Diabetes mellitus in Endodontics: A Bibliometric analysis of the top 50 most-cited papers
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ABSTRACT 

	Background: Diabetes mellitus is characterised by hyperglycemia resulting from a deficiency of insulin production and/or insulin resistance by cells in the body manifesting in various ways such as elevated levels of inflammatory markers, immune dysfunctions, and increased susceptibility to infections.
Aims: This study assessed the features of the 50 most cited papers on diabetes mellitus (DM) research published in the endodontic field through bibliometric measures.
Methodology: A search was conducted in the Web of Science database up to January 2023, using the filter “Dentistry, Oral Surgery & Medicine.” Bibliometric indicators were collected. Graphical bibliometric networks were generated using VOSviewer software.

Results: The top 50 papers were cited between 13 and 177 times. Papers were published from 1996 to 2020, mainly in the Journal of Endodontics (23%). Among 191 authors, J. Segura-Egea had the greatest contribution (n=10; 537 citations), while A. Fouad was the most-cited author (n=9; 576 citations). Most articles originated from Brazil (n=17) and the United States (n=12), predominantly from São Paulo State University. The articles mainly comprised laboratory studies (n=24) examining the impact of DM on pulp and periapical tissues. “Diabetes mellitus” (n=19) and “apical periodontitis” (n=12) were the most frequent keywords.

Conclusion: This bibliometric analysis highlights the 50 most-cited studies on DM research in endodontics. Brazil and the United States stood out. Approximately half of the studies are basic research published in high-impact endodontic journals. Further studies evaluating DM's impact on human oral health are needed.
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1. INTRODUCTION 

Diabetes mellitus (DM) is a chronic metabolic condition that affects 537 million individuals aged 20–79 years in 2021, and DM may affect 783 million people by 2045 (International Diabetes Federation, 2021). DM is a rising global health issue that causes several health complications and is becoming increasingly prevalent in countries with low and medium incomes (Salma et al., 2023; Reddy, 2018).DM is characterized by hyperglycemia resulting from a deficiency of insulin production and/or insulin resistance by cells in the body, manifesting in various ways such as elevated levels of inflammatory markers, immune dysfunctions, and increased susceptibility to infections (Azuma et al., 2017; Elimam, Abdulla, Taha, 2019; Berbudi, 2020), leading to progressive complications in various organs and tissues. The effects of DM are associated with low general well-being among patients and high morbidity and mortality (Abebe, 2014; Aschalew, Yitayal, Minyihun, 2014). Complications that have traditionally been associated with diabetes mellitus include macrovascular conditions, such as coronary heart disease, stroke and peripheral arterial disease, and microvascular conditions, including diabetic kidney disease, retinopathy and peripheral neuropathy (Tomic et al., 2022). 
In Dentistry, several studies have described a wide range of oral manifestations and/or complications of DM (Bender and Bender, 2003; Claudino et al., 2015; El-Makaky and Shalaby, 2020; Retamal et al., 2020; Ramos-Garcia et al., 2021). Pathological conditions such as DM can act as modulating factors, also affecting the outcome of endodontic treatment (Khalighinejad et al., 2016; Nagedrababu et al., 2020; Segura-Egea et al., 2023). Hence, the connection between Endodontics and systemic conditions should not be neglected by professionals (Cintra et al., 2021). The prevalence of apical periodontitis is higher among diabetic patients (Pérez-Losada et al., 2020; Yip et al., 2021), and subjects with DM have shown exacerbated responses in the presence of endodontic infection (Cintra et al., 2021), such as increased degeneration and mineralization in the pulp tissue (Pimenta et al., 2024), and severe periapical bone resorption (Claudino et al., 2015; Lima et al., 2013; Cintra et al., 2014), or persistent apical lesions even after endodontic treatment (Segura-Egea et al., 2016; Gupta et al., 2020). Therefore, the evaluation of oral alterations and the relationship between different materials/therapies and systemic disorders, such as DM, has become an emerging field of interest in endodontic medicine over time.
Regarding the relationship between DM and systemic health, bibliometric studies have been published in medicine in the last three years (Chen et al., 2020; Dong et al., 2021; Zhang et al., 2022). These studies employ qualitative-quantitative analyses to measure the impact, trends, and development in any field of research, based on the number of citations of a given publication (Ellegaard and Wallin, 2015). Thus, this methodology aims to provide a profile of scientific production worldwide.
In the field of Endodontics, bibliometrics has been extensively utilised to offer an overview and evaluate the scientific significance of publications pertaining to specific topics (Fardi et al., 2011; Mishra et al., 2018; Silva et al., 2023). Within this framework, this study design elucidates valuable concepts and exerts influence on the future of science and clinical practice by aiding clinicians in recognising and keeping abreast of the most pivotal studies within their field of practice.
However, to the best of our knowledge, no bibliometric analysis has been conducted to comprehend the hot topics, leading research centres, prominent authors, and potential future research directions of DM in the field of Endodontics. Therefore, this study assessed features of the 50 most cited papers on DM published in endodontic literature through bibliometric measures. 

2. Materials and Methods 

2.1 Information sources and search strategy

On January 3rd, 2022, bibliometric analysis focused on the 50 most cited papers on DM in Endodontics was conducted in the Thomson Reuters® Web of Science All Databases” (WoS-AD) and "Core Collection” (WoS-CC). The following search terms were used: ("diabetes mellitus” OR diabetes OR diabetic OR diabetics OR “diabetic mellitus” OR “diabetics mellitus” OR “type 2 diabetes mellitus” OR “type 1 diabetes mellitus” OR "insulin resistance” OR “insulin sensitivity” OR” high glucose” OR hyperglycemic OR hyperglycaemia OR hyperglycemia OR "glycated hemoglobin" OR “diabetes complications”) AND (endodontics OR endodontology OR endodontic).

2.2 Study selection and data collection

Three researchers (A.H.R.P., K.S.P. and G.P.N.) independently selected papers, arranged in descending order of WoS citations, and undertook data extraction. Any disagreement on data extraction was resolved through discussion and consensus. Articles that did not assess aspects related to DM in endodontic topics were excluded (i.e., those not focused on DM or not presenting at least a dedicated topic), as were letters to the editor and reports on meeting abstracts. If more than one paper had the same number of citations, the more recently published paper received a higher rank. There were no restrictions on language or publication year. The assessment ended when the top 50 most cited papers were identified. Complete bibliographic records of selected papers were exported in plain text or RIS file format from WoS and imported into the VOSviewer software (version 1.6.7; Leiden University Centre for Science and Technology Studies, Leiden, Netherlands) for statistical computing and graphics.
The following information was extracted from each paper: title of the article; year of publication; authorship; number of citations; the citation mean per year (ratio of the numbers of citations and the period since the year of publication until December 2022); research centre or institute/university, country, and continent based on corresponding author's affiliation; study design; journal; Journal Citation Reports Impact Factor (JCR® IF 2021) in the WoS subject category Dentistry, Oral Surgery & Medicine for the year in which the papers were published, keywords, and study aim. Study designs were classified as follows: narrative review, laboratory studies (in vitro, in vivo, in situ, and ex vivo), case/series report, cross-sectional study, case-control study, cohort study, longitudinal study, retrospective studies, randomised clinical trials (RCT) and non-randomised clinical studies, systematic review/meta-analysis (Cochrane, 2024; Perazzo et al., 2019).

[bookmark: _Hlk208781650]2.3 Data analysis and visualisation

The VOSviewer software was used to generate bibliometric networks. On the maps, the names of the authors were pooled into the VOSviewer as a unit of analysis and were linked to each other based on the number of co-authored papers. In the co-authorship and keywords networks, clusters consisted of a group of nodes that were closely related with each cluster carrying a particular colour. The node size indicated the total number of articles published by each co-author. Larger circles indicated more relevant terms, and strongly related terms were positioned closer to each other. Furthermore, the lines between terms indicated existing relationships, with thicker lines representing a stronger link between two items (Baldiotti et al., 2021).

