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MORAES,FRN Perfil protedbmico de bactérias presentes em canais
radiculares de dentes com periodontite apical sintomética ou assintomaética.

Dissertacao de (Mestrado) - Faculdade de Odontologia, Universidade Estadual
Paulista, Aracatuba, 2020.

RESUMO

As infeccbes endodbnticas sdo causadas por uma comunidade multiespécie de
bactérias. Com os métodos de identificacdo microbiolégica e quantificacdo de
endotoxinas, é dificil inferir a fisiologia, a fungcdo e a patogenicidade microbiana.
Assim, a andlise protedbmica € uma técnica que pode revolucionar o estudo da
patogénese das infec¢cdes endoddnticas. O presente estudo tem por objetivo analisar
o perfil protedbmico de infec¢cdes endoddnticas relacionadas a dentes com periodontite
apical sintomética ou assintomatica utilizando cromatografia liquida associada a
espectrometria de Massas. A analise deste perfil protedmico visa a proporcionar a
compreensao dos aspectos ecologicos e patogénicos do comportamento de
comunidades bacterianas endodbnticas através da identificacdo de proteinas
expressas no referido ambiente no momento da coleta e a determinacéo da funcao
dessas proteinas. Foram coletadas amostras de 18 pacientes encaminhados para
tratamento de canal radicular ou tratamento de emergéncia na Faculdade de
Odontologia de Aracatuba FOA — UNESP. Foram incluidos dentes com infeccéo
endoddntica primaria, sintomaticos ou assintomaticos. A identificacdo dos peptideos
foi feita num sistema nanoACQUITY UPLC-Xevo QTof MS system (Waters), a
identificacdo das proteinas foi obtida utilizando o software Protein Lynx Global Server
(PLGS) verséao 3.0, utilizando o banco de dados de proteinas UniProtKB. A diferenca
de expressao entre os grupos foi obtida através do mesmo software, considerando-se
p<0,05 para as proteinas subreguladas e 1-p>0,95 para as proteinas suprareguladas.
Foram identificados um total de 2181 numeros de acessos entre fragmentos,
isoformas e proteinas completas humana e 51 proteinas bacterianas e ambas foram
classificadas quanto a sua funcéo biologica, em relacdo as proteinas exclusivas de
cada grupo, 347 proteinas foram identificadas no grupo sintomatico. As funcdes
biolégicas mais prevalentes foram comunicacdo celular e transducdo de sinais,

seguidas pela resposta imune, observou-se diversas proteinas exclusivamente



expressas no grupo sintomatico, indicando a influéncia direta da periodontite

sintomatica na resposta do hospedeiro.

Palavras-chave: endodontia, bactérias, proteémica.



Moraes,FRN Proteomic profile of bacteria present in root canals of teeth with
symptomatic or asymptomatic apical periodontitis. 2020. Dissertation (Masters
degree) - School of Dentistry, Paulista State University, Aracatuba, 2020.

ABSTRACT

Endodontic infections are caused by a multispecies community of bacteria. With
microbiological identification methods and endotoxin quantification, it is difficult to
infer physiology, function and microbial pathogenicity. Thus, proteomic analysis is
a technique that can revolutionize the study of the pathogenesis of endodontic
infections. The present study aims to analyze the proteomic profile of endodontic
infections related to teeth with symptomatic or asymptomatic apical periodontitis
using liquid chromatography associated with mass spectrometry. The analysis of
this proteomic profile aims to provide an understanding of the ecological and
pathogenic aspects of the behavior of endodontic bacterial communities by
identifying proteins expressed in the said environment at the time of collection and
determining the function of these proteins. Samples were collected from 18 patients
referred for root canal treatment or emergency treatment at the School of Dentistry
of Aracatuba FOA - UNESP. Teeth with primary endodontic infection, symptomatic
or asymptomatic were included. The identification of peptides was made in a
nanoACQUITY UPLC-Xevo QTof MS system (Waters) system, the identification of
proteins was obtained using protein lynx global server (PLGS) software version 3.0,
using the UniProtKB protein database. The difference in expression between the
groups was obtained through the same software, considering p<0.05 for
subregulated proteins and 1-p>0.95 for the superregulated proteins. A total of 2,181
access numbers were identified between human fragments, isoforms and complete
proteins and 51 bacterial proteins, and both were classified as their biological
function, in relation to the exclusive proteins of each group, 347 proteins were
identified in the symptomatic group. The most prevalent biological functions were
cellular communication and signal transduction, followed by the immune response,
and several proteins were observed exclusively expressed in the symptomatic
group, indicating the direct influence of symptomatic periodontitis on the host

response.



Keywords: endodontics, bacteria, proteomics.
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Introduction

Apical periodontitis (AP) is a consequence of endodontic infections, which is
caused by multispecies microbial communities organized as biofilms attached to the

root canal walls [1-3]. Root canals of teeth with symptomatic AP

tend to harbor a larger number of bacteria and a more complex anaerobic
bacterial community than asymptomatic AP [1,4,5]. In addition, spontaneous pain may
be the result of an increase in the virulence of microorganisms in the root canal [4,6].
Another relevant association in symptomatic cases is the presence of viruses in

endodontic infection, present in the most severe forms of AP [7,8].

Clinical symptoms have been associated with increased pathogenicity of the
endodontic infection as a consequence of complex interactions with the host, resulting
in an increased inflammatory response and oxidative damage [9,10]. Within this
context, proteomic techniques provide relevant data on the host's response to specific
clinical situations, allowing a broad view of the host's physiology and strategies to fight
endodontic infections, through descriptive and quantitative analysis regarding protein
expression [11].

The identification of human proteins expressed in endodontic infections was
addressed for the first time by Provenzano et al. [12] in samples collected from teeth
with asymptomatic apical periodontitis and acute apical abscesses, describing the host
behavior and potential biomarkers in the activity of endodontic diseases. Qualitative
analysis was employed in subsequent studies that evaluated samples from post-
treatment AP infections [13,14] and acute apical abscesses [11,12], and represents
the most recurrent analytical proteomic technique in endodontic studies.

More recently, a quantitative approach was used to describe the proteomic
changes in the progression of endodontic pathogenesis, allowing a more accurate
interpretation of the host's inflammatory response by comparing the protein expression
of normal, inflamed and necrotic pulp tissues [15]. To date, however, no study has
guantitatively compared the protein expression of symptomatic and asymptomatic AP,
in order to determine the biological function of these proteins within the complex
pathogen-host relationship. Therefore, the present study aimed to quantitatively and

qualitatively compare the host's proteomic profile in samples of symptomatic and
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asymptomatic AP using nano Liquid Chromatography Electron Spray Tandem Mass
Spectrometry (nLC-ESI-MS/MS).

