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Avaliação da resistência de união entre cimento e uma vitro cerâmica 
 

condicionada com diferentes tempos de ácido fluorídrico 5% e 10% - estudo in 

vitro 

 
RESUMO 

Objetivo: Avaliar o efeito de diferentes tempos de condicionamento com ácido fluorídrico (HF) 

nas concentrações de 5% e 10 % na resistência de união do cimento resinoso RelyX Ultimate a 

uma cerâmica de silicato de lítio reforçada com zircônia de nome comercial Vita Suprinity (VS), 

onde a indicação do fabricante é a utilização de HF a 5% durante um tempo de 20”. 

Metodologia: Estudo realizado com delineamento experimental inteiramente casualizado, com 

8 tratamentos (n=8). Cada espécime de cerâmica foi condicionado com ácido fluorídrico (HF) 

em diferentes tempos e concentrações: 5% por 20, 30, 40 e 60 seg, e 10% por 10, 20, 30 e 40 

seg; submetidas à análise da rugosidade (Ra), seguido pelo protocolo de cimentação 

empregando ácido fluorídrico, silano RelyX Ceramic Primer, adesivo Single Bond Universal e 

cimento resinoso RelyX Ultimate. A resistência de união foi avaliada pelo teste de 

microcisalhamento; seguido pela análise do padrão das fraturas. Resultados: O tratamento 

5%/20” exibiu estatisticamente a menor resistência de união 21,96 MPa (p<0.01), diferindo do 

tratamento com HF a 10% nos quatro tempos estudados, 10” = 29,59 MPa, 20” = 29,77 Mpa, 

30”= 29,68 Mpa e 40”= 30,78 Mpa (p<0.01); o tratamento 10%/40” exibiu a maior resistência 

de união (30,78 MPa), diferindo apenas do 5%/20” (21,96 MPa). O padrão de fraturas foi 

predominantemente adesivo. Conclusão: O condicionamento com ácido fluorídrico, em ambas 

concentrações e em seus diferentes tempos de exposição, aumenta a rugosidade da superfície 

da cerâmica Vita Suprinity, havendo diferenças significativas na resistência da união adesiva 

apenas quando a concentração e o tempo de condicionamento variam grandemente, e a maioria 

da ruptura foi adesiva, ocorrendo na interface do adesivo; com ácido fluorídrico na 

concentração de 5% durante 30” ou 10% por 10” ou 20” observou-se maior resistência de união 

do que o protocolo do fabricante, contudo sem observar porosidades amplas e rasas em MEV, 

sugerindo aumentarmos o tempo de exposição sugerido pelo fabricante de 20” para 30” ou 

utilizar ácido com concentração maior, como por exemplo 10% em 10” ou 20”, para resultados 

mais efetivos. 

 
Palavras-chave: cerâmica, ácido fluorídrico, resistência ao cisalhamento 



Assessment of bond strength between a cement and a glass-ceramic etched at 
 

different times with 5% and 10% hydrofluoric acid - in vitro study 

 

ABSTRACT 

Objective: to assess the effect of different hydrofluoric acid (HF) etching times at 

concentrations of 5% and 10% on the bond strength of RelyX Ultimate resin cement to a 

zirconia-reinforced lithium silicate ceramic of commercial brand Vita Suprinity (VS), for which 

the manufacturer recommends using 5% HF for 20". Method: experimental and completely 

randomized study with 8 treatments (n=8). Each ceramic sample was etched with hydrofluoric 

acid (HF) at different times and concentrations: 5% for 20, 30, 40, and 60 s, and 10% for 10, 

20, 30, and 40 s; subjected to roughness (Ra) analysis, followed by the cementation protocol 

applying hydrofluoric acid, RelyX Ceramic Primer silane, Single Bond Universal adhesive, and 

RelyX Ultimate resin cement. Bond strength was assessed by the microshear test followed by 

fracture pattern analysis. Results: the 5%/20" treatment showed the statistically lowest bond 

strength of 21.96 MPa (p<0.01), differing from 10% HF treatment at the four times studied: 10" 

= 29.59 MPa, 20" = 29.77 MPa, 30" = 29.68 MPa, and 40" = 30.78 MPa (p<0.01). The 10%/40" 

treatment showed the highest bond strength (30.78 MPa), differing only from 5%/20" (21.96 

MPa). The fracture pattern was predominantly adhesive. Conclusion: hydrofluoric acid etching 

increases surface roughness of the Vita Suprinity ceramic at both concentrations and their 

different times of exposure, showing significant differences in adhesive bond strength only 

when concentration and etching time vary widely, and with mostly adhesive rupture occurring 

in the adhesive interface. The concentration of 5% hydrofluoric acid for 30" or 10% for 10" or 

20" showed higher bond strength than the manufacturer's protocol, but there were no wide and 

shallow porosities in SEM. This suggests the increase in exposure time recommended by the 

manufacturer from 20" to 30" or the use of higher concentrations of acid, such as 10% at 10" or 

20", for more effective results. 

