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1. Introduction 
 
 

Dental caries is a multifactorial disease that localized the dissolved inorganic structure of 

dental hard tissue [1]. Effectively delaying and preventing tooth decay is crucial in maintaining 

healthy teeth, clinicians and researchers are increasingly using technologies and medications to 

accomplish the concept of minimally invasive restorative. One notable innovation is silver diamine 

fluoride (SDF), which was first introduced in the 1970s based on its arrest of dental caries [2, 3]. 

SDF or Ag(NH3)2 F consists of approximately 253,870 ppm silver, 44,880 ppm fluoride, and amine 

as a solvent. SDF showed superior performance over fluoride vanish alone in terms of 

effectiveness on caries arrest and safety [4, 5]. Unlike other fluoride products, SDF contains both 

fluoride and silver. The interaction of fluoride ions with calcium and phosphate produces 

fluorohydroxyapatite, which reduces the solubility of the mineral [6]. Furthermore, silver was 

proven to have an antimicrobial effect [7-9]. Subsequently, in 2014, the Food and Drug 

Administration (FDA) approved SDF to be used as a tooth desensitizer [10]. All of the above, SDF 

has been continuously used for arresting caries [11-14], caries prevention [5, 15, 16], cavity 

cleanser [17], tooth desensitizer [18-21], root canal irrigant [22], and newly introduced to use as 

caries detector due to the darkening effect on caries-affected dentin [23].  

During application for caries arrest, SDF could inevitably contaminate sound dentin 

surfaces. Previous studies have shown that there was no adverse effect of SDF contamination on 

adhesive-dentin bond performance in self-etch mode (SE) and etch-and-rinse mode (ER) to sound 

dentin of permanent [24, 25] and primary teeth [26]. However, the bond strength of SDF on sound 

dentin is affected by various factors such as SDF application technique [27], concentration and 

duration of SDF application [25, 28], the type of application modes of adhesive [29], and the type 

of adhesives and restorations [17, 30, 31]. 



The newest type of adhesive called universal adhesive has been developed, which can be 

used in a variety of cases in clinical settings and it is simple to use. This adhesive has improved 

the bond durability of bonding [32, 33] and can be applied with SE, ER, and selective enamel 

etching mode which exhibited a different bonding mechanism to the substrates [33]. However, it 

is still unclear whether the application of SDF affects the dentin bonding performance of universal 

adhesives and no study has been conducted on the ultra-morphological characteristic changes in 

sound dentin after bonding with them. Therefore, this study aimed to evaluate the microtensile 

bond strength (μTBS) of SDF-contaminated sound dentin to different universal adhesives, and 

ultra-morphological characteristic changes induced by SDF. The null hypotheses were; (1) there 

were no effects of SDF on the bond strength of adhesives to sound dentin, (2) there were no effects 

of the application modes of adhesive on the bond strength of SDF-contaminated dentin, and (3) 

there were no difference in the bond strengths among adhesives. 

 

 

 

 

 

 

 

 

 

 

 



2. Materials and methods 
 

This study was approved by the research ethics committee at Hokkaido University 

(approval number 2018-7). One hundred fifty-three non-carious human third molars were cleaned 

with saline, stored in 0.5% chloramine-T solution at 4ºC, and used within 6 months after extraction.  

 

2.1. Specimens preparation and bonding procedures  
 

Ninety-six non-carious human third molars were used for the μTBS test. The teeth were 

horizontally cut to expose flat mid-coronal dentin using a low-speed diamond saw (Isomet 1000, 

Buehler, Lake Bluff, IL, USA) under copious water coolant. The dentin surfaces were grounded 

manually with 600-grit SiC paper (Fujistar, Sankyo Rikagaku Co., Saitama, Japan) under running 

water for 60 s. Then the teeth were randomly divided into two main groups: (1) with the application 

of SDF (Saforide, Bee brand Medico Dental, Osaka, Japan) as an SDF-contaminated dentin group 

and (2) without SDF as a sound dentin group. In the SDF-contaminated dentin group, all the dentin 

surfaces were applied SDF with agitation for 1 min, then left for 2 min followed by rinsing with 

distilled water for 30 s. Each group was randomly divided into six subgroups (n = 8 / group) 

according to different application modes and universal adhesives: SE and ER modes were 

performed with Scothbond Universal Plus Adhesive (SUP; 3M ESPE, St Paul, MN, USA), G2-

