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Objective: To evaluate the effectiveness of a dentifrice with 5000 ppm fluoride in preventing

dental erosion by orange juice in situ in comparison to a control dentifrice with 1450 ppm

fluoride.

Methods: This was a double-blind and randomized clinical study with a cross-over design.

Sixteen subjects wore an intra-oral appliance containing two enamel disks with an exposed

surface of approximately 2 mm � 5 mm. Enamel disks in the study group were treated with

a dentifrice with 5000 ppm fluoride and in the control group with 1450 ppm fluoride. The

subjects rinsed with slurries of study dentifrices for one minute before immersing the

enamel disks in 250 ml orange Juice four times in an 8-h period daily. The treatment

procedure was repeated for three 5-day phases for each dentifrice. Enamel erosion was

measured after each 5-day treatment phase using a focus-variation 3D scanning microsco-

py. Medians and inter-quartile ranges (IQR) of mean erosion depth were compared between

the groups.

Results: The mean erosion depths of enamel varied greatly amongst the subjects. Enamel

treated with 5000 ppm fluoride had less erosion (median 5.7 mm, IQR 4.5 mm) as compared to

the control (median 12.6 mm, IQR 12.3 mm) after 15 days of fluoride treatment and erosive

challenge cycles ( p < 0.05).

Conclusions: Enamel treated with 5000 ppm fluoride had significantly improved resistance to

erosion by orange juice. Periodic application of 5000 ppm fluoride may be beneficial in

individuals at risk of acidic erosion associated with soft drink consumptions.
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Dental erosion in children and adults is a growing concern in

dentistry, especially as it relates to the rising consumption of

acidic beverages. Studies reported an increase in the loss of

hard dental tissue after the consumption of acidic soft drinks

including fruit juices and carbonated beverages.1–5 With the
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advent of new methodologies in quantifying surface enamel

changes,6–9 we have gained significant insights in the

relationship between soft drinks and tooth surface deminer-

alization. Soft drink as a significant etiological factor in dental

erosion is receiving more and more attention due to its rapid
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increase in daily consumption in the past two decades.10,11

The commercial sale of soft drinks has increased dramatically

in recent decades. It is estimated that an average American

consumes more than 56 gallons of soft drinks per year, one

and half 12 oz cans per day,12 and that the consumption of soft

drinks will keep rising at 2–3% a year in the foreseeable

future.11 Adequate acidity, often signifying a pH below 4.0, is

essential to maintain the pleasant taste of the soft drinks and

crucial to prevent rapid bacteria growth. For these reasons, the

pH of almost all soft drinks is significantly below the critical

threshold value that initiates enamel demineralization and

leads to enamel surface softening and tissue loss. As the hard

tissue loss associated with dental erosion is irreversible and

often involves the entire dentition, effective prevention of

enamel surface softening and tissue loss should be the major

goal for the management of dental erosion. Besides abstinence

from the usage of soft drinks, improving the resistance of

surface enamel to acid attacks is the obvious choice for dental

professionals to approach this goal. In this regard, experiences

gained through decades of research in caries prevention may

be translated into prevention of demineralization caused by

acidic soft drinks. Topical application of fluoride should be a

preferred strategy owing to its ease of use and its proven

efficacy in prevention of enamel demineralization.

