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Arresting simulated dentine caries with adjunctive
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varnish: an in vitro study
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Purpose: The aim of this in vitro study was to assess the ability of silver nitrate solution, followed by sodium fluoride
varnish, to arrest caries. Methods: Dentine slices were prepared and demineralised. Each slice was cut into three speci-
mens for three groups (SF, SDF and W). Specimens of the SF group received topical application of 25% silver nitrate
solution followed by 5% sodium fluoride varnish. The SDF group received topical application of 38% silver diamine flu-
oride solution (positive control). Specimens of the W group received deionised water (negative control). All specimens
were subjected to pH cycling for 8 days. Dentine surface morphology, crystal characteristics, carious lesion depth and
collagen matrix degradation were evaluated by scanning electron microscopy, X-ray diffraction, X-ray microtomography
and spectrophotometry with a hydroxyproline assay. Results: Scanning electron microscopy showed that dentine collagen
was exposed in group W, but not in groups SF and SDF, while clusters of granular spherical grains were formed in
groups SF and SDF. The mean lesion depths (�standard deviation) of groups SF, SDF and W were 128 � 19, 135 � 24
and 258 � 53 lm, respectively (SF, SDF < W; P < 0.001). The X-ray diffraction analysis indicated that silver chloride
was formed in groups SF and SDF. The concentration of hydroxyproline released from the dentine matrix was signifi-
cantly lower in groups SF and SDF than in group W (P < 0.05). Clinical significance: The results of this in vitro study
indicate that the use of silver nitrate solution and sodium fluoride varnish is effective in inhibiting dentine demineralisa-
tion and dentine collagen degradation.
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INTRODUCTION

Silver nitrate (AgNO3), an antimicrobial compound,
has been used to treat dental caries for more than 100
years1,2. However, AgNO3 has not been advocated for
use in caries control in the past few decades. Duffin1

proposed a caries-control protocol in which 25%
AgNO3 followed by 5% sodium fluoride (NaF) var-
nish was applied directly to cavitated carious lesions.
He called this protocol ‘The medical management of
caries with AgNO3’ – it is simple and can be readily
used in children. The application of AgNO3 followed
by fluoride varnish has the advantage that the varnish
acts as a protective layer to keep the AgNO3, which is
antimicrobial, from being washed away by saliva3.
Moreover, fluoride could promote caries remineralisa-
tion. The protocol is simple and noninvasive. Duffin1

reported that 98% of the carious lesions of his
patients remained arrested for up to 4 years after

treatment when using this caries-control protocol.
However, no laboratory study on the effect of
AgNO3 plus fluoride varnish on caries was found in
the literature, and the mechanism of this proposed
protocol is unknown. Progression of dentine carious
lesions involves both demineralisation and degrada-
tion of the organic matrix within the dentine4. Once
dentine is demineralised, the organic matrix, which is
composed of 90% fibrillar type I collagen and 10%
non-collagenous proteins, is exposed. The reminerali-
sation process should be regulated by interactions of
minerals with the collagen matrix5,6. To understand
the action of AgNO3 solution and NaF varnish on
caries, this study was performed with the objective of
investigating the chemical and histological changes in
simulated dentine carious lesions subjected to pH
cycling after the application of 25% AgNO3 solution
and 5% NaF varnish compared with both positive
and negative controls.
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MATERIALS AND METHODS

Preparing specimens with simulated dentine caries

This study received approval from the Institutional
Review Board (the University of Hong Kong) under
process number IRB UW14-530. This study was con-
ducted in full accordance with the Declaration of Hel-
sinki of the World Medical Association. All
participants received dental treatment at the Faculty

of Dentistry of the University of Hong Kong and pro-
vided written informed consent. The written consents
were obtained from the parents/guardians of the teen-
agers who were under 18 years of age. The consent
procedure was approved by the Institutional Review
Board of the University of Hong Kong. The protocol
of this study is shown Figure 1. Sound third molars
were collected from patients who required extraction
of such teeth, after gaining the patients’ consent. The
teeth collected were kept in distilled water at 4 °C.

