
Endodontic infections are a common pathology 
in dental practice, they are controlled by immune sys-
tem regulations and modulations, and their proper 
treatment is directly related to the long-term function 
of the tooth.1-3 Pulpal and periapical tissue diseases 
affect various immune system cells and components.2  

Endodontic infections are diagnosed clinically 
by a combination of objective and subjective tests.3 
The severity and depth of endodontic infections guide 

the application of different treatment options such as 
vital pulp treatments and conventional endodontic 
treatment. However, clinical diagnostic tests cannot 
provide information about the depth and histologic 
status of the infection. In addition to this, the accu-
racy and validity of diagnostic tests are also ques-
tioned.4-6 

Endodontic diseases result in the expression of 
numerous biomarkers in pulp blood, periapical tissue 
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ABS TRACT Objective: The aim of the study is to perform a biblio-
metric analysis to evaluate the biochemical studies in endodontics. Ma-
terial and Methods: The electronic search was performed in the Web 
of Science database with no time limit until 10 October 2023. All arti-
cles related to biochemistry in endodontics were included. The modu-
larity Q index, the average silhouette, and the centrality values were 
determined. Publication growth trends, citations, keywords, countries, 
journals, and authors were analyzed using CiteSpace and VOSviewer. 
Results: A total of 831 (754 original articles and 77 reviews) studies 
were analyzed. The average growth rate between 1978 and 2023 has 
been approximately 10.13%. The first study was published in 1978, and 
71 countries performed studies, however, the USA, Brazil, Japan, and 
China were the lead ones. A total of 3,998 authors contributed to the 
publications. The Journal of Endodontics was the lead for the number 
of studies. Conclusion: The increasing publication trend indicates an 
increasing interest in biochemical studies in the endodontic literature. 
There was a global interest in biochemical studies in the endodontic lit-
erature. This bibliometric analysis presented a comprehensive glance at 
the biochemical studies in the endodontic field and reported the im-
portance of biochemistry for the endodontic literature. 
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ÖZET Amaç: Çalışmanın amacı, endodontideki biyokimyasal çalış-
maları değerlendirmek için bibliyometrik analiz yapmaktır. Gereç ve 
Yöntemler: Elektronik arama, Web of Science veritabanında 10 Ekim 
2023 tarihine kadar gerçekleştirildi. Endodontideki biyokimya ile ilgili 
tüm makaleler dâhil edildi. Modülerlik Q indeksi, ortalama siluet ve 
merkezilik değerleri belirlendi. Yayın büyüme eğilimleri, alıntılar, 
anahtar kelimeler, ülkeler, dergiler ve yazarlar CiteSpace ve VOSvie-
wer kullanılarak analiz edildi. Bulgular: Toplam 831 (754 orijinal ma-
kale ve 77 inceleme) çalışma analiz edildi. 1978-2023 yılları arasında 
ortalama büyüme oranı yaklaşık %10,13 olmuştur. İlk çalışma 1978 yı-
lında yayınlanmıştır. Biyokimyasal konular 71 ülke tarafından çalışıl-
mıştır ancak bunların başında ABD, Brezilya, Japonya ve Çin 
gelmektedir. Yayınlara toplam 3.998 yazar katkıda bulunmuştur. Jour-
nal of Endodontics bu sayıdaki çalışmaların öncüsü oldu. Sonuç: Artan 
yayın eğilimi, endodonti literatüründe biyokimyasal çalışmalara olan 
ilginin arttığını göstermektedir. Biyokimyasal çalışmalara ilgi endo-
donti literatüründe küresel çapta gerçekleşmiştir. Bu bibliyometrik ana-
liz endodonti alanındaki biyokimyasal çalışmalara kapsamlı bir bakış 
sundu. Bu çalışma endodonti literatürü için biyokimyanın önemini or-
taya koymuştur. 
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fluid, gingival crevicular fluid (GCF), granulation tis-
sue, saliva, or systemic blood.1,4 Biomarkers associ-
ated with the depth of the infection, symptoms, and 
irreversibility/reversibility is of diagnostic and prog-
nostic importance. To analyze an endodontic infec-
tion via the increase of a biomarker in the GCF would 
be a valuable and non-invasive method. However, to 
establish this method in routine dental clinics, com-
prehensive research is needed for a specific, accurate, 
and reliable biomarker for each endodontic infection 
type.5,6 A wide variety of biomarkers and infection 
types, the behavioral pattern of stem cells and the ef-
fects of growth factors were investigated with vari-
ous study designs.1,7-24 The dynamic effects of 
biochemical processes have been under the scope of 
endodontics for many years. 

