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ABSTRACT

Objective: Kindling is an animal model of epilepsy induced by electrical stimulation of the brain. The present study aimed to
present a different perspective with a bibliometric approach by using the literature data on the “Kindling model”related keywords
in the Web of Science (WoS) online database between 1980 and 2023.

Methods: The bibliometric data were obtained from the online database WoS and analyzed and visualized with the VoS Viewer
Program.The bibliometric datasets were analyzed and visualized regarding article productivity numbers according to years, article
productivity numbers according to countries, the most used keywords according to authors, and cross-country cooperation.
Results: Considering the results of the analysis of the published datasets, 2022 was determined as the year with the highest
article productivity, and an acceleration was observed in the publication increase rate on the subject in general. When the order
of the countries in the top three in the number of article productivity was examined, the USA, Germany, and Japan are the main
countries, respectively. The most used keywords by the authors were determined as “Epilepsy”, “Kindling’, and “Hippocampus”. In
the cooperation among countries, it was found that the USA, Germany, and Japan had more cooperation with other countries,
respectively.

Conclusion: This study will contribute to the literature by providing a detailed understanding of the research basis, relevant

research results, current research boundaries and main research focus in the Kindling Model.
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INTRODUCTION

Epilepsy is a chronic neurological disorder characterized by
recurrent seizures [1] as a common disease associated with
chronic brain dysfunction [2]. More than 2/3 of epilepsy patients
are not treated. More than a third of premature deaths can
be attributed either directly or indirectly to epilepsy [3]. The
course of epilepsy, its etiology, and the range of risk factors vary
according to age and geographical distribution. Congenital,
developmental, and genetic conditions are most often
associated with the development of epilepsy during childhood,
adolescence, and early adulthood. In underdeveloped countries,
endemic infections are associated with epilepsy. The presence
of epilepsy in the family’s genetic history increases risk factors
and might suggest that epilepsy has a very complex etiology
[4]. A lot of research has been done in the last two decades to
distinguish the mechanisms that cause the epilepsy disease
process and to inhibit it [5]. Many different methods were used
to better understand the complex mechanism of epilepsy and to
develop treatments against it. One of these research methods is
experimental animal models [6].

Kindling is an animal model of chronic epilepsy that has been
extensively and thoroughly investigated to better understand
the course of epileptogenesis and to uncover new anti-epileptic
compounds as the most studied experimental animal model of
epilepsy with complex processes [7]. The cellular and molecular
changes that occur in Kindling-modeled experimental animals
gradually provide extensive data on epilepsy [8]. A repeated and
regular stimulusis applied to the brain regions of the experimental
animals in which the Kindling Model will be created. As the time
progresses, motor seizures are observed with the stimulus. As
time progresses, the same stimulus results in intense limbic and
clonic motor seizures. In 1961, Sevillano first discovered that
repeated administration of this stimulus to the hippocampal
region of the brain increases the intensity of seizures. The first
stimulus occurs with little change in behavior or electrical brain
activity. Additional stimulations result in an electrical seizure
recorded after focal discharge or by electroencephalogram (EEG)
[7]. This form of stimulation provides a very good opportunity
to study the changes in neuronal networks. The cellular and
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molecular changes occurring in Kindling-modeled experimental
animals gradually provide extensive data on epilepsy [8].

In the present study, the purpose was to examine the studies
conducted on the Kindling Model with bibliometric analysis. The
word bibliometrics is of Greek origin and entered the literature by
Alan Pritchard in 1969 with his study Statistical Bibliography or
Bibliometrics [9]. Bibliometric analysis is the quantitative analysis
of publications to better understand research outputs using
mathematical and statistical methods [10]. Bibliometric data
analysis sets provide important data on determining the scientific
effect and course of research through performance analyses and
bibliometric networks [11]. Examinations made through online
databases provide a great convenience for us to see the current
state of academic studies, their scientific volumes, and their
effects, including citations [12]. Bibliometrics is very useful for
developing a broad overview of resources in study areas or trends
in the country [13]. A scientific dataset analysis provides a holistic
approach because it includes a broad scope of academic research
providing an objective analysis [14]. The study was planned to
visualize a quantitative analysis of the research areas made with
the Kindling Model, countries, cross-country cooperation, and
the most used keywords of the authors. This research aims to
examine the literature on the kindling model, which has been
widely used in modeling in recent years, by using bibliometric
data analysis method.