Bond Universal Adhesive (G2B; GC Corporation, Tokyo, Japan), and Clearfil Mega Bond 2 (MB2; 

Kuraray Noritake, Tokyo, Japan). In ER mode, 35% phosphoric acid etchant (Ultradent, South 

Jordan, UT, USA) was used. Each adhesive was performed following the manufacturer’s 

instruction (Table 1) and light-cured using LED curing light (Pencure 2000, J Morita Corp., Osaka, 

Japan) with an intensity of 1,500 mW/cm2. After the application of adhesives, 2 layers of 2-mm-

thick resin composite (Clearfil AP-X, Kuraray Noritake) were built up. All the specimens were 



stored in distilled water at 37 ºC for 24 h.  

Table 1 Materials used in this study. 
Materials Composition pH Application 

Saforide 
Lot no. 104TA 38 % Ag(NH3)2F (44,800 ppm F) 10 

1. Apply with agitation for 1 min. 
2. Leave undisturbed for 2 min. 
3. Rinse with distilled water for 30 s 

and gentle air-blow. 

Scothchbond 
Universal Plus 

Adhesive  
Lot no. 7610150 

10-MDP, HEMA, vitrebond 
copolymer, filler, ethanol, water, 
initiators, silane, accelerator, 
dimethacrylates 

2.7  

1. Apply the primer with agitation 
for 20 s. 

2. Dry with air-blow at least 5 s. 
3. Light-cure for 10 s. 

G2-BOND 
Universal 

Lot no.2102151 

Primer: 4-MET, 10-MDP, 10-MDTP, 
dimethacrylates, water, acetone, 
photoinitiators, silica filler 
Bond: UDMA, dimethacrylate, bis-
GMA, photo-initiators, silica filler 

1.5 

1. Apply the primer and leave 
undisturbed for 10 s. 

2. Dry with moderate air-blow for 5 
s. 

3. Apply bonding agent and gentle 
air-blow to create uniform film. 

4. Light-cure for 5 s. 

Clearfil Mega 
BOND 2 

Lot no. 000140 

Primer: 10-MDP, HEMA, 
Hydrophilic aliphatic dimethacrylate, 
dl-CQ, accelerators, water, dyes 
Bond: 10-MDP, Bis-GMA, HEMA, 
dl-CQ, dimethacrylate, initiators, 
accelerators, colloidal silica 

~2 

1. Apply the primer and leave 
undisturbed for 20 s. 

2. Dry with mild air-blow for 5 
s. 

3. Apply bonding agent and gentle 
air-blow to create uniform film. 

4. Light-cure for 10 s. 

Ultra-Etch 
Lot no. BLK2V 

 

35% Phosphoric acid, glycol, cobalt 
aluminate blue spinel < 1 

1. Apply for 15 s.  
2. Rinse with distilled water for 15 s 

and gentle air-blow. 

Clearfil AP-X 
Lot no. 1SO150 

Bis-GMA, TEGDMA, silanated 
barium glass filler, silated silica filler, 
silanated colloidal silica, dl-CQ, 
initiators, accelerators, pigments 

  

 
10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate; HEMA: 2-hydroxyethyl methacrylate; 4-MET: 4-
methcryloxyethyl trimellitic anhydride; 10-MDTP: 10-methacryloyloxydecyl dihydrogen thiophosphate; 
UDMA: urethane dimethacrylate; Bis-GMA: bisphenol A diglycidyl methacrylate; CQ: camphorquinone; 
TEGDMA: triethylene glycol dimethacrylate. 
 

2.2. μTBS test and fracture modes analysis 
 



After 24 h storage, each bonded specimen was sectioned into beams with a cross-sectional 

area of approximately 1 × 1 mm2 using a low-speed diamond saw. The beam was fixed to a 

Ciucchi’s jig with cyanoacrylate glue (Model repair II Blue, Dentsply-Sankin, Otahara, Japan) and 

subjected to a tensile force at a crosshead speed of 1 mm/min in a desktop testing machine (EZ-S, 

Shimadzu, Kyoto, Japan) until failure occurred. Bond strength was shown in MPa. The mean bond 

strength of eleven beams was obtained from each tooth, generating eight values for each tested 

group [34, 35]. 