Bibliometric analysis, which provides properties 
of research including publication trends, and country 
or author data in a specific area, is a well-established 
method in science and is widely carried out in en-
dodontics for different purposes. Bibliometric analy-
sis was performed in endodontics for the top-cited 
articles in regenerative endodontics, top-downloaded 
articles, minimal invasive cavities, micro-computed 
tomography studies, trauma, and microcrack forma-
tion following endodontic procedures.25-31 On the 
other hand, the effects of chemicals used in the vari-
ous stages of endodontic treatment must be under-
stood owing to the presence of surrounding vital 
tissues. That’s why the scope of biochemical studies 
and bibliometric analysis also contains materialistic 
analysis.27,32 This study aimed to evaluate the bio-
chemical studies in endodontics. This analysis exten-
sively utilized statistical, mathematical, and other 
techniques to determine the distribution of research 
achievements, subject development, and research 
trends within a particular field. 

 MATERIAL AND METHODS 

DATA AND RESEARCH METHODS 
This study was performed in accordance with the 
Helsinki Declaration and ethical consent was not ap-
plicable. Web of Science Core Collection (WOS), 
one of the important research databases, was pre-
ferred for the data of this study. In this study, data 

were downloaded from the Web of Science Core Col-
lection on 10.10.2023, and certain keywords were de-
termined to access publications on the connection 
between endodontics and biomarkers. The search 
code used was Topic=(“endodontic* treatment” OR 
endodontic* OR “root canal treatment” OR “root 
canal therapy” OR “regenerative endodontic*” OR 
“pulp revascularization” OR “pulp revitalization” OR 
“reversible pulpitis” OR “irreversible pulpitis” OR 
“dental pulp diseases” OR “pulp tissue” OR “pulp 
blood” OR “inflammatory pulp disease” OR “apical 
periodontitis” OR “periapical periodontitis” OR “pe-
riapical abscess”) AND Topic=(molecular OR 
molecules OR biomarker* OR “biological marker*” 
OR cytokine OR “inflammatory cytokine” OR 
“molecular mediator*” OR “growth factor*” OR bio-
chemistry OR biochemical). For the database created 
with the specified keywords, the document type was 
chosen as articles and reviews, and the literary lan-
guage was English. Therefore, meeting abstracts, pro-
ceeding papers, corrections, editorial material, and 
book chapters are excluded (Figure 1). After the de-
termined criteria, 1,786 studies were reached. Two 
researchers independently scanned and examined the 
determined documents, and in case of disagreement, 
a third independent researcher’s opinion was ob-
tained. Studies that were determined to be unrelated 
to the research topic were removed.  

Finally, 831 academic studies were recorded for 
analysis with their bibliometric data. In the study, 77 
of these are review articles and the rest are original re-
search articles. No time limit is specified to observe 
the entire development and evolution of the research 
field from its birth. All data were obtained through 
the public database and had nothing to do with any 
human subject.  

In this study, bibliometric analysis and descrip-
tive statistics were applied to analyze and visualize 
biomarkers in endodontic in the following aspects: 
(1) the fundamental characteristics of the biomarkers 
in endodontic publications growth trend, (2) the in-
teractions between hot topics, and the co-document 
citation and keywords (3) the most influential coun-
tries/regions, journals, and authors. In this study, bib-
liometric analysis was conducted using CiteSpace 
and VOSviewer analysis software. Descriptive statis-
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tics were performed using Excel and SPSS. The soft-
ware versions utilized for the analysis in this study 
were as follows: CiteSpace (6.2.R4) Advanced (up-
dated on June 30, 2023, software available at gingi-
val crevicular fluid and VOSviewer version 1.6.19. 

