
INTRODUCTION

Among the diverse sources of stem cells that hold 
immense regenerative potential, dental stem cells (DSCs) 
have gained significant attention from researchers. These 
unique cells, found within the dental tissues of deciduous and 
permanent teeth, present a non-invasive and readily accessible 
source for stem cell isolation. 

Dental pulp stem cells (DPSCs) were described by 
Gronthos et al. [1]. In addition to DPSCs and stem cells from 
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ABSTRACT

This study aims to provide a comprehensive overview of the research landscape surrounding dental stem cells 
(DSCs), elucidating the key contributors, institutions, and countries, their collaborations, thematic evolution, and 
research trends. An online electronic search was performed on 24 July 2023 in the PubMed database to identify the 
research done on DSCs. The search strategy used was -(Stem cells) AND (Dental pulp OR periodontal ligament 
OR deciduous teeth OR apical papilla OR dental follicle stem cells). Article types included were review articles, 
clinical trials, meta-analyses, and book chapters. No filter was applied for species, language, gender, journal, age, or 
publication date. Network analysis and visualization were done with the help of the VOSviewer software (version 
1.6.18) and Biblioshiny. 6,685 results appeared from an online search in the PubMed database. Of these 34 clinical 
trials, 867 reviews and systematic reviews, 14 meta-analyses, 6 books and documents. A gradual increase in the 
number of research papers during the last two decades, ranging from 6 papers in 2000 to 872 articles in 2022, was 
observed. The analysis identified China as the most productive country, the Journal of Endodontics as the most 
relevant source, and Sichuan University as a top contributor with 1,666 publications on DSC research. According to 
the analysis, cell differentiation is the keyword specific to the field with the highest co-occurrence. Wang Y, Zhang 
Y, and Liu Y were identified as the most relevant authors, with 175, 171, and 166 papers. Collaboration frequency 
between China, Japan, and the United States of America is comparatively higher than in other countries. A gradual 
increase in publishing trends can be noticed during the last two decades. Most of the papers on DSCs are single-
country publications. This analysis highlights the transition in research from sialoproteins to more application-based, 
such as tissue engineering and periodontal ligament.
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The following aspects were analyzed: 
���(i)�Research trends;
�(ii)�the most contributing authors;
��(iii)�the most frequently used keywords;
��(iv)�the leading organizations;
��(v)�� the most contributing countries and their 

collaboration frequency;
��(vi)�most relevant journals; and
(vii)��co-occurrences and link strengths among various 

authors and keywords related to DSC research.

RESULTS

A total of 6,685 results appeared from an online 
search in the PubMed database. Of these 34 clinical trials, 867 
reviews and systematic reviews, 14 meta-analyses, 6 books and 
documents (Fig. 1).

Publishing trend of research papers on dental stem cells

The first publication on the topic was published in 
the year 1968. Till 2009 0nly, 479 papers were published. 
Figure 2 shows a gradual increase in the number of research 
papers during the last two decades, ranging from 6 papers 
in 2000 to 872 papers in 2022, with only a slight decrease 
in 2018. 

human exfoliated deciduous teeth, several other distinct stem cell 
populations have been reported to reside within the human tooth 
and its surrounding tissues—stem cells from the apical papilla 
[2], the dental follicle [3] and the periodontal ligament [4,5]. 
According to the minimal criteria defined by the International 
Society for Cellular Therapy, all the stem cells mentioned above, 
collectively called DSCs, are considered mesenchymal stem 
cells (MSCs). These cells can undergo osteogenic, chondrogenic, 
and adipogenic differentiation [6–8]. In addition, these can 
also differentiate into myogenic, neurogenic, and endothelial 
lineages. Due to this multilineage differentiation potential and 
immunomodulatory properties, these cells offer promising 
therapies, tissue engineering, regenerating missing or damaged 
dental tissues, and even treating systemic disorders beyond oral 
health [9,10]. DPSCs have a broad range of applications as a 
regenerative material; they can repair mandibular bone defects 
[11] as well as they could be differentiated into pancreatic cell 
lineage [12]. Thus, DSCs are interesting and potentially essential 
cells ready for therapeutic regenerative purposes [13]. Although 
stem/progenitor cells have been isolated from different tissues 
and extensively studied in vitro and in vivo in the past years [14–
16], a bibliometric study would clarify the transition in research 
and current research trends.

A few bibliographic analyses have been done on this 
topic, but they mainly included either the most cited papers or 
included studies done over two decades. In this bibliometric 
analysis and visualization, we delve into the global research 
trends related to DSCs since their inception, shedding light 
on the progression of this dynamic and evolving domain. By 
employing bibliometric techniques, we aim to quantify and map 
the scientific output, identify influential research clusters and 
collaborations, and discern the emerging hotspots in the field.