However, the efficacy of fluoride in prevention of dental

erosion has been an issue of controversy in scientific literature

in recent years. Some studies showed that modification of the

soft drinks with relatively high concentrations of fluoride was

not effective against acidic erosion of enamel by soft

drinks,13,14 whilst others demonstrated that addition of

fluoride could statistically significantly reduce the erosive

potential of a range of soft drinks.15,16 Some authors have

doubts about the possibility of using fluoride to prevent

enamel erosion by soft drinks and fruit juices because of the

high acidity and low pH of these beverages and high solubility

of the enamel apatite structure.17 In comparison to fluori-

dation of soft drinks, topical applications of fluoride have had

more encouraging outcomes. It has been shown that fluoride

could minimize the erosive effects of soft drinks when applied

as a vanish,18–20 a mouthwash,21 a topical gel 11,22 or as a

dentifrice.23,24 A dose–response effect has been observed

when using fluoride dentifrices for treatment of enamel

erosion in situ24 and in vitro.25 Enamel treated by dentifrices

with higher fluoride concentrations was significantly more

resistant to erosive challenges than those with lower fluoride

concentrations. As the anti-erosive effects of fluoride are

mainly attributed to a protective layer of calcium fluoride

precipitate on the enamel surface following topical applica-

tions,26 increasing the concentrations of fluoride agents have

been shown to have an improved effect against erosion,11,27,28

presumably owing to the formation of a thicker and more

stable layer of such protective precipitate.29 It was found that

treatments with an acidic gel containing fluoride in high

concentration (12,500 ppm) could increase resistance of

enamel to acidic erosion whilst treatment with fluoride

dentifrice in lower concentration (1250 ppm) was not as

effective.11 Ganss et al. have also demonstrated that the

addition of 12,500 ppm fluoride gel to a mouthrinse treatment

regime produced significantly better preventive effects against

enamel erosion in vitro when compared to treatment with
dentifrice containing 1500 ppm fluoride.27 A recent study

showed that 5000 ppm and 19,000 ppm fluoride were effective

but 250 ppm and 1450 ppm fluoride were not effective against

enamel erosive wear in vitro.30 Though these studies clearly

support a dose-dependent effect of fluoride against enamel

surface erosion and erosive wear, other studies showed that

increasing the concentrations of fluoride did not always

produce an improved effect against enamel or dentine

erosion.29,31,32 Rios et al. found that treatments with denti-

frices containing 5000 ppm or 1100pm were not effective in

preventing enamel erosion.32 A recent study comparing the

effects of 5000 ppm and 10,000 ppm fluoride indicated that

higher concentration of fluoride did not have an improved

protective effect against enamel erosion in a cyclic de- and

remineralization model.29

As fluoride remains to be the main active ingredient in

products marked against dental erosion, it is important to

clarify if dentifrices with higher concentrations of fluoride

provide better protection against erosion by soft drinks when

compared to those with less fluoride. An experiment in vitro

showed that dentifrices with 5000 ppm fluoride performed

better than those with 1450 ppm fluoride on enamel surfaces

subjected to erosion by orange juice.7 As studies in vitro did

not take into account of the effects of saliva and oral

environments, clinical studies are preferable to validate the

experimental findings. The purpose of the present study was

therefore to conduct a controlled clinical trial in situ compar-

ing the preventive effects of dentifrices with different fluoride

concentrations against erosion by orange juice.

1. Methods

1.1. Study subjects selection and enrollment

This study was a double-blind, randomized, and cross-over

design. Male or female subjects who were in good health and

willing to sign an informed consent were recruited to

participate in this study. Subjects with the following condi-

tions were excluded from the present study: periodontal

diseases, two or more untreated caries, impaired salivary flow,

immune deficiencies, smoking, and taking oral liquid or

chewable medications. The study protocol and the informed

consent form were reviewed and approved by the institutional

review board of the authors’ institution. In the first phase of

the study, the subjects were randomly assigned one of the two

study dentifrices that were masked and coded. Randomization

was conducted with the aid of a computer generated random

number table. After a one-week washout period, the subjects

were given the second test dentifrice and began the second

phase of the study.

1.2. Enamel sample preparation

Sample preparation for fluoride treatment followed the same

procedures as our previous study in vitro.7 Briefly, freshly

extracted human third molars were stored in distilled water at

4oC before use. Enamel slabs of 5 mm � 5 mm � 1.5 mm were

cut from the buccal and lingual surfaces of the third molars

using a precision low speed diamond saw (SYJ150, MTI Corp.,
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Richmond, CA). Each cut enamel slab was embedded in epoxy

resin in a custom Teflon mould to form a 10 mm � 10 mm

round disc. Enamel surface was ground under water coolant to

achieve a flat surface using 420,800, and 1200 grit silicon

carbide paper (Extec Corp, Enfield, CT, USA), followed by

polishing with Microlux-R 0.3 micron polishing compound

(Adolf Miller Company, Providence, RI, USA) on a polishing

cloth (Extec Plano Cloth, Extec Corp, Enfield, USA) to produce a

smooth surface. A total of 60 enamel samples were prepared

and kept in normal saline. The enamel disks were sterilized

with ethylene oxide for 12 h before use in the study.