 
Keywords: ceramic, hydrofluoric acid, shear bond strength. 
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Introduction 

Ceramic restorations have been extensively used in aesthetic and functional 

rehabilitations because of characteristics such as biocompatibility, color stability, low thermal 

conduction, low plaque accumulation, and abrasion resistance, as well as for promoting 

excellent aesthetics [1, 2]. Recently, the Vita Suprinity zirconia-reinforced lithium silicate 

ceramic (ZLS) [3] was introduced in the market. It combines the mechanical properties of 

zirconia (ZrO2) with glass-ceramic aesthetics and it is an acid-sensitive ceramic [3, 4, 5], 

because hydrofluoric acid (HF) can remove the glass matrix and the crystalline phase of the 

lithium orthophosphates, exposing lithium silicate crystals, which makes the surface irregular. 

It is also essential for good adhesion [6, 7]. 

The creation of a surface with optimum topography for a durable adhesion depends on 

ceramic composition, hydrofluoric acid concentration, and etching time [8]. Obtaining a 

properly porous surface is essential for the durable cementation of the indirect restoration and 

it may be obtained by short cycles of chemical attack on the surface; the etching time is mostly 

regulated by ceramic composition [7, 8, 9]. The changed topography results in increased surface 

area, favoring micromechanical retention with resin composites [8, 9]. Moreover, roughness 

also affects the wetting ability of the ceramic surface, and thus the subsequent application of 

bonding agents [7, 8, 9, 10, 11]. A positive correlation between roughness and bond strength 

has already been apparently observed up to a certain point [8, 11]. The hydrofluoric acid etching 

also cleans the surface by removing debris and impurities [7, 8, 9], and there is a positive 

relationship between etching time and wettability through the increase in free energy of the 

surface [8, 9, 11]. 

According to manufacturer Vita Zahnfabrik, the Vita Suprinity ZLS ceramic should be 

etched with 5% hydrofluoric acid for 20 s, but Dentsply, the manufacturer of CELTRA Duo 

ceramic, which is also ZLS, indicates an etching time of 30 s, considering that etching time may 

directly influence bond strength between ceramic and resin cement [7, 8, 10]. 

The adhesive protocol for glass-ceramic involves the application of hydrofluoric acid, 

allowing the use of silane bifunctional agent and adhesive. Zirconia-reinforced lithium silicate 

ceramics may be bonded to dual resin cements, such as RelyX Ultimate, which have physical 

and mechanical properties such as bond strength, overtime stability, wear resistance, and 

compression resistance [14, 15]. These properties are superior to chemical or 

photopolymerizable cements, thus promoting more resistant and durable bonding between 

dental and ceramic structures [16]. 
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Considering ceramic adhesion is strongly influenced by type of ceramic, HF 

concentration, and etching time, this study aimed to assess the effect of two HF concentrations 

(5% and 10%) at different etching times on the bond strength of a Vita Suprinity™ ZLS ceramic 

cemented with Relyx Ultimate™ resin cement (3M ESPE), also comparing the manufacturer's 

protocol of 5% HF for 20 s. The null hypothesis is that HF application at different 

concentrations and different times has no influence on the bond strength to a Vita Suprinity™ 

ZLS ceramic cemented with Relyx Ultimate™ resin cement, and the best option would be the 

recommendation of HF at the concentration and time suggested by the Vita Suprinity 

manufacturer. 

Method 

1. Research design 

Experimental and completely randomized study with 8 treatments, involving two 

different concentrations of hydrofluoric acid and four different times (Figure 1) for each 

concentration (n=8), resulting in 64 samples. The sample was calculated at 5% α and 95% 

statistical power. 

 
 

Figure 1. Illustrative scheme of the experimental design 

2. Specimen preparation 

The experimental units are ceramic slices (Vita Suprinity™) with 12x7 mm, which were 

bonded with epoxy resin to PVC tubes filled with acrylic resin for posterior setting in the testing 

machine. After the production of samples, they were hand-sanded for 30 s with #1200 grit 

papers, cleaned, and placed in an ultrasonic tank for 5 minutes, aiming to remove debris and 

standardize the surface. 

 
 

 

5% (32) 
40s (8) 

 
(64) 

60s (8) 

 

 
 

(32) 

20s (8) 

30s (8) 

40s (8) 
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3. Assessment of initial surface roughness 

Initial roughness (Ra) was measured (Surfcorder SE 1700, Mitutoyo, Japan) with three 

readings in each sample in three different directions, going through 1.25 mm with 0.25-mm cut- 

off, meaning that for each 1.25-mm path 5 Ra measures were taken, one for each 0.25 mm. The 

Ra value of each sample is the mean of the three 1.25-mm readings. The samples were randomly 

divided into 8 groups according to HF concentration and etching time. 

