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Introduction
Beyond our borders, early childhood caries is a global 

pandemic for children between ages of 6 and 12. For instance, in 
Mexico, 90% of children have caries; in the Philippines 92% of 
children are affected. Dentists treat dental caries with the “drill 
and fill” technique [4]. This surgical model requires the skill and 
equipment of a dentist in an operatory. Underserved areas where 
dentists and equipment are not available leave many children 
and adults without proper care for caries.

Until recently, no other treatment of dental caries has 
been available in the US besides preparation and restoration. 
Silver diamine fluoride (SDF) treatment offers an alternative 
caries paradigm. SDF is a colorless liquid agent with a pH of 10 
containing 24.4% to 28.8% (weight/volume) silver and 5.0 to  
5.9% fluoride [5]. SDF is indicated for desensitization; however,  

 
SDF has off-label uses for reducing bacteria and arresting caries. 
Its anti-caries effect has been shown to be more effective than 
fluoride varnish [6], and can be used as a diagnostic indicator. 
Carious lesions treated with SDF increase in mineral density 
and hardness, and decrease in size [7]. SDF can be used in the 
demographics that suffer from the highest rates of tooth decay: 
children, bed-bound patients, people with mental disabilities, 
post-radiation and chemotherapy patients with xerostomia, and 
members of the community in very low socioeconomic situations. 
The low cost of SDF treatment and ease of the application make 
this a treatment option in dental offices and community dental 
health projects. Arresting active caries is a valuable service, 
which dental auxiliaries can be trained to perform. SDF can also 
be used in modern dentistry as a preventive treatment once or 
twice a year [8].

Abstract

Introduction: Silver diamine fluoride (SDF) is increasingly recognized as a cost-effective, easy-to-use alternative to reduce sensitivity 
and arrest caries. However, SDF causes black staining of caries. Potassium iodide (KI) treatment with SDF may decrease or lessen the staining. 
However, the effectiveness of KI on staining has not been investigated. This study examined SDF/KI with various restorative materials, on 
carious and sound tooth structure. 

Methods: Ten groups of teeth were treated to evaluate the effect of KI and SDF treatment. Visual examination and color measurements 
were used to evaluate color changes among the groups.

Results: All groups with KI treatment showed minimal to no staining after four weeks. Groups that underwent SDF treatment alone were 
noticeably darker (ΔL) compared with groups that had KI treatment. The staining varied among the groups of restorative materials; however, 
all of the teeth that received the KI treatment were lighter than teeth that only received the SDF treatment.

Conclusion: Treatment with SDF followed by KI had little to no darkening, compared to SDF treatment, when used with glass ionomer 
(self-cure), resin modified glass ionomer, composite, or no restorative on carious and sound teeth. 

Practical implications: Silver diamine fluoride treatment followed by application of a saturated solution of potassium iodide markedly 
reduced staining compared to silver diamine fluoride alone, with or without common restorative materials. 

Background: Adults’ are poorly informed on how to care for children’s teeth, according to a national survey conducted for the Children’s 
Dental Health Project (CDHP) [1]. Key findings include that 2 out of 5 US adults believe they cannot prevent their child from developing caries, 
and few know when children should begin brushing or proper brushing techniques. Dental caries is the most common chronic childhood 
disease; five times more common than asthma, four times more common than childhood obesity, and twenty times more common than 
diabetes [2]. Forty two percent of US children between ages 2 and 11 have had dental caries in their primary teeth [3]. 
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SDF is effective at arresting existing caries in the primary 
teeth of children, especially toddlers and children with behavioral 
issues [9]. In children, SDF applied annually is more effective at 
remineralizing teeth and preventing caries than fluoride varnish 
when applied every three months [10]. Similar results were seen 
in elderly patients, for caries prevention and arrest in root and 
occlusal surface caries, when applied annually [11]. Geriatric 
patients can be treated bedside using SDF for “drill-free bedside 
dentistry”. While these techniques are not widely practiced 
in the US, SDF can be directly applied to tooth preparations 
before a restorative material is placed. Using SDF allows a more 
conservative tooth preparation to be made because the SDF has 
been shown to effectively arrest remaining decay, remineralize 
and harden leathery dentin [12]. 

Potassium iodide (KI) is widely used as a nutritional 
supplement. Supersaturated solutions of KI [13] have been 
tested as a second step after SDF treatment. The effectiveness of 
SDF in arresting caries was not affected, or minimally affected, 
by the application of KI. However, other research found that KI 
reduced the anti-caries effects of SDF by reducing the number 
of silver ions [14]. Caries arrest depends on the number of SDF 
applications to the affected lesion; reapplication of SDF after one 
year may be beneficial. Systematic reviews show that the best 
results for inhibiting caries is to reapply SDF to an affected area 
every 6 months for a period of 2 to 3 years [15]. 