The objective of this study is to provide a 
comprehensive overview of the research landscape surrounding 
DSCs, elucidating the key contributors, institutions, and 
countries driving the advancements, discern the thematic 
evolution of research topics, and pinpoint critical inflection 
points that have shaped the trajectory of DSC research.

MATERIALS AND METHODS
An online electronic search was performed on 24 July 

2023 in the PubMed database to identify the research done on 
DSCs. The search strategy used was -(Stem cells) AND (Dental 
pulp OR periodontal ligament OR deciduous teeth OR apical 
papilla OR dental follicle stem cells). All articles were included 
review articles, clinical trials, meta-analyses, and book chapters. 
We did not apply any filter for species, language, gender, 
journal, age, or publication date. The flow chart of the study 
selection process was generated according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [17].

The data was exported to text files for subsequent 
analysis. Network analysis and visualization were done with 
the help of the VOSviewer software (version 1.6.18) and 
Biblioshiny. VOSviewer is a software tool for creating and 
visualizing maps based on network data [18]. Biblioshiny is a 
web-based app for comprehensive science mapping analysis 
[19]. Figure 1. A flow chart depicting the process of selection of studies.



028	 Dagli et al. / Journal of Applied Pharmaceutical Science 14 (03); 2024: 026-034

Co-occurrence of authors and most relevant authors

A total of 17,045 authors were identified, of which 70 
authors with a minimum of 10 documents and the highest link 
strength are represented in Figure 3. All authors from the same 
cluster are shown with the same color. The circle size represents 
the number of publications by the authors, and the line between 
the circles represents a link between the authors. The link color 
is consistent with the color of their source clusters. There are 10 
clusters, 292 links, and 2,213 link strengths (Fig. 3). The green 
and yellow color represents the authors with the most recent 
publications. 

The most relevant authors are listed in Figure 4. The 
top three most relevant authors in the field of DSCs are Wang Y, 
Zhang Y, and Liu Y, with 175, 171, and 166 papers, respectively. 
The ten most relevant authors published 1,297 research papers: 
the three contributed 39.5%.

Most relevant affiliations

The most relevant university related to research 
on DSCs is Sichuan University, with 1,666 Publications. It 
contributed more than one-fourth of the total papers (26.5%) 
published by all ten most relevant universities (i.e., 6,285). 

Figure 2. The publishing trend of research papers on DSCs.

Figure 3. Overlay visualization of co-authorship links in research papers on DSCs. The color bar indicates the year of publication 
based on the color of the circles.
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Fourth Military Medical University and Sun Yat-Sen University 
published 854 research papers each (Fig. 5). 

Most relevant sources

The most relevant source is the Journal of Endodontics, 
with 312 research papers on DSCs, and contributed to almost 
20% of the papers published by all most relevant journals (i.e., 
1,566). The other important sources are Stem Cell Research and 

Therapy and the Journal of Dental Research, with 177 and 176 
research papers, respectively (Fig. 6).

Keywords analysis

The analysis yielded a total of 11,193 keywords, of 
which 895 keywords had a minimum occurrence of 10 and 516 
had a minimum occurrence of 20. A total of 3,858 keywords were 
Medical Subject Headings (MeSH), of which 691 keywords had 
a minimum occurrence of 10 and 417 had a minimum occurrence 

Figure 4. Most relevant authors in the field of DSCs research.

Figure 5. Most contributing universities in the DSC research.
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China is highest in publications on DSCs in all top five journals—
Stem Cell Research and Therapy, Stem Cells International, 
Journal of Dental Research, Journal of Endodontics, and 
Archives of Oral Biology. Most of the research papers from 
Japan are published in Stem Cell Research and Therapy. Most 
of the articles from the USA are published in the Journal of 
Dental Research (Fig. 10).

Figure 11 shows that most of the research papers 
from all the countries are single-country publications. Very few 
publications are multiple-country publications. The maximum 
collaboration can be noted in authors of China, followed by the 
USA and Japan. 

DISCUSSION
A gradual increase in the number of research papers 

during the last two decades, ranging from 6 papers in 2000 
to 872 papers in 2022, was observed. A slight decrease was 
noted in 2018 (Fig. 2). The analysis identified China as the 
most productive country and the Journal of Endodontics as the 
most relevant source in this field. According to the analysis, 
cell differentiation is the keyword specific to the area with the 
highest co-occurrence. Sichuan University is identified as a top 
contributor with 1,666 publications on DSC research. Wang Y, 
Zhang Y, and Liu Y were identified as the most relevant authors, 
with 175, 171, and 166 papers. Most of the papers on DSCs 
are single-country publications. However, the collaboration 
frequency between China, Japan, and the United States of 
America is comparatively higher than in other countries. This 
analysis highlights the transition in research from sialoproteins 
to more application-based, such as tissue engineering and 
periodontal ligament.