1.3. Study procedures

1.3.1. Intraoral appliance for fluoride treatment in situ

The enamel disks were covered partially to expose an

approximately 5 mm � 2 mm area and placed on the palatal

plate of a custom-made maxillary intra-oral appliance.

Enrolled subjects would wear the enamel disc imbedded

appliance during the study period. Each intraoral maxillary

appliance has space for 2 enamel specimens on the palatal

plate. The subjects wore the appliances for three 5-day periods

during each treatment phase. After the initial sterilization

with ethylene oxide, enamel disks were disinfected in 0.5%

chlorhexidine plus 70% ethanol for 30 min before insertion

into the mouth. The appliance was worn from 9:00am in the

morning to 5:00pm in the afternoon, and stored in normal

saline after immersion in 0.2% chlorhexidine for 3 min each

night and weekend. The appliances were again immersed into

0.2% chlorhexidine for 3 min before insertion into the mouth

each morning. During the treatment period, only water

drinking was allowed whilst the appliance was being worn.

The appliance were removed during eating and sleeping and

stored as described above.

1.3.2. Preparation of fluoride dentifrice slurries
A commercially available product with high fluoride concen-

tration, Prevident 50001 (Colgate–Palmolive, New York, New

York, USA), was selected as the test dentifrice for the present

study. Prevident 50001 (PV) contains 5000 ppm fluoride in the

form of 1.1% NaF and requires prescription by a dentist in the

USA. A commercially available fluoride dentifrice, Sensody-

neTM ProNamel1 (GlaxoSmithKline, Middlesex, UK), was

selected for the reference treatment group for the present

study. ProNamel1 (PN) contains 1450 ppm fluoride in the form

of 0.315% NaF and is marketed as dentifrice protective against

acidic erosion.

Slurries of the two study products, PV and PN, were

prepared as follows: 3 grams of dentifrice were mixed with

10 ml distilled water and shaken thoroughly to produce

uniform toothpaste slurries. The slurries were kept at room

temperature and new slurries were prepared immediately

before use.

1.3.3. Fluoride dentifrice treatment in situ and erosion by
orange juice ex vivo
The erosive challenge and dentifrice treatment protocol was

modified from that of Hooper et al.33 During the course of the

treatment and starting at 9:00am each morning, subject was

instructed to wear the appliance for 15 min, rinse with the
assigned dentifrice slurry for 1 min and expectorate. At 1 h

and 3 h after the treatment, the enamel disc imbedded

appliance was immersed in 250 ml of orange juice (Minute

Maid1 Plus, pH 3.8) at room temperature for 10 min each time.

The orange juice was not stirred or agitated. These procedures

were repeated again in the afternoon. After 5 days of fluoride

treatments and erosive challenges by orange juice, the

imbedded enamel disks were removed from the appliance

and the erosive changes were observed and measured with a

focus variation 3D vertical scanning microscope (IFM, Infini-

teFocus1 G4, Alicona Imaging, Grambach/Graz, Austria). After

the IFM measurement, the enamel disks were again imbedded

into the appliance to start the next 5-day phase of fluoride

treatment and erosive challenges by orange juice. The

treatment procedure was repeated for 3 phases for each

dentifrice during a 3-week period with IFM measurement of

erosion between phases.

