
 i 

 

 

 

An enhanced in vitro model to study the 

effectiveness of dentinal fluid on remineralization 

 
 
 
 
 
 
 
 
 
 

By Vu Thanh My Anh  
 
 
 
 
 
 
 

A thesis submitted for the degree of Doctor of Philosophy 

 
 
 
 
 
 

School of Dentistry 

The University of Adelaide 



 135 

Appendix 1: Protocols for Chapter 3 

Protocol to make acetate demineralizing solution  
 

An acetate buffered demineralizing solution (ten Cate, 1982), partially saturated  with respect 

to calcium and phosphate ion contains  

 50 mmol/l acetate, 2.2 mmol/l Ca, 2.2 mmol/l PO4 at pH 4.3   

For 2.2 mmol/l Ca and 2.2 mmol/l phosphate we need 2.2 mmol/l CaHPO4 

For 1 l of solution: 

2.2 mmol CaHPO4 = 2.2 x 10-3 mol = 2.2 x 10-3 x 136.06 g = 0.2993 g CaHPO4 

50 mmol acetate = 50 mmol pure acetic acid = 0.05 mol = 0.05 x 60.05g = 3.0025 g 

The volume of pure acetic acid would be 3.0025 g/1.053 g/l = 2.851 ml pure acetic acid 

 

Heat (just enough to warm the solution) and stir in 250 ml conical flask till the CaHPO4 is 

dissolved. 

Put into 1 l flask or beaker and make up to 900 ml with Distilled De-ionized Water. 

Adjust pH to 4.3 using 10% Na OH drop by drop. Use a magnetic stirrer while adjusting the 

pH. 

Make up to 1 l using Distilled De-ionized Water. 

Add a few grains of Thymol to solution to prevent growth of mould (0.01%). 

Store in bottles sealed tightly at room temperature. 

Sample preparation and dehydration protocol 

Sectioning samples: Samples from experiments were sectioned mesio-distally to 1.5mm 

thickness sections using an IsoMet® Slow Speed Saw (Buehler USA) with a Diamond 

Watering Blade (Van Moppes, England).   

Dehydrating samples: 

Fixing samples 

• Fixative solution was prepared by the staff of Adelaide Microscopy. The contents of 

fixative solution were 1.25% glutaraldehyde, 4% paraformaldehyde, 4% sucrose, two 
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drops of 1M sodium hydroxide and the solution was made up to 100ml with phosphate 

buffered saline.   

• Place the sample in a labeled plastic 5ml vial 

• Using a pipette, slowly add fixative solution (made less than 1 month prior to use) to the 

containers of samples so that the fixative solution only just immerses the slices. Leave to 

fix in fridge overnight. 

• Store the remainder fixative solution in fridge in a labeled bottle with the date it was made 

on it. 

Washing samples 

• The following day, pipette off the fixative solution from each sample in the fume hood, 

and discard the fixative solution in the fix waste bottle at Adelaide Microscopy. 

• Replace the fixative solution with washing buffer (use 4 X volume of sample) stored in 

the Adelaide Microscopy fridge. 

• Agitate the bottle by hand to ensure contact with all slides of the tooth slice.  

• Keep samples in the fridge between washes. 

• Continue with washing after 30 minutes (or leave in fridge until next working day) by 

replacing the buffer solution. 

• Another 30 minutes later replace the buffer for a second time. 

• Discard waste into fixative waste bottle. 

Formula of fixative solution made by a staff in Adelaide, microscopy 

Formula of washing buffer solution made by a staff in Adelaide Microscopy 

Dehydrating samples 

• Add correct amounts of dry ethanol and distilled water to make up the required solutions. 

To avoid contamination, never pipette straight from the Winchester bottle. 

• In the fume hood, replace the washing buffer with 25% ethanol. 

• Discard the washing buffer into the fixative waste container. 

• Place samples in the fridge between solution changes. 

• Ethanol waste is discarded in the alcohol waste bottle. 

• Dehydrate with the following ethanol concentrations: 

• 25% for 20 minutes 



 137 

• 50% for 20 mins 

• 75% for 20 mins (if required, the samples may be left overnight at this point). 

• 95% for 30 mins, and 

• 100% for 1 hour. 

• After being dehydrated using ethanol, each sample was placed in a separate vial allowed 

ethanol to evaporate and then samples were ready to be embed into epoxy resin.  

Protocol to polish samples using Abraham polishing machine 
Put six samples into a holder. 

Polish the base of samples using sandpaper # 180, program 1, for 3 minutes 

Polish the samples  

• Using sandpaper # 500, program 1 with 10N load, for 1 minute. Wash the samples 

with tap water. Check the samples under microscope until the whole sample are 

exposed. 

• Change to program 3 with 20 N load, using diamond disc # 15 microns with diamond 

paste # 15 microns and lubricant to polish the samples for 5 minutes. Add lubricant 

drop by drop. Wash the samples carefully with tap water after polishing. Dry the 

sample before the next polishing. 

