LC. The University of Adelaide. 
Biology of tooth wear: preventive strategies, $1,800 –2006 

- Hunt D, McIntyre J, White I, Ranjitkar S. School of Dentistry Research Fund, 
University of Adelaide. The longitudinal study of dental erosion in oenology 
students, $3,000 – 2006 

 
 

� Visiting Research Fellow
- King’s College London, The University of London, 2007 

 
 
� Class meetings / lecturing

- Invited lecturer on dental erosion for the Riverland Seminar by the Australian 
Dental Association Inc (South Australian Branch), 2009 

- Invited lecturer on “the risk of dental erosion in professional wine tasters” to the 
oenology students in the Waite’s Campus, The University of Adelaide, 2008 

- Lecturer on dental materials (five sessions) for 3rd year students, The University of 
Adelaide, 2009  

- Lecturer on tooth wear (three sessions) for 3rd year dental students, The University 
of Adelaide, 2007 

- Tutoring and two lectures in Head and Neck Anatomy in the second year Adelaide 
BDS curriculum, 2004 
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� Co-supervisor for student projects
- T Narayana - awarded first class honours (BScDent, 2006) 

T Narayana also a recipient of prestigious Leonard Hanson Prize for submitting the 
best summer vacation research report Australia wide (Australian Dental Research 
Foundation Inc, 2005) 

- C Nguyen - summer vacation project 
- A Kanter - summer vacation project, 2007/08 
- B Yap - summer vacation project, 2008/09 
- T Pang - final year selective project 2009 

 
 
� Other research activities

- The longitudinal study of dental erosion in oenology students. ADRF and The 
University of Adelaide. Chief investigators - Hunt D, McIntyre J, White I, Ranjitkar 
S, Kaidonis J. Adelaide, 2004 – 2008 

- Townsend G C, Richards LC, Messer LJB. Teeth and faces of Australian twins: a 
longitudinal study. NHMRC. Adelaide, 2002-2006 (clinical investigator) 

 
 
� Contribution to student assessment at the University of Adelaide

- Oral assessor for the selection of first year dental students, 2007- 
- Oral assessor for the selection of bridging students in the undergraduate dental 

curriculum, 2006 
 
 
� Committee membership at the University of Adelaide

- Postgraduate Student Association, 2006 
- Graduate School Committee, Dental School, 2006 (Postgraduate student 

representative) 
 
 
� Seminar and conference participation (oral and poster presentations)

- 86th General Session of the IADR (International meeting), Toronto, 2008 
- 42nd Annual Meeting of the IADR (European and Israeli Divisions), Thessaloniki, 

2007 
- 84th General Session of the IADR (International meeting), Brisbane, 2006 
- 45th Annual Scientific meeting of the IADR (ANZ division), Queenstown, 2005 
- 31st Australian Dental Congress and Exhibition, ADA, Adelaide, 2005 
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