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Abstract Objective: This bibliographic analysis was designed to review all dental publications in

the Kingdom of Saudi Arabia (KSA) and evaluate the effect of international collaboration on the

impact of published articles.

Methods: The Web of Science (WOS) database was used to extract all related published articles

in the KSA from 1982 to 2021. The keywords were connected using Boolean Operators to down-

load related articles. Downloaded articles were screened according to the following inclusion crite-

ria: collaboration journal category, journal discipline, number of citations, number of authors, and

impact factor. After applying the inclusion criteria and excluding single-author articles, 5,689 doc-

uments were included in the final analysis. The chi-square test and two-independent samples t-test

were used to determine the statistical significance between the variables.
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Results: A significantly higher proportion of articles with international collaboration (51.4%)

were published in dental journals than those published nationally (43.3%) or within the institutional

level (41.8%) (P < 0.0001). In addition, the average number of citations (9.28 ± 23.8) ranged from

0 to 749, received by an article and the impact factor of the journal in which the article was pub-

lished, significantly higher in the case of internationally collaborative work compared with national

or within institutional collaboration (P < 0.0001).

Conclusion: International collaboration positively affected the impact factor, number of cita-

tions, and quartile rank of published articles. Moreover, the number of co-authors in different

countries contributes to the international collaboration effect.

� 2023 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Owing to globalization and the ongoing development of scien-

tific communication, the present era of research is heavily
based on international collaboration (Low et al., 2014).
Advancements in scientific communication have led to an

increase in the international coauthorship of scientific publica-
tions and communications. Researchers have reviewed the pat-
tern of international collaboration in publications and found
that it has doubled since 1990 (Prathap, 2013a).

Numerous studies have been conducted in various parts of
Asia on the impact of international collaboration on the qual-
ity of scientific publications. These studies were published in

China, Taiwan, India, and Malaysia (Basu and Kumar,
2000; Liu et al., 2012; Low et al., 2014; Wang et al., 2013).
According to Adams, the present era of research can be called

the ‘‘fourth age or era,” which is driven by international col-
laboration (Adams, 2013). Therefore, institutions that do not
emphasize international collaboration may be at risk of a pro-

gressive decline in the quality and impact of research (Low
et al., 2014).

Over the past 20 years, the Kingdom of Saudi Arabia
(KSA) has been investing in improving health and education

by increasing the number of universities and colleges, leading
to increased scientific publications (Ul Haq et al., 2019). In
dentistry, the KSA produced over one-third (37.83%) of the

dental publications among 22 Arab countries (Ul Haq et al.,
2019). Although the KSA is producing a high number of
dental-related publications in the Arab world, 2,427 out of

6,416, the impact of international collaboration has not been
sufficiently investigated (Ul Haq et al., 2019). Some reviews
on dental publications have been conducted in the KSA

(Rajeh and Khayat, 2021; Ul Haq et al., 2019). However, they
did not intend to study the relationship between international
collaboration and the impact of articles regarding the total
number of citations received and the impact factor of the jour-

nal. Hence, this bibliographic study was designed to review all
dental publications from the Kingdom of KSA to evaluate the
effect of international collaboration on the impact of published

articles. This study hypothesizes that international collabora-
tion has a positive effect on the impact of publication.

2. Research methodology

This study used bibliometric methods to analyze research pub-
lished by the KSA on the impact of international and national

collaboration on dentistry. This study analyzed data retrieved
from the Web of Science (WOS), one of the most reliable data
sources. The researchers meticulously identified all possible rel-

evant keywords to retrieve relevant publications.