Figure 1. Flow chart of the experimental design.
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They were sectioned to make dentine slices of 2 mm
thickness. A total of 18 dentine slices were prepared
from 18 human third molars. Microfine 4,000-grit
sandpaper was used to polish the surfaces of the den-
tine slices. A stereomicroscope was used to examine
the polished dentine slices to ensure that they had no
cracks or other defects. Each dentine slice was then
sectioned into three specimens. A total of 54 speci-
mens were prepared. An acid-resistant nail polish
(Clarins, Paris, France) was used to cover half of the
treatment surface of the specimens. The specimens
were then sterilised with ethylene oxide before they
were put into a demineralisation solution [50 mM
acetate, 2.2 mM calcium chloride (CaCl2), 2.2 mM
monopotassium phosphate (KH2PO4), pH 4.4] for
96 hours at room temperature. This protocol created
demineralised lesions of 70–100 lm depth on the
specimens7. The specimens were washed with deio-
nised water after development of the demineralised
lesion. Subsequently, 36 specimens (from 12 dentine
slices) were used for the dentine demineralisation test
and 18 specimens (from six dentine slices) were used
for the dentine collagen-degradation test.

Experimental treatment

The three specimens from each dentine slice were dis-
tributed among the three treatment groups. In the first
group (group SF), the specimens received topical appli-
cation of a single drop of 25% AgNO3 solution con-
taining 151,130 p.p.m. silver (SILVER NITRATE
liquid; Gordon Laboratories, Upper Darby, PA, USA),
followed by 5% NaF varnish containing 22,600 p.p.m.
fluoride (Duraphat in a 10 ml tube; Colgate-Palmolive
Co., New York City, NY, USA). In the second group
(group SDF, the positive control), the specimens under-
went a single topical application of a 38% SDF solu-
tion (Cariostop, Biodinamica, Brazil) containing
253,900 p.p.m. silver and 44,800 p.p.m. fluoride. In
the third group (group W, the negative control), the
specimens were treated with deionised water. The bot-
tles of the experimental solutions were shaken before
use. A microbrush (Micro applicator – regular; Pre-
mium Plus International Ltd., Hong Kong, China) was
used to apply all solutions to the surface of the speci-
men. In our pilot experiment, about 17�2 ll of SDF or
NaF was delivered in a single application to the speci-
men. All the treated specimens were kept at room tem-
perature for 30 minutes before pH cycling.

Assessment of dentine demineralisation

pH cycling for dentine demineralisation

The pH cycling was employed on specimens by dem-
ineralisation for 30 minutes and remineralisation for

10 minutes (Figure 1). The experiment duration was
six cycles per day for 8 days. The compositions of
demineralisation and remineralisation solutions were
as follows: demineralisation solution: 1.5 mM CaCl2,
0.9 mM KH2PO4 and 50 mM acetate, pH 5.0; and
remineralisation solution: 20 mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), 1.5 mM
CaCl2, 0.9 mM KH2PO4 and 150 mM potassium
chloride (KCl), pH 7.0. Specimens were stored at
4 °C in deionised water during the non-treatment per-
iod7.

Surface morphology

Four specimens from each group were fixed in 2.5%
glutaraldehyde at 4 °C for 4 hours. They were
washed in distilled water and then dehydrated in a
series of ethanol solutions (70% for 10 minutes,
95% for 10 minutes and 100% for 20 minutes). The
specimens were then critical-point dried in a desicca-
tor and sputter-coated with carbon. Scanning elec-
tron microscopy (Hitachi S-4800 FEG Scanning
Electron Microscope; Hitachi Ltd., Tokyo, Japan)
was used to examine the surface morphology of the
specimens.

Crystal characteristics

X-ray diffraction (XRD) data were collected from
each group using an X-ray diffractometer (Bruker D8
Advance; Bruker AXS, Karlsruhe, Germany), with
CuKa (l = 1.5418 �A) radiation, equipped with a scin-
tillation counter. These data were collected with a
range of 20–60° 2q, a step size of 0.05° and a scan
speed of 30 seconds/step. The diffraction data were
re-collected to reduce systematic errors after a prelim-
inary data collection. International Centre for Diffrac-
tion Data (ICDD, PDF-2 Release 2004) was used as
the database to check the phase purity and indexing
of the chemical phase. The Bruker DIFFRAC plus
EVA program was used to analyse the diffraction pat-
terns8.