3. results 

The search strategy resulted in 315 papers from WoS-AD. After ranking the list in descending order by number of citations, 166 papers were screened for eligibility, 116 of which were excluded, because they did not focus on DM or did not present at least a dedicated topic. The top 50 most cited papers on DM in Endodontics, along with the citation count, is depicted in Table 1.
The papers included in the top 50 list received a total of 2,143 citations (minimum: 13 citations; maximum: 177 citations) in WoS-AD and 2,015 citations (minimum: 12 citations; maximum: 158 citations) in WoS-CC. The most frequently cited paper was cited 177 times and had a mean of 8.85 citations/year according to WoS-AD. This paper was also the most cited at WoS-CC (158 citations).





Table 1. The top 50 most-cited papers on diabetes mellitus published in Endodontics.

	
	
	
	
	
	Total of citations (mean*)
	
	
	
	
	

	Rank
	Title
	Year of publication
	First author
	Other authors
	Web of Science - All databases
	Web of Science - Core Collection
	Institution
	Country
	Continent

	Journal
(JCR® IF 2021)

	Keywords

	1
	PCR-based identification of bacteria associated with endodontic
	2002
	Fouad AF
	Barry J, Caimano M, Clawson M, Zhu Q, Carver R, Hazlett K, Radolf JD
	177 (8.85)
	158 (7.9)
	University of Connecticut
	USA
	America
	Journal of Clinical Microbiology (11.677)
	n.a.

	2
	Endodontic medicine: connections between apical periodontitis and systemic diseases
	2015
	Segura-Egea JJ
	Martín-González J,
Castellanos-Cosano L
	125 (17.8)
	120 (17.4)
	University of Seville
	Spain
	Europe
	International Endodontic Journal (5.165)
	Diabetes mellitus; immune response; oral health; periapical periapical
inflammation; persistent apical periodontitis; root canal treatment; tobacco smoking

	3
	The effect of diabetes mellitus on endodontic treatment outcome - Data
 from an electronic patient record
	2003
	Fouad AF
	Burleson J
	123 (6.4)
	118 (6.2)
	University of Connecticut
	USA
	America
	Journal of the American Dental Association (3.634)
	n.a.

	4
	Diabetes mellitus, periapical inflammation and endodontic treatment outcome
	2012
	Segura-Egea JJ
	Lopez-Lopez J, Martín-González J,
 Velasco-Ortega E,
 Sanchez-Dominguez B, Lopez-Frias FJ
	86 (8.6)
	83 (8.3)
	University of Seville
	Spain
	Europe
	Medicina Oral, Patologia Oral Y Cirurgia Bucal (2.047)
	Apical periodontitis; diabetes mellitus; endodontics; root canal treatment

	5
	Diabetes mellitus and the dental pulp
	2003
	Bender IB
	Bender AB
	81 (4.2)
	76 (4)
	Academy House
	USA
	America
	Journal of Endodontics (4.422)
	n.a.

	6
	Periapical and endodontic status of type 2 diabetic patients in Catalonia, Spain: A cross-sectional study
	2011
	Lopez-Lopez J
	Jane-Salas E,
Estrugo-Devesa A,
Velasco-Ortega E,
Martín-González J,
Segura-Egea JJ
	78 (7.0)
	75 (6.8)
	University of Barcelona
	Spain
	Europe
	Journal of Endodontics (4.422)
	Apical periodontitis; diabetes mellitus; endodontics

	7
	The effect of hyperglycemia on pulpal healing in rats
	2009
	Garber SE
	Shabahang S, Escher AP, Torabinejad M
	78 (6)
	71 (5.4)
	Loma Linda University
	USA
	America
	Journal of Endodontics (4.422)
	Dental pulp; diabetes; healing; hyperglycemia; rats

	8
	Type 2 diabetes mellitus and the prevalence of apical periodontitis and endodontic treatment in an adult brazilian population
	2012
	Marotta PS
	Fontes TV, Armada L, Lima KC, Rocas IN, Siqueira JE
	73 (7.3)
	69 (6.9)
	Estácio de Sá University
	Brazil
	America
	Journal of Endodontics (4.422)
	n.a.

	9
	High prevalence of apical periodontitis amongst type 2 diabetic patients
	2005
	Segura-Egea JJ
	Jimenez-Pinzon A, Rios-Santos JV, Velasco-Ortega E, Cisneros-Cabello R, Poyato-Ferrera M
	72 (4.2)
	70 (4.1)
	University of Seville
	Spain
	Europe
	International Endodontic Journal (5.165)
	Apical periodontitis; diabetes mellitus; endodontics

	10
	Molecular detection of Enterococcus species in root canals of therapy-resistant endodontic infections
	2005
	Fouad AF
	Zerella J, Barry J, Spangberg LS
	72 (4.2)
	66 (3.8)
	University of Maryland
	USA
	America
	Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology (2.538)
	n.a.

	11
	Protective effect of metformin on periapical lesions in rats by decreasing the ratio of receptor activator of nuclear factor kappa B ligand/osteoprotegerin
	2012
	Liu LS
	Zhang C, Hu YJ, Peng B
	54 (5.4)
	51 (5.1)
	Wuhan University
	China
	Asia
	Journal of Endodontics (4.422)
	Metformin; OPG; osteoclast; periapical lesion; RANKL

	12
	Diabetes mellitus and inflammatory pulpal and periapical disease: a
 review
	2013
	Lima SMF
	Grisi DC, Kogawa EM, Franco OL, Peixoto VC, Goncalves JF, Arruda MP, Rezende TMB
	53 (5.8)
	51 (5.6)
	Universidade Católica Brasília
	Brazil
	America
	International Endodontic Journal (5.165)
	Apical periodontitis; bone resorption; diabetes mellitus; hyperglycaemia; osteoclastogenesis; periapical periodontitis

	13

	Impact of diabetes mellitus, hypertension, and coronary artery disease on tooth extraction after nonsurgical endodontic treatment
	2011
	Wang CH
	Chueh LH, Chen SC, Feng YC, Hsiao CK, Chiang CP
	50 (4.5)
	47 (4.2)
	National Taiwan University Hospital
	Taiwan
	Asia
	Journal of Endodontics (4.422)
	Coronary artery disease; diabetes mellitus; endodontic outcome; hypertension; systemic disease; tooth extraction

	14

	Interrelationship between periapical lesion and systemic metabolic disorders
	2016
	Sasaki H
	Hirai K, Martins CM, Furusho H, Battaglino R, Hashimoto K
	48 (8)
	44 (7.3)
	Forsyth Institute
	USA
	America
	Current Pharmaceutical Design (3.310)
	Periapical lesion; metabolic disorders; type 2 diabetes; hypertension; NAFLD; cytokines; inflammation; immunity

	15
	Comparison of maxillofacial space infection in diabetic and nondiabetic patients
	2010
	Rao DD
	Desai A, Kulkarni RD, Gopalkrishnan K, Rao CB
	48 (4)
	37 (3.08)
	SDM College of Dental Sciences and Hospital
	India
	Asia
	Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology (2.538)
	n.a.

	16
	Association between diabetes and the prevalence of radiolucent periapical lesions in root-filled teeth: systematic review and
meta-analysis
	2016
	Segura-Egea JJ
	Martín-González J, Cabanillas-Balsera D, Fouad AF, Velasco-Ortega E, Lopez-Lopez J
	47 (7.8)
	45 (7.5)
	University of Seville
	Spain
	Europe
	Clinical Oral Investigations (3.606)
	Diabetes mellitus; Meta-analysis; Periapical inflammation; Persistent
   apical periodontitis; Root canal treatment outcome; Root-filled teeth

	17
	Association between systemic diseases and apical periodontitis
	2016
	Khalighinejad N
	Aminoshariae MR, Aminoshariae A, Kulild JC, Mickel A, Fouad AF
	47 (4.7)
	45 (4.5)
	Case Western Reserve University
	USA
	America
	Journal of Endodontics (4.422)
	Correlation; endodontic pathosis; pathogenesis; systematic review; systemic diseases

	18
	Periradicular radiographic assessment in diabetic and control individuals
	2003
	Britto LR
	Katz J, Guelmann M, Heft M
	44 (2.32)
	43 (2.26)
	University of Florida
	USA
	America
	Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology (2.538)
	n.a.