2.1. Keywords and data retrieval

To build the query, the finalized keywords were connected

using Boolean Operators. On April 22, 2022, the following
query was executed in the main search field of the WOS data-
base: (WC=(dentistry*) OR TI=(dental OR dentistry OR

orthodontic* OR prosthodontic* OR periodontic* OR
pedodontic* OR ‘‘Oral surgery” OR ‘‘maxillofacial Surgery”
OR restorative OR endodontic* OR ‘‘oral hygiene” OR ‘‘oral

health”) OR AK=(dental OR dentistry OR orthodontic* OR
prosthodontic* OR periodontic* OR pedodontic* OR ‘‘Oral
surgery” OR ‘‘maxillofacial Surgery” OR restorative OR

endodontic* OR ‘‘oral hygiene” OR ‘‘oral health”) OR Ab=
(dental OR dentistry OR orthodontic* OR prosthodontic*
OR periodontic* OR pedodontic* OR ‘‘Oral surgery” OR
‘‘maxillofacial Surgery” OR restorative OR endodontic* OR

‘‘oral hygiene” OR ‘‘oral health”)) AND CU= (Saudi
Arabia).

Initially, all document types were searched, and the query

resulted in 6,983 documents from the WOS Core Collection
from 1982 to 2021.

2.2. Inclusion and exclusion criteria

After applying the search filter, the document types, including
meeting abstracts (332), letters (112), editorials (50), correc-
tions (26), notes (14), and book chapters (1) were excluded.

Thus, the query resulted in 6,448 documents published from
Saudi Arabia in any journals worldwide. The results were then
downloaded in CSV, RIS, and BIB formats. The RIS file was

imported into the citation management software EndNote for
duplication checks of the author, title, and publication year.
Only one document was found to be a duplicate. After remov-

ing duplicate records, 6447 documents were retained for fur-
ther analysis. A total of 717 documents had a single
authorship, and 36 publications were identified in 2022. There-

fore, a single author and 2022 documents were eliminated.
Finally, 5689 documents were included in the final analysis.

The variables collected from the articles included in the
analysis were as follows: (1) collaboration (international,

national, and within an institution), (2) journal category (open
or not open access), (3) discipline of the journal (dentistry
only, multidisciplinary dentistry, or other than dentistry), (4)

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 Collaboration and category of the Journals.

Collaboration Frequency Percentage

International 3608 63.4

National 935 16.4

Within institution 1146 20.1

Journal Category

Open Access 2545 44.74

Not Open Access 3144 55.26

Discipline of the Journal

Only Dentistry 2738 48.13

Multidiscipline with Dentistry 555 9.76

Other than Dentistry 2396 42.12
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number of citations, (5) number of authors, and (6) impact fac-
tor of the journal. International collaboration is defined as an
article with at least one author that belongs to a non-Saudi

institution, whereas national collaboration is defined as
authors belonging to more than one Saudi institution. Simi-
larly, within the institution is defined as authors belonging to

only one Saudi institution.

2.3. Data analysis

Online visualization platforms (https://flourish.studio/),
including Biblioshiny, MS Excel, Power BI, MS Access, and
BiblioAnalytics software, were used for data analysis. The Sta-

tistical Package for Social Sciences version 23 was used for fur-
ther data analysis. The chi-square test was used to examine the
relationship between two categorical variables. One-way anal-
ysis of variance was used to study the relationship between cat-

egorical and scale variables, followed by Tukey’s post-hoc test.
A P-value < 0.05 was considered statistically significant.

3. Results

The initial search yielded 6,983 documents from various pub-
lications (see Fig. 1). However, only 6,447 articles remained

after the first search filter was applied. Subsequently, single-
author articles were removed, leaving 5,689 articles in the
study for analysis. According to descriptive data analysis, the

average number of authors per article was 5.27 (±3.41), with
authors ranging from 2 to 131. The average number of cita-
tions received by an article was 9.28 (±23.8), ranging from 0
to 749. Similarly, the average impact factor of a journal was

found to be 3.13 (±2.1), with values ranging from 0 to 53.44.
International collaboration was found in 63.4% of

dentistry-related published articles from the KSA, whereas

national collaboration was found in 16.4% (Table 1). Further-
Fig. 1 Identification of studies via the WOS database.
more, a higher proportion of journals (55.26%) were not open-
access than that of open-access journals (44.74%). Further-

more, regarding the journal discipline, a high proportion of
articles (48.13%) were published in journals devoted solely
to dentistry (Table 1).