1.3.4. IFM assessment of enamel surface erosion
The enamel disks were measured after each 5-day fluoride

treatment and erosive challenge cycle and the 3D topography

of the eroded enamel surfaces were measured by the IFM as

described in our previous studies.7,34 The images were taken at

magnifications of approximately 200� and 1000� with vertical

resolutions of 0.1 and 0.02 mm, respectively. The IFM surface

profile was measured across the exposed area on the enamel

disks and the mean erosion depths were calculated with the

IFM 3D measurement software (Fig. 1). The mean erosion

depth was measured as a mean of the vertical distances from

the reference line to valleys in the measurement field profile.

1.4. Statistical analysis

The sample size of the present study was estimated from a

pilot in vitro experiment with the two study dentifrices, where

we found that the mean erosion depth was approximately

5.0 mm in the study group and 8.0 mm in the control group with

a standard deviation of 3.0 mm after 15 cycles of 2 min fluoride

treatments and 20 min of erosion by orange juice (unpublished

data). A sample size of 16 subjects in each group was needed to

have 80% power at an alpha level of 0.05. The mean erosion

depths (in microns) measured at 3 sites on each disc were

averaged to give a subject-wise mean for each 5-day phase of

the study. For the data was not normally distributed as

indicated by our pilot study, medians and inter-quartile ranges

(IQR) were reported for each treatment group. The non-

parametric Mann–Whitney test was used to compare the

erosion depth between the groups. The difference between

groups is considered statistically significant at p level <0.05.

2. Results

Sixteen subjects, 10 males and 6 females with a mean age of

39.8 (range 26.4–56.8) years, who met the inclusion/exclusion

criteria were enrolled in the study. All subjects completed the

study. The mean erosion depths of enamel varied greatly

amongst the subjects and were not normally distributed

(Fig. 2). We chose to report the median and IQR and use non-

parametric statistic method based on these distribution



Fig. 1 – Measurement of erosion depths. Mean erosion depth is measured as the mean distances from the bottom of the

eroded surface profile (P) to the reference line (R).
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patterns. At 15 days after orange juice erosive challenge ex

vivo and fluoride dentifrice treatment in situ, the median

erosion depth of enamel was 5.7 mm (IQR 4.5 mm) in the

5000 ppm group and 12.6 mm (IQR 12.3 mm) in the 1450 ppm
Fig. 2 – Mean erosion depth of enamel treated with

5000 ppm and 1450 ppm fluoride dentifrices, respectively.

Note non-normal data distribution and outliers.
group, indicating treatment with higher concentration fluo-

ride had a better protective effect against enamel erosion by

orange juice ( p < 0.05).

The median erosion depths and the results of Mann–

Whitney test between the two treatment groups are listed in

Table 1. There were statistically significant differences

( p < 0.05) between the 5000 ppm and the 1450 ppm groups

in mean erosion depths at all 3 phases of the study. With time,

erosion depths increased significantly in the 1450 ppm group,

but less so in the 5000 ppm group, resulting in an increased

difference in erosion depths between the two study groups at

the end of the study. As shown in Table 1, the IQR in both

groups are large in relation to their respective median values,

signifying significant variations in enamel erosion depths

amongst the study subjects.

Typical 3D topographic images of the eroded enamel

surfaces are presented in Fig. 3. Qualitative changes occurred

first on the enamel surfaces at the early stage of the study as

indicated by surface texture and colour discrepancies between

the eroded and non-eroded surfaces, followed by apparent

substance loss at late stages of the erosive challenge and

fluoride treatment cycles, especially in the 1450 ppm fluoride

group (Fig. 3B).



Table 1 – Comparison of mean erosion depths (median
and IQR) at Day 5, 10 and 15 between dentifrices
containing 5000 ppm and 1450 ppm fluoride.