2 Materials and Methods
2.1 Patient Selection

Samples were obtained from 18 patients referred for root canal treatment or
emergency treatment at Aracatuba dental school. The selection of patients considered
the medical record, anamnesis, and clinical/radiographic examinations. The study was
submitted and approved by the Research Ethics Committee of Aracatuba dental school
(N°91331518.7.0000.5420), and all patients who agreed to participate in the research
signed an informed consent form. The following characteristics were observed for each
patient: age, gender, dental and pulp condition, nature of pain, history of previous pain,
spontaneous pain, tenderness to percussion, pain on palpation, mobility, presence of
fistula and its origin, presence of swelling of the periodontal tissues, and depth of the
periodontal pocket. Only teeth with primary endodontic infections of patients of both
genders between 18 and 60 years were included. The selected teeth could be upper
or lower, belonging to any dental group, as long as they had at least one root canal
that allowed the sample collection. The inclusion criteria for the asymptomatic group
(n = 9) were the presence of an asymptomatic tooth with necrotic pulp (negative
response to cold sensitivity test) and an apical radiolucency regardless of its size.
Clinically, the tooth could be completely asymptomatic or present a slight sensitivity to
percussion or palpation, while in the symptomatic group (n = 9) the inclusion criteria
involved necrotic teeth (negative response to sensitivity cold test) with spontaneous
pain and/or pain when biting, eating and tenderness to percussion. Radiographic
findings included thickening of the periodontal ligament or presence of an apical
radiolucency. The exclusion criteria comprised the use of antibiotics in the past three
months, systemic diseases, teeth that could not be isolated, teeth with visibly exposed
root canals, fistula, edema in periapical tissues, advanced periodontal disease,

incomplete root formation, and history of dental trauma.
2.1 Sample Collection

The collection was conducted according to the protocol previously described by

Jacinto et al. [16] and Loureiro et al. [15]. The endodontic clinical procedures were
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performed by an endodontist (CL). Initially, the patient’s face was decontaminated with
Povidone-lodine (Riodeine, Rioquimica, Sado José do Rio Preto, SP, Brazil) and local
anesthesia was applied to the region of the involved tooth with 2% lidocaine and
epinephrine at 1:100,000 (Alphacaine, Nova DFL Industria e Comercio S/A, Curicica,
RJ, Brazil). The tooth was isolated with rubber dam to avoid saliva contamination.
Following, the crown/rubber dam interface was sealed with a light-cured gingival
barrier (TopDam-FGM, Joinville, SC, Brazil). Antisepsis of the operative field was
performed with 30% H202 (Merck KGaA, Darmstadt, Germany) and 2.5% sodium
hypochlorite (Rioquimica, S&o José do Rio Preto, SP, Brazil) for 30 s each. Next,
neutralization with 5% sodium thiosulphate solution (Merck KGaA, Darmstadt,
Germany) was performed using sterilized cotton swabs [17]. During access cavity
preparation, the water inside the equipment was interrupted, and cooling was
performed manually with sterile saline solution using sterile high-speed diamond burs
1012HL, 1014HL, or 1016HL (Microdont, Socorro, SP, Brazil). Coronal contaminants
(i.e., restorations and carious tissue) were removed, and further disinfection was
performed before accessing the pulp chamber.

Complete access to the root canal was performed with a new sterile diamond
bur. Disinfection of the operative field was verified through the evaluation of the
negative culture of the specimens collected from the crown with a sterilized cotton
swab. In teeth with more than one root canal, specimens were collected only from the
broadest and the rectilinear canal (minimum initial diameter of file #15 was
established, otherwise, the tooth was excluded from the study), whereas the other
canals were sealed with Coltosol (Vigodent, Rio de Janeiro, RJ, Brazil). Initially, a
sterile K-type file was introduced with minimal instrumentation, without the use of any
irrigant to disrupt biofilms of the canal wall; then, three sterile paper points were
introduced into the apparent length of the canal determined on diagnostic radiographs
and held in place for 60 s each. If the canal was completely dry, a drop of sterile saline
was placed before removing the paper point. After the collection, the paper points and
tissue samples were stored in sterile, DNA-free and RNA-free cryotubes, which were

frozen at -80° C until used for proteomic analysis.

2.3 Sample preparation for proteomic analysis
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The protocol of protein extraction was based on a previous study described by
Ventura et al. [18] and validated in a study using samples of infected root canals [15].
The paper points were cut, and samples corresponding to each group were pooled in
biological triplicate. In the tubes containing the paper points, an extraction solution
containing 6 M urea, 2 M thiourea in 50 mM NH4HCO3 pH 7.8 was added until the
papers were covered. The samples were then vortexed for 10 min at 4 °C, followed by
sonication for 5 min and centrifugation at 20,817 x g for 10 min at 4 °C. The supernatant
was collected, and this procedure was repeated once. The papers were placed in filter
tubes (Corning® Costar® Spin-X® Plastic Centrifuge Tube Filters Sigma-Aldrich, New
York, USA) and centrifuged at 20,817 x g for 10 min at 4 °C. The supernatant was
collected and added to the previously collected supernatant. After, 50 mM NH4HCO3
(volume corresponding to 1.5 x the sample volume) was added to the samples, which
were placed in Falcon Amicon Ultra-4 10k tubes (Merck Millipore, Ireland) and
centrifuged at 4,500 x g at 4° C to approximately 150 pyL. Then, 5 mM dithiothreitol
(DTT) was added to the samples and they were incubated at 37° C for 40 min.
Afterward, 10 mM iodoacetamide (IAA) was added and the samples were incubated
for 30 min in the dark. After the incubations, 100 pL of 50 mM NH4HCO3 were added,
followed by the tryptic digestion for 14 h at 37 °C by the addition of 2% (w/w) trypsin
(Promega, Madison, USA). Subsequently, 5% formic acid was added to stop the action
of trypsin and the procedures were performed with the C18 spin column (Thermo
Scientific, United States) for desalting and purifying the samples. An aliquot of each
sample (1 yL) was removed, and protein quantification was performed by the Bradford
method (Bio-Rad Bradford Assays). The remnants were dried to approximately 1 uL in
SpeedVac (Thermo Scientific, United States). After drying, the samples were
resuspended in 3% acetonitrile and 0.1% formic acid for the application to the nLC-
ESI-MS/MS.

2.4 Shotgun label-free quantitative proteomic analysis and protein classification

Peptides identification was performed on a nanoACQUITY UPLC-Xevo QTof
MS system (Waters, Manchester, New Hampshire, UK). The nanoACQUITY UPLC
was equipped with nanoACQUITY HSS T3, analytical reverse phase column (75 pmx
150 mm, 1.8 um particle size (Waters, Manchester, New Hampshire, UK). The column

was equilibrated with mobile phase A (0.1% formic acid in water). Then, the peptides
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were separated with a linear gradient of 7-85% mobile phase B (0.1% formic acid in
acetonitrile) for 70 min. at a flow rate of 0.35 yL/min. The column temperature remained
at 55 °C. The Xevo G2 Q-TOF mass spectrometer was operated in positive
nanoelectrospray ion mode and data were collected using the MSE method in elevated
energy (19-45 V), which allows data acquisition of both precursor and fragment ions,
in one injection. Source conditions used included capillary voltage, 2.5 kV; sample
cone, 30 V; extraction cone, 5.0 V and source temperature at 80 °C. Data acquisition
occurred over 70 min. and the scan range was 50—-2000 Da. The lock spray, used to
ensure accuracy and reproducibility, was run with a [Glul] fibrinopeptide solution (1
pmol/uL) at a flow rate of 1 pyL/min., as a reference ion in positive mode at m/z
785.8427. Protein Lynx Global Server (PLGS) version 3.0 was used to process and
search the LC-MSE continuum data. Proteins were identified with the embedded ion
accounting algorithm in the software and a search of the Homo sapiens database
(UniProtKB/Swiss-Prot) downloaded on January 2020 from UniProtKB
(http://'www.uniprot.org/). For label-free quantitative proteome, three MS raw files of
symptomatic and asymptomatic groups were analyzed using the Protein Lynx Global
Service (PLGS, v3.0, Waters Co., Manchester, UK) software. All the proteins identified
with a score with confidence greater than 95% were included in the quantitative
statistical analysis embedded in the PLGS software. ldentical peptides from each
technical triplicate by sample were grouped based on mass accuracy (<10 ppm) and
on time of retention tolerance <0.25 min, using the clustering software embedded in
the PLGS. Differences in expression between the symptomatic and asymptomatic
groups was calculated using Monte-Carlo algorithm, considering p < 0.05 for down-
regulated proteins and 1-p > 0.95 for up-regulated proteins. Proteins expressed with a
ratio between 0.5 and 0.95 were disregarded. The identified proteins were classified
according to their biological functions wusing Homo sapiens database
(UniProtKB/Swiss-Prot).

