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Abstract 

Background and Aim: Silver diamine fluoride (SDF) is effective for 

arresting dental caries. However, its application results in dark tooth 

discoloration, raising concerns among pediatric patients and their 

parents. This study assessed the effects of potassium iodide (KI) plus 

hydrogen peroxide (H2O2), H2O2, and Tooth Stain Remover (TSR) on 

SDF-induced discoloration of artificially demineralized permanent 

enamel.    

Materials and Methods: In this in vitro study, the buccal surface 

enamel of 33 sound premolars was artificially demineralized and 

exposed to 38% SDF. The specimens were then randomly assigned to 

3 groups of (I) KI + H2O2 (application of water-soluble KI followed by 

35% H2O2 on the discolored surface for 3 minutes), (II) H2O2 

(application of 35% H2O2 for three 20-minute cycles), and (III) TSR 

(application of TSR for 3 minutes on the discolored surface). The color 

parameters were measured at baseline, 1 week after the application of 

SDF, and 1 week after the application of the abovementioned bleaching 

agents by a spectrophotometer. Data were analyzed by ANOVA and 

Tukey test (alpha=0.05).    

Results: SDF caused significant color change (ΔE) of demineralized 

enamel in all groups (ΔE=36-40), with no significant difference among 

the study groups (P=0.361). Application of all bleaching agents 

significantly resolved the dark discoloration in all groups, but KI + H2O2 

was significantly more effective than H2O2 and TSR (P<0.001). TSR was 

the least effective (P<0.001). 

Conclusion: Within the study limitations, the results showed optimal 

efficacy of KI + H2O2 for correction of 38% SDF-induced discoloration 

in artificially demineralized permanent enamel.  

Keywords: Dental Caries; Hydrogen Peroxide; Potassium Iodide; 

Silver Diamine Fluoride; Spectrophotometry  
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Introduction 

Correction of dark discoloration of teeth 

caused by the application of silver diamine 

fluoride (SDF) is a challenge in minimally 

invasive dentistry. Minimally invasive dental 

procedures are ideal for patients with special 
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needs or those with poor cooperation, since they 

enable caries cessation without the conventional 

restorative procedures. Application of SDF gained 

increasing popularity in dentistry after its 

approval by the American Food and Drug 

Administration in August 2014 [1]. SDF can 

remineralize the demineralized tooth structure 

and stop caries progression by the formation of 

silver phosphate and calcium fluoride deposits, 

and impairing the mechanism of action of 

cariogenic microorganisms [2]. Also, SDF can be 

used for treatment of dentin hypersensitivity [3]. 

However, its application results in permanent 

black discoloration of porous tooth structure and 

particularly incipient enamel lesions, which 

limits its clinical application due to esthetic 

concerns [4].  

Application of potassium iodide (KI) is a 

suggested strategy to resolve the dark 

discoloration caused by the application of SDF, 

which results in formation of silver iodide (AgI) 

white deposits [5]. However, simultaneous 

application of SDF and KI decreases the free silver 

ions, and may significantly compromise the 

advantages of SDF in the long term [6]. Bleaching 

agents containing hydrogen peroxide (H2O2) 

improve tooth appearance by intrinsic color 

change of teeth. The bleaching effect of H2O2 on 

discoloration caused by SDF has been scarcely 

evaluated [7]. Nonetheless, it has been 

demonstrated that H2O2 can successfully correct 

intrinsic and extrinsic discolorations [8]. 

Addition of H2O2 to KI results in release of 

significant amounts of oxygen [9]. For persistent 

discolorations, tooth surface micro-abrasion by 

using 18% hydrochloric acid and pumice paste is 

recommended. This technique causes erosion 

and abrasion of the surface [10]. Tooth Stain 

Remover (TSR) is a solution containing 3% 

hydrochloric acid, which does not have the 

corrosiveness of micro-abrasion. The 

manufacturer claims that it eliminates tooth 

stains and corrects discolorations quickly 

without requiring pumice paste.  

