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Abstract 

 

Objectives: This study investigated the ability of SDF, and its individual components, silver (Ag+) 

and fluoride (F-) ions, in preventing enamel demineralization under pH-cycling conditions in the 

presence or absence of twice-daily fluoride application. 

Design:Polished human enamel specimens were assigned to five treatment groups (n=36 per 

group): SDF (38%); SDF followed by application of a saturated solution of potassium iodide 

(SDF+KI); silver nitrate (AgNO3; silver control, 253,900 ppm Ag); potassium fluoride (KF; 

fluoride control, 44,800 ppm F); deionized water. Treatments were applied once. Specimens in 

each treatment group were divided into two subgroups (n=18). During the subsequent 7-day pH-

cycling phase, specimens were treated twice daily with either 275 ppm fluoride as sodium fluoride 

or deionized water, immediately before and after a 3-h cariogenic challenge with exposure to 

artificial saliva at all other times. Changes in color, Vickers surface microhardness (SMH), 

transverse microradiography (TMR) was calculated. Data were analyzed using two-way ANOVA. 

Results: In both models, SDF, SDF+KI and KF were superior in inhibiting demineralization 

compared to AgNO3 and deionized water (p<0.0001). There was no statistically significant 

difference between SDF, SDF+KI and KF with twice daily fluoride treatments (p>0.8). However, 

KF was more effective in preventing demineralization than SDF and SDF+KI in the absence of 

fluoride treatments (p=0.0002). KI did not affect the ability of SDF to prevent demineralization 

(p>0.4).  

Conclusion: SDF and SDF+KI appears to be an effective option in preventing primary coronal 

caries.  

Keywords: Silver Diamine Fluoride, Dark staining, Demineralization, pH-cycling, Caries 

Prevention, Fluoride 

 

 

   

1. Introduction 
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Dental caries continues to be one of the most prevalent preventable diseases in the US and 

worldwide (Kassebaum et al., 2017), with most cases occurring among populations with low-

income and ethnic/racial minority backgrounds (Dye, Thornton-Evans, Li, & Iafolla, 2015). 

Current methods of prevention like fluoride varnish applications and sealants, although effective 

to a large extent, are difficult and costly to implement on a large scale basis in populations who 

need them the most (Griffin, Wei, Gooch, Weno, & Espinoza, 2016). 

Silver diamine fluoride (SDF) has been rapidly adopted as an agent for caries arrest in dentin caries 

lesions (Crystal, Janal, Yim, & Nelson, 2020). Its use as an agent for caries prevention has been 

studied to a lesser extent, and it is described as a simple and low-cost method that does not require 

the complex training of the health professional or the cooperation of the patient. This approach 

may be of great utility as an alternative to more costly preventive methods in communities with 

limited resources (Llodra et al., 2005).  

Remineralization of dental caries lesions and prevention of demineralization at the earliest phase 

have gained recognition in the minimally invasive approach to dental caries treatment in recent 

years (Dorri et al., 2017; Sherry Shiqian Gao et al., 2018; Zhi, Lo, & Lin, 2012). However, current 

methods of early preventive care are often insufficient to prevent new caries lesions in high risk 

individuals, (Featherstone & Doméjean, 2012; Featherstone, Fontana, & Wolff, 2018) which 

suggests the need for innovative and alternative preventative approaches for the management and 

prevention of dental caries that are minimally invasive and less traumatic in children (Selwitz, 

Ismail, & Pitts, 2007). 

SDF is a topical solution comprised of silver, ammonia and fluoride (Ag(NH3)2F). It is a safe, 

effective, efficient, noninvasive and cost-effective method in caries management (Timms, 

Sumner, Deery, & Rogers, 2020). The antibacterial properties of silver in addition to the 

remineralization promotion ability of fluoride act together to both prevent the progression and to 

arrest dental caries lesions(Mei, Lo, & Chu, 2018; Timms et al., 2020). Several randomized 

clinical trials support its use primarily for the treatment of dentin caries, with few studies 

highlighting its potential usefulness in preventing caries lesion formation (Chu, Lo, & Lin, 2002; 

S. S. Gao et al., 2016; Llodra et al., 2005) In addition, there is currently no clinical or in-vitro 

evidence supporting the use of SDF as a preventative agent on sound enamel. The most 

significant adverse effect of SDF is non-medical and is the permanent dark staining of the lesion 

where SDF is applied. This is a major challenge (depending on the visibility of the caries lesions) 
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in the acceptance of  SDF as a treatment option for some patients/parents (Crystal, Kreider, & 

Raveis, 2019; Karched, Ali, & Ngo, 2019). 