3 RESULTS

A total of 2,181 accession numbers were identified, comprising fragments,
isoforms, and complete proteins. To analyze different human proteins, a clustering was
made between complete proteins and protein fragments from the same gene; thus, the

repeated proteins identified were removed, resulting in 853 different human proteins.
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The exclusive proteins in each group, as well as the expression levels between
common proteins and the subcellular location of the proteins identified in all samples
are shown in Figure 1. Most of the proteins identified derived from the cytoplasm
(29.5%) and the nucleus (23.9%), followed by plasma membrane (15.4%), extracellular

matrix (11.4%), and unknown locations (9.0%).

In the quantitative analysis, common proteins to both symptomatic and
asymptomatic groups accounted for 143 proteins. The difference in expression when
the symptomatic group was compared with the asymptomatic group resulted in 51 up-
regulated proteins in the symptomatic group, including Alpha-1-antitrypsin, Protein
S100-A8, Myeloperoxidase, Peroxiredoxin, and Lactotransferrin (Table 1). This group
also had 38 down-regulated proteins, comprising Immunoglobulin, Neutrophil
defensin, Pyruvate kinase, and Alpha-enolase (Table 2). Figure 2 presents the
interactions between up- and down-regulated common proteins. The most prevalent
biological functions among these proteins were immune response at both levels of
expression, followed by transport function in the up-regulated proteins, and structural

function in the down-regulated proteins (Table 3).

Regarding the exclusive proteins of each group, 347 proteins were identified in
the symptomatic group, such as Dedicator of cytokinesis protein, Intersectin,
Prostaglandin, Phospholipase DDHD2, and Superoxide dismutase. The most
prevalent biological functions were cell communication and signal transduction,
followed by immune response (Table 3). For the asymptomatic group, 363 proteins
were identified, including Azurocidin, C-reactive protein, Collagen alpha, Cathepsin,
Heat Shock, and Laminin, with the most prevalent functions related to immune

response and structural function (Table 3).

Bacterial proteins

A total of 51 bacterial proteins were found in both groups. Among them we can
highlight: ~ 3-dehydroquinate  dehydratase, D-aminoacyl-tRNA  deacylase,
Endoribonuclease, Ribosomal RNA small subunit methyltransferase, tRNA
pseudouridine synthase. These proteins were expressed by 32 different species of
microorganisms, with a higher incidence of gram-negative (19) and facultative
anaerobic (22), among them: Actinomyces sp, Prevotella sp, Bacteroidetes oral sp,
Parvimonas sp, Staphylococcus aureus, among others. The most prevalent biological

15



functions of bacterial proteins were related to catalytic activity, amino acid
biosynthesis, protein dephosphorylation, oxidation/reduction process, transcription

regulation, intracellular transport, cell division, among others (Table 4).

4 Discussion

The imbalance between endodontic infections and the host's response may
result in the onset of symptoms associated with AP. Several studies report changes in
the expression of proteins, metalloproteinases and inflammatory cytokines related to
endodontic clinical symptoms [19,21]. In this context, proteomic analysis has been
used as a valuable tool to identify and quantify protein expression, allowing a better
understanding of the bacterial metabolism and the host's immune response under
different clinical conditions [11,12,22].

This study analyzed the proteomic profile of endodontic infections of 18 tooth
samples with symptomatic and asymptomatic apical periodontitis. The number of
patients per group (n=9) allowed the analysis in biological and technical triplicate,
aspects necessary to increase the sensitivity of the method. In addition, it represents
a reliable sample number for this type of analysis, being superior to several other
proteomic studies of endodontic infections [13,22,11]. The high sensitivity of the
proteomic analysis method through the nano LC-ESI-MS/MS system allowed the
identification of 853 human proteins and 51 bacterial proteins. This method allows
protein identification in small amounts of samples, such as samples of endodontic
infections obtained through the use of paper cones inside the root canal [23]. It is
important to highlight that this is the first among proteomic studies of endodontic
infections that uses a control group (asymptomatic) as a reference for comparing the

difference in protein expression in relation to the clinical interest group (symptomatic).

The evaluation of protein expression was made through two approaches,
gualitative analysis and quantitative analysis. Qualitative analysis is characterized by
direct identification and description of proteins, representing the most recurrent type of
analysis adopted among proteomic studies of endodontic infections (Alfenas et al.,
2017; Francisco et al., 2019). While quantitative analysis allows to interpret more

accurately the inflammatory response of the host, since it is possible to compare the
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difference of protein expression in a given condition. This methodology was previously
validated by a pilot study that qualitatively and quantitatively analyzed human proteins
differentially expressed in normal, inflamed and necrotic pulp tissue. In this study, 465
human proteins were identified, classified according to their biological function in order

to understand the pathogen-host relationship in the progression of pulp diseases [15]

The methodology proposed in this study was effective in the identification and
comparison of human proteins, presenting robust and quantitative data of the groups
studied. On the other hand, the identification of bacterial proteins presented two
technical limitations, the infeasibility of performing a specific protocol for the protein
extraction of bacterial cells and the difficulty in obtaining a complete database of oral
bacterial proteins, as already punctuated by Provenzano et al. [13]. Such limitations
made it impossible to quantitatively analyze bacterial proteins, however, descriptive

analysis of proteins and their biological functions was performed.
Bacterial proteins

Studies have linked the incidence of clinical symptomatology to increased
bacterial virulence and complexity of the endodontic microbiome and its products
potentially aggressive to periapic tissues [4,3]. The microbial composition of
endodontic infection is significantly different in symptomatic and asymptomatic cases
[5]. In symptomatic cases, gram-negative species are predominant and their toxic
products are present in higher concentrations, this leads to an increase in the
pathogenicity of the infection and consequent exacerbated host response [5]. Studies
on the bacterial proteomic profile of endodontic infections detected several proteins
involved with virulence, cell asion and antibiotic resistance in secondary infections and
periapical abscesses [12,13,14]. However, no study addressed the bacterial proteomic
profile comparing symptomatic and asymptomatic cases of apical periodontitis.

In this study, the bacterial proteins identified in the total root canal samples were
mostly related to two biological processes: metabolism and energy pathways and
DNA/RNA regulation and repair. The high incidence of proteins related to the metabolic
processes of the cell evidences bacterial cell activity at the time of canal collection. As
an example, 3-dehydroquinate dehydratase represents a protein of catalytic activity

related to amino acid biosynthesis pathways. While proteins with DNA/RNA regulation
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and repair function suggest that bacteria have a maintenance mechanism, surviving

possible cellular damage [14].
Human proteins

Immune Response/Inflammation

The host response is activated from bacterial products, in case of gram-negative
bacteria, by the presence of lipopolysaccharide (LPS) and in gram-positive, lipothecoic
acid (ATL). Bacterial invasion initiates an inflammatory process through the innate
immune response with the recruitment of phagocytes and release of pro-inflammatory
cytokines, in addition to the activation of the complement system. Bacterial LPS
activates adaptive immunity by stimulating TCD8+ and TCD4+ cells with consequent
specific antibody production, and at high concentrations stimulate B cells in the
nonspecific response. Inflammation mediators stimulate the maturation of osteoclastic

cells leading to the resorption of periapical tissue[21].