CiteSpace, by analyzing both the content of pub-
lications and citation networks, provides insights into 
the structure and dynamics of specific research fields 
or areas. The visual maps generated by CiteSpace for 
bibliometric analysis consist of nodes and links, 
where nodes are used to represent analytical entities 
such as authors, journals, references, and keywords. 
Node size reflects the total co-occurrence frequency 
of an item, while node thickness and ring color indi-
cate the time periods of co-occurrence for that item. 
It was employed three distinct structural metrics to 
assess the structural integrity of the generated net-
works. First, the modularity Q index was utilized to 
determine the degree to which the network can be 
subdivided into smaller components. Second, the av-
erage silhouette score was employed to evaluate the 
quality and uniformity of the clusters formed within 
the network. Finally, centrality values were measured 
as a metric to assess the ability of nodes to effectively 
connect with other nodes in the network. 

In addition to these structural metrics, temporal 
metrics were also considered in the node analysis. 

One noteworthy metric is citation bursts, which serve 
as important indicators of research impact. Burst de-
tection is a commonly adopted computational method 
for elucidating abrupt shifts in events. A citation burst 
identifies keywords, authors, institutions, or docu-
ments that exhibit substantial changes in the litera-
ture over time. Finally, the timeline view offers an 
overview of how the cluster has evolved over time, 
shedding light on whether any trends have persisted 
throughout the years. 

VOSviewer visually presents the node network 
graphically by utilizing two standardized measures: 
the number of connections and the overall strength of 
these connections. The size of nodes and the internal 
lines that link them reflect the scale and robustness 
of these connections. Co-citation analysis and clus-
tering were performed to unveil the intellectual struc-
ture, while keyword analyses were conducted to 
identify potential future themes.  

 RESULTS  

GROwTH TREND 
For the study, no time limit has been imposed in order 
to see all the development and change of this field 
from past to present. The analysis contained all WOS 
studies that recorded all data up to date. The distri-

FIGURE 1: Flow chart of research and analysis of endodontics and biomarkers research.
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bution chart of the number of publications by year 
was created (Figure 2). The increasing trend in the 
number of publications shows that the field is devel-
oping. Thus, with this study, a portrait of the last 46 
years (1978-2023) in the field was revealed. 

The first study was published in 1978.32 The 
graphic can be divided into two periods, while the 
first period was a stagnant period of approximately 
20 years between 1978 and 1997, the period after 
1998, when developments in the field were observed, 
can be mentioned. Over the past 45 years, the annual 
average growth rate of publications related to 
biomarkers in endodontics has been approximately 
10.13%. Since 2023 has not yet been completed dur-
ing the preparation of the manuscript of this study, it 
is not included in the growth rate calculation. 

CONTRIBUTION OF COUNTRIES/REGIONS  
To gain a deeper understanding of countries and re-
gions with significant broadcasting activity, we im-
ported 831 data into CiteSpace. In total, 71 countries 
or regions have contributed research papers in this 

field. Collaborative relationships highlight the robust 
connections between these countries and regions. 
Figure 3 clearly shows that the top 11 countries/re-
gions in terms of number of publications is Brazil 
(Counts: 166; 19.98%), USA (counts: 160; 19.25%), 
and P.R. China (counts: 146; 17.57%). The USA is 
the country that conducts the oldest and most well-
established research in this field. In addition, the 
USA, with the highest centrality value of 0.45, is the 
key country that cooperates with other countries. The 
USA, Brazil, and Japan are the countries with high 
centrality values, respectively. Purple rings around 
the three nodes represent countries with high central-
ity values. The citation burst represents the countries 
that have received citations faster than expected in a 
short time. A total of five countries out of 71 coun-
tries had a citation burst (Table 1). China has recently 
done remarkable work in this field in recent years. 

FIGURE 2: Distribution of annual publications of biomarkers in endodontic rese-
arch.

FIGURE 3: Map of the countries' collaboration network. Purple circles show nodes 
with centrality values greater than 0.1, while red nodes represent citation bursts.