Potassium iodide (KI) has been reported and recommended to reduce SDF's dark staining by 

reacting with free silver ions to form a yellow precipitate of silver iodide (Knight, McIntyre, & 

Mulyani, 2006). Nevertheless, there is conflicting evidence about the effectiveness of KI in 

preventing dark staining without impacting the prevention and arrest of dental caries (Seifo et al., 

2020; Sorkhdini, Gregory, Crystal, Tang, & Lippert, 2020). 

pH cycling models are rapid, repeatable, cost effective, and have a higher level of scientific control, 

and sensitivity to response variables compared to clinical models which makes them ideal to test 

and evaluate the efficacy of new products (Buzalaf et al., 2010; Lobo, Goncalves, Ambrosano, & 

Pimenta, 2005). In addition, pH-cycling models have been validated to evaluate the dose-response 

effect of fluoride on enamel and subclinical enamel carious lesions (Featherstone, Stookey, 

Kaminski, & Faller, 2011). For these reasons, the pH-cycling model based on that described by 

Featherstone et al. (2011) (Featherstone et al., 2011) were used in this study to determine, 1) the 

efficacy of SDF in preventing enamel caries lesion formation under pH cycling conditions in the 

presence or absence of twice-daily fluoride or placebo treatments, and 2) to evaluate staining and 

caries prevention of SDF+KI. 

We hypothesized that a) SDF is still effective in enamel caries prevention with twice-daily fluoride 

application, and b) applying KI after SDF application can mitigate dark staining and at the same 

time does not negatively affect the anti-caries ability of SDF. 

 

 

 

2. Materials and Methods  

2.1 Study Design 

The study was exempted from Institutional Review Board (IRB) supervision IRB #: NS0911-07. 

The flow chart of the study is shown in Fig. 1. One hundred and eighty polished human permanent 

enamel samples were allocated to five treatment groups after color and surface microhardness 

assessments: SDF, SDF+ Potassium iodide (KI), Silver nitrate (AgNO3), Potassium fluoride (KF), 

and deionized water. The study performed color assessment immediately after the treatment 

application. Enamel samples were then randomized into two pH-cycling groups: 1- pH-cycling 
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with fluoride intervention and 2- pH-cycling with placebo. Specimens were pH cycled for 7 days. 

All specimens were then evaluated for changes in color using a colorimeter, Vickers surface 

microhardness and utilizing transverse microradiography to measure integrated mineral loss and 

lesion depth. 

 

2.2 Specimen selection and preparation 

This experiment used one hundred and eighty sound extracted human permanent teeth (buccal 

and/or lingual surfaces of predominantly molars and premolars from dental clinics’ anonymous 

donations were used) with no wear, cracks, or defects. Each tooth was cut into 4×4 mm specimens, 

then ground and polished to create flat specimens, as previously descried (Sorkhdini et al., 2020). 

Nikon SMZ 1500 stereomicroscope at 20× magnification was used to check the enamel samples 

with a thickness range of 1.7–2.2 mm for flaws. The percentage of specimen losses during 

preparation was 30%, and no specimen was lost during the experimental procedure. The final 

samples were kept at 100% relative humidity at 4° C.  

 

2.3 Pretreatment assessment 

2.3.1 Sound enamel color assessment 

Changes in color were measured using a spectrophotometer, as described previously, using 

Minolta Chroma meter CR-241 (Minolta Camera Co., Osaka, Japan) with D65 light against a white 

background (Alshara, Lippert, Eckert, & Hara, 2014). Commision Internationale de l’Eclairage 

(CIE) L* values were recorded, and all measurements were repeated three times. 