4. Surface treatment and roughness variation 

Each sample was etched according to the experimental group, then abundantly washed 

for 1 min with air/water spray, and dried by air blast for 30". Next, a new Ra analysis was 

performed and the variation of roughness (Ra) was calculated per group studied. 

5. Specimen production for the microshear test 

Specimen production for the adhesive bond strength test through the microshear test 

(SBS) refers to the production of 3 specimens in each sample with resin cement inserted in the 

Teflon mold. The adhesive bond strength value (MPa) of each sample was the mean of the 3 

measurements. 

The adhesive area of each specimen was defined by a duct tape fixed on the ceramic 

slice with 3 holes made with an Ainsworth perforator, with very close diameters to the external 

diameter of the Teflon mold. Consecutively, two layers of silane (Relyx Ceramic Primer - 3M 

ESPE - USA) were applied actively for 5 seconds and dried by air blast. The Single Bond 

Universal adhesive (3M ESPE - USA) was applied for 20 seconds, there was a mild air blast 

for 5 seconds, and no photopolymerization. 

Each hole received a Teflon tube produced from catheters, making sure they were placed 

in the center of each adhesive area, resulting in 3 specimens per sample; they were horizontally 

exposed during the microshear test. 

A portion of ¼ of the cement was manipulated by being inserted in the tubes with a 

spatula, preventing the formation of bubbles, and photopolymerized for 80 s (Valo Light Shield- 

Ultradent Products, USA). Then, the tubes were stored in a dark box, immersed in deionized 

water for 24 hours in a 37°C incubator. 

Next, the surface of samples was cleaned, removing the molds carefully by manual 

traction, and the duct tape was cut with a scalpel blade from the holes and easily detached. 

6. Microshear test (MPa) 

Microshear test was performed in a universal testing machine EMIC DL2000 (São José 

dos Pinhais, PR, Brazil), applying load cell of 500 Kgf (50 N) with a specific device, where a 

ring-shaped orthodontic wire with approximate diameter of 0.20 mm was fixed and allocated 
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around each resin cylinder for shear strength application, which occurred at speed of 1.0 

mm/min until rupture. 

7. Fracture mode analysis and SEM 

The ceramic was analyzed with a digital microscope (Dino-Lite Premier, Anmo 

Electronics Corporation, New Taipei City, Taiwan) with 220x magnification and fracture mode 

was classified in adhesive (fracture between resin cement and ceramic), cohesive (complete 

fracture on ceramic or resin cement), and mixed (partially adhesive and partially cohesive 

fracture). Representative samples of the fracture pattern from each group were selected for 

surface morphology analysis by SEM. 

The surface morphology of the ZLS ceramic after etching for 20 and 30 s was described 

after observation on the scanning electron microscope (JSM 5600 Lv JEOL, Pleasanton, CA, 

USA) with 2000x magnification, after gold spraying. 

8. Statistical analysis of the tests used 

After testing data for normality with the Shapiro-Wilk test and variance homogeneity 

with the chi-square test, data were analyzed by ANOVA followed by Tukey's test (α=5%). 

9. Table 1. Materials used 
 

 
Ceramics Vita Suprinity™ (Vita Zahnfabrik) 

5% hydrofluoric acid Condac (FGM) 

10% hydrofluoric acid Condac (FGM) 

Adhesive Single Bond Universal (3M ESPE) 

Silane RelyX Ceramic Primer (3M ESPE) 

Dual Resin Cement Relyx Ultimate (3M ESPE) 

 

Results 

Variation of surface roughness (Ra) 

Table 2. Mean (standard deviation) of the variation of surface roughness - Ra (m), according 

to the experimental groups 

Acid 

concentration 

Etching time    

10" 20" 30" 40" 60" 

5% -- 0.17(0.11) 0.29(0.12) 0.48(0.22) 0.60(0.15) 

10% 0.32(0.15) 0.44(0.34) 0.57(0.23) 0.71(0.30) -- 
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Assessment of adhesive bond strength by the microshear test (MPa) 

After verifying data normality and homogeneity, two-way ANOVA was performed, 

which evidenced significant differences among the experimental groups, therefore, Tukey's test 

was applied (α=5%). Table 3 presents these data. 

There was statistical difference among groups 5%/20" and 10%/10", 10%/20", 10%/30", 

and 10%/40"; the remaining groups were not statistically different. 

 
Table 3. Mean (standard deviation) of adhesive bond strength (MPa) to the microshear test of 

the eight experimental groups 

 
 

Group µSBS (MPa) 

G.5/20 21.96 (6.21) b 

G.5/30 25.00 (6.15) ab 

G.5/40 28.30 (3.87) ab 

G.5/60 29.04 (3.89) ab 

G.10/10 29.59 (5.51) a 

G.10/20 29.77 (3.91) a 

G.10/30 29.68 (1.22) a 

G.10/40 30.78 (2.61) a 

Means followed by the same letter were not significantly different. 