Countries Year Strength Begin End 1978-2023 
USA 1978 5.67 1991 2003 ▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▃▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂ 
Japan 1996 12.44 1996 2011 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▃▃▃▃▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂▂▂▂ 
Finland 2000 4.81 2000 2010 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂▂▂▂▂ 
South Korea 2000 4.77 2012 2016 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▂▂▂▂▂▂▂ 
China 2006 4.29 2018 2019 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▂▂▂▂ 

TABLE 1:  Top 5 countries with the strongest citation bursts.
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THE MOST INFLUENTIAL JOURNAL 
In the scope of biochemical endodontics, 831 publi-
cations were published in a total of 245 different jour-
nals. The threshold value for journal analysis 
determined by at least five publications and at least 
one citation is 20 (Figure 4A). A set of 3,607 cited 
sources cited by 831 publications was obtained. Fig-
ure 4B shows the Cited source with a threshold value 
of 104 for sources with at least 50 citations. The top 
ten most productive and journals were demonstrated 
in Table 2. 

ANALYSIS OF THE CO-AUTHORSHIP AND THE 
MOST INFLUENTIAL AUTHORS 
Table 3 shows the top ten active authors and the ten 
most cited influential authors in this literature. A total 
of 3,998 different authors participated in the publica-
tion of the literature on biomarkers in endodontics, 
with an average of 4.8 or approximately five authors 

per document. 831 publications were published in a 
total of 3,998 different authors. The threshold value 
for author analysis determined by at least five publi-
cations and at least one citation is 46 (Figure 5A). A 
total of 19,068 different authors have been cited in 
the field, with 30 authors receiving more than 50 ci-
tations (Figure 5B). In other words, 30 authors have 
been cited more than 50 times. In general, the analy-
sis emphasizes the importance of the authors’ re-
search in enhancing our comprehension of the 
interactions biochemistry in endodontics. Each of 
them has made distinctive contributions to the pro-
gression of knowledge in this field. 

RESEARCH HOTSPOTS: CO-wORD ANALYSIS AND 
CLUSTERING ANALYSIS OF KEYwORDS 
Keywords were taken from 831 publications and con-
stitute a significant part of the research. Keyword co-
occurrence analysis provides a reasonable definition 

FIGURE 4: Visual map of the most influential journals (A) Visual map of productive journals with VOSviewer (B) Visual map of the cited journal with VOSviewer.

Productive journal Cited journal 
Rank Journal name Counts Citations Cited journal name Citations 
1 Journal of Endodontics 203 5,859 Journal of Endodontics 4,994 
2 International Endodontic Journal 98 1,938 International Endodontic Journal 1,646 
3 Journal of Dental Research 36 1,672 Journal of Dental Research 1,466 
4 Archives of Oral Biology 18 278 Archives of Oral Biology 877 
5 Clinical oral Investigations 17 238 Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology 781 
6 Oral Microbiology and Immunology 13 713 Oral Microbiology and Immunology 534 
7 Oral Diseases 13 299 Journal of Biological Chemistry 532 
8 Journal of Applied Oral Science 11 149 Journal of Immunology 476 
9 European Journal Of Oral Science 10 360 Proceedings of the National Academy of Sciences USA 447 
10 PloS One 10 346 Journal of Periodontology 409 

TABLE 2:  Top 10 most productive journal and co-cited cited journal.
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Most prolific authors Most cited authors 
Rank Author Document counts Citations Author Citations 
1 Gomes, Brenda p.f.a. 13 343 Squeira, J F 340 
2 Squeira, J F 12 900 Nair, PNR 146 
3 Letra, Ariadne 11 422 Stashenko, P 146 
4 Cooper, Paul R 11 279 Galler, KM 121 
5 Garlet, Gustovo Pompermaier 10 402 Nakashima, M 114 
6 Roças, Isabela N. 10 739 Huang, GTJ 109 
7 Okiji, Takashi 9 89 Gronthos, S 109 
8 Armada, Luciana 9 71 Gomes, Brenda p.f.a 108 
9 Neves de Brito, L.C 8 165 Kawashima, N 99 
10 Vieira, leda quercia 8 165 Roças, Isabela N 98 

TABLE 3:  Most prolific & most cited authors.

of research hotspots, and the resulting keywords can 
represent research fronts within a certain period of 
time.33 The co-occurrence of two keywords in an ar-
ticle results in keyword co-occurrence, indicating a 
relationship between the two concepts. Keyword 
analysis was performed using VOSviewer to discover 
the most common themes related to biomarkers in en-
dodontic research. A total of 1,860 keywords were 

identified in 831 documents. Table 4 presents the 
most important keywords used in biochemical en-
dodontic research. The frequency of occurrence of 
these keywords over nearly 50 years demonstrates 
their importance and relevance in shaping research 
on biomarkers in endodontics (Figure 6). Co-word 
(keyword co-occurrence) network visualization using 
VOSviewer. Each node means a keyword in the net-

FIGURE 5: (A) Prolific authors network (B) Network map of cited authors.
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work and each color represents a thematic cluster. 
The size of the node represents the frequency of the 
keyword. The connections between nodes in the net-
work mean the co-occurrence of keywords. The 
thickness of the connections means the strength of 
the co-occurrence of keywords. The larger the node 
indicates the more frequently the keyword appears. 