Fig. 2 shows the top 20 universities and institutions with the
highest number of publications in Saudi Arabia. The figure
shows the number of studies conducted with international,

national, and within the institutional level collaboration with
the number of citations. Therefore, it was observed from the
figure that King Saud University had the highest number of
publications with international, national, and within the insti-

tutional level collaborations, along with the number of cita-
tions received by each type of collaboration, followed by
King Abdulaziz University and Imam Abdulrahman bin Fai-

sal University.
Comparisons were made to assess the impact of collabora-

tion on articles by journal discipline and category. Regarding

the scope of the journal, there was a significant difference
(P < 0.0001) between the number of internationally collabo-
rated studies (51.4%), nationally collaborated studies
(43.3%), and studies within the institutional level (41.8%) that

were published in dental category journals. Similarly, the pro-
portion of articles (57.5%) with international collaborations
published in non-open access journals was significantly higher

(P < 0.0001) than that of the proportion of articles with
national (48.3%) or within institution level collaboration
(53.8%) (see Table 2).

Table 3 shows how collaboration affects the average num-
ber of citations received by an article. It was discovered that
the average citations received by an article, average number

of authors, and average impact factor of the journal varied sig-
nificantly due to the variation in the nature of collaboration
(P < 0.0001). Therefore, the post-hoc test was used for the
pairwise comparison, and it was found that international col-

laboration had a significantly higher average number of cita-
tion (P < 0.0001) than that of national (11.58 vs. 4.74) and
within the institution collaboration (11.58 vs. 5.74). Similarly,

regarding the average impact factor of the journal, the interna-
tional collaboration had significantly higher average citations
(P < 0.0001) than that of national (3.32 vs. 2.67) and within

the institution collaboration (3.32 vs. 2.53). The average num-
ber of authors in the international collaborative study was
higher than that of within the institution (5.55 vs. 4.26) and

national collaborative study versus within the institution
(5.39 vs. 4.26), with a P-value<0.0001.

https://flourish.studio/


Fig. 2 Pattern and impact of collaboration in the top 20 universities in Saudi Arabia.

Table 2 Discipline and category of a journal in relation to collaboration.

Discipline of the Journal CollaborationN

(%)

P-value

International National Within institution

Only Dentistry 1854(51.4) 405(43.3) 479(41.8) 0.000*

Multicategory with Dentistry 424(11.8) 45(4.8) 86(7.5)

Other Categories 1330(36.9) 485(51.9) 581(50.7)

Journal Category

Open Access 1533(42.5) 483(51.7) 529(46.2) 0.000*

Not Open Access 2075(57.5) 452(48.3) 617(53.8)

*Statistically significant at 0.05 level of significance.

Table 3 Type of collaboration in relation to average citations, authors and impact factor of the journal.

Variables Collaboration P-value

International National Within institution

Average Citations 11.58(28.5) 4.74(9.83)a 5.74(11.2)a 0.000*

Average Number of Coauthors 5.55(3.9)a 5.39(2.5)a 4.26(2.0) 0.000*

Average Journal Impact Factor 3.32(2.27) 2.67(1.37)a 2.53(1.37)a 0.000*

*Statistically significant at 0.05 level of significance.

The same small alphabets in each row showed the insignificant difference between the pairs.
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4. Discussion

A bibliometric analysis was performed by Ul et al. (Ul Haq
et al., 2019), who described an increase in dental-related scien-

tific publications by researchers affiliated with Saudi Arabia
from 1998 to 2017. Another study measured the effect of inter-
national collaboration on the level of evidence for dental

research published in the last 20 years (2000–2020) (Rajeh
and Khayat, 2021). However, no study has evaluated the effect
of international collaboration on the impact and ranking of
published dental articles in the KSA.

The number of included studies (5689) increased compared
with a previous study (1557), which included only clinical stud-
ies (Rajeh and Khayat, 2021). A previous study screened data

from 1998 to 2017 and compared research productivity among
22 Arab countries and found that the KSA ranked 12th with
2,427 in dental research output (Ul Haq et al., 2019). The

increased number of preset studies may be attributed to the
inclusion criteria of previous studies and the extended research
(1982 and 2021). This is in agreement with Rajeh and Khayat

(Rajeh and Khayat, 2021), who stated that the number of
Saudi dental research had increased seven-fold during the past
10 years compared with the preceding decade. They attributed
this increase to the increasing number of dentists, institutions,

and postgraduate programs directed toward scientific research.
The average number of authors in international collabora-

tive studies was higher than that of within the institution (5.55

vs. 4.26) and national collaborative studies versus within the
institution (5.39 vs. 4.26). In previous studies, (Frenken
et al., 2005; Glänzel, 2002; Leimu and Koricheva, 2005;

Persson et al., 2004; Wuchty et al., 2007) scientific collabora-
tion improved the quality of scientific research and had a pos-
itive effect on the number of citations.

