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Abstract 

This research aims to find how three different types of mouthwashes affect the 

depth of artificial white spot lesions. Teeth with various depths of white spot le-

sions were immersed in either splat mouthwash, Biorepair mouthwash, Sensodyne 

mouthwash, or artificial saliva (control)twice daily for one minute for 4 weeks and 

8 weeks at 37°C. After this immersion procedure, lesion depth was measured using 

a diagnosed pen score. A one-way analysis of variance, Dunnett T3 and Tukey's 

post hoc α = .05 were used to analyze the testing data. Splat mouthwash enhanced 

the WSL remineralization and made the lowest ΔF compared with other mouth-

washes in shallow and deep enamel after 4 and 8 weeks of treatment. In the repair 

groups, after 4 weeks of treatment, significant recovery was observed in shallow 

enamel. Further improvement in shallow WSL after 8 weeks of treatment with bio-

repair mouthwash was observed compared to Sensodyne and the control group. 

Splat mouthwash is more effective than other mouthwashes in remineralizing two 

depths of WSLs at different time points. 
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Introduction 

Rheumatoid arthritis (RA) is a multifaceted inflammatory disease with a 

significant White-spot lesions (WSLs) are considered one of the most common 

adverse side effects resulting from orthodontic treatment; 50% of the patients had 

an effect of this side effect1. The occurrence of WSLs happened 1 month after the 

following fixation of the orthodontic appliance. It remained 5 years after fixed 

appliance removal, affecting the patients' esthetic appearance and quality of life2. 

Fixation of orthodontic appliance affects oral hygiene, as it provides areas with 

lowered salivary flow, which permit the adhesion of bacteria and the formation of 

bacterial biofilms. The acid produced by bacteria will penetrate the enamel with a 

clinical manifestation of WSLs if the patients cannot maintain good oral hygiene 

during orthodontic treatment. This WSL appears white opaque, as when the light 

hits an area demineralization, it scatters differently than the way it hits sound 

enamel3. The treatment of WSL includes a non-invasive approach, such as resin 
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infiltration or remineralization, and an invasive approach, such as the placement of 

crowns or veneers or micro-abrasion. The invasive measures involve enamel 

removal to various degrees, so the dentist should begin with a non-invasive 

approach4. Fluoride application is the most commonly used method for 

remineralization5. After fluoride application, the calcium will bind with fluoride to 

form calcium fluoride (CaF2), which has a cariostatic effect6. During a caries 

attack, CaF2 will form in plaque or incipient lesions; Caf2 is responsible for 

releasing fluoride ions when the pH is lowered7. Nano-hydroxyapatite is another 

substance that helped in the deposition of minerals on the external layer of the WSL 

and only had a limited ability to reduce lesion depth. Nano-HA is a practical repair 

material and anti-caries agent8. Caries detection is still challenging for the dentist 

since there might be carious lesions in the dentin underneath apparently normal 

enamel surfaces9. The necessity for objective and quantitive methods for caries 

detection led to the introduction of diode laser fluorescence (LF), which was used 

to detect the occlusal carious lesions based on laser-induced fluorescence in which 

the incipient lesions were fluorescent more than the sound tooth when exposed to 

laser light of specific wavelengths 10. DIAGNOdent is an easily handheld diode 

laser device worked by a battery based on quantifying the fluorescence. 

DIAGNOdent employs a 655-nm modified red diode laser excitation light source. 

Carious lesions fluoresce more than 680 nm when exposed to this light. This 

fluorescence is identified and measured by the DIAGNOdent unit, and the reading 

is displayed as a numerical value on the screen ranging from (0_99) 11.  

The null hypotheses were as follows: 

There was no significant difference between splat, Biorepair, or Sensodyne 

mouthwash in remineralizing two depths of WSLs.   

The shallow and deep WSL will respond similarly to the remineralizing agents. 

 
Materials and Methods 

Two different depths of white spot lesions have been investigated in this study.  

- G1 contains teeth with superficial enamel lesions according to the diagnosed pen 

score (14-20). 

- G2 contains teeth with deeper enamel lesions according to the diagnosed pen 

score (21-29). 