The mechanism of how SDF arrests caries is not completely 
known; however, silver salts and silver ions are known to be 
antimicrobial [16]. Current research shows that silver ions 
inhibit the biofilm formation by inactivating and interfering 
with the bacterial synthesis of cellular polysaccharides. The 
silver interferes with the glycosyltransferase enzymes that 
synthesize glucan, which is the majority of the biofilm [17]. The 
glucan creates the adhesion of biofilm and resists microbial 
treatment [18]. The fluoride ions in SDF also contribute to its 
effectiveness. Fluoride is considered the gold standard for 
tooth remineralization since the 1980s. Fluoride inhibits acid 
demineralization by substituting in the enamel and dentin’s 
apatite crystals, enhances remineralization, and inhibits the 
carbohydrate metabolism of acidogenic oral bacteria [19].

SDF is relatively new in the US but it has been used in other 
countries for over 80 years. One drop (25μL) of SDF contains 
9.5mg silver diamine fluoride, enough to treat five teeth. Teeth 
should be treated no more than 3 weeks in a row and no more 
than every 6 months to meet the silver exposure guidelines set 
by the EPA [20]. No adverse incidents have been reported in 
Japan [21]. In an 18-month study in Hong Kong, 304 children 
with 1,670 tooth surfaces with dentin caries were treated with 
SDF or NaF varnish. None of the children who underwent the 
SDF treatment experienced adverse effects on the treated lesion 
or soft tissues [22]. In a review of nine randomized clinical trials 
with 1,493 children and elders, only 3 patients experienced 
“a small, mildly painful white lesion in the mucosa, which 
disappeared at 48 hours without treatment.”

The major drawback to SDF treatment has been its black 
stain, which has limited its use. To counter the staining, 
researchers have tested SDF treatment immediately followed 
with a saturated solution of potassium iodide (10% weight % KI) 
followed by glass ionomer cement [23]. The bonding strength 
of glass ionomer (GI) restorative to dentin was not affected by 
the treatment with SDF/KI, if the precipitates were adequately 
rinsed away before application of the GI[13]. If the precipitate 
is not washed away, the bonding strength was significantly 
lowered. In another study, the pretreatment of dentine with SDF 
and KI minimized nanoleakage at the resin-dentin interface, 
assessed with a transmission electron microscope, without 
reducing the bond strength for either an etch and rinse or self-
etch bonding system [24].

Materials
Advantage Arrest™ SDF liquid (Elevate Oral Care, LLC, 

West Palm Beach, FL) was used which had been cleared by the 
FDA in 2014 for tooth desensitization. A saturated solution of 
potassium iodide (Upsher-Smith, Maple Grove, MN) known as 
Lugol’s solution was purchased at an independent pharmacy. 
The KI solution is used medically as an expectorant, thyroid 
treatments, and in radiation emergencies. The KI solution was 
a colorless liquid agent containing 1g KI per milliliter of water 
(10% by weight). The restorative materials are described in the 
Methods.

Table 1: Treatment Groups.

Group Preparation Restorative SDF KI

A.                    Class I 
Restoration composite X X

B.                    Class I 
Restoration composite X

Control Class I 
Restoration composite

C.                    Existing Caries none X X

D.                   Existing Caries none X

Control Existing Caries none

E.                    Caries-free none X X

F.                    Caries-free none X

Control Caries-free none

G.                    Class I 
Restoration RMGI X X

H.                   Class I 
Restoration RMGI X

Control Class I 
restoration RMGI

I.                      Class I 
Restoration GI X X

J.                      Class I 
Restoration GI X

Control Class I 
restoration GI
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Methods

Forty-five extracted human molars were donated from 
private dental practices with no knowledge of personally 
identifiable information as per HIPAA standards. The teeth 
had been extracted as part of routine care outside of the 
institution. IRB exemption (protocol 24-152) was obtained 
through Lake Erie College of Osteopathic Medicine at Seton 
Hill. The teeth were immediately soaked in 3% bleach 
solution 12 months prior to the start of the experiment. 
Before testing, the molars were removed from the bleach 
solution and washed with water to remove any solutes. 
The individual teeth were mounted in Whipmix ISO type 3 
mounting stone (Whipmix, Louisville, KY) ensuring the entire 
crown was visible. Ten groups were assigned. Two groups 
(N=8) had existing caries while the remaining groups had 
minimal decay (N=32). One control tooth was prepared for 
each group using the same procedure without the use of SDF 
or KI (N=5). Table 1 has a summary of the ten groups.