 

2.3.2 Sound enamel surface microhardness (SMH) 

Specimens were evaluated for sound enamel surface microhardness utilizing a microhardness 

tester as described previously (2100 HT; Wilson Instruments, Norwood, MA, USA) (Sorkhdini et 

al., 2020). Image analysis software (Clemex CMT HD version 6.0.011, Clemex Technologies Inc., 

Longueuil, Quebec, Canada) was used to determine the indentation length of the SMHsound. 

Enamel samples which fulfilled the criteria of 300 ≤ SMHsound ≤ 400 were used in this study. 

 

2.3.3 Specimen stratification 
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Between treatment and study groups, one hundred and eighty enamel specimens were stratified 

into five treatment groups with 36 specimens per treatment group to ensure that there were no 

significant differences in SMHsound. 

 

2.4 Treatment groups 

Enamel samples were randomized into five treatment groups of 36 samples each: SDF, SDF+KI, 

AgNO3, KF and deionized water (placebo).  

• SDF: 38% SDF (Advantage Arrest, Elevate Oral Care LLC, Florida, USA) solution; 

nominally 253,900 ppm Ag; 44,800 ppm F (Advantage Arrest, Fl, USA) 

• SDF+KI: SDF application followed by supersaturated KI application (Potassium iodide 

39% w/v solution, 30315, Sigma–Aldrich, St. Louis, US) 

• AgNO3: silver control; 253,900 ppm Ag (Silver nitrate 31630, Sigma–Aldrich, St. Louis, 

USA)  

• KF: fluoride control; 44,800 ppm F (Potassium fluoride 60238, Sigma–Aldrich, St. Louis, 

USA) 

• Deionized water: negative control 

A micro applicator (Regular; Premium Plus International Ltd., Hong Kong, China) was used to 

apply SDF solution to the enamel surface. KI, KF, AgNO3 and deionized water were applied using 

a micro-brush (Premium Plus Regular Tip Micro A microbrush). For the SDF+KI group, after SDF 

application saturated KI solution was applied immediately until the creamy yellow solution turned 

clear (Zhao, Mei, Burrow, Lo, & Chu, 2017a). All solutions were left on the enamel surface 

undisturbed for 60 min. 

 

2.5 Post-treatment color assessment 

After the 60-minute treatment the reaction products were rubbed off using sterile cotton swabs. 

Immediately afterwards, change in color was assessed again as described above. L* was recorded 

for each sample and ΔL* calculated as follows: ΔL* = L*post – L*sound.  

 

2.6 pH-cycling 

Immediately after color measurements, 36 enamel specimens from each treatment group were 

allocated to two intervention groups to ensure no significant differences in SMH sound:  
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1- pH-cycling with fluoride intervention model: pH-cycling with fluoride solutions containing 275 

ppm fluoride. The fluoride concentration corresponds to the dilution (1:3) of dentifrices containing 

1100 ppm F in the oral cavity during toothbrushing. The fluoridated solution was prepared with 

NaF (Sodium fluoride, 97%, extra pure, 191270250, Acros Organics, New Jersey, USA) and 

deionized water.  

2- pH-cycling with placebo model: deionized water (i.e. fluoride-free placebo) as a control 

Eighteen blocks from each treatment group were submitted for five days of pH-cycling utilizing a 

protocol based on that by Featherstone et al. (2011) (Featherstone et al., 2011), followed by two 

days of storage in a remineralizing solution. The blocks were kept individually in a demineralizing 

solution (2.0 mM calcium, 2.0 mM phosphate, 0.030 ppm F, in 75 mM Acetic Acid, pH 4.3) for 3 

h and in a remineralizing solution (1.5 mM calcium, 0.9 mM phosphate, 150 mM of KCl, 0.050 

ppm F- in 20 mM cacodylic buffer, pH 7.4) for 21 h. Twice a day (before and after immersion in 

the demineralizing solution), the blocks were washed with deionized water and subjected to one-

minute immersion in fluoride or deionized water treatments. This cycle was repeated for five days 

and the enamel blocks then remained in the remineralizing solution for two days. All treatments 

were performed at a ratio of 10 ml of solution per specimen and all solutions were renewed prior 

to the start of each treatment. All specimens were washed with deionized water before and after 

each immersion in the solutions. The remineralization and demineralization were carried out in the 

incubator at 37ºC. After completion of the pH cycling phase, all specimens were rinsed with 

deionized water and stored at 100 % relative humidity at 4 °C. 