Citation burst refers to the sudden frequent oc-
currence of a keyword within a certain period of time. 
According to the detection of words that emerge with 
high frequency and rapid growth rate within a certain 
period of time, keywords with high burst density are 
an important indicator that reflects the research hot 

spots, boundaries, and the latest trends. In total, 15 
keywords had a citation burst (Table 4 and Table 5). 
The keywords in the box are keywords that have 
come to the fore in recent years. Co-occurring key-
words can provide insight into recent trends and pos-
sibly future research directions. 

Figure 7 presents a keyword clustering visual-
ization that was created through visual mapping of 
keyword co-occurrence and clustering labels deter-
mined using the Log-Likelihood Ratio. Clustering 
analysis was performed based on the similarity of 
keywords. The results showed that current research 
on biomarkers in endodontic research mainly focuses 

FIGURE 6: Co-word (keyword co-occurrence) network visualization.

Keyword Frequency Keyword Frequency 
Apical periodontitis 96 Regeneration 20 
Dental pulp 79 Periapical lesions 19 
Inflammation 68 inflammation 18 
Endodontics 52 Vascular Endothelial Growth Factor 16 
Cytokines 52 Bacteria 16 
Regenerative endodontics 34 İmmunohistochemistry 16 
Pulpitis 31 Growth factors 15 
Angiogenesis 25 Periapical periodontitis 15 
Cytokine 25 Periapical lesion 15 
Dental Pulp Stem Cell 22 Enterecoccus feacalis 15 

TABLE 4:  Top 20 keywords.
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on five topics (If the number of cluster elements is 
less than ten, the program automatically shows the 
cluster in gray). 

Clusters are numbered starting from zero, and 
the size of the clusters decreases as the number in-
creases.20 CiteSpace evaluates the clustering effect 
with two metrics, modularity (Q) and Silhouette (S). 
Q is an evaluation index of network modularity and 
a higher Q value means that the network is better 
clustered. Q takes the range [0, 1] and Q>0.3 means 
that the network structure is important. S is the index 
used to measure the homogeneity of the network. The 
closer it is to one, the higher the homogeneity of the 

network. When S is 0.7, the clustering result has high 
reliability. If the value is above 0.5, the clustering re-
sult can be considered reasonable. As can be seen 
from the figure, Q=0.4107 and S=0.7824, we can say 
that the clustering structure can be considered reli-
able.  

DOCUMENT CO-CITATION ANALYSIS  
Document co-citation analysis (DCA) is a type of fre-
quency-based analysis where two documents are 
cited together. CiteSpace performs such analyses 
both by considering documents downloaded from sci-
entific databases and by examining references in 

Keywords Year Strength Begin End 1991-2023  
Cells 1998 14.98 1998 2012 ▂▂▂▂▂▂▂▃▃▃▃▃▃▃▃▃▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂▂▂  
Identification 2002 6.24 2002 2012 ▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂▂▂  
Polymerase chain reaction 2002 3.86 2002 2007 ▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂  
Induction 2004 5.25 2004 2007 ▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂  
Apical periodontitis 2007 11.33 2008 2014 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂  
Expression 1998 6.37 2008 2013 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▃▂▂▂▂▂▂▂▂▂▂  
Necrosis factor alpha 2013 5.67 2013 2017 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃▂▂▂▂▂▂  
Gene expression 2015 5.92 2015 2018 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▂▂▂▂▂  
Mesenchymal stem cells 2015 5.11 2015 2017 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▂▂▂▂▂▂  
Lesions 2015 5.03 2015 2018 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▂▂▂▂▂  
Endothelial growth factor 2017 5.34 2017 2018 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▂▂▂▂▂  
Calcium hydroxide 2017 4.56 2017 2020 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▂▂▂  
Porphyromonas gingivalis 2018 3.73 2018 2019 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▂▂▂▂  
Mechanisms 2019 6.46 2019 2020 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▂▂▂  
Regenerative endodontics 2016 6.32 2020 2023 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃  

TABLE 5:  Top 15 keywords with the strongest citation bursts.