Teeth in groups A and B were prepared for a class 1 composite 
restoration, 0.5 mm into dentin, with divergent occlusal walls 
and a stain-free dentinoenamel junction. A high-speed electric 
handpiece and a 330 carbide bur were used, followed with a 
slow-speed electric handpiece with a 56 carbide bur. Using a 
microbrush, SDF was applied to the preparation. Immediately 
following SDF application, KI was applied using a separate 
microbrush. On initial application of the KI, a white precipitate 
formed. The KI liquid was reapplied until no more white 
precipitation was observed to form. The teeth were washed with 
copious amounts of water. One-mm of high-viscosity, light-cured 
resin-modified glass ionomer (RMGI) (Riva Light Cure HV®, SDI, 
Australia) was applied over the pulpal floor surface and cured 
for 20 seconds using a Radii-cal LED curing light (Southern 
Dental Ind., Bayswater, Australia). A seventh-generation bonding 
system (Beautibond® Shofu, Kyoto, Japan) was applied over the 
RMGI surface and light-cured for 10 seconds. A nano-hybrid 
composite resin (Beautifil®, Shofu, Japan) was incrementally 
placed and cured for 20 seconds. Group B underwent the same 
class 1 preparation as group A, without the KI treatment and 
wash. 

Groups C and D were comprised of teeth with occlusal caries. 
Using a microbrush, SDF was applied to the surface of the carious 
lesions for 1-2 minutes. For group C, KI was applied using a 
microbrush until no more white precipitate formed. The teeth 
were washed with copious amounts of water. Group D followed 
the same steps as group C without the use of KI. For Group E, 
SDF was applied on occlusal surface with no existing carious 
lesion for 1-2 minutes. Then the KI solution was applied with 
a microbrush, until no new white precipitate formed. The teeth 
were washed with copious amounts of water. Group F followed 
the same steps as Group E without the use of KI. 

Group G followed the steps as group A, including treatment 
with SDF after the cavity preparation. Then the KI solution was 
applied with a micro brush, until no more white precipitate 
formed. The teeth were washed with copious amounts of water. 
The difference between groups A and G was that only a resin-
modified glass ionomer was used as the restorative material. 
Group H underwent the same steps as group G, without the 
use of KI. Group I followed the same steps of group A, including 
treatment with SDF after the cavity preparation. Then the KI 
solution was applied with a micro brush, until no more white 
precipitate was formed. The teeth were washed with copious 
amounts of water. The teeth were completely restored with a 
self-cure glass ionomer (Riva Self Cure GI, SDI, Australia). Group 
J underwent the same steps as group I without the use of KI.  

All teeth were photographed immediately after treatment 
and weekly for four weeks. The Samsung UF- 130ST high-
resolution digital presenter camera was used to capture all of 
the images throughout the study. The digital presenter features 
a 1.3 mega pixel digital camera with 14x optical zoom to provide 
images in 720p high definition. 

Each tooth’s color was measured using a Nix™ Pro color 
sensor (Hamilton, Ontario, Canada.). The color sensor blocks out 
ambient light and provides its own calibrated light source using 
industry standard 45/0° measurement. The device provides 
color readouts in CIELAB and calculates color differences in 
∆E2000. The Nix color sensor was used immediately following 
treatment and after four weeks. From the Nix color data, ∆L and 
∆E values were recorded and compared among the groups.

Results 
Forty teeth were treated with silver diamine fluoride, and 

one-half were also treated with KI. Figure 1 shows exemplary 
photos of the teeth from the 10 groups immediately after 
preparation, and 2 & 4 weeks post-treatment. All teeth treated 
with only SDF darkened, characteristic of SDF treatments. The 
teeth treated with SDF and restored with composite and RMGI 
restoration (Group B) had significant staining immediately after 
light-curing. The materials changed from their initial A2 shade 
to a grayish color. No additional darkening was observed 4 
weeks later. Group D with existing caries without the use of KI 
began to stain a few hours after application of SDF. Group F with 
no existing caries had staining in deep pits and grooves. Group 
H (having a cavity preparation, SDF and RMGI treatments), had 
visible discoloration. The teeth that had self-cured GI but no KI 
treatment (Group J) had visible staining in the marginal area of 
the restorations several hours after SDF application. All groups 
with KI treatment (Groups A, C, E, G, I) showed minimal to no 
staining over four weeks. The control teeth without SDF or KI 
treatment did not change over time. 
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Figure 1: Exemplary photos of teeth from each treatment group.

Figure 2: The average Lightness values of each group obtained 
from the L*a*b* values of the Nix color sensor. The ∆E2000 
values are the total color difference between each group.