A large number of host defense proteins involved with the innate and adaptive
immune response were identified in this study, corroborating previous studies that
analyzed human proteins in cases of asymptomatic apical periodontitis, persistent
infection or abscesses [11,12,14]. This means that regardless of the clinical
characteristics of periapicopathies, there is intense activity in the defense of the host
against bacterial infection. The study of human proteins expressed in the face of
symptomatic apical periodontitis is of great importance to identify differences in host
response that can lead to the onset of clinical symptomatology.

It was observed that proteins involved with the inflammatory response and acute
phase were more identified in the symptomatic group, among them were:
Endoribonuclease ZC3H12A, Scavenger receptor cysteine-rich type 1 protein
(CD163), Apolipoprotein A-ll, cGMP-dependent 3' 5'-cyclic phosphodiesterase.
Endoribonuclease ZC3H12A or Reghase-1 suppresses unnecessary inflammatory
reactions in unstimulated conditions, playing a key role in regulating inflammatory
response in response to interleukin 17 (Tanaka et al., 2019). CD163 is a receptor

present in macrophages, its expression is induced by bacteria and results in the
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production of pro-inflammatory cytokines, having an immunomodulatory activity related

to the maintenance of periapic lesions [25,26].

The symptomatic group had the presence of proteins involved in the positive
regulation of aaquidonic acid secretion, 85/88 kDa calcium-independent
phospholipase A2 and Prostaglandin E2 receptor EP3 subtype. Clinical
symptomatology in apical periodontitis has already been associated with higher levels
of PGE2 highlighting its pro-inflammatory and immunomodulatory effect against a
bacterial LPS stimulus [27,28].

Virus response

There is a relevant association between symptomatic cases and the presence
of viruses in endodontic infections, being Epstein-Barr and human cytomegalovirus the
most common species identified [29]. Viruses have a great pathogenic potential in
endodontic infections, stimulating the increase in the expression of pro-inflammatory
and immunoregulatory cytokines by host cells [30]. Thus, the joint action of bacterial
and viral pathogens is associated with the most severe forms of periapical disease,
including larger lesions and painful symptoms [7,31]. The present study identified
several unique proteins in the symptomatic group, whose biological function was
related to the host-virus interaction that may occur due to direct infection of a host cell,
replication of the viral genome, or constitution of the viral progeny. Protein FAM111A,
Protein Red, NLR family member X1, 3 variations of Intersectin-1, and Intersectin-2
were some of the proteins identified in the symptomatic group, with evidence of
interactions between Intersectin-1 and Intersectin-2 with the Latent membrane protein
1 encoded by the Epstein-Barr virus [32]. Besides, the FAM111A protein plays a critical
role in the host-virus interaction, and small differences in the levels or activity of this
protein may affect viral replication. In addition, it has a serine-peptidase domain

suggesting that it can act as a specific peptidase [33].

Oxidative Stress/Bone Remodeling

The role of oxidative stress in the pathogenesis and progression of apical
periodontitis has been demonstrated, especially when it is associated with pain and
bone destruction [34,35]. The main antioxidant reactions involve primary enzymes that

act directly on reactive oxygen species, such as peroxidases, peroxiredoxins,
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superoxide dismutase, and catalase [36]. In this context, Superoxide dismutase protein
was exclusively found in the symptomatic group, while Myeloperoxidase,
Peroxiredoxin-1, Peroxiredoxin-2 proteins were over-regulated in this group. These
findings indicate that antioxidant proteins are increased in symptomatic cases in
response to reactive oxygen species. Nevertheless, pro-oxidant proteins were found
in both groups, including Arachidonate 5-lipoxygenase, Flavin reductase, and Lysine-
specific demethylase in the symptomatic group, and Nicotinate phosphoribosyl
transferase, Sulfite oxidase, and Malic enzyme in the asymptomatic group. A group of
proteins involved with oxidative stress was identified exclusively in the asymptomatic
group (Heat shock proteins — HSP - including the HSPA1A, HSPA1B, HSPAIL,
HSPA2, HSPA4L, HSPAG, and HSPAS8 genes). Despite being induced by cell stress

during inflammation or infection, HSPs have a protective role in these conditions [37].

Bone remodeling involves resorption and formation mechanisms, which are
dependent on the activity of bone cells (osteoclasts, osteoblasts, and osteocytes) in
conjunction with cells and defense mediators [38]. Proteins with an important role in
bone remodeling activity were unique to the symptomatic group, including Carbonic
anhydrase 2, Carbonic anhydrase 12, and Protein-tyrosine kinase 2-beta.
Furthermore, Carbonic anhydrase 1, common to both groups, showed higher levels in
the symptomatic group. These proteins promote the differentiation and potentiation of
the resorptive activity of osteoclasts, in addition to inhibiting the differentiation and
activity of osteoprogenitor cells [39]. On the other hand, proteins that act in the
differentiation of osteoblasts and organization of the extracellular matrix were identified
exclusively in the asymptomatic group. Collagen alpha-1 (1) chain and Collagen alpha-
2 (1) chain were the most relevant proteins identified, which are essential in the process
of collagen maturation and tissue repair. Overall, structural proteins were quantitatively
more expressed in the asymptomatic group, including 8 types of Actins and 2 types of
Profilins, indicating greater cytoskeletal structure in this group.

Another mechanism that can be mediated by ROS is the formation of Neutrophil
Extracellular Traps (NETS), a complex of extracellular strands of non-condensed DNA,
histones, and granular proteins. In this study, all proteins that comprise NETs were
identified. In the quantitative analysis, the myeloperoxidase, Lactotransferrin (LTF), 3
types of histones, and the protein S100-A8 (a component of calprotectin) were more

expressed in the symptomatic group, while Neutrophil Elastase, Histone H4, and the
20



protein S100-A9 were less expressed. Defensin-1 was present at similar levels in both
groups. Besides, LTF performs antimicrobial functions, inhibiting bacterial oral biofilms
due to its bacteriostatic and bactericidal functions [40] and can also influence immune
and inflammatory processes by regulating the production of cytokines, such as TNF-
alpha. In addition, LTF has anabolic and anti-apoptotic effects on osteoblasts that are
differentiating and may inhibit osteoclastogenesis, thus playing a possible role in
regulating bone growth [41]. Although NETs have a protective role in the organism,
studies have shown that when produced in excess they can stimulate inflammatory
and cytotoxic molecules [42]. This chronic inflammatory effect is potentially destructive
to tissues and can contribute to the progression of pulp diseases. Thus, NETs can

represent new markers and/or therapeutic targets for endodontic pathologies [43].

Proteases and Protease Inhibitors

Proteolytic enzymes or proteases are proteins released by several immune cells
during the inflammatory response and participate in biological processes with potential
damage to host tissues. In contrast, protease inhibitors act by blocking the catalytic
site of proteases, thus limiting their degradative action on the host. The imbalance
between these enzymes has a role in the progression of the pathological process [44].
Several exclusive proteins with proteolytic function were found in the symptomatic
group, such as Aminoacylase-1, ABHD14A-ACY1 readthrough, Endothelin-converting
enzyme 1, Cytosolic carboxypeptidase 6, A disintegrin and metalloproteinase with
thrombospondin motifs 4. Endothelin-converting enzyme 1 is a metalloendopeptidase
involved in the release of biologically active peptides, specifically in the hydrolysis of
bradykinin [45,46], which is one of the main inflammatory mediator in the activation of

pain pathways for sensitizing nociceptors [47].