Day 5 Day 10 Day 15

Median IQR Median IQR Median IQR

5000 ppm 3.19 1.42 3.89 2.98 5.70 4.46

1450 ppm 4.73 3.28 7.94 7.50 12.59 12.33

Z* 2.174 2.609 2.095

p 0.0297 0.0091 0.0362
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3. Discussion

The findings of the present study indicate that treatment using

5000 ppm fluoride dentifrice significantly increased the resis-

tance of dental enamel to erosive challenges by orange juice

when compared to treatment with dentifrice with a lower

fluoride concentration. The median surface enamel loss, as

measured by mean erosion depth, was 4.7 mm at 5 days, 7.9 mm

at 10 days and 12.6 mm at 15 days after erosive challenges by

orange juice and treatment with dentifrice containing

1450 ppm fluoride, but was only 3.2 mm, 3.9 mm and 5.7 mm

at each corresponding stage of evaluation when treated with

dentifrice containing 5000 ppm fluoride. The protective effect

of 5000 ppm fluoride dentifrice against erosion grew more

apparent with time, signified by a 33%, 51%, and 55% reduction

in enamel loss as compared to 1450 ppm fluoride at 5, 10, and

15 days after erosive challenges, respectively. These findings

are in agreement with previous studies that reported a better

protective effects against dental erosion when higher con-

centrations of fluoride were used for topical applica-

tions,11,24,27 but are in conflict with other studies which

showed that increasing the concentrations of fluoride had no

added benefits against dental erosion.29,31,32

Though frequent application of high concentration fluoride

has traditionally been considered the regime of choice for

prevention and treatment of dental erosions,35 some recent

studies questioned the usefulness of high concentrations of

fluoride for prevention of dental erosion and suggested that

patients at risk of enamel erosion should consider preventive

measures other than fluoride therapy.32 However, the findings

that high concentrations of fluoride lacked efficacy in

prevention of dental erosion are more likely related to the
Fig. 3 – Typical 3D IFM images (1000T)of enamel erosive chang

groups.
study design than a true absence of therapeutic effects. In the

study in situ conducted by Rios et al., the authors evaluated

bovine enamel disks subjected to erosive challenge and

fluoride treatments ex vivo for 7 days, and concluded that

neither the high (5000 ppm) nor the low (1100 ppm) concen-

tration fluoride treatment was effective against erosion.32 This

study had a small sample size (n = 10) and was seriously

underpowered (40% power). The perils of underpowered

clinical studies are well known, the most serious of which

are failing to identify the true effects of the intervention and

consequently arriving at a misleading conclusion.36,37 The

authors did find less enamel loss with increasing fluoride

concentrations, but such a trend was not recognized as

statistically significant due to the lack of statistical power.32 In

another study that found no added benefits of higher fluoride

concentrations, the authors identified the brief treatment

protocol (3 min total) as the probable cause for the negative

finding, implying that too short an application time would not

allow the formation of the protective calcium fluoride on the

treated enamel surfaces.29

The mechanism by which fluoride exerts its protective

effects against erosion by soft drinks is not very well

understood, and is generally believed to be due to the

formation of a calcium fluoride layer on the enamel

surface.21,29 The action of the calcium fluoride layer against

acid challenge is believed to be two fold: as a physical barrier

isolating the enamel surface from acid attacks, and as a

reservoir of fluoride ions for the formation of the more acid

resistant fluroapatite. The amounts of calcium fluoride

deposited on enamel surfaces increased with time, concen-

tration of fluoride and calcium availability.26 Frequent and

longer-term applications of higher concentrations of fluoride

have resulted in better protective effects against dental

erosion.11,27,38 The results of the present study further

corroborate these findings as indicated by an increased benefit

of high fluoride concentration with time as compared to the

control group (Fig. 3). The protective effects of 5000 ppm

fluoride became more evident at 15 days than that at 5 days

after application. A recent study showed that brushing teeth

with 5000 ppm fluoride dentifrice resulted in a significantly

higher concentration of fluoride in dental plaques and saliva

than with 1450 ppm dentifrice when evaluated as long as

60 min after brushing under the same condition.39 This finding

signifies that more fluoride ions are available long after
es at Day 5, 10 and 15 in 5000 ppm (A) and 1450 ppm (B)
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brushing with 5000 ppm than with 1450 ppm fluoride, which

most likely is the underlying mechanism for the better

protective effects of high concentrations of fluoride. Availabil-

ity of fluoride ions was crucial for the effect of fluoride

dentifrices against dental erosion.40 It has been consistently

shown that the amount of fluoride uptake by normal or eroded

enamel is largely proportional to the fluoride concentrations

in the oral hygiene products.41,42 Dentifrices containing

5000 ppm fluoride provides more fluoride ions for a longer

time to allow better fluoride uptake by enamel surfaces,

therefore achieving a better protective effect against erosive

challenges than those with 1450 ppm fluoride.