	19
	Glycated hemoglobin levels and prevalence of apical periodontitis in type 2 diabetic patients
	2015
	Sánchez-Domínguez B
	Lopez-Lopez J, Jane-Salas E, Castellanos-Cosano L, Velasco-Ortega E, Segura-Egea JJ
	40 (5.71)
	39 (5.57)
	University of Seville
	Spain
	Europe
	Journal of Endodontics (4.422)
	Apical periodontitis; diabetes mellitus; endodontics; glycemic control; glycosylated hemoglobin; periapical inflammatory response

	20
	Relationships between oral infections and blood glucose concentrations or HbA1c levels in normal and diabetic rats
	2014
	Cintra LTA
	Samuel RO, Facundo ACS, Prieto AKC, Sumida DH, Bomfim SRM, Souza JC, Dezan E, Gomes JE
	40 (5)
	38 (4.75)
	São Paulo State University
	Brazil
	America
	International Endodontic Journal (5.165)
	Blood glucose; diabetes; HbA1c levels; oral infections

	21
	High glucose levels increase osteopontin production and pathologic calcification in rat dental pulp tissue
	2010
	Inagaki Y
	Yoshida K, Ohba H, Seto H, Kido J, Haneji T, Nagata T
	38 (3.17)
	36 (3)
	University of Tokushima
	Japan
	Asia
	Journal of Endodontics (4.422)
	Dental pulp; diabetes; glucose; osteopontin; pathologic calcification

	22
	Healing of apical periodontitis after nonsurgical treatment in patients with type 2 diabetes
	2017
	Arya S
	Duhan J, Tewari S, Sangwan P, Ghalaut V, Aggarwal S
	36 (7.2)
	34 (6.8)
	Post Graduate Institute of Dental Sciences
	India
	Asia
	Journal of Endodontics (4.422)
	Apical periodontitis; diabetes mellitus; glycated hemoglobin

	23
	Periapical lesions in rats with streptozotocin-induced diabetes
	1996
	Kohsaka T
	Kumazawa M, Yamasaki M, Nakamura H
	36 (1.38)
	33 (1.27)
	Aichi Gakuin University
	Japan
	Asia
	Journal of Endodontics (4.422)
	n.a.

	24
	Association between systemic diseases and endodontic outcome: A systematic review
	2017
	Aminoshariae A
	Kulild JC, Mickel A, Fouad AF
	34 (6.8)
	33 (6.6)
	Case Western Reserve University
	USA
	America
	Journal of Endodontics (4.422)
	Cardiovascular disease; diabetes; endodontic outcome; human immunodeficiency virus; hypertension; medical conditions; systemic disease

	25
	Diabetes induces metabolic alterations in dental pulp
	2008
	Leite MF
	Ganzerla E, Marques MM, Nicolau J
	32 (2.28)
	31 (2.21)
	University of São Paulo
	Brazil
	America
	Journal of Endodontics (4.422)
	Antioxidants enzymes; dental pulp; diabetes; sialic acid

	26
	Blood profile and histology in oral infections associated with diabetes
	2014
	Cintra LTA
	Facundo ACD, Prieto AKC, Sumida DH, Narciso LG, Bomfim SRM, Silva COE, Dezan E, Gomes JE
	28 (3.5)
	26 (3.25)
	São Paulo State University
	Brazil
	America
	Journal of Endodontics (4.422)
	Apical periodontitis; blood count; diabetes; oral infections; periodontal disease

	27
	Periapical lesions decrease insulin signal and cause insulin resistance
	2013
	Astolphi RD
	Curbete MM, Colombo NH, Shirakashi DJ, Chiba FY, Prieto AKC, Cintra LTA, Bomfim SRM, Ervolino E, Sumida DH
	28 (3.11)
	27 (3)
	São Paulo State University
	Brazil
	America
	Journal of Endodontics (4.422)
	Diabetes mellitus; insulin resistance; periapical lesions; tumor necrosis factor alpha

	28
	In vivo astaxanthin treatment partially prevents antioxidant alterations in dental pulp from alloxan-induced diabetic rats
	2010
	Leite MF
	de Lima A, Massuyama MM, Otton R
	27 (2.25)
	25 (2.08)
	Universidade Cruzeiro Do Sul
	Brazil
	America
	International Endodontic Journal (5.165)
	Antioxidant system; astaxanthin; dental pulp; diabetes; oxidative stress

	29
	Development of periradicular lesions in normal and diabetic rats
	2006
	Armada-Dias L
	Breda J, Provenzano JC, Breitenbach M, Rôças, IN, Gahyva SMM, Siqueira Junior JF
	27 (1.7)
	26 (1.25)
	Estácio de Sá University
	Brazil
	America
	Journal of Applied Oral Science (2.698)
	Endodontic infection; apical periodontitis; diabetes

	30
	Association between diabetes and the outcome of root canal treatment in adults: an umbrella review
	2020
	Nagendrababu V
	Segura-Egea JJ, Fouad AF, Pulikkotil SJ, Dummer PMH
	26 (13)
	26 (13)
	International Medical University
	Malaysia
	Asia
	International Endodontic Journal (5.165)
	Diabetes; meta-analysis; outcomes; persistent apical periodontitis; systematic review; umbrella review

	31
	Association between diabetes and nonretention of root filled teeth: a systematic review and meta-analysis
	2019
	Cabanillas-Balsera D
	Martín-González J, Montero-Miralles P, Sanchez-Dominguez B, Jimenez-Sanchez MC, Segura-Egea JJ
	26 (8.7)
	26 (8.7)
	University of Seville
	Spain
	Europe
	International Endodontic Journal (5.165)
	Diabetes mellitus; meta-analysis; nonretention; root canal treatment outcome; root filled teeth; tooth extraction

	32
	Periapical lesion progression with controlled microbial inoculation in a type I diabetic mouse model
	2002
	Fouad A
	Barry J, Russo J, Radolf J, Zhu Q
	26 (1.3)
	25  (1.25)
	University of Connecticut
	USA
	America
	Journal of Endodontics (4.422)
	n.a.

	33
	Th1/Th2/Th17/Treg balance in apical periodontitis of normoglycemic and diabetic rats
	2019
	Samuel RO
	Ervolino E, Queiroz IOD, Azuma MM, Ferreira GT, Cintra LTA
	25 (8.33)
	23 (7.7)
	São Paulo State University
	Brazil
	America
	Journal of Endodontics (4.422)
	Apical periodontitis; diabetes mellitus; inflammation

	34
	Endodontic medicine: interrelationships among apical periodontitis, systemic disorders, and tissue responses of dental materials
	2018
	Cintra LTA
	Estrela C, Azuma MM, Queiroz ÍOA, Kawai T, Gomes-Filho JE
	24 (6)
	24 (6)
	São Paulo State University
	Brazil
	America
	Brazilian Oral Research (2.674)
	Endodontics; Periapical Periodontitis; Dental Pulp Necrosis; Metabolic Diseases; Dental Materials

	35
	Molecular characterization of the presence of Eubacterium spp. and Streptococcus spp. in endodontic infections
	2003
	Fouad AF
	Kum KY, Clawson ML, Barry J, Abenoja C, Zhu Q, Caimano M, Radolf JD
	24 (1.26)
	23 (1.21)
	University of Connecticut Health Center
	USA
	America
	Oral Microbiology and Immunology (2.904)
	Endodontic infections; Eubacterium; Streptococcus; PCR; diabetes mellitus

	36
	Endodontics and diabetes: association versus causation
	2019
	Segura-Egea JJ
	Cabanillas-Balsera D, Jiménez-Sánchez MC, Martín-González J.
	23 (7.66)
	21 (7)
	University of Seville
	Spain
	Europe
	International Endodontic Journal (5.165)
	Apical periodontitis; causation criteria; diabetes mellitus; endodontic medicine; root canal treatment; systematic review

	37
	Effects of prolyl hydroxylase inhibitor l-mimosine on dental pulp in the presence of advanced glycation end products
	2015
	Müller HD
	Cvikl B, Janjić K, Nürnberger S, Moritz A, Gruber R, Agis H
	21 (3)
	21 (3)
	Austrian Cluster for Tissue Regeneration
	Austria
	Europe
	Journal of Endodontics (4.422)
	Advanced glycation end product; dental pulp; diabetes; interleukin; pulp regeneration; tissue engineering; vascular endothelial growth factor

