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Abstract
Objectives

The objective of this study was to investigate/ fect on the microtensile bond
A

Methods

Twenty- ent»extracted human molars were sectioned by Tow- speed blade to
%&5\\ &
expose the dentine surface. ﬁrf% Ij surfaces of-them were treated by one of “the
following procedures: a) immersing in artificial demineralized solution for three days;
b) demineralization, followed by application of SDF drops, then washing off the

precipitate and air drying; c¢) demineralization, followed by application of SDF drops,

light-cured for 60 seconds, then washing off and air drying; d) DI water storage for
1
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three days; €) DI water storage, followed by applicatidn of SDF drops, then washing
off the precipitate and air drying; and f) DI water storage, followed by application of
SDF drops, light-cured for 60 seconds, then washing off and air drying. Then, GIC
(Fuji IX, GC) was bonded onto samples and stored in the DI water for 24 hours and 7
days respectively. All the samples were sectioned perpendicularly into sticks with
cross-sectioned area of ~1 mm?® * Mhicrotensile bond strength was evaluated.

SEM/EDX was performed at the interface.

Results

had £
groups, the SDF light-cured hold~ f{zlgni

This study concluded ’d;g ART technique combined with the application of SDF on

the dentine surface does not influence the dentine bond strength. ¢/ il +\J‘L
Co r’\akf\ NORS “L{A“{ CQC)

Keywords: Silver diammine fluoride; Atraumatic restorative treatment; Microtensile
bond strength; dentine bonding




Introduction

Since the 1970s, silver diammine fluoride (SDF) has been used as a therapeutic agent
for arresting caries for deciduous teeth [1] or in permanent teeth /%Md’éyw [2].

One of the key modes of action is thought to be due tg/\antibacterial effect [1, 3, 4].

-

In the recent years, SDF has gained popularity due to its economic benefits and ease

o
to 38 wt% solution folri, ameng which, the 38 wt% S

clinically effective in arresting caries [6] and in in

vitro reports [1, 7]. The caries arresting ef]

b

r»,& -4

jons’ ability of bacterial growth jnhﬁ%itio and collagen degradation prevention [1, 4],

as well as fluoride ions’ feasibilk ineralize carious tissue [8, 9].

Atraumatic Restof ré;ltment (ART) abﬂwﬁéﬁ, was developed in the 1980s, and
mmoval of carious tooth tissue using dental hand instruments and
restoration’of the cavity with a glass ionomer cement [10]. In a meta-analysis, ART
has been shown to be effective as a restorative treatment, which can be used safely in
single-surface cavities in both primary and permanent posterior teeth [11]. The
survival rate of single-surface ART restorations in primary teeth and permanent teeth

ranges from 80% to 93% over 2 to 5 years [12]. However, ART is not recommended
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to be routinely used in multiple-surface cavities due to a high percentage of secondary
caries [12]. This is supported in another study that the observed failures of ART
restorations to be attributed to the remaining n}jr@e amount of soft caries after hand
excavation, Le. an operative factor, that might lead to mechanical failure of ART
fillings and bonding failure at the dentine-GIC interface [13]. The adhesive ability of

carious dentine to GIC was decreased in one study [14] compared to sound dentine,

which may accelerate the failure of restorations, while others have reported no

[17]. The in vitro study tested tht
solution at varying pH.« prisingly, more fluoride was released, however this
would presumably 'n: cur at the GIC dentine surface where secondary caries may
occur. uggested an application of AgF on the surface of dentine before

restoration”to prevent secondary caries. However, a reduced shear bond strength

between GIC with sound dentine has been reported [18].

In an attempt to prevent tooth surfaces from staining black after silver application, KI

was applied after AgF so as to react with free silver ions to produce silver iodide, Agl,

4
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which is a creamy white reaction product, but the influence of KI on bond strength

was not clearly discussed in this study [18]. A very recent study by Hamama et al. [19]

Dol
using SDF together with the KI also gat-the creamy white Agl, but the study was

focused on reducing the amount of residual bacteria in dentinal tubules. Some studies

[6, 20] have applied SDF with reducing agents such as stannous fluorjde and tannic
\/\«;%&C&