We noticed a large variation in enamel loss amongst the

study subjects under the same erosive challenge and fluoride

treatment protocols (Fig. 2). These variations could not be

sufficiently explained by the qualitative characteristics of the

enamel disks for the two imbedded disks carried by the same

study subject were from different donors. Calcium availability,

saliva pH and buffering capacity of the study subjects may

partly account for the differences in the resistance of dental

enamel to erosive challenges. Subjects wore the appliance for

over an hour before the erosive challenges, which allowed the

formation of salivary pellicles that may provide substantial

protective effects against erosion.2 Differences in composition

and thickness of salivary pellicles may also contribute to the

variation in erosion depths.43,44 It may be worthwhile to

consider in future clinical studies the effect of chemical and

physiological properties of saliva and salivary pellicles as

modifying factors for dental erosion.

In summary, the results of the present study indicate that

dentifrice containing high concentrations of fluoride had a

better protective effect against enamel erosion by orange juice.

Applications of 5000 ppm dentifrices twice daily for a period of

3 weeks will benefit the individuals at risk of acidic erosion

associated with soft drink consumptions.

Acknowledgements

This study is supported in part by a stipend to Dr. Xuejun Liu

from Bureau of Science and Technology, Henan Province,

China and a grant from Colgate Palmolive Company, New

York, New York, USA.

r e f e r e n c e s

1. Devlin H, Bassiouny MA, Boston D. Hardness of enamel
exposed to Coca-Cola and artificial saliva. Journal of Oral
Rehabilitation 2006;33:26–30.

2. Hara AT, Ando M, Gonzalez-Cabezas C, Cury JA, Serra MC,
Zero DT. Protective effect of the dental pellicle against
erosive challenges in situ. Journal of Dental Research
2006;85:612–6.

3. Jensdottir T, Holbrook P, Nauntofte B, Buchwald C, Bardow
A. Immediate erosive potential of cola drinks and orange
juices. Journal of Dental Research 2006;85:226–30.

4. Van Eygen I, Vannet BV, Wehrbein H. Influence of a soft
drink with low pH on enamel surfaces: an in vitro study.
American Journal of Orthodontics & Dentofacial Orthopedics
2005;128:372–7.
5. Murrell S, Marshall TA, Moynihan PJ, Qian F, Wefel JS.
Comparison of in vitro erosion potentials between
beverages available in the United Kingdom and the United
States. Journal of Dentistry 2010;38:284–9.

6. Eisenburger M. Degree of mineral loss in softened human
enamel after acid erosion measured by chemical analysis.
Journal of Dentistry 2009;37:491–4.

7. Ren Y-F, Zhao Q, Malmstrom H, Barnes V, Xu T. Assessing
fluoride treatment and resistance of dental enamel to soft
drink erosion in vitro: applications of focus variation 3D
scanning microscopy and stylus profilometry. Journal of
Dentistry 2009;37:167–76.

8. Al-Omiri MK, Harb R, Abu Hammad OA, Lamey P-J, Lynch E,
Clifford TJ. Quantification of tooth wear: conventional vs
new method using toolmakers microscope and a three-
dimensional measuring technique. Journal of Dentistry
2010;38:560–8.

9. Field J, Waterhouse P, German M. Quantifying and
qualifying surface changes on dental hard tissues in vitro.
Journal of Dentistry 2010;38:182–90.