On the other hand, Alpha-1-antitrypsin (SERPINE1) and Alpha-2-macroglobulin
(a2M) - protease-inhibiting proteins - were up-regulated in the symptomatic group. The
presence of these protease inhibitors in the pulp tissue and the increase in their levels
in inflammation indicate that these proteins play an important role in the pathogenesis
of endodontic diseases [48]. SERPINE 1 participates in the acute phase, a body's
response to infections, immune reactions or inflammatory processes, protecting
tissues against proteolytic enzymes [49]. In addition, it is involved in the healing

process as it promotes adhesion, cell migration, and collagen deposition, which are
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essential steps for a successful repair of periapical injuries [50]. In turn, a2M has a
superior action to SERPINEL in inhibiting proteases, being effective in inactivating all
protease groups. The increase in its concentration is directly related to the severity of
inflammatory responses. Thus, the high levels of a2M in the symptomatic group might
be related to the increased demand for protease inactivation due to the exacerbated

response of the host [15,48].

Finally, Pyruvate kinase and Alpha-enolase - proteins related to metabolic
processes - were down-regulated in both groups. Pyruvate kinase is a glycolytic
enzyme whose function is to generate energy for the cell and stimulate transcriptional
activation, playing a general role in cell apoptosis [51]. Alpha-enolase, on the other
hand, has varied functions, such as participation in glucose metabolism, cell growth
control, allergic responses, and tolerance to hypoxia. It acts on the intravascular and
pericellular fibrinolytic system as a receptor and activator of plasminogen on the
surface of various types of cells, such as leukocytes and neurons [52], in addition to
stimulating the production of immunoglobulin [53].

5 Conclusion

The results found provide quantitative and qualitative data of protein expression
in symptomatic apical periodontitis, highlighting the response of the host to the different
diagnoses studied. In this study, several proteins were observed exclusively expressed
in the symptomatic group, in addition to significant differences in the level of expression
between the groups, indicating the direct influence of symptomatic periodontitis on the

host response.
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Figure Captions

Figure 1. Venn diagram of exclusive and common human proteins identified in both

groups (A); up- and down-regulated common proteins (B) and description of

subcellular locations of all proteins (C).

Figure 2. Interactions of common proteins between the symptomatic and

asymptomatic groups (STRING database). * The line thickness indicates the strength

of the data support. A. Up-regulated proteins. A2M: Alpha-2-macroglobulin; ADA:
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Adenosine deaminase; ANXA3: Annexin A3; APOAL: Apolipoprotein A-lI; CAL:
Carbonic anhydrase 1; DCTN1: Dynactin subunit 1; DES: Desmin; GPI: Glucose-6-
phosphate isomerase; HBA2: Hemoglobin subunit alpha 2; HBB: Hemoglobin subunit
beta; HBD: Hemoglobin subunit delta; HBE1: Hemoglobin subunit epsilon; HBG1:
Hemoglobin subunit gamma 1; HBG2: Hemoglobin subunit gamma-2; HBZ:
Hemoglobin subunit zeta; HIST1H2BA: Histone H2B type 1-A; HIST1H2BC: Histone
H2B type 1-C; HIST1H2BL: Histone H2B type 1-L; HIST1H2BM: Histone H2B type 1-
M; HIST1H2BN: Histone H2B type 1-N; HIST2H2BE: Histone H2B type 2-E;
HIST2H2BF:Histone H2B type 2-F; HP: Haptoglobin; LTF: Lactotransferrin; MPO:
Myeloperoxidase; NUMAL: Nuclear mitotic apparatus protein 1;
PRDX1:Peroxiredoxin-1; PRDX2: Peroxiredoxin-2; PRPH: Peripherin; S100AS8:
Protein S100-A8; SERPINAL: Alpha-1-antitrypsin; SPG11: Spatacsin; TF:
Serotransferrin; TTR: Transthyretin; TBB4A: Tubulin beta-4A chain; VIM: Vimentin; B.
Down-regulated proteins. ACTAL: Actin alpha skeletal muscle; ACTA2: Actin aortic
smooth muscle; ACTB: Actin cytoplasmic 1; ACTBL2: Beta-actin-like protein 2;
ACTCL1: Actin alpha cardiac muscle 1; ACTG1: Actin cytoplasmic 2; ACTG2: Actin
gamma-enteric smooth muscle; AKAP13: A-kinase anchor protein 13; ALB: Serum
albumin; DEFA1: Neutrophil defensin 1; DEFA3: Neutrophil defensin 3; ENO1: Alpha-
enolase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; HIST1H2BB: Histone
H2B type 1-B; HIST1H2BD: Histone H2B type 1-D; HIST1H2BH: Histone H2B type 1-
H; HIST1H4F: Histone H4; IGLL5: Immunoglobulin lambda like polypeptide 5; MYH9:
Myosin-9; ORML1: Alpha-1-acid glycoprotein 1; PFN1: Profilin-1; PIP: Prolactin induced
protein; PKM: Pyruvate kinase; RETN: Resistin; S100A9: Protein S100-A9;
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Tables

Table 1. Description and biological function classification of up-regulated human proteins in the symptomatic group in
relation to the asymptomatic group.

Access Description Biological function Score Ratio
Symp:Asymp
P53804 E3 ubiquitin-protein ligase TTC3A Catabolic process 56 1
P06744 Glucose-6-phosphate isomerase A Glycolytic process 855 0.96
Q9BXU1 Serine/threonine-protein kinase 314 Catabolic process 315 1
P00813 Adenosine deaminase B Inflammatory response 107 1
P01009 Alpha-1-antitrypsin B Acute phase response 129 1
P12429 Annexin A3 B Inflammatory response 661 0.99
D6RA82 Annexin B Inflammatory response 532 0.98
P00915 Carbonic anhydrase 1 B Interleukin signaling pathway 12 445 1
HOY300 Haptoglobin B Acute inflammatory response 602 1
Q96A08 Histone H2B type 1-A B Inflammatory response 148 0.99
P62807 Histone H2B type 1-C/E/F/G/1 B Response to Gram-positive bacteria 873 0.97
Q16778 Histone H2B type 2-E B Response to Gram-positive bacteria 873 0.98
P01876 Immunoglobulin heavy constant alpha 18 Adaptive immunity 92 1
P01877 Immunoglobulin heavy constant alpha 2 8 Adaptive immunity 1016 1
P01857 Immunoglobulin heavy constant gamma 18 Response to bacteria 407 1
P01860 Immunoglobulin heavy constant gamma 3 B Response to bacteria 169 0.99
E7ER44 Lactotransferrin B Response to bacteria 156 1
P05109 Protein S100-A88 Inflammatory response 6738 0.98
P02787 Serotransferrin B Response to bacteria 1128 1
P08670 Vimentin & Response to lipopolysaccharide 911 1
P01023 Alpha-2-macroglobulin B Protease inhibitor 89 1
P02647 Apolipoprotein A-1¢ Transport 175 1
AO0A2R8Y7X9 GLOBIN domain-containing protein © Oxygen transport 822 1
G3VIN2 HCG1745306_ isoform CRA _a© Transport 3991 1
P69905 Hemoglobin subunit alpha © Transport 6719 1
P68871 Hemoglobin subunit beta © Transport 14638 1
P02042 Hemoglobin subunit delta © Transport 1324 1
P02100 Hemoglobin subunit epsilon © Transport 822 1
P69891 Hemoglobin subunit gamma-1 ¢ Transport 822 1
P69892 Hemoglobin subunit gamma-2 © Transport 822 1
P02008 Hemoglobin subunit zeta © Transport 134 1
Q9BXS9 Solute carrier family 26 member 6 © Transport 309 0.99
P02766 Transthyretin © Transport 833 1
P17661 Desmin P Cytoskeleton organization 318 0.96
P41219 Peripherin P Cytoskeleton organization 170 1
Q5ST81 Tubulin beta chain P Cytoskeleton organization 771 0.97
P04350 Tubulin beta-4A chain P Cytoskeleton organization 818 0.96