	38
	Diabetes increases interleukin-17 levels in periapical, hepatic, and renal tissues in rats
	2017
	Azuma MM
	Gomes-Filho JE, Prieto AKC, Samuel RO, de Lima VMF, Sumida DH, Ervolino E, Cintra LTA
	21 (4.2)
	20 (4)
	São Paulo State University
	Brazil
	America
	Archives of Oral Biology (2.64)
	Diabetes; Endodontic infection; Apical periodontitis; Interleukin-17

	39
	Diabetes mellitus and its influence on the success of endodontic treatment: a retrospective clinical study
	2014
	Ferreira MM
	Carrilho E, Carrilho F
	21 (2.62)
	20 (2.5)
	Universidade de Coimbra
	Portugal
	Europe
	Acta Médica Portuguesa (1.698)
	Dental Restoration, Permanent; Diabetes Mellitus; Diabetes Complications; Periapical Periodontitis; Portugal; Root Canal Therapy

	40
	Investigations of the prevalence and virulence of Candida albicans in periodontal and endodontic lesions in diabetic and normoglycemic patients
	2017
	Gomes CC
	Guimarães LS, Pinto LCC, Camargo GADCG, Valente MIB, Sarquis MIM
	20 (4)
	19 (3.8)
	Universidade Federal Fluminense
	Brazil
	America
	Journal of Applied Oral Science (2.698)
	Infection; Candida albicans; Diabetes mellitus

	41
	Influence of apical periodontitis on stress oxidative parameters in diabetic rats
	2017
	Prieto AKC
	Gomes-Filho JE, Azuma MM, Sivieri-Araújo G, Narciso LG, Souza JC, Ciarlini PC, Cintra LTA
	19 (3.8)
	18 (3.6)
	São Paulo State University
	Brazil
	America
	Journal of Endodontics (4.422)
	Albumin; apical periodontitis; bilirubin; diabetes mellitus; oxidative stress; uric acid

	42
	Increased number of anaerobic bacteria in the infected root canal in type 2 diabetic rats
	2006
	Iwama A
	Morimoto T, Tsuji M, Nakamura K, Higuchi N, Imaizumi I, Shibata N, Yamasaki M, Nakamura H
	19 (1.19)
	18 (1.13)
	Aichi-Gakuin University
	Japan
	Asia
	Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology (2.538)
	n.a.

	43
	The effect of dental bleaching on pulpal tissue response in a diabetic animal model
	2017
	Cintra LTA
	Ferreira LL, Benetti F, Gastélum AA, Gomes-Filho JE, Ervolino E, Briso ALF
	19 (3.8)
	16 (3.2)
	São Paulo State University
	Brazil
	America
	International Endodontic Journal (5.165)
	Collagen; dental bleaching; inflammatory response; reactionary dentine

	44
	Metformin enhances the differentiation of dental pulp cells into odontoblasts by activating AMPK signaling
	2018
	Qin W
	Gao X, Ma T, Weir MD, Zou J, Song B, Lin Z, Schneider A, Xu HHK
	18 (4.5)
	16 (4)
	University of Maryland School of Medicine
	USA
	America
	Journal of Endodontics (4.422)
	AMPK; metformin; odontoblast; proliferation

	45
	Advanced glycation end-products enhance calcification in cultured rat dental pulp cells
	2013
	Nakajima Y
	Inagaki Y, Hiroshima Y, Kido J, Nagata T
	17 (1.89)
	14 (1.56)
	University of Tokushima 
	Japan
	Asia
	Journal of Endodontics (4.422)
	Advanced glycation end-products; dental pulp; diabetes; pathologic calcification

	46
	The effect of dental bleaching on pulpal tissue response in a diabetic animal model: a study of immunoregulatory cytokines
	2018
	Ferreira LL
	Gomes-Filho JE, Benetti F, Carminatti M, Ervolino E, Briso ALF, Cintra LTA
	16 (4)
	16 (4)
	São Paulo State University
	Brazil
	America
	International Endodontic Journal (5.165)
	Dental bleaching; diabetes mellitus; inflammatory response; proinflammatory cytokines

	47
	Sudden improvement of insulin sensitivity related to an endodontic treatment
	2007
	Schulze A
	Schönauer M, Busse M
	16 (1.07)
	15 (1)
	University of Leipzig
	Germany
	Europe
	Journal of Periodontology (4.494)
	Diabetes; inflammation; insulin; periodontal diseases; systemic disease

	
	
	
	
	
	
	
	
	
	
	
	

	48
	Apical periodontitis and diabetes mellitus type 2: A systematic review and meta-analysis
	2020
	Pérez-Losada FL
	Estrugo-Devesa A, Castellanos-Cosano L, Segura-Egea JJ, López-López J, Velasco-Ortega E
	14 (7)
	12 (6)
	University of Barcelona
	Spain
	Europe
	Journal of Clinical Medicine (4.964)
	Apical periodontitis; diabetes mellitus; glycated haemoglobin; HbA1c; prevalence

	49
	Influence of diabetes in the development of apical periodontitis: A critical literature review of human Studies
	2017
	Tibúrcio-Machado CD
	Bello MC, Maier J, Wolle CF, Bier CA
	13 (2.6)
	12 (2.4)
	Federal University of Santa Maria
	Brazil
	America
	Journal of Endodontics (4.422)
	Endodontics; hyperglycemia; periapical periodontitis

	50
	Outcome of periapical lesions in a rat model of type 2 diabetes: Refractoriness to systemic antioxidant therapy
	2013
	Wolle CFB
	Zollmann LA, Bairros PO, Etges A, Leite CE, Morrone FB, Campos MM
	13 (1.44)
	13 (1.44)
	Pontifícia Universidade Católica do Rio Grande do Sul
	Brazil
	America
	Journal of Endodontics (4.422)
	Antioxidant therapy; insulin-resistance type 2 diabetes; periapical periodontitis; rats


The symbol * indicates the mean based on the ratio of the numbers of citations and the period since the year of publication up to October 2022; n.a.: not applicable; JCR® IF: Journal Citation Report Impact Factor
3.1 Journals and publications dates of top-cited articles

The most influential papers were published in 15 journals, with impact factors ranging from 1.698 to 11.677. Journal of Endodontics (JCR® IF2021 – 4.422) published the highest number of top-cited articles (23%), whilst 10% of articles were published in the International Endodontic Journal (JCR® IF2021 - 5.165) (Table 1). Furthermore, the most cited papers were published between 1996 and 2020 (Figure 1). The highest number of papers published in a single year was seven, and this occurred in 2017. The oldest paper, an animal study by Kohsaka et al. (33), was cited 36 times (mean of citation: 1.38/year), and the most recent papers, systematic reviews with (16) and without (13) meta-analysis, were cited 26 (mean of citation: 13/year) and 14 times (mean of citation: 7/year). 
[image: ]
Fig. 1. The number of publications of the 50 most-cited papers per year.
[bookmark: _Hlk208781908][bookmark: _Hlk208781945]3.2 AUTHORS, INSTITUTIONS AND COUNTRIES OF ORIGIN

Among 191 identified authors, four (Ashraf Fouad, Juan Segura-Egea, Luciano Cintra and Mariana Leite) published at least two top-cited papers as the first author. The first most-frequent authors on the top three most-cited papers were Ashraf Fouad and Juan Segura-Egea from the United States of America (USA) and Spain, respectively. Of these, Juan Segura-Egea is ranked first with the largest number of contributions on the list (n = 10; 537 citations). Other large clusters were composed of Ashraf Fouad and Luciano Cintra with nine papers each and 576 and 220 citations, respectively; followed by the co-authors such as João Eduardo Gomes-Filho (n = 7; 167 citations), Jenifer Martín-González (n = 6; 385 citations), Eugenio Velasco-Ortega (n = 6; 337 citations), and Edilson Ervolino (n = 5; 109 citations). Figure 2 depicts the key authors in the DM topic and their widespread collaborative networks.
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Fig. 2. Co-authorship network map of the top 50 most-cited diabetes mellitus papers in Endodontics.
Among 24 institutions based on the corresponding author, the greatest contributions to the top 50 most-cited papers were made in Araçatuba School of Dentistry of the São Paulo State University, Brazil (n = 9). The top 10 institutions are distributed in four countries, four of which are in the USA. Two other institutions were productive, which were the University of Seville (Spain), followed by the University of Connecticut (USA), with a total of 7 and 4 papers, respectively. Most institutes (62.5%) contributed with only one paper on the list. Table 2 lists the 10 institutes at the forefront of collaboration.
Table 2. Top 10 institutions amongst the 50 most-cited papers.

