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Effect of time and pH on fluoride release from dental adhesives
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Abstract: Objective: to measure the amount of fluoride release from dental adhesives and the effect of time and pH on releasing fluoride. Materials and methods: class V cavities were prepared on buccal surfaces of molars with the dimensions 2*3*4 mm. All prepared specimens were stored in 0.01 ml of lactic acid to induce demineralization. These teeth were divided into two main groups according to type of dental adhesives. Fluoride release in artificial saliva was measured using digital microprocessor fluoride meter after one day. One week and one month in two different storage media according to pH (6.8 & 4). Results: fluoride release was maximum after one day and decrease after one week and one month, There is no significance difference between two pH storage media.
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1. Introduction
Demineralization is one of the conditions which lead to loss of the tooth structure.. Progression through these stages requires a continual imbalance between pathological and protective factors that results in the dissolution of apatite crystals and the net loss of Calcium, Phosphate and other ions from the tooth 1.
Remineralization of dental structures:
Remineralization process is not always sufficient to repair lesions, as demineralization and remineralization are cyclical events. To be considered as an efficient remineralizing agent, a product has to increase remineralization, decrease demineralization and be retained on the tooth surface in order to display activity 2,3.
The role of fluoride in caries prevention was reported as three principle forms of fluoride ion reactivity with apatite. Either Iso-ionic exchange of F– for OH– in apatite: Ca10 (PO4)6 OH2 + 2F– _ Ca10 (PO4)6F2 + 2OH- Or Crystal growth of fluorapatite from supersaturated solutions,
10 Ca2+ + 6 PO4 3– + 2 F– _ Ca10 (PO4)6F23)
Or 	 Apatite dissolution with CaF2 formation,
Ca10 (PO4)6 OH2 + 20F– _ 10 CaF2 +6PO4 3– + 2OH
Authors also concluded that the first two reactions may occur during long-term exposure to low fluoride levels in the solution (such as between 0.52 μmol and 0.52 mmol F/L) or (0.01 and 10 ppm F) from either systemic or latent topical sources. These reactions result in fluoride incorporation that, in a traditional sense, would be defined as firmly bound fluoride 4.
It has been suggested that firmly bound fluoride is most beneficial for anticaries efficacy due to its lower solubility. Numerous studies have investigated the effects of fluoride on tooth mineral solubility. Chow Chow, L.C. 1990 24 suggested that fluoride rich mineral is still considerably more resistant to demineralization than fluoride poor mineral. He reported that tooth bound F in the lesion area can produce reduction of tooth mineral solubility and reduction of mineral diffusion from lesion 24,. In all studies, fluoroapatite was found to dissolve appreciably more slowly than hydroxyl apatite. Even at the levels of 1000 -2000 ppm fluoride in teeth there is no measurable protection against acid induced dissolution 25. Based on solubility data, Brown et al. pointed out that this alone is not sufficient to account for the dramatic effects of F on the acidic resistance of enamel and apatite27. The balance between fluoride saturation of oral fluids and apatites was found to be mandatory. Saliva, and also plaque fluid, are supersaturated with respect to both hydroxyapatite and fluoropatite, which explains the permanent presence and stability of these apatite in the oral cavity. However, when the oral fluids become unsaturated with respect to the apatites e.g., caused by a pH drop, a change in apatite composition may occur. In the pH range below about 5.5, the oral fluids thus become unsaturated with fluoride in respect to hydroxyapatite, which therefore may dissolve in an attempt to resaturate the oral fluids. The low concentration of fluoride in the oral fluids will combine with dissolved hydroxuapatite crystals forming fluorohydroxyapatite crystals. This mechanism prevents the loss of minerals and provides additional protection of the mineral crystallites decreasing the liability of lesion formation by increasing tooth bound fluoride content 5.
However At very low pH, presumably below 4.5 saliva and plaque fluid will be undersaturated with respect to both hydroxyapatite and fluorapatite. Thus there will be no chance for redepositoin of lost mineral 6. This shows that the pH is a significant factor affecting caries prevention. Ten Cate and Duijsters 1983 showed that the amount of mineral loss during demineralization is a function of both pH and fluoride concentration Thus, efforts to increase the fluoride content of dental hard tissues regardless any other factor by systemic or topical fluoride sources is not a logical approach to caries prevention.
With the increasing fluoride concentration such as (5.3 to 530 mmol/L (100–10,000 ppm F) an additional chemical reaction with the formation significant CaF2 amounts begins to dominate. These concentrations are present in topicals, such as professional gels and varnishes or over the counter toothpastes and mouthrinses. The name loosely bound fluoride has served as an alternative description for calcium fluoride formation 4.