Y s
acid to accelerate the deposition of silver on the tooth substra@vérrested (suﬁacés/df/\
Suo (ENIN

caries’ were reported in/g;eééd compared to those without any treatment or treated

change black, producing a slightly rough surface wasiadded-as an additional factoyK in
i ‘ "~ ‘\\‘\v’/)
foerplu

methods
Specimen preparation

Twenty-four caries free human molar teeth were selected. Institutional Review Board
approval (HKW-2013-0371) was obtained for this in vitro study. The teeth were

prepared by first removing the occlusal enamel and root of the tooth using a



low-speed saw with a diamond blade (ISOMET 1000, Buehler, Lake Bluff, IL, USA)
under running deionized water. To ensure it was free of enamel, the dentine surface
was then examined under a 40x magnification light microscope, and any residual
enamel was removed completely by trimming. The coronal dentine surfaces of the
specimen was polished with 220-grit silicon carbide paper on a manual polisher (Lunn
Major, Struers, Denmark) under running water for 60 s in order to create a uniform

surface.

then subjected surface treatments,

Two teeth from each group for sound dentine (groups S-SDF and S-SDF-LC) and
demineralized dentine (groups D-SDF and D-SDF-LC) were randomly selected, and
2.0 ml 38 w/v % solution of silver diammine fluoride (SDF, Saforide, Morita

Corporation, Osaka, Japan) was applied on the dentine surface for 2 minutes based on




manufacturer guidelines. Groups S-SDF and D-SDF were left dried in ;(la@ dark
environment (wrapped by aluminium foil). Groups S-SDF-LC and D-SDF-Lé: were
exposed gpd;;r a}:/ 60-second light;illuminated with a halogen light-curing unit (Elipar
XL 2500, 3M ESPE, Paul, MN, USA). The intensity of the light was tested to be
~1000 mW/cm? by a light radiometer (800-2000, Pujing, Taiwan). For the remaining
groups S and D, 2.0 ml of DI water was applied on the dentine surface for 2 min as

control. After rinsing all the samples with distilled water for 10 s, each of them was

air-dried prior to GIC application.

A stainless steel matrix band was fixed around each tooth ¢ ,?%%rt a GIC “core” of

4 mm height. A hand-mixed conventional glass iong; ment Fuji IX (Fuji IX, GC
Corporation, Tokyo, Japan) was placed ¢ >“dentine surface. The GIC was
compressed with a mylar strip to ensure goos jéidaption. After 2 mins setting, the band
was removed and the GIC-denti mens were stored in DI water for either 24 hrs

(subscript a) or 7 days (st b) before bond strength test.

Immediately prior to microtensile bond strength (WTBS) testing, the GIC-tooth
specimens were sectioned individually and perpendicular to the bonding interface
(Figure 1b) with the same low speed diamond saw (ISOMET 1000, Buehler Ltd.,
Lake Bluff, IL, USA) under running water [22]. For each specimen, beams were

sectioned with ~0.9 x 0.9mm (i.e. cross-sectional area of ~0.8 mm?) and a length of
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~9.0 mm. The width and thickness of each beam were measured and recorded before
the bond strength test with a vernier caliper (Mitutoyo, Japan) to determine the

surface area. Twenty beams were sectioned for each group.

When conducting the bond strength testing, the samples were secured to the jig of a
universal testing machine (Model 4444, Instron, USA) with a cyanoacrylate glue

(Zapit, Dental Ventures of America, Corona, CA, USA), and tested to failure with a

100 N load cell at a crosshead speed of Imm/min. The microtensile bondéstrength

(MPa) was determined by dividing the peak break value of load- 3y the sample

bonding area (mm?).

Failure Mode Analysis

The failure mode was initially exa ¢d with a light microscope under 40x

Ted:
)

magnification. Failures werg tjae/ cohesive failure within the GIC material;

}he/adhesive failure bet: tine and GIC; 9}3 mixed failure (combination of

cohesive failure #and. ddhesive failure). When the fractured dentine surface was

>,

observed he microscope, the cohesive failure referred to fractures in the GIC

with no ine surface exposed. For adhesive failure, the fracture occurred in the
A A N
adhesive layer with no GIC Jeff on the dentine surface. The mixed failure fractures
g
were mostly in the GIC part with some materials remainyt( Jat the fractured dentine
O~
surface.




SEM and EDX

The selected fractured specimens in each group were prepared for examination in a
Scanning Electron Microscopy (SEM) (Hitachi S-3400N VP-SEM, Hitachi High
Technologies Europe GmbH, Krefeld Germany), which is equipped with Electron
Dispersive X-ray Spectroscopy (EDX) module (INCAx- sight EDS Detectors with
INCA Energy Software; Oxford Instruments-, Oxforshire, UK). After elemental

information analysis by EDX, the specimens were gold sputter-coated for 100 s and

examined under SEM again in order to get micrographs with higher mag

Statistical analysis
A statistical software (SPSS Version 22, IBM Corg k, NY, USA) was used to
compare the microtensile bond strength res tatistical significance set at 0.05

level. First, for each group, the data we lyzed with Kolmogorov-Smirnov and

Shapiro-Wilk tests for normali ﬁ, with the aim of general data comparison, a

three-way ANOVA an, as performed with dependent variables as follows: time
interval (24 hou " days), SDF treatments (without SDF, with SDF and SDF
tion) and dentine condition (demineralized and non-demineralized).

