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Resumo  



Resumo 

 

Vieira, A. P. M. Adição de extrato da casca de romã em um enxaguatório bucal com 

polifosfato-fluoreto reduz a desmineralização do esmalte dentário. 2022 89f. Tese 

(Doutorado em Ciência Odontológica, área de Biomateriais) - Faculdade de Odontologia de 

Araçatuba, Universidade Estadual Paulista, Araçatuba 2022.  

 

Objetivos: Avaliar o efeito anti-desmineralizante de um enxaguatório bucal com extrato de 

casca de romã (3% PPE), trimetafosfato de sódio (0,3% TMP) e flúor (225 ppm F) em um 

estudo in situ e determinar seu potencial de irritação em um estudo ex vivo. 

Métodos: Este estudo foi duplo-cego cruzado e realizado em quatro fases com 7 dias cada. 

Doze voluntários utilizaram dispositivos orais contendo blocos de esmalte bovino que foram 

submetidos a desafios cariogênicos com sacarose (30%) seis vezes ao dia. A formulação ETF 

(PPE+TMP+F), formulação TF (TMP+F), água deionizada e um enxaguatório comercial (CM) 

foram gotejados nos blocos de esmalte duas vezes ao dia. Em seguida, determinou-se a 

porcentagem de perda de dureza superficial (%SH), perda integrada de dureza subsuperficial 

(ΔKHN), bem como cálcio (Ca), fósforo (P) e fluoreto (F) no esmalte e nos biofilmes. Além 

disso, as concentrações de polissacarídeos extracelulares solúveis (EPS) foram analisadas a 

partir do biofilme coletado dos blocos. O potencial de irritação dos enxaguatórios foi avaliado 

pelo teste da membrana corioalantóica do ovo de galinha através do efeito vascular produzido 

durante 300 s de exposição. 

Resultados: A formulação ETF promoveu os melhores resultados para %SH e ΔKHN entre 

todos os grupos (p < 0,001), apresentou a maior concentração de Ca e P no esmalte e no 

biofilme, e a menor quantidade de EPS no biofilme (p < 0,001). ETF produziu leve rubor, 

enquanto CM levou a hiperemia e hemorragia nos ovos. 

Significado: A adição de PEE na formulação para enxaguatório sem álcool contendo TMP e 

F aumentou sua propriedade anti-desmineralizante, e esta formulação apresentou menor 

potencial de irritação quando comparada ao CM testado. 

 

Palavras-chave: Romã; Fosfatos; Fluoretos; Cárie dentária; Desmineralização do dente; 

Embrião de galinha; Antissépticos bucais. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract 



Abstract 

 

Vieira, A. P. M. Addition of pomegranate peel extract in a mouthwash with 

polyphosphate-fluoride reduces the tooth enamel demineralization. 2022 89f. Tese 

(Doutorado em Ciência Odontológica, área de Biomateriais) - Faculdade de Odontologia de 

Araçatuba, Universidade Estadual Paulista, Araçatuba 2022. 

 

Objectives: This study evaluated the anti-demineralizing effect of a mouthwash comprising 

pomegranate peel extract (PPE 3%), sodium trimetaphosphate (TMP 0.3%), and fluoride (F 

225 ppm) in an in situ study and assessed its irritation potential in an ex vivo study. 

Methods: This double-blind crossover study was conducted in four phases with 7 days each. 

Twelve volunteers used palatal appliances containing bovine enamel blocks that were 

subjected to cariogenic challenges with sucrose (30%) six times daily. The ETF formulation 

(PPE+TMP+F), TF formulation (TMP+F), deionized water, and commercial mouthwash (CM) 

were dropped onto the enamel blocks twice daily. The percentage of surface hardness loss 

(%SH), integrated loss of subsurface hardness (ΔKHN), calcium (Ca), phosphorus (P), and F 

in enamel and biofilms were determined. In addition, alkali-soluble extracellular polysaccharide 

(EPS) concentrations were analyzed in the biofilms collected from the blocks. The irritation 

potential of the mouthwashes was evaluated using the hen’s egg chorioallantoic membrane 

test through the vascular effect produced during 300 s of exposure. 

Results: The ETF formulation presented the best results for %SH and ΔKHN among all groups 

(p < 0.001), showed the highest concentrations of Ca and P in the enamel and biofilm, and the 

lowest amount of EPS in the biofilm (p < 0.001). The ETF produced light reddening, whereas 

CM led to hyperemia and hemorrhage in the eggs.  

Significance: The addition of PPE to alcohol-free mouthwash formulations containing TMP 

and F increased its anti-demineralizing property, and this formulation presented a lower 

irritation potential than the CM tested. 

 

Keywords: Pomegranate; Phosphates; Fluorides; Dental Caries; Tooth Demineralization; 

Chick Embryo; Mouthwashes. 
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1. Introduction 

Oral health is a fundamental part of overall health and well-being, and talking, eating, 

smiling, and socializing without pain, discomfort, or embarrassment is directly related to good 

oral health [1, 2]. Nevertheless, oral diseases remain a global public health concern. Dental 

caries is the most prevalent dental condition among the 50 most common oral diseases 

evaluated between 1990 and 2017 by the Global Burden of Disease Study [3, 4]. Globally, an 

estimated 2.3 billion people suffer from untreated caries in permanent teeth [5]. Dynamic 

development and multifactorial etiology of caries involve complex interactions between host 

factors, oral microbes, and fermentable carbohydrates [4]. 

Presently, fluoride (F) is the main component for the prevention and noninvasive control 

of dental caries. However, changes in the diet of the population, including the increasing sugary 

and processed foods, have necessitated the inclusion of compounds that can improve the 

protective and therapeutic effects of F [6, 7]. Numerous studies have shown that adding 

phosphate salts, including sodium trimetaphosphate (TMP), to F products produces a 

synergistic effect by decreasing the dissolution of hydroxyapatite and increasing mineral 

apposition in dental enamel [8-12]. TMP adsorbs onto the enamel, forming a barrier that inhibits 

acid diffusion. However, this barrier prevents the precipitation of CaF2 and subsequently 

reduces the obstruction of enamel pores, furthering ion diffusion into the enamel [9, 12-14]. 

The adsorbed TMP may retain both Ca2+ and CaF+ in its negatively charged cyclic structure. 

When the pH drops due to the cariogenic challenge, calcium species are released, leading to 

the formation of neutral species (CaHPO4
0 + HF0) that have a higher diffusion coefficient, 

improving the ionic flux. Notably, it decreases enamel demineralization and increases the 

remineralization process [9, 12-14]. 

In the last decade, there has been an exponential exploration of herbal medicine [15, 

16]. The plurality of therapeutic effects found in plant extracts makes them promising raw 

materials for the search for novel remineralizing agents [7, 17-19]. In this regard, the 

pomegranate (Punica granatum), a fruit-bearing tree native to Iran and cultivated worldwide, 
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stands out. Since ancient times, it has been known for its anti-inflammatory, antioxidant, 

antimicrobial, wound healing, anti-hyperglycemic, hepatoprotective, and anticancer properties 

[20]. Pomegranate fruit has various biocompounds with high biological value in all its parts, 

including the peel, carpelar membranes, arils, and seeds [21]. The peel represents 30–40% of 

the pomegranate and is a non-valued by-product that is usually discarded as residues by the 

agro-industry after processing the fruit [22, 23]. Notably, pomegranate peel has the highest 

amount of phenolic compounds compared with the juice and seeds of different pomegranate 

cultures, which is responsible for its beneficial properties [24]. 

This study aimed to evaluate the anti-demineralizing effect of mouthwash with 

pomegranate peel extract (PPE), TMP, and F in an in situ study and to assess the irritation 

potential of that mouthwash in an ex vivo study to achieve a sustainable approach with the use 

of natural compounds and the need for new remineralizing products for the 

prevention/treatment of dental caries. The null hypothesis was that mouthwash with PPE, 

TMP, and F would provide similar anticaries effects when compared with mouthwash 

containing only TMP and F, and it would present an irritation potential similar to a commercial 

mouthwash (CM). 

