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Objective: The presence of a biofilm is necessary for both initiation and progression of
dental caries. Silver-based preparations incorporated into, or applied onto, various materi

als designed for medical use have been shown to be effective in inhibiting biofilm forma

tion. The purpose of this in vitro study was to measure whether a topical application of

diamine silver fluoride (AgF) followed by potassium iodide (KI) on partially demineralized.

dentin affected the formation of a Streptococcus mutans biofilm. Method and Materials:

Forty partially demineralized dentin disks were divided into 4 groups as follows: 10 disks
as a control, 10 disks treated with AgF followed by Kl, 10 disks treated with KI, and 10

disks treated with AgF. The outer surfaces of the disks were examined with a scanning

electron microscope. Cross sections of the disks were subjected to electron probe micro

analysis (EPMA) to determine the levels of calcium, phosphorous, silver, and fluoride in the

dentin. Results: An S mutans biofllm covered the entire exposed surfaces of all control

and KI-treated disks. No discernible bacterial biofilm was detected on disks treated with

AgF or A9F/Kl. Detectable amounts of silver and fluoride were found up to 450 m in the

AgF and AgF/Kl sections. Conclusions: Demineralized dentin disks treated with AgF and

AgF/Kl prevented the formation of an S mutans biofilm and were significantly more resist

ant to further demineralization than the control and KI-treated disks over the experimental

period. The presence of silver and fluoride in the outer layers of the disks treated with AgF

and AgF/Kl was the likely cause of the prevention of biofilm formation. Additional studies

are required before any clinical recommendations can be made. (Quintessence mt

2009;40: 155-161)
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The arrestment of early dentin caries using

chemotherapeutic procedures is a desirable

goal, especially on root surfaces and in

areas where access for restorative proce
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dures is limited. To date, the main chemo

therapeutic approaches to the problem have

involved the use of fluorides’ and, more

recently, ozone.2A metal-based topical fluo

ride preparation, diamine silver fluoride

(referred to as AgF in this article), has been

used to arrest dentin caries in the primary

dentition34 and reduce caries formation in

deciduous teeth and permanent first

molars.5 However, its potential in arresting

early dentin caries in sites such as root

surfaces of the permanent dentition is not

known.
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Following the application of silver salts to

a treatment site, excess free silver ions have

traditionally been reduced by application of

either eugenol or stannous fluoride, resulting

in the formation of a black precipitate.6-8To

circumvent this problem, another approach

is currently under investigation that involves

the application of potassium iodide (KI)

immediately following the application of the

silver saltY The resulting creamy white pre

cipitate, silver iodide, eliminates staining and

has a history of use in dentistry.1°

An in vitro study on demineralized dentin

disks in a diffusion apparatus compared the

efficacy of a topical treatment with AgF with

that of AgF followed by KI on the penetration

and viability of a test organism, Strepto

coccus mutans.9 Based on optical density

readings and scanning electron microscopy

(SEM) analysis, both treatments had signifi

cant inhibitory effects on organism penetra

tion and/or growth during a 14-day exposure,

although the AgF/Kl treatment did yield more

consistent results.

These observations, plus others in the

medical area, indicate the potential for antimi

crobial activity of silver when incorporated

into a suitable substrate. For example, it has

been shown that the incorporation of silver

into vascular grafts can diminish the forma

tion of biofilms by Staphylococcus aureus.’1

In the dental field, the possibility exists that

silver incorporated into a surface such as

demineralized dentin may exert some

inhibitory effect on the formation of a biofilm

containing cariogenic organisms. To exam

ine this aspect further, this study was under

taken to determine whether silver could be

retained in demineralized dentin following

topical application of AgF or AgF/Kl and

whether this influenced biofllm formation by

S mutans.

METHOD AND MATERIALS

The crowns of 40 recently extracted human

third molars that had been stored in 0.5%

chloramine were sectioned horizontally to

produce enamel-dentin sections approxi

mately 1.5 mm thick. Only sections with flat,

sound dentin on either surface were used.

Teeth were collected within the guidelines set

by the Committee for the Ethics of Human

Experimentation, University of Adelaide.

A rim of composite resin (Glacier, SDI)

was bonded to the etched outer enamel sur

face, after which the disks were reduced to 1

mm in thickness using a graded series of wet

and dry papers to 4,000-grit silicon carbide

paper (Struers).