Lesion depth

Micro-computed tomography (micro-CT) (SkyScan
1076; SkyScan, Antwerp, Belgium) was used to scan
the specimens for measurement of lesion depth. The
signal-to-noise ratio was 5. The highest spatial scan-
ning resolution was 9 lm. A 1-mm aluminum filter
was used to remove the softest X-rays. The voltage
and current of the X-ray source were 100 kV and
80 lA, respectively. The scanning results were recon-
structed using software NRecon reconstruction (SkyS-
can). Data-analysing software CTAn (SkyScan) was
used to view and process the reconstructed three-
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dimensional images. From the reconstructed image of
each specimen, cross-sectional images were located.
From these lesion images, 10 were randomly selected.
The lesion depth of different groups was measured
using image analysis software (Image J; National
Institutes of Health, Bethesda, MD, USA), with inter-
nal control as a reference line7. Six specimens per
group were assessed.

Assessment of dentine collagen degradation

The presence of the non-proteinogenic amino acid
hydroxyproline (HYP) was measured to estimate the
degradation of dentine collagen8. The pH cycling was
employed on specimens with the above-mentioned
demineralisation solution for 16 hours and a reminer-
alisation solution [1.5 mM CaCl2, 0.9 mM KH2PO4,
20 mM HEPES, 150 mM KCl, 1.5 U/ml of highly
purified collagenase type VII from Clostridium his-
tolyticum (C-0773; Sigma Chemical Co., St Louis,
MO, USA)] at pH 7.0 for 8 hours at 37 °C, for
8 days (Figure 1)4. The pooled remineralisation solu-
tions from pH cycling were concentrated using a
Savant SpeedVac Concentrator (Thermo Scientific,
Waltham, UK), and rehydrolysed at 120 °C for
20 minutes. Subsequently, a buffered 0.056 M chlo-
ramine-T reagent was added to the hydrolysed sam-
ples. The samples were kept at room temperature for
25 minutes to allow oxidation. Then, 1 M Ehrlich’s
reagent was added for development of the chro-
mophore. The mixture was then incubated at 65 °C
for 20 minutes. The absorbance was read at 550 nm
(SpectraMax 340; Molecular Devices, Sunnyvale, CA,
USA) spectrophotometrically. A standard solution
containing 2–20 lg of HYP was also tested to gener-
ate the standard curve7. The standard curve had a
coefficient of determination of 0.93. Six specimens per
group were assessed.

Statistical analysis

The Shapiro–Wilk test of normality (P > 0.05) was
used to assess whether the data had a normal distribu-
tion. One-way analysis of variance with Bonferroni
multiple comparison tests was used to compare the
lesion depth and concentration of HYP in the rem-
ineralisation solutions across the three treatment
groups. Analyses were performed with the computer
software SPSS Statistics – V20.0 (IBM Corporation,
Armonk, NY, USA). The level of statistical signifi-
cance for all tests was set at 0.05.

RESULTS

Scanning electron microscopy revealed that collagen
fibres were not exposed on dentine surfaces, and that

the surfaces were relatively smooth, in groups SF and
SDF (Figure 2a,c). There was limited space remaining
in inter-tubular and intra-tubular areas (Figure 2b,d).
Cross-sectional images showed an irregular squamous
layer of material deposits, with a depth of approxi-
mately 1 lm, on the surface of the specimens in group
SF. This thin layer partially plugged many dentinal
tubules (Figure 3a,b). Dense granular structures of
spherical grains were observed in the inter-tubular
area in both group SF and group SDF (Figure 3b,d).
However, this structure was absent in group W.
Exposed collagen was sparsely and distinctly dis-
tributed in group W (Figure 2e,f). This observation
was also confirmed by the cross-sectional images (Fig-
ure 3e,f).
Typical XRD spectra of the three groups are shown

in Figure 4. The results show that the crystal compo-
sition on the dentine surfaces corresponded to hydrox-
yapatite (HAP) in all groups. In group W, the
diffraction peaks at 31.8° (211) and 33.3° (300)
broadened; this ‘amorphous’ pattern indicates the loss
of crystallinity of dentine as a result of dissolution of
the HAP crystal structure. Apart from HAP, the
strong peaks at 27.8°, 32.2°, 46.2°, 54.8° and 57.5°
in groups SF and SDF were coincident with silver
chloride (AgCl) (111), (200) and (220) Bragg reflec-
tions, which suggests that AgCl was formed. In addi-
tion, there was clearly an additional peak of Ag (111)
in groups SF and SDF, which suggests the formation
of metallic silver9.
Images of typical micro-CT in treatment groups are

shown in Figure 5. The lesion depths in group SF and
group SDF were less than that in group W. This was
confirmed by measuring the depth of the carious
lesions (Figure 6). The mean lesion depth (�SD) was
128 � 19 lm in group SF and 135 � 24 lm in group
SDF; these were significantly less than the lesion depth
for group W (258�53 lm) (P < 0.05). The HYP con-
centration (�SD) in the remineralisation solution was
significantly higher in group W (339 � 16 lg/ml)
than in groups SF (312 � 11 lg/ml) and SDF
(317�16 lg/ml) (Figure 7).