 

2. Materials and Methods 

 

2.1. Punica granatum peel extraction 

Punica granatum (pomegranate) peel (dehydrated, ground, and sterilized) was 

obtained from a single allotment of the Company Santos Flora (Santosflora Com. De Ervas, 

Mairiporã, SP - Brazil). The peel powder was dissolved in ethanol 70% GL, and the maceration 

process used for extraction followed the method described by Fernandes et al. [25]. After 

exhaustive extraction, the resulting mixture was filtered and concentrated using a vacuum 

evaporator to obtain a soft extract. Subsequently, it was diluted in propylene glycol, and the 
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yield percentages were calculated at 32% w/v of pomegranate dry matter (according to solvent 

evaporation in an oven at 100– 105°C until a constant weight). 

 

2.2. Mouthwash formulations 

The mouthwash formulations were produced using gum arabic, potassium sorbate, 

disodium EDTA, xylitol, sorbitol, mint spicata essential oil, sodium hydroxide, purified water, 

and active compounds (PPE, TMP and F). For the formulations, the concentrations of TMP 

(0.3%) and F (225 ppm) followed the report by Favretto et al. [8] and the PPE concentration 

(3%) was based on the one by Fernandes et al. [25]. Previously, phytochemical analyzes 

revealed that PPE is rich in phenolic compounds (114.98 mg ± 3.55 g-1), punicalagin (α = 2.14 

± 0.006 mg g−1, β = 2.286 ± 0.03 mg g−1) and ellagic acid (0.458 ± 0.006 mg g−1) [25]. The 

formulations produced were as follows: E (formulation with 3% PEE), TF (formulation with 0.3% 

TMP + 225 ppm F), ETF (formulation with 3% PPE + 0.3% TMP + 225 ppm F), and N 

(formulation without PPE, TMP, and F). The pH of the formulations was adjusted using a pH 

electrode (2A09E, Analyzer, São Paulo, Brazil), and the amount of F was verified using an 

F−specific electrode (Orion 9609-BN; Orion Research Inc., Beverly, USA) connected to an ion 

analyzer (Orion 720 A+; Orion Research Inc.) (Sigma Aldrich, St. Louis, USA) [25]. Standers 

containing 0.5 to 8.00 ppm F were used to calibrate the electrodes.  

 

2.3. In situ study design and Experimental protocol 

This study was approved by the Human Ethics Committee of São Paulo State 

University (UNESP), School of Dentistry, Araçatuba, Brazil (Protocol: 10320719.9.0000.5420), 

and all participants provided informed consent statements before the study onset. This study 

was an in situ double-blind crossover study conducted in four phases of 7 days each [26]. The 

sample size of 12 volunteers (8 female, 3 males, aged 24 – 31 years) was used based on the 

study by do Amaral et al. [27], considering as the primary outcome the surface and cross-

sectional hardness analysis, the mean difference between groups (30 and 1300, respectively), 
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standard deviation (20 and 900, respectively), an α-error of 5%, and a β-error of 20%. 

Volunteers (age ± 20–30 years) followed the inclusion and exclusion criteria based on their 

good general and oral health status (Appendix A).   

Enamel blocks (4 x 4 mm, n = 192) were prepared from bovine incisor teeth, polished, 

and selected by initial surface hardness (approximately 365.9 Knoop hardness number (KHN), 

p < 0.05). These enamel blocks were fixed in acrylic resin palatal appliances and covered with 

a piece of plastic mesh to enable biofilm accumulation (leaving a 1 mm space from the block 

surface). Additionally, different palatal appliances were manufactured during all the experiment 

phases. Notably, to simulate a cariogenic diet, the volunteers were instructed to remove the 

appliance and drip 30% sucrose solution (Synth®, Diadema, Brazil) onto each enamel block 

six times daily (8:00 am, 11:00 am, 2:00 pm, 5:00 pm, 7:00 pm, and 9:00 pm) (Figure 1) and 

wait five minutes for the sucrose solution to diffuse before reinserting the appliance into the 

mouth [14]. Moreover, the volunteers were instructed to use F-free toothpaste (Appendix B) to 

brush their natural teeth during the 7 days of pre-experimental, experimental, and wash-out 

periods. During the experimental period, the volunteers brushed thrice daily after the main 

meals while having the palatal appliance inside their mouths, being careful not to brush the 

enamel blocks. After brushing, the appliance was removed, and two drops of formulation were 

dropped onto each enamel block twice daily (2:30 pm and 9:30 pm), waiting for 1 min for 

formulation diffusion (Figure 1). All volunteers underwent four phases (n = 48) of treatment, 

lasting seven days each one and using the following treatments: TF, ETF, W (deionized water), 

and CM (essential commercial anticaries alcohol-free mouthwash, Johnson & Johnson©, São 

Paulo, Brazil, Appendix C) (Figure 1). The appliance was used throughout the day and night, 

except while eating and drinking.  

After each experimental period, biofilms formed on the blocks were collected for 

analysis of F, calcium (Ca), phosphorus (P), and insoluble extracellular polysaccharides (EPS). 

In enamel, the percentage of surface hardness loss (%SH), integrated loss of subsurface area 

(ΔKHN), F, Ca, and P (Figure 1). 
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2.3.1. Hardness analysis 

 SH was measured by five indentations on the surface of the enamel before (SHi) and 

after (SHf) each treatment phase using a Shimadzu HMV-2000 microhardness tester 

(Shimadzu Corp., Kyoto, Japan) under a 25 g load for 10 s [28]. The %SH was calculated as 

%SH = 100(SHf-SHi)/SHi. Subsequently, the enamel blocks were longitudinally sectioned 

through their center and embedded in acrylic resin, with the cut face exposed and polished for 

determining cross-sectional hardness measurements. A Micromet 5114 hardness tester 

(Buehler® Ltd., Lake Bluff, USA) and the software Buehler OmniMet (Buehler) with a Knoop 

diamond indenter under a 5 g load for 10s were used to perform one sequence of 14 

indentations spaced 100 μm apart (5, 10, 15, 20, 25, 30, 40, 50, 70, 90, 110, 130, 220, and 

330 µm). The integrated hardness area (KHN x μm) from the lesion to the hard enamel was 

assessed using the trapezoidal rule (Graph Pad Prism, version 3.02) and subtracted from the 

hard enamel hardness integrated area to obtain the ∆KHN [28, 29]. 

 

2.3.2. Biofilm dental processing and analysis of EPS 

The biofilm formed on each enamel block was collected, weighed, stored in 

microcentrifuge tubes (Axygen, Corning, Nova York, USA), and dried in a vacuum over P2O5 

(Vetec Química Fina Ltd., Duque de Caxias, Brazil) for 12 h at room temperature [30]. For 

inorganic and carbohydrate analysis, hydrochloric acid (HCl, 0.5 mol L-1, Sigma Aldrich) and 

sodium hydroxide (NaOH, 0.5 mol L-1, Sigma Aldrich) were sequentially added to the biofilm 

under constant agitation [31, 32]. Afterward, the samples were vortexed and centrifuged 

(11,000 × g) for 1 min, and the supernatant was separated for F, Ca, and P determination. The 

number of EPS was determined using the phenol-sulfuric acid method [33]. 

 

2.3.3. F, Ca, and P in enamel and dental biofilm  

F present in the enamel was determined according to Weatherell, Robinson [34] and 

modified by Alves et al. [35] using a specific electrode 9409BN (Thermo Scientific, Beverly, 
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USA) and microelectrode reference (Analyzer©, Sao Paulo, Brazil) coupled to an ion analyzer 

(SevenCompact S220-uMix, Mettler Toledo©, Greifensee, Switzerland). The F present in the 

dental biofilm was analyzed using an ion-selective electrode (Orion 9409 BN) and a 

potentiometer (Orion 900200, Thermo Scientific™, Beverly, USA) [32]. For the analysis of Ca 

present in enamel and biofilms, the Arsenazo III colorimetric method [36] was used, and P 

analysis followed the protocol established by Fiske and Subbarow [37]. The absorbance 

readings were recorded at 650 and 660 nm for Ca and P, respectively, using a plate reader 

(PowerWave 340, Biotek, Agilent Technologies©, Santa Clara, USA). The results for enamel 

were expressed in µg∙mm-3, and those for biofilms were expressed in moles per kilogram. 