METHODS

Bibliometrics is a field of study that applies mathematical and
statistical techniques to examine publication patterns in the
distribution of information and a set of tools that researchers
might employ to analyze published data [15]. Bibliometric
analysis includes a set of statistical methods applied to detect
the changes in the framework of the subject in scientific studies,
trends and originality of publications [16,17].

1. Database

An online WoS database was used to analyze bibliometric data
in the present study. The WoS database was searched with the
keyword “Kindling Model” between 1980 and 2023. Database
coverage is an important component of a bibliometric study [18].
The WoS database was preferred in the study because it covers
more research compared to other online databases.

2. Data Analysis
The datasets of the bibliometric analysis program “Bibliometric
R-package” were analyzed. The “bib” files were converted into

Main Points

- Epilepsy is a chronic neurological disorder characterized by re-
current seizures.

- Kindling is an animal model of epilepsy induced by electrical
stimulation of the brain.

« The bibliometric datasets were examined and the current data
of the publications, the trends of research activities, and the
changes in the literature in recent years were analyzed in the
present study.
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“bibtex” files by using the Bibliometric R-package (or R Studio)
Software. The data and descriptive analyzes were classified,
collected one by one, and loaded into the Bibliometric R-package
Program to create science maps and statistical graphs.

3.VOSviewer

The study presents a further graphical analysis of bibliographic
data by using the VOSviewer Software.VOSviewer can analyze and
visualize bibliometric network data such as citation relationships
between publications, journals and countries, and collaborative
relationships between researchers [19]. The VOSviewer (version
1.6.14) Software was preferred to visualize network maps of
bibliometric datasets. Also, the most productive cooperation
between countries on the subject and the relationships between
the most frequently used keywords by the authors were analyzed
and visualized by using this software.

4. Limitations

In the present study, the data analysis was made by using the Web
of Science (WoS) Database, which is accepted as the most widely
used and most comprehensive scientific database in the world,
and a constraint was formed accordingly. Also, the editing dates
of the datasets in the study covered the years between 1980 and
2023 (the date of accessing the WoS database: 03.02.2023).

RESULTS

In the present study, which was conducted with the bibliometric
data analysis system, analyses were made under the headings
such as the number of publications, cooperation between
countries, and the most frequently used keywords by the authors,
and the data obtained were visualized with graphics and tables.
According to the Web of Science (WoS), online database results of
the publications on the keywords “Kindling Model” between 1980
and 2023, 307 sources (Journals, Books, etc.),and 1053 documents
were determined by bibliometric data analysis method. The
distributions of these data sets are; 825 articles, 2 articles; book
chapters, 45 Articles; proceedings paper, and 84 reviews.The
results of 2855 Keywords Plus (ID) and 2142 Author’s Keywords
(DE) analyses appeared. The number of authors conducting
studies on this subject was 3263, the number of studies with a
single author was 54, and the number of studies with more than
one author was 3209 (Table 1).

Table 1. Main statistical information of kindling model articles in WOS.

Description WOS
Timespan 1980:2023
Sources (Journals, Books, etc) 307
Documents 1053
Average years from publication 15.7
Average citations per documents 30.85
Average citations per year per doc 1.931
Document Types

Article 825
Article; book chapter 2
Article; proceedings paper 45
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Review 84

Document Contents

Keywords Plus (ID) 2855
Author’s Keywords (DE) 2142
Authors

Authors 3263
Author Appearances 4858
Authors of single-authored documents 54
Authors of multi-authored documents 3209
Authors Collaboration

Documents per Author 0.323
Authors per Document 3.1
Co-Authors per Documents 4.61
Collaboration Index 3.27

The beginning year of the datasets of this study was 1980, and
the number of publications related to the “Kindling Model” was
determined as only 2. It was found that the highest number of
articles was reached with 51 articles in 2022. The analysis of the
dataset of the study was evaluated until 2023 (03.02.2023). When
the datasets were analyzed, the acceleration in the increase in
the number of articles published by years is given in Figure 1 (Fig.
1). According to WoS, the process that started with 2 studies in
1980, when the first study was conducted, appeared in double-
digit numbers in 1991 (12 articles), but continued to increase in
the following years, displaying a fluctuating graphic course. It
reached the highest number of article publications in 2022 (51
articles). A slight decrease was observed in the number of articles
(20 articles) in 2012. The number of articles published in the
period until January 2023 (until 03.02.2023) was found to be 825
(FigureT).
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Figure 1. lllustration of the distribution of articles by year in
WoS between 1980 and 2023 by years.