The effects of KI, H2O2, and hydrochloric acid 

on dark discolorations of permanent teeth and 

the durability of treatment over time have not 

been previously investigated. Thus, this study 

aimed to assess the effects of KI plus H2O2, H2O2, 

and TSR on SDF-induced discoloration of 

artificially demineralized permanent enamel. 

 

Materials and Methods 

This in vitro, experimental study was 

conducted on 33 permanent maxillary and 

mandibular premolar teeth extracted within the 

past 3 months for orthodontic purposes. The 

study protocol was approved by the ethics 

committee of the university 

(IR.IAU.DENTAL.REC.1401.139). 

Premolars with no caries, cracks, hypoplasia, 

and discoloration [11-13] that had been extracted 

for orthodontic purposes within the past 3 

months [14-16] were collected. 

The sample size was calculated to be 11 in 

each of the 3 groups according to a study by 

Rafiee et al, [17] using one-way ANOVA analysis 

of PASS 11, assuming α=0.05, β=0.2, and standard 

deviation of color change (∆E)=0.2.  

The collected teeth were inspected under a 

stereomicroscope (SZ240; Olympus, Tokyo, 

Japan) at x10 magnification to ensure their 

soundness and meet the eligibility criteria. The 

teeth were immersed in 0.5% chloramine T 

solution at room temperature for 7 days, and 

were then stored in distilled water at 4°C until the 

experiment [13-17]. The roots were then cut at 1 

mm below the cementoenamel junction, and the 

crowns were split mesiodistally into buccal and 

lingual halves (Figure 1A). A window measuring 

4 x 4 mm was created on the buccal surface of 

tooth crowns, and the entire buccal surface, 

except for the window, was coated with two 

layers of a colorless nail varnish (Nancy, Iran) 

[18]. The specimens were subsequently   

mounted in acrylic resin (Technovit 4000;  

Kulzer, Germany) such that their buccal        
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surface remained exposed parallel to the mold 

surface [19].  

The specimens were demineralized in a 

demineralizing solution composed of 2.2 mM 

KH2PO4, 2.2 mM CaCl2, and 50 mM acetate at a pH 

of 4.4 at 25°C for 4 days [11]. After 

demineralization, the specimens were rinsed 

with distilled water and dried. A microbrush was 

then used to apply 38% SDF (Advantage Arrest; 

Elevate Oral care, LLC, USA) on the created 

window on the buccal surface for 1 minute. The 

solution was reapplied several times within the 

first 30 seconds. Excess material was removed 

with a cotton pellet. The specimens were stored 

again in double-distilled water at room 

temperature for one week [20] (Figure 1B).  

The teeth were first coded, and were then 

randomly assigned to 3 groups (n=11) of KI+ H2O2, 

H2O2, and TSR, using the Rand feature of            

Excel software.  

KI + H2O2 group: 1.6 g of KI powder (Merck, 

Germany) was mixed with 0.5 mL of distilled 

water to obtain a paste-like consistency. The 

paste was applied on the discolored tooth, and 

35% H2O2 (Whiteness HP; FGM, Joinville, SC, 

Brazil) with a pH of 6.0-8.5 was immediately 

added to it. After 5 minutes, it was rinsed with 

distilled water for 1 minute (according to the 

pilot study).  

H2O2 group: 35% H2O2 was applied on the 

specimen surface with 0.5 to 1 mm thickness. 

After 20 minutes, the bleaching gel was gently 

removed by a cotton pellet. This process was 

repeated for 2 more times within the same 

session (a total of 60 minutes of treatment as 

instructed by the manufacturer). After the third 

round of bleaching, each specimen was rinsed 

with deionized water for 1 minute [7].  

TSR: 3% HCl (Kemdent, UK) was applied on 

the specimen surface with a microbrush for 3 

minutes, and was then rinsed with distilled water 

for 1 minute (according to the pilot study). 

Prior to final color assessment, the specimens 

were immersed in double-distilled water at room 

temperature for one week [20, 21].  

