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Ab s t r ac t
Aim: To perform an analysis of the trends, indicators, and characteristics of the world scientific production on fluorosis, and to evaluate its 
impact on scientific research in this field. 
Materials and methods: A descriptive, cross-sectional study was conducted with a bibliometric approach of the worldwide scientific production on 
fluorosis published during the years 2018–2023. All metadata were extracted from the Scopus database. The articles were exported in .csv format 
to SciVal (Elsevier). Of the collected articles, 69 were original, 17 were reviews, 2 were conference papers, 6 were book chapters, among others. 
Results: It was found that among the journals with the highest number of articles were Biological Trace Element, Caries Research, Children, 
Fluoride, and Indian Journal of Forensics. In addition, the highest percentage of authors have published between 1 and 2 articles, with a smaller 
proportion having 3–4 publications. Among the journals with the highest number of articles are Biological Trace Element, Caries Research, 
Children, Fluoride, and Indian Journal of Forensics. The Universidade de São Paulo has the most publications, although it is also one of those 
with the lowest citation-weighted impact in relation to the global average (FWCI: 0.9). 
Conclusion: The collaboration map shows a wide international cooperation network, with an active participation of Brazil among Latin American 
countries. Scientific production in fluorosis has a negative trend from 2018 to 2023 and is mainly concentrated in high-impact scientific journals.
Clinical significance: The study shows a wide network of international cooperation on fluorosis, so the results provide important information 
to guide future clinically focused research on fluorosis and its impact on public health.
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In t r o d u c t i o n
Dental fluorosis is a condition that affects tooth enamel, occurring in 
a small percentage of individuals as a result of exposure to fluoride 
during dental development in early childhood.1,2 Fluorosis is an 
alteration that can be considered chronic, in which the development 
of enamel is interrupted and results in hypomineralization.3 In 
recent years, there has been an increase in the prevalence of enamel 
fluorosis.4,5 This can be attributed to an excess of fluoride intake 
from preventive measures such as varnishes, which is incorporated 
into the enamel during tooth development.6 Globally, its prevalence 
is not entirely clear. However, it is estimated that excessive fluoride 
concentrations have caused cases of dental fluorosis worldwide. 
For example, in Mexico, the reported prevalence of dental fluorosis 
was 30–100% in areas where the water was naturally fluoridated, 
while in the United States, the prevalence of fluorosis in the 1980s 
was 22.3%.7,8

The brown discoloration characteristic of fluorosis was 
instrumental in discovering the relationship between excessive 
fluoride intake and the development of hypoplastic dentition, 
which would later become known as fluorosis.7 This condition, 
which affects the esthetic function of teeth, is found mainly in 
populations living in areas with high fluoride levels.8–11 Fluorosis is 
caused by excessive fluoride intake, is more common in areas with 
high levels of fluoride in the water.4 During tooth development, 
a high concentration of fluoride can affect ameloblasts, the cells 
responsible for enamel formation. This can lead to developmental 
changes and other characteristic features of fluorosis.12 

This esthetic damage reduces the quality of life of affected 
patients, especially with regard to their sociocultural integration, 

which requires appropriate treatment.13 Water and protein 
retention delays the growth of enamel crystals, which subsequently 
modifies the degree of subsurface porosities.14 The main clinical 
characteristic of dental fluorosis is the alteration of the appearance 
of the color of the teeth, it is diagnosed by the analysis of symptoms 
and radiographs, its treatment can range from teeth whitening to 
the placement of veneers.3–7
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This condition goes beyond esthetics. Some dental experts 
argue that tooth discoloration may also have a risk to the quality 
of life, as fluorosis involves a constant deterioration of the tooth 
enamel surface, which increases the prevalence of various dental 
diseases.15 Fluoride is a substance that accumulates in the human 
body, primarily in the teeth and bones. However, both inadequate 
and excessive intake of fluoride can disrupt the normal physiological 
function of the body, causing harm not only to the skeletal system 
but also to other systems. As a result, reducing fluoride levels in 
drinking water is crucial for preventing dental diseases.16

Finally, a bibliometric study can provide the dental community 
with an up-to-date perspective. This is important given that the 
factors associated with the development of fluorosis are not yet fully 
understood. In addition, this bibliometric analysis allows mapping 
of sub-areas in need of further research. Therefore, the aim of this 
research was to perform a bibliometric study of trends, indicators, 
and characteristics in the global scientific production on fluorosis.