Second, the microtensile bond strength on various treatment methods were further

tested by a one-way ANOVA with Tukey HSD post hoc test.



Results

Microtensile bond strength test
First, Kolmogorov-Smirnov and Shapiro-Wilk tests revealed that all the groups had
P>0.05. The mean microtensile bond strength results are listed in Table 2 and depicted

in Fig. 2."Highest microtensile bond strength (6.69 + 2.72 MPa) was observed for the

group with demineralized dentine with SDF and light curing stored for 7 days (group

D-SDF-LCy), and lowest (3.84 + 1.47 MPa) for demineralized dentine sto 124 hrs

(group D).

W et

Regarding to SDF treatment with time, a significant difference was found in

demineralized dentine at 24 hours (i.e. Groups D, D-SDF,, D-SDF-LC@E;)tham
(:;uv\ss)\
demineralized dentine with SDF light illumination (i.e. Group D-SDF-LC,) showed a<i\ g

highest average microtensile bond strength (6.25 + 2.60 MPa) among the three groups,
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and significantly higher than only demineralized dentine (Group D,, 3.84 & 1.47 MPa). .
INZZS N ' . PACL EVE &\

Although after 7 days of water storage these microtensile bond strengths were raisegs—

no statistically significant difference was observed between the three test groups. For ‘ﬂ-\/\g{

sound dentine group, no significant difference was observed to all the microtensile

bond strength mean values. We might conclude that light illumination only affect the

bond strength for demineralized dentine at initial (24 hrs).

Failure mode analysis

emineralization, a demineralized pattern of dentine surface was
observed under SEM (figure not shown here), showing the dentine tubules were open

and clean.

Representative SEM images and EDX analysis for dentine surface after pretreatment

with SDF and SDF-LC after 24 h are illustrated in Figs. 4 (a) and (b), respectively.
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dentinesuorface. In order to

Fig. 4 (b) showed more intensive particles aggregation on ’\dentine surface than SDF
P .

treated as illustrated in Fig. 4 (a), that showed sparsely dispersed particles only.

Further analysis under EDX was performed and the element mapping illustrated that

both of the samples contained mainly Ag, P, O, C and Ca elements. EDX analysis

also revealed from the representative samples that SDF together with light

illumination (Group S-SDF-LC) showed a higher weight percentage of silver (15.39%)

than the sample with SDF alone (Group S-SDF) which has silver percentage

(11.95%).

The mic@uc‘ture of these silver compounds’ crysta e treated dentine

substrates with of SDF was observed under SEM hig t gnification and showed in

Fig 5. Interestingly, there were three main ppearances: dendrite (Fig. 5(a)),

nodular (Fig. 5(b)) and amorphouss(Fig.35(c)). Ibég»%mmused‘m&scﬁbe»@n——tw

%fhe chemical composition of these particles, EDX

)

analysis (Fig. 5) was pe ed en—each-of them- individually. However, j onl};

showed high silyer .af o>;ygen elements with low phosphorous and calcium
containedi hree crystals.
Discussion

In this study, the application of SDF on sound dentine with GIC produced &
n(y/signiﬁcant difference %‘the bond strength at 24 hours, which is comparable to
Quock et al. [23] that-is—similarte SDF application with resin composite. In another

WG RX G AN
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study by Soeno et al., lower tensile bond strength has been found between SDF
treated sound bovine dentine surfaces to two resinous luting agents [24]. Soeno et al.
[24] suggested that the reaction products CaF;, AgNO3;, AgPO4 which were found in
SDF reacted with hydroxyapatite and protein [8] essentially limited the monomers’
infiltration into dentine for the creation of a resin-infiltrated layer in bonding systems
and thus decreased the bond strength value [24@ despite-the-study-used-the-bovine
dentine-which-might-not-have-the-same-dentine-structure withthe-human-dentine. In

o\

the current fg’ld‘l ng, the silver components were found in both the fractu

GIC adhesive layer and the dentine surface according to SEM pict /

.y 4

(Figs. 3-5) and
byec

el
and roughness at the GIC-dentine (ﬁﬁﬁt Tg ’

investigation will be beneficial i r;nining the crystals on the dentine surface with
observation after 24 h and 7 days respectively to

application of SDF und

explain the scienti nale of bond strength.