 

2.4. The hen’s egg chorioallantoic membrane (HET-CAM) test  

 The HET-CAM assay followed the guidelines of the Journal Officiel de la République 

Française [38] according to the method proposed by Luepke with minor changes [39]. White 

Leghorn fertile eggs (Mario Salviato, Porto Ferreira, Brazil) were incubated in an egg incubator 

(model GP100, GP Chocadeiras©, Salto, Brazil) at 37°C and 60– 70% relative humidity for 10 

days. The eggs were rotated daily for the first 8 days. On the tenth day, the shell above the 

airspace of the eggs was removed using a diamond disc (KG Sorensen©, São Paulo, Brazil) 

coupled to a micromotor (Marathon 3 Champion, Talmax©, Curitiba, Brazil). Afterward, the 

inner egg membrane was removed, and the CAM was exposed to the formulations E, TF, ETF, 

N, or CM (300 µL) for 20 s. The CAM was then washed with isotonic sodium chloride (NaCl 

0.9%, w/v), and vascular reactions (hyperemia, hemorrhage, and coagulation) were observed 

for 300 s. Reactions were graded according to their time of appearance (Table 1). 

Subsequently, the grading of vascular reactions was combined to obtain an irritant score (IS) 

based on the following scale: IS ≤ 0.9, no irritant; 0.9> IS ≤ 4.9, slight irritant; 4.9 IS ≤ 8.9, 

moderate irritant; 8.9 > IS ≤ 21, severe irritant. NaCl 0.9%, w/v, sodium dodecyl sulfate (DDS 

1% w/v), and NaOH 0.1 N were used as test system controls as references for the irritation 
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index. Three eggs were used for each group, and the test was conducted thrice on different 

occasions. 

 

2.5. Statistical analysis  

SigmaPlot software (version 12.0; Systat Software Inc., San Jose, CA, USA) was used 

for statistical analyses with a confidence level of 95%. Data (Ca, P, F, EPS, %SH, and ΔKHN) 

were analyzed for normality and homogeneity of sample distributions using the Shapiro–Wilk 

and Bartlett test, respectively. Additionally, data were subjected to a one-way analysis of 

variance (ANOVA) and repeated measures, followed by the Student–Newman–Keuls test. 

 

3. Results 

 

3.1. Effect anti-demineralization of the mouthwash formulations 

The mean (SD) concentrations of total F (n = 3) in the formulations containing F were 

as follows: TF formulation = 215.9 (8.7) and ETF formulation = 232.9 (6.3). The pH of all 

formulations was adjusted to 7.0 by adding NaOH. 

The combination of PPE, TMP, and F in the formulation (ETF) resulted in the highest 

reduction in %SH compared with all the groups tested. ETF promoted ~46.6% and ~40.4% 

decreases in %SH compared to TF and CM, respectively (p < 0.001). No significant difference 

was observed between the TF and CM groups regarding %SH (p = 0.170). In addition, the 

capacity to reduce ΔKHN was ~ 27.5% and ~ 29.5% lower in TF and CM (p < 0.001), 

respectively, than in ETF (Table 2). 

Similar F concentrations were observed in TF, ETF, and CM (p > 0.01), which were 

significantly higher than those in W (p < 0.01). ETF promoted the highest retention of Ca and 

P in the enamel and biofilm when compared with TF, CM, and W (p < 0.01). The lowest EPS 

in biofilms was observed when the ETF formulation was used (p < 0.01), followed by the TF, 

CM, and W (Table 2). 
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3.2. The irritation potential by the HET-CAM assay 

Applying NaCl (negative control) to healthy membranes produced no visual responses. 

The positive controls (DDS and NaOH) were graded as severely irritating. Upon applying DDS, 

hyperemia, and hemorrhage were observed (cumulative score = 12 points), and NaOH 

produced all three signs of vascular response (cumulative score = 19 points), which are in 

accordance with the acceptance criteria for the “Interagency Coordinating Committee on The 

Validation of Alternative Methods” [40]. In the E and ETF formulations, no vascular response 

was noticeable within 30 s, whereas light reddening was visible after 30 s (cumulative score = 

3 points, slightly irritant). The N and TF formulations showed no signs of vascular response 

(non-irritant), and CM produced hyperemia and hemorrhage and was classified as a moderate 

irritant (cumulative score = 10 points). Figure 1 shows the representative images for each 

group. 

 

4. Discussion 

Mouthwashes have become increasingly popular [41]. During the COVID-19 pandemic, 

their use was encouraged due to the effects of reducing the viral load of saliva, leading to part 

of the population using it daily [42, 43]. However, indiscriminate applicability is problematic, 

primarily because most mouthwashes contain alcohol or synthetic chemical agents that are 

unsuitable for everyday use [44]. Thus, developing herbal and biocompatible alternatives is a 

niche area to be explored in the dental market. Therefore, we produced an alcohol-free 

mouthwash formulation comprising PPE, polyphosphate, and F at lower concentrations. This 

formulation reduced demineralization on bovine enamel in an in vitro pH cycling test and 

prevented biofilms produced by Streptococcus mutans and Candida albicans [25]. In this 

study, we provide new insights into enhancing the anti-demineralizing activity of sodium TMP 

and F by adding PPE. This combination in a mouthwash formulation (ETF) was used in an in 

situ model that has already been well studied and successfully used to prove the anticaries 
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effectiveness of F compounds [14, 26, 32]. Furthermore, we demonstrated the biocompatibility 

of the ETF in an ex vivo model using a hen’s egg chorioallantoic membrane. The null 

hypothesis of this study was rejected as ETF promoted a higher reduction in dental enamel 

demineralization than the TF mouthwash formulation and presented a lower irritation potential 

than the CM. 

Our results showed that side effects on enamel produced by simulated cariogenic 

challenges were reversed by ETF, significantly reducing the mineral loss in tooth enamel. In 

addition, higher amounts of Ca and P were detected in the enamel and biofilm than in the other 

mouthwash treatments proposed in this study (TF, W, and CM mouthwashes). This finding 

demonstrated that the enamel treated with ETF was significantly more mineralized, which is 

considered important in cases of subsequent demineralization cycles [10, 12, 13]. Particularly, 

the ΔKHN results suggested that ETF increased the mobility of Ca and P ions in deeper regions 

of the enamel, which is crucial for the remineralization process occurring in progressive carious 

lesions [12, 13]. 

Regarding the concentration of alkali-soluble EPS, there was a significant reduction in 

biofilms treated with the ETF. The effectiveness of reducing EPS has been demonstrated in 

the literature when the active compounds present in ETF were tested separately against 

biofilms. PPE effectively inhibited the production of insoluble EPS in S. mutans biofilms [45]. F 

interferes with EPS synthesis by controlling gene expression via glycosyltransferase-related 

and glycolysis-related genes [46]. TMP associated with F decreased EPS in several in situ 

studies [12, 14]. This association also induced structural changes and reduced the protein, 

carbohydrate, and DNA content in the extracellular matrix in dual-species biofilms of S. mutans 

and C. albicans [47]. For the inorganic composition of the biofilm, our study showed an 

increase in the adsorption of Ca and P after ETF treatment, suggesting a biofilm with a higher 

degree of saturation regarding hydroxyapatite [14]. In previous studies [12], TMP alone could 

not increase P levels of in vitro biofilms, as it is not a source of free P [13, 48]. Comparatively, 

with our results, we hypothesize that PPE could play a significant role as a P source in biofilms. 
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 The outcome showed that the association of PPE with remineralizing agents (TMP and 

F) was significant in our study. However, the mechanism of action of the ETF formulation on 

de- and remineralization enamel processes still needs to be elucidated. Fernandes et al. [25] 

demonstrated that a mouthwash formulation containing PPE alone does not decrease enamel 

demineralization in an in vitro cariogenic challenge study. Considering this, we demonstrated 

the additive effect of PPE in association with TMP+F on the reduction of enamel 

demineralization. The additive effect of herbal-containing toothpaste (Prunus amygdalus 

Dulcis and Camellia sinensis) on the remineralizing efficacy of F has already been reported by 

Forcin et al. [49]. Prunus amygdalus dulcis is an almond that contains proanthocyanidins and 

hydrolyzable tannins (including ellagic and gallic acids) [49, 50], and these components are 

also found in pomegranate peel extract [51]. It has been suggested that PPE forms an organic 

pellicle on the enamel surface, comprising monomeric and polymeric polyphenols. This 

supposedly provides the main contact of pellicle-containing gallotannins with the enamel 

surface, thereby increasing the deposition effectiveness of remineralizing ions [49]. 

