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Abstract

Tooth agenesis, one of the most common developmental defects in humans, not only impairs oral function
but can also lead to craniofacial deformities. Bibliometric analysis can reveal significant shifts in research
and publishing trends within specific fields. This study aims to provide a comprehensive overview of the
research hotspots in tooth agenesis and predict future trends through bibliometric analysis. We searched for
English-language publications related to tooth agenesis from 2001 to 2021 on the Web of Science. The
publications were limited to original and review articles, and bibliometric parameters such as publication
year, country, institution, author, journal, citations, and keywords were extracted and analyzed using
VOSviewer, Microsoft Excel 2010, and CiteSpace. A total of 2,287 papers were ultimately selected. The
results show that the USA holds a leading position in the field of tooth agenesis research. A total of 9,803
authors participated in these studies, with Alexandre R Vieira from the USA being the most prolific and most
cited author. This study indicates that multidisciplinary management has become the consensus first choice
for treating dental agenesis. Gene mutations related to tooth agenesis continue to be a research hotspot
attracting scholarly attention. Exploring the relationship between tooth agenesis and cancer may be a future
research direction. These findings contribute to potential collaborations among experts in future research
on the genetic causes of tooth agenesis and tumor development and to assist the scientific community by
identifying research gaps in this field.
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Introduction And Background

As one of the most common developmental defects of human beings, tooth agenesis has been reported
worldwide. The incidence of tooth agenesis is 2.2-10.1%, which varies according to different populations [1].
Based on the number of missing teeth, excluding the third molar, tooth agenesis is classified as hypodontia
(missing one to five permanent teeth), oligodontia (missing six or more permanent teeth), or anodontia
(completely missing teeth) [2]. Tooth agenesis can have adverse physiological and psychological effects on
patients. On the one hand, tooth agenesis causes serious damage to the oral chewing function of patients,
decreasing chewing efficiency and reducing patients’ quality of life; on the other hand, articulation disorder
and facial deformity problems caused by tooth agenesis seriously affect patients’ mental health [3].

Tooth agenesis can occur not only as an isolated condition but also as part of a syndrome [4]. Msh homeobox
1 (MSX1) and paired box protein 9 (PAX9) were discovered as the first and second genes associated with
tooth agenesis [5,6]. Subsequently, axis inhibition protein 2 (AXIN2), ectodysplasin A (EDA), and other genes
were also found to cause dental agenesis [7]. In addition, various complex diseases are associated with tooth
agenesis, such as X-linked hypohidrotic ectodermal dysplasia (XLHED) [8].

Given the significant challenge that tooth agenesis presents to global oral health, scholars have conducted
numerous reviews on its pathogenesis, clinical manifestations, and treatment strategies. However, certain
shortcomings need to be addressed, such as the subjective selection of samples in some systematic reviews
and the small sample sizes. Moreover, these reviews do not comprehensively include all studies, thus lacking
a thorough quantitative analysis of research on tooth agenesis. Bibliometric analysis is a research method
that provides qualitative and quantitative analysis of existing publications in a specific field [9]. Analyzing
the number of publications, citations, authors, institutions, and keywords can reflect the global trends and
hotspots in the field. This study aims to conduct a comprehensive bibliometric analysis of the hotspots and
trends in clinical and basic research on congenital tooth agenesis and to assess its impact. This will provide
direction for subsequent research aimed at addressing the global challenge of tooth agenesis.
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We searched the Web of Science Core Collection (WoSCC) using the following items: (TS = tooth agenesis OR
dental agenesis OR hypodontia OR anodontia OR oligodontia OR congenital missing teeth) from January 1,
2001, to January 1, 2021. The language was restricted to English. Two investigators independently searched
and screened the database on November 15, 2021. Disagreements were resolved by discussion with a senior
dentist until a consensus was reached.

Data Extraction and Analysis

The title, author, institution, country, publication year, keywords, and citations were listed as extracted
information for bibliometric analysis. Microsoft Excel 2010 (Microsoft Corp., Redmond, WA, USA) was used
to count the contributing authors, journals, institutions, and countries. Coauthor-authorship, coauthor-
institution, coauthor-country, and keywords were further visualized using VOSviewer (Leiden University,
Leiden, the Netherlands). In order to detect any abrupt change in the frequency of references and keywords,
CiteSpace (Version 5.8. R1) was applied to burst detection.

Results

After excluding non-English papers and restricting to original and review articles, 2,287 publications were
finally selected for further bibliometric analysis (Figure 7). Of the 2,287 articles, 2,100 were original articles
(91.8%), and 187 were reviews (8.2%). The annual publication outputs showed an overall upward trend
(Figure 2).

Web of Science core Collection
TS = (tooth agenesis OR dental agenesis OR hypodontia
OR anodontia OR oligodontia OR congenital missing teeth)
Search period: 2001/01/01-2021/01/01

I

2413 original search results

126 studies excluded with reasons:

1. document types (Meeting abstract,
editorial materials, corrections,
retractions, book chapters)

2. Unpublished papers

3. Articles required a manual research

2287 publications included in the quantitative
and visualization-based bibliometric analysis
(original article 2100; review article 187)
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FIGURE 1: Flowchart of data screening and bibliometric analysis.
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FIGURE 2: Number of publications on tooth agenesis per year from 2001

to 2021.