 

2.7 Post-intervention assessment 

2.7.1 Post-intervention color assessment 

Change in color was assessed on all samples after pH cycling as described above. L* was recorded 

for each sample and this variable was calculated: ΔL*intervention = L*intervention – L*sound. All the color 

assessment measurements were conducted three times, and the mean was reported.  

 

2.7.2 Surface microhardness change  

All samples underwent surface microhardness assessment as described above. On the right of the 

baseline indentations, a second set of four indentations was inserted on each sample, yielding 
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SMHpost. The percent change in surface microhardness for each sample was determined as 

follows: %SMHchange = 100 × (SMHsound - SMHpost)/SMHsound.  

 

2.8 Transverse Microradiography  

One section per samples, approximately 100 µm in thickness, was cut from the center of each 

sample and across the lesion window and sound enamel areas using a Silverstone-Taylor Hard 

Tissue Microtome (Scientific Fabrications Laboratories, USA) as described previously (Sorkhdini 

et al., 2020). ΔZ - integrated mineral loss (product of lesion depth and the mineral loss over that 

depth), L - lesion depth were documented for each sample section. 

 

2.9 Statistical Analysis 

The study had 80% power to detect a difference of 10% for %SMHchange, 15% for ΔZ, 27% for 

L and 15% for color changes (ΔL*), with an overall sample size of 18 samples per group. The 

calculations assumed two-sided tests performed at a 5% significance level for each type of 

comparison, with coefficients of variance estimated at 0.1 for %SMHchange, 0.15 for ΔZ, 0.27 for 

L and 0.15 for color changes (ΔL*). %SMHchange, ΔZ, L, and color changes were evaluated using 

two-way ANOVA to assess the efficacy of different types of treatments and models, as well as 

interactions between treatment types and models. All pair-wise comparisons from ANOVA 

analysis were produced using Fisher’s Protected Least Significant Differences to control the 

overall significance level at 5%. Analyses were completed using SAS version 9.4 (SAS Institute, 

Inc., Cary, NC). 

 

 

3. Results 

3.1 Microhardness 

The two-way interaction between treatment types and models was significant (p=0.01). The 

percent change in surface microhardness (%SMHchange) data for both pH-cycling with fluoride 

intervention and placebo model are shown in Fig. 2.  

In the pH-cycling with fluoride model there were no statistically significant differences between 

SDF and SDF+KI in preventing enamel demineralization (p=0.992). There were no statistically 

significant differences between SDF, SDF+KI and KF (p>0.8) and they were all more effective in 
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preventing demineralization than AgNO3 and deionized water (p<0.0001). There was no 

difference between AgNO3 and deionized water (p=0.91). 

In the pH-cycling with placebo model there were no statistically significant differences between 

SDF and SDF+KI in preventing enamel demineralization (p=0.4410). However, KF was more 

effective in preventing caries lesion formation than SDF and SDF+KI (p<0.00001). SDF, SDF+KI 

and KF were more effective in preventing demineralization than AgNO3 and deionized water 

(p<0.0001). There was no difference between AgNO3 and deionized water (p=0.6747). 

SDF, SDF+KI, AgNO3 and deionized water treatments resulted in significantly less 

demineralization with twice-daily fluoride applications than with placebo treatments (p<0.05). In 

the KF group there was no statistically significant difference between pH-cycling with fluoride 

and placebo models in preventing enamel demineralization (p=0.510). 

 

3.2 Transverse Microradiography 

The two-way interaction between treatment types and models was significant (p=0.001). The ΔZ 

data for both pH-cycling with fluoride and placebo models are shown in Fig. 3. In the pH-cycling 

with fluoride model there was no difference in ∆Z between treatment groups (all p>0.15). 

However, in the pH-cycling with placebo model there were statistically significant differences in 

∆Z between SDF, SDF+KI, and KF compared to AgNO3 and deionized water (all p<0.01). 