Mat e r ia  l s a n d Me t h o d s

Study Design
A descriptive, cross-sectional study with bibliometric approach17 
was conducted on the worldwide scientific production on fluorosis 
published during the years 2018–2023. All metadata for this study 
were obtained from the Scopus database. 

Search Strategy 
Metadata extraction was performed using the keywords “Fluorosis” 
and all its variants appearing in the Emtree terms and MeSH of 
Embase and PubMed, respectively. The Boolean operators “AND” and 
OR” were used and the following search strategy was established: 
TITLE-ABS-KEY (“Fluoroses, Dental” OR “Fluoroses Dental” OR “Dental 
Fluoroses” OR “Dental Fluorosis” OR “Mottled Enamel” OR “Enamel 
Mottled” OR “Enamels Mottled” OR “Mottled Enamels” OR “dental 
mottling” OR “enamel fluorosis” OR “enamel mottling” OR “fluorosis 
dental” OR “mottled enamel” OR “mottled teeth” OR “mottling 
enamel” OR “mottling tooth” OR “tooth fluorosis” OR “tooth mottling”) 
AND (“Deciduous Tooth” OR “Dentition Deciduous” OR “Deciduous 
Dentition*” OR “Dentition Primary” OR “Primary Dentition” OR “Milk 
Tooth” OR “Tooth Milk” OR “Primary Teeth” OR “Teeth Deciduous” OR 
“Deciduous Teeth” OR “Teeth Primary” OR “Tooth Primary” OR “Milk 
Teeth” OR “Teeth Milk” OR “Baby Teeth” OR “Teeth Baby” OR “Baby 
Tooth” OR “Tooth Baby” OR “Primary Tooth”) AND PUBYEAR >2017 
AND PUBYEAR <2024.

Data Collection
The collection of 93 articles from Scopus was carried out on July 
26, 2023, and these correspond to the period between the years 
2018 and 2023. The articles were exported in .csv format to SciVal 
software (Elsevier). Of the collected articles, 69 were original, 17 
were reviews, 2 were conference papers, 6 were book chapters, 
among others. The database used in this study included variables 
such as the year of publication, the author, the journal in which the 
manuscript was published, the h-index of the author, the CiteScore 
of the journal, and the Field-Weighted Citation Impact (FWCI) of 
the manuscript. 

Selection Criteria
We included original articles and reviews that were published in 
English. However, preprints, letters to the editor, and conference 
papers were excluded from the study.

Statistical Analysis
The database used in this study included variables, such as the year 
of publication, the author, the journal in which the manuscript was 
published, the h-index of the author, the CiteScore of the journal, 
and the Field-Weighted Citation Impact (FWCI) of the manuscript. 

Re s u lts 
The journals Environmental Geochemistry and Health and 
International Journal of Pharmaceutical Research have the highest 
average number of citations per publication, although only two 
publications were identified in both journals. On the other hand, 
Fluoride – Quarterly Reports and European archives of pediatric 
dentistry have a better average number of citations per field, with 
an index of 2.81 and 1.85, respectively (Table 1).

The Universidade de São Paulo (Brazil) has the most publications 
(6 publications), although it is also one of those with the lowest 
citation-weighted impact relative to the global average (FWCI: 0.9). 
In contrast, Saveetha Institute of Medical and Technical Sciences 
(Deemed to be University) has a higher number of citations per 
publication (86.7), better weighted impact (FWCI: 4.21) and more 
citation count (260) (Table 2).

Among the most productive authors, Levy Steven Marc 
(University of Iowa) and Zohoori Fatemeh Vida (Teesside University) 
have the most publications, both with four articles; however, 
Maguire Anne from Newcastle University in the United Kingdom 
has the highest average number of citations per publication. 