• Change to program 4 with 20N load, using diamond disc # 3 microns with diamond 

paste # 3 microns and lubricant to polish the samples for 3 minutes. Add lubricant 

drop by drop. Wash the samples carefully with tap water after polishing. Dry the 

sample before the next polishing. 

• Change to program 5 with 20N load, using diamond disc # 1 micron with diamond 

paste # 1 micron and lubricant to polish the samples for 3 minutes. Add lubricant drop 

by drop. Wash the samples carefully with tap water after polishing and check the 

samples under the microscope to see if the smooth surface was achieved.  
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Appendix 2: Additional Figures for Chapter 3 
Figure 40 shows Alizarin red penetrated into the artificial demineralized dentine. The area 

close to the pulp horn shows more Alizarin red. 

 

 
Figure 41: Penetration of Alizarin red into artificial demineralized dentine 

Figure 41 shows that silver nitrate did not penetrate well into dentine as Alizarin red did. The 

left corner of the pulp chamber shows no penetration of silver nitrate. It could be because an 

air bubble was present when silver nitrated was perfused into the pulp chamber. 

 

 
Figure 42: Penetration of silver nitrate into dentine 
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Appendix 3: Additional results for Chapter 5 
Mineral profiles of samples restored in Fuji IX and supplied with SDTF 
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3 week demin- 3 week remin w ith SDTF supplied (3at)
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2 week demin- 3 week remin w ith SDTF supplied (5at)
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1 week demin- 3 week remin w ith SDTF supplied (7at)
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3 week demin- 3 week remin w ith SDTF supplied (9at)
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Appendix 4: Additional results for Chapter 6 

Comparison of calcium profiles between the test and control sides of all 
samples 
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Comparison of Ca between test and control side 
of 3AFD
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Comparison of Ca between test and control side 
of 3ACD
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Comparison of calcium profiles between the samples supplied with 

SDTF/DDW 
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Comparison of Ca between 2ACS and 2ACD
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Appendix 5: Additional results for Chapter 7 

Mineral profiles of samples restored in Ketac Molar and supplied with 

SDTF 
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3 week demin- 3 week remin w ith SDTF supplied (K3at)
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Mineral profiles of samples restored in Fuji IX with CPP-ACP application 

and supplied with SDTF 
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2 w eeks demin- 3 w eeks remin w ith SDTF supplied (2CPaT)
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1 w eek demin- 3 w eeks remin w ith SDTF supplied (4CPaT)
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1 w eek demin- 3 w eeks remin w ith SDTF supplied (4CPbT)
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Mineral profiles of samples restored in composite resin with CPP-ACP 

application and supplied with SDTF 
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3 week demin- 3 week remin with SDTF supplied 
(3CPCRbT)
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Mineral profiles of samples restored in Fuji IX and supplied with SDTF for 

six weeks 
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2 w eek demin- 3 w eeks remin w ith SDTF supplied (11aT)
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Comparison of calcium levels between the test and control sides 
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Additional statistical results for Chapter 7: AUC values of P, F and Sr 

(CPP-ACP and Ketac Molar groups) 

Table 40: Comparison of P, F, Sr levels (CPP-ACP group) 

AUC P Test P Control F Test F Control Sr Test Sr Control 

1CPa 4332.9 4848.6 200.4 84.2 260.7 21.8 

1CPb 5037.1 5085.2 137.6 94.7 93.5 4.1 

4CPa 4609.2 4567.6 321.8 150.8 490.2 7.1 

4CPb 4720.4 4628.3 307.7 125.9 341.6 10.6 

2CPa 3820.2 4641.1 434.3 85.2 767.1 6.3 

2CPb 3856.9 4165.5 350.2 159.2 338.5 14.7 

5CPb 3736.7 4188.9 334.1 101.3 544.4 15.5 

3CPa 3490.7 3846.5 474.8 248.6 759.9 292.7 

3CPb 3775.3 3802.3 266.0 91.5 431.2 8.5 

6CPa 4074.8 3450.3 788.6 100.8 861.0 25.2 

6CPb 4009.6 3931.9 424.5 126.9 589.0 46.8 

Mean(SD) 4133.1 (481) 4286.9 (505) 367.3 (171) 124.5 (48) 497.9 (236) 41.2 (84) 

P values 0.2 0.0008 <0.0001 
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Table 41: Comparison of P, F, Sr levels (Ketac Molar group)  