Three brands of mouthwash solutions were used: biorebair mouthwash (zinc 

hydroxyapatite), Sensodyne mouthwash (sodium fluoride, sodium phosphate, 

contain 0,048%sodium fluoride {217ppm}) and splat mouthwash 

(calcium/magnesium/zinc hydroxyapatite and calcium lactate). Artificial saliva is 

used as control media. 80 sound human permanent premolars that had been 

extracted for orthodontic purposes were selected in this study. These selected teeth 

were intact with no enamel cracks, decays, fillings, surface irregularities, or any 

enamel abnormality like hypoplastic enamel and without any previous treatment 

with chemical agents such as bleaching material. The remnants of blood and 

calculus were removed from the teeth, and polishing the buccal surfaces of the 

teeth was done with a fluoride-free pumice and rubber cup. Chloramine T 
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trihydrate bacteriostatic _bactericidal solution was used for storing the teeth for 

one week, then stored in distilled water at room temperature until use. Each tooth 

was poured into a cold cure acrylic mold. All the teeth were covered with acid 

resistance nail varnish except a small region in the buccal surface of each tooth, 

which was covered by adhesive tape with 6 mm × 6 mm dimension to form a 

window at which a white spot lesion will be created. The adhesive tape was 

removed after the nail varnish coating was completed. DIAGNOdent pen (KaVo, 

Biberach, Germany) was used to check the samples. 

The device was calibrated against its ceramic standards before each measurement, 

as per the recommendation of the manufacturer. The probe was used to scan the 

buccal window of the teeth, keeping the pen in close touch with the tooth surface 

and moving it around the window to get the greatest fluorescence area. The 

baseline (T0) fluorescence values of the samples were then recorded. 

All teeth were then immersed in a demineralizing solution (2.2 mM calcium 

chloride, 2.2 mM monopotassium phosphate, and 1 M potassium hydroxide were 

mixed to make the demineralizing solution with the addition of 0.05 mM acetic 

acid to create an acidic medium with a pH of 5) for all the day. Every day, the 

solution was changed until the frosty white appearance showed. The buccal 

window was evaluated with a DIAGNOdent™ pen (KaVo, Bibberach, Germany) 

day after day. If the lesion depth was insufficient, the teeth were immersed again 

in the demineralizing solution. The teeth were divided into two significant groups, 

40 teeth each, according to the readings of the DIAGNOdent™: shallow enamel 

group and deep enamel group. Then, each leading group was subdivided into four 

subgroups, 10 teeth each according to the remineralizing agent used. The samples' 

demineralization readings (T1) fluorescence values were then recorded. After that, 

the specimens were washed with DDW and then stored in artificial saliva, which 

was changed every day 12. All samples were removed daily from the artificial saliva 

and immersed in a small plastic mold containing mouthwash (twice daily for one 

minute). Then, the samples were rinsed with de-ionized water and returned to 

artificial saliva, which was renewed daily.  

The vibrator will be used (to vibrate the mold) to simulate the action of the 

mouthwash inside the oral cavity. 

DIAGNOdent Pen scores will be measured at baseline (T0), after induction of 

WSL (T1), after 4 weeks of treatment (T2), and after 8 weeks of treatment (T3)  

 

Results 

Using Shapiro Wilk test, the fluorescence difference in each phase (ΔFBD, ΔFBR1, 

ΔFBR2, ΔFR1R2) among mouthwashes and enamel lesion depth was shown to be 

generally distributed at p>0.05 (Table 1).  
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Variable Mouthwash Enamel lesion depth 

Shallow Deep 

Statistic df P value Statistic df P value 

ΔFBD Splat MW 0.984 10 0.983 0.859 10 0.075 

Biorepair MW 0.969 10 0.878 0.954 10 0.713 

Sensodyne MW 0.953 10 0.703 0.935 10 0.498 

Control 0.899 10 0.215 0.909 10 0.277 

ΔFBR1 Splat MW 0.872 10 0.107 0.911 10 0.290 

Biorepair MW 0.929 10 0.442 0.964 10 0.830 

Sensodyne MW 0.850 10 0.058 0.932 10 0.463 

Control 0.848 10 0.055 0.946 10 0.626 

ΔFBR2 Splat MW 0.943 10 0.588 0.891 10 0.173 

Biorepair MW 0.934 10 0.484 0.848 10 0.055 

Sensodyne MW 0.943 10 0.588 0.966 10 0.850 

Control 0.934 10 0.484 0.928 10 0.425 

Table 1: Normality test (Shapiro-Wilk test) of fluorescence difference among mouthwashes and enamel lesion depth. 

 

The baseline measurements showed no significant difference in inflorescence 

between mouthwashes and enamel lesion depth (Table 2). 