	Institution (country)
	Number of articles
	Number of citations WoS-AD

	São Paulo State University (Brazil)
	9
	220

	University of Seville (Spain)
	7
	419

	University of Connecticut (USA)
	4
	350

	Estacio de Sá University (Brazil)
	2
	100

	University of Maryland (USA)
	2
	90

	University of Barcelona (Spain)
	2
	89

	Case Western Reserve University (USA)
	2
	81

	University of Tokushima (Japan)
	2
	55

	Aichi Gakuin University (Japan)
	2
	55

	Academy House (USA)
	1
	81


Based on the corresponding author's institutional address, researchers from 11 countries and 3 continents (America, Europe, Asia) contributed to the top 50 list (Table 1 and Figure 3). Among these, authors from Anglo-Saxon America and Latin America accounted for most papers and citations. Although Brazil was the most productive country (n = 17; 459 citations), the most cited publications were conducted in the USA, with 12 articles and 767 citations. Spain ranked third with 9 articles and 511 citations, followed by Japan (n = 4, 110 citations) and India (n = 2, 84 citations). Asia was also represented by China, Taiwan, and Malaysia, with one article each and 130 citations. Europe housed four countries on the list (Spain, Austria, Portugal, and Germany) with a total of 12 articles and 147 citations. Africa and Oceania had no paper included.
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Fig. 3. Global distribution of the top 50 most-cited papers on diabetes mellitus in the endodontic field.

3.3 study design

Of the top 50 most-cited papers, 36 were primary studies, and 14 were reviews. The majority were laboratory studies (n = 24), in which in vivo study using animal models (n = 19; 562 citations; 29.6 citation ratio; range 13-78) was the most used study design, followed by narrative review (n = 8; 453 citations; 56.6 citation ratio; range: 13-125) and systematic review/meta-analysis (n = 6; 194 citations; 32.3 citation ratio; range: 14-47). Observational and clinical studies were less frequent (Table 3).

Table 3. Characteristics of the 50 most-cited diabetes mellitus papers in endodontics regarding study design.

	Study design
	Number of papers
	Number of citations (WoS-AD)
	Citation ratio*

	In vivo
	19
	562
	29.6

	In vitro
	5
	305
	61

	Narrative review
	8
	453
	56.6

	systematic review/meta-analysis
	6
	194
	32.3

	Longitudinal study
	3
	134
	46.7

	Cross-sectional
	3
	191
	63.7

	Case-control
	2
	64
	32

	Cohort
	2
	93
	46.5

	Retrospective study
	1
	123
	123

	non-randomised clinical study
	1
	24
	24


*Number of citations/number of papers; WoS-AD: Web of Science - All Databases.
3.4 keywords and research topic

A total of 108 unique keywords were identified, of which 83 appeared once. The biggest node was “diabetes mellitus” (n = 19), followed by “apical periodontitis” (n = 12), “diabetes” (n = 11), “dental pulp” (n = 6), and “endodontics” (n = 6). VOSviewer maps representing the co-occurrence of all keywords used by the authors of the selected papers are shown in Figure 4.
Regarding the general aim of the studies (Table 4), papers on the interrelationship between systemic alterations and the endodontic infection in diabetic humans or animals had the highest citation number (n = 33; 1,417 citations), followed by microbiological aspects of diabetic patients (n = 6; 338 citations). A total of four papers evaluated different therapies and/or substances for controlling/minimising DM alterations (112 citations), while the other four assessed the influence of DM on dental materials or dental therapies (238 citations). Moreover, the immunological and histological profiles of DM in the dental pulp and periapical area were also investigated (n = 4; 163 citations).
Table 4. General aim of the top 50 most-cited papers on diabetes mellitus in Endodontics

	
	References 
	General aim

	1
	Fouad, A.F., Barry, J., Caimano, M., Clawson, M., Zhu, Q., Carver, R. et al. (2002). PCR-based identification of bacteria associated with endodontic infections. Journal of Clinical Microbiology,40, 3223-3231. 
	To determine the presence of 10 root canal microorganisms in samples from root canals with necrotic pulp and apical periodontitis by PCR, and the association of these organisms with DM.

	2
	Segura-Egea, J.J., Martín-González, J., & Castellanos-Cosano, L. (2015). Endodontic medicine: connections between apical periodontitis and systemic diseases. International Endodontic Journal, 48, 933-951. 
	To review the literature on the association between endodontic variables and systemic health.

	3
	Fouad, A.F., & Burleson, J. (2003). The effect of diabetes mellitus on endodontic treatment outcome: data from an electronic patient record. Journal of the American Dental Association, 134, 43-51.
	To investigate a number of endodontic treatment parameters and the factors affecting the endodontic treatment outcome of patients with and without diabetes in a dental school patient.

	4
	Segura-Egea, J.J., Castellanos-Cosano, L., Machuca, G., López-López, J., Martín-González, J., Velasco-Ortega, E. et al. (2012) Diabetes mellitus, periapical inflammation and endodontic treatment outcome. Medicina Oral, Patologia Oral, Cirugia Bucal, 17, e356-61.
	To review the current status of knowledge regarding the relationship between AP and DM.

	5
	Bender, I.B., & Bender, A.B. (2003). Diabetes mellitus and the dental pulp. Journal of Endodontics, 29, 383-389. 
	To evaluate the oral manifestations of  and the limited available dental pulp information on DM.

	6
	López-López, J., Jané-Salas, E., Estrugo-Devesa, A., Velasco-Ortega, E., Martín-González, J., & Segura-Egea, J.J. (2011) Periapical and endodontic status of type 2 diabetic patients in Catalonia, Spain: a cross-sectional study. Journal of Endodontics, 37, 598-601. 
	To investigate radiographically the prevalence of AP and endodontic treatment in a sample of adult type II diabetic patients and control subjects.

	7
	Garber, S.E., Shabahang, S., Escher, A.P., & Torabinejad, M. (2009). The effect of hyperglycemia on pulpal healing in rats. Journal of Endodontics, 35, 60-62.
	To evaluate the effect of hyperglycemia on pulpal healing was in exposed rat pulps capped with mineral trioxide aggregate.

	8
	Marotta, P.S., Fontes, T.V., Armada, L., Lima, K.C., Rôças, I.N., & Siqueira, J.F. Jr. (2012) Type 2 diabetes mellitus and the prevalence of apical periodontitis and endodontic treatment in an adult Brazilian population. Journal of Endodontics, 38, 297-300.
	To evaluate the prevalence of AP and endodontic treatment in type 2 diabetic individuals as compared with nondiabetics from an adult Brazilian population.

	9
	Segura-Egea, J.J., Jiménez-Pinzón, A., Ríos-Santos, J.V., Velasco-Ortega, E., Cisneros-Cabello, R., & Poyato-Ferrera, M. (2005) High prevalence of apical periodontitis amongst type 2 diabetic patients. International Endodontic Journal, 38, 564-569. 
	To study the prevalence of AP in patients with and without type 2 DM.

	10
	Fouad, A.F., Zerella, J., Barry, J., & Spångberg, L.S. (2005) Molecular detection of Enterococcus species in root canals of therapy-resistant endodontic infections. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 99, 112-118. 
	To identify Enterococcus spp in nonhealing endodontic cases using PCR amplification and molecular sequencing, and to determine if the prevalence of enterococci is increased in diabetic patients.

	11
	Liu, L., Zhang, C., Hu, Y., & Peng, B. (2012) Protective effect of metformin on periapical lesions in rats by decreasing the ratio of receptor activator of nuclear factor kappa B ligand/osteoprotegerin. Journal of Endodontics, 38, 943-947.
	To investigate the effects of systemically administered metformin on alveolar bone resorption and on the ratio of RANKL/OPG in rats subjected to experimental periapical lesions.