Table 2 has the values for lightness measured for each group. 
All teeth treated with only SDF showed darkening, reduction 
in L*, regardless of the restorative material used. The staining 
varied among the groups of restorative materials. All the teeth 
that received the KI treatment were lighter than teeth that only 
received the SDF treatment.  Table 3 has the commonly accepted 
perceptible color differences. Figure 2 had the ∆L and ∆E2000 
values for each group. The largest difference in the SDF and the 
SDF/KI treatments was observed for treatment of sound teeth. 
The smallest color differences were for the self-cured GI groups 
(I & J). However, Group J had noticeable marginal staining. The 
teeth treated with SDF and KI were very similar in color to the 
control tooth for the group. 

Table 2: Lightness Values.

Group-> A B C D E F G H I J

76.5 53.6 59.9 46.6 91.4 49.1 86.9 71.8 83.5 86.3

76.3 58.9 58.3 51.9 97.6 54.3 92.9 66.5 83.8 84.3

75.8 67.1 83.4 62.6 90.3 51.6 87.2 72.3 87.0 77.0

77.1 64.0 83.8 53.5 95.4 49.8 87.0 78.6 89.2 84.9

Average 76.4 60.9 71.3 53.6 93.7 51.2 88.5 72.3 85.9 83.1

Std dev 0.5 5.9 14.2 6.7 3.4 2.3 2.9 5.0 2.7 4.2

Table 3: Commonly accepted color difference perceptibility

∆E (CIE L*a*b* units) Visual Detection

0-1 No visible difference

1-2 Color difference not noticeable to untrained eye

3.5-5 Obvious shade difference when colors compared side by side

2-3.5 Color difference may be noticeable to an untrained eye

≤6 Cutoff value for commercially reproducible colors

>6 Different color
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The application of the SDF material and the KI solution 
were simple to perform. However, upon application of SDF, an 
ammonia odor was noted. After the KI was added with the SDF 
material, the odor intensified. Air and water easily removed the 
white precipitates that occurred after KI treatment [25,26]. 

Discussion
The chemical reaction of SDF has been proposed to be as in 

equation 1. 

Ag(NH3)2F(aq)→Ag(s)+2NH3(g)+F-(aq) (1)

The free fluoride ions are available to remineralize dentin 
and enamel; however, the silver precipitate is black. The 
chemical reaction of SDF treated with KI has been proposed to 
be as in equation 2. 

Ag(NH3)2F(aq)+KI(aq)→AgI(s)+2NH3(g)+F- (aq) (2)

Silver iodide is yellow, and insoluble in water. but the  
AgI precipitate is easily rinsed away. The SDF delivers the 
antimicrobial silver ions, but excess remain that can be 
precipitated as Ag2S because the KI solution is applied after the 
SDF, the excess silver ions are removed. 

The curing light caused an immediate darkening of the SDF-
treated areas, prompted by the photosensitivity of silver ions. 
However, the darkening did not worsen over the 4 weeks of the 
study. The photosensitivity of silver explains why the margins 
of the self-cured GI (Group J) developed darkening without light 
curing. From these results, we deduce that a curing light can be 
used to ensure that the KI treatment was successful, and ensures 
no darkening would occur.  SDF was not supposed to stain sound 
tooth structure but in our experiment, the sound teeth were 
still stained by SDF treatment (Group F). This was attributed to 
using teeth soaked in bleach solution, causing a slight etch of the 
enamel. 

Our color analyses support the use of KI treatment after 
SDF to eliminate the staining. However, continued studies 
with a larger sample size and a longer experimental period 
may be needed to confirm these results. In addition, studies 
including the placement of the test items in a salivary medium 
may give more detailed results as to what happens in the oral 
environment. At the end of the study, to ensure that no residual 
surface stain remained on sound tooth structure, the standard 
soft toothbrush (Colgate 360® Floss Tip Toothbrush, Colgate 
Oral Pharmaceuticals, New York, NY) and toothpaste (Colgate 
Total® Colgate Oral Pharmaceuticals, New York, NY) were 
used to brush the teeth; however, there were minimal changes 
on surface staining after brushing. Once the KI was added, a 
noticeable increase in ammonia odor was present presumably 
from the release of ammonia gas during the chemical reaction. 

Conclusion
Treatments of teeth with KI solution after SDF treatment 

significantly reduced the discoloration caused by SDF. The 

effectiveness of this combination SDF/KI treatment should be 
clinically substantiated. If caries can be arrested or mitigated 
with this 2-step non-invasive treatment, a low-cost treatment 
may be more acceptable and practical for areas without 
full dental operatories, hospital patients, or for low-income 
pediatric patients with limited access to comprehensive dental 
care. The ammoniac odor created during SDF treatment should 
be disclosed to the patient.
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