10. Attin T, Weiss K, Becker K, Buchalla W, Wiegand A. Impact
of modified acidic soft drinks on enamel erosion. Oral
Diseases 2005;11:7–12.

11. Lagerweij MD, Buchalla W, Kohnke S, Becker K, Lennon AM,
Attin T. Prevention of erosion and abrasion by a high
fluoride concentration gel applied at high frequencies. Caries
Research 2006;40:148–53.

12. Erickson PR, Alevizos DL, Rindelaub DJ. Soft drinks: hard on
teeth. Northwest Dentistry 2001;80:15–9.

13. Larsen MJ. Prevention by means of fluoride of enamel
erosion as caused by soft drinks and orange juice. Caries
Research 2001;35:229–34.

14. Larsen MJ, Richards A. Fluoride is unable to reduce dental
erosion from soft drinks. Caries Research 2002;36:75–80.

15. Lussi A, Jaggi T, Scharer S. The influence of different factors
on in vitro enamel erosion. Caries Research 1993;27:387–93.

16. Chunmuang S, Jitpukdeebodintra S, Chuenarrom C,
Benjakul P. Effect of xylitol and fluoride on enamel erosion
in vitro. Journal of Oral Science 2007;49:293–7.

17. Tahmassebi JF, Duggal MS, Malik-Kotru G, Curzon MEJ. Soft
drinks and dental health: a review of the current literature.
Journal of Dentistry 2006;34:2–11.

18. Murakami C, Bonecker M, Correa MSNP, Mendes FM,
Rodrigues CRMD. Effect of fluoride varnish and gel on dental
erosion in primary and permanent teeth. Archives of Oral
Biology 2009;54:997–1001.

19. Sorvari R, Meurman JH, Alakuijala P, Frank RM. Effect of
fluoride varnish and solution on enamel erosion in vitro.
Caries Research 1994;28:227–32.

20. Vieira A, Ruben JL, Huysmans MCDNJM. Effect of titanium
tetrafluoride, amine fluoride and fluoride varnish on enamel
erosion in vitro. Caries Research 2005;39:371–9.

21. Schlueter N, Klimek J, Ganss C. In vitro efficacy of
experimental tin- and fluoride-containing mouth rinses as
anti-erosive agents in enamel. Journal of Dentistry
2009;37:944–8.

22. Jones L, Lekkas D, Hunt D, McIntyre J, Rafir W. Studies on
dental erosion: An in vivo-in vitro model of endogenous
dental erosion—its application to testing protection by
fluoride gel application. Australian Dental Journal
2002;47:304–8.

23. Barlow AP, Sufi F, Mason SC. Evaluation of different
fluoridated dentifrice formulations using an in situ erosion
remineralization model. Journal of Clinical Dentistry
2009;20:192–8.

24. Zero DT, Hara AT, Kelly SA, Gonzalez-Cabezas C, Eckert GJ,
Barlow AP, et al. Evaluation of a desensitizing test dentifrice
using an in situ erosion remineralization model. Journal of
Clinical Dentistry 2006;17:112–6.



j o u r n a l o f d e n t i s t r y 3 9 ( 2 0 1 1 ) 6 7 2 – 6 7 8678
25. Gracia LH, Rees GD, Brown A, Fowler CE. An in vitro
evaluation of a novel high fluoride daily mouthrinse using a
combination of microindentation 3D profilometry and
DSIMS. Journal of Dentistry 2010;38:S12–20.

26. Saxegaard E, Rolla G. Fluoride acquisition on and in human
enamel during topical application in vitro. Scandinavian
Journal of Dental Research 1988;96:523–35.

27. Ganss C, Klimek J, Schaffer U, Spall T. Effectiveness of
two fluoridation measures on erosion progression in
human enamel and dentine in vitro. Caries Research
2001;35:325–30.

28. Venasakulchai A, Williams NA, Gracia LH, Rees GD. A
comparative evaluation of fluoridated and non-fluoridated
mouthrinses using a 5-day cycling enamel erosion model.
Journal of Dentistry 2010;38:S21–9.