In the last few years the general view is that loosely bound F (CaF2) acts as a potential »reservoir« of F, enhancing remineralization and retarding demineralization processes. Topical treatments with high F concentrations result in the formation of CaF2-like material on the surface of teeth. It is visible by scanning electron microscope (SEM) as small globules on the surface of fluoridated teeth7. It was assumed that formation of CaF2 on enamel is unfavorable, because CaF2 is soluble in saliva to the same extent as in wate 8. However, several studies have shown that CaF2 is quite insoluble in saliva at the neutral pH, and that it can persist on the tooth surface for weeks and months after topical application of F 9,10. The resistance to solubility of CaF2 is presumably caused by adsorption of secondary Pi (HPO4–2) to Ca sites and by pellicle proteins at neutral pH. At lower pH, as during a caries attack, primary Pi will be the dominant preventing secondary Pi (HPO4–2) to inhibit the dissolution of CaF2 9.
Thus F ions released during cariogenic challenges are due to reduced concentration of secondary Pi ions and thus solubility of CaF2. The released F is subsequently built into HA (hydroxyabatite) through dissolution/re-precipitation reactions (. After caries attack, the CaF2 globules are again stabilized by adsorption of proteins and secondary P 10, 11.
The Antimicrobial Action of fluoride
In spite of extensive literature on the antimicrobial effects of fluoride on oral microflora, today there is very little consensus that the anticaries effect of fluoride is related to inhibition of oral bacteriaIn spite of these known effects, there is no general agreement that the antimicrobial effects of fluoride contribute to the anti caries effect of fluoride.9,10
In addition, the widespread use of toothpastes, which have been responsible for the decrease in caries prevalence over the last three decades, did not result in a reduction in the number of the mutans streptococci. White et al. suggested that topical fluoride from the over the counter dentifrice affects only minimal reductions in acute plaque metabolic activity (acid production) 4.
Van Loveren summarized the antimicrobial action of fluoride and suggested several points4. In summary, two theories involving fluoride as caries prevention mechanism were introduced. One stresses the importance of an example supply of fluoride during tooth formation, and the other a lifelong daily supply. Larsen pointed out, that the two theories may complement each other, and neither of the theories excludes the other. However it was suggested that the post-eruptive effect of fluoride is by far the most important. There was considerable evidence for some authors to suggest that low concentrations of fluoride decrease the rate of demineralization and enhance the rate of remineralization 9. The most effective caries preventive effect of fluoride is frequent (daily) application of low fluoride from toothpastes and (or) mouthrinses. Thus, this basic fluoride prevention should be encouraged in all patients 4.
The need for additional fluoride supplementation depends on caries activity. The formation of intraoral reservoirs capable of supplying ions for a prolonged period is crucial for the success of topical treatments. Fluoride which is retained on the teeth after brief exposure to topical fluoride agents or toothpastes is retained as CaF2. CaF2 is most likely the provider of free ions during cariogenic challenges 12. However, low levels of fluoride may also be reached during the dissolution of fluorhydroxyapatite, thus, again influencing the demineralization13. remineralization of enamel. Therefore, one of fluoride’s major contributions is to affect the rate of lesion formation and its progression 14,15.
The quality of oral hygiene is essential in relation to topical fluoride application. The limit of fluoride effect is reached when pH drops so low that even the solubility product of pure fluorapatite is not exceeded. If the oral hygiene is inadequate, accumulation of thick, acidogenic plaque at retention sites will occur. In patients with heavy plaque, the pH reaches, during an acid challenge, values far below the critical pH. In such conditions the beneficial effects of fluoride would also be limited. The combination of proper oral hygiene and the use of fluoride therapy can, in most cases, arrest the caries process 15.
In addition, improved new remineralizing therapies, using topical treatments to replace lost Ca and Ph mineral from early caries lesions would be a promising additional caries preventive mechanism, supporting and increasing the fluoride effect 16. To compare the action of any remineralizing agent to fluoride some of these requirements have to be fulfilled to have an ideal remineralization material. These might be proper diffusion into subsurface or it has to deliver an adequate amount of calcium and phosphate into subsurface, must not favour calculus formation, has to work at an acidic pH or xerostomic patients and has to boost the remineralizing properties of saliva17.