Demineralized dentine has shown a lower bond strength, compared to sound
dentine, which has also been reported in other studies [25, 26]. The soft demineralized
dentine surface was advocated to this phenomena [27], despite no direct evidence has

been shown to support this statement. Regarding to the duration of water storage, at

13



24 hours, a significantly higher bond strength was observed to sound dentine than
demineralized dentine; whilst at 7 days, on the contrary, a higher bond strength was
observed on demineralized dentine. This might be attributed to the continuous
\/‘ij
polymetization of the GIC, and the water molecules would preventjthe dehydration of
the cement [28]. Thus, some of the mechanical properties such as hardness and

strengths are the same or increased incrementally after 7 days [29, 30]. Therefore, the

mechanical interlocking between the dentine and GIC increased.

4
,T/ﬁg/r}ti al\e/o\tj GIC bonds to dentine was due to be‘ﬂtﬁg':é chei ctionand .
De «wv\UWWZcJ\ o
mechanical bondln%( which—has—been—proved- [28] itiorrer-—set—off-
oW . AL < Wl N
demmerah%aﬁen—rsaet&en— exposed shffréleﬁt mic collageny enhanceé they,

micromechanical interlocking and subsequ createér infiltrations through

hybridization [28]. In addition, the chemical reactions between polyacrylic acid (from

GIC) and calcium ions (from | hydroxyapatite) formed mainly the ionomer,
s able to create a relatively stable and chemical
, hydrogen bonds between various free radicals in collagen
icals ini\cement would contribute to the bond strength [28, 31]. Hence,
A (S

with SDF application on the dentine surface, silver and silver oxide created which

possibly contributed to the improved bond strength between glass ionomer to metal in

the present study [26].

14




Another interesting point to note\é that, the application of SDF on
demineralized dentine produced a significantly higher bond strength than sound
dentine at 24 hours which has not been reported before. In fact, SDF has the ability to
increase the microhardness of demineralized dentine at 24 hours by silver deposits’
inhibit dentine’s soften progress and fluoride’s remineralize soft dentine [25, 32], that
means the micromechanical interlocking is improved and thus increased the bond

/) {
strength. Therefore, applying the SDF might be able to arrest the caries and safely‘%fg

A

not s1gn1ﬁcant*’affect the bond strength to GIC statistically after
M{j\) Iz

%}id strength, but to

[ Ater fze

e sSu—t 57\\*&
: entine-GIC! As a result, the

provethe SDF does not affect the bond strength i

combination of the Atraumatic Restorative (ART) using a GIC with Arrest

ce of a test beam with cohesive failure mode is shown

dentine surface was completely covered with a thin layer

A Etw IR
with compenent=n{ high percentage Si suggesting- thaf

glass particleiwas in this GIC layer surface. No underlying dentine could be observed.

Fig. 3(b) illustrated the fractured dentine side with,mixed failure mode. The
A

agglomerates of remnant GIC materials, which had a relatively smooth surface texture,

could be distinguished from exposed dentine, which could be recognized by the

presence of dentine tubules [33]. The remained GIC covered around 20% area of

15



matrix in REM micrograph. EDX analysis showed the dentine surface contained Ca, P,
A A
Ag and some Si. A gradual increase of Si composition percentage can be tested under

EDX from dentine surface to GIC layer as the fracture was mixed,with the cohesive

\/\/\ ¢ L’\)\-UA VNN
failure and adhesive failure. The adhesive failure mode(of SEM micrograph illustrated

5 LA\
that the glass particles’ structure could not be foufid and the dentine surface was

recognized by the presence of parallelaﬂ polishing grooves in-the-SEM-mictograph

Fig. 3(c). However, no dentine tubules could be observed from this SEM micrograph.
&

Besides, the appearance of this adhesive layer was not uniform, t

rk area

illustrated metallic silver stmﬂed, and this could be confirmed u analysis

which showed much higher silver element percentage com 0 that of lighter area.

v

'\\
The darken—effects of the SDF due he silver components are well

documented [4]. This study revealed that:the dentine surface was further darkened, viad - \’\‘Sk”\*\

CO ./\{\ WC/( x\'\bj\\“‘(
sures-i-¢: Mucli more metallic
O ah C/U‘(,()( 0 wWo L\%X/\\F Qv {\ osv

s
—as-well-as-deteeted-in EDX (F i

might also ’flelp in the micromechanical retention between GIC and dentine, although

CVU\U& \NM“S Yy &
the mechanism of the particle formation is still unknown -that—might need to 24N

‘\ F\)“-M
investigate* in! the future. Thus, high bond strength values in the groups of
demineralized dentine with SDF light curing (Group D-SDF-LC) at both 24 hours and

7 days were observed. On the other hand, despite a lower bond strength value in the

16




groups of sound dentine with SDF light exposure (Group S-SDF-LC) was observed,

the bond strength was not statistically different from the non-light exposure group.