Countries/Regions and Institutions

Figure 3A shows the top 10 prolific countries/regions. The USA ranked first in this field, more than double
that of Britain and Brazil, which ranked second and third. We analyzed the collaborations of

countries/regions using VOSviewer (Figure 3B). The USA established partnerships with 31 countries, which
is the most cooperative with a total link strength of 372. Regarding dynamics and trends, Brazil, Italy, and

Finland have focused on this field since 2010. The USA, Britain, Turkey, and France have been active from

2001 to 2021. After 2015, China, India, and Switzerland started playing more active roles in this field. In the
top 10 institutions (Figure 4A), the University of Sao Paulo (Brazil) ranked first in the number of publications

(n=58). Regarding average citations per paper and total citations, the University of Helsinki ranked first,
followed by the University of Pittsburgh and the University of Iowa. The cooperative relationship of these
institutions is further visualized in Figure 4B.
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FIGURE 3: Contributions of top 10 countries and international
collaborative networks to tooth agenesis-related research. (A) The

number of publications and total citations per country. (B) Cooperation

between countries. A larger node represents a higher number of
articles, and a wider line between nodes indicates greater strength
cooperation.
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FIGURE 4: Distribution of institutions focusing on tooth agenesis and
cooperative relationship between institutions. (A) Publications and total
citations for top 10 prolific institutions. (B) The international
collaboration visualization map of institutions. The size of the node and
thickness of connection lines represent the number of published
articles and cooperative strength, respectively.

Authors

The top 10 most productive authors and co-cited authors may represent influential research teams and
potential research partners (Table 7). Alexandre R Vieira (the USA, with 31 publications) was the most
prolific author, with the highest total citations (n=590), followed by Dong Han (China, with 20 publications)
and Hailan Feng (China, with 19 publications). Co-citation is a significant indicator of the extent an author
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Rank Author

10

Vieira, Alexandre R
Han, Dong

Feng, Hailan

Letra, Ariadne

Liu, Haochen

Bergendal, Birgitta

contributed. The top three most co-cited authors in the field of tooth agenesis research were Brook AH,
Polder BJ, and Vieira AR.

Costa, Marcelo De Castro

D'Souza, Rena N.
Mues, Gabriele

Wong, Singwai

Number

31

20

Citations  Country
590 USA
316 China
346 China
246 USA

91 China
294 Sweden
173 Brazil
275 USA
186 USA
118 USA

Co-cited author

Brook, Alan H 378
Polder, Bart J 369
Vieira, Alexandre R 324
Peck, Sheldon 323
Mostowska, Adrianna 317
Nieminen, Pekka 303
Ranta, Ronald 271
Bergendal, Birgitta 270
Thesleff, Irma 264
Lammi, Laura 250

Co-citations

Country
England
Netherlands
USA

USA

Poland
Finland
Brazil
Sweden
Finland

Finland

TABLE 1: The top 10 prolific authors and co-cited authors on tooth agenesis from 2001-2021.

Rank Journal

10

Am J Orthod Dentofac
Am J Med Genet A

J Dent Res

Cleft Palate-Cran J
Arch Oral Biol

Eur J Orthodont
Angle Orthod

Brit Dent J

Int J Paediatr Dent

Eur J Oral Sci

Journals

Table 2 lists the top 10 prolific journals and co-cited journals in descending order. The American Journal of

Orthodontics and Dentofacial Orthopedics (n=100 publications) published the highest number of

publications related to tooth agenesis, followed by the American Journal of Medical Genetics Part A (n=86

publications) and the Journal of Dental Research (n=73 publications). Regarding co-cited journals, the
American Journal of Orthodontics and Dentofacial Orthopedics (3,243 co-citations), American Journal of
Medical Genetics Part A (2,209 co-citations), and European Journal of Orthodontics (1,994 co-citations)

ranked the first three.

Publications Citations Citations per paper

100 1,984
86 2,125
73 2,424
69 1,432
62 933
61 1,477
52 1,200
31 523
31 477
30 681

19.84

24.7093

33.2055

20.7536

15.0484

24.2131

23.0769

16.871

15.3871

22.7

IF2020
2.65

2.802
6.116
1.433
2.633
3.075
2.079
1.626
3.455

2.61

Co-cited journal

Am J Orthod Dentofac
J Dent Res

Eur J Orthodont
Angle Orthod

Nat Genet

Am J Hum Genet

Am J Med Genet A
Cleft Palate-Cran J
Arch Oral Biol

Am J Med Genet A

TABLE 2: The top 10 prolific journals and co-cited journals from 2001 to 2021.