Additionally, dentinal tubules are physically occluded, impeding acid diffusion [49]. PPE 

contains Ca and P in its composition, and there is also the possibility of PPE acting as an 

external source of these ions [22]. TMP also forms a layer on the surface enamel and increases 

the adsorption capacity of Ca and P [8, 14, 52]. Therefore, the bioavailability of Ca and P is 

increased because of the presence of PPE, and a state of supersaturation occurs and; 

consequently, larger retention of them in the enamel would ensue. This may explain the higher 

uptake of Ca and P observed in the enamel after ETF treatment. It is believed that the 

polyphenolic compounds present in PPE, more specifically gallic acid, facilitates mineral 

deposition on the surface layer by combining with Ca2+ from the surrounding medium and 

forming insoluble compounds with Ca [53-56]. Furthermore, gallic acid might act as a carrier 

of these Ca2+ ions to the lesion body [57], and this theory is supported by our findings on 

subsurface lesion reduction. Another issue to be emphasized is the ability of polyphenols to 

bind to oral surfaces, and even with salivary flow, they can remain bound for long periods, 
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acting as “slow-release” devices [58-61]. After rinsing with the ETF formulation, its astringent 

organoleptic feature was noted, resulting from tannins interaction with salivary proteins. As 

part of the calcium present in saliva is bound to proteins [62], precipitation of salivary protein 

could be another factor responsible for the increase in calcium deposition in enamel [63]. 

 Furthermore, the promising results of ETF can be accentuated by its significant anti-

demineralizing efficacy when compared with the CM evaluated. This mouthwash was chosen 

as a control because of its similar characteristics to the ETF formulation, such as F 

concentration, absence of alcohol, and presence of natural compounds. Mouthwashes based 

on essential oils (menthol, thymol, eucalyptol, and methyl salicylate) are popular commercial 

products, and the addition of F in its formulation proved effective in the remineralization of 

artificial caries lesions [64, 65]. In 2004, this mouthwash type was classified as effective and 

safe by the American Authority “Food and Drug Administration” [66], and it was selected as a 

comparative group in our study in the HET-CAM test. 

The HET-CAM is an alternative ex vivo assay that evaluates the potential for irritation 

and local toxicity of compounds on mucosal surfaces [65, 66] and can be used in investigations 

of dental products [69-71]. Our results from the HET-CAM assay showed that ETF did not 

induce a highly irritating reaction (classification rating: slightly irritant), indicating that it is a 

substance without toxic effects. In comparison, the CM presented a higher irritant potential 

(classification rating: moderate irritant) owing to the induction of adverse reactions in the 

vascular plexus of the CAM. The toxicity of CM was proven in our previous study in which 

murine bone marrow-derived macrophages were used [25]. In that study, after 2 h of treatment 

with ETF, more than 75% of murine bone marrow-derived macrophages remained viable, 

whereas CM was cytotoxic, retaining only 20% of viable cells [25]. 

The a-toxic characteristics of the ETF formulation might be because of the 

concentrations of the active compounds (PPE, TMP, and F) selected to be in it [72-74]. In a 

recent study, monosodium glutamate (a flavor-enhancing agent added to various foods) 

produced congenital malformations in chicken embryos. The injection of PPE (0.3 mL) 
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ameliorated these harmful actions in embryos owing to its antioxidant properties [75]. Although 

in vivo tests are necessary to prove the safe clinical application of ETF, our preliminary data 

strongly suggest its biocompatibility. 

This present study demonstrated that the addition of PPE (3%) to an alcohol-free 

mouthwash formulation containing TMP (0.3%) and F (225 ppm) increased its anti-

demineralizing property, with a slight irritant potential. In commercial dental products, the ETF 

formulation could be used in the future for the prevention of dental caries. Therefore, controlled 

clinical trials are recommended to confirm our outcomes. 

 

5. Conclusion 

We concluded that, with the limitations inherent to an in situ study, ETF was able to 

reduce %SH and ΔKHN and increase the concentration of Ca and P in the enamel and biofilm. 

In addition, it acts on the dental biofilm, reducing the number of EPS. In the HET-CAM test, 

ETF had a lower irritation potential than the CM, proving to be a promising alternative for long-

term use in patients at high risk of caries.  
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Supplementary Material 

 

Inclusion criteria for volunteers 

The volunteers who were included in this study were all residents of Araçatuba (São 

Paulo, Brazil) with a fluoridated water supply, good general health, clinical absence of active 

caries lesions, and periodontal disease, and they provided written informed consent. The 

exclusion criteria were as follows: use of medications interfering with the salivary flow rate, use 

of antibiotics, use of removable dentures, fixed or removable orthodontic appliances, smoking, 

pregnancy or breastfeeding, systemic diseases, and previous allergy to oral products or plant 

extracts. Notably, the participants were prohibited from using any antimicrobial or F product 

during the experiment. 

 

Toothpaste formulation  

Toothpastes were produced with the following components: titanium dioxide, 

carboxymethyl cellulose, methyl p-hydroxybenzoate sodium, saccharin, mint oil, glycerin, 

abrasive silica, sodium lauryl sulphate and deionized water.  

 

Ingredients of essentials oil anticaries alcohol-free commercial mouthwash 

Purified water, sorbitol, propylene glycol, poloxamer 407, sodium lauryl sulfate, benzoic 

acid, aroma (benzyl alcohol, d-Limonene), eucalyptol, methyl salicylate, thymol, sodium 

saccharina, sodium fluoride (220 ppm), sodium benzoate, sucralose, menthol, CI 

47005/quinoline yellow, CI 42053/fast green. 
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Figure and tables captions 

 

Figure 1. Experimental design of the study.  

 

Figure 2. Representative images: (Egg) Fertilized chicken egg showing the chorioallantoic 

membrane. Sequence of photographs illustrating the macroscopic changes on the 

chorioallantoic membrane vasculature after administration of solutions for 360 s: (NaOH) 

sodium hydroxide 0.1N; (DDS) sodium dodecyl sulfate 1%; (NaCl) sodium chloride 0.9%; (N) 

formulation without pomegranate peel extract (PPE), sodium trimetaphosphate (TMP) and 

fluoride (F); (E) formulation with 0.3% PPE; (TF) formulation with 0.3% TMP and 225 ppm F; 

(ETF) formulation with 0.3% PPE, 0.3% TMP and 225 ppm F; (CM) commercial mouthwash of 

essential oil. 

 

Table 1. Grading of vascular reactions (hyperemia, hemorrhage, and coagulation) in the 

chorioallantoic membrane of the embryonated egg chicken in the HET-CAM test. 

  

Table 2. Mean (SD) initial surface hardness loss (SHi), percentage of surface hardness loss 

(%SH), integrated loss of subsurface hardness (ΔKHN), fluoride, calcium, and phosphorus 

concentration in enamel and biofilm according to the different treatments. 
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Figure 1. Experimental design of the study.
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Figure 2. Representative images: (Egg) Fertilized chicken egg showing the chorioallantoic 

membrane. Sequence of photographs illustrating the macroscopic changes on the 

chorioallantoic membrane vasculature after administration of solutions for 360 s: (NaOH) 

sodium hydroxide 0.1N; (DDS) sodium dodecyl sulfate 1%; (NaCl) sodium chloride 0.9%; (N) 

formulation without pomegranate peel extract (PPE), sodium trimetaphosphate (TMP) and 

fluoride (F); (E) formulation with 0.3% PPE; (TF) formulation with 0.3% TMP and 225 ppm F; 

(ETF) formulation with 0.3% PPE, 0.3% TMP and 225 ppm F; (CM) commercial mouthwash of 

essential oil. 
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Table 1. Grading of vascular reactions (hyperemia, hemorrhage, and coagulation) in the 

chorioallantoic membrane of the embryonated egg chicken in the HET-CAM test. 