 
 

Fracture pattern analysis 

After the microshear test, the fractures were assessed with 220x magnification through 

a digital microscope, and classified as adhesive, cohesive, and mixed. There was a prevalence 

of adhesive fractures (Table 4), except for G.5/40, in which adhesive and mixed fractures were 

equivalent Table 4. Rate of adhesive interface fracture pattern of the eight experimental groups. 

 

 

 5%/20" 5%/30" 5%/40" 5%/60" 

Adhesive 62.5% 62.5% 50% 75% 

Mixed 37.5% 37.5% 50% 25% 

 10%/10" 10%/20" 10%/30" 10%/40" 

Adhesive 75% 75% 75% 62.5% 

Mixed 25% 25% 25% 37.5% 
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Scanning Electron Microscopy (SEM) Analysis 

Representative samples of each group were qualitatively assessed through scanning 

electron microscopy images (JSM 5600 Lv JEOL, Pleasanton, CA, USA) with 2000x 

magnification as shown in Figures 2 to 11B, and with 500x magnification in Figures 11A and 

12. The exposure to hydrofluoric acid at 5% and 10% concentrations and different etching times 

shows the dissolution of the glassy phase, exposing larger microporosities and grooves. 

After 5% hydrofluoric acid etching for 20", as suggested by the Vita Suprinity 

manufacturer, a higher amount of glassy phase could be observed, as well as small pores 

isolated with thin and irregular borders (Figure 2). The longer the acid etching time, the larger 

the pores and the more elongated the grooves, revealing areas described in the literature as 

honeycombs (Figure 11A) or beehives (Figure 12), potentially showing wider and shallower 

pores (Figure 12). 

 
 

 

Figure 2. Photomicrograph of the ceramic 

surface after 5% HF etching for 20 s. 

Magnification 2000x; bar = 10 µm. 

 

Figure 3. Photomicrograph of the ceramic 

surface after 5% HF etching for 30 s. 

Magnification 2000x; bar = 10 µm. 
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Figure 4. Photomicrograph of the ceramic 

surface after 5% HF etching for 40 s. 

Magnification 2000x; bar = 10 µm. 

 

Figure 5. Photomicrograph of the ceramic 

surface after 5% HF etching for 60 s. 

Magnification 2000x; bar = 10 µm. 

 

Figure 6. Photomicrograph of the ceramic 

surface after 10% HF etching for 10 s. 

Magnification 2000x; bar = 10 µm. 

 

Figure 7. Photomicrograph of the ceramic 

surface after 10% HF etching for 20 s. 

Magnification 2000x; bar = 10 µm. 

 

Figure 8. Photomicrograph of the ceramic 

 

Figure 9. Photomicrograph of the ceramic 
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surface after 10% HF etching for 30 s. 

Magnification 2000x; bar = 10 µm. 

surface after 10% HF etching for 40 s. 

Magnification 2000x; bar = 10 µm. 

 
 

10a 
 

10b 

Figure 10a e 10b. Photomicrograph of the ceramic surface after 5% HF etching for 20 s. 

Magnification 2000x; bar = 10 µm. 

 
 

11a 
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11b 

 
 

Figure 11a e 11b. Photomicrograph of the ceramic surface after 5% HF etching for 60 s, 

showing the honeycomb aspect (arrow). 11a-Magnification 500x. 11b-Magnification 2000x. B-

Shallow and wide pores. 

 
 

12a 
 

 

12b 

 
 

Figure 12a e 12b. Photomicrograph of the ceramic surface after 10% HF etching for 40 s, 

showing the beehive aspect (arrows). Magnification 500x; bar = 50 µm. 
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Discussion 

This study aimed to compare different concentrations of hydrofluoric acid applied on a 

ceramic surface at different times with the manufacturer's recommendation of using 5% 

hydrofluoric acid for 20". The results obtained showed there are differences in the adhesive 

bond strength between ceramic and dual resin cement depending on the selection of acid 

concentration and exposure time. Therefore, the null hypothesis tested was rejected, showing 

potential differences in adhesive bond strength at different concentrations of hydrofluoric acid 

and different times, using the Vita Suprinity ceramic after cementation with RelyX Ultimate 

resin cement. 

This study assessed the adhesive bond strength to Vita Suprinity ceramic, which has a 

high amount of glass matrix, making this material vulnerable to acid corrosion [2, 7, 16] and 

consequently exposes elongated lithium silicate crystals, which favors the retention of 

cementation agents [9, 11, 16, 18, 20]. Acid corrosion is a dynamic process that depends on 

ceramic composition, surface topography, acid concentration, and etching time of the piece, 

whereas HF concentration is defined by the manufacturer, but etching time may be controlled 

by the operator [18]. 