IF, impact factor

Co-citations

3,243
2,209
1,994
1,922
1,865
1,604
1,393
1,378
1,158

1,055

IF2020
2.65
6.116
3.075
2.079
38.33
11.025
2.802
1.433
2.633

2.802

Cited Articles and Co-cited References
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As shown in Table 3, in the top 10 cited articles, there is only one clinical research and three reviews or
meta-analyses; the remaining are all basic research. Polder BJ published the most cited article in 2004 in
Community Dentistry and Oral Epidemiology with 496 citations, titled “A meta-analysis of the prevalence of
dental agenesis of permanent teeth” [1]. This study provides researchers and dentists with applicable data on
the prevalence and characterization of dental agenesis from the data of Caucasian populations in three
continents. Co-cited references were references co-cited by a set of included papers. Co-cited references help
researchers become familiar with dental agenesis quickly. The co-citation network was conducted using 17
references co-cited more than 100 times. Table 4 shows that the article published by Polder B] was also the
most co-cited reference (n=368). The explosive citation of references can reflect the articles researchers pay
attention to in a specific period. As shown in Figure 5, “Stockton DW, 2000, NAT GENET, V24, P18, DOI
10.1038/71634” had the highest burst strength, titled “Mutation of PAX9 is associated with oligodontia” [5].
In this research, the author identified a frameshift mutation in PAX9 following a genome-wide analysis of a
case of family segregating autosomal dominant oligodontia. There are four articles with sharply increased
citations at the end of 2020. These articles suggest that researchers are paying attention to the pathogenic
genes of dental agenesis, among which the wingless-type MMTV integration site family, member 10A
(WNT10a), may have new findings.

First

Rank Title Journal Citations Year
author
Community
i . Polder, Dentistry and
1 A meta-analysis of the prevalence of dental agenesis of permanent teeth 496 2004
Bart J Oral
Epidemiology
Mutations in AXIN2 cause familial tooth agenesis and predispose to colorectal ~ Lammi American
u I I u 1 I I I,
2 9 predisp Journal of 422 2004
cancer Laura .
Human Genetics
Rescue of cleft palate in Msx1-deficient mice by transgenic Bmp4 reveals a Zhan
3 network of BMP and Shh signaling in the regulation of mammalian Zun g Development 296 2002
unyi
palatogenesis v
Hay-Wells syndrome is caused by heterozygous missense mutations in the McGrath Human
- I u Z u I utati I 0
4 i Y o o Molecular 225 2006
SAM domain of p63 John A .
Genetics
. L X X Thesleff, Journal of Dental
5 Craniofacial tissue engineering by stem cells 217 2006
Irma Research
. American
Vieira,
i i Journal of
6 The genetic basis of tooth development and dental defects Alexandre Medical 171 2008
R d
ezende Genetics Part A
Fibroblast growth factor receptor 2-Illb acts upstream of Shh and Fgf4 and is Revest,
) ’ ) . . Developmental
7 required for limb bud maintenance but not for the induction of Fgf8, Fgf10, Jean Biol 170 2003
jolo
Msx1, or Bmp4 Michel vy
Mutations in MTMR13, a new pseudophosphatase homologue of MTMR2 and Azzedi American
zzedine,
8 Sbf1, in two families with an autosomal recessive demyelinating form of Hamid Journal of 160 2001
ami
Charcot-Marie-Tooth disease associated with early-onset glaucoma Human Genetics
- . i i Steele-
The transcription factor gene Nfib is essential for both lung maturation and . Molecular and
9 . Perkins, ) 158 2007
brain development Cellular Biology
George
Unique functions of Sonic hedgehog signaling during external genitalia Haraguchi,
10 HpAS e ey Sl R GagmnilpEl] U pevelopment 154 2001
development Ryuma

TABLE 3: The top 10 cited articles on tooth agenesis.
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Rank Co-cited reference citations
1 Polder, Bart J, 2004, community dent oral, v32, p217, doi 10.1111/j.1600-0528.2004.00158.x [1] 368
2 Vastardis, Heleni, 1996, nat genet, v13, p417, doi 10.1038/ng0896-417 [6] 281
3 Stockton, David W, 2000, nat genet, v24, p18, doi 10.1038/71634 [5] 248
4 Lammi, Laura, 2004, am j hum genet, v74, p1043, doi 10.1086/386293 [10] 232
5 Vastardis, Heleni, 2000, am j orthod dentofac, v117, p650, doi 10.1067/mod.2000.103257 [11] 186
6 van den Boogaard, M J, 2000, nat genet, v24, p342, doi 10.1038/74155 [12] 171
7 Satokata, Ichiro, 1994, nat genet, v6, p348, doi 10.1038/ng0494-348 [13] 137
8 Kere, Juha, 1996, nat genet, v13, p409, doi 10.1038/ng0895-409 [14] 125
9 Brook, Alan Henry, 1984, arch oral biol, v29, p373, doi 10.1016/0003-9969(84)90163-8 [15] 118
10 De Coster, PJ, 2009, j oral pathol med, v38, p1, doi 10.1111/j.1600-0714.2008.00699.x [16] 118

TABLE 4: The top 10 co-cited references according to total publications from 2001 to 2021.