After the μTBS test, the fracture modes of the specimens were visualized by light 

microscope (x 20 magnification; Magnifier Light, Asone, Osaka, Japan). Then coated with Pt-Pd 

for 120 s and confirmed by scanning electron microscope (SEM; S-4000, Hitachi, Tokyo, Japan) 

at an accelerating voltage of 10 kV. The fractured beams were categorized into four fracture modes: 

cohesive failure in dentin, cohesive failure in composite, adhesive failure, and mixed failure [34]. 

 

2.3. Elemental analysis of the fractured specimens by SEM/EDX 
 

 After the μTBS test, the dentin side of beams (categorized as adhesive failure) of each 

group was further prepared for elemental analysis (n = 3). They were immediately fixed overnight 

in 2.5% glutaraldehyde containing 0.1 M sodium cacodylate buffer. Then rinsed with the same 

buffer and dehydrated in an ascending concentration series of ethanol. Finally, the dehydrated 

samples were immersed in hexamethyldisilazane solution for 10 min [36]. The fractured beams 

were sputter-coated with carbon (15 nm layer thickness), and analyzed in a field emission SEM 

(FE-SEM; JSM-7200F, JEOL Ltd., Tokyo, Japan) with the operating condition of 15 kV and using 

energy-dispersive X-ray spectroscopy (EDX; EX-94300S4L1Q, JEOL Ltd.). 

 



2.4. SDF-contaminated dentin surfaces observation by SEM 
 

Nine dentin discs were divided into 3 groups (n = 3) for transverse observation as follows: 

(1) polished with 600-grit SiC paper for 60 s (2) polished with 600-grit SiC paper for 60 s + SDF 

3 min + rinsed with distilled water for 30 s, and (3) following (2) + 35% phosphoric acid 15 s + 

rinsed with distilled water 15 s. A groove was prepared at the pulpal side of the dentin disc with a 

regular grit cylinder diamond bur (Diamond point FG, Shofu, Kyoto, Japan). All discs were fixed 

and dehydrated as previously mentioned. Finally, the discs were carefully fractured along the pre-

prepared groove by a scalpel blade and hammer. The morphology of longitudinal fractures was 

observed under SEM. 

 

2.5. Interfacial observation by SEM 
 

 Twenty-four teeth (n = 2) were prepared following the same protocol as for the μTBS test. 

The specimens were sectioned perpendicularly to the interface to acquire two slabs using a low-

speed diamond blade. The slabs were prepared following a protocol described by Yuan et al [37]. 

After that, all the slabs were sputter coated with Pt-Pd for 120 s and observed under SEM with an 

accelerating voltage of 10 kV. 

 

2.6. Interfacial observation by TEM and STEM/EDX analysis 
 

 Twenty-four teeth (n = 2) were prepared and bonded as previously mentioned for the μTBS 

test, then restored with a thin layer of flowable resin composite (Omnichroma flow, Tokuyama 

dental, Tokyo, Japan). After 24 h of water storage, the specimens were trimmed into rectangular 

blocks approximately 1 × 1 × 2 mm. The blocks were processed for TEM according to the 



procedure described by Van Meerbeek et al [38]. The ultra-thin specimens were observed with a 

transmission electron microscope (TEM; JEM-1400, JEOL, Tokyo, Japan) operating at 80 kV.  

Ultra-thin specimens of ER groups were further observed by a scanning transmission 

electron microscope (STEM; JEM-2010F, JEOL, Tokyo, Japan) at 80 kV, with high-angle annular 

dark field imaging (HAADF) and EDX for elemental analysis [39].  

 

2.7. Statistical analysis 
 

The μTBS data were analyzed for normal distribution using the Kolmogorov-Smirnov test 

and homogeneity of variance was tested by Levene’s test. According to those test results, a Three-

way ANOVA and Duncan test were conducted to analyze μTBS (α = 0.05). Statistical analysis was 

achieved using the SPSS software package, Statistical Package for the Social Sciences for 

Windows (SPSS version 25; IBM Corp, Armonk, NY, USA). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

3. Results 
 

3.1. μTBS test and fracture modes analysis 
 

The results of μTBS are summarized in Fig. 1. There were no pre-test failures in this study. 