Table 1: Top 10 Scopus sources

Scopus source Scholarly output
Citations per  
publication

Field-weighted 
views impact Citation count

Biological Trace Element Research 3 0.3 0.79 1
Caries Research 3 5.7 1.47 17
Children 3 1 1.56 3
Fluoride – Quarterly Reports 3 0.3 2.81 1
Indian Journal of Forensic Medicine and Toxicology 3 0 0.95 0
Pesquisa Brasileira em Odontopediatria e Clinica Integrada 3 0.3 0.86 1
Community Dentistry and Oral Epidemiology 2 5.5 1.3 11
Environmental Geochemistry and Health 2 13.5 0.86 27
European Archives of Pediatric Dentistry: Official Journal of 
the European Academy of Pediatric Dentistry

2 2.5 1.85 5

International Journal of Pharmaceutical Research 2 130 1.34 260
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The authors with the best h-index are Cury, JA from Brazil (56) and 
Levy, Steven Marc from United States (52) (Table 3).

In the keyword visualization network, several clusters are 
observed, the highest co-occurrence is observed in the lead, red 
and yellow clusters, highlighting the terms “dental fluorosis,” 
“fluoride” and “dental caries,” respectively. On the other hand, the 

terms “Epidemiology” and “Oral Health” stand out in the purple 
and blue clusters, respectively (Fig. 1A).

The collaboration map shows a broad international network 
of international cooperation, with the current participation of 
Brazil among the Latin American countries. In addition, the United 
States and China showed a large concentration of manuscripts with 

Table 2: Top 10 most productive institutions

Institution Country
Scholarly 

output
Citations per  
publication

Field-weighted citation 
impact Citation count

Universidade de São Paulo 6 9.5 0.9 57

Newcastle University 4 9.5 1.02 38

Teesside University 4 9.5 1.02 38

Universidade Estadual de Campinas 4 3 0.94 12

University of Iowa 4 6 0.68 24

Saveetha Institute of Medical and Technical Sciences 
(Deemed to be University)

3 86.7 4.21 260

Sichuan University 3 8.3 0.44 25

Universidad Autonoma de San Luis Potosi 3 5 1.42 15

Universidade Estadual Paulista Júlio de Mesquita Filho 3 3 0.69 9

Institute of Technical Education and Research of Siksha O 
Anusandhan University

2 0 0 0

Table 3: Top 10 authors

Author Affiliation Country
Scholarly  

output
Citations per  
publication h-index Citation count

Levy, Steven Marc University of Iowa 4 6 52 24

Zohoori, Fatemeh Vida Teesside University 4 9.5 18 38

Buzalaf, Marilia Afonso 
Rabelo

Universidade de São Paulo 3 15 47 45

Cury, JA Universidade Estadual de Campinas 3 3.7 56 11

Guo, Ling Southwest Medical University 3 4.3 7 13

Jeremias, Fabiano Universidade Estadual Paulista Júlio 
de Mesquita Filho

3 3 19 9

Maguire, Anne Newcastle University 3 11.7 25 35

Warren, John Joseph University of Iowa 3 6.3 45 19

Carvalho, Thamyris Souza Universidade de São Paulo 2 4 5 8

Curtis, Alexandra M University of Iowa 2 9.5 6 19
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Figs 1A and B: (A) Co-occurrence per keyword; (B) Country collaboration map
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not only national but also international participation. In Africa, it 
is shown that the countries of this continent maintain an active 
collaboration network among themselves (Fig. 1B).

Among the journals with the highest number of articles are 
Biological Trace Element, Caries Research, Children, Fluoride, and 

Indian Journal of Forensics. In addition, the highest percentage of 
authors have published between 1 and 2 articles, with a smaller 
proportion having 3–4 publications (Fig. 2).

The scientific production in fluorosis from year 2018 (19 
publications) to 2023 (12 publications) has a negative trend. 

Figs 2A and B: (A) Bradford; (B) Lotka’s Law
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The  articles are mainly concentrated in high-impact scientific 
journals, 36% in Q1 quartile journals and 30.2% in Q2 quartile 
journals (Fig. 3).