Very few bibliometric studies have been published on 
DSCs research. A bibliometric analysis [20] performed using 

of 20. Network analysis included 404 keywords linked with 
other keywords and identified 7 clusters, 35,181 links with 
189,451 total link strength. The number of items ranges from 
1 to 116 in various groups. Ten keywords not specific to DSC 
research were excluded from the analysis – animal, human, male, 
female, child, young, adolescent, rat, mice, and stem cells; so 
that more specific keywords could be identified more clearly in 
the network analysis. The keyword human was as high as 4,238, 
with a total link strength of 43,313. The keyword specified after 
removing the nonspecific terms with maximum occurrence is 
cell differentiation, cell proliferation, and osteogenesis (Fig. 7).

Trend topic analysis and thematic evaluation

The trend topic analysis suggests that during the 
initial phase (2006–2012) of development, DSC research was 
focused on sialoproteins, sialoglycoprotein, bone morphogenic 
proteins, extracellular matrix protein, cytology, and physiology. 
Different themes emerged between 2012 and 2019, such as cell 
culture, cell differentiation, dental pulp, and cell proliferation. 
The most recent terms identified are genetics, osteogenesis, 
and periodontal ligament. Thus, the analysis indicates that 
the research was initially focused on the molecular level and 
proteins, whereas it now focuses more on dental pulp, bone, 
and periodontal ligament (Fig. 8). Thematic evolution analysis 
(Fig. 9) also highlights that the terms used before 2019 were cell 
differentiation, cell culture, alkaline phosphatase, physiology, 
and pharmacology. In contrast, terms used after 2019 were drug 
combinations, materials testing, and tissue engineering.

Three field plots 

The three-field plot analysis indicates that most of 
the authors who published research papers on DSCs were from 
China, Japan, the USA, Italy, and Korea. The contribution from 

Figure 6. Most relevant sources in the DSCs research.
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the web of sciences identified the United States as the most 
significant contributor of highly cited research papers, China 
as the most research papers, and the Journal of Endodontics as 
the most relevant source. The findings are in alignment with 
our study. The most used keywords were stem cells, MSCs, 

DPSCs, tissue engineering, bone regeneration, differentiation, 
and osteogenic differentiation. Our analysis yielded the same 
information despite being performed in different databases. 
However, the most contributing authors were others from our 
findings. This may be due to variations in the period selected. 

Figure 7. Co-occurrence of keywords in DSC research. The bigger font size represents more frequently used keywords.

Figure 8. Trend topic analysis of DSC research.
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Figure 9. Thematic evolution analysis (by Biblioshiny). It identifies changes in terminology and evolution in study themes related to DSC research.

Figure 10. Three field plots. (AU = author, AU_CO = author’s country, SO = source; parameters selected—AU = 10, AU_CO = 5, and sources = 5). It 
represents the interrelations between various countries, sources of scientific articles, and their authors.

The study by Zhao et al. [20] included research papers from 
2000 to 2022, whereas our study included all the articles since 
1968 when the first report was identified. Another bibliometric 
analysis of the 100 most cited articles on DSCs [21] performed 
using the Scopus database also identified USA and China as 
significant contributors in this field. Another bibliometric 

analysis of the top 50 cited papers on DSCs was performed 
using the Web of Science database identified the Journal of 
Dental Research as the most relevant source and the USA, 
Japan, and China as the leading countries. The most common 
keywords identified were dental pulp, mesenchymal cells, and 
tissue engineering. The findings align with ours except for 
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the most relevant source and authors [22]. The differences in 
results might be due to the variation in the period selected for 
analysis. 

Screening of articles by automated tools in our 
study eliminated the risk of subjective bias and allowed data 
analysis at a large scale. However, there are certain limitations 
too. The study’s main limitation is that only one database 
was considered for the analysis. Another limitation is that 
the citation analysis couldn’t be performed as data from the 
PubMed database doesn’t support this analysis. In bibliometric 
analysis, it is not possible to analyze each and every paper 
individually for any particular data, such as gene markers, 
method of extraction of stem cells, and method of stem cell 
preservation, due to the large number of articles included 
in the analysis. Systematic reviews are required to provide 
such in-depth analysis. Nevertheless, this study could aid in 
identifying research patterns and trends, leading researchers 
and organizations to new researchers.

CONCLUSION
A gradual increase in research papers during the last 

two decades was observed, with a slight decrease in 2018. The 
analysis identified China as the most productive country, Sichuan 
University as the most relevant University, and the Journal of 
Endodontics as the most appropriate source for DSC research. 
Cell differentiation is the most frequently used term for the field 
with the highest co-occurrence. Most of the papers on DSCs 
are single-country publications. However, the collaboration 
frequency between China, Japan, and the United States of 
America is comparatively higher than in other countries. This 
analysis highlights the transition in research from sialoproteins 

to more application-based, such as tissue engineering and 
periodontal ligament. This bibliometric analysis provides an 
overview of DSC research since its inception.
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