31



U3KQKO0 Histone H2B E DNA binding 873 1
Q99880 Histone H2B type 1-L E DNA binding 873 0.99
Q99879 Histone H2B type 1-M E DNA binding 873 0.96
Q99877 Histone H2B type 1-N E DNA binding 873 0.99
Q5QNW6 Histone H2B type 2-F E DNA binding 873 0.99
Q8WXA9 Splicing reg glutamine/lysine-rich protein 1 & MRNA processing 65 0.99
B7ZM87 SLIT-ROBO Rho GTPase-activating protein F Signal transduction 82 1
Q14203 Dynactin subunit 1 © Cell division 102 0.99
Q14980 Nuclear mitotic apparatus protein 1 ¢ Cell division 145 0.99
Q96J17 Spatacsin ! Apoptosis 309 1
P05164 Myeloperoxidase ’ Response to oxidative stress 1718 1
ABNIWS Peroxiredoxin 2_ isoform CRA_a’ Response to oxidative stress 206 1
Q06830 Peroxiredoxin-1" Response to oxidative stress 539 1
P32119 Peroxiredoxin-2 * Response to oxidative stress 1003 1

Proteins were classified according to the Uniprot database: A- Metabolism and energy pathways; B- Immune response; C- Transport;
D- Structural; E - Regulation and repair of DNA/RNA; F- Cellular communication and signal transduction; G- Cell growth and

maintenance; H- Differentiation of neural cells; I- Apoptosis; J- Stress response; K- Unknown.

Table 2. Description and classification of down-regulated human proteins in the symptomatic group in relation to the
asymptomatic group.

Access Description Biological function Score Ratio
Symp:Asymp
P06733 Alpha-enolase A Glycolytic process 1252 0.01
P62805 Histone H4 A Metabolic process 632 0.01
P02763 Alpha-1-acid glycoprotein 1 B Acute phase response 1415 0
P01859 Immunoglobulin heavy constant gamma 2 B Adaptive immunity 305 0
P01861 Immunoglobulin heavy constant gamma 4 B Adaptive immunity 191 0
P01834 Immunoglobulin kappa constant B Adaptive immunity 784 0
POCG04 Immunoglobulin lambda constant 1 B Adaptive immunity 1529 0
PODOY2 Immunoglobulin lambda constant 2 B Response to bacteria 1529 0.03
PODOY3 Immunoglobulin lambda constant 3 B Response to bacteria 1529 0.03
B9A064 Immunoglobulin lambda-like polypeptide 5 B Response to bacteria 1529 0.01
P59665 Neutrophil defensin 1 B Response to lipopolysaccharide 3061 0
P59666 Neutrophil defensin 3 B Response to lipopolysaccharide 3061 0
P12273 Prolactin-inducible protein B Immune response 1718 0
P06702 Protein S100-A9 B Inflammatory response 6768 0
Q9HD89 Resistin B Degranulation of neutrophils 1127 0
C9JKR2 Albumin_ isoform CRA k¢ Transport 6882 0
Q8TCU4 Alstrom syndrome protein 1 © Endosomal transport 46 0
P02768 Serum albumin © Transport 14626 0
P68032 Actin_ alpha cardiac muscle 1 ° Structural component 1319 0
P68133 Actin_ alpha skeletal muscle P Structural component 1319 0
P62736 Actin_ aortic smooth muscle P Structural component 1319 0
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P60709 Actin_ cytoplasmic 1 © Structural component 2154 0
P63261 Actin_ cytoplasmic 2 P Structural component 2154 0
P63267 Actin_ gamma-enteric smooth muscle ® Structural component 1319 0
Q562R1 Beta-actin-like protein 2 P Structural component 173 0
K7EJ44 Profilin © Cytoskeleton organization 786 0
PO7737 Profilin-1 P Cytoskeleton organization 157 0
QI9BY X7 Putative beta-actin-like protein 3 P Structural component 82 0
P33778 Histone H2B type 1-B E DNA binding 873 0
P58876 Histone H2B type 1-D E DNA binding 873 0
Q93079 Histone H2B type 1-H E DNA binding 873 0
094818 Nucleolar protein 4 E Binding to RNA 194 0.03
Q12802 A-kinase anchor protein 13 F Signal transduction 79 0.01
P35579 Myosin-9 ¢ Cell adhesion 82 0.02
P22105 Tenascin-X © Cell adhesion 128 0
BADNKA4 Pyruvate kinase ' Programmed cell death 2059 0.02
P04406 Glyceraldehyde-3-phosphate dehydrogenase * Oxidoreductase activity 3029 0
Q5THK1 Protein PRR14L K Unknown 57 0.01

Proteins were classified according to the Uniprot database: A- Metabolism and energy pathways; B- Immune response; C- Transport;
D- Structural; E - Regulation and repair of DNA/RNA; F- Cellular communication and signal transduction; G- Cell growth and
maintenance; H- Differentiation of neural cells; I- Apoptosis; J- Stress response; K- Unknown.

Table 3. Classification of exclusive and common human proteins between groups according to their biological
functions (%).

Biological Function

Exclusive Proteins (%)

Common Proteins (%0)

Symptomatic ~ Asymptomatic ~ Up-regulated Down-regulated

Metabolism and energy pathways 10.4 12.7 59 5.3
Immune response 147 10.7 33.3 34.2
Transport 8.9 6.9 23.5 7.9
Structure 9.5 14.0 7.8 26.3
Regulation and repair of DNA/RNA 9.8 11.6 11.8 105
Cellular communication and signal transduction 20.5 16.5 2.0 7.9
Growth and/or cell maintenance 7.8 9.6 59 0.0
Differentiation of neural cells 4.3 2.8 0.0 0.0
Apoptosis 4.3 3.6 2.0 2.6
Stress response 4.9 5.2 7.8 2.6
Unknown 4.9 6.3 0.0 2.6
Tabela 4 . Identification of the total number of bacterial proteins and their biological functions