The color of the specimens was measured at 

baseline without any interventions, one week 

after the application of SDF, and one week after 

the application of bleaching agents at 26°C 

(Figure 1C, D, E). The examiner was blinded to the 

group allocation of the specimens. As instructed 

by the manufacturer, a piece of non-fluorescent 

Leneta paper was used in the background. The 

specimens were fixed on a jig, and a 

homogeneous light source (tungsten) illuminated 

the surface at a 45-degree angle relative to the 

longitudinal tooth axis. The spectrophotometer 

(CS-2000; Konica Minolta, Japan) was adjusted at 

zero-degree angle relative to the longitudinal axis 

at 70 cm distance with 0.1-degree viewing angle, 

creating a circle with 1.2 mm diameter at the 

center of the specimens. The spectrophotometer 

was calibrated prior to each measurement, and 

the color of each specimen was measured at the 

center of the middle third of the tooth surface at 

three points. The mean of the three values was 

calculated and reported.  

The color parameters were measured under 

D65 viewing conditions of CS-S10W software 

according to the CIEL*a*b* color space. The L*, a*, 

and b* color parameters were recorded. L* 

indicates lightness and ranges from 0 (dark) to 

100 (light); a* indicates redness-greenness, and 

b* indicates yellowness-blueness. ∆E of each 

specimen was calculated quantitatively using the 

following formula [22]: 

 

∆E = [(L1-L2)2 + (a1-a2)2 + (b1-b2)2]1/2  

 

Data were analyzed using SPSS version 26 

(SPSS Inc., IL, USA). Normal distribution of data 

was confirmed by the Shapiro-Wilk test 

(P=0.187). Thus, comparisons were made by one-

way ANOVA and Tukey HSD test at 0.05 level of 

significance. 
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Figure 1. Mesiodistally sectioned crown mounted in acrylic 

resin (A), one week after the application of SDF (B), one 

week after the application of KI + H2O2 (C), one week after 

the application of H2O2 (D), one week after the application of 

TSR (E) 

 

Results 

∆E after the application of SDF compared with 

baseline: 

The mean ∆L, ∆a, ∆b, and ∆E values after the 

application of SDF compared with baseline in the 

three groups are presented in Table 1. One-way 

ANOVA revealed no significant difference in any 

parameter among the three groups [P>0.05].  

∆E after the application of bleaching agents 

compared with baseline: 

The mean ∆L, ∆a, ∆b, and ∆E values after the 

application of bleaching agents compared with 

baseline in the three groups are presented in 

Table 2. As shown, the lowest ∆L was recorded in 

the TSR group followed by the H2O2 group. The 

lowest ∆E belonged to the KI + H2O2 group, 

followed by the H2O2 group. One-way ANOVA 

revealed a significant difference in the mean ∆L 

(P=0.002), ∆a (P<0.001), ∆b (P=0.003), and ∆E 

(P<0.001) among the three groups. Pairwise 

comparisons by the Tukey HSD test indicated the 

following results: 

∆L: The mean ∆L in the TSR group was 

significantly lower than that in the KI + H2O2 

group (P=0.002) but had no significant difference 

with ∆L in the H2O2 group (P=0.273). The 

difference in this parameter was not significant 

between KI + H2O2 and H2O2 groups (P=0.077). 

∆a: The mean ∆a in the KI + H2O2 group was 

significantly lower than that in the H2O2 and TSR 

groups (P<0.001). The mean ∆a in the H2O2 group 

was lower than that in the TSR group (P<0.001). 

∆b: The mean ∆b in the TSR group was 

significantly lower than that in the KI + H2O2 

group (P=0.003). The difference between the TSR 

and H2O2 groups was not significant (P=0.684). 

The mean ∆b in the H2O2 group was lower than 

that in the KI + H2O2 group (P=0.023).  

∆E: The mean ∆E in the KI + H2O2 group was 

significantly lower than that in the H2O2 

(P=0.001) and TSR (P<0.001) groups. The mean 

∆E in the H2O2 group was significantly lower than 

that in the TSR group (P<0.001).  