The surface roughness of the etched ceramic may widely vary, reflecting the formation 

of micro- and nanoporosities and variable widths and depths [2, 7, 8, 18, 20, 22], due to the acid 

action on the glass matrix and exposure of the crystalline structure [7, 18, 19, 20]. Previous 

studies [19, 20, 21, 22] show there is no determining time for ideal roughness, considering 

retention depends on several factors such as the type of ceramic you are working with, whether 

it is a glass-ceramic or not, for instance; the hydrofluoric acid concentration to be applied on 

the ceramic surface, which is determined by the manufacturer but chosen by the operator; and 

the time this acid will stay on the ceramic surface, which is often suggested by the ceramic 

manufacturer but may be completely controlled by the operator [8]. This study found that 

increasing HF concentration and etching time promoted increased surface roughness, as 

presented in Table 2. 

There is a positive relationship between ceramic roughness and wettability through the 

increase in free energy of the surface [7, 8, 18], which favors the mechanical interlocking of 

bonding agents and increases the retention of the piece [23, 24]. However, it will occur up to a 

certain point [7, 8, 9, 11], after which larger and wider, but shallower, porosities are observed 

[7, 8, 9, 22], corroborating findings of this study where SEM images (Figures 11A and 12), 

respectively for groups 5% 60" and 10% 40", showed larger porosities. Pore width increases 

because of the dissolution and disintegration of the weaker glassy phase to a faster rate than the 
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crystalline phase, and this significant loss of the glassy phase weakens the ceramic and may 

affect bond strength [25, 26]. 

The bond strength observed in group 5% 20" was significantly lower than the four times (10", 

20", 30", and 40") with 10% HF, but there were no increases as significant for bond strength. 

This suggests there is no need to extend hydrofluoric acid exposure for a long time, regardless 

of the acid concentration used, considering it will result in no gains for adhesive bond strength. 

Other researches [9, 12, 13, 18] show that applying silane and adhesive on ceramic surfaces 

with the presence of lithium disilicate may result in excellent bonding with lower HF acid 

concentration and within a shorter time. However, according to these authors, if the 

bifunctional agent is not applied, we should work with a higher acid concentration, 10% for 

instance, for a maximum of 60", in order to increase bond strength and seek less damage to the 

ceramic structure. 

The assessment of fracture pattern showed prevalence of adhesive fractures, except for 

the group at 5% HF acid concentration and 40" of exposure time, in which adhesive and mixed 

fractures were equivalent. Studies show [12, 14] that non-homogeneous stress could be 

developed in the bonding interface and extend to the substrate and resin cement, leading to 

cohesive or mixed fractures. This occurs when mechanical and structural resistances of 

substrates represent the weaker bond in the system, so the adhesive bond strength exceeds the 

intrinsic ceramic resistance and causes cohesive fractures. On the other hand, in other studies 

[12, 14] as well as in this study, the Vita Suprinity ceramic, which is a glass-ceramic with 

reinforcing crystalline phase, promotes higher resistance to other ceramics, showing less 

cohesive and mixed fractures and consequently presenting higher values in the microshear test. 

Bond strength increased with higher HF concentration and longer acid exposure time. 

The manufacturer of the Vita Suprinity ceramic recommends 5% HF etching for 20 s, but the 

SEM images show that the glassy phase is little dissolved, leaving surfaces with fewer 

irregularities. On the other hand, the 5% HF etching for 30 s and 10% for 10 and 20 s showed 

surfaces with more irregularities but no excessively wide and shallow pores, which favors 

micromechanical interlocking. Etching for more than 30 s did not result in significant bond 

strength increase and showed wider and shallower pores, which make the ceramic surface more 

fragile. 

Therefore, it is possible to increase adhesive bond strength to Vita Suprinity ceramic by 

adding 10 seconds to the time suggested by the manufacturer (20 seconds) at 5% hydrofluoric 

acid concentration, meaning that when using such concentration the acid should be applied for 
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30 seconds. It is also possible to obtain a surface with higher adhesive bond strength to ceramic 

when using 10% hydrofluoric acid at exposure times of 10 seconds and 20 seconds. 

These three options - 5% hydrofluoric acid for 30 seconds or 10% hydrofluoric acid for 

10 and 20 seconds - resulted in surfaces more susceptible to mechanical interlocking, due to the 

pattern of pores and irregularities formed, than the suggestion of the Vita Suprinity 

manufacturer (5% HF for 20 seconds). 