2. Materials and methods:
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Table 1:-Tested materials
	Material
	Manufacture
	Composition
	Website

	Filtec z 250
	3M Espe company, USA
	Zirconia/silica fillers 60% w/v 82% w/w, Bis-GMA, Bis-EMA, UDMA.
	www.3mespe.com

	Xp Bond (Flouride releasing etch and rinse (2step) adhesive system).
	Dentsply company
	Carboxylic acid modified dimethacrylate (TCB resin), phosphoric acid modified acrylate resin (PENTA), Urethane dimethacrylate (UDMA), Triethyleneglycol dimethacrylate (TEGDMA), 2-hydroxyethylmethacrylate (HEMA), Butylated benzenediol (stabilizer), Ethyl-4-dimethylaminobenzoate, Camphorquinone, Functionalised amorphous silica, t-butanol
	www.dentsply.com

	Prime & Bond NT. (Flouride releasing etch and rinse (2-step) adhesive system.
	Dentsply company
	-di-and trimethacrylae resins.
-Functionalised amorphous silica.
-PENTA (dipentaerythritol penta acrylate monophosphate).
-Photoinitiators.
-Stabilisers.
-Cetylamine hydrofluorid
-Acetone.
	www.dentsply.com

	Artificial saliva buffered with lactic acid pH 4
	Prepared at
Faculty of Pharmacy
Tanta University
	0.01 ml lactic acid+5 ml artificial saliva
	

	Artificial saliva
pH 6.8
	Medac company,
Germany.
	Water, sorbitol, xylitol, eriodictyon crassifolium (yerba), santa naturlches, lemon flavor, ascorbic to acids, sodium benzoate, sodium hydroxide, citric acid.
	www.medaccompany.com
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Selection of teeth
Fourty human any molars that had been recently extracted from patients aged 20-30 years old, were selected from the surgery and maxillofacial Department Faculty of Dentistry, Tanta university. The teeth were cleaned manually using a curret, examined by a steriomicroscope at a magnification ×40 to ensure they are sound, free of cracks, non carious lesions or any developmental defects 21. The selected teeth were stored in refrigerated 4°C saline solution untill the beginning of the study for maximum period of one month 18. A written consent was taken from these patients after the approval of the Ethics Committee of Tanta University to ensure their agreement to use their teeth in the current study.
Specimens preparation
Class V cavities were prepared on buccal surfaces using a spherical carbide (4-kg Sorenson, Sao paulo, sp, Brazil.) bur at high speed hand piece with a coolant system 19, with the dimensions of 2 mm depth,4 mm mesiodistal width and 3 mm occluso gingival height 20 The specimens were coated with 2 layers of nail varnish leaving 1mm uncoated all around the cavo surface margins. All prepared specimens were stored in 0.01 ml of artificial saliva solution buffered with lactic acid (pH 4) in a labeled test tube for 24 hrs at 37oc in an incubator to induce demineralization 20.
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Table 2:- Experimental design
	Groups
	Subgroups
	Divisions

	Type of adhesive
	Storage Media
	Storage period

	Gr. I (Xp bond n=20)
· GI-A-1
· GI-A-2
· GI- A-3
	Sub. A 	 (pH=6.8) n=10
Sub. B 	 (pH=4 ) n=10
	Div.1:-one day
Div.2:-one week
Div.3:-one month

	Gr. II (Prime & Bond NT.n=20)
· GII- B-1
· GII- B-2
· GII- B-3
	Sub. A (pH= 6.8) n=10
Sub.B (pH=4) n=10
	Div.1:-one day
Div.2:-one week
Div.3:-one month

	Total n. Of specimens =40
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Assessment of flouride release for all tested specimens was done by the microprocessor fluoride meter device (Microprocessor Fluoride Meter use to assessment of fluoride release. Extech company.
) 95 with TISAB tablets.