 

Mouthwashes Enamel lesion depth T-test 

Shallow Deep T value P value 

Min. Max. Mean ±SD Min. Max. Mean ±SD 

Splat MW 4.000 8.000 6.200 1.135 5.000 8.000 6.300 0.949 0.214 0.833 

Biorepair MW 5.000 8.000 6.600 0.843 5.000 8.000 6.200 1.033 0.949 0.355 

Sensodyne MW 5.000 8.000 6.000 1.054 5.000 8.000 6.500 1.080 1.048 0.309 

Control 5.000 8.000 6.200 0.919 5.000 8.000 6.100 0.876 0.249 0.806 

ANOVA F=0.640 F=0.299   

P=0.594 NS P=0.826 NS   

Table 2: Descriptive and statistical test of fluorescence baseline among mouthwashes and enamel lesion depth. 

Mouthwash Enamel lesion depth T-test 

Shallow Deep T 

value 

P 

value Min. Max. Mean ±SD Min. Max. Mean ±SD 

Splat MW 6.000 14.000 10.000 2.211 15.000 21.000 17.900 2.025 8.332 0.000 

Biorepair 

MW 

7.000 13.000 9.500 2.838 17.000 23.000 19.700 1.829 9.553 0.000 

Sensodyne 

MW 

8.000 12.000 10.000 1.155 15.000 21.000 18.000 2.000 10.954 0.000 

Control 8.000 13.000 11.000 1.491 15.000 23.000 18.300 2.751 7.378 0.000 

ANOVA F=0.960 F=1.464   

P=0.422 P=0.241   

Table 3: Descriptive and statistical test of fluorescence change among mouthwashes and enamel lesion depth from baseline 

to demineralization readings (ΔFBD). 
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Mouthwash Enamel lesion depth T-test 

Shallow Deep T 

value 

P 

value Min. Max. Mean ±SD Min. Max. Mean ±SD 

Splat MW 6.000 14.000 10.000 2.211 15.000 21.000 17.900 2.025 8.332 0.000 

Biorepair 

MW 

7.000 13.000 9.500 2.838 17.000 23.000 19.700 1.829 9.553 0.000 

Sensodyne 

MW 

8.000 12.000 10.000 1.155 15.000 21.000 18.000 2.000 10.954 0.000 

Control 8.000 13.000 11.000 1.491 15.000 23.000 18.300 2.751 7.378 0.000 

ANOVA F=0.960 F=1.464   

P=0.422 P=0.241   

Table 4: Descriptive and statistical test of fluorescence change among mouthwashes and enamel lesion depth ΔFBR1. 

 

Mouthwash Enamel lesion depth T-test 

Shallow Deep T 

value 

P 

value Min. Max. Mean ±SD Min. Max. Mean ±SD 

Splat MW 3.000 7.000 5.600 1.265 8.000 16.000 11.200 2.616 6.094 0.000 

Biorepair MW 4.000 13.000 7.800 3.048 12.000 22.000 16.500 3.100 6.328 0.000 

Sensodyne 

MW 

6.000 12.000 9.500 1.958 13.000 19.000 16.600 1.776 8.493 0.000 

Control 8.000 12.000 10.300 1.703 12.000 22.000 16.900 3.414 5.471 0.000 

ANOVA F=9.821 F=9.595   

P=.000 P=.000   

Table 5: Multiple pairwise comparisons of fluorescence change among mouthwashes in shallow and deep enamel ΔFBR1 

Dunnett T3. 

 

Mouthwash Enamel lesion depth T-test 

Shallow Deep T 

value 

P 

value Min. Max. Mean ±SD Min. Max. Mean ±SD 

Splat MW 1.000 4.000 2.500 1.434 6.000 12.000 8.200 1.989 7.352 0.000 

Biorepair MW 4.000 10.000 5.800 2.348 10.000 20.000 13.600 3.718 5.610 0.000 

Sensodyne 

MW 

5.000 10.000 8.200 1.751 11.000 17.000 13.700 1.703 7.120 0.000 

Control 7.000 11.000 9.100 1.449 10.000 19.000 15.200 3.011 5.773 0.000 

ANOVA F=27.330 F=12.689   

P=.000 P=.000   

Table 6: Descriptive and statistical test of fluorescence change among mouthwashes and enamel lesion depth ΔFBR2. 
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Mouth wash Shallow enamel lesion Deep enamel lesion 

MD P value MD P value 

Splat MW Biorepair MW -3.300 0.001 -5.400 0.007 

Sensodyne MW -5.700 0.000 -5.500 0.000 

Control -6.600 0.000 -7.000 0.000 

Biorepair MW Sensodyne MW -2.400 0.024 -.100 0.999 

Control -3.300 0.001 -1.600 0.864 

Sensodyne MW Control -.900 0.675 -1.500 0.679 

Table 7: Multiple pairwise comparisons of fluorescence change among mouthwashes in shallow and deep enamel ΔFBR2 

Tukey HSD. 