The enamel surfaces of all disks were

painted with a narrow strip of nail varnish to

protect the enamel from the effects of dem

ineralization. The samples were then

immersed in 40 mL acetate demineralization

solution12at 37°C for 4 days to create dem

ineralized lesions with a depth of 150 mm.

To facilitate handling and treatment of the

sections, the bases of 45-mL vials were

removed to provide an open end. The area

inside the open end was roughened using

airborne-particle abrasion (Rondoflex, Kayo;

50-mm aluminum oxide particles), and disks

were attached to the vials using Resin Bond

(3M ESPE) and Glacier composite resin.

Once in place. 40 samples received 1 of

the following treatments, assigned at random.

to the outer surfaces:

1. Ten samples were coated with a solution

of 1.8 mol/L AgF, followed by a saturated

solution of KI, and rinsed with copious

amounts of distilled water.

2. Ten samples were treated with a saturated

solution of KI and rinsed with copious

amounts of distilled water.

3. Ten samples were coated with a solution

of 1.8 mol/L AgE and then rinsed with

copious amounts of distilled water.

4. Ten samples were given no treatment and

left as a control.

To avoid any effects from desiccation of

the underlying surfaces of the samples, the

remainder of each vial was filled with nutrient

broth. A batch of nutrient solution was made,

consisting of 3% tryptone soya broth (Oxoid),

yeast extract 0.5% (Oxoid), and 20% sucrose.

To ensure sterility, the samples were placed

into a sealed plastic vessel and chilled in a

refrigerator before being subjected to gamma

radiation (Steritech) at a dose of 15 R.

CM



QUINTESSENCE INTERNATiONAL

The sterilized vials were then placed in a

sterile glass flask connected to the outflow

from a chemostat system (New Brunswick

Scientific). This provided a constant supply

of viable S mutans subsp inbritt grown by

continuous culture. The bacteria were grown

in the same medium used to fill the 5-mL

vials. Growth was maintained under anaero

bic conditions at an imposed dilution rate of

O.ih l (td [doubling time] = 7 h), and the pH

was maintained at 7.4 by the automatic add I

tion of KOH (2N) (potassium hydroxide 2 nor

mal). The pH of the flask containing the vials

was uncontrolled and remained at about 4.5

throughout the 2-week experiment.

Upon completion of the experiment the

disks were removed from the samples and

cut in two. One half was prepared for SEM

(Philips XL3O field emission scanning electron

microscope) and the other half for electron

probe microanalysis (EPMA) (Cameca,

SX51) following techniques described in

detail elsewhere.13The elements analyzed by

EPMA were calcium, phosphorus, fluoride,

and silver using a technique developed by

Ngo et al.1415

Because the data were not normally dis

tributed, the Kruskal-Wallis test was used to

determine if there was a difference among

the groups. Post hoc testing was used to make

pairwise comparisons with no adjustment for

multiple comparisons, As calcium and phos

phorous were removed from the system, data

were compared by measuring the areas

above the curve, Delta Z. As fluoride and silver

were being added to the system, data were

compared by measuring the areas below the

curve. Although measurements were carried

out to a depth of 500 mm, the experimental

model was set up to examine the changes

occurring at the dentin surface interface, and

data was not analyzed beyond a depth of 300

mm, the depth to which secondary demineral

ization had occurred dunng the experiment.

RESULTS

The SEM5 showed an appreciable S mutans

biofilm covering the entire exposed surface of

all control disks (Fig 1). A similar situation was

seen with the disks treated with Kl (Fig 2). In

contrast, no discernable bacterial biofllm was

detected on disks treated with either AgF (Fig 3)

or AgF/Kl (Fig 4). However, there was evi

dence of some reaction product precipitates

at the orifices of some dentinal tubules in the

disks treated with AgF/Kl (see Fig 4).

Knight et al

Fig 1 Typical outer surface of a nontreated (control) dem
ineralized dentin disk after 2 weeks of exposure to S
mutans. Heavy biofllm formation is evident.