Effect 
Score 

< 30 s 30–60 s 60–300 s 

Hyperaemia 5 3 1 

Hemorrhage 7 5 3 

Coagulation 9 7 5 
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Table 2. Mean (SD) initial surface hardness loss (SHi), percentage of surface hardness loss 

(%SH), integrated loss of subsurface hardness (ΔKHN), fluoride, calcium, and phosphorus 

concentration in enamel and biofilm according to the different treatments. 

 

Analysis 
Mouthwash formulations 

W  TF ETF CM 

SHi (KHN) 366.2a (0.2) 366.2a (0.7) 366.2a (0,7) 365.9a (0.7) 

%SH (KHN) -76.8a (5.9) -27.3b (4.5) -14.6c (2.9) -24.5b (5.3) 

ΔKHN (KHN x μm) 7607.3a (503.6) 3926.6b (380.2) 2845.4c (365.7) 4032.8b (298.2) 

     

Enamel (μg mm-3) 

Fluoride 0.2a (0.1) 0.5b (0.2) 0.4b (0.1) 0.4b (0.2) 

Calcium 378.0a (83.3) 337.0a (99.1) 668.0b (197.1) 340.3a (138.2) 

Phosphorus 245.0a (92.8) 219.0a (43.1) 312.7b (100.1) 219.4a (88.2) 

 

Biofilm (mol kg-1) 

Fluoride 

 

5,48E-0.4a  

(9.46E-05) 

1.26E-03b  

(7.34E-04) 

2.66E-03c  

(9.30E-04) 

2.74E-03c  

(1.10E-03) 

Calcium 

 

2.62E-01a  

(7.28E-02) 

2.71E-01a  

(3.81E-02) 

3.54E-01b  

(3.60E-02) 

2.64E-01a  

(7.27E-02) 

Phosphorus 
7.88E-02a 

(2.54E-02) 

9.81E-02a 

(3.88E-02) 

1.34E-01b  

(5.54E-02) 

9.55E-02a  

(2.26E-02) 

EPS 4.5a (1.9) 1.7b (0.8) 1.0c (0.4) 1.9b (0.5) 

 
KHN (Knoop hardness); W: deionized water (n=12); E: formulation with 0.3% pomegranate peel extract (n=12); TF: formulation 

with 0.3% sodium trimetaphosphate and 225 ppm fluoride (n=12); ETF: formulation with 0.3% pomegranate peel extract, 0.3% 

sodium trimetaphosphate, and 225 ppm fluoride (n=12); CM: essential oil commercial mouthwash (n=12). Different superscript 

letters indicate significant differences among the treatments for each variable. Data were analyzed using repeated measures of 

one-way ANOVA, followed by the Student-Newman-Keuls test (p < 0.05). 
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Supplementary Material 

 

Ingredients of essentials oil anticaries alcohol-free commercial mouthwash 

Purified water, sorbitol, propylene glycol, poloxamer 407, sodium lauryl sulfate, benzoic 

acid, aroma (benzyl alcohol, d-Limonene), eucalyptol, methyl salicylate, thymol, sodium 

saccharina, sodium fluoride (220 ppm), sodium benzoate, sucralose, menthol, CI 

47005/quinoline yellow, CI 42053/fast green. 

 

Inclusion criteria for volunteers 

The volunteers who were included in this study were all residents of Araçatuba (São 

Paulo, Brazil) with a fluoridated water supply, good general health, clinical absence of active 

caries lesions, and periodontal disease, and they provided written informed consent. The 

exclusion criteria were as follows: use of medications interfering with the salivary flow rate, use 

of antibiotics, use of removable dentures, fixed or removable orthodontic appliances, smoking, 

pregnancy or breastfeeding, systemic diseases, and previous allergy to oral products or plant 

extracts. Notably, the participants were prohibited from using any antimicrobial or F product 

during the experiment. 

 

Toothpaste formulation  

Toothpastes were produced with the following components: titanium dioxide, 

carboxymethyl cellulose, methyl p-hydroxybenzoate sodium, saccharin, mint oil, glycerin, 

abrasive silica, sodium lauryl sulphate and deionized water. 
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ANEXO A:  Resumo do estudo 

OBTENÇÃO DO EXTRATO DA CASCA DA ROMÃ 

(A) Pó do extrato da casca da romã; (B) Maceração; (C) Retroevaporação; (D) Extrato mole; (E) Extrato da casca da romã diluído em propilenoglicol.  

DESENVOLVIMENTO DAS FORMULAÇÕES LÍQUIDAS 

Formulação com extrato da casca 
da romã, trimetafosfato de sódio, 
fluoreto de sódio, estabilizante, 
conservante, quelante, edulcorante 
e água purificada q.s.p.  

(A) Esquema representativo do dispositivo palatino em resina acrílica utilizado pelos voluntários, contendo 
quatro blocos de esmalte fixados no interior de lojas do dispositivo e cobertos com malha de plástico para 
permitir o acúmulo de biofilme oral. (B) Desenho dos fracos contendo os quatro grupos das formulações 
para enxaguatório bucal testados pelos voluntários: formulação ETF (contendo 3% de extrato da casca da 
romã + 0,3% de trimetafosfato de sódio + 225 ppm de flúor), formulação TF (contendo 0,3% de trimetafosfato 
de sódio + 225 ppm de flúor), W (água deionizada) e enxaguatório bucal comercial de óleos essenciais sem 
álcool (CM). 

(A) Chocadeira automática com os ovos de galinha fertilizados; (B1) Abertura do ovo fertilizado com 
exposição da membrana da casca; (B2) ovo fertilizado após retirada da membrana da casca e exposição 
de membrana cório-alantóide; (C) ovo fertilizado após umectação da membrana cório-alantóide. 

A B 

A 

B

1 

B

2 

B

3 

ESTUDO IN SITU ENSAIO DE MEMBRANA CÓRIO-ALANTÓIDE DO OVO DE GALINHA 
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ANEXO B 

Padronização do extrato da casca da romã nas formulações em % de sólidos 

 

Teor de sólidos de romã (mg mL-1) no extrato glicólico da casca da romã e nas formulações com (E e ETF) e sem o extrato da casca 

da romã (P e TF) em sua composição. 

Triplicata Absorbância 
Massa 
(mg) 

Teor 
(mg g-1) 

Média 
(mg g-1) 

Densidade 
Teor  

(mg mL-1) 
Média  

(mg mL-1) 
Desvio padrão 

(mg mL-1) 
CV 
(%) 

Sólidos de 
romã (mg mL-1) 

Extrato glicólico da casca da romã 

1 0,560 129,46 103,78 

101,13 1,137 

118,00 

114,98 3,55 3,51 328,02 2 0,641 156,96 97,69 111,07 

3 0,552 129,99 101,91 115,87 

Formulação N (sem os ativos) 

1 0,01 622,5 0,44 

0,46 1,056 

0,463 

0,49 0,06 12,50 - 2 0,009 623,48 0,42 0,443 

3 0,014 613,33 0,52 0,551 

Formulação E (3% PPE) 

1 0,557 619,87 10,78 

10,78 1,072 

11,556 

11,56 0,01 0,07 32,16 2 0,569 633,35 10,77 11,548 

3 0,562 624,90 10,79 11,564 

Formulação TF (0,3% TMP + 225 ppm F) 

1 0,01 624,2 0,44 

0,51 1,057 

0,462 

0,54 0,07 14,29 - 2 0,015 632,32 0,52 0,554 

3 0,017 618,43 0,57 0,607 

Formulação ETF (3% PPE + 0,3% TMP + 225 ppm F) 

1 0,57 634,56 10,77 

10,79 1,074 

11,568 

11,59 0,06 0,55 32,22 2 0,57 635,99 10,75 11,542 

3 0,566 625,52 10,85 11,654 
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ANEXO C 

 

Preparo dos blocos de esmalte e análise de dureza de superfície inicial 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Seleção da região a ser 
seccionada da cora de incisivo 
central bovino e bloco de esmalte 
já seccionado (4 x 4 mm). 