Results
Fluoride release measurements
Collected data was analysed, concerning the time of testing as a constant the results after one day regarding the amount of released fluoride in the different pH values of artificial saliva there is no significance difference as shown in table 3 and graph 1.

Table 3: Effect of tested pH values after one day on the amount of leached out fluoride
	
	pH 6.8
	pH 4
	T statistic
	P value

	Mean
	0.568
	0.56
	- 0.208
	0.836

	SD
	0.149
	0.099
	
	

	Range (100%)
	(0.3-0.8)
	(0.3-0.8)
	
	




Histogram using mean values of tested pH levels after one day compared their effect on the amount of released fluoride.

Effect of tested pH values after one week on the amount of leached out fluoride ions shown no significance difference as shown in table 4 and graph 2

	
	pH 6.8
	pH 4
	T statistic
	P value

	Mean
	0.33
	0.38
	-1.51
	0.139

	SD
	0.088
	0.101
	
	

	Range (100%)
	0.2-0.6
	0.2-0.6
	
	




Graph 2: Histogram using mean values of amount of leach out fluoride at different pH values tested pH levels after one week.

After one month immersion, the amount of released fluoride was collected, tabulated and statistically analysed.
Effect of tested pH values was non significance after one month on the amount of leached out fluoride ions as shown in table 5 and graph 3.

	
	pH 6.8
	pH 4
	T statistic
	P value

	Mean
	0.295
	0.28
	-0.572
	0.571

	SD
	0.1
	0.06
	
	

	Range (100%)
	0.1-0.4
	0.2-0.4
	
	




Graph 3 Histogram using mean values of leached out fluoride ions at tested pH levels regardless the type of adhesive tested after one month

Table 6: Amount of released fluoride over time periods
	
	day
	Week
	month
	P value

	Mean
	0.56
	0.35
	0.28
	<0.001*

	SD
	0.12
	0.09
	0.08
	

	Range (100%)
	(0.3-0.8)
	(0.2-0.6)
	(0.1-0.4)
	




Graph 4 Comparison between the Amount of flouride released through the different tested periods.

A statistical significant effect of time was observed since p ≤0.001 as shown in table 21 and graph (V-21).
Tukey's test was done to find out which time was responsible for this statistical difference recorded at the four tested groups. It was found that the amount of leached out fluoride at one day was responsible for this difference as shown in table (7).
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Table 7: Statistical analysis of the mean values of the amount of leached out fluoride at different tested periods using tukey's test.
	treatments
pair
	Tukey HSD
Q statistic
	Tukey HSD
p-value
	Tukey HSD
inferfence