In this study, the analyzes of the most used keywords by the
authors were made to follow the current data in the literature
and the dynamics according to the years of the studies for which
the Kindling Model was created. In the search results made with
the term “Kindling Model” in the Web of Science (WoS) online
database, where the bibliometric data set information was
obtained, it was found that a total of 2142 different keywords
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were used by the authors. When Figure 2 is examined, it is seen
that the word it represented was used more frequently as the size
of the knots increased. The line thicknesses between the nodes
show the interaction between the keywords. In this context,
the interaction can be expressed more as the line thicknesses
between the nodes increase. As a result of the analysis of this, the
most used keywords were found to be; “epilepsy” (327), “Kindling”
(268), and “hippocampus” (97). In Figure 2, each node represents
a keyword, and the“epilepsy” node, which is visualized in green as
the largest, appears in the center of the graph (Figure 2).
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Figure 2. The Most Frequently Used Author’s Keywords Be-
tween 1980 and 2023.

Keywords are important structures that constitute the contents
and basis of publications. Keywords play important roles in
the number of citations of articles, evaluating their effects, and
increasing their availability. The most frequently used keywords
by the authors were analyzed in the WoS Online Database in the
present study. In this context, the most frequently used keywords
by the authors were determined as “Epilepsy’, “Kindling
and “Hippocampus’, followed by the words “seizure” and
“epileptogenesis’, respectively. The first 10 words most frequently
used by the authors are given in Figure 3 in order of frequency of
use (Figure 3). The word cloud is one of the most used methods
for the visualization of datasets. The purpose of the word cloud is
to make the most used words in publications more visible. As a
result of the analysis made with the term “Kindling Model” in the
WoS database, the cloud of the most used words by the authors
is given in Figure 4. The frequency of use of words increased
as the size of the word grew according to its proximity to the
central settlement. The word “Epilepsy”, written in the largest
font and located in the center, appeared in Figure 4. The word
in second place in size is seen as “Kindling”. The third word most
commonly used by the authors was found to be “hippocampus”
(Figure 4). Table 2 shows the order of the top 10 countries within
the scope of the findings obtained according to the number of
article publications and countries, the number of single article
productivity, and the number of multiple articles. As well as the
number of article productivity, the number of individual article
productivity, and the number of multiple article productivity of
the countries are also important compared to the countries. The
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order of the countries in the first three ranks according to the
number of articles were as follows; USA (196), Germany (111), and
Japan (89). When the countries in the top three ranks according
to the number of article productivity alone were evaluated, the
same country ranking was seen, similar to the article productivity
title. The first three countries in the article’s productivity ranking
alone were the USA (174), Germany (98), and Japan (89). In the
multi-article productivity ranking, the USA (22) took first place,
and Germany and Canada (13) took second place. It was also
found that Japan and China [9] took third place. Also, when
the ranking of the most cited countries was evaluated, the USA
(10316) ranked first, Germany (4869) ranked second, and Canada
(2146) ranked third (Table 2). The cooperation between countries
according to publication production on the “Kindling Model’,
which is the subject of bibliometric research, is given in Figure 5.
The clusters in which the countries are shown in different colors
and sizes. The lines between clusters show the inter-country
relationship, and the thickness of the line shows a higher level
of cooperation. Clusters that depict countries around the map
show poor cooperation with other clusters. When the countries
towards the center of the map were examined, it was found that
the USA was in a central place with the largest cluster image.
After the USA, it was seen that the nodes of Germany and Canada
were more prominent than other countries. The cooperation of
these countries appears with thicker lines, which shows that they
had a greater share in the cooperation between countries on the
“Kindling Model” (Figure 5).

Auhtor's Keywords

Figure 3. The most used words graph by the authors; Web of
Science categorie from 1980 to 2023.
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Figure 4. Cloud view of the most used words by the authors.
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Table 2. Corresponding Author’s Country.