 
AUC P Test P Control F Test F Control Sr Test Sr Control 

K1a 4055.7 4257.5 155.1 69.5 1.3 1.2 

K1b 3830.1 4330.7 338.4 88.0 1.2 1.3 

K2a 4535.3 4741.8 268.5 87.5 0.9 1.3 

K2b 3331.9 3392.0 283.6 64.2 1.5 1.2 

K3a 4160.1 4380.1 229.8 75.6 1.4 1.1 

K3b 3331.9 3392.0 283.6 64.2 1.5 1.2 

K4a 4993.9 4912.5 299.3 297.6 1.0 0.9 

K4b 3209.9 3482.6 701.8 141.8 0.6 1.0 

K5a 3845.2 4674.0 617.5 88.3 0.4 1.0 

K5b 3865.8 4281.1 537.6 110.7 0.5 1.8 

K6a 3628.7 4221.8 681.5 119.5 0.3 0.7 

Mean(SD) 3889.9(538.1) 4187.8(538.9) 399.7(195.9) 109.7(66.9) 0.9(0.4) 1.2 (0.2) 

P 0.003 0.0006 0.2 

 



 159 

Bibliography  
 

Al-Naimi, O. T., T. Itota, R. S. Hobson and J. F. McCabe (2007). "Fluoride release for 

restorative materials and its effect on biofilm formation in natural saliva." J Mater Sci 

Mater Med. 

Anderson, D. J., B. Matthews and C. Gorretta (1967). "Fluid flow through human dentine." 

Arch Oral Biol 12(2): 209-16. 

Anderson, D. J. and G. A. Ronning (1962). "Dye diffusion in human dentine." Arch Oral Biol 

7: 505-12. 

Arends, J., J. Ruben and W. L. Jongebloed (1989). "Dentine caries in vivo. Combined 

scanning electron microscopic and microradiographic investigation." Caries Res 

23(1): 36-41. 

Arends, J., J. L. Ruben, J. Christoffersen, W. L. Jongebloed and T. G. Zuidgeest (1990). 

"Remineralization of human dentine in vitro." Caries Res 24(6): 432-5. 

Arends, J., I. Stokroos, W. G. Jongebloed and J. Ruben (1995). "The diameter of dentinal 

tubules in human coronal dentine after demineralization and air drying. A combined 

light microscopy and SEM study." Caries Res 29(2): 118-21. 

Arends, J. and J. J. ten Bosch (1992). "Demineralization and remineralization evaluation 

techniques." J Dent Res 71 Spec No: 924-8. 

Arnold, W. H., S. Konopka and P. Gaengler (2001). "Qualitative and quantitative assessment 

of intratubular dentin formation in human natural carious lesions." Calcif Tissue Int 

69(5): 268-73. 

Baysan, A., E. Lynch, R. Ellwood, R. Davies, L. Petersson and P. Borsboom (2001). 

"Reversal of primary root caries using dentifrices containing 5,000 and 1,100 ppm 

fluoride." Caries Res 35(1): 41-6. 

Berg, J. H. (2002). "Glass ionomer cements." Pediatr Dent 24(5): 430-8. 



 160 

Berggren, G. and M. Braennstroem (1965). "The Rate of Flow in Dentinal Tubules due to 

Capillary Attraction." J Dent Res 44: 408-15. 

Bjornal, L. and E. A. Kidd (2005). "The treatment of deep dentine caries lesions." Dent 

Update 32(7): 402-4, 407-10, 413. 

Bjorndal, L., T. Larsen and A. Thylstrup (1997). "A clinical and microbiological study of 

deep carious lesions during stepwise excavation using long treatment intervals." 

Caries Res 31(6): 411-7. 

Blake, G. C. (1958). "An experimental investigation into the permeability of enamel and 

dentine with reference to its relation to dental caries." Proc R Soc Med 51(8): 678-86. 

Brannstrom, M. (1962). "The elicitation of pain in human dentine and pulp by chemical 

stimuli." Arch Oral Biol 7: 59-62. 

Brannstrom, M. and R. Garberoglio (1972). "The dentinal tubules and the odontoblast 

processes. A scanning electron microscopic study." Acta Odontol Scand 30(3): 291-

311. 

Brannstrom, M., L. A. Linden and A. Astrom (1967). "The hydrodynamics of the dental 

tubule and of pulp fluid. A discussion of its significance in relation to dentinal 

sensitivity." Caries Res 1(4): 310-7. 

Briggs, D and Seah, M.P. (1995). Practical surface analysis. 2nd Edition 

Cai, F., D. J. Manton, P. Shen, G. D. Walker, K. J. Cross, Y. Yuan, C. Reynolds and E. C. 

Reynolds (2007). "Effect of addition of citric acid and casein phosphopeptide-

amorphous calcium phosphate to a sugar-free chewing gum on enamel 

remineralization in situ." Caries Res 41(5): 377-83. 

Chadwick, B. L. and D. J. Evans (2007). "Restoration of class II cavities in primary molar 

teeth with conventional and resin modified glass ionomer cements: a systematic 

review of the literature." Eur Arch Paediatr Dent 8(1): 14-21. 



 161 

Ciucchi, B., S. Bouillaguet, J. Holz and D. Pashley (1995). "Dentinal fluid dynamics in 

human teeth, in vivo." J Endod 21(4): 191-4. 