Acess Description Biological function Score
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Q7VIF9 30S ribosomal protein S6 A Processo metabolico 798
A4G8P1 3-dehydroquinate dehydratase” Biossintese de aminoacido 911
Q46XJ2 3-methyl-2-oxobutanoate hydroxymethyltransferase® Transferase 556
BO9DTB9 D-aminoacyl-tRNA deacylase A Atividade catalitica 656
QI9KBI9 Putative 4-hydroxy-4-methyl-2-oxoglutarate aldolase # Atividade catalitica 925
Q8CTRO Putative acetyl-CoA C-acetyltransferase VraB # Transferase 114
Q5HRH3 Putative acetyl-CoA C-acetyltransferase VraB A Atividade catalitica 114
Q7VvUD2 Urease subunit beta A Atividade catalitica 1440
P00924 Enolase 1 A Processo glicolitico 3827
AOALYIFKK4 ATP-binding protein A Ligacdo ATP 169
A4ST21 Protein-export protein SecB © Transporte 617
E8JIWT ABC superfamily ATP binding cassette transporter © Transporte 643
A8MJJ8 10 kDa chaperonin P Estrutural 869
B2SG11 Endoribonuclease YbeY E Biogenese de ribossomo 457
Q54087 Leucine-rich protein E Ligacdo de DNA 499
Q2YVV2 Ribosomal RNA small subunit methyltransferase A £ Processamento de rRNA 623
Q5HII3 Ribosomal RNA small subunit methyltransferase A £ Processamento de rRNA 623
ABTYW7 Ribosomal RNA small subunit methyltransferase A £ Processamento de rRNA 623
A51Q45 Ribosomal RNA small subunit methyltransferase A £ Processamento de rRNA 623
Q6GJH8 Ribosomal RNA small subunit methyltransferase A £ Processamento de rRNA 623
Q6GBZ5 Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
ATWYPO Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
Q932G1 Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
P66663 Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
P66662 Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
Q2G0T0 Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
AB820Y8 Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
Q2FJE9 Ribosomal RNA small subunit methyltransferase A E Processamento de rRNA 623
D7JDQ2 Transcriptional regulator_ XRE family & Ligacdo de DNA 791
AOA4YIH4SO tRNA pseudouridine synthase A E Processamento de rRNA 203
AO0A2S0LZ40 30S ribosomal protein S15 & Ribonucleoproteina 335
AA4TIN3 Putative phosphoenolpyruvate synthase regulatory protein ©  Desfosforilagdo de proteinas 471
Q1C752 Putative phosphoenolpyruvate synthase regulatory protein ©  Desfosforilagdo de proteinas 471
QicClI7 Putative phosphoenolpyruvate synthase regulatory protein ©  Desfosforilagdo de proteinas 471
Q8zDY4 Putative phosphoenolpyruvate synthase regulatory protein ©  Desfosforilagdo de proteinas 471
Q66A13 Putative phosphoenolpyruvate synthase regulatory protein ©  Desfosforilagdo de proteinas 471
B2K5K4 Putative phosphoenolpyruvate synthase regulatory protein®  Desfosforilagdo de proteinas 471
ATFHI3 Putative phosphoenolpyruvate synthase regulatory protein®  Desfosforilagdo de proteinas 471
B1JJ39 Putative phosphoenolpyruvate synthase regulatory protein®  Desfosforilagdo de proteinas 471
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P45596 Phosphocarrier protein HPr * Regulacdo da transcricdo 1528

Q043U6 Segregation and condensation protein B © Divisdo celular 682
P00330 Alcohol dehydrogenase 1 Atividade oxidorredutase 3453
Q8E9H2 Protein CyaY K Ligacdo a metal 807
A0KS62 Protein CyaY K Ligacdo a metal 807
QOHN97 Protein CyaY K Ligacdo a metal 807
QOHQI9 Protein CyaY K Ligacdo a metal 807
ATMF54 UPF0145 protein ESA_02470K Desconhecida 588
AOA2G6FPF4 Uncharacterized protein ¥ Desconhecida 502
CI9PWAG Uncharacterized protein ¥ Desconhecida 486
AOA1B3WTS1 Phage antirepressor protein ¥ Desconhecida 287
FIPSJ9 Ribosomal protein L7/L12 C-terminal-like domain protein ¥ Desconhecida 189

Proteins were classified according to the Uniprot database: A- Metabolism and energy pathways; B- Immune response; C-
Transportation; D- Structural; E - REGULATION and repair of DNA/RNA; F- Cellular communication and signal
transduction; G- Cell growth and maintenance; H- Differentiation of neural cells; I- Apoptosis; J- Response to oxidative stress;
K- Unknown or others.
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The Journal of Dentistry is the leading international dental journal within the field of
Restorative Dentistry. Placing an emphasis on publishing novel and high-quality research
papers, the Journal aims to influence the practice of dentistry at clinician, research, industry

and policy-maker level on an international basis.
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operative dentistry, fixed and removable prosthodontics, and dental biomaterials science,
long-term clinical trials including epidemiology and oral health, dental education, technology
transfer of new scientific instrumentation or procedures, as well clinically relevant oral biology
and translational research. Submissions are welcomed from other clinically relevant areas,

however, the Journal places an emphasis on publishing high-quality and novel research.

Queries in relation to manuscript content should be directed to the Journal Editorial Office in
the first instance.

Submissions
Authors are requested to submit their original manuscript and figures via the online
submission and editorial system for Journal of Dentistry. 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://ees.elsevier.com/jjod/default.asp
Types of paper
Contributions falling into the following categories will be considered for publication:- Original
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including illustrations and tables.
- Review articles: maximum length 10 printed pages, approximately 33 typescript pages,
including illustrations and tables.
- Short communication for rapid publication: maximum length 2 printed pages,

approximately 7 typescript pages, including illustrations.

All typescripts must be accompanied by a Permission Note. This is a letter signed by each
author (not just the corresponding author), affirming that the paper has been submitted solely
to Journal of Dentistry and that it is not concurrently under consideration for publication in
another journal. Prospective authors should confirm that the submitted work, including
images, are original. Authors are reminded that if included images (e.g. Tables and Figures)

have been previously published may require copyright permission.

Please note the Journal of Dentistry does not accept Case Reports and these will be

removed from the system if submitted.

Authorship
Only those persons who have made a significant contribution to the manuscript submitted

should be listed as authors. The Editor-in-Chief expects that a manuscript should normally
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have no more than 6 authors, unless a case is made by the corresponding author within the
article cover letter to include other authors. All of the named authors should have been involved
in the work leading to the publication of the paper and should have read the paper before it is

submitted forpublication.

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:
e E-mail address
¢ Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

o All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

¢ Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any

figures inprint 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)
e 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.
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BEFORE YOU BEGIN
Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal

publication.

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 Institutes of
Health guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised
1978) 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.

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
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/ registrations, and grants or other funding. Authors
should complete the declaration of interest statement using this template and upload to the
submission system at the Attach/Upload Files step. Note: Please do not convert the .docx
template to another file type. Author signatures are not required. If there are no interests
to declare, please choose: 'Declarations of interest: none' in the template. This statement will

be published within the article if accepted. Moreinformation.
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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 originality, your
article may be checked by the originality detection service Crossref Similarity Check.

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
"hel/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. These guidelines are meant as a point of reference to help identify

appropriate language but are by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization; Data
curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; Writing - review & editing. Authorship statements should be formatted with the

names of authors first and CRediT role(s) following. More details and an example

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
42


https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/authors/journal-authors/policies-and-ethics/credit-author-statement

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.

Clinical trial results

In line with the position of the International Committee of Medical Journal Editors, the journal
will not consider results posted in the same clinical trials registry in which primary registration
resides to be prior publication if the results posted are presented in the form of a brief
structured (less than 500 words) abstract or table. However, divulging results in other
circumstances (e.g., investors' meetings) is discouraged and may jeopardise consideration of
the manuscript. Authors should fully disclose all posting in registries of results of the same or

closely related work.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At
manuscript submission, authors must provide the CONSORT checklist accompanied by a
flow diagram that illustrates the progress of patients through the trial, including recruitment,
enroliment, randomization, withdrawal and completion, and a detailed description of the
randomization procedure. The CONSORT checklist and template flow diagram are available

online.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations.
Trials must register at or before the onset of patient enrolment. The clinical trial registration
number should be included at the end of the abstract of the article. A clinical trial is defined
as any research study that prospectively assigns human participants or groups of humans to
one or more health-related interventions to evaluate the effects of health outcomes. Health-
related interventions include any intervention used to modify a biomedical or health-related
outcome (for example drugs, surgical procedures, devices, behavioural treatments, dietary
interventions, and process-of-care changes). Health outcomes include any biomedical or
health-related measures obtained in patients or participants, including pharmacokinetic
measures and adverse events. Purely observational studies (those in which the assignment
of the medical intervention is not at the discretion of the investigator) will not require
43


http://www.consort-statement.org/
http://www.consort-statement.org/
http://www.icmje.org/

registration.