No Country Articles SCP MCP TC
1. USA 196 174 22 10316
2. GERMANY 111 98 13 4869
3. JAPAN 89 80 2108
4.  CHINA 76 67 1170
5. IRAN 64 63 1 760
6. CANADA 55 42 13 2146
7. INDIA 41 37 4 702
8. POLAND 36 29 7 525
9. TURKEY 35 31 4 357
10. BRAZIL 28 24 4 312
SCP: Single Country Publications.
MCP: Multiple Country Publications.
TC: Total Citations.
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Figure 5. The cooperation among the countries.

DISCUSSION

Epilepsy is a brain disorder with a complex etiology, progressing
with epileptic seizures [20]. Risk factors that accompany epilepsy
are stroke, brain tumors, fever, and genetic epilepsy [21]. The
Kindling Model in rats is the most reliable and widely used
model. The positive characteristics of the model include ease
of induction and spontaneous seizures that are easy to detect
[22]. The purpose of using bibliometric dataset analysis are to
reveal article productivity, publisher performance, cooperation
networks among countries or authors, and the originality and
trends of scientific studies [23]. The bibliometric datasets were
examined and the current data of the publications, the trends
of research activities, and the changes in the literature in recent
years were analyzed in the present study. The results of the
bibliometric analysis regarding the use of the concept of the
“Kindling Model” in the scientific field and the methodological
research trends in the last 43 years (1980; 2023) were determined
in the study. In this study that used the Web of Science (WOS)
database, the analyzes were made under the headings such as
the number of publications, cooperation between countries, and
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the most frequently used keywords by the authors, and the data
obtained were visualized with graphics and tables. The place and
changes of the 43-year (1980; 2023) Kindling Model concept in
the literature were presented to the scientific platform with a
comprehensive bibliometric data analysis. The “Kindling Model”
keywords, which started publication life with two documents in
1980, increased significantly in the number of publications after
1996. It was found that the highest number of publications was
reached in 2022 (50). According to the results of these datasets,
it was observed that the number of publications on the subject
accelerated in recent years and continues to increase. In the
context of this result, it is seen that the studies conducted on the
“Kindling Model”are a current issue in the scientific field literature
and the tendency of the researchers to this subject is increasing.

Keywords are generally defined as important research themes for
the analysis of datasets in bibliometric studies [24]. The number
of keywords used by the authors in this study was presented
as 2142 (Table 1). The most frequently used keywords by the
most cited authors were found to be “epilepsy”, “kindling” and
“hippocampus” in the present study (Figure 3). The analysis of
the keywords, trends, and themes identified within the scope of
this study will serve as a guideline for future scientific research.
The number of articles on productivity rises to high numbers
with cross-country cooperation and close collaboration between
authors in the Kindling Model area. The top three countries in
article productivity were found to be the USA (196), Germany
(111), and Japan (89), respectively. It was concluded that the
cooperation network between countries is also very developed in
the same countries. It is seen in these datasets that the countries
with high cooperation also have a high number of article
productivity. When the obtained datasets are reviewed, it can be
argued that the number of articles can gain momentum in case of
increased cooperation between countries in the field of “Kindling
Model” keywords. A total of 1053 sources (documents) and
analyses of 3263 authors’ studies were included in the present
study according to the Web of Science (Wos) online database
datasets with the keywords “Kindling Model” between 1980 and
2023 (Table 1). Although there are few studies on the subject
of epilepsy conducted with the literature review method on
scientific platforms, no bibliometric research, which is a detailed
analysis method that deals with the Kindling Model, was found.

CONCLUSION

The findings of the present study provide an overview of the
current literature data and the trend of studies with Kindling
Model keywords in the coming years. The purpose of the study
was to provide a comprehensive perspective on the studies
that were conducted in the past and will be conducted in the
future with the analysis of the Kindling Model keywords with the
datasets. These guidelines can be used in future studies (theses,
projects, articles, etc.). In light of this, researchers can plan the
course of their studies, their relationships to sub-branches, and
critical situations such as not repeating some aspects in this field.
This bibliometric study on the Kindling model may offer different
perspectives to other studies in the same field. Considering the
results of the study, it can be argued that the field of the Kindling
Model is a current study area and academic interest is increasing

Bozkurt AS. Bibliometric Kindling Model

in this field with each passing day. In this context, it is expected
that this study will make important contributions in emphasizing
the need for the interaction between countries and authors,
keyword analysis, and evaluating different approaches to the
subject in studies to be conducted in the field of the Kindling
Model.
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