Coffey, C. T., M. J. Ingram and A. M. Bjorndal (1970). "Analysis of human dentinal fluid." 

Oral Surg Oral Med Oral Pathol 30(6): 835-7. 

Croll, T. P. and J. W. Nicholson (2002). "Glass ionomer cements in pediatric dentistry: review 

of the literature." Pediatr Dent 24(5): 423-9. 

Cross, K. J., N. L. Huq and E. C. Reynolds (2007). "Casein phosphopeptides in oral health--

chemistry and clinical applications." Curr Pharm Des 13(8): 793-800. 

Damato, F. A., R. Strang and K. W. Stephen (1990). "Effect of fluoride concentration on 

remineralization of carious enamel: an in vitro pH-cycling study." Caries Res 24(3): 

174-80. 

Davidson, C. L. M., I. A (1999). Characteristics of Glass- Ionomer Cements. Advances in 

Glass- Ionomer Cements. T. S. Saito S, Hirota K, Quintessence: 15-50. 

Derise, N. L., S. J. Ritchey and A. K. Furr (1974). "Mineral composition of normal human 

enamel and dentin and the relation of composition to dental caries. I. Macrominerals 

and comparison of methods of analyses." J Dent Res 53(4): 847-52. 

Dionysopoulos, P., N. Kotsanos, E. Koliniotou-Koubia and K. Tolidis (2003). "Inhibition of 

demineralization in vitro around fluoride releasing materials." J Oral Rehabil 30(12): 

1216-22. 

Dionysopoulos, P., N. Kotsanos and A. Pataridou (2003). "Fluoride release and uptake by 

four new fluoride releasing restorative materials." J Oral Rehabil 30(9): 866-72. 

Dirksen, T. R., M. F. Little and B. G. Bibby (1963). "The pH of carious cavities-II. The pH at 

different depths in isolated cavities." Arch Oral Biol 8: 91-7. 



 162 

Donly, K. J. and A. Segura (2002). "Fluoride release and caries inhibition associated with a 

resin-modified glass-ionomer cement at varying fluoride loading doses." Am J Dent 

15(1): 8-10. 

Duncan, M. (1960). "Recent advances in the investigation of the crystal chemistry of dental 

enamel." Arch Oral Biol 3: 28-34. 

Featherstone, J. D. (1994). "Fluoride, remineralization and root caries." Am J Dent 7(5): 271-

4. 

Featherstone, J. D. (1999). "Prevention and reversal of dental caries: role of low level 

fluoride." Community Dent Oral Epidemiol 27(1): 31-40. 

Featherstone, J. D. (2004). "The continuum of dental caries--evidence for a dynamic disease 

process." J Dent Res 83 Spec No C: C39-42. 

Featherstone, J. D. (2006). "Caries prevention and reversal based on the caries balance." 

Pediatr Dent 28(2): 128-32; discussion 192-8. 

Fejerskov, O., A. Thylstrup and M. J. Larsen (1981). "Rational use of fluorides in caries 

prevention. A concept based on possible cariostatic mechanisms." Acta Odontol Scand 

39(4): 241-9. 

Forsten, L. (1991). "Fluoride release and uptake by glass ionomers." Scand J Dent Res 99(3): 

241-5. 

Forsten, L. (1991). "Short- and long-term fluoride release from glass ionomer based liners." 

Scand J Dent Res 99(4): 340-2. 

Forsten, L. (1998). "Fluoride release and uptake by glass-ionomers and related materials and 

its clinical effect." Biomaterials 19(6): 503-8. 

Francis, M. D. and A. H. Meckel (1963). "The in vitro formation and quantitative evaluation 

of carious lesions." Arch Oral Biol 8: 1-2. 



 163 

Frazier, P. D. (1967). "Electron probe analysis of human teeth, Ca-P ratios in incipient carious 

lesions." Arch Oral Biol 12(1): 25-34. 

Frencken, J. E. and C. J. Holmgren (1999). "How effective is ART in the management of 

dental caries?" Community Dent Oral Epidemiol 27(6): 423-30. 

Frencken, J. E., S. Imazato, C. Toi, J. Mulder, S. Mickenautsch, Y. Takahashi and S. Ebisu 

(2007). "Antibacterial effect of chlorhexidine- containing glass ionomer cement in 

vivo: a pilot study." Caries Res 41(2): 102-7. 

Frencken, J. E., F. Makoni and W. D. Sithole (1998). "ART restorations and glass ionomer 

sealants in Zimbabwe: survival after 3 years." Community Dent Oral Epidemiol 26(6): 

372-81. 

Frencken, J. E., D. Taifour and M. A. van 't Hof (2006). "Survival of ART and amalgam 

restorations in permanent teeth of children after 6.3 years." J Dent Res 85(7): 622-6. 