II —

Fig 2 Typical outer surface of a demineralized dentin disk treated with Kl
after 2 weeks of exposure to S mutans. Heavy bioflim formation is evident.
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Figs EPMA graph of the percentage weights of calcium in treated and

control specimens. Statistical analysis (differences at the .05 level; NS

not significant, S = significant): control versus KI (NS); control versus AgF

(5); control versus AgFIKI (5); Kl versus AgF (S); KI versus AgF/Kl (5); AgF

versus AgF/Kl (NS).
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Fig 6 EPMA graph of the percentage weights of phos

phorus in treated and control specimens. Statistical analysis

(differences at the .05 level; NS = not significant, S = signifi

cant): control versus KI (NS); control versus AgF (5); control

versus AgF/Kl (S); Kl versus AgF (5); Kl versus AgF/Kl (5); AgF

versus AgF/Kl (NS).

T

Fig 3 Typical outer surface of a demineralized dentin disk treated with
AgF after 2 weeks ofexposure to S mutans.There is no evidence of bioflim
formation.

Fig 4 Typical outer surface of a derninera zed dentin disk
treated with AgF followed by KI after 2 weeks of exposure
to Smutans.There is no evidence of biofllm formation;how
ever, the openings of many of the dentinal tubules are
blocked with inorganic-type deposits.
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The EPMA analyses showed that the lev

els of calcium (Fig 5) and phosphorus (Fig 6)

increased gradually from the surface to the

final measurement depth of 300 mm. The

calcium and phosphorus loss from control

and KI-treated disks was significantly higher

overall than from AgE- and AgF/Kl-treated

sections (P < 05).

Similarly, the fluoride levels in all disks

tended to be lower in the surface area than in

the deeper zones (Fig 7). They were signifi

cantly higher overall in the dentin disks treat

ed with AgF and AgF/Kl (P < .05). There was

a significantly higher uptake of fluoride in the

first 300 p.m in the AgF/Kl-treated disks com

pared to the AgF4reated disks (P < .05). High
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Fig 7 EPMA graph of the percentage weights of fluonde
in treated and control specimens. Statistical analysis (differ
ences at the .05 level; NS = not significant, S = significant):
control versus KI (NS);control versus AgF (S);control versus
AgFIKI (5); KI versus A9F CS); KI versus AgF/Kl (S); AgF versus
AgF/Kl (S).

levels of fluoride were observed up to a

depth of 500 p.m in AgF/Kl-treated disks.

Extremely high levels of silver were found

to a depth of approximately 100 p.m in the

disks treated with AgF or AgF/Kl (Fig 8). There

was no significant difference overall between

the silver uptake in AgF- and AgF/kl-treated

disks, although more silver was precipitated at

the surface of disks treated with AgF/Kl.

DISCUSSION

When considering the outcome of this inves

tigation, the limitations of such an in vitro

study must be taken into account. No attempt

was made to mimic the environmental condi

tions likely to be encountered in the oral cav

ity. For example, only a single organism was

used, and salivary constituents or a salivary

substitute were absent. Therefore, the results

cannot be extrapolated to the in vivo situa

tion, and caution should be exenised in their

interpretation.

The findings of this study confirm those of

other investigations showing that the incorpo

ration of silver preparations into surface layers

of items such as catheters, prosthetic heart

valves, and vascular grafts can inhibit biofilm

Knight et al

Fig 8 EPMA graph of the percentage weights of silver in the treated
and control specimens. Statistical analysis (differences at the .05 level; NS
= not significant,S = significant): AgF versus AgF/Kl (NS). (The levels of sil
ver in the control and KI-treated samples were below the detectable
limit).

formation.1116 In this study, the effects of the

topical treatment with either AQF followed by

Kl or AgF alone were still evident at the end of

the 14-day experimental period. EPMA analy

ses showed that at 14 days levels of silver

were still high in the surface layers of the AgF

and AgF/Kl-treated dentin disks.

The complete inhibition of biofilm forma

tion by S mutans on disks treated with AgF

and AgF/KI points to the major inhibitory

effects being due to the silver and the fluoride

moieties. Although no attempt was made to

quantify the amount of bioflim formed on the

control or KI-treated disks, the SEM findings

indicate there were marked deposits on both.

Consequently, the role of iodine in inhibiting

biofilm formation appeared to be either non

existent or, at best, limited.