Based on the findings of the present study, internationally
collaborating articles represented 63.4% of the dentistry-
related published articles in the KSA compared with national
studies. This is in agreement with previous studies on the same

research point and location, (Rajeh and Khayat, 2021; Ul Haq
et al., 2019) as well as other articles with multiple disciplines
(rather than dentistry) and different countries (Leydesdorff

and Wagner, 2008; Low et al., 2014; Persson et al., 2004).
Jin and Rousseau found exceptional growth in Chinese publi-
cations with increased international collaboration publications

(Jin and Rousseau, 2005).
Journal access (subscription-based or OA) was another fac-

tor considered in the bibliometric analysis. Furthermore, a
higher proportion of journals were subscription-based than

open-access journals. This can be justified because most
authors seek to publish in high-impact factor journals that
attract more citations, which are often subscription-based

(Crossley et al., 2023). However, a recent study found inconsis-
tent results, in which most collaborative studies were published
in open-access journals (Cary and Rockwell, 2020).

Most researchers are interested in publishing articles in
related journals; therefore, dental journals are targeted. The
results showed that approximately half of the articles were

published in journals devoted solely to dentistry, with a high
proportion (48.13%) compared with multicategory dentistry
and other categories published articles. Based on the journal
category (dental and others), the percentage of internationally
collaborating articles published in the dental category journals
was significantly higher than that of national studies or those
at the institutional level.

The number of citations indicates the strength of the article
and the proper way to measure the impact of the journal
(Rajeh and Khayat, 2021). International collaboration had a

significantly higher average number of citations than that of
national (11.58 vs. 4.74) and within the institution (11.58 vs.
5.74). This finding is in agreement with previous studies

(Chinchilla-Rodrı́guez et al., 2009; Lancho-Barrantes et al.,
2013; Leimu and Koricheva, 2005; Levitt and Thelwall,
2009), which found that the number of citations is frequently
higher in articles with international collaborations than those

without international collaborations. Nguyen et al. found that
internationally co-authored papers received double the citation
average of national papers (Nguyen et al., 2017). Additionally,

papers with corresponding authors abroad had a higher cita-
tion rate than those with a national corresponding author
(Nguyen et al., 2017).

According to our findings, regarding the average impact
factor of the journal, the international collaboration had sig-
nificantly higher average citations than that of national (3.32

vs. 2.67) and within the institution (3.32 vs. 2.53). Latif
(2015) concluded that 23% of papers were published in none
impact factor journals, and 49% were published in journals
with less than one impact factor (Latif, 2015). Furthermore,

we found that internationally collaborating studies were cited
more than twice the citation rate of locally co-authored stud-
ies. These findings are consistent with those of a previous study

(Nguyen et al., 2017).
None of the peer-reviewed journals were indexed in the

WOS. Thus, our analysis did not include articles published

in other than ISI-indexed journals. Lastly, citation patterns
may differ between the non-dental and dental categories, caus-
ing bias in the analysis of citations. This study included all

published dentistry articles in Saudi Arabia. However, the
study did not evaluate the subject area of the research. The
strength of the study is that it included all published articles
on dentistry from Saudi Arabia; therefore, the findings of the

study can be generalized.

5. Conclusion

This review showed a noticeable growth in internationally col-
laborated dental studies. International collaboration positively
affects the impact factor, number of citations, and quartile

rank of published articles. Moreover, the number of co-
authors from different countries contributed to the impact of
the collaborative study. Based on this review, international col-

laboration with other countries is highly recommended for the
publication of high-quality studies with a higher impact.
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