FIGURE 7: The keyword clustering timeline visualization.
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texts. Co-citation analysis is frequently used in the 
field of bibliometrics to examine the development of 
scientific fields, identify influential studies, and track 
the evolution of research topics over time. The total 
number of different valid references in 831 publica-
tions on biomarkers in endodontics is 25,569. The av-
erage number of references per publication is 
approximately 30.77.  

Network images of 25,569 different references 
from a total of 831 publications were created with 
CiteSpace. The network consists of 838 nodes and 
2,272 links (Figure 8A). A citation burst can be in-
terpreted as intense interest from the research com-
munity in the underlying work, and if a cluster 
contains a large number of publications with strong 
citation bursts, then the cluster as a whole is consid-
ered to encompass an active area of research; an 
emerging trend. The clusters we obtained for DCA 
showed a modularity Q index of 0.8766 and an aver-
age silhouette value of 0.9538. The nodes thus form 
a network that can be partitioned into clusters, each of 
which is highly homogeneous. As the main clusters 
identified in DCA, they are highly homogeneous. 
Clusters 0.3 and 13 are active reference subjects (Fig-
ure 8B)  

 DISCUSSION 
This is the first bibliometric analysis in the field of 
the biochemical perspectives of endodontics. Biblio-
metric analysis is a popular method that exhibits the 
tendency of different subfields.29-31,33,34 Besides, the 
deficiencies in the endodontic literature may be 

mapped.30,31 This study emphasis on the evolution of 
hotspots, publication trends, citation structures, pro-
lific authors, institutional affiliations, and countries. 
By analyzing publication volume and citation met-
rics, researchers may better understand the impact 
and importance of biochemistry. 

Biochemical studies in the endodontic literature 
began in 1,978 with the evaluation of the effect of a 
chemical on pulp tissue.32 It continued in a more stag-
nant form until approximately the 2000s. Since the 
early 2000s, biochemical studies have begun to in-
crease, reaching their peak, especially in 2019 and 
2022. There was a sharp increase between 2016 and 
2019. This can be explained by the investigations of 
stem cell development and proliferation and effective 
signaling pathways, or potential biomarkers in 
medicine may have reflections in the endodontic lit-
erature. 

This increase has developed over the years in di-
rect proportion to the development of biochemical 
methods and technologies that enable the detection 
of biomarkers from saliva, GCF, and pulp blood or 
tissue.1,4 Advances in biomarker detection techniques 
have a great potential to revolutionize endodontic di-
agnosis and treatment.7 These advances led to earlier 
and more accurate detection of endodontic biomark-
ers and also allowed rapid and targeted treatment 
searching.4 These advances accelerated the biochem-
ical studies that query the non-invasive methods for 
a more accurate diagnosis.4-7 Endodontic treatment 
based on biomarker profiles is an exciting area of fu-
ture research. By analyzing an individual’s unique 

FIGURE 8: DCA network image (A) Timeline map of DCA clusters (B) (Clusters represent the topics of the cited reference). 
DCA: Document co-citation analysis.
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biomarker profile, clinicians can tailor treatment plans 
to the patient’s specific needs and characteristics. Ad-
ditionally, biomarker profiles can be used to monitor 
treatment progress and predict long-term outcomes.6,8  

Studies on biochemical studies in endodontics 
have focused on identifying and understanding spe-
cific biomarkers that may aid in the diagnosis, prog-
nosis, and treatment of endodontic diseases.4-9 The 
increasing number of biochemical studies in en-
dodontic literature on a yearly basis can also be ex-
plained by the evaluation of the validity of new 
biomarkers discovered and studied in medicine.  

On the other hand, there was a decrease/stagna-
tion in publication distribution in 2020 and 2021. 
This situation can be explained by the deceleration in 
studies that require obtaining samples from patients 
due to the coronavirus disease-2019 (COVID-19) 
pandemic that has affected the whole world. In addi-
tion, it can be concluded that other in vitro biochem-
ical study types have slowed down due to the general 
online work periods during the COVID-19 pandemic. 