Three-way ANOVA revealed that the type of adhesive used (F = 15.273, p < 0.0001), application 

mode (F = 54.518, p < 0.0001), and application of SDF (F = 347.580, p < 0.0001) were all 

individually significant factors. The interaction among the three factors was not statistically 

significant (F = 1.731, p = 0.183). Additionally, there was no significant interaction between 

adhesive and application mode (p = 0.295). However, the interactions between SDF and adhesive 

(p < 0.001), and between SDF and application mode (p = 0.036) were significant. Significantly 

lower μTBS was observed when adhesives were bonded to SDF-contaminated dentin compared to 

sound dentin in all groups. Regarding the application mode of adhesives, ER groups showed a 

significantly higher μTBS than SE groups in SUP and MB2 for sound dentin, however, G2B 

revealed no significant difference between ER and SE groups. Whereas ER groups revealed a 

significantly higher μTBS than SE groups in all adhesives for SDF-contaminated dentin. For sound 

dentin, no significant difference in all adhesives with ER mode. Meanwhile, in SE mode, G2B 

demonstrated significantly higher bond strength when compared with SUP.  

The percentage of fracture modes analysis is shown in Fig. 2. The most frequent fracture 

was adhesive failure in all SDF-contaminated dentin groups. In the sound dentin group, fractures 

were predominantly cohesive failure in dentin and mixed failure. Furthermore, the ER mode 

exhibited a higher incidence of cohesive in dentin compared to the SE mode in the SUP and MB2 

groups.  



 

 

Fig 1.  The graph represents the μTBS (in MPa) of all groups. The mean values in each bar with 

the same lowercase superscript letters are not statistically significantly different. 

 

 

Fig 2.  The percentage of failure mode.  



3.2. Elemental analysis of the fractured specimens by SEM/EDX  
 

Elemental analysis for the particles that appeared on the fractured surfaces on the dentin 

side is presented in Fig. 3. Fluoride and silver were not detected in the dentin surfaces of sound 

dentin groups (Fig. 3a,3b), while SDF-contaminated dentin groups exhibited peaks of fluoride and 

silver in the EDX spectra (Fig. 3c,3e,3g). Additionally, EDX mapping of SDF-contaminated dentin 

with SUP (Fig. 3f) and G2B (Fig. 3h) in SE mode revealed that the areas of fluoride (in blue) were 

mainly distributed on the peritubular dentin, whereas silver (in red) were densely filled in the 

intratubular tubule. The dentin surfaces with MB2 showed a similar trend to SUP and G2B (data 

not shown). 



 

Fig 3.  Representative SEM images and corresponding EDX spectra, along with elemental 

mapping of fluoride (F), silver (Ag), phosphate (P), and calcium (Ca) are presented for the 

fractured surface of the dentin side of SUP specimens (a-f), and G2B (g-h). a-b: The 

fractured image of sound dentin bonded with SUP in SE mode, revealing no presence of 



silver and fluoride. c-d: The fractured images of SDF-contaminated dentin bonded with 

SUP in ER mode, presenting peaks of silver and fluoride. Fluoride is detected in EDX 

mapping, while silver does not appear. e-f: The fractured surface of SDF-contaminated 

dentin bonded with SUP in SE mode, revealing peaks of silver and fluoride, along with 

EDX mapping indicating silver in red, fluoride in blue, and calcium in green. g-h: The 

fractured surface of SDF-contaminated dentin bonded with G2B in SE mode, presenting 

peaks of silver and fluoride, along with elemental mapping. White box and arrow highlight 

the same area. 