 

Discussion 

Because WSLs are considered one of the most adverse side effects of fixed 

orthodontic treatment, it is vital to know the best treatment modalities and the 

effectiveness of the agents that produce remineralization. However, no previous 

research had evaluated the ability of the mouthwashes to remineralize two depths 

of WSLs. Therefore, this study aimed to examine the effectiveness of three 

different mouthwashes in remineralizing two depths of WSLs using an in vitro 

study. 

The change in lesion fluorescence was used to determine the effect of the 

mouthwashes. The null hypotheses were rejected based on the findings since the 

differences in the remineralization capabilities were seen among the mouthwashes, 

and the different lesion depths responded differently. Splat mouthwash was better 

in reducing the fluorescence loss in both shallow and deep lesions as it had the 

lowest mean values compared to repair mouthwash, Sensodyne mouthwash, and 

control (Artificial saliva). 

Fluoride treatment strengthens the mineral surface layer by the strong affinity of 

fluoride to hydroxyapatite, preventing further mineral loss from the lesion. 

Previous studies have shown that fluoride-containing mouth rinse only remains in 

situ for up to 24 hours.13 However, the possible time point remained undetermined.  

In the splat groups, the result showed that it had the best improvement among the 

remaining mouthwashes. Significant fluorescence improvement was shown after 4 

weeks of treatment, with further improvements at 8 weeks for both depths. Its 

superior ability in remineralizing WSLs could be attributed to its composition 

(calcium/magnesium/zinc hydroxyapatite and calcium lactate), which provides the 

enamel surface with calcium and phosphate ions, promoting more homogeneous 

remineralization throughout the body of the lesion. Regarding bio-repair 

mouthwash, results showed that it significantly improves shallow enamel after 4 

weeks and 8 weeks of treatment, which may be related to the fact that it also 

contains hydroxyapatite.  

Although there is a reduction in the values of Δf in Sensodyne mouthwash and the 

control group after 4 weeks and 8 weeks of treatment compared to baseline values, 

these values are not clinically and statistically significant. 
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The findings of this study, which demonstrate the superiority of splat mouthwash 

and repair mouthwash, were due to its composition (nano-hydroxyapatite). In some 

research, they found that hydroxyapatite was superior to fluoride in remineralizing 

WSL.14 

The remineralization of WSLs by the artificial saliva with NaF treatment groups 

was a slow process, as it depended on the deposition of calcium ions.15 

The differences among the samples of the control groups from baseline to the 8th 

week imply that natural remineralization of WSLs happened. Previous research 

16,17 indicated that the solution of artificial saliva, frequently utilized as a negative 

control group in vitro study, demonstrated the capacity for remineralizing WSLs. 

Therefore, the reduction in fluorescence change is likely linked to the daily 

changing of the artificial saliva solution at a pH level between 6.5 and 6. 

There was no significant difference in fluorescence between mouthwashes and 

enamel lesion depth in the baseline measurements. After demineralization, the 

greater the WSL, the more ΔF recorded, and the result was significant between 

shallow and deep enamel. This may be related to the more significant dissolution 

of mineral crystals in demineralized teeth. After the application of the 

remineralizing mouthwashes, a significant difference still existed. Based on this, 

the second null hypothesis was also rejected. Although this study could not imitate 

real-life situations exactly, the results of this study have the potential to supply 

helpful information on the remineralization efficiency of different brands of 

mouthwashes for two WSLs depths. Further, in vivo studies would be 

advantageous to validate treatment efficacy regarding different brands of 

mouthwashes on different WSL depths during and after orthodontic therapy. 

 

Conclusion  

Splat mouthwash containing hydroxyapatite was superior to the other tested 

mouthwashes in promoting white spot lesion remineralization. It could regain the 

original fluorescence of the shallow lesions and considerably reduce the 

fluorescence change for the deep lesions. 
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