DISCUSSION

This study used 38% SDF as a positive control. Clini-
cal studies have shown that 38% SDF prevents and
arrests coronal caries in preschool children10,11 and
root caries in elderly subjects12,13. Laboratory studies
have found that SDF has a strong antibacterial effect
on cariogenic biofilm8,14 and a potent inhibitory effect
on the activity of matrix metalloproteinases4 and cys-
teine cathepsins15. Treatment with SDF can increase
the mineral density of enamel carious lesions16 and
the microhardness of dentine carious lesions17. An
in vitro study found that the principal components of
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tooth tissue react with SDF to form calcium fluoride,
which has a caries-protective effect18. Another labora-
tory study reported that SDF could inhibit deminerali-
sation and preserve dentine collagen from degradation
in demineralised dentine7. However, SDF is not avail-
able in certain countries, including the UK. A promis-
ing caries-arrest rate of human carious lesions was
recently reported following application of AgNO3

followed by NaF1. This protocol can easily be
achieved by using two commercial products, namely
25% AgNO3 solution and 5% NaF varnish, which
are readily available worldwide. The aim of the pre-
sent study was to investigate the chemical and histo-
logical changes in simulated dentine carious lesions in
order to understand the mechanism of action on car-
ies arrest.

(a) (b)

(c)

(e) (f)

(d)

Figure 2. Scanning electron microscopy images of the surface morphology of artificial dentine caries. (a) 8,0009 and (b) 20,0009 magnification views
of the group treated with topical application of 25% silver nitrate solution followed by 5% sodium fluoride varnish (group SF); (c) 8,0009 and (d)
20,0009 magnification views of the group treated with topical application of 38% silver diamine fluoride solution (group SDF); (e) 8,0009 and (f)

20,0009 magnification views of the group treated with deionized water (group W).
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The model of the present study adopted the same
pH-cycling model used in our previous publication7.
This model simulated the pH associated with the natu-
ral dental-caries process and dynamic variation in min-
eral saturation. Briefly, substantial demineralisation
and the development of a thick layer of demineralised
organic matrix are expected to assess dentine collagen
degradation. Thus, a long duration of incubation with

bacterial collagenase was used in the dentine collagen-
degradation experiment, to ensure that an adequate
amount of HYP was liberated as a result of the degra-
dation of dentine collagen5,7. This study is a laboratory
study based on a chemical model and is very different
from complex clinical conditions. The results cannot be
extrapolated to the in vivo situation and caution should
be exercised in their interpretation.

(a) (b)

(c) (d)

(e) (f)

Figure 3. Scanning electron microscopy images of the cross-section of artificial dentine caries. (a) 8,0009 and (b) 20,0009 magnification views of the
group treated with topical application of 25% silver nitrate solution followed by 5% sodium fluoride varnish (group SF); (c) 8,0009 and (d) 20,0009

magnification views of the group treated with topical application of 38% silver diamine fluoride solution (group SDF); (e) 8,0009 and (f) 20,0009 magni-
fication views of the group treated with deionized water (group W).
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Dense granular structures of spherical grains in the
inter-tubular area were formed on the surfaces of the
specimens treated with AgNO3 solution and NaF var-
nish (i.e. the SF group), as well as on the surfaces of
the specimens treated with SDF. This indicates the
formation of extrafibrillar mineral in these two
groups. From the cross-sectional images, an irregular
squamous layer was observed on the surface of the
specimens treated with AgNO3 solution and NaF var-
nish, which is different from the specimens treated by
SDF. This formation of a squamous layer might be a
result of the natural resin of the fluoride varnish.
According to the information provided by the com-
pany, the composition of the varnish is NaF in an
alcoholic solution of natural resins. Natural resin is
soluble in alcohol but not in water. Therefore, it can
protect the surface from water intrusion. Duffin1 sug-
gested that applying fluoride varnish over the area
treated with AgNO3 would have multiple benefits,
such as preventing contact of the AgNO3 with the soft
tissue and providing a protective layer to keep the
AgNO3 from being washed away by saliva. The speci-
fic chemical reactions are suggested below:

2Ca5ðPO4Þ3OHþ 20Agþ !6Ag3PO4 þ 10Ca2þþ
Ag2OþH2O

ð1Þ
Ca5ðPO4Þ3OHþ F� ! Ca5ðPO4Þ3FþOH� ð2Þ

Ca5ðPO4Þ3OHþ 20F� ! 10CaF2 þ 6PO3�
4 þ 2OH�

ð3Þ

Ca2þ þ F� ! CaF2 ð4Þ

In (1), the solubilities of silver phosphate (Ag3PO4)
(6.5 9 10�4 g/100 ml) and silver oxide (Ag2O)
(1.3 9 10�3 g/100 ml) are higher than that of AgCl
(8.9 9 10�5 g/100 ml). Thus, Ag3PO4 and Ag2O
could react with solutions of alkali chlorides to form
AgCl. This could explain why AgCl was the major
precipitate detected by XRD in this study. In (2), both
Ca5(PO4)3OH (HAP) and Ca5(PO4)3F (fluorapatite,
FAP) are the main components of human teeth19.

Figure 4. Typical X-ray diffraction (XRD) patterns of the experimental
groups. SDF, treatment with topical application of 38% silver diamine
fluoride solution; SF, treatment with topical application of 25% silver
nitrate solution followed by 5% sodium fluoride varnish; W, treatment

with deionized water.

(a)

(b)

(c)

Figure 5. Typical micro-computed tomography images of the cross-sec-
tion of artificial dentine caries, left side: lesion body; right side: internal
control. (a) Treatment with topical application of 25% silver nitrate solu-
tion followed by 5% sodium fluoride varnish (group SF); (b) treatment
with topical application of 38% silver diamine fluoride solution (group

SDF); (c) treatment with deionized water (group W).
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When HAP is exposed to a low concentration of fluo-
ride in an acidic environment, FAP is formed because
the solubility of FAP is lower than that of HAP20.
Given that the pH of the NaF varnish is 4.521, this
reaction has a high chance of proceeding. In (3) and
(4), calcium fluoride (CaF2) is an important product
that is produced when fluoride is deposited onto the
tooth surface. CaF2 can act as a temporary fluoride
reservoir and can release fluoride ions at low pH22.
The F� released might facilitate formation of FAP. In
this study, we could not detect CaF2 using XRD and
therefore we considered that a negligible amount of
CaF2 was present, possibly removed by washing with
water18. Moreover, the signal of CaF2 would have
been weakened when it coexisted with heavy atoms,
such as silver. HAP and FAP are both calcium apa-
tites, and the size of OH� is similar to that of F�.
Their chemical structures might be highly similar,
explaining the very slight difference found in XRD

spectra23. Dentine is a biomaterial comprising both
mineral and organic components, and the latter could
also affect the spectrum. This difference between HAP
and FAP is below the detection threshold of XRD24.
Nevertheless, we found the formation of typical clus-
tered granular structures of spherical grains under
scanning electron microscopy and smaller lesion depth
than the control group, suggesting that remineralisa-
tion of the demineralised dentine had occurred after
adjunctive application of AgNO3 solution and NaF
varnish. This could explain the clinical success in car-
ies arrest.
HYP is a major component of collagen I and plays

crucial roles in collagen stability5. When dentine
degrades, insoluble collagen molecules become soluble
collagen, and HAP is released. The estimation of HYP
concentration was used for direct evaluation of
degraded collagen in solution25. Our previous study
found that SDF could protect dentine collagen against
bacterial proteolysis7. Likewise, this study found that
using AgNO3 solution and NaF varnish could inhibit
degradation of dentine collagen in terms of HYP con-
tent. Silver ions have been suggested to inactivate
their catalytic functions by interacting with a reactive
side chain of the bacterial collagenase26. The large
ionic radius and low oxidation state of silver ions
have been shown to have strong affinity to protein27

and this may contribute to the inhibitory effect of sil-
ver ions on bacterial collagenase. The metal ion prob-
ably interacts with a reactive side chain of the
enzymes to inactivate their catalytic functions. It is
plausible that the silver ions in the AgNO3 solution
interacted with exposed collagen in demineralised
dentine and thus inhibited the activity of bacterial col-
lagenase. This mechanism might have contributed to
the results of lesion depth and HAP content.
It is noteworthy that the concentrations of silver and