 

3.3. SDF-contaminated dentin observation by SEM 
 

Longitudinally sectioned of sound dentin and SDF-contaminated dentin are presented in 

Fig. 4. In the sound dentin group prepared with 600-grit SiC paper, a homogenized smear layer 

formed on the dentin surface, along with smear plugs within the dentinal tubules (Fig. 4a,4d). In 

the SDF-contaminated dentin group rinsed with water, a thin smear layer with multiple sizes of 

angular and globular particles were observed on the top of the dentin surface (Fig. 4b). Moreover, 

a pack of small globular particles (approximately 0.1 μm) were visible within the dentinal tubule 

(Fig. 4e). In the SDF-contaminated dentin followed by phosphoric acid etching, multiple sizes of 

angular and globular particles were also observed on the dentin surface (Fig. 4c). Some small 

globular particles were observed within the dentinal tubule beneath the demineralized dentin (Fig. 

4f), but a lesser amount when compared to the water-rinsing group (Fig. 4e). 



 

Fig 4.  SEM images showing longitudinally sectioned dentinal tubule of sound dentin (a,d) and 

SDF-contaminated dentin (b-c,e-f). a,d: Dentin after polished with 600-grit SiC paper, 

forming a homogenized smear layer on the dentin surface and smear plugs within the 

dentinal tubules, with a higher magnification shown in d. b,e: SDF-contaminated dentin 

followed by water rinsing, presenting remaining particles on top of the dentin surface and 

within the dentinal tubule, with a higher magnification shown in e. c,f: SDF-contaminated 

dentin followed by 35% phosphoric acid etching, showing demineralized dentin 

approximately 3 µm with remaining particles on top of the dentin surface and within 

dentinal tubule below the demineralized dentin, with a higher magnification shown in f. 

White arrow indicates precipitating particles. 

 

3.4. Interfacial observation by SEM  
 

 SEM images of the adhesive-dentin interface are shown in Fig. 5. In the SE mode, abundant 

cylindrical resin tags were observed in all adhesives when bonded to sound dentin (Fig. 5a, 5c, 5e). 

On the other hand, when SUP and G2B were applied with SE mode on SDF-contaminated dentin, 



resin tags were not formed (Fig. 5g, 5i), and MB2 established only a few resin tags (Fig. 5k). In 

the ER mode, sound dentin revealed a well-demarcated hybrid layer (2-3 μm) and numerous resin 

tags with small branches (Fig. 5b, 5d, 5f). Similar characteristics were observed when adhesives 

bonded to SDF-contaminated dentin with ER mode (Fig. 5h, 5j, 5l). 

 

 

Fig 5.  Representative SEM images of the adhesive-dentin interface of each adhesive ( x 3,000) 

on sound dentin (a-f) and SDF-contaminated dentin (g-l). a: SUP with SE mode, revealing 

intact resin tags with an adhesive layer approximately 5 μm thick. c,e: G2B (c) and MB2 

(e) with SE mode, presenting intact resin tags with an adhesive layer approximately 10-15 

μm thick. g,i,k: SDF-contaminated dentin bonded adhesives in SE mode, showing no resin 

tag in SUP (g) and G2B (i). A few resin tags were observed in MB2 (k). b,d,f: Sound dentin 

bonded adhesives with ER mode, presenting a hybrid layer of approximately 2-3 µm with 

intact resin tags. h,j,l: SDF-contaminated dentin bonded adhesives with ER mode, also 

revealing a hybrid layer approximately 2-3 µm with intact resin tags. C: Composite Resin; 

A: Adhesive layer; H: Hybrid Layer; Rt: Resin tag; D: Dentin. 

 

3.5. Interfacial observation by TEM and STEM/EDX analysis 
 

Representative TEM images of each group are shown in Fig. 6. Notably, an “SDF-dentin-



reacted layer” was observed on the top of the hybrid layer in all SDF-contaminated dentin groups 

(Fig. 6g-6l). Further STEM/EDX analysis detected that the primary elements in this layer were 

calcium and fluoride (Fig. 7). Multiple electron-dense particles, identified as silver, were also 

found at the top of and within the hybrid layer (Fig. 7a-7e). 