Di s c u s s i o n
Enamel fluorosis develops due to excessive and prolonged intake 
of fluoride from various sources.17 Fluoride can come from a 
variety of sources, including fluoridated milk and salt, and fluoride 
products, etc.18 Research has identified diet and dental treatments 
as the primary causes of fluorosis.19 It is important to determine the 
prevalence of fluorosis and to identify the current sources of fluoride 
intake and their relative contributions. Besides, the management 
of dental fluorosis will depend on its severity,20 associated risks, 
and the patient’s perception of esthetics. While mild cases may not 
require treatment, more severe forms of fluorosis may necessitate 
interventions such as preventive care or surgery.21

It is crucial to be informed about the causes of dental fluorosis 
and how to prevent it, as this condition can only develop during 
the formation of tooth enamel.22 To prevent dental fluorosis, it 
is recommended to supervise children’s toothbrushing, teach 
them not to consume toothpaste, and limit the use of fluoride 
supplements.23 In addition, it is essential to control fluoride levels 
in drinking water, which may require defluoridation techniques, 
this balances the benefits of fluoride to prevent and avoids 
complications associated with its excessive consumption.24 Dental 
fluorosis has a restricted period of development, which starts 
from birth and ends around the age of 8 years, this means that it 
is important to adopt preventive measures during this period to 
avoid the appearance of this pathology.9

Preventive measures to treat fluorosis include various strategies, 
which serve to ensure safe fluoride concentrations in drinking 
water. In addition, it is important to raise public awareness of the 
benefits and risks of fluoride.25 For this reason, dentists should be 
alert to the proper management of patients with dental fluorosis.26 
In cases of severe dental fluorosis, a specialist should be consulted 
for multidisciplinary treatment.27

According to studies, resin infiltration is the best option for 
improving esthetics in cases of dental fluorosis.28 In addition, resin 
infiltration using an additional infiltrant has been demonstrated to 

yield superior esthetic outcomes compared with bleaching, and to 
effectively address the issue of fluorosis.29–31 However, it is important 
to keep in mind that fluorosis staining may stimulate inactive lesions. 
Some research has shown that patients may experience tooth 
sensitivity and irritation of the gums after treatment, particularly 
in the case of microabrasion.32,33 This may be due to a reduction in 
the thickness of the enamel. Nonetheless, this issue should not be 
a major concern as it will diminish over time.32,33

This bibliometric study focused on the analysis of the effects 
of fluorosis. By identifying relevant scientific journals, analyzing 
the impact of research worldwide, and exploring collaborative 
networks, it is hoped to contribute to the advancement of 
knowledge in this field and promote a better understanding of the 
effects of dental fluorosis.

Finally, the limitations of this study are that information was 
only obtained from the Scopus database. This means that it was not 
possible to detail all the scientific productions related to the topic, 
since other databases, such as Embase, PubMed, or Web of Science 
should be examined to obtain a broader and more detailed view of 
the scientific publications related to the topic in question. Although 
Scopus is one of the largest content databases, the results should 
be taken with caution as they do not necessarily reflect worldwide 
research. In addition, since bibliometric software has some 
accessibility weaknesses, there may be an underrepresentation of 
available content.

Co n c lu s i o n

Within the limitations of this bibliometric study, it is concluded that 
the terms “dental fluorosis,” “fluoride” and “dental caries” stand out 
in the keyword visualization network. International collaboration 
is broad, with a notable participation of Brazil among the Latin 
American countries. The journals with the highest number of articles 
are Biological Trace Element and Caries Research. However, scientific 
production in fluorosis has shown a negative trend from 2018 to 
2023, although articles are mainly concentrated in high-impact 
scientific journals.

Re f e r e n c e s
	 1.	 Do LG, Ha DH, Roberts-Thomson KF, et al. Dental fluorosis in the 

Australian adult population. Aust Dent J 2020;65(Suppl 1):S47–S51. 
DOI: 10.1111/adj.12764.

	 2.	 Di Giovanni T, Eliades T, Papageorgiou SN. Interventions for dental 
fluorosis: A systematic review. J Esthet Restor Dent 2023;26(2):141–150. 
DOI: 10.1111/ocr.12602.

	 3.	 Fejerskov O, Manji F, Baelum V. The nature and mechanisms of 
dental fluorosis in man. J Dent Res 1990;69:692–721. DOI: 10.1177/ 
00220345900690S135.