Frencken, J. E. H., C (1999). Atraumatic Restorative Treatment for dental caries. Nijmegen, 

STI Book b.v. 

Fusayama, T. (1979). "Two layers of carious dentin; diagnosis and treatment." Oper Dent 

4(2): 63-70. 

Fusayama, T. (1991). "Intratubular crystal deposition and remineralization of carious dentin." 

J Biol Buccale 19(3): 255-62. 

Fusayama, T. and N. Kurosaki (1972). "Structure and removal of carious dentin." Int Dent J 

22(3): 401-11. 

Fusayama, T., K. Okuse and H. Hosoda (1966). "Relationship between hardness, 

discoloration, and microbial invasion in carious dentin." J Dent Res 45(4): 1033-46. 

Fusayama, T. and S. Terachima (1972). "Differentiation of two layers of carious dentin by 

staining." J Dent Res 51(3): 866. 



 164 

Gunji, T. and S. Kobayashi (1983). "Distribution and organization of odontoblast processes in 

human dentin." Arch Histol Jpn 46(2): 213-9. 

Hanks, C. T., J. C. Wataha, R. R. Parsell, S. E. Strawn and J. C. Fat (1994). "Permeability of 

biological and synthetic molecules through dentine." J Oral Rehabil 21(4): 475-87. 

Hicks, J., F. Garcia-Godoy and C. Flaitz (2003). "Biological factors in dental caries: role of 

saliva and dental plaque in the dynamic process of demineralization and 

remineralization (part 1)." J Clin Pediatr Dent 28(1): 47-52. 

Hicks, J., F. Garcia-Godoy and C. Flaitz (2004). "Biological factors in dental caries: role of 

remineralization and fluoride in the dynamic process of demineralization and 

remineralization (part 3)." J Clin Pediatr Dent 28(3): 203-14. 

Holmgren, C. J., E. C. Lo, D. Hu and H. Wan (2000). "ART restorations and sealants placed 

in Chinese school children--results after three years." Community Dent Oral 

Epidemiol 28(4): 314-20. 

Hosoya, Y. and G. W. Marshall, Jr. (2004). "The nano-hardness and elastic modulus of 

carious and sound primary canine dentin." Oper Dent 29(2): 142-9. 

Hume, W. R. and G. C. Townsend (2005). Tooth structure. Preservation and Restoration of 

Tooth Structure. G. J. Mount and W. R. Hume, Knowledge Books and Software: 1-9. 

Johnson, G., L. Olgart and M. Brannstrom (1973). "Outward fluid flow in dentin under a 

physiologic pressure gradient: experiments in vitro." Oral Surg Oral Med Oral Pathol 

35(2): 238-48. 

Kelley, K. W., G. Bergenholtz and C. F. Cox (1981). "The extent of the odontoblast process 

in rhesus monkeys (Macaca mulatta) as observed by scanning electron microscopy." 

Arch Oral Biol 26(11): 893-7. 

Kidd, E. A. (2004). "How 'clean' must a cavity be before restoration?" Caries Res 38(3): 305-

13. 



 165 

Kidd, E. A. and O. Fejerskov (2004). "What constitutes dental caries? Histopathology of 

carious enamel and dentin related to the action of cariogenic biofilms." J Dent Res 83 

Spec No C: C35-8. 

Kinney, J. H., M. Balooch, S. J. Marshall, G. W. Marshall, Jr. and T. P. Weihs (1996). 

"Atomic force microscope measurements of the hardness and elasticity of peritubular 

and intertubular human dentin." J Biomech Eng 118(1): 133-5. 

Kitasako, Y., M. Nakajima, R. M. Foxton, K. Aoki, P. N. Pereira and J. Tagami (2003). 

"Physiological remineralization of artificially demineralized dentin beneath glass 

ionomer cements with and without bacterial contamination in vivo." Oper Dent 28(3): 

274-80. 

Knight, G. M., J. M. McIntyre, G. G. Craig and Mulyani (2007). "Electron probe 

microanalysis of ion exchange of selected elements between dentine and adhesive 

restorative materials." Aust Dent J 52(2): 128-32. 

Knutsson, G., M. Jontell and G. Bergenholtz (1994). "Determination of plasma proteins in 

dentinal fluid from cavities prepared in healthy young human teeth." Arch Oral Biol 

39(3): 185-90. 

Kuboki, Y., C. F. Liu and T. Fusayama (1983). "Mechanism of differential staining in carious 

dentin." J Dent Res 62(6): 713-4. 

Larmas, M. (1986). "Response of pulpo-dentinal complex to caries attack." Proc Finn Dent 

Soc 82(5-6): 298-304. 

Larmas, M. (2001). "Odontoblast function seen as the response of dentinal tissue to dental 

caries." Adv Dent Res 15: 68-71. 