 

 

Fig 6.  Representative non-demineralized and non-stained TEM images showing ultra-structures 

of adhesive-dentin interface of each adhesive bonded to sound dentin (a-f) and SDF-

contaminated dentin (g-l). a: SUP with SE mode, exhibiting a hybrid layer approximately 

200-300 nm thick. c: G2B with SE mode, presenting a hybrid layer approximately 400-

500 nm thick. e: MB2 with SE mode, also presenting a hybrid layer approximately 500 nm 

thick. b,d,f: In all adhesives with ER mode, presenting a tight adhesive-dentin interface 

with a hybrid layer approximately 2-3 µm thick. g,i,k: SDF-contaminated dentin bonded 

with all adhesives in SE mode, revealing a tight adhesive-dentin interface with a SDF-

dentin-reacted layer on top of hybrid layer. Arrow indicates SDF-dentin-reacted layer. h,j,l: 

SDF-contaminated dentin bonded with all adhesives in ER mode, showing a tight adhesive-

dentin interface with a hybrid layer approximately 2-3 µm thick, along with a SDF-dentin-

reacted layer on top of hybrid layer. Remained small particles were also found within the 



hybrid layer. Hand pointer illustrates particles. C: Composite Resin; A: Adhesive Layer; H: 

Hybrid Layer; Rt: Resin tag; D: Dentin. 

 

 

Fig 7.  Representative STEM images of SDF-contaminated dentin with SUP in ER mode (a-c), 

along with EDS/STEM element mapping images (d-h). a: Non-demineralized, non-stained 

section revealing a tight adhesive-dentin interface with approximately 2-3µm thick hybrid 

layer. The white box indicates the remaining electron-dense particles on top of and within 

the hybrid layer. b-c: HAADF-STEM image of the same area, presenting the higher atomic 

numbers in bright areas. d-h: EDS/STEM element mapping images of the same area, 

illustrating each element in the adhesive-interface structure. d: overlay of calcium, silver, 

and fluoride elements. e: silver in orange. f: calcium in blue. g: fluoride in green. h: silicon 

in yellow. C: Composite Resin; A: Adhesive; H: Hybrid Layer; Rt: Resin tag; D: Dentin.  

 
 



4. Discussion 
 

This study aimed to evaluate the bond strength of SDF-contaminated sound dentin to 

different adhesives. The results showed the adverse effect of SDF on the dentin bond strength of 

all adhesives in this study (Fig.1). Therefore, the first null hypothesis was rejected. The reduction 

in bond strength of SDF-contaminated dentin could be due to several reasons. Firstly, intimate 

contact is necessary to acquire the adaptation between adhesive and substrate. From our SEM 

images, the precipitation of silver ions was detected on the dentin surface (Fig. 4b-4c,4e-4f) and 

occluded the dentinal tubules (Fig. 3e-3h). These silver particles might act as a contaminant on the 

dentin surface, impeding the resin penetration. Our adhesive-dentin interface observation also 

supports this statement as the resin tags were scarcely detected in the SDF-contaminated dentin 

group, especially when SUP (Fig. 5g) and G2B (Fig. 5i) were used in self-etch mode. Moreover, a 

higher percentage of adhesive failure was observed in the SDF-contaminated group, regardless of 

the adhesive used (Fig. 2). In addition, the alkaline pH of SDF might buffer the acidic monomer 

of adhesives tested in this study. The reduction in bond strength of SDF-contaminated dentin was 

also in agreement with previous studies [27, 28, 40-42].  

Additional investigations were conducted on adhesive-dentin interfaces using TEM. 

Specimens in SDF-contaminated dentin groups presented an “SDF-dentin-reacted layer” on top of 

the hybrid layer (Fig. 6g-6l). Further analysis with STEM/EDX revealed that this layer primarily 

consisted of calcium and fluoride (Fig. 7a-7g). This finding is in accordance with an earlier study 

that demonstrated the presence of calcium and fluoride within sound dentinal tubules [43] and 

hydroxyapatite [44], which promotes and plays the main role in caries prevention [6, 45, 46]. In 

addition, silver was also found not only on top of the dentin surface but also within the hybrid 

layer (Fig. 7a-7e). Future study is necessary to investigate the potential roles of SDF-dentin-reacted 



layer, including their chemical formular, long-term apatite formation, and their contribution to 

caries prevention.  

For the etching mode, adhesives applied in ER mode demonstrated significantly higher 

μTBS than SE mode, except for G2B when bonded to sound dentin (Fig. 1). Therefore, the second 

null hypothesis was partially rejected. It had been demonstrated in systematic reviews and meta-

analyses that the bond strength of universal adhesive to dentin was similar between ER and SE 

modes [47, 48]. However, the μTBS of SUP and MB2 were significantly lower with SE mode. 