∆E after the application of bleaching agents 

compared with after the application of SDF: 

As shown in Table 3, the lowest ∆L was 

recorded in the TSR group, followed by the H2O2 

group. The lowest ∆E belonged to the TSR group, 

followed by the H2O2 group. The difference in ∆L 

(P<0.001), ∆a (P<0.001), ∆b (P=0.003), and ∆E 

(P<0.001) was significant among the three 

groups as shown by one-way ANOVA. Pairwise 

comparisons by the Tukey HSD test indicated the 

following results: 

∆L: The mean ∆L in the TSR group was 

significantly lower than that in the KI + H2O2 

(P<0.001) and H2O2 (P=0.007) groups. The mean 

∆L in the H2O2 group was significantly lower than 

that in the KI + H2O2 group (P<0.001). 

∆a: The mean ∆a in the KI + H2O2 group was 

significantly lower than that in the H2O2 and TSR 

groups (P<0.001). The mean ∆a in the H2O2 group 

had no significant difference with ∆a in the TSR 

group (P=0.062).  

∆b: The mean ∆b in the TSR group was 

significantly lower than that in the KI + H2O2 

group (P=0.005). The difference between the TSR 

and H2O2 groups was not significant (P=0.918). 

The mean ∆b in the H2O2 group was significantly 

lower than that in the KI + H2O2 group (P=0.014). 

A 

C D E 
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∆E: The mean ∆E in the TSR group was 

significantly lower than that in the KI + H2O2 

group (P<0.001). The difference between the TSR 

and H2O2 groups was not significant (P=0.119). 

The mean ∆E in the H2O2 group was significantly 

lower than that in the KI + H2O2 group (P<0.001). 

 

Table 1. Mean ∆L, ∆a, ∆b, and  ∆E values after the application of SDF compared to baseline in the three groups (n=11) 

 

Parameter Group Mean± std. deviation Minimum Maximum P value* 

ΔL 

H2O2 -35.54±6.85 -45.72 -25.11 

0.487 KI+H2O2 -39.84±5.62 -47.98 -31.30 

TSR -33.42±20.00 -49.04 -24.73 

Δa 

H2O2 1.85±1.65 -0.28 4.52 

0.911 KI+ H2O2 1.99±2.08 -2.56 4.18 

TSR 2.22±2.21 -3.03 5.13 

Δb  

H2O2 -0.13±7.34 -9.49 11.23 

0.808 KI+ H2O2 -1.87±5.86 -11.27 7.17 

TSR -1.04±5.18 -8.36 6.35 

ΔE  

H2O2 36.36±6.51 26.84 45.93 

0.361 KI+H2O2 40.34±5.83 31.42 49.29 

TSR 38.37±6.89 25.37 49.10 

 

*One-way ANOVA 

 

Table 2. Mean ∆L,  ∆a, ∆b, and ∆E values after the application of bleaching agents compared to baseline in the three groups 

(n=11) 

 

Parameter Group Mean± std. deviation Minimum Maximum P value* 

ΔL 

H2O2 -12.97±9.06 -36.14 -4.49 

0.002* KI+H2O2 0.67±4.22 -7.69 8.43 

TSR -22.44±22.34 -38.57 43.50 

Δa 

H2O2 -0.05±1.27 -1.91 2.33 

<0.001* KI+H2O2 -4.82±1.20 -7.70 -3.48 

TSR 2.21±1.13 0.48 4.01 

Δb  

H2O2 -9.77±3.77 -17.05 -3.81 

0.003* KI+H2O2 -2.95±3.87 -9.32 2.13 

TSR -11.81±8.27 -19.39 4.40 

ΔE  

H2O2 17.29±7.69 10.48 37.53 

<0.001* KI+H2O2 7.48±2.87 3.75 13.18 

TSR 33.68±5.82 24.96 43.81 

 

*One-way ANOVA 
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Table 3. Mean ∆L, ∆a, ∆b, and ∆E values after the application of bleaching agents compared with after the application of SDF 

in the three groups (n=11) 

 