There were statistically significant differences between pH-cycling with fluoride and placebo 

models for the SDF+KI, AgNO3, and deionized water groups (p<0.0001). However, the diffrence 

between pH-cycling with fluoride and placebo models was not significant for the SDF and KF 

groups (both p>0.05). 

The two-way interaction between treatment types and models was not significant (p=0.096); 

however, both factors were (treatment types – p=0.002; models – p=0.001). The L data for both 

pH-cycling with fluoride and placebo models are shown in Fig. 4. In both pH-cycling with fluoride 

model there were statistically significant differences between SDF, SDF+KI, and KF compared to 

AgNO3 and deionized water (p<0.0001). There were statistically significant differences between 

pH-cycling with fluoride intervention and placebo models (p=0.001). 

No differences in mean lesion mineral distributions between study groups were noted (data not 

shown). 
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3.3 Color Assessment 

The two-way interaction between treatment types and models was significant (p=0.002). The ΔL* 

data for both pH-cycling models and all treatment groups are shown in Fig. 5. Irrespective of the 

pH cycling model and considering only color changes after treatment application, SDF and AgNO3 

groups presented significantly lower ΔL* values compared to SDF+KI, KF and deionized water 

between baseline and post-intervention (p<0.0001). Moreover, in SDF group ΔL* did not 

significantly change after pH-cycling intervention in both models (p<0.0001). In both pH-cycling 

models, ΔL* values from baseline to post-intervention shown SDF+KI groups had significantly 

higher ΔL* values than SDF alone (p<0.0001). In the pH-cycling with placebo model, the 

deionized water group demonstrated statistically significant increase in ΔL* compared to all other 

groups from baseline to post-intervention (p<0.0001).  

Twice-daily fluoride application in the pH-cycling with fluoride intervention did not affect the L* 

values compared to pH cycling with placebo in the SDF, SDF+KI and KF groups (p≥0.0535). In 

the AgNO3 and deionized water groups, pH-cycling with placebo significantly increased ΔL* 

values (p<0.0001). 

 

 

4. Discussion 

SDF has gained growing popularity in treating dentin caries. However, there is insufficient 

evidence about the caries preventive effect of SDF on enamel. To the authors’ knowledge, no 

experimental data about the ability of SDF in preventing enamel demineralization under pH-

cycling conditions in the presence or absence of twice-daily fluoride application exists. Therefore, 

this study is innovative because it is the first to examine the specific effect of SDF and SDF+KI 

as a caries preventative agent on sound enamel. 

The chosen pH-cycling model is based on the model by Featherstone et al. (2011) (Featherstone 

et al., 2011) which is a net demineralization model (Featherstone et al., 2011). This study mimicked 

in vivo caries formation in a high-risk patient as a professionally applied intervention was followed 

by twice-daily at-home application of over-the-counter fluoride toothpaste. This model was able 

to distinguish between SDF, SDF+KI and KF vs. AgNO3 and deionized water, highlighting 

longitudinal effects of the fluoride-containing interventions that persisted even after pH cycling. 
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The model was also sensitive enough to show the effect of twice-daily fluoride application during 

the pH cycling phase in addition to aforementioned intervention effects. 

The present findings suggest that SDF appears to offer an alternative approach in preventing 

primary coronal caries. Furthermore, KI application after SDF significantly improved the dark 

staining without affecting the inhibition of demineralization ability of SDF. These findings are 

highly consistent and strongly support our study hypotheses. 

Based on the findings of this study, SDF and SDF+KI are more effective in inhibiting 

demineralization and promoting remineralization than AgNO3 and deionized water (Fig. 2). 

Accordingly, application of KI after SDF did not affect the ability of SDF to prevent 

demineralization (Fig. 2). These results are in agreement with our previous work using a chemical 

model to induce demineralization on sound enamel (Sorkhdini et al., 2020) and a biofilm study 

employing dentin specimens (Knight et al., 2005).   

In both models, SDF, SDF+KI and KF were more effective in their ability to prevent 

demineralization and promote remineralization than AgNO3 and deionized water (Fig. 2). 

Moreover, there was no difference between SDF, SDF+KI and KF with twice daily fluoride 

treatments. Nevertheless, KF was superior in preventing demineralization and promoting 

remineralization than SDF and SDF+KI in pH-cycling with placebo. These results clearly indicate 

that the caries preventive effect of SDF in this model is a function of the fluoride content and not 

the silver component or any combination of the two. 