Politriz automática (AutoMet 250 Buehler, Lake Bluff, Illinois, 
USA) e lixas de diferentes granulações (CARBIMET Paper 
Discs, 30-5108-320, Buehler) utilizadas para planificação da 
dentina e polimento do esmalte bovino. 

Bloco de esmalte fixado com cera 
pegajosa em disco de resina acrílica 
após o polimento. 

(A) Bloco de esmalte posicionado para leitura de 
dureza de superfície inicial no esmalte utilizando-se 
microdurômetro Shimadzu HMV-2000 (Shimadzu 
Corp., Kyoto, Japan; Software de imagem Buehler 
OminMet), com penetrador tipo Knoop e carga estática 
de 25 gramas por 10 segundos. (B) Esquema das cinco 
endentações realizadas na superfície de esmalte com 
distanciamento padronizado entre si. 

B A 
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ANEXO D 

 

Fase experimental in situ 

 

 

 

Kit recebido pelos voluntários contendo: (A) dispositivo palatino, (B) escova de dentes, (C) 
dentifrício não fluoretado, (D) caixa para armazenamento, (E) sacarose e (F) enxaguatório bucal 
experimental.  

A 

B 

C 

D 

E 
F 
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ANEXO E 
 

Protocolo experimental 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

8h 11h 14h 17h 19h 21h 

Sacarose 30% 

Café da manhã 
Almoço Jantar 

Higiene bucal sem o 
dispositivo palatino 

Tratamento com a formulação para 
enxaguatório após ser realizada a 

higiene bucal pelo voluntário 
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ANEXO F 

Instruções aos voluntários: 

 

• O voluntário deverá fazer uso do dentifrício não fluoretado fornecido pela 

pesquisadora 7 dias antes e durante todo o período do estudo; 

• A pesquisa será composta por 4 regimes experimentais (enxaguatórios bucais), com 

duração de 7 dias e intervalo de uma semana entre eles; 

• Durante cada fase experimental e entre elas, não será permitido o uso de 

enxaguatórios bucais (exceto o oferecido pela pesquisadora responsável), dentifrício 

e fio dental fluoretados; 

• O dispositivo intraoral palatino deverá ser utilizado durante todo o período 

experimental, inclusive para dormir e deverá ser removido apenas para ingestão de 

líquidos e sólidos, ou para o gotejamento da sacarose e do enxaguatório bucal; 

• A sacarose deverá ser gotejada seis vezes ao dia, após gotejá-la o dispositivo intraoral 

palatino deverá permanecer 5 min fora da boca; 

• A escovação deverá ser realizada somente 3 vezes ao dia com o dentifrício que foi 

fornecido e com o dispositivo intraoral palatino na cavidade bucal, nos seguintes 

períodos: após o café da manhã, após o almoço e após o jantar; 

• Caso deseje escovar os dentes mais vezes é necessário retirar o dispositivo intraoral 

palatino; 

• O enxaguatório bucal fornecido pela pesquisadora deverá ser gotejado duas vezes ao 

dia depois da escovação que foi realizada após o almoço e após o jantar. Gotejar duas 

gotas do enxaguatório bucal e aguardar 1 min para retornar o dispositivo intraoral 

palatino à cavidade bucal; 

• Obrigada pela colaboração, qualquer dúvida entrar em contato com a pesquisadora 

Ana Paula Miranda Vieira. 
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ANEXO G 

Análise de dureza de superfície final, secção longitudinal dos blocos e análise de 

dureza em secção longitudinal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Bloco de esmalte posicionado para leitura de dureza de superfície final 
no esmalte utilizando-se microdurômetro Shimadzu HMV-2000 
(Shimadzu Corp., Kyoto, Japan; Software de imagem Buehler OminMet), 
com penetrador tipo Knoop e carga estática de 25 gramas por 10 
segundos. (B) Esquema das cinco endentações realizadas a 100 µm de 
distância entre si (coluna da esquerda endentações iniciais e coluna da 
direita endentações iniciais com a distância entre elas de 100 µm) na 
superfície de esmalte. 
 

A) Secção longitudinal do bloco de esmalte 
B) Seis blocos de esmalte seccionados 
longitudinalmente embutidos em resina acrílica. 

A) Corte longitudinal do dente bovino indicando no esmalte região 
onde foram realizadas as leituras de dureza. 
B) Esquema com quatorze endentações para leitura da dureza em 
sessão longitudinal (dureza de subsuperfície): sequência de 
impressões nas distâncias de 5, 10, 15, 20, 25, 30, 40, 50, 70, 90, 110, 
130, 220 e 330 µm na superfície externa do esmalte. 

B A 

esmalte 

dentina 

A B 
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ANEXO H 

Microabrasão do esmalte para análise da concentração de fluoreto, cálcio e fósforo 

 

 

 

 

 

 

 

 

 

Bloco de esmalte seccionado no sentido 
longitudinal e fixado com cola adesiva em mandril 
para peça reta para realização da microabrasão do 
esmalte. 

Mensuração com micrômetro eletrônico 
digital após a microabrasão do esmalte (50 
μm).  

Pó (→) de esmalte derivado da microabrasão 

em lixa adaptada em frasco de polietileno. 
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ANEXO I 

Análise de fluoreto, cálcio e fósforo no esmalte 

 

 

 

 

 

Análise de fluoreto no esmalte com eletrodo específico 9409BN e microeletrodo de referência 
acoplados a um analisador de íons. 
 

Determinação da concentração de cálcio no 
esmalte pelo método colorimétrico descrito por 
Vogel et al. 2009 utilizando-se Arsenazo III. 

Determinação da concentração de fósforo no 
esmalte de acordo com o método colorimétrico 
descrito por Fiske & Subbarow 1925. 
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ANEXO J 

Análise de fluoreto, cálcio, fósforo e carboidratos álcali-solúveis no biofilme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Análise de fluoreto no biofilme com eletrodo 
específico, potenciômetro e um analisador de íons. 

Determinação da concentração de cálcio no 
biofilme pelo método colorimétrico descrito por 
Vogel et al. 2009 utilizando-se Arsenazo III. 

Determinação da concentração de fósforo no 
biofilme de acordo com o método colorimétrico 
descrito por Fiske & Subbarow 1925. 

Dosagem de carboidratos álcali-solúveis no 
biofilme de acordo com o método fenol-ácido 
sulfúrico descrito por Dubois et al. 1956. 
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ANEXO K 
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ANEXO L 
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ANEXO M 

DENTAL MATERIALS 
 

 

 

 

 

 

DESCRIPTION 
. 

 

 

 

Online submission and editorial system now available: 

“https://www.editorialmanager.com/dentma/defacult.aspx” 
 

Dental Materials publishes original research and review articles. 
 

Academy of Dental Materials members click “https://sciencedirect.com/science/activate/adm” to 

register for free access to Dental Materials online. 
 

The principal aim of Dental Materials is to promote rapid communication of scientific information 
between academia, industry, and the dental practitioner. Original Manuscripts on clinical and 
laboratory research of basic and applied character which focus on the properties or performance 
of dental materials or the reaction of host tissues to materials are given priority publication. Other 
acceptable topics include application technology in clinical dentistry and dental laboratory 
technology. 

 

Comprehensive reviews and editorial commentaries on pertinent subjects will be considered. 

 
AUDIENCE 
. 

 

 

 

Dental research scientists, materials scientists, clinicians, students of dentistry, dental materials and 
equipment manufacturers. 

 
IMPACT FACTOR 
. 

 

 

 

2021: 5.687 © Clarivate Analytics Journal Citation Reports 2022

ISSN: 0109-5641 
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GUIDE FOR AUTHORS 
. 

 

 

 

 

INTRODUCTION 

Authors are requested to submit their original manuscript and figures via the online submission and 

editorial system for Dental Materials. Using this online system, authors may submit manuscripts and 
track their progress through the system to publication. Reviewers can download manuscripts and 
submit their opinions to the editor. Editors can manage the whole submission/review/revise/publish 
process. Please register at: https://www.editorialmanager.com/dentma/default.aspx. 
Dental Materials now only accepts online submissions. 