Conclusion 

Considering the limitations of this study, it may be concluded that Vita Suprinity ceramic 

etched with 5% HF for 30 s or 10% HF for 10 and 20 s showed higher bond strength than the 

manufacturer's protocol, but without showing wide and shallow porosities. 
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address') may be indicated as a footnote to that author's name. The address at which the 
author actually did the work must be retained as the main, affiliation address. Superscript 
Arabic numerals are used for such footnotes. Abstract (structured format)• 250 
words or less.• subheadings should appear in the text of the abstract as follows: 
Objectives, Methods, Results,Significance. (For Systematic Reviews: Objectives, Data, 
Sources, Study selection, Conclusions). The Results section may incorporate small 
tabulations of data, normally 3 rows maximum.Graphical abstract Although a graphical 
abstract is optional, its use is encouraged as it draws more attention to the online article. 
The graphical abstract should summarize the contents of the article in a concise, pictorial 
form designed to capture the attention of a wide readership. Graphical abstracts should be 
submitted as a separate file in the online submission system. Image size: Please provide 
an image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. The image 
should be readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. 
Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical 
Abstracts on our information site. Authors can make use of Elsevier's Illustration and 
Enhancement service to ensure the best presentation of their images and in accordance 
with all technical requirements: Illustration Service.Highlights are mandatory for this 
journal. They consist of a short collection of bullet points that convey the core findings of 
the article and should be submitted in a separate editable file in the online submission 
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 
85 characters, including spaces, per bullet point). You can view example Highlights on our 
information site. Highlights are mandatory for this journal. They consist of a short collection 
of bullet points that convey the core findings of the article and should be submitted in a 
separate file in the online submission system. Please use 'Highlights' in the file name and 
include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). 
See http://www.elsevier.com/highlights for examples. 34 Keywords Up to 10 keywords 
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should be supplied e.g. dental material, composite resin, adhesion.Abbreviations Define 
abbreviations that are not standard in this field in a footnote to be placed on the first page 
of the article. Such abbreviations that are unavoidable in the abstract must be defined at 
their first mention there, as well as in the footnote. Ensure consistency of abbreviations 
throughout the article. Acknowledgements Collate acknowledgements in a separate 
section at the end of the article before the references and do not, therefore, include them 
on the title page, as a footnote to the title or otherwise. List here those individuals who 
provided help during the research (e.g., providing language help, writing assistance or 
proof reading the article, etc.). Formatting of funding sources List funding sources in this 
standard way to facilitate compliance to funder's requirements: Funding: This work was 
supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill & Melinda 
Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of 
Peace [grant number aaaa]. It is not necessary to include detailed descriptions on the 
program or type of grants and awards. When funding is from a block grant or other 
resources available to a university, college, or other research institution, submit the name 
of the institute or organization that provided the funding. If no funding has been provided 
for the research, please include the following sentence: This research did not receive any 
specific grant from funding agencies in the public, commercial, or not-for-profit sectors. 
Units Follow internationally accepted rules and conventions: use the international system 
of units (SI). If other units are mentioned, please give their equivalent in SI. Math formulae 

Please submit math equations as editable text and not as images. Present simple formulae 
in line with normal text where possible and use the solidus (/) instead of a horizontal line 
for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. 
Powers of e are often more conveniently denoted by exp. Number consecutively any 
equations that have to be displayed separately from the text (if referred to explicitly in the 
text). Embedded math equations If you are submitting an article prepared with Microsoft 
Word containing embedded math equations then please read this (related support 
information). Footnotes Footnotes should be used sparingly. Number them consecutively 
throughout the article. Many word processors can build footnotes into the text, and this 
feature may be used. Otherwise, please indicate the position of footnotes in the text and 
list the footnotes themselves separately at the end of the article. Do not include footnotes 
in the Reference list. Artwork Electronic artwork General points • Make sure you use 
uniform lettering and sizing of your original artwork. 05 • Embed the used fonts if the 
application provides that option. • Aim to use the following fonts in your illustrations: Arial, 
Courier, Times New Roman, Symbol, oruse fonts that look similar. • Number the 
illustrations according to their sequence in the text. • Use a logical naming convention for 
your artwork files. • Provide captions to illustrations separately. • Size the illustrations 
close to the desired dimensions of the published version.• Submit each illustration as a 

separate file.A detailed guide on electronic artwork is available. You are urged to visit 

this site; some excerpts from the detailed information are given here. 
Formats If your electronic artwork is created in a Microsoft Office application (Word, 
PowerPoint, Excel) then please supply 'as is' in the native document format. Regardless 
of the application used other than Microsoft Office, when your electronic artwork is 
finalized, please 'Save as' or convert the images to one of the following formats (note the 
resolution requirements for line drawings, halftones, and line/halftone combinations given 
below): EPS (or PDF): Vector drawings, embed all used fonts. TIFF (or JPEG): Color or 
grayscale photographs (halftones), keep to a minimum of 300 dpi. TIFF (or JPEG): 
Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi. TIFF 
(or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum 

of 500 dpi.Please do not: • Supply files that are optimized for screen use (e.g., GIF, 
BMP, PICT, WPG); these typically have alow number of pixels and limited set of colors; • 