Mei et al. mentioned in their review article on dentin that the combination of silver and fluoride in 

an alkaline solution has a synergistic effect in arresting dentin caries as silver ions inhibit biofilm 

growth, whereas fluoride enhances mineral formation, which make SDF different from other 

fluoride agents (Mei et al., 2018). However, the role of silver and fluoride ions on the preventive 

effect of SDF on sound enamel, is still unclear. 

Fluoride, which is the other component of SDF, plays an important role in promoting 

remineralization and inhibiting enamel demineralization. Fluoride enhances the speed of enamel 

remineralization and slows down the enamel dissolution process. Fluoride has also been 

demonstrated to have anti-bacterial activity which may prevent production of acids by bacteria 

(Hu, Meyer, & Duggal, 2018; Mei, Zhao, Ito, Lo, & Chu, 2016). However, it is still not clear to 

what extent silver and fluoride ions in SDF display their mechanism of action when applied to 

enamel (Hu et al., 2018). 
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Based on the VHN results of both pH-cycling models, KF was equally or more effective than SDF. 

There are several hypotheses we consider as a rationale: 

1) Silver ions in SDF (loosely) bound to the enamel surface may act as a barrier for effective 

remineralization to occur. It is possible that residual silver ions after SDF application or silver ions 

released from bound silver compounds solubilized during phases of demineralization, which can 

reprecipitate again, did impair remineralization. This may have reduced the effectiveness of 

fluoride initially applied as part of the SDF intervention (Zhi, Lo, & Kwok, 2013). 

2) Secondly, This could be explained by the fact that silver ions seem to precipitate in the 

pellicle when applied to sound enamel surfaces, which would mean that most of the observed 

effects are due to the remineralizing action of the higher concentration of fluoride (Li et al., 2019). 

3) Thirdly, fluoride ions from SDF may be hampered from entering the sound enamel since 

there was no lesion to penetrate. As sound enamel has very low porosity and SDF has high 

reactivity with the enamel surface, the remineralizing effect of fluoride in SDF may have been 

decreased (Rosenblatt, Stamford, & Niederman, 2009). 

4)      Lastly, no cariogenic biofilms were included in the pH‐cycling models. Thus, the anti-

bacterial effect of silver was not considered in the present study. The transverse microradiography 

data (Figs. 3 and 4) largely mirrored the hardness data, although differences between treatment 

groups and models were less pronounced. This may be due to the lack of sensitivity of the 

transverse microradiography technique in precisely evaluating the mineral status of very early, 

shallow lesions, which agrees with a previous study (Sorkhdini et al., 2020). 

SDF has been proven to be a relatively safe topical agent from a pharmacokinetics perspective 

(Vasquez et al., 2012). However, the pronounced and permanent black staining of SDF is a 

significant aesthetic barrier which greatly impacts its adoption into everyday practice. Parents 

believe the dark staining on the tooth surface would result in harming psychosocial consequences 

to their child due to the judgments of other individuals (Crystal, Kreider, et al., 2019; Roberts et 

al.). Hence, diminishing the black staining caused by SDF would greatly enhance the opportunity 

for its universal use (Crystal, Kreider, et al., 2019; Garg, Sadr, & Chan, 2019). 

In this study, dark staining was observed on the enamel specimens treated with either SDF or 

AgNO3 (Fig. 5). These results were in agreement with studies on dentin (Zhi et al., 2013) and 

enamel (Sorkhdini et al., 2020). The extent of staining caused by SDF did not subside during the 
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pH cycling phase, suggesting that the stain is of a tenacious nature and resists repeated acid 

challenges.  

In both pH-cycling models, application of KI after SDF considerably reduced the discoloration 

caused by SDF (Fig. 5). This was in agreement with the outcomes of other studies performed on 

enamel and dentin (Gupta, Thomas, Radhakrishna, Srikant, & Ginjupalli, 2019; Zhao et al., 2019). 

Moreover, KI was able to permanently prevent staining in enamel caused by SDF-related in both 

pH-cycling models (Fig. 5).  