The Artwork Quality Control Tool is now available to users of the online submission system. To help 
authors submit high-quality artwork early in the process, this tool checks the submitted artwork and 
other file types against the artwork requirements outlined in the Artwork Instructions to Authors on    
https://www.elsevier.com/artworkinstructions. The Artwork Quality Control Tool automatically checks 

all artwork files when they are first uploaded. Each figure/file is checked only once, so further along 
in the process only new uploaded files will be checked. 

 
Manuscripts 

Submitted manuscripts must relate directly to both Materials Science and Dentistry. 
The journal is principally for publication of Original Research Reports, which should preferably 
investigate a defined hypothesis. Maximum length 6 journal pages (approximately 20 double-spaced 
typescript pages) including illustrations and tables. 
Systematic Reviews will however be considered. Prior approval must be sought from the Editor 
before submission of Review Manuscripts. Authors should send the Editor a structured abstract 
of the proposed review topic.Intending authors should communicate with the Editor beforehand, by 
email, outlining the proposed scope of the review. Maximum length 10 journal pages (approximately 
33 double-spaced typescript pages) including figures and tables. 
Three copies of the manuscript should be submitted: each accompanied by a set of illustrations. 
The requirements for submission are in accordance with the "Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals", Annals of Internal Medicine, 1997,126, 36-47. All manuscripts 
must be written in American English. Authors are urged to write as concisely as possible. 
The Editor and Publisher reserve the right to make minimal literary corrections for the sake of clarity. 
Authors for whom English is not the first language should have their manuscripts read by colleagues 
fluent in English. If extensive English corrections are needed, authors may be charged for the cost of 
editing. For additional reference, consult issues of Dental Materials published after January 1999 or 
the Council of Biology Editors Style Manual (1995 ed.). 
All manuscripts should be accompanied by a letter of transmittal, signed by each author, and stating 
that the manuscript is not concurrently under consideration for publication in another journal, that 
all of the named authors were involved in the work leading to the publication of the paper, and that 
all the named authors have read the paper before it is submitted for publication. 

 

Always keep a backup copy of the electronic file for reference and safety. 

 
Manuscripts not conforming to the journal style will be returned. In addition, manuscripts which are 
not written in fluent English will be rejected automatically without refereeing. 

For further guidance on electronic submission, please visit the Elsevier Support Center. 

Page charges 
This journal has no page charges. 

Submission checklist 

You can use this list to carry out a final check of your submission before you send it to the journal for 
review. Please check the relevant section in this Guide for Authors for more details. 

Ensure that the following items are present: 

One author has been designated as the corresponding author with contact details: 
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• E-mail address 

• Full postal address 

 
All necessary files have been uploaded: 

Manuscript: 
• Include keywords 
• All figures (include relevant captions) 
• All tables (including titles, description, footnotes) 
• Ensure all figure and table citations in the text match the files provided 

• Indicate clearly if color should be used for any figures in print 
Graphical Abstracts / Highlights files (where applicable) 
Supplemental files (where applicable) 

 
Further considerations 
• Manuscript has been 'spell checked' and 'grammar checked' 
• All references mentioned in the Reference List are cited in the text, and vice versa 

• Permission has been obtained for use of copyrighted material from other sources (including the 
Internet) 
• A competing interests statement is provided, even if the authors have no competing interests to 
declare 
• Journal policies detailed in this guide have been reviewed 

• Referee suggestions and contact details provided, based on journal requirements 

 

For further information, visit our Support Center. 

BEFORE YOU BEGIN 

Ethics in publishing 

Please see our information on Ethics in publishing. 

Studies in humans and animals 

If the work involves the use of human subjects, the author should ensure that the work described 
has been carried out in accordance with The Code of Ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the  

Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical 

Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as 
per those recommendations. The terms sex and gender should be used correctly. 

 
Authors should include a statement in the manuscript that informed consent was obtained for 
experimentation with human subjects. The privacy rights of human subjects must always be observed. 

 

All animal experiments should comply with the ARRIVE guidelines and should be carried out in accordance 

with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines EU Directive 

2010/63/EU for animal experiments, or the National Research Council's Guide for the Care and Use of 

Laboratory Animals and the authors should clearly indicate in the manuscript that such guidelines have 

been followed. The sex of animals must be indicated, and where appropriate, the influence (or association) 

of sex on the results of the study. 

Informed consent and patient details 

Studies on patients or volunteers require ethics committee approval and informed consent, which 

should be documented in the paper. Appropriate consents, permissions and releases must be obtained 
where an author wishes to include case details or other personal information or images of patients 
and any other individuals in an Elsevier publication. Written consents must be retained by the author 
but copies should not be provided to the journal. Only if specifically requested by the journal in 
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the 
consents or evidence that such consents have been obtained. For more information, please review the 
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless 
you have written permission from the patient (or, where applicable, the next of kin), the personal 
details of any patient included in any part of the article and in any supplementary materials (including 
all illustrations and videos) must be removed before submission. 
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Declaration of interest 

All authors must disclose any financial and personal relationships with other people or organizations 
that could inappropriately influence (bias) their work. Examples of potential competing interests 
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent 
applications/registrations, and grants or other funding. Authors must disclose any interests in two 
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or 
the manuscript file (if single anonymized). If there are no interests to declare then please state this: 
'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest 
form, which forms part of the journal's official records. It is important for potential interests to be 
declared in both places and that the information matches. More information. 

Submission declaration and verification 

Submission of an article implies that the work described has not been published previously (except in 

the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent 

publication' for more information), that it is not under consideration for publication elsewhere, that its 

publication is approved by all authors and tacitly or explicitly by the responsible authorities where the 

work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English 

or in any other language, including electronically without the written consent of the copyright- holder. 

To verify compliance, your article may be checked by Crossref Similarity Check and other originality 

or duplicate checking software. 

Use of inclusive language 

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, 
and promotes equal opportunities. Content should make no assumptions about the beliefs or 
commitments of any reader; contain nothing which might imply that one individual is superior to 
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health 
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias, 
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek 
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible 
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer 

to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or 
health condition unless they are relevant and valid. When coding terminology is used, we recommend 
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We 
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary", 
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help 
identify appropriate language but are by no means exhaustive or definitive. 

Authorship 

All authors should have made substantial contributions to all of the following: (1) the conception and 

design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the 
article or revising it critically for important intellectual content, (3) final approval of the version to be 
submitted. 

Changes to authorship 

Authors are expected to consider carefully the list and order of authors before submitting their 
manuscript and provide the definitive list of authors at the time of the original submission. Any 
addition, deletion or rearrangement of author names in the authorship list should be made only 
before the manuscript has been accepted and only if approved by the journal Editor. To request such 
a change, the Editor must receive the following from the corresponding author: (a) the reason 
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they 
agree with the addition, removal or rearrangement. In the case of addition or removal of authors, 
this includes confirmation from the author being added or removed. 
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of 
authors after the manuscript has been accepted. While the Editor considers the request, publication 
of the manuscript will be suspended. If the manuscript has already been published in an online issue, 
any requests approved by the Editor will result in a corrigendum. 
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Article Transfer Service 

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is 
more suitable in one of our other participating journals, then you may be asked to consider transferring 
the article to one of those. If you agree, your article will be transferred automatically on your behalf 
with no need to reformat. Please note that your article will be reviewed again by the new journal. 
More information. 

Copyright 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see 
more information. An e-mail will be sent to the corresponding author confirming receipt of the 
manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of 
this agreement. 

 
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal 
circulation within their institutions. Permission of the Publisher is required for resale or distribution 
outside the institution and for all other derivative works, including compilations and translations. If 
excerpts from other copyrighted works are included, the author(s) must obtain written permission 
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for 
use by authors in these cases. 

 

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a 
'License Agreement' (more information). Permitted third party reuse of gold open access articles is 
determined by the author's choice of user license. 

 
Author rights 

As an author you (or your employer or institution) have certain rights to reuse your work. More 
information. 

Elsevier supports responsible sharing 

Find out how you can share your research published in Elsevier journals. 

Role of the funding source 

You are requested to identify who provided financial support for the conduct of the research and/or 
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in 
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to 
submit the article for publication. If the funding source(s) had no such involvement, it is recommended 
to state this. 

Open access 

Please visit our Open Access page for more information. 