	12
	Lima, S.M., Grisi, D.C., Kogawa, E.M., Franco, O.L., Peixoto, V.C., Gonçalves-Júnior, J.F. et al. (2013) Diabetes mellitus and inflammatory pulpal and periapical disease: a review. International Endodontic Journal, 246, 700-709. 
	To review the influence of DM on periapical bone resorption, providing clinical and laboratory data involving periapical pathosis in patients with diabetes and glucose effect in distinct cells.

	13
	Wang, C.H., Chueh, L.H., Chen, S.C., Feng, Y.C., Hsiao, C.K., & Chiang, C.P. (2011) Impact of diabetes mellitus, hypertension, and coronary artery disease on tooth extraction after nonsurgical endodontic treatment. Journal of Endodontics, 37, 1-5.
	To elucidate the impact of systemic diseases on the risk of tooth extraction after NSRCT.

	14
	Sasaki, H., Hirai, K., Martins, C.M., Furusho, H., Battaglino, R., & Hashimoto, K. (2016) Interrelationship Between Periapical Lesion and Systemic Metabolic Disorders. Current Pharmaceutical Design, 22, 2204-2215.
	To focus on the interrelationship between periapical lesions and metabolic disorders including type 2 diabetes mellitus, hypertension, and NAFLD, and their common pathological background.

	15
	Rao, D.D., Desai, A., Kulkarni, R.D., Gopalkrishnan, K., & Rao, C.B. (2010) Comparison of maxillofacial space infection in diabetic and nondiabetic patients. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 110, e7-12.
	To compare the spaces involved, the severity of infection, the virulent organism, the efficacy of empirical antibiotics, the length of hospital stay, and the complications encountered in the management of maxillofacial space infection of odontogenic origin in diabetic patients and nondiabetic patients.

	16
	Segura-Egea, J.J., Martín-González, J., Cabanillas-Balsera, D., Fouad, A.F., Velasco-Ortega, E., & López-López, J. (2016) Association between diabetes and the prevalence of radiolucent periapical lesions in root-filled teeth: systematic review and meta-analysis. Clinical Oral Investigations, 20, 1133-1141.
	To analyze scientific available evidence on the association between diabetes and the presence of radiolucent periapical lesions in root-filled teeth.

	17
	Khalighinejad, N., Aminoshariae, M.R., Aminoshariae, A., Kulild, J.C., Mickel, A., & Fouad, A.F. (2016) Association between systemic diseases and apical periodontitis. Journal of Endodontics, 42, 1427-1434.
	To evaluate the relationship between host modifying factors and their association with endodontic pathosis.

	
	
	

	18
	Britto, L.R., Katz, J., Guelmann, M., & Heft, M. Periradicular radiographic assessment in diabetic and control individuals. (2003) Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 96, 449-452.
	To investigate the prevalence of radiographic periradicular radiolucencies in endodontically treated and untreated teeth in patients with and without diabetes.

	19
	Sánchez-Domínguez, B., López-López, J., Jané-Salas, E., Castellanos-Cosano, L., Velasco-Ortega, E., & Segura-Egea, J.J. (2015) Glycated hemoglobin levels and prevalence of apical periodontitis in type 2 diabetic patients. Journal of Endododontics, 41,601-606. 
	To study the possible association between the prevalence of AP and the glycemic control of type 2 diabetic patients.

	20
	Cintra, L.T., Samuel, R.O., Facundo, A.C. et al. (2014) Relationships between oral infections and blood glucose concentrations or HbA1c levels in normal and diabetic rats. International Endodontic Journal, 47,228-237.
	To measure glycosylated haemoglobin in a diabetic model as a means of investigating AP and PD for their effects on both blood glucose concentrations and long-term glycemic control.

	21
	Inagaki, Y., Yoshida, K., Ohba, H. et al. (2010) High glucose levels increase osteopontin production and pathologic calcification in rat dental pulp tissues. Journal of Endodontic, 36, 1014-1020.
	To determine the relationship between OPN expression and pathologic calcification in rat diabetic pulp.

	22
	Arya, S., Duhan, J., Tewari, S., Sangwan, P., Ghalaut. V., Aggarwal, S. (2017) Healing of apical periodontitis after nonsurgical treatment in patients with type 2 diabetes. Journal of Endodontic. 43, 1623-1627. 
	To compare the success of primary root canal treatment between type 2 diabetic and nondiabetic patients and to investigate the effect of periapical healing on HbA1c in type 2 diabetic patients with AP.

	23
	Kohsaka, T., Kumazawa, M., Yamasaki, M., Nakamura, H. (1996) Periapical lesions in rats with streptozotocin-induced diabetes. Journal of Endodontics, 22. 418-421.
	To investigate histologically and histometrically the changes in pulpal periapical tissues after pulpal exposure in streptozotocin-induce diabetic rats.

	24
	Aminoshariae, A., Kulild, J.C., Mickel, A., Fouad, A.F. (2017) Association between systemic diseases and endodontic outcome: A systematic review. Journal of Endodontics, 43, 514-519
	To evaluate the relationship between host-modifying factors and their association with endodontic outcomes.

	25
	Leite, M.F., Ganzerla, E., Marques, M.M., Nicolau, J. (2008) Diabetes induces metabolic alterations in dental pulp. Journal of Endodontics, 34, 1211-1214.
	To evaluate some parameters of antioxidant system of the dental pulp of healthy and diabetic rats .

	26
	Cintra, L.T., da Silva Facundo, A.C., Prieto, A.K., Sumida, D.H., Narciso, L.G., Mogami Bomfim, S.R., et al. (2014) Blood profile and histology in oral infections associated with diabetes. Journal of Endodontics, 40, 1139-1144. 
	To investigate the relationship between blood profile and histologic findings in both AP and PD associated with diabetes.

	27
	Astolphi, R.D., Curbete, M.M., Colombo, N.H., Shirakashi, D.J., Chiba, F.Y., Prieto, A.K., et al. (2013) Periapical lesions decrease insulin signal and cause insulin resistance. Journal of Endodontics, 39, 648-652. 
	To evaluate the effect of periapical lesions on insulin signaling and insulin sensitivity in rats.

	28
	Leite, M.F., De Lima, A., Massuyama, M.M., Otton, R. In vivo astaxanthin treatment partially prevents antioxidant alterations in dental pulp from alloxan-induced diabetic rats. (2010).International Endodontic Journal. 43, 959-967. 
	To evaluate the effect of astaxanthin on antioxidant parameters of dental pulp from diabetic rats.

	29
	Armada-Dias, L., Breda, J., Provenzano, J.C., Breitenbach, M., Rôças, I.d., Gahyva, S.M., Siqueira, J.F. Jr. (2006) Development of periradicular lesions in normal and diabetic rats. Journal of Applied Oral Science, 14,371-375. 
	This study sought to radiographically and histologically examine the development of perirradicular inflammation in control and in diabetic rats after induction of pulpal infection

	30
	Nagendrababu, V., Segura-Egea, J.J., Fouad, A.F., Pulikkotil, S.J., Dummer, P.M.H. (2020) Association between diabetes and the outcome of root canal treatment in adults: an umbrella review. International Endodontic Journal, 53, 455-466. 
	To conduct an umbrella review to determine whether there is an association between diabetes and the outcome of root canal treatment.

	31
	Cabanillas-Balsera, D., Martín-González, J., Montero-Miralles, P., Sánchez-Domínguez, B., Jiménez-Sánchez, M.C., Segura-Egea, J.J.(2019). Association between diabetes and nonretention of root filled teeth: a systematic review and meta-analysis. International Endodontic Journal, 52, 297-306. 
	To analyze the potential relationship between diabetes and the occurrence of extracted root filled teeth.