Depending on concentration, ionized silver

can either kill bacteria or interfere with their

metabolic processes.’’8While the amount of

silver released during the 14-day exposure to

S mutans from the chemostat is not known, it

has been established that silver ion concen

trations as low as 20 ppm can inhibit the

growth of S mutans and St aureus.19

The levels of silver released in this study, if

not sufficient to kill the test organism, could

have interfered with the synthesis of cellular

polysaccharides produced by S mutans by

T
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inactivation glycosyltransferasc enzymes.

These enzymes are responsible for the syn

thesis of soluble and insoluble glucans that

not only contribute to the bulk of the biofilm

but also play essential roles in the sucrose-

dependent adhesion of the organism to

tooth surfaces.’° Metal cations have been

shown to inhibit the activity of several glyco

syltranferases.21

The role of fluoride release in the findings

is not clear. Numerous studies have shown

that fluoride can inhibit growth of S mutans

and other plaque bacteria.22In this Study, at

the end of the experimental period, EPMA

analyses showed that the level of fluoride to a

depth beyond 300 .Lm was significantly higher

in the disks treated with AgF or AgF/Kl. The

role of the elevated fluoride levels in inhibiting

biofilm formation in this study is not known.

To ascertain the role of fluoride in the results

obtained, it would have been necessary to

run another group of specimens treated with

a nonmetallic fluoride salt with a fluoride con

centration equivalent to the AgF preparation

used. This was not possible. Nonmetallic flu

oride salts are far less soluble than AgF, and

no such preparation was found that could

equal the fluoride level used in this study,

namely 37,500 ppm.

In terms of toxicity, the levels of silver and

fluoride employed in this investigation were

at least one-third lower than the levels in the

AgF preparations used as a topical applica

tion to arrest existing caries in primary teeth4

and for the treatment of carious dentin before

placing glass-ionomer cement restorations.23

The significantly greater calcium and

phosphorus loss from control and KI-treated

disks compared to the AgF- and AgF/Kl-treat

ed disks suggests that the AgF-based topical

treatments had a discernible protective effect

on the dentin surfaces. It is estimated that the

surfaces of all sections were exposed to a pH

of around 4.5 for the entire 2 weeks of the

experiment. Once the organisms left the

chemostat, the pH dropped because there

was no neutralization of acid production as

was the case in the chemostat.

SEM5 of dentin treated with AgF/Kl

showed evidence of deposits at the entrance

to some dentinal tubules. These may be

deposits of silver iodide (AgI) formed as a

result of the interaction between free silver ions

and free iodine ions, as they were not present

on sections treated with AgF alone. Their pres

ence would explain the high silver peak noted

at the surface of the AgF/Kl4reated specimens

(see Fig 8). Residual surface deposits of AgI

could be beneficial; as AgI is a sparingly solu

ble salt, it could act as a slow-release source of

antimicrobial silver and iodide ions.

Overall, the additional step of applying KI

after the AgF treatment had no adverse

effects on the results obtained, and the KI

application significantly increased the uptake

and depth of fluoride penetration compared

to AgF alone.

While the results of the present investiga

tion point to a useful role of AgF/Kl in the inhi

bition of biofllm formation by S mutans, no

attempt was made to determine the effect of

lower concentrations on biofilm formation or

the viability of planktonic organisms in groups

showing no biofilm growth. Further studies

are indicated in this area using confocal laser

scanning microscopy to provide further infor

mation on the nature of any bioflims formed.

These findings need to be confirmed

experimentally in vivo. For example, it would

be interesting to know the nature of any

biofllm formed on demineralized disks of

dentin treated with AgF or AgF/Kl. placed in

a removable appliance, and exposed to the

oral environment.

CONCLUSIONS

Demineralized dentin disks treated with AgF or

AgF/KI resisted the formation of an S mutans

biofllm dunng a 14-clay exposure to the organ

ism. In contrast, control disks and those treated

with 1<1 alone showed marked biofilm fomia

tion. Electron probe microanalyses showed

high levels of silver incorporated into the sur

face layers. The possibility exists that the

release of silver arid fluoride from the treated

dentin either killed the feat organism or inter

fered with its glycosyltransferase activity, there

by inhibiting the synthesis of the insoluble glu

cans required for adhesion to a tooth surface.

Additional studies are required before any

clinical recommendations can be made.
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