When the results were analyzed in terms of dis-
tribution in the world, it was seen that biochemical 
studies are examined on a wide scale in 71 countries. 
Biochemical studies were carried out mostly in the 
USA, Brazil, and China. The broad spectrum of these 
studies can be attributed to the fact that academician 
endodontists in the world tend to reduce gray areas 
in clinical practices and are in search of more objec-
tive diagnostic tools. With these studies, by analyzing 
these biomarkers, clinicians can potentially detect ir-
reversible pulpitis at an early stage, even before clin-
ical symptoms appear.4,6 This early diagnosis is 
crucial for timely, accurate, and effective treatment. 
Biomarkers may be helpful in assessing the severity 
and prognosis of pulp and periapical diseases.8,9-11 
The presence and levels of certain biomarkers can 
provide information about the likelihood of success in 
root canal therapy or the need for tooth extraction. 
Biomarker data can guide clinicians in making in-
formed decisions about the most appropriate treat-
ment approach for a particular case.12 For example, 
changes in specific biomarker levels can indicate 
whether inflammation has resolved after endodontic 
treatment or whether further intervention is required. 

For the author parameter, it is seen that approx-
imately 400 different authors participated in bio-
chemical studies. This shows that biochemical studies 
in endodontics are interested in a wide range of au-
thors rather than a core team. This shows that bio-
chemical studies in endodontics are interested in a 
wide range of authors rather than a core team. In ad-
dition, the high citation scores in the studies indicate 
that biochemical studies serve as a crossroads to 
other fields and attract the attention of endodontic 
academics. In particular, according to our results, 
the USA, Japan, Finland, South Korea, and China 
were observed as countries with citation bursts. In 
terms of journals, according to our results, two jour-
nals that biochemical studies are most cited; the 
“Journal of Endodontics” and the “International En-
dodontic Journal”. These two journals stand out as 
the journals that devote the most space to studies 
evaluating the endodontic literature from a biochem-
ical perspective.  

When the keywords of biochemical studies are 
examined, it was seen that the most prominent terms 
are “apical periodontitis”, “dental pulp”, “inflamma-
tion”, “endodontics”, “cytokines”, “regenerative en-
dodontics”, and “pulpitis”. This table emphasizes the 
need for the presence of biomarkers in the diagnosis, 
treatment, and prognosis of endodontic inflammatory 
diseases. In this context, cytokines, which are 
biomarkers that are expressed in inflammatory dis-
eases, were specifically examined. The pursuit in 
the literature for non-invasive diagnosis of diseases 
by up-regulating or down-regulating potential cy-
tokines in biofluids such as saliva or GRF has been 
clearly demonstrated by our study. On the other 
hand, it can be seen that regenerative endodontics has 
also found wide coverage in biochemical studies in 
the literature. The detection of biochemical molecules 
and signaling pathways that are active in the differ-
entiation and proliferation of stem cells during re-
generation constitutes the basis of clinical treatment 
procedures. 

In our study, electronic research was performed 
in the WOS database that has many advantages com-
pared to others. It is a reputable and comprehensive 
bibliographic database that provides extensive access 
to peer-reviewed journal publications, bibliographic in-
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formation, and citations.26,31,33 However, further studies 
that are performed in various databases are needed. 

In conclusion, biochemical studies contribute to 
the scientific understanding of the pathophysiology 
of endodontic diseases and materials. This research 
may lead to the development of new diagnostic tools, 
materials, and treatment strategies. Understanding the 
molecular mechanisms underlying endodontic dis-
eases or the effects of the chemical materials may 
also lead to the development of targeted therapies that 
may improve treatment outcomes and patient com-
fort. These studies provide valuable information for 
both clinicians and researchers, allowing for more 
precise and personalized patient care in endodontics. 

 CONCLUSION 
Within the limitation of the study, it was concluded 
that the biochemical studies have an increasing im-
pact on the endodontic literature. According to this 
analysis, this increasing interest was valid globally 
such that 71 countries reported biochemical studies, 
and approximately 4,000 authors studied these top-

ics. This bibliometric analysis clearly exhibited the 
growing tendency for endodontic biochemistry. 
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