Top 25 References with the Strongest Citation Bursts

References Year Strength Begin End 2001 - 2020
Stockton DW, 2000, NAT GENET, V24, P18, DOI 10.1038/71634, DOI 2000 35.07 20071 2008 pu—.
van den Boogaard MJH, 2000, NAT GENET, V24, P342, DOI 10.1038/74155, DOI 2000 32.56 2001 2008 p——.
Vastardis H, 1996, NAT GENET, V13, P417, DOI 10.1038/ng0896-417, DOI 1996 31322001 2004 s
Vastardis H, 2000, AM J ORTHOD DENTOFAC, V117, P650, DOI 10.1067/mod.2000.103257, DOl 2000  23.38 2002 2008 _ .
Nieminen P. 2001, EUR J HUM GENET, V9, P743, DOI 10.1038/5j.ejhg.5200715, DOI 2001 20.522002 2009 sm—
Jumlongras D, 2001, AM J HUM GENET, V69, P67, DOI 10.1086/321271, DOI 2001 18.262002 2009 _ ——
Lidral AC, 2002, J DENT RES, V81, P274, DOI 10.1177/154405910208100410, DOl 2002 18812003 2010
Frazier-Bowers SA, 2002, ) DENT RES, V81, P129, DOI 10.1177/154405910208100203, DOL 2002 17452003 2008 .
Das P, 2002, HUM GENET, V110, P371, DOI 10.1007/500439-002-0699-1, DOI 2002 14.522003 2010 _ —
Das P, 2003, AM J MED GENET A, V118A, P35, DOI 10.1002/ajmg.a.10011, DOI 2003 151712004 20171 cm——
Vieira AR, 2004, J DENT RES, V83, P723, DOI 10.1177/154405910408300913, DOI 2004 14.752005 2012 | —c—
Lammi L, 2004, AM J HUM GENET, V74, P1043, DOI 10.1086,/386293, DO 2004 21.532006 2012 ——
Mattheeuws N, 2004, EUR J ORTHODONT, V26, P99, DOI 10.1093/ejo/26.1.99, DOI 2004 13.622006 2012 . ——

Mostowska A, 2003, EUR J ORAL SCI, V111, P365, DOI 10.1034/}.1600-0722.2003.00069.x, DOI 2003 12592006 2008 .
Polder BJ, 2004, COMMUNITY DENT ORAL, V32, P217, DOI 10.1111/j.1600-0528.2004.00158.x, DOL 2004 31.862007 2012
Larmour CJ, 2005, QUINTESSENCE INT, V36, P263 2005 12962007 2013

o —
De Coster PJ, 2009, J ORAL PATHOL MED, V38, P1, DOI 10.1111/j.1600-0714.2008.00699.x, DOl 2009 22.182011 2017 o ——
Matalova E, 2008, J DENT RES, V87, P617, DOI 10.1177/154405910808700715, DOI 2008 13.842011 2016 —
Nieminen P. 2009, ] EXP ZOOL PART B, V3128, P320, DOI 10.1002/jez b.21277, DOI 2009 19.822012 2017 ——
Bohring A, 2009, AM J HUM GENET, V85, P97, DOI 10.1016/j.ajhg.2009.06.001, DOI 2009 13132013 2017 L
Bergendal B, 2011, AM J MED GENET A, V155A, P1616, DOI 10.1002/ajmg.a.34045, DOI 2011 12.562013 2020 I
van den Boogaard MJ, 2012, ) MED GENET, V49, P327, DOI 10.1136/jmedgenet-2012-100750, DOI 2012 22252014 2018 .
Khalaf K, 2014, ) ORTHQOD, V41, P299, DOI 10.1179/1465313314Y.0000000116, DOI 2014 20762016 2020 - —
Yin W, 2015, J DENT RES, V94, P878, DOI 10.1177/0022034515583999, DOI 2015 17.672016 2020 — —
Arzoo PS, 2014, AM J MED GENET A, V164, P353, DOI 10.1002/ajmg.a.36243, DOI 2014 13722016 2020 e —

FIGURE 5: Top 25 references with the strongest citation bursts on tooth
agenesis between 2001 and 2021. The red line shows the burst time.

Keywords

Keyword co-occurrence network could be used to describe the status quo of the knowledge map and frontier
topics. A total of 6,477 keywords within the titles and abstracts were identified by VOSviewer; 102 keywords
occurring at least 30 times were further selected and visualized. The terms “hypodontia, tooth agenesis,
children, prevalence, genetics, mutation, gene, expression, PAX9, MSX1, AXIN2, and mouse” were the most
prevalent topics from 2001 to 2021. The keywords were grouped into four clusters (Figure 6A), with cluster 1
referring to clinical characterization and cluster 2 referring to basic research. Furthermore, using the
VOSviewer keyword overlay map, we analyzed the keyword distribution in different periods (Figure 6B). We
noticed that the basic research was conducted earlier in this field, with keywords such as PAX9, MSX1, and
mutation in dark color. However, we also found that WNT10a, AXIN2, and gene variants were colored yellow,
suggesting newly identified risk genes in this field. Clinical characterization is seemingly a hot topic
recently, with “prevalence” and “chemotherapy” having attracted more attention more recently.
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FIGURE 6: The analysis of keywords in publications on tooth agenesis.
(A) The map of keyword co-occurrence network. The words were
divided into four clusters with different colors: clinical characterization
(red), basic research (green), clinical management of tooth agenesis
(blue), and syndromic tooth agenesis (orange). The size of the node
reflected the frequency of occurrence. (B) Visualization of the average
time of keyword occurrence. Lighter color indicates a later appearance.