Larmas, M., Hayrynen, H, Lajunen L (1986). Sodium, potassium, calcium, magnesium and 

phosphate contents of dentinal fluid and gingival crevicular fluid in health and disease. 



 166 

Larsen, M. J. and C. Bruun (1994). Caries chemistry and fluoride-mechanisms of action. Text 

book of Clinical Cariology. A. Thylstrup and O. Fejerskov, Quintessence: 231-257. 

Linde, A. (1995). "Dentin mineralization and the role of odontoblasts in calcium transport." 

Connect Tissue Res 33(1-3): 163-70. 

Little, M. F., T. R. Dirksen and G. Schlueter (1965). "The Ca, P, Na, and Ash Content at 

Different Depths in Caries." J Dent Res 44: 362-5. 

Lo, E. C., C. J. Holmgren, D. Hu and W. van Palenstein Helderman (2007). "Six-year follow 

up of atraumatic restorative treatment restorations placed in Chinese school children." 

Community Dent Oral Epidemiol 35(5): 387-92. 

Loyola-Rodriguez, J. P., F. Garcia-Godoy and R. Lindquist (1994). "Growth inhibition of 

glass ionomer cements on mutans streptococci." Pediatr Dent 16(5): 346-9. 

Maita, E., M. D. Simpson, L. Tao and D. H. Pashley (1991). "Fluid and protein flux across the 

pulpodentine complex of the dog in vivo." Arch Oral Biol 36(2): 103-10. 

Mallow, P. K., C. S. Durward and M. Klaipo (1998). "Restoration of permanent teeth in 

young rural children in Cambodia using the atraumatic restorative treatment (ART) 

technique and Fuji II glass ionomer cement." Int J Paediatr Dent 8(1): 35-40. 

Maltz, M., E. F. de Oliveira, V. Fontanella and R. Bianchi (2002). "A clinical, microbiologic, 

and radiographic study of deep caries lesions after incomplete caries removal." 

Quintessence Int 33(2): 151-9. 

Mandari, G. J., J. E. Frencken and M. A. van't Hof (2003). "Six-year success rates of occlusal 

amalgam and glass-ionomer restorations placed using three minimal intervention 

approaches." Caries Res 37(4): 246-53. 

Mandari, G. J., G. J. Truin, M. A. van't Hof and J. E. Frencken (2001). "Effectiveness of three 

minimal intervention approaches for managing dental caries: survival of restorations 

after 2 years." Caries Res 35(2): 90-4. 



 167 

Marchi, J. J., F. B. de Araujo, A. M. Froner, L. H. Straffon and J. E. Nor (2006). "Indirect 

pulp capping in the primary dentition: a 4 year follow-up study." J Clin Pediatr Dent 

31(2): 68-71. 

Marshall, G. W., S. Habelitz, R. Gallagher, M. Balooch, G. Balooch and S. J. Marshall 

(2001). "Nanomechanical properties of hydrated carious human dentin." J Dent Res 

80(8): 1768-71. 

Massler, M. (1965). "In the preparation of a deep cavity, should all of the decay be removed if 

it approaches the pulp cavity?" Dent Pract (Cincinnati) 3(4): 5. 

Massler, M. (1966). "Control of caries: a new concept." Bull Fifth Dist Dent Soc (Fresno) 

14(8): 10-3. 

Mazzaoui, S. A., M. F. Burrow, M. J. Tyas, S. G. Dashper, D. Eakins and E. C. Reynolds 

(2003). "Incorporation of casein phosphopeptide-amorphous calcium phosphate into a 

glass-ionomer cement." J Dent Res 82(11): 914-8. 

Mc Intyre, J. (2005). Dental Caries - The Major Cause of Tooth Damage. Preservation and 

Restoration of Tooth Structure. G. Mount and W. R. Hume, Knowledge Books And 

Software: 365. 

Merchant, V. A., M. J. Livingston and D. H. Pashley (1977). "Dentin permeation: comparison 

of diffusion with filtration." J Dent Res 56(10): 1161-4. 

Miyauchi, H., M. Iwaku and T. Fusayama (1978). "Physiological recalcification of carious 

dentin." Bull Tokyo Med Dent Univ 25(3): 169-79. 

Moreno, E. C. and T. Aoba (1991). "Comparative solubility study of human dental enamel, 

dentin, and hydroxyapatite." Calcif Tissue Int 49(1): 6-13. 

Mount, G. (1999). Glass Ionomers: Advantages, disadvantages and future implications. 

Advances in Glass Ionomer Cements. C. L. Davidson and A. I. Mjor, Quintessence: 

269-293. 



 168 

Mount, G. J. (1994). "Glass ionomer cements and future research." Am J Dent 7(5): 286-92. 

Mukai, M., M. Ikeda, T. Yanagihara, G. Hara, K. Kato, H. Nakagaki and C. Robinson (1993). 

"Fluoride uptake in human dentine from glass-ionomer cement in vivo." Arch Oral 

Biol 38(12): 1093-8. 