	32
	Fouad A, Barry J, Russo J, Radolf J, Zhu Q. (2002) Periapical lesion progression with controlled microbial inoculation in a type I diabetic mouse model. Journal of Endodontics, 28, 8-16. 
	To: (i) determine the effect of diabetes mellitus on the pathogenesis of periapical lesions with or without specific bacterial inoculations at the exposure sites, and (ii) test the sensitivities of two microbiological techniques in detecting the persistence of the bacterial inoculum in exposed pulps of NOD mice

	33
	Samuel, R.O., Ervolino, E., de Azevedo Queiroz, Í.O., Azuma, M.M., Ferreira, G.T., Cintra, L.T.A. (2019) Th1/Th2/Th17/Treg balance in apical periodontitis of normoglycemic and diabetic rats. Journal of Endodontics, 45,1009-1015.
	To evaluate the inflammatory profile of T helper cells in normoglycemic and diabetic rats with AP.

	34
	Cintra, L.T.A., Estrela, C., Azuma, M.M., Queiroz, Í.O.A., Kawai, T., Gomes-Filho, J.E. (2018) Endodontic medicine: interrelationships among apical periodontitis, systemic disorders, and tissue responses of dental materials. Brazilian Oral Research, 18, 66-81.
	To analyze and discuss the current literature among three factors-systemic diseases, endodontic infection, and endodontic dental materials, and determine how these connections may interfere in the systemic health status and the endodontic treatment outcomes.

	35
	Fouad, A. F., Kum, K. Y., Clawson, M. L., Barry, J., Abenoja, C., Zhu, Q., Caimano, M., & Radolf, J. D. (2003) Molecular characterization of the presence of Eubacterium spp and Streptococcus spp in endodontic infections. Oral microbiology and Immunology, 18, 249–255. 
	To use molecular methods to identify organisms in 22 infected root canals that include eight cases with preoperative clinical symptoms and five cases with a history of DM.

	36
	Segura-Egea, J. J., Cabanillas-Balsera, D., Jiménez-Sánchez, M. C., & Martín-González, J. (2019) Endodontics and diabetes: association versus causation. International Endodontic Journal, 52, 790–802. 
	To analyze the difference between association and causation, applying the criteria of causality to the specific case of the association between endodontic disease and systemic diseases, taking as an example the case of DM.

	37
	Müller, H.D., Cvikl, B., Janjić, K., Nürnberger, S., Moritz, A., Gruber, R., & Agis, H. (2015) Effects of prolyl hydroxylase inhibitor l-mimosine on dental pulp in the presence of advanced glycation end products. Journal of Endodontics, 41, 1852–1861. 
	To evaluate the impact of AGEs on the response of human pulp tissue to the PHD inhibitor L-mimosine in monolayer cultures of DPCs and tooth slice organ cultures.

	38
	Azuma, M.M., Gomes-Filho, J.E., Prieto, A.K.C., Samuel, R.O., de Lima, V.M.F., Sumida, D.H. et al. (2017) Diabetes increases interleukin-17 levels in periapical, hepatic, and renal tissues in rats. Archives of Oral Biology, 83, 230–235. https://doi.org/10.1016/j.archoralbio.2017.08.001
	To evaluate the association between endodontic infection and diabetes on IL-17 levels in periapical, hepatic, and renal tissues of rats.

	39
	Ferreira, M.M., Carrilho, E., & Carrilho, F. (2014) Diabetes mellitus and its influence on the success of endodontic treatment: a retrospective clinical study. Acta Medica Portuguesa, 27, 15–22.
	To evaluate the influence of DM at the periapical tissues and the success of endodontic treatment in these patients.

	40
	Gomes, C.C., Guimarães, L.S., Pinto, L.C.C., Camargo, G.A.D. C.G., Valente, M.I.B., & Sarquis, M.I.M. (2017) Investigations of the prevalence and virulence of Candida albicans in periodontal and endodontic lesions in diabetic and normoglycemic patients. Journal of Applied Oral Science, 25, 274–281. 
	To investigate the prevalence of isolated Candida albicans from periodontal endodontic lesions in diabetic and normoglycemic patients, and the fungi's virulence in different atmospheric conditions.

	41
	Prieto, A.K.C., Gomes-Filho, J.E., Azuma, M.M., Sivieri-Araújo, G., Narciso, L.G., Souza, J.C. et al. (2017) Influence of apical periodontitis on stress oxidative parameters in diabetic rats. Journal of Endodontics, 43, 1651–1656. 
	To investigate if AP associated with diabetes influenced the levels of endogenous antioxidants, the total antioxidant capacity, and the oxidant parameter in the serum of Wistar rats.

	42
	Iwama, A., Morimoto, T., Tsuji, M., Nakamura, K., Higuchi, N., Imaizumi, I. et al. (2006) Increased number of anaerobic bacteria in the infected root canal in type 2 diabetic rats. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontics, 101, 681–686. 
	To investigate the relationship between type 2 DM and anaerobic bacteria detected in infected root canals.

	43
	Cintra, L.T.A., Ferreira, L.L., Benetti, F., Gastélum, A.A., Gomes-Filho, J.E., Ervolino, E. et al. (2017) The effect of dental bleaching on pulpal tissue response in a diabetic animal model. International Endodontic Journal, 50, 790–798. 
	To evaluate pulpal tissue response after dental bleaching in normal and alloxan-induced diabetic rats.

	44
	Qin, W., Gao, X., Ma, T., Weir, M.D., Zou, J. et al. (2018) Metformin enhances the differentiation of dental pulp cells into odontoblasts by activating AMPK signaling. Journal of Endodontics, 44, 576–584. 
	To investigate the effects of metformin on the proliferation and differentiation of DPCs.

	45
	Nakajima, Y., Inagaki, Y., Hiroshima, Y., Kido, J., & Nagata, T. (2013) Advanced glycation end-products enhance calcification in cultured rat dental pulp cells Journal of Endodontics, 39(7), 873–878. 
	To determine the effect of AGE on calcified nodule formation by rat dental pulp cells in culture.

	46
	Ferreira, L.L., Gomes-Filho, J.E., Benetti, F., Carminatti, M., Ervolino, E., Briso, A.L.F., & Cintra, L.T.A. (2018) The effect of dental bleaching on pulpal tissue response in a diabetic animal model: a study of immunoregulatory cytokines. International Endodontic Journal, 51, 347–356. 
	To evaluate the influence of tooth bleaching on immunoregulatory cytokines production IL-6, TNF-α and IL-17 in the pulp tissue of normoglycemic and diabetic rats.

	47
	Schulze, A., Schönauer, M., & Busse, M. (2007) Sudden improvement of insulin sensitivity related to an endodontic treatment. Journal of Periodontology, 78, 2380–2384. 
	To report the effects of an acute focal dental inflammation and subsequent endodontic treatment on the required insulin dosage of a 70-year-old man who had moderately controlled diabetes.

	48
	Pérez-Losada, F.L., Estrugo-Devesa, A., Castellanos-Cosano, L., Segura-Egea, J.J., López-López, J., & Velasco-Ortega, E. (2020) Apical periodontitis and diabetes mellitus type 2: A systematic review and meta-analysis. Journal of Clinical Medicine, 9, 540. 
	To investigate if there is an association between AP and diabetes mellitus.

	49
	Tibúrcio-Machado, C.D., Bello, M.C., Maier, J., Wolle, C.F., & Bier, C.A. (2017) Influence of diabetes in the development of apical periodontitis: A critical literature review of human studies. Journal of Endodontics, 43, 370–376. 
	To perform a critical review of the literature that investigated the association between diabetes and AP.

	50
	Wolle, C.F., Zollmann, L.A., Bairros, P.O., Etges, A., Leite, C. E., Morrone, F.B. et al. (2013) Outcome of periapical lesions in a rat model of type 2 diabetes: refractoriness to systemic antioxidant therapy. Journal of Endodontics, 39, 643–647. 
	To evaluate the development of periapical lesions in a rat model of type 2 diabetes and assessed the potential actions of the antioxidant agent tempol in this model.


Abbreviations - AGEs: advanced glycation end products; AMPK: AMP-activated protein kinase; AP: apical periodontitis; DPCs: dental pulp-derived cells; DM: diabetes mellitus; HbA1c: glycosylated haemoglobin; IL: interleukin; NAFLD: non-alcoholic fatty liver diseases; NOD: nonobese diabetic; NSRCT: nonsurgical root canal treatment; OPG: osteoprotegerin; OPN: osteopotin, PCR: polymerase chain reaction; PD: periodontal disease; RANKL: receptor activator of nuclear factor kappa B ligand; TNF: tumor necrosis factor.
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Fig. 4. VOSviewer density map of co-occurrence of keywords.