Parameter Group Mean± std. deviation Minimum Maximum P value* 

ΔL 

H2O2 22.57±9.41 8.94 35.91 

<0.001 KI+H2O2 40.51±5.81 32.98 49.32 

TSR 10.98±9.04 -8.55 22.97 

Δa 

H2O2 -1.90±2.06 -4.61 2.48 

<0.001 KI+H2O2 -6.81±1.59 -8.78 -3.84 

TSR -0.01±1.96 -3.71 3.51 

Δb  

H2O2 -9.64±5.32 -18.59 -3.89 

0.003 KI+H2O2 -1.08±5.64 -9.88 8.48 

TSR -10.77±8.61 -23.97 6.87 

ΔE  

H2O2 25.11±9.70 9.80 38.37 

<0.001 KI+H2O2 41.50±5.55 33.63 49.68 

TSR 18.93±5.06 13.04 28.23 

 

*One-way ANOVA 

 

Discussion  

This study assessed the effects of KI plus H2O2, 

H2O2, and TSR on SDF-induced discoloration of 

artificially demineralized permanent enamel. A 

spectrophotometer, as an ISO-approved gold 

standard, was used for color assessment in the 

present study [23,24]. ∆E below 3.3 is not often 

detected by the untrained eye [25, 26], and ∆E 

values up to 6.8 are considered clinically 

acceptable [11]. In the present study, 38% SDF 

was used since evidence shows that it can 

effectively stop caries progression in primary and 

permanent teeth [27,28]. One drop of SDF 

contains 9.5 mg SDF, which is 50 times lower than 

the toxic dose of fluoride, and 400 times lower 

than the toxic dose of silver [29]. The present 

results indicated that application of SDF on 

demineralized enamel caused a significant dark 

discoloration in all groups, with no significant 

difference among the three groups. Zhao et al. 

[11] measured the depth of enamel 

demineralization to be 70-100 µm at 4 days after 

immersion in an artificial cariogenic solution at 

25°C. The penetration depth of SDF in permanent 

teeth is 25 to 200 µm [17]. Evidence shows that 

38% SDF with a pH of 10 contains silver (24.4%-

28.8% w/v) and fluoride (5.0%-5.9%) ions, and 

penetrates into the porous tooth structure and 

forms silver phosphate (Ag3PO4), calcium fluoride 

(CaF2), and fluorapatite [Ca10(PO4)6F2] [17,30]. 

Discoloration by SDF occurs as a result of 

oxidation of silver ions to metal silver and silver 

oxide, and deposition of silver proteins and silver 

phosphate complexes on the tooth structure [31]. 

Ag3PO4 is light yellow in color, which becomes 

dark following exposure to sunlight and air [32].  

The present results indicated significant 

resolution of discoloration in all groups with KI + 

H2O2 resulting in significantly superior color 

correction than H2O2 and TSR. Also, KI + H2O2 was 

significantly more effective than H2O2 and TSR in 

regaining the baseline color. Although the ΔE in 

the KI + H2O2 group was > 3.3, it was close to the 

clinically acceptable threshold [11]. KI includes 
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76% iodine and 23% potassium, and forms a 

white crystalline, and transparent salt. KI is 

sensitive to light, has hygroscopic properties, and 

is highly water-soluble. Application of KI along 

with SDF results in formation of silver iodide 

(AgI), which is yellow and insoluble, and prevents 

dark discoloration to some extent. The results 

regarding the efficacy of SDF along with KI for 

caries cessation are controversial. A previous 

study showed that KI decreased the cariostatic 

effect of SDF by reducing the number of silver 

ions [32]. Application of KI immediately after SDF 

acceptably decreased the formation of black 

stains, compared with the application of SDF 

alone in some previous studies [20, 33]. However, 

long-term assessments (12, 24 or 30 months) 

revealed that KI was not effective for color 

correction, and the tooth color became darker 

over time [34].  

In the present study, water-soluble KI was 

used along with 35% H2O2 for only 5 minutes. 

Demineralized enamel becomes dark after 

exposure to SDF due to the formation of Ag2O and 

Ag3PO4. H2O2 in combination with KI solution 

generates oxygen gas, which forms bubbles. Also, 

this reaction leads to formation of I2, which 

causes a brownish discoloration. Ag2O and 

Ag3PO4 break down in presence of oxygen ions, 

and form white silver iodide following reaction 

with I2, creating a color shift in tooth structure 

from black to white. The reactions may be 

explained as follows: 

At first, KI serves as a catalyst and                      

does not participate in the reaction. 