Discussion

This study included 2,287 publications on tooth agenesis (2001 to 2021) from 2,469 institutions in 92
countries, with the participation of 9,803 authors, indicating that the field of tooth agenesis has attracted
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scholars’ attention worldwide. In this field, the USA was the biggest contributor. The University of Sao Paulo
(Brazil) had the highest number of publications among the numerous research institutions worldwide. The
University of Helsinki in Finland deserves special attention. Its publications were cited more than any other
institution, indicating that the research results of this institution provide a unique reference value for the
research in this field.

The top three prolific authors were Alexandre R Vieira, Dong Han, and Hailan Feng. They focused on finding
and validating the role of a gene in dental agenesis and elucidating the possible molecular mechanism from
a genetic viewpoint. For example, in recent years, Dong Han identified five novel Msx1 heterozygous
variants in multiple non-syndromic tooth agenesis in Chinese families, expanding the variant spectrum of
isolated tooth agenesis and providing valuable information for genetic counseling [2]. Attention to these
authors can help better grasp the research movement in this field.

Regarding journals, research results on dental agenesis were more inclined to be published in orthodontics-
related journals, such as the American Journal of Orthodontics and Dentofacial Orthopedics and the
European Journal of Orthodontics. This may be because patients with congenitally missing teeth often
present with occlusal disorders and are often diagnosed, treated, and reported by orthodontists [17].
However, the top 10 most cited articles were mainly published in genetics-related journals such as the
American Journal of Human Genetics and Development.

Keywords can quickly capture the distribution and evolution of hotspots in the research field of tooth
agenesis. A total of 102 keywords occurring at least 30 times were grouped into four clusters. The largest
cluster was related to the clinical characterization of tooth agenesis. “Prevalence” was the most frequent
keyword in this cluster. Prevalence of tooth agenesis has been reported worldwide; however, prevalence
varies widely in published studies, depending on the population studied [7]. At the same time, there are
differences in different ethnicities regarding the predilection sites of congenitally missing permanent teeth
(third molars are excluded) [18-20]. It is worth mentioning that chemotherapy appeared in the cluster as a
keyword and appeared later. Recent publications have shown a link between tooth absence and cancer [21].
Since Lammi et al. found that AXIN mutation can cause tooth agenesis and simultaneously cause colorectal
cancer, subsequent studies have reported that patients with congenital tooth absence may have a higher
cancer risk, possibly due to an overlap in the genetic basis for the occurrence of tooth agenesis and some
specific cancers [10,22-24]. Focusing on the association of tooth agenesis with specific cancers and providing
references for early diagnosis and treatment may be one of the trends for future research.

The second largest cluster was related to basic research of tooth agenesis. Benefiting from the advances in
genetics, scholars have identified the roles of some genes in dental agenesis. At present, MSX1, PAX9, EDA,
and AXINZ are the most frequently reported genes related to dental agenesis [25,26]. According to the recent
publications of the top 10 prolific authors, screening the mutation types of these genes is the current
research hotspot. Professor Zhuan Bian from China believes that using recombinant proteins to improve the
defects caused by gene mutations may be a promising treatment [27].

The third largest cluster was related to the clinical management of tooth agenesis. Multidisciplinary
management to deal with tooth agenesis has been recognized by clinicians. It refers to the cooperation
between pediatric dentistry, restorative dentistry, orthodontics, oral surgery, and general dentistry to carry
out restorative management for patients with a congenital absence of teeth to maintain and restore patients’
function and appearance [28]. Team members from the University of Newcastle upon Tyne in England
published a series of articles in the British Dental Journal on the role of each discipline in promoting
restorative treatment for patients with tooth agenesis [28-31]. Clinicians should master this concept.

The fourth cluster was associated with syndromic tooth agenesis. The primary keywords included “cleft
palate,” “oral clefts,” and “orofacial clefts.” Teeth grow and develop with support from the
craniomaxillofacial region, and lesions at this site severely affect odontogenesis. Compared with the general
population, patients with cleft lip and palate and their unaffected brothers and sisters are more likely to
have dental agenesis [32]. In addition, tooth agenesis could be a localized manifestation of a syndromic
disease. At present, more than 150 syndromes have been reported to be associated with tooth agenesis, such
as hypohidrotic ectodermal dysplasia, incontinentia pigmenti, Witkop tooth-nail syndrome, and Schope-
Schulz-Passarge syndrome [27].