fluoride in 25% AgNO3 and 5% NaF, respectively, are
151,130 p.p.m. and 22,600 p.p.m., and approximately
half of the concentration of silver and fluoride in 38%
SDF (253,900 p.p.m. silver and 44,800 p.p.m. fluo-
ride, respectively)28. No significant difference in this
in vitro study was found for dentine demineralisation
and dentine collagen degradation between use of 38%
SDF and adjunctive application of 25% AgNO3 and
5% NaF. We are performing a clinical trial (Clini-
calTrials.gov Identifier: NCT02019160) to determine
whether 25% AgNO3 and 5% NaF are as effective as
38% SDF in arresting childhood caries. The concentra-
tions of silver and fluoride are lower in 25% AgNO3

and 5% NaF, respectively, than in 38% SDF; therefore,
25% AgNO3 and 5% NaF could be more favourable
for use in young children when considering the side
effects of high concentrations of silver and fluoride29.
Because its use for caries management is painless, sim-
ple, low-cost and approved in many countries30,31,

Figure 6. Lesion depths of the three experimental groups. Columns
linking bars with markers indicate significant differences at P < 0.05
between groups. SDF, treatment with topical application of 38% silver
diamine fluoride solution; SF, treatment with topical application of 25%
silver nitrate solution followed by 5% sodium fluoride varnish; W, treat-

ment with deionized water.

Figure 7. Hydroxyproline concentrations of the three experimental
groups. Columns linking bars with markers indicate significant differ-
ences at P < 0.05 between groups. SDF, treatment with topical applica-
tion of 38% silver diamine fluoride solution; SF, treatment with topical
application of 25% silver nitrate solution followed by 5% sodium fluo-

ride varnish; W, treatment with deionized water.
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25% AgNO3 with 5% NaF could be widely recom-
mended and promoted as an alternative treatment of
invasive caries to that of conventional management of
caries, particularly among child patients who are too
young for conventional dental care.

CONCLUSION

The results of the in vitro study indicate that the use
of AgNO3 solution and NaF varnish is effective in
inhibiting dentine demineralisation and dentine colla-
gen degradation. The application of AgNO3 solution
and NaF varnish could be an alternative to SDF in
treating dentine caries.

Acknowledgements

This study was supported by HKU Small Project
Funding (No. 201409176007) and General Research
Fund (HKU 760413M).

Conflict of interest

The authors declare that they have no conflict of
interests.

REFERENCES

1. Duffin S. Back to the future: the medical management of caries
introduction. J Calif Dent Assoc 2012 40: 852–858.

2. Rosenblatt A, Stamford TC, Niederman R. Silver diamine fluoride:
a caries “silver-fluoride bullet”. J Dent Res 2009 88: 116–125.

3. Duffin S. The Medical Management of Caries: A Paradigm
Shift? The Lund Report; 2014. Available from: https://www.the
lundreport.org/content/medical-management-caries-paradigm-
shift. Accessed on 2 April 2015.

4. Mei ML, Li QL, Chu CH et al. The inhibitory effects of silver
diamine fluoride at different concentrations on matrix metallo-
proteinases. Dent Mater 2012 28: 903–908.

5. Hiraishi N, Sono R, Islam MS et al. Effect of hesperidin
in vitro on root dentine collagen and demineralization. J Dent
2011 39: 391–396.

6. Kim DS, Kim J, Choi KK et al. The influence of chlorhexidine
on the remineralization of demineralized dentine. J Dent 2011
39: 855–862.

7. Mei ML, Ito L, Cao Y et al. Inhibitory effect of silver diamine
fluoride on dentine demineralisation and collagen degradation.
J Dent 2013 41: 809–817.

8. Mei ML, Chu CH, Low KH et al. Caries arresting effect of sil-
ver diamine fluoride on dentine carious lesion with S. mutans
and L. acidophilus dual-species cariogenic biofilm. Med Oral
Patol Oral Cir Bucal 2013 18: e824–e831.

9. Han L, Wang P, Zhu C et al. Facile solvothermal synthesis of
cube-like Ag@AgCl: a highly efficient visible light photocata-
lyst. Nanoscale 2011 3: 2931–2935.

10. Chu CH, Lo EC, Lin HC. Effectiveness of silver diamine fluo-
ride and sodium fluoride varnish in arresting dentin caries in
Chinese pre-school children. J Dent Res 2002 81: 767–770.