2H2O2+KI=>O2+2H2O+KI.  

When KI is subjected to oxidizing conditions in 

presence of H2O2, the following reaction occurs:  

2 KI+H2O2 → 2 KOH+I2    

Next, at a pH<7, and following the breakdown 

of H2O2, the following reaction occurs: 

Ag2O+2I- → 2 AgI+H2O, which is almost non-

reversible [35]. 

The present results revealed that 35% H2O2 

corrected the discoloration caused by 

penetration of silver ions into enamel porosities 

after demineralization; however, this effect was 

significantly lower than that of KI + H2O2. Studies 

on the bleaching effect of H2O2 on SDF-induced 

discolorations are limited [7, 17]. Al-Angari et al. 

[7] evaluated the effects of 40% H2O2 and 15% 

carbamide peroxide (CP) for color correction of 

discolorations due to metallic and non-metallic 

stains. They reported that metallic stains caused 

darker discolorations than non-metallic stains 

and were significantly more resistant to 

bleaching. They showed that home bleaching 

with 15% CP had superior bleaching effects on 

metallic stains than 40% H2O2. However, the 

teeth treated with CP had lower resistance to acid 

attacks due to long-term exposure to peroxide, 

and were at higher risk of demineralization. 

Peroxides have higher capacity for oxidation of 

organic chromogens present in non-metallic 

stains, while metallic compounds such as silver 

compounds are not easily degraded by oxidation 

[7, 36]. Rafiee et al. [17] demonstrated that 

application of 10% CP for 2 to 3 weeks on 

demineralized primary teeth discolored by SDF 

resolved their discoloration. However, they only 

assessed the ΔE between the bleaching stage and 

SDF, and did not assess the post-

bleaching/baseline ΔE. Thus, it was not clarified 

that to what extent bleaching regained the 

baseline color.  

The present results indicated that TSR had a 

significantly lower efficacy than H2O2 and KI + 

H2O2 for correction of discoloration caused by 

SDF. TSR contains 3% hydrochloric acid and is 

effective on dark and particularly black dental 

stains. Search of the literature by the authors 

yielded no study on the application of TSR. 

However, a pilot study was conducted before the 

main study, which showed that application of TSR 

for 5 minutes was effective for correction of SDF 

black stains. The present results showed that TSR 
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application caused significant correlation of SDF 

discoloration. However, it could not regain the 

baseline color. Hydrochloric acid is a transparent, 

colorless solution with a strong odor that is 

prepared by addition of hydrogen chloride (HCl) 

to water. It is a strong corrosive acid with a pH of 

0 to 2. It appears that the acidic and corrosive 

effect of hydrochloric acid eliminates the 

superficial layer, resulting in acid penetration by 

60 µm, and subsequent color correction [37]. In 

summary, the current result indicated that KI + 

H2O2, with a significant improvement in color and 

the lowest ΔE, showed a significant difference in 

all three indices of Δa, Δb, and ΔL compared to 

H2O2 and TSR. 

Previously, it was assumed that the 

discoloration caused by SDF is constant and 

permanent [5].  The present study was the first to 

report the application of KI in addition to H2O2 

and showed its optimal efficacy for correction of 

SDF-induced discolorations and almost restoring 

the baseline color, which was a major strength of 

the present study. Future studies are required to 

assess the effect of this combination on mineral 

content of enamel and its resistance to 

demineralization. 

This study had some limitations as well. The in 

vitro design limits the generalizability of the 

findings. Also, the possible effect of heat 

generated from the reaction of KI with H2O2 on 

dental pulp is still unknown. Furthermore, this 

reaction generates high amounts of oxygen, 

which may affect the pulp or cause 

hypersensitivity, and needs to be further 

investigated. Moreover, future studies should 

better simulate the clinical setting by 

thermocycling to obtain more reliable results. 

 

Conclusion 

Within the limitations of this in vitro study, the 

results showed optimal efficacy of KI + H2O2 for 

correction of discoloration caused by SDF in 

artificially demineralized permanent enamel. 

H2O2 was less effective than KI+H2O2, and more 

effective than TSR for this purpose. 
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