	day vs week
	13.3026
	0.0010053
	** p<0.01

	day vs month
	17.4697
	0.0010053
	** p<0.01

	week vs month
	4.1671
	0.0107948
	* p<0.05
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4. Discussion
In an attempt to simulate a clinical condition for a number of years, the samples in the present study were kept in artificial saliva added to it lactic acid (0.01) to act as a demineralization solution for 24 hrs at 37°c to induce the tested demineralized dentin 20. And this was not a typical clinical oral situation because nothing could be stable in the oral cavity for 24 hrs. This simulation was somewhat more aggressive than what is really occurring in vivo. However this was done to complete the experiments in a reasonable period of time, quickly accumulating the damaging effects of acid attacks which was concluded to correspond to nearly a couple of years of clinical service according to the habits of each patient 22. Healthy human molars that had been recently extracted were selected for this research to be sure that they didn’t undergo dehydration and their physical properties are still resembling vital conditions. Saline was used as a storage media to preserve this condition until time of cavity preparation. Prepared cavities were then stored in artificial saliva to simulate the clinical condition throughout the examination procedures.
This was chosen to overcome the limitations and difficulties of using natural saliva, consuming time of collection and avoiding quick decomposition. In addition it was used to obtain comparable results with other studies 23.
A recent generation of the microprocessor fluoride meter was used currently involving a flat surface of the lens added to the electrode instead of the traditional. These separated electrodes consist of two electrodes temperature, fluoride and should to be in contact and submerged in the solution. This was manufactured to minimize the amount of artificial saliva used to calculate the amount of released fluoride.
The findings of the current study showed that the mean values of the fluoride leached out were the maximum after a day and it reached to the minimum after a month. These findings followed the previous authors 24, 25 who examined the degree of ion diffusion concluding that the fluoride ions released from the adhesives tested could easily penetrate and diffuse into the cavity walls thus increasing remineralization. This was also true with what was found by others 26 stating that the pattern of fluoride release is typically characterized by an initial rapid release, followed by a significant reduction in the rate of release after only a few days of immersion moreover 27 found that the fluoride release was at maximum level after 24 hrs.
In addition 28the amount of fluoride leached out after 1,2, 3,7,14,21, 28,35,42,49,56,63,70,77 and 84 days was measured, using three pH values: 4, 5 and 7. Three resin –modified glass ionomers, one compomer and one composite were used. They concluded that the fluoride release at the 1st day was the maximum, however after 2 – 3 weeks all fluoride release rates at any of the tested conditions were similar. Thus the fluoride – releasing restoratives initially displayed a high fluoride release rate This initial burst of release was followed by a lower, long –term, steady –state release rate. This was confirmed later by Dimitrios et al 2013 29 who demonstrated that all fluoride containing dental materials released their greatest amounts of fluoride ions on day one. Fluoridated dental adhesives release considerable amount of fluoride ions throughout the tested 86 days, and the time was an effective variable affecting release of fluoride from either adhesives or restorative materials. Also the amount of fluoride release was found to affect remineralization of the dentinal lesions, in the current study as a significance difference was calculated testing the DSR images at day one after one week and month indicating a difference in the given pixels between demineralized dentin surface and those after remineralization at the 3 tested periods. This indicated that any amount of fluoride release seen to affect the remineralization of the tested induced demineralized dentin surface.
On the other hand jacopson et al 1991 30 reported that to induce remineralization an amount of 3 ppm of fluoride has to be released otherwise lower concentration will not inhibit demineralization. This disagreed with what obtained in the present study and might be attributed to the different substrate tested proved on demineralized enamel. While the current research was performed on demineralized dentin.
Also Han L et al 2002 31 also agreed with these previous studies and presented that Glass ionomer product release more fluoride ions than resin products. Yli –Urpo 2004 32 found that resin based materials release the lowest amount of fluoride than ionomer materials. Yap all et al 2002 found that a conventional GIC released significantly more fluoride than the other materials. They explained their findings by the mechanisms by which GICs release fluoride into an aqueous environment is proposed comprising two steps. The first is a short term reaction which involves rapid dissolution of fluoride from the outer surface into the solution, while the second process or stage is more gradual and results in a sustained diffusion of fluoride through the bulk cement. Later this was confirmed by a research Dimitrios et al 201329 evaluating the fluoride release of five fluoride – releasing restorative materials and three dental adhesives and found that different materials exhibited different fluoride release patterns depending on their compositions. In addition reported that glass ionomer materials exhibited greater fluoride release and recharge abilities than resin based materials. This finding was also illustrated by previous authors (Silva 2007) 33 fluoride containing dental adhesives exhibited low amount of fluoride release and this it might be due to fluoroaluminosilicate filler particles in GICs which are more soluble than SrF2 (strontium fluoride). They also dentified that Quantitive differences in fluoride release among the materials could be attributed to some factors as the Intrinsic composition, added amount of fluoride content or solubility and type of active ingredients.
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