29. Wiegand A, Bichsel D, Magalhaes AC, Becker K, Attin T.
Effect of sodium, amine and stannous fluoride at the same
concentration and different pH on in vitro erosion. Journal of
Dentistry 2009;37:591–5.

30. Austin RS, Rodriguez JM, Dunne S, Moazzez R, Bartlett DW.
The effect of increasing sodium fluoride concentrations on
erosion and attrition of enamel and dentine in vitro. Journal
of Dentistry 2010;38:782–7.

31. Magalhaes AC, Rios D, Moino AL, Wiegand A, Attin T,
Buzalaf MAR. Effect of different concentrations of fluoride in
dentifrices on dentin erosion subjected or not to abrasion
in situ/ex vivo. Caries Research 2008;42:112–6.

32. Rios D, Magalhaes AC, Polo ROB, Wiegand A, Attin T, Buzalaf
MAR. The efficacy of a highly concentrated fluoride
dentifrice on bovine enamel subjected to erosion and
abrasion. Journal of the American Dental Association
2008;139:1652–6.

33. Hooper SM, Newcombe RG, Faller R, Eversole S, Addy M,
West NX. The protective effects of toothpaste against
erosion by orange juice: studies in situ and in vitro. Journal of
Dentistry 2007;35:476–81.
34. Ren Y-F, Amin A, Malmstrom H. Effects of tooth whitening
and orange juice on surface properties of dental enamel.
Journal of Dentistry 2009;37:424–31.

35. Wiegand A, Attin T. Influence of fluoride on the prevention
of erosive lesions—a review. Oral Health & Preventive Dentistry
2003;1:245–53.

36. Halpern SD, Karlawish JHT, Berlin JA. The continuing
unethical conduct of underpowered clinical trials. JAMA
2002;288:358–62.

37. Whitley E, Ball J. Statistics review 4: sample size
calculations. Critical Care 2002;6:335–41.

38. Ganss C, Klimek J, Brune V, Schurmann A. Effects of two
fluoridation measures on erosion progression in human
enamel and dentine in situ. Caries Research 2004;38:561–6.

39. Nordström A, Birkhed D. Fluoride retention in proximal
plaque and saliva using two NaF dentifrices containing
5,000 and 1,450 ppm F with and without water rinsing. Caries
Research 2009;43:64–9.

40. Hara AT, Kelly SA, Gonzalez-Cabezas C, Eckert GJ, Barlow
AP, Mason SC, et al. Influence of fluoride availability of
dentifrices on eroded enamel remineralization in situ. Caries
Research 2009;43:57–63.

41. Fowler CE, Gracia L, Edwards MI, Brown A, Rees GD. Fluoride
penetration from toothpastes into incipient enamel erosive
lesions investigated using dynamic secondary ion mass
spectrometry. Journal of Clinical Dentistry 2009;20:186–91.

42. Pai N, McIntyre J, Tadic N, Laparidis C. Comparative uptake
of fluoride ion into enamel from various topical fluorides
in vitro. Australian Dental Journal 2007;52:41–6.

43. Hannig M, Hess NJ, Hoth-Hannig W, De Vrese M. Influence
of salivary pellicle formation time on enamel
demineralization—an in situ pilot study. Clinical Oral
Investigations 2003;7:158–61.

44. Hannig M, Fiebiger M, Guntzer M, Dobert A, Zimehl R,
Nekrashevych Y. Protective effect of the in situ formed short-
term salivary pellicle. Archives of Oral Biology 2004;49:903–10.


	Preventive effects of dentifrice containing 5000ppm fluoride against dental erosion in™situ
	Methods
	Study subjects selection and enrollment
	Enamel sample preparation
	Study procedures
	Intraoral appliance for fluoride treatment in™situ
	Preparation of fluoride dentifrice slurries
	Fluoride dentifrice treatment in™situ and erosion by orange juice ex vivo
	IFM assessment of enamel surface erosion

	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