	 4.	 Aoba T, Fejerskov O. Dental fluorosis: Chemistry and biology. Crit Rev 
Oral Biol Med 2002;13(2):155–170. DOI: 10.1177/154411130201300206.

	 5.	 Bharath KP, Subba Reddy VV, Poornima P, et al. Comparison of relative 
efficacy of two techniques of enamel stain removal on fluorosed 
teeth. An in vivo study. J Clin Pediatr Dent 2014;38(3):207–213. DOI: 
10.17796/jcpd.38.3.0h120nkl8852p568.

	 6.	 Bronckers AL, Lyaruu DM, DenBesten PK. The impact of fluoride on 
ameloblasts and the mechanisms of enamel fluorosis. J Dent Res 
2009;88(10):877–893. DOI: 10.1177/0022034509343280.

	 7.	 Soto-Rojas AE, Ureña-Cirett JL, Martínez-Mier EA. A review of the 
prevalence of dental fluorosis in Mexico. Rev Panam Salud Publica 
2004;15(1):9–18. DOI: 10.1590/s1020-49892004000100003.

Fig 3: Scientific production by quartile of the journal



Scientific Production on Fluorosis

The Journal of Contemporary Dental Practice, Volume 24 Issue 10 (October 2023) 749

	 8.	 Aoun A, Darwiche F, Al Hayek S, et al. The fluoride debate: The pros 
and cons of fluoridation. Prev Nutr Food Sci 2018;23(3):171–180. DOI: 
10.3746/pnf.2018.23.3.171.

	 9.	 Mascarenhas AK. Risk factors for dental fluorosis: a review of the 
recent literature. Pediatr Dent 2000;22(4):269–277. PMID: 10969430.

	 10.	 Wright JT, Chen SC, Hall KI, et al. Protein characterization of 
fluorosed human enamel. J Dent Res 1996;75(12):1936–1941. DOI: 
10.1177/00220345960750120401.

	 11.	 Zotti F, Albertini L, Tomizioli N, et al. Resin infiltration in dental 
fluorosis treatment-1-year follow-up. Medicina 2020;57(1):22–34. DOI: 
10.3390/medicina57010022.

	 12.	 Shahroom NSB, Mani G, Ramakrishnan M. Interventions in 
management of dental fluorosis, an endemic disease: A systematic 
review. J Family Med Prim Care 2019;8(10):3108–3113. DOI: 10.4103/
jfmpc.jfmpc_648_19.

	 13.	 Romero MF, Babb CS, Delash J, et al. Minimally invasive esthetic 
improvement in a patient with dental fluorosis by using microabrasion 
and bleaching: A clinical report. J Prosthet Dent 2018 ;120(3):323–326. 
DOI: 10.1016/j.prosdent.2017.12.024.

	 14.	 Ertürk MS, Kirzioğlu Z. In vitro evaluation of dentin permeability 
of f luorotic primary teeth with a new electronic hydraulic 
conductance measurement system with photosensors. Arch Oral 
Biol 2007;52(11):1057–1063. DOI: 10.1016/j.archoralbio.2007.05.001.

	 15.	 Alshammari FR, Aljohani M, Botev L, et al. Dental fluorosis prevalence 
in Saudi Arabia. Saudi Dent J 2021;33(7):404–412. DOI: 10.1016/j.
sdentj.2021.03.007.

	 16.	 Baghal Asghari F, Mohammadi AA, Aboosaedi Z, et al. Data on fluoride 
concentration levels in cold and warm season in rural area of Shout. 
Data Brief 2017;15:528–531. DOI: 10.1016/j.dib.2017.10.012.

	 17.	 Fan J, Gao Y, Zhao N, et al. Bibliometric analysis on COVID-19:  
A comparison of research between English and Chinese studies. Front 
Public Health 2020;8:477. DOI: 10.3389/fpubh.2020.00477.

	 18.	 Martinez-Mier EA, Shone DB, Buckley CM, et al. Relationship between 
enamel fluorosis severity and fluoride content. J Dent 2016;46:42–46. 
DOI: 10.1016/j.jdent.2016.01.007.