4. DIScussion

Highly cited studies reflect relevant topics and research concerns in a specific area. The identification followed by an assessment of these studies through bibliometric indicators is useful to understand the development and academic advances within a specialty [34]. Since then, several studies (Silva et al., 2023; Feijoo et al., 2014; Celeste, Broadbent, Moyses, 2016; Tarazona et al., 2018; Melo et al., 2022) have used this methodology to rank and highlight the contribution of studies and researchers to the construction of knowledge within a specific field or topic in dentistry, determine future directions, and measure their influence on the scientific and dental community.
DM has been extensively investigated over the years in Periodontology (Katz, 2001; genco et al., 2005; Casanova, Hughes, Preshaw, 2014; Santonocito et al., 2022), mainly focusing on the diagnosis and treatment of periodontal conditions in diabetic patients, besides improving their oral and systemic health. In endodontic field, the relationship between systemic alteration and endodontic infection was initially investigated in the early 20th century. For instance, Miller (Miller, 1891) was a pioneer and proposed that bacterial colonization of dental pulp might have an influence in the development of different systemic diseases. 

Following the same steps as Periodontal Medicine, Endodontic Medicine has emerged in the scientific literature, supporting previous data by Miller (Miller, 1891), in the sense of suggesting an association between endodontic infection and systemic disorders (Cintra et al., 2021; Cotti et al., 2011; Segura-Egea, Martín-González, Castellanos-Cosano, 2015; Cintra et al., 2018). Hence, endodontic medicine has gained attention, and research on DM has become an important topic of interest in Endodontics. However, despite rapid evolution, DM is a relatively recent research topic in Endodontics, with few researchers. Therefore, most retrieved articles received a low citation rate or no citation at all.
Citation rates can vary based on the number of researchers in a specific area of interest (Ahmad et al., 2019). Thus, similarly to other previous bibliometric studies in Endodontics (Ahmad et al., 2019; Ahmad et al., 2020; Kodonas et al., 2020), the current study aimed to identify and provide an overview of the 50 highly cited papers on DM related to endodontic field. The citations ranged from 13 to 177 times in the top 50 most-cited papers, with a total of 2,143 citations when the evaluation was carried out in the WoS-AD. 

It is important to highlight that a limitation of this study was that electronic searches were only performed in the WoS citation indexing database. Thus, it is possible that other highly cited articles from other databases were not selected in this bibliometric study. On the other hand, the WoS database has measured the number of citations in papers since 1950 (Ahmad et al., 2019). Covering over 34,000 high-quality and peer-reviewed journals in more than 250 areas (Clarivate analytics, 2023), the WoS platform is the most used database for citation analyses (Kodonas et al., 2020). Although papers cited at least 400 times are regarded as ‘citation classics’ (Fardi et al., 2011), depending on the field, papers having citations equal to or greater than 100 can also be considered classics (Feijoo et al., 2014; Ahmad et al., 2019). Hence, only the top-three articles of this bibliometric study had over 100 citations, which means they can be considered ‘classic’ publications on the current diabetes research in Endodontics. Still, regarding the citation count, the possibility of self-citations or negative citations (MacRoberts and MacRoberts, 1989) is considered a methodological limitation related to bibliometric analysis. However, self-citations seem to have no significant influence on the bibliometric analysis (Mattos et al., 2021) and do not affect the impact factor (Livas and Delli, 2018).

Older papers usually have more chances to accumulate citations compared to recent publications (Garfield, 2006). Consequently, this event may lead to a ‘snowball effect’, in which authors are more likely to cite an article that is already frequently cited rather than reassessing its methodological quality and relevance to science and clinical practice (Ahmad et al., 2019). Regarding the date of publication, the most cited articles on the list were published in the early 2000s. These papers were published between 1996 and 2020, with most being published in 2017, which may be attributed to the recent evolving nature of this research topic in the endodontic field. The most cited paper was an in vitro study published in 2002 (Fouad et al., 2002) in the Journal of Clinical Microbiology of the USA. This paper received 177 citations and had an average of 8.85 citations per year. The authors identified microorganisms collected from root canals of humans with pulp necrosis using molecular biology, in addition to associating these microorganisms with a history of DM (Kohsaka et al., 1996). Interestingly, a literature review published in the International Endodontic Journal in 2015 was the second most cited paper, totalling 125 citations and a mean of 17.8 citations/year, and described the association between endodontic infection with systemic disorders.

The study design of those included papers was also analysed. Although review articles are more frequently cited because they gather the existing information in a specific topic (Baldiotti et al., 2021), most of the included papers were laboratory-based studies using rat models. These articles mainly investigated the effects of hyperglycaemia associated or not with therapies on the pulp and/or periapical tissues. Additionally, biological research plays a crucial role in the confirmation of the initial evidence in DM research and any biomedical field. This feature may be due to the growing interest in understanding and confirming the metabolic and histological changes induced by DM in the dental tissues, in addition to finding therapies to minimize its complications. Although observational studies, such as cross-sectional studies, are the most common study design in dental research (Levin, 2006), they were not the most prevalent or the most cited, which demonstrates the need to assess and understand the impact of diabetes on different aspects of human oral health. Among these, most papers focused on the interrelationship between systemic alterations and endodontic infection in diabetic humans or animals. Papers on different microbiological aspects of diabetic patients were also frequently observed, mainly developed by the research group of Ashraf Fouad in the USA.
Moreover, the vast majority of the 50 top-cited articles were published in prestigious endodontic journals, predominantly the Journal of Endodontics, followed by the International Endodontic Journal. These peer-reviewed journals present high impact factor values in Endodontics, which may illustrate the high quality of the evidence from these journals. Among 191 authors, Juan Segura-Egea from University of Seville in Spain dominated with more papers in the top 50 list, totalling 10 publications and 537 citations. However, the papers written by Ashraf Fouad were prominent in citations, totalling 576 citations. 

In contrast to previous bibliometric analyses in Endodontics, in which USA was the country with greatest contributions (Fardi et al., 2011; Ahmad et al., 2020; Kodonas et al., 2020), Brazil was the leading country in this study, mainly represented by the Luciano Cintra’s cluster, ranked second in the list with Ashraf Fouad. Cintra's group owns most of the studies that evaluated the connections between DM and tissue response to dental materials and/or therapies. Universities from these prolific authors were the top 3 leading research institutions. São Paulo State University (Brazil) was ranked first, followed by the University of Seville (Spain) and the University of Connecticut (USA). Even though the Brazil was the leading country for diabetes research in Endodontics with 17 citations and 459 citations, USA was more prominent with 767 citations and with more universities among the top 10 most cited, reinforcing its influence on international research development. Furthermore, researchers from USA are well known for their international collaborations. Co-authorship network is considered an important component to increase the scientific influence of research (Fonseca et al., 2016). 

The present bibliometric study also identified keywords that trended across the top 50 most-cited papers. Among 108 unique keywords, the top 3 most used were “diabetes mellitus”, followed by “apical periodontitis” and “diabetes”. These keywords indicate greater attention in assessing the biological mechanisms involved in the occurrence of apical periodontitis with glycaemic control. Nonetheless, there were 10 papers, mainly published in the early 2000s in the lately known Oral Surgery, Oral Medicine, Oral Pathology, and Oral Radiology, for which no keywords were available (Bender and Bender, 2003; Fouad et al., 2002; Fouad et al., 2002; Fouad et al., 2002; Britto et al., 2003; Fouad et al., 2005; Iwama et al., 2006; Rao et al., 2010; Marotta et al., 2012). The appropriate identification and selection of the most specific and frequently used keywords in a research topic is important to guide researchers and clinicians in creating a more accurate search strategy to retrieve relevant results.	

5. conclusion

This bibliometric analysis highlights the 50 most-cited papers on DM research in the endodontic field. The most articles were originated from Brazil and USA and dominantly written by Brazilian and European authors. Basic research published in high-impact endodontic journals is the most common type of highly cited articles, mainly evaluating the impact of DM on pulp and periapical tissues. More studies evaluating the impact of DM on human oral health are important.
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