Supply files that are too low in resolution; • Submit graphics that are disproportionately 
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large for the content. Color artwork Please make sure that artwork files are in an acceptable 
format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and with the correct resolution. 
If, together with your accepted article, you submit usable color figures then Elsevier will 
ensure, at no additional charge, that these figures will appear in color online (e.g., 
ScienceDirect and other sites) regardless of whether or not these illustrations are 

reproduced in color in the printed version. For color reproduction in print, you 

will receive information regarding the costs from Elsevier after receipt 
of your accepted article. Please indicate your preference for color: in print or online 
only. Further information on the preparation of electronic artwork. Illustration services 

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript 
but concerned about the quality of the images accompanying their article. Elsevier's expert 
illustrators can produce scientific, technical and medical-style images, as well as a full 
range of charts, tables and graphs. Image 'polishing' is also available, where our illustrators 
take your image(s) and improve them to a professional standard. Please visit the website 
to find out more. Captions to tables and figures • list together on a separate page. • should 
be complete and understandable apart from the text. • include key for symbols or 
abbreviations used in Figures • individual teeth should be identified using the FDI two-digit 
system. 36 Tables Please submit tables as editable text and not as images. Tables can 
be placed either next to the relevant text in the article, or on separate page(s) at the end. 
Number tables consecutively in accordance with their appearance in the text and place 
any table notes below the table body. Be sparing in the use of tables and ensure that the 
data presented in them do not duplicate results described elsewhere in the article. Please 

avoid using vertical rules and shading in table cells. References References Must now 

be given according to the following numeric system: Cite references in text in 
numerical order. Use square brackets: in-line, not superscript e.g. [23]. All references must 
be listed at the end of the paper, double-spaced, without indents. For example: 1. Moulin 
P, Picard B and Degrange M. Water resistance of resin-bonded joints with time related to 
alloy surface treatments. J Dent, 1999; 27:79-87. 2. Taylor DF, Bayne SC, Sturdevant JR 
and Wilder AD. Comparison of direct and indirect methods for analyzing wear of posterior 
composite restorations. Dent Mater, 1989; 5:157-160. Avoid referencing abstracts if 
possible. If unavoidable, reference as follows: 3. Demarest VA and Greener EH . Storage 
oduli and interaction parameters of experimental dental composites. J Dent Res, 1996; 
67:221, Abstr. No. 868. Citation in text Please ensure that every reference cited in the text 
is also present in the reference list (and vice versa). Any references cited in the abstract 
must be given in full. Unpublished results and personal communications are not 
recommended in the reference list, but may be mentioned in the text. If these references 
are included in the reference list they should follow the standard reference style of the 
journal and should include a substitution of the publication date with either 'Unpublished 
results' or 'Personal communication'. Citation of a reference as 'in press' implies that the 
item has been accepted for publication. Reference links Increased discoverability of 
research and high quality peer review are ensured by online links to the sources cited. In 
order to allow us to create links to abstracting and indexing services, such as Scopus, 
CrossRef and PubMed, please ensure that data provided in the references are correct. 
Please note that incorrect surnames, journal/book titles, publication year and pagination 
may prevent link creation. When copying references, please be careful as they may already 
contain errors. Use of the DOI is encouraged. A DOI can be used to cite and link to 
electronic articles where an article is in-press and full citation details are not yet known, 
but the article is available online. A DOI is guaranteed never to change, so you can use it as 
a permanent link to any electronic article. An example of a citation using DOI for an article 
not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. 
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. 
Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. 
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Please note the format of such citations should be in the same style as all other references 
in the paper. Web references As a minimum, the full URL should be given and the date 
when the reference was last accessed. Any further information, if known (DOI, author 
names, dates, reference to a source publication, etc.), should also be given. Web 
references can be listed separately (e.g., after the reference list) under a different heading 
if desired, or can be included in the reference list. 37 Data references This journal 
encourages you to cite underlying or relevant datasets in your manuscript by citing them 
in your text and including a data reference in your Reference List. Data references should 
include the following elements: author name(s), dataset title, data repository, version 
(where available), year, and global persistent identifier. Add [dataset] immediately before 
the reference so we can properly identify it as a data reference. The [dataset] identifier will 
not appear in your published article. References in a special issue Please ensure that the 
words 'this issue' are added to any references in the list (and any citations in the text) to 
other articles in the same Special Issue. Reference management software Most Elsevier 
journals have their reference template available in many of the most popular reference 
management software products. These include all products that support Citation Style 
Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word 
processor plug-ins from these products, authors only need to select the appropriate journal 
template when preparing their article, after which citations and bibliographies will be 
automatically formatted in the journal's style. If no template is yet available for this journal, 
please follow the format of the sample references and citations as shown in this Guide. 
Users of Mendeley Desktop can easily install the reference style for this journal by clicking 
the following link: http://open.mendeley.com/use-citation-style/dental-materials When 
preparing your manuscript, you will then be able to select this style using the Mendeley 

plugins for Microsoft Word or LibreOffice. Reference style Text: Indicate references by 
number(s) in square brackets in line with the text. The actual authors can be referred to, 

but the reference number(s) must always be given. List: Number the references (numbers 