Some limitations in this study need to be noted. First, all the publications were screened from a single
database (WOSCC), which might have led to selection bias. Second, this study only included publications in
English, possibly ignoring high-quality research in other languages. Finally, the analysis and prediction of
research hotspots in this study may not be completely accurate because only publications published before
January 1, 2021, were included.

Conclusions

The global research trends of tooth agenesis from 2001 to 2021 were summarized for the first time through
bibliometric analysis. The USA and many countries have made important contributions to this field. The
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relevant research institutions in these countries have maintained close cooperative relations. Moreover, a
large number of studies on tooth agenesis have been published in orthodontics-related journals. The
findings could help clinicians and researchers identify potential collaborators and stay updated on the latest
trends and developments. Multidisciplinary combination therapy for tooth agenesis has become a consensus
that can guide clinical practice. For future prospects, our study suggests that genetic mutations related to
tooth agenesis and the relationship between tooth agenesis and tumors are emerging areas of interest.
Future research could focus on these topics to further our understanding of tooth agenesis and improve
patient care. Additionally, collaborations between experts in genetics, dentistry, and oncology could be
beneficial in advancing this field.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Bo Xie, Ying Han

Drafting of the manuscript: Bo Xie

Concept and design: Xiujie Wen, Ying Han

Critical review of the manuscript for important intellectual content: Xiujie Wen, Ying Han
Supervision: Xiujie Wen

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: This research was supported by the National Natural Science Foundation
of China (81970906). Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

Bo Xie and Ying Han contributed equally to the work and should be considered co-first authors.

References

1. Polder BJ, Van't Hof MA, Van der Linden FP, Kuijpers-Jagtman AM: A meta-analysis of the prevalence of
dental agenesis of permanent teeth. Community Dent Oral Epidemiol. 2004, 32:217-26. 10.1111/j.1600-
0528.2004.00158.x

2. Zheng],YuM, Liu H, Cai T, Feng H, Liu Y, Han D: Novel MSX1 variants identified in families with
nonsyndromic oligodontia. Int J Oral Sci. 2021, 13:2. 10.1038/s41368-020-00106-0

3. Nieminen P: Genetic basis of tooth agenesis . ] Exp Zool B Mol Dev Evol. 2009, 312B:320-42.
10.1002/jez.b.21277

4. Cobourne MT, Sharpe PT: Diseases of the tooth: the genetic and molecular basis of inherited anomalies
affecting the dentition. Wiley Interdiscip Rev Dev Biol. 2013, 2:183-212. 10.1002/wdev.66

5. Stockton DW, Das P, Goldenberg M, D'Souza RN, Patel PI: Mutation of PAX9 is associated with oligodontia .
Nat Genet. 2000, 24:18-9. 10.1038/71634

6. Vastardis H, Karimbux N, Guthua SW, Seidman JG, Seidman CE: A human MSX1 homeodomain missense
mutation causes selective tooth agenesis. Nat Genet. 1996, 13:417-21. 10.1038/ng0896-417

7. Matalova E, Fleischmannova J, Sharpe PT, Tucker AS: Tooth agenesis: from molecular genetics to molecular
dentistry. ] Dent Res. 2008, 87:617-23. 10.1177/154405910808700715

8. YeX, Attaie AB: Genetic basis of nonsyndromic and syndromic tooth agenesis . ] Pediatr Genet. 2016, 5:198-
208. 10.1055/s-0036-1592421

9. Wang]J, Gong Z, Yu M: Bibliometric study on the knowledge graph of immunotherapy for head and neck
cancer. Front Oncol. 2023, 13:942777. 10.3389/fonc.2023.942777

10. LammiL, Arte S, Somer M, et al.: Mutations in AXIN2 cause familial tooth agenesis and predispose to
colorectal cancer. Am ] Hum Genet. 2004, 74:1043-50. 10.1086/386293

11.  Vastardis H: The genetics of human tooth agenesis: new discoveries for understanding dental anomalies .
Am J Orthod Dentofacial Orthop. 2000, 117:650-6. 10.1016/50889-5406(00)70173-9

12.  vanden Boogaard MJ, Dorland M, Beemer FA, van Amstel HK: MSX1 mutation is associated with orofacial
clefting and tooth agenesis in humans. Nat Genet. 2000, 24:342-3. 10.1038/74155

13.  Satokata I, Maas R: Msx1 deficient mice exhibit cleft palate and abnormalities of craniofacial and tooth
development. Nat Genet. 1994, 6:348-56. 10.1038/ng0494-348

14. Kere], Srivastava AK, Montonen O, et al.: X-linked anhidrotic (hypohidrotic) ectodermal dysplasia is caused
by mutation in a novel transmembrane protein. Nat Genet. 1996, 13:409-16. 10.1038/ng0895-409