	 19.	 Franco AM, Martignon S, Saldarriaga A, et al. Total f luoride 
intake in children aged 22–35 months in four Colombian cities. 
Community Dent Oral Epidemiol 2005;33(1):1–8. DOI: 10.1111/j.1600-
0528.2004.00164.x.

	 20.	 Alhawij H, Lippert F, Martinez-Mier EA. Relative fluoride response 
of caries lesions created in fluorotic and sound teeth studied under 
remineralizing conditions. J Dent 2015;43(1):103–109. DOI: 10.1016/j.
jdent.2014.10.014.

	 21.	 Sidhu N, Wang Y, Barrett E, et al. Prevalence and presentation patterns 
of enamel hypomineralisation (MIH and HSPM) among paediatric 

hospital dental patients in Toronto, Canada: A cross-sectional study. 
Eur Arch Paediatr Dent 2020;21(2):263–270. DOI: 10.1007/s40368-019-
00477-x.

	 22.	 Kashirtsev F, Tressel J, Fried D. Dehydration imaging of dental fluorosis 
at 1950 nm. Proc SPIE Int Soc Opt Eng 2022;11942:1194209. DOI: 
10.1117/12.2608283.

	 23.	 Almeida LKY, Carvalho TS, Bussaneli DG, et al. Congenital and 
acquired defects in enamel of primary teeth: prevalence, severity 
and risk factors in Brazilian children. Eur Arch Paediatr Dent 
2021;22(4):715–723. DOI: 10.1007/s40368-021-00612-7.

	 24.	 U.S. Department of Health and Human Services Federal Panel 
on Community Water Fluoridation. U.S. Public Health Service 
Recommendation for Fluoride Concentration in Drinking Water for 
the Prevention of Dental Caries. Public Health Rep 2015;130(4):318–
331. DOI: 10.1177/003335491513000408.

	 25.	 Buzalaf MAR. Review of fluoride intake and appropriateness 
of current guidelines. Adv Dent Res 2018;29(2):157–166. DOI: 
10.1177/0022034517750850.

	 26.	 Greenwall-Cohen J, Greenwall L, Haywood V, et al. Tooth whitening 
for the under-18-year-old patient. Br Dent J 2018;225(1):19–26. DOI: 
10.1038/sj.bdj.2018.527.

	 27.	 Farid H, Khan FR. Clinical management of severe fluorosis in an adult. 
BMJ Case Rep 2012;1:1–4. DOI: 10.1136/bcr-2012-007138.

	 28.	 Gugnani N, Pandit IK, Goyal V, et al. Esthetic improvement of 
white spot lesions and non-pitted fluorosis using resin infiltration 
technique: series of four clinical cases. J Indian Soc Pedod Prev Dent 
2014;32(2):176–180. DOI: 10.4103/0970-4388.130996.

	 29.	 Shafiei F, Tavangar M, Alavi A. Direct esthetic rehabilitation of teeth 
with severe fluorosis: A case report. J Dent (Shiraz) 2014;15(1):44–47. 
PMID: 24738090.

	 30.	 Paris S, Meyer-Lueckel H. Masking of labial enamel white spot lesions 
by resin infiltration–a clinical report. Quintessence Int 2009;40(9):713–
718. PMID: 19862396.

	 31.	 Höchli D, Hersberger-Zurfluh M, Papageorgiou SN, et al. Interventions 
for orthodontically induced white spot lesions: A systematic review 
and meta-analysis. Eur J Orthod 2017;39(2):122–133. DOI: 10.1093/ejo/
cjw065.

	 32.	 Castro KS, Ferreira AC, Duarte RM, et al. Acceptability, efficacy 
and safety of two treatment protocols for dental fluorosis: A 
randomized clinical trial. J Dent 2014;42(8):938–944. DOI: 10.1016/j.
jdent.2014.01.011.

	 33.	 Meireles SS, Goettems ML, Castro KS, et al. Dental fluorosis treatment 
can improve the individuals’ OHRQoL? Results from a randomized 
clinical trial. Braz Dent J 2018;29(2):109–116. DOI: 10.1590/0103-
6440201801733.


	_Hlk143628864