in square brackets) in the list in the order in which they appear in the text. Examples: 
Reference to a journal publication: [1] Van der Geer J, Hanraads JAJ, Lupton RA. The art 
of writing a scientific article. J Sci Commun2010;163:51–9. Reference to a book: [2] Strunk 
Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000. Reference to a 
chapter in an edited book: [3] Mettam GR, Adams LB. How to prepare an electronic 
version of your article. In: Jones BS, SmithRZ, editors. Introduction to the electronic age, 
New York: E-Publishing Inc; 2009, p. 281–304. Reference to a website: [4] Cancer 
Research UK. Cancer statistics reports for the UK, 
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003 
[accessed 13.03.03]. Reference to a dataset: [dataset] [5] Oguro M, Imahiro S, Saito S, 
Nakashizuka T. Mortality data for Japanese oak wilt disease and surrounding forest 
compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/ xwj98nb39r.1. Note 
shortened form for last page number. e.g., 51–9, and that for more than 6 authors the first 
6 should be listed followed by 'et al.' For further details you are referred to 'Uniform 38 
Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 

1997;277:927–34) (see also Samples of Formatted References). Journal abbreviations 

source Journal names should be abbreviated according to the List of Title Word 

Abbreviations. Video Elsevier accepts video material and animation sequences to support 
and enhance your scientific research. Authors who have video or animation files that they 
wish to submit with their article are strongly encouraged to include links to these within the 
body of the article. This can be done in the same way as a figure or table by referring to 
the video or animation content and noting in the body text where it should be placed. All 
submitted files should be properly labeled so that they directly relate to the video file's 
content. In order to ensure that your video or animation material is directly usable, please 
provide the files in one of our recommended file formats with a preferred 
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maximum size of 150 MB. Video and animation files supplied will be published online in 
the electronic version of your article in Elsevier Web products, including ScienceDirect. 
Please supply 'stills' with your files: you can choose any frame from the video or animation 
or make a separate image. These will be used instead of standard icons and will 
personalize the link to your video data. For more detailed instructions please visit our video 
instruction pages. Note: since video and animation cannot be embedded in the print 
version of the journal, please provide text for both the electronic and the print version for 
the portions of the article that refer to this content. Supplementary material 
Supplementary material such as applications, images and sound clips, can be published 
with your article to enhance it. Submitted supplementary items are published exactly as 
they are received (Excel or PowerPoint files will appear as such online). Please submit 
your material together with the article and supply a concise, descriptive caption for each 
supplementary file. If you wish to make changes to supplementary material during any 
stage of the process, please make sure to provide an updated file. Do not annotate any 
corrections on a previous version. Please switch off the 'Track Changes' option in Microsoft 
Office files as these will appear in the published version. AudioSlides The journal 
encourages authors to create an AudioSlides presentation with their published article. 
AudioSlides are brief, webinar-style presentations that are shown next to the online article 
on ScienceDirect. This gives authors the opportunity to summarize their research in their 
own words and to help readers understand what the paper is about. More information and 
examples are available. Authors of this journal will automatically receive an invitation e- 
mail to create an AudioSlides presentation after acceptance of their paper. AFTER 

ACCEPTANCE Online proof correction Corresponding authors will receive an e-mail 
with a link to our online proofing system, allowing annotation and correction of proofs 
online. The environment is similar to MS Word: in addition to editing text, you can also 
comment on figures/tables and answer questions from the Copy Editor. Web-based 
proofing provides a faster and less error-prone process by allowing you to directly type 
your corrections, eliminating the potential introduction of errors. If preferred, you can still 
choose to annotate and upload your edits on the PDF version. All instructions for proofing 
will be given in the e-mail we send to authors, including alternative methods to the online 
version and PDF. 39 We will do everything possible to get your article published quickly 
and accurately. Please use this proof only for checking the typesetting, editing, 
completeness and correctness of the text, tables and figures. Significant changes to the 
article as accepted for publication will only be considered at this stage with permission 
from the Editor. It is important to ensure that all corrections are sent back to us in one 
communication. Please check carefully before replying, as inclusion of any subsequent 
corrections cannot be guaranteed. Proofreading is solely your responsibility. Offprints 
The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a 
customized Share Link providing 50 days free access to the final published version of the 
article on ScienceDirect. The Share Link can be used for sharing the article via any 
communication channel, including email and social media. For an extra charge, paper 
offprints can be ordered via the offprint order form which is sent once the article is accepted 
for publication. Both corresponding and co-authors may order offprints at any time via 
Elsevier's Webshop. Corresponding authors who have published their article open access 
do not receive a Share Link as their final published version of the article is available open 
access on ScienceDirect and can be shared through the article DOI link. AUTHOR 

INQUIRIES Visit the Elsevier Support Center to find the answers you need. Here you 
will find everything from Frequently Asked Questions to ways to get in touch. You can also 
check the status of your submitted article or find out when your accepted article will be 
published. © 