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 on this). 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.

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
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Open access

Authors wishing to publish open access can choose to publish open access in the Journal of
Dentistry: X, the open access mirror journal of the Journal of Dentistry. One, unified editorial
team manages the peer-review for both titles using the same submission system. The authors
choice of publishing model will determine in which journal, the Journal of Dentistry or the
Journal of Dentistry: X, the accepted manuscript will be published. The choice of publishing

model will be blinded to referees, ensuring the editorial process is identical.
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Academy offers several interactive modules, webinars, downloadable guides and resources to
guide youthrough the process of writing for research and going through peer review. Feelfree to
use these free resources to improve your submission and navigate the publication process

with ease.

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://ees.elsevier.com/jjod/default.asp

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether
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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. More information on types of peer review.
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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.

Blinded 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.

Introduction

The introduction must be presented in a structured format, covering the following subjects,
although not under subheadings: succinct statements of the issue in question, and the
essence of existing knowledge and understanding pertinent to the issue. In keeping with the
house style of Journal of Dentistry, the final paragraph of the introduction should clearly state
the aims and/or objective of the work being reported. Prospective authors may find the following
form of words to be helpful: "The aim of this paper is to ..." Where appropriate, a hypothesis

(e.g. null or a priori) should then be stated.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

e 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.
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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.

e 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.

e 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.

The title page should contain the following information:
- Title of paper
- Short title
- Name(s), job titles and address(es) of author(s) (no academic degrees necessary)
- Name, address, telephone, fax and e-mail of the corresponding author
- Up to 6 keywords

Spelling: International English.

Authors are urged to write as concisely as possible.

The house style of Journal of Dentistry requires that articles should be arranged in the
following order: Title, Abstract, Introduction, Materials and Methods, Results, Discussion,
Conclusions, Acknowledgements, References, Tables, Figures. A cover letter should
accompany the new manuscript submission, within which the authors should indicate the
significance of the work being submitted in a statement no more than 100 words. A signed

permission note (details below) must also be included.

Abstract: should not exceed 250 words and should be presented under the following
subheadings: Objectives, Methods; Results; Conclusions (For Reviews: Objectives; Data;
Sources; Study selection; Conclusions). A 50 word 'Clinical Significance' statement should
appear at the end of the abstract advising readers of the clinical importance and relevance of
their work. These subheadings should appear in the text of the abstract. Please repeat the title

of the article at the top of the abstract page.
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Introduction: must be presented in a structured format, covering the following subjects,
although not under subheadings: succinct statements of the issue in question, and the
essence of existing knowledge and understanding pertinent to the issue. In keeping with the
house style of Journal of Dentistry, the final paragraph of the introduction should clearly state
the aims and/or objective of the work being reported. Prospective authors may find the following
form of words to be helpful: "The aim of this paper is to ..." Where appropriate, a hypothesis

(e.g. null or a priori) should then be stated.

Keywords: up to 6 keywords should be supplied.

Abbreviations and acronyms: terms and names to be referred to in the form of

abbreviations or acronyms must be given in full when first mentioned.

Units: Sl units should be used throughout. If non-SI units must be quoted, the Sl equivalent

must immediately follow in parentheses.

The complete names of individual teeth must be given in the test. In tables and legends for
illustrations individual teeth should be identified using the FDI two-digit system.

Statistics

Statistical methods should be described with enough detail to enable a knowledgeable reader
with access to the original data to verify the reported results. When possible, findings should be
quantified and appropriate measures of error or uncertainty (such as confidence intervals)
given. Details about eligibility criteria for subjects, randomization and the number of
observations should be included. The computer software and the statistical method(s) used
should be specified with references to standard works when possible (with pages specified).

See http://www.icmje.org/manuscript_1prepare.html for more detailed guidelines.

Illustrations: should be submitted electronically using appropriate commercial software.
Prospective authors should follow the relevant guidelines (available from:
https://www.elsevier.com/ artworkinstructions). In addition, it is noted that while authors
sometimes need to manipulate images for clarity, manipulation for purposes of deception or
fraud will be seen as scientific ethical abuse and will be dealt with accordingly. For graphical
images, journals published by Elsevier apply the following policy: no specific feature within
an image may be enhanced, obscured, moved, removed, or introduced. Adjustments of
brightness, contrast, or color balance are acceptable if and as long as they do not obscure or
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eliminate any information present in the original. Nonlinear adjustments (e.g. changes to

gamma settings) must be disclosed in the figure legend.

Highlights

Highlights are optional yet highly encouraged for this journal, as they 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

The Abstract should not exceed 250 words and should be presented under the following
subheadings: Objectives, Methods; Results; Conclusions. A 50 word 'Clinical Significance'
statement should appear at the end of the abstract advising readers of the clinical importance
and relevance of their work. These subheadings should appear in the text of the abstract.
Please repeat the title of the article at the top of the abstract page.

For Review Articles the abstract should be presented under the following subheadings:

Objectives; Data; Sources; Study selection; Conclusions.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts
should be submitted as a separate file in the online submission system. Image size: Please
provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The
image should be readable at a size of 5 x 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 lllustration Services to ensure the best presentation of their

images and in accordance with all technical requirements.

Keywords
Provide a maximum of 6 keywords, using British spelling and avoiding general and plural
terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with abbreviations:
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only abbreviations firmly established in the field may be eligible. These keywords will be used

for indexing purposes.

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 aaaal].

Itis not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or
other research institution, submit the name of the institute or organization that provided the
funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and will
be dealt with accordingly. For graphical images, this journal is applying the following policy: no
specific feature within an image may be enhanced, obscured, moved, removed, or introduced.
Adjustments of brightness, contrast, or color balance are acceptable if and as long as they
do not obscure or eliminate any information present in the original. Nonlinear adjustments

(e.g. changes to gamma settings) must be disclosed in the figure legend.

Electr
onic
artwo
rk
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¢ Make sure you use uniform lettering and sizing of your original artwork.

 Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

e 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.

e Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired colorvision.

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;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

e 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
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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.

¢ |llustration services

 Elsevier's Author Services offers lllustration 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.

¢ Figure captions

¢ Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and

abbreviations used.

e 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

e 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 inthe 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
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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 DOl 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.

e Web references

e 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.

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
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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 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.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/journal-of-dentistry

When preparing your manuscript, you will then be able to select this style using the Mendeley

plug- ins for Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result

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] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun. 163 (2010) 51-59. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:
[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article.
Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New
York, 2000. Reference to a chapter in an edited book:
[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S.
Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York,
2009, pp. 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] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak
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wilt disease and surrounding forest compositions, Mendeley Data, v1, 2015.
https://doi.org/10.17632/ xwj98nb39r.1.

Journal abbreviations source

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

Data visualization
Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about

available data visualization options and how to include them with your article.

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.

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
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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 a 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).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods)
associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to upload
your relevant datasets directly to Mendeley Data. The datasets will be listed and directly

accessible to readers next to your published article online.

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

Toensure afast 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
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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 a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which
is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's 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.

The decision of the Editor-in-Chief is final in relation to all manuscript submissions.
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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