Whilfz Soeno et al observed the SDF caused a lower bond strength of resin luting cement to sound
dentine, the same was not observed in the current study using GIC.

,v-3 3 T -.‘.‘,g Nl e -
3s_e#ttjn.g,&appl.y‘ing;wsDF might be advantageous for GIC—ﬁép’t'ﬂgp%X
. * i - ; ) AL A \
VI CYVENE-N '?-»z(r{ dechng o
bonding/ Even so, specific chemical reactions and interact products of SDF with GIC

_ Therefore, f,n{ clinical

Fuji IX need to be confirmed in future study.

Conclusion

mechanical properties of ART materials and adhesive ability to GIC in clinic needs to

be studied further.
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Figure legend:

Figure 1 The schematic of sample preparat;

Figure 2 pTBS according to substraf torége times and surface treatments between

GIC to dentine

Figure 3 SEM micro fractured beams with (a) cohesive failure, (b) mixed

failure, and (c) adhe

Zlgure 4 Representative SEM views and EDX analysis of dentine surface treatﬂ/' [9 k
with (a) SDF%and (b) SDF-LC after 24 hours , v
Figure 51 sentative SEM views and EDX analysis of various shapes of particle

aggregatlon on dentine after 38% SDF treatment for 24 hours: (a) dendrite, (b)
nodule, (c) amorphous
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Tables

Table 1: Test groupings with respect to the substrates and durations (n = 20)

Durations
24h 7d

Substrates
Sound dentine Sa S
Sound dentine with SDF S-SDF, S-SDF,
Sound dentine with SDF and light curing S-SDF-LC, S-SDF-LC,

B
Demineralized dentine D.
Demineralized dentine with SDF D-SDF,

Demineralized dentine with SDF and light D-SDF-LC,

curing

Table 2: Microtensile Bond Strengt %b

different superscripts were signi
hoc test.

tween GIC and Dentine. Groups identified by
different at P < 0.05 with Tukey HSD post

Microtensile bond Failure modes (n=20)

strength (SD)

Adhesive Mixture Cohesive

(MPa)
S, 4.00(1.68)™ " 2 4 14
S-SDF, 4.25(1.80y*" 3 6 11
S-SDF-LC, 4.80(2.53)» B¢ 1 1 18
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D,
D-SDF,
D-SDF-L.C,
Sp
S-SDFy
S-SDF-LCy
Dy
D-SDF,

D-SDF-LC,

3.84(1.47)*

47401 4DMBC
6.25(2.60)> ¢
5.83(2.04)B:C
5.19(1.77) B¢
4.53(2.34)»8:C
6.04(2.24)»B:C
6.21(3.28)> ¢

6.69(2.72)°

16

13

13

13

10

11

Table 3 Three-way ANOVA test results for the m

tensile bond strength (the

[ ?demineralized and

Tests of Be veen-Subjects Effects

Dependent Variable: MTBS

Source df Mean Square F Sig.
Corrected Model 11 13.197 3.718 .000
Intercept 5880.661 1 5880.661 1656.901 .000
18.959 1 18.959 5.342 .022
4.538 2 2.269 639 .529
. 50.455 1 50.455 14.216 .000
Dentine Corfaition * SDF
Treatment 21.598 2 10.799 3.043 .050
Dentine Condition * Time 3.700 1 3.700 1.042 .308
SDF Treatment * Time 38.399 2 19.200 5.410 .005
Dentine Condition * SDF
Treatment * Time 6.576 2 3.288 .926 .397
Error 787.921 222 3.549
Total 6801.403 234
Corrected Total 933.090 233
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a. R Squared = .156 (Adjusted R Squared = .114)
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Element Welaht % Atomic % Weight %: Atoimic %
[ 9.03 11,70 12,18 -
0 T2 16:39 2317
F 14,11 1749 1431
P 1274 468 985
Ca 2745 16,13 1451
Ap 1195 2.61 15.39

Element: “Weight % Atomic% Weight % Atomie % Weight % Atoinie %
3.81 17.16 604 1731 533 16.04.
0 2167 4802 2288 4921 2047 46.26
F 19 372 2.0 364 236
B 109 724 R.04 7.52 L7
ta 182 » 332 505 456
A 5967 849 59,36 19,86
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