2023 Xie et al. Cureus 15(10): e46961. DOI 10.7759/cureus.46961 110f 12


https://dx.doi.org/10.1111/j.1600-0528.2004.00158.x
https://dx.doi.org/10.1111/j.1600-0528.2004.00158.x
https://dx.doi.org/10.1038/s41368-020-00106-0
https://dx.doi.org/10.1038/s41368-020-00106-0
https://dx.doi.org/10.1002/jez.b.21277
https://dx.doi.org/10.1002/jez.b.21277
https://dx.doi.org/10.1002/wdev.66
https://dx.doi.org/10.1002/wdev.66
https://dx.doi.org/10.1038/71634
https://dx.doi.org/10.1038/71634
https://dx.doi.org/10.1038/ng0896-417
https://dx.doi.org/10.1038/ng0896-417
https://dx.doi.org/10.1177/154405910808700715
https://dx.doi.org/10.1177/154405910808700715
https://dx.doi.org/10.1055/s-0036-1592421
https://dx.doi.org/10.1055/s-0036-1592421
https://dx.doi.org/10.3389/fonc.2023.942777
https://dx.doi.org/10.3389/fonc.2023.942777
https://dx.doi.org/10.1086/386293
https://dx.doi.org/10.1086/386293
https://dx.doi.org/10.1016/S0889-5406(00)70173-9
https://dx.doi.org/10.1016/S0889-5406(00)70173-9
https://dx.doi.org/10.1038/74155
https://dx.doi.org/10.1038/74155
https://dx.doi.org/10.1038/ng0494-348
https://dx.doi.org/10.1038/ng0494-348
https://dx.doi.org/10.1038/ng0895-409
https://dx.doi.org/10.1038/ng0895-409

Cureus

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Brook AH: A unifying aetiological explanation for anomalies of human tooth number and size . Arch Oral
Biol. 1984, 29:373-8. 10.1016/0003-9969(84)90163-8

De Coster PJ, Marks LA, Martens LC, Huysseune A: Dental agenesis: genetic and clinical perspectives . ] Oral
Pathol Med. 2009, 38:1-17. 10.1111/j.1600-0714.2008.00699.x

Punj A, Yih ], Rogoff GS: Interdisciplinary management of nonsyndromic tooth agenesis in the digital age . |
Am Dent Assoc. 2021, 152:318-28. 10.1016/j.adaj.2020.09.024

Manasa Devi TL, Dutta B, Dwijendra KS, Dhull KS, Reddy KP, Pranitha V: Prevalence and pattern of non-
syndromic hypodontia among adolescents in Southern Part of India. Int | Clin Pediatr Dent. 2021, 14:492-6.
10.5005/jp-journals-10005-1983

Gomes RR, da Fonseca JA, Paula LM, Faber ], Acevedo AC: Prevalence of hypodontia in orthodontic patients
in Brasilia, Brazil. Eur ] Orthod. 2010, 32:302-6. 10.1093/ejo/cjp107

Niswander JD, Sujaku C: Congenital anomalies of teeth in Japanese children . Am J Phys Anthropol. 1963,
21:569-74. 10.1002/ajpa.1330210413

Bonczek O, Krejci P, Izakovicova-Holla L, Cernochova P, Kiss I, Vojtesek B: Tooth agenesis: What do we
know and is there a connection to cancer?. Clin Genet. 2021, 99:493-502. 10.1111/cge.13892

Cardoso EF, Martelli DR, Machado RA, et al.: Nonsyndromic cleft lip and palate, gastric cancer and tooth
agenesis. Med Oral Patol Oral Cir Bucal. 2018, 23:e44-8. 10.4317/medoral.22132

Fekonja A, Cretnik A, Taka¢ I: Hypodontia prevalence and pattern in women with epithelial ovarian cancer .
Angle Orthod. 2014, 84:810-4. 10.2319/112813-876.1

Lejeune S, Guillemot F, Triboulet JP, et al.: Low frequency of AXIN2 mutations and high frequency of
MUTYH mutations in patients with multiple polyposis. Hum Mutat. 2006, 27:1064. 10.1002/humu.9460
Al-Ani AH, Antoun JS, Thomson WM, Merriman TR, Farella M: Hypodontia: an update on its etiology,
classification, and clinical management. Biomed Res Int. 2017, 2017:9378325. 10.1155/2017/9378325
Nikopensius T, Annilo T, Jagomaégi T, et al.: Non-syndromic tooth agenesis associated with a nonsense
mutation in ectodysplasin-A (EDA). ] Dent Res. 2013, 92:507-11. 10.1177/0022034513487210

Yin W, Bian Z: The gene network underlying hypodontia. ] Dent Res. 2015, 94:878-85.
10.1177/0022034515583999

Jepson NJ, Nohl FS, Carter NE, Gillgrass TJ, Meechan JG, Hobson RS, Nunn JH: The interdisciplinary
management of hypodontia: restorative dentistry. Br Dent J. 2003, 194:299-304. 10.1038/sj.bd}.4809940
Hobson RS, Carter NE, Gillgrass TJ, Jepson NJ, Meechan ]G, Nohl F, Nunn JH: The interdisciplinary
management of hypodontia: the relationship between an interdisciplinary team and the general dental
practitioner. Br Dent J. 2003, 194:479-82. 10.1038/sj.bdj.4810184