Murdoch-Kinch, C. A. and M. E. McLean (2003). "Minimally invasive dentistry." J Am Dent 

Assoc 134(1): 87-95. 

Narhi, M. (1978). "Activation of dental pulp nerves of the cat and the dog with hydrostatic 

pressure." Proc Finn Dent Soc 74 Suppl 5-7: 1-63. 

Ngo, H., J. Ruben, J. Arends, D. White, G. J. Mount, M. C. Peters, R. V. Faller and A. Pfarrer 

(1997). "Electron probe microanalysis and transverse microradiography studies of 

artificial lesions in enamel and dentin: a comparative study." Adv Dent Res 11(4): 

426-32. 

Ngo, H. C. (2005). Ionic exchanges between glass ionomers and demineralized dentine. 

Adelaide, The University of Adelaide. 

Ngo, H. C., G. Mount, J. Mc Intyre, J. Tuisuva and R. J. Von Doussa (2006). "Chemical 

exchange between glass-ionomer restorations and residual carious dentine in 

permanent molars: an in vivo study." J Dent 34(8): 608-13. 

Ogawa, K., Y. Yamashita, T. Ichijo and T. Fusayama (1983). "The ultrastructure and hardness 

of the transparent layer of human carious dentin." J Dent Res 62(1): 7-10. 

Ogushi, K. and T. Fusayama (1975). "Electron microscopic structure of the two layers of 

carious dentin." J Dent Res 54(5): 1019-26. 

Outhwaite, W. C., M. J. Livingston and D. H. Pashley (1976). "Effects of changes in surface 

area, thickness, temperature and post-extraction time on human dentine permeability." 

Arch Oral Biol 21(10): 599-603. 



 169 

Ozok, A. R., M. K. Wu, J. M. ten Cate and P. R. Wesselink (2002). "Effect of perfusion with 

water on demineralization of human dentin in vitro." J Dent Res 81(11): 733-7. 

Ozok, A. R., M. K. Wu, J. M. Ten Cate and P. R. Wesselink (2004). "Effect of dentinal fluid 

composition on dentin demineralization in vitro." J Dent Res 83(11): 849-53. 

Palenik, C. J., M. J. Behnen, J. C. Setcos and C. H. Miller (1992). "Inhibition of microbial 

adherence and growth by various glass ionomers in vitro." Dent Mater 8(1): 16-20. 

Pashley, D. H. (1985). "Dentin-predentin complex and its permeability: physiologic 

overview." J Dent Res 64 Spec No: 613-20. 

Pashley, D. H. (1991). "Clinical correlations of dentin structure and function." J Prosthet Dent 

66(6): 777-81. 

Pashley, D. H., K. Agee, Y. Zhang, A. Smith, E. A. Tavss and R. J. Gambogi (2002). "The 

effects of outward forced convective flow on inward diffusion of potassium across 

human dentin." Am J Dent 15(4): 256-61. 

Pashley, D. H., H. J. Andringa, G. D. Derkson, M. E. Derkson and S. R. Kalathoor (1987). 

"Regional variability in the permeability of human dentine." Arch Oral Biol 32(7): 

519-23. 

Pashley, D. H., T. Kehl, E. Pashley and P. Palmer (1981). "Comparison of in vitro and in vivo 

dog dentin permeability." J Dent Res 60(3): 763-68. 

Pashley, D. H., W. G. Matthews, Y. Zhang and M. Johnson (1996). "Fluid shifts across 

human dentine in vitro in response to hydrodynamic stimuli." Arch Oral Biol 41(11): 

1065-72. 

Petersen, P. E. (2004). "Challenges to improvement of oral health in the 21st century--the 

approach of the WHO Global Oral Health Programme." Int Dent J 54(6 Suppl 1): 329-

43. 



 170 

Petersson, L. G., U. Hakestam, A. Baigi and E. Lynch (2007). "Remineralization of primary 

root caries lesions using an amine fluoride rinse and dentifrice twice a day." Am J 

Dent 20(2): 93-6. 

Qvist, V., E. Manscher and P. T. Teglers (2004). "Resin-modified and conventional glass 

ionomer restorations in primary teeth: 8-year results." J Dent 32(4): 285-94. 

Richardson, D., L. Tao and D. H. Pashley (1991). "Dentin permeability: effects of crown 

preparation." Int J Prosthodont 4(3): 219-25. 

Russell, R. G., A. M. Caswell, P. R. Hearn and R. M. Sharrard (1986). "Calcium in 

mineralized tissues and pathological calcification." Br Med Bull 42(4): 435-46. 

Schilke, R., J. A. Lisson, O. Bauss and W. Geurtsen (2000). "Comparison of the number and 

diameter of dentinal tubules in human and bovine dentine by scanning electron 

microscopic investigation." Arch Oral Biol 45(5): 355-61. 