11. Llodra JC, Rodriguez A, Ferrer B et al. Efficacy of silver dia-
mine fluoride for caries reduction in primary teeth and first

permanent molars of schoolchildren: 36-month clinical trial.
J Dent Res 2005 84: 721–724.

12. Tan HP, Lo EC, Dyson JE et al. A randomized trial on root
caries prevention in elders. J Dent Res 2010 89: 1086–1090.

13. Zhang W, McGrath C, Lo EC et al. Silver diamine fluoride and
education to prevent and arrest root caries among community-
dwelling elders. Caries Res 2013 47: 284–290.

14. Mei ML, Li QL, Chu CH et al. Antibacterial effects of silver
diamine fluoride on multi-species cariogenic biofilm on caries.
Ann Clin Microbiol Antimicrob 2013 12: 4–11.

15. Mei ML, Ito L, Cao Y et al. The inhibitory effects of silver dia-
mine fluorides on cysteine cathepsins. J Dent 2014 42: 329–335.

16. Liu BY, Lo EC, Li CM. Effect of silver and fluoride ions on
enamel demineralization: a quantitative study using micro-com-
puted tomography. Aust Dent J 2012 57: 65–70.

17. Chu CH, Lo EC. Microhardness of dentine in primary teeth
after topical fluoride applications. J Dent 2008 36: 387–391.

18. Lou YL, Botelho MG, Darvell BW. Reaction of silver diamine
[corrected] fluoride with hydroxyapatite and protein. J Dent
2011 39: 612–618.

19. Dorozhkin SV. Dissolution mechanism of calcium apatites in
acids: a review of literature. World J Methodol 2012 26: 1–17.

20. ten Cate JM. Current concepts on the theories of the mechanism
of action of fluoride. Acta Odontol Scand 1999 57: 325–329.

21. Magalhaes AC, Kato MT, Rios D et al. The effect of an experi-
mental 4% Tif4 varnish compared to NaF varnishes and 4% TiF4
solution on dental erosion in vitro. Caries Res 2008 42: 269–274.

22. Li X, Wang J, Joiner A et al. The remineralisation of enamel: a
review of the literature. J Dent 2014 42(Suppl 1): S12–S20.

23. Zhu YN, Zhang XH, Chen YD et al. A comparative study on the
dissolution and solubility of hydroxylapatite and fluorapatite at
25 degrees C and 45 degrees C. Chem Geol 2009 20: 89–96.

24. Mei ML, Ito L, Cao Y et al. An ex vivo study of arrested pri-
mary teeth caries with silver diamine fluoride therapy. J Dent
2014 42: 395–402.

25. Kato MT, Leite AL, Hannas AR et al. Impact of protease inhi-
bitors on dentin matrix degradation by collagenase. J Dent Res
2012 91: 1119–1123.

26. Walker M, Bowler PG, Cochrane CA. In vitro studies to show
sequestration of matrix metalloproteinases by silver-containing
wound care products.OstomyWound Manage 2007 53: 18–25.

27. Baici A, Camus A, Marsich N. Interaction of the human leukocyte
proteinases elastase and cathepsin G with gold, silver and copper
compounds. Biochem Pharmacol 1984 33: 1859–1865.

28. Mei ML, Chu CH, Lo EC et al. Fluoride and silver concentra-
tions of silver diammine fluoride solutions for dental use. Int J
Paediatr Dent 2013 23: 279–285.

29. Gotjamanos T, Afonso F. Unacceptably high levels of fluoride
in commercial preparations of silver fluoride. Aust Dent J 1997
42: 52–53.

30. Chu CH. Treatment of early childhood caries: a review and
case report. Gen Dent 2000 48: 142–148.

31. Chu CH, Lo EC. Promoting caries arrest in children with silver
diamine fluoride: a review. Oral Health Prev Dent 2008 6:
315–321.

Correspondence to:
Dr Chun-Hung Chu,
Faculty of Dentistry,

The University of Hong Kong,
34 Hospital Road,

Hong Kong SAR, China
Email: chchu@hku.hk

214 © 2017 FDI World Dental Federation

Zhao et al.

https://www.thelundreport.org/content/medical-management-caries-paradigm-shift
https://www.thelundreport.org/content/medical-management-caries-paradigm-shift
https://www.thelundreport.org/content/medical-management-caries-paradigm-shift