As KF group was strong anti caries treatment the pH-cycling did not affect the color of specimen 

and did not create white opacity lesion due to demineralization. We noticed an interesting result 

in both AgNO3 groups in that the staining persisted throughout the pH cycling phase in the 

fluoride-treated specimens but not in those treated with deionized water (Fig. 5). It is likely that 

the repeated fluoride application resulted in more persistent binding of silver ions, whereas in the 

absence of fluoride the daily acid challenge lead to continuous dissolution of enamel-bound silver. 

However, AgNO3 treatment per se did not affect demineralization as demonstrated using a 

different model previously (Sorkhdini et al., 2020; Zhao, Mei, Burrow, Lo, & Chu, 2017b; Zhi et 

al., 2013). This suggests different reaction products between SDF and enamel vs. AgNO3 and 

enamel which warrants further exploration. Lastly, in the pH-cycling with placebo model, the 

deionized water group demonstrated significantly more whiteness than all other groups after pH-

cycling intervention because of the formation of white opacity demineralization lesions (Fig. 5). 

Several limitations must be considered in the interpretation of the present results. The chosen pH 

cycling period was relatively short, and a longer duration may have been useful to predict 

potentially longitudinal effects of SDF in enamel caries prevention. A longer phase would have 

also allowed to evaluate the impact of a repeat SDF application as conducted clinically. (Crystal, 

Rabieh, Janal, Rasamimari, & Bromage, 2019). Undoubtedly, pH-cycling models have their own 

limitations. as they only partially replicate the complex clinical conditions of caries dynamics and 

natural oral environments (Zhao, Mei, Li, Lo, & Chu, 2017). It is inappropriate to compare it 

directly with the clinical situation. Similarly, it is difficult to compare with the biofilm models 

used to simulate cariogenic biofilm effects, as these are more complex than a simple, chemical pH-

cycling model. The major limitation with regards to chemical pH-cycling is the lack of bacteria 

and pellicle which are naturally present in the oral environment. For example, acid diffusion is 

completely altered by the gradient that is caused by an extracellular biofilm matrix, which also 
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controls ion exchange between the enamel surface and the external environment. Ultimately, the 

pH-cycling model is simplistic. 

Our results warrant further longitudinal investigation with bacterial pH-cycling models comprising 

biofilm development to simulate a natural process occurring in the oral cavity to better understand 

the efficacy of SDF compared to SDF+KI and its individual components.    

Under the conditions of this study, SDF appears to be an effective topical agent in the prevention 

of enamel caries with the mode of action being effective delivery of high concentrations of fluoride 

ion to the sound enamel surface. While KI helped prevent dark staining caused by SDF, KI did not 

impair SDF’s ability to prevent chemical demineralization. Further clinical research is required to 

confirm the caries preventive ability of SDF and SDF+KI on enamel.  
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Figure legends 

Fig. 1.  Schematic of the experimental procedures. 

 

Fig. 2. %SMHchange data (mean ± standard deviation) as a function of intervention after pH 

cycling with twice-daily fluoride (black bars) or placebo (gray bars) treatments. Different letters 

highlight statistically significant differences between treatment groups and within each model. 

Asterisks highlight statistically significant differences within treatment groups between models. 

 

Fig. 3. Integrated mineral loss data (ΔZ; mean ± standard deviation) as a function of intervention 

after pH cycling with twice-daily fluoride (black bars) or placebo (gray bars) treatments. Different 

letters highlight statistically significant differences between treatment groups and within each 

model. Asterisks highlight statistically significant differences within treatment groups between 

models. 
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Fig. 4. Lesion Depth (L; mean ± standard deviation) data as a function of intervention after pH 

cycling with twice-daily fluoride (black bars) or placebo (gray bars) treatments. Different letters 

highlight statistically significant differences between treatment groups. 

 

Fig. 5. Color change (∆L*; mean ± standard deviation) data for both models and all treatment 

groups. Different letters highlight statistically significant differences between treatment groups 

and within each model. Asterisks highlight statistically significant differences within treatment 

groups between models.  

 

Fig. 6. Color changes between treatment groups 

 

 

 














	Sorkhdini_2021_effect.pdf
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6