Scott, V. D., G. Love and S. J. B. Reed (1995). Quantitative electron-probe microanalysis. 

Shellis, R. P. (1994). "Effects of a supersaturated pulpal fluid on the formation of caries-like 

lesions on the roots of human teeth." Caries Res 28(1): 14-20. 

Shen, S., L. P. Samaranayake and H. K. Yip (2004). "In vitro growth, acidogenicity and 

cariogenicity of predominant human root caries flora." J Dent 32(8): 667-78. 

Smales, R. J. and D. T. Fang (1999). "In vitro effectiveness of hand excavation of caries with 

the ART technique. Atraumatic restorative treatment." Caries Res 33(6): 437-40. 

Smith, D. C. (1998). "Development of glass-ionomer cement systems." Biomaterials 19(6): 

467-78. 

Stead, W. J., R. Orchardson and P. B. Warren (1996). "A mathematical model of potassium 

ion diffusion in dentinal tubules." Arch Oral Biol 41(7): 679-87. 

Symons, N. B. (1970). "Electron microscopic study of the tubules in human carious dentine." 

Arch Oral Biol 15(3): 239-51. 



 171 

Takahashi, Y., S. Imazato, A. V. Kaneshiro, S. Ebisu, J. E. Frencken and F. R. Tay (2006). 

"Antibacterial effects and physical properties of glass-ionomer cements containing 

chlorhexidine for the ART approach." Dent Mater 22(7): 647-52. 

Tantbirojn, D., R. J. Feigal, C. C. Ko and A. Versluis (2006). "Remineralized dentin lesions 

induced by glass ionomer demonstrate increased resistance to subsequent acid 

challenge." Quintessence Int 37(4): 273-81. 

ten Cate, J. M. (2001). "Remineralization of caries lesions extending into dentin." J Dent Res 

80(5): 1407-11. 

Thomas, H. F. (1979). "The extent of the odontoblast process in human dentin." J Dent Res 

58(Spec Issue D): 2207-18. 

Thomas, R. Z., J. L. Ruben, J. de Vries, J. J. ten Bosch and M. C. Huysmans (2006). 

"Transversal wavelength-independent microradiography, a method for monitoring 

caries lesions over time, validated with transversal microradiography." Caries Res 

40(4): 281-91. 

Thylstrup, A., C. Bruun and L. Holmen (1994). "In vivo caries models--mechanisms for caries 

initiation and arrestment." Adv Dent Res 8(2): 144-57. 

Thylstrup, A. and O. Fejerskov (1994). Clinical and pathological features of Dental Caries. 

Text book of Clinical Cariology. A. Thylstrup and O. Fejerskov: 111-158. 

van Gemert-Schriks, M. C., W. E. van Amerongen, J. M. Ten Cate and I. H. Aartman (2007). 

"Three-year survival of single- and two-surface ART restorations in a high-caries 

child population." Clin Oral Investig. 

Van Loveren, C. (1990). "The antimicrobial action of fluoride and its role in caries 

inhibition." J Dent Res 69 Spec No: 676-81; discussion 682-3. 

Villarreal, M. R. (2007). Filtration is the process of using a filter to mechanically separate a 

mixture. http://en.wikipedia.org/wiki/Image: Filtration_diagram.svg 2007. 



 172 

Villarreal, M. R. (2007). Simple diffusion, the movement of particles from an area where their 

concentration is high to an area that has low concentration. 

http://en.wikipedia.org/wiki/Image: Simple_difussion_in_cell_membrane.svg 2007. 

Vongsavan, N. and B. Matthews (1992). "Fluid flow through cat dentine in vivo." Arch Oral 

Biol 37(3): 175-85. 

Wilson, A. D. and B. E. Kent (1972). "A new translucent cement for dentistry. The glass 

ionomer cement." Br Dent J 132(4): 133-5. 

Yamada, T., K. Nakamura, M. Iwaku and T. Fusayama (1983). "The extent of the odontoblast 

process in normal and carious human dentin." J Dent Res 62(7): 798-802. 

Yip, H. K., R. J. Smales, C. Yu, X. J. Gao and D. M. Deng (2002). "Comparison of atraumatic 

restorative treatment and conventional cavity preparations for glass-ionomer 

restorations in primary molars: one-year results." Quintessence Int 33(1): 17-21. 

Zheng, L., J. F. Hilton, S. Habelitz, S. J. Marshall and G. W. Marshall (2003). "Dentin caries 

activity status related to hardness and elasticity." Eur J Oral Sci 111(3): 243-52. 

 


	TITLE: An enhanced in vitro model to study the effectiveness of dentinal fluid on remineralization
	Appendix 1: Protocols for Chapter 3
	Appendix 2: Additional Figures for Chapter 3
	Appendix 3: Additional results for Chapter 5
	Appendix 4: Additional results for Chapter 6
	Appendix 5: Additional results for Chapter 7
	Bibliography