Language (usage and editing services) 

Please write your text in good English (American or British usage is accepted, but not a mixture of 
these). Authors who feel their English language manuscript may require editing to eliminate possible 
grammatical or spelling errors and to conform to correct scientific English may wish to use the English 
Language Editing service available from Elsevier's Author Services. 

Submission 

Our online submission system guides you stepwise through the process of entering your article details 
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final 
publication. All correspondence, including notification of the Editor's decision and requests for 
revision, is sent by e-mail. 

Submit your article 

Please submit your article via https://www.editorialmanager.com/dentma/default.aspx. 

Suggesting reviewers 

Please submit the names and institutional e-mail addresses of several potential reviewers. 

 
You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with 
you during the last three years. Editors do not invite reviewers who have potential competing interests 
with the authors. Further, in order to provide a broad and balanced assessment of the work, and ensure 
scientific rigor, please suggest diverse candidate reviewers who are located in different countries/ 

regions from the author group. Also consider other diversity attributes e.g. gender, race and ethnicity, 
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career stage, etc. Finally, you should not include existing members of the journal's editorial team, 
of whom the journal are already aware. 

Note: the editor decides whether or not to invite your suggested reviewers. 

PREPARATION 

Peer review 

This journal operates a double anonymized review process. All contributions will be initially assessed 
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a 
minimum of two independent expert reviewers to assess the scientific quality of the paper. The Editor 
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision 
is final. Editors are not involved in decisions about papers which they have written themselves or have 
been written by family members or colleagues or which relate to products or services in which the 
editor has an interest. Any such submission is subject to all of the journal's usual procedures, with 
peer review handled independently of the relevant editor and their research groups. More information 
on types of peer review. 

Double anonymized review 

This journal uses double anonymized review, which means the identities of the authors are concealed 
from the reviewers, and vice versa. More information is available on our website. To facilitate this, 
please include the following separately: 

Title page (with author details): This should include the title, authors' names, affiliations, 
acknowledgements and any Declaration of Interest statement, and a complete address for the 
corresponding author including an e-mail address. 

Anonymized manuscript (no author details): The main body of the paper (including the references, 
figures, tables and any acknowledgements) should not include any identifying information, such as 
the authors' names or affiliations. 

 

Use of word processing software 

It is important that the file be saved in the native format of the word processor used. The text should 

be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes will 
be removed and replaced on processing the article. In particular, do not use the word processor's 

options to justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts 
etc. When preparing tables, if you are using a table grid, use only one grid for each individual table 
and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text 

should be prepared in a way very similar to that of conventional manuscripts (see also the Guide to 
Publishing with Elsevier). Note that source files of figures, tables and text graphics will be required 

whether or not you embed your figures in the text. See also the section on Electronic artwork. 

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' 
functions of your word processor. 

 

Article structure 
Subdivision - numbered sections 

Divide your article into clearly defined and numbered sections. Subsections should be numbered 

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this 
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be 
given a brief heading. Each heading should appear on its own separate line. 
 

Introduction 

This must be presented in a structured format, covering the following subjects, although actual 
subheadings should not be included: 
• succinct statements of the issue in question; 
• the essence of existing knowledge and understanding pertinent to the issue (reference); 

• the aims and objectives of the research being reported relating the research to dentistry, where 
not obvious. 
 
Materials and methods 
• describe the procedures and analytical techniques. 
• only cite references to published methods. 
• include at least general composition details and batch numbers for all materials. 

• identify names and sources of all commercial products e.g. 
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"The composite (Silar, 3M Co., St. Paul, MN, USA)..." 
"... an Au-Pd alloy (Estheticor Opal, Cendres et Metaux, Switzerland)." 
• specify statistical significance test methods. 

 

Results 
• refer to appropriate tables and figures. 
• refrain from subjective comments. 
• make no reference to previous literature. 

• report statistical findings. 

 

Discussion 
• explain and interpret data. 
• state implications of the results, relate to composition. 
• indicate limitations of findings. 
• relate to other relevant research. 

 

Conclusion (if included) 
• must NOT repeat Results or Discussion 

• must concisely state inference, significance, or consequences 

Appendices 

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in 
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, 
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc. 

Essential title page information 

• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid 
abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) 
of each author and check that all names are accurately spelled. You can add your name between 

parentheses in your own script behind the English transliteration. Present the authors' affiliation 
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower- 
case superscript letter immediately after the author's name and in front of the appropriate address. 
Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing 
and publication, also post-publication. This responsibility includes answering any future queries about 
Methodology and Materials. Ensure that the e-mail address is given and that contact details 
are kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described in the article was 
done, or was visiting at the time, a 'Present address' (or 'Permanent 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. 

Highlights 

Highlights are mandatory for this journal as they help increase the discoverability of your article via 
search engines. They consist of a short collection of bullet points that capture the novel results of 
your research as well as new methods that were used during the study (if any). Please have a look 
at the examples here: example Highlights. 

 
Highlights 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). 

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 
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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 Services to ensure the best presentation of their images 
and in accordance with all technical requirements. 

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 https://www.elsevier.com/highlights for examples. 

Keywords 

Up to 10 keywords 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, it is recommended to 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). 
 

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. 
• Embed the used fonts if the application provides that option. 
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• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or 
use 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. 

• Ensure that color images are accessible to all, including those with impaired color vision. 

 
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 a 
low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately 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 Authors Services 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. 

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  
Must now be given according to the following numeric system: 
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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 moduli 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 
highly encouraged. 
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. 

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. 

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. 

Preprint references 

Where a preprint has subsequently become available as a peer-reviewed publication, the formal 
publication should be used as the reference. If there are preprints that are central to your work or that 
cover crucial developments in the topic, but are not yet formally published, these may be referenced. 

Preprints should be clearly marked as such, for example by including the word preprint, or the name 
of the preprint server, as part of the reference. The preprint DOI should also be provided. 

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. Using citation 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. If you use 
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reference management software, please ensure that you remove all field codes before submitting the 
electronic manuscript. More information on how to remove field codes from different reference 
management software. 
 
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 Commun 
2010;163:51–9. https://doi.org/10.1016/j.Sc.2010.00372. 
Reference to a journal publication with an article number: 

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon. 
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205 
Reference to a book: 

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000. 
Reference to a chapter in an edited book: 
[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith 
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281–304. 

Reference to a website: 
[5] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org, 
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 2003]. 
Reference to a dataset: 

[dataset] [6] 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 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 file in one of our recommended file formats with a preferred maximum 
size of 150 MB per file, 1 GB in total. 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. 
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Research data 

This journal encourages and enables you to share data that supports your research publication where 
appropriate, and enables you to interlink the data with your published articles. Research data refers 
to the results of observations or experimentation that validate research findings. To facilitate 
reproducibility and data reuse, this journal also encourages you to share your software, code, models, 
algorithms, protocols, methods and other useful materials related to the project. 

 
Below are a number of ways in which you can associate data with your article or make a statement 
about the availability of your data when submitting your manuscript. If you are sharing data in one of 
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to 
the "References" section for more information about data citation. For more information on depositing, 
sharing and using research data and other relevant research materials, visit the research data page. 
 

Data linking 

If you have made your research data available in a data repository, you can link your article directly to 
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with 
relevant repositories, giving readers access to underlying data that gives them a better understanding 
of the research described. 

 
There are different ways to link your datasets to your article. When available, you can directly link 
your dataset to your article by providing the relevant information in the submission system. For more 
information, visit the database linking page. 

 
For supported data repositories repository banner will automatically appear next to your published 
article on ScienceDirect. 

 

In addition, you can link to relevant data or entities through identifiers within the text of your 
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; 
PDB: 1XFN). 
 

Data statement 

To foster transparency, we encourage you to state the availability of your data in your submission. 
This may be a requirement of your funding body or institution. If your data is unavailable to access 
or unsuitable to post, you will have the opportunity to indicate why during the submission process, 
for example by stating that the research data is confidential. The statement will appear with your 
published article on ScienceDirect. For more information, visit the Data Statement page. 

AFTER ACCEPTANCE 

Online proof correction 

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof 
corrections within two days. 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. 
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 
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order offprints at any time via Elsevier's Author Services. Corresponding authors who have published 
their article gold 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. 
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