Carter NE, Gillgrass TJ, Hobson RS, Jepson N, Eechan JG, Nohl FS, Nunn JH: The interdisciplinary
management of hypodontia: orthodontics. Br Dent J. 2003, 194:361-6. 10.1038/sj.bdj.4809995

Meechan ]G, Carter NE, Gillgrass TJ, Hobson RS, Jepson NJ, Nohl FS, Nunn JH: Interdisciplinary
management of hypodontia: oral surgery. Br Dent J. 2003, 194:423-7. 10.1038/sj.bd}.4810061

Konstantonis D, Nassika M, Athanasiou M, Vastardis H: Subphenotypes in non-syndromic orofacial cleft
patients based on the tooth agenesis code (TAC). Children (Basel). 2022, 9:437. 10.3390/children9030437

2023 Xie et al. Cureus 15(10): e46961. DOI 10.7759/cureus.46961

12 0f 12


https://dx.doi.org/10.1016/0003-9969(84)90163-8
https://dx.doi.org/10.1016/0003-9969(84)90163-8
https://dx.doi.org/10.1111/j.1600-0714.2008.00699.x
https://dx.doi.org/10.1111/j.1600-0714.2008.00699.x
https://dx.doi.org/10.1016/j.adaj.2020.09.024
https://dx.doi.org/10.1016/j.adaj.2020.09.024
https://dx.doi.org/10.5005/jp-journals-10005-1983
https://dx.doi.org/10.5005/jp-journals-10005-1983
https://dx.doi.org/10.1093/ejo/cjp107
https://dx.doi.org/10.1093/ejo/cjp107
https://dx.doi.org/10.1002/ajpa.1330210413
https://dx.doi.org/10.1002/ajpa.1330210413
https://dx.doi.org/10.1111/cge.13892
https://dx.doi.org/10.1111/cge.13892
https://dx.doi.org/10.4317/medoral.22132
https://dx.doi.org/10.4317/medoral.22132
https://dx.doi.org/10.2319/112813-876.1
https://dx.doi.org/10.2319/112813-876.1
https://dx.doi.org/10.1002/humu.9460
https://dx.doi.org/10.1002/humu.9460
https://dx.doi.org/10.1155/2017/9378325
https://dx.doi.org/10.1155/2017/9378325
https://dx.doi.org/10.1177/0022034513487210
https://dx.doi.org/10.1177/0022034513487210
https://dx.doi.org/10.1177/0022034515583999
https://dx.doi.org/10.1177/0022034515583999
https://dx.doi.org/10.1038/sj.bdj.4809940
https://dx.doi.org/10.1038/sj.bdj.4809940
https://dx.doi.org/10.1038/sj.bdj.4810184
https://dx.doi.org/10.1038/sj.bdj.4810184
https://dx.doi.org/10.1038/sj.bdj.4809995
https://dx.doi.org/10.1038/sj.bdj.4809995
https://dx.doi.org/10.1038/sj.bdj.4810061
https://dx.doi.org/10.1038/sj.bdj.4810061
https://dx.doi.org/10.3390/children9030437
https://dx.doi.org/10.3390/children9030437

	Global Trends and Hotspots in Research on Tooth Agenesis: A 20-Year Bibliometric Analysis
	Abstract
	Introduction And Background
	Review
	Bibliometric methodology
	Results
	FIGURE 1: Flowchart of data screening and bibliometric analysis.
	FIGURE 2: Number of publications on tooth agenesis per year from 2001 to 2021.
	FIGURE 3: Contributions of top 10 countries and international collaborative networks to tooth agenesis-related research. (A) The number of publications and total citations per country. (B) Cooperation between countries. A larger node represents a higher number of articles, and a wider line between nodes indicates greater strength cooperation.
	FIGURE 4: Distribution of institutions focusing on tooth agenesis and cooperative relationship between institutions. (A) Publications and total citations for top 10 prolific institutions. (B) The international collaboration visualization map of institutions. The size of the node and thickness of connection lines represent the number of published articles and cooperative strength, respectively.
	TABLE 1: The top 10 prolific authors and co-cited authors on tooth agenesis from 2001-2021.
	TABLE 2: The top 10 prolific journals and co-cited journals from 2001 to 2021.
	TABLE 3: The top 10 cited articles on tooth agenesis.
	TABLE 4: The top 10 co-cited references according to total publications from 2001 to 2021.
	FIGURE 5: Top 25 references with the strongest citation bursts on tooth agenesis between 2001 and 2021. The red line shows the burst time.
	FIGURE 6: The analysis of keywords in publications on tooth agenesis. (A) The map of keyword co-occurrence network. The words were divided into four clusters with different colors: clinical characterization (red), basic research (green), clinical management of tooth agenesis (blue), and syndromic tooth agenesis (orange). The size of the node reflected the frequency of occurrence. (B) Visualization of the average time of keyword occurrence. Lighter color indicates a later appearance.

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