Most in vitro studies reported that the bond strength of Scotchbond Universal, the predecessor of 

SUP, was not affected by the etching mode [49-53]. Nevertheless, in a 5-year clinical study of class 

V restoration [54], a significantly lower retention rate was observed when Scotchbond Universal 

was applied in SE mode (81.4%), compared to those of ER mode (93%) and selective enamel 

etching (88.4%).  

Clearfil SE bond (Clearfil Mega Bond in Japan), the predecessor of MB2, is considered the 

current gold standard for self-etch adhesive [33]. In this study, we experimentally bonded MB2 

with ER mode and showed significantly higher bond strength than SE mode. However, phosphoric 

acid pretreatment or using MB2 in ER mode was not recommended for dentin bonding [33, 55, 

56]. Due to the aggressiveness of phosphoric acid, the dentin was demineralized, exposing a 

hydroxyapatite-depleted collagen layer, resulting in lower bond strength. Therefore, selective 

enamel etching was proposed. In contrast, two studies investigated the use of phosphoric acid 

pretreatment before dentin bonding with 1-step self-etch adhesive, with one study detecting no 

adverse effect [57] and another study demonstrating higher bond strength on the etched dentin [58] 

which is similar to the result of MB2 in this study. Therefore, it might be suggested that using MB2 

with ER mode is not contraindicated. However, further study is necessary to evaluate the long-



term bond strength of MB2 used in ER mode. 

The bond strength in SDF-contaminated dentin was significantly higher when adhesives 

were applied in ER mode (Fig. 1). This could be due to the high acidity of 35% phosphoric acid 

which enhanced the bond strength and could partially eliminate the remnants of silver and fluoride 

on the top of dentin surface (Fig. 3c-3d). This is supported by observations of the adhesive-dentin 

interface (Fig. 5h, 5j, 5l), where the resin penetration of ER groups appeared similar to those 

bonded to sound dentin (Fig. 5b, 5d, 5f). This finding is consistent with previous studies that have 

demonstrated the effect of using acid to remove particles made from SDF or SDF/potassium iodide 

(KI) which led to the improvement of μTBS [17, 29]. Moreover, the high pH at 10 of SDF could 

neutralize the acidic monomer of adhesives applied in SE mode and affect bonding performance, 

as previously mentioned.  

Three different 10-MDP-containing adhesives were used in this study. According to the 

results, there was no significant difference in μTBS among adhesives when bonded in ER mode. 

However, in SE mode, G2B demonstrated a significantly higher μTBS than SUP. Therefore, the 

third null hypothesis was rejected. This could be due to the separate bottles of hydrophilic primer 

and hydrophobic bonding resin of G2B as well as MB2, which was shown to have a more effective 

influence on bonding to dentin. This hydrophobic layer was proven to inhibit susceptibility to 

water movement within the adhesive-dentin interface [59, 60]. G2B and MB2 demonstrated a 

thicker intermediate layer of flexible resin interface that can absorb part of the polymerization 

shrinkage stress and absorb the shock during function [61, 62] as shown in the SEM image of the 

adhesive-dentin interface (Fig. 5). G2B is classified as the first 2-step universal adhesive [63]. The 

G2B primer contains an acidic monomer with a pH of 1.5, which is an intermediate-strong acid 

that can cause more demineralization of dentin compared to SUP (pH 2.7) and MB2 (pH ~2). In 



addition, G2B, without the presence of HEMA, exhibits higher hydrophobicity compared to SUP 

and MB2, which can be advantageous in terms of reduced water sorption. This known factor can 

potentially degrade bond durability over time [64]. Nevertheless, further investigation is required 

to confirm the bond durability of the adhesive interface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



5. Conclusion 
 

Within the limitation of this study, the following conclusion might be drawn. 

1. SDF demonstrated an adverse effect on the dentin bond strength of all adhesives. Additionally, 

ER mode is preferable when bonded to SDF-contaminated dentin. 

2. The SDF-dentin-reacted layer, primarily containing calcium and fluoride, was observed. 
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