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Abstract
Background

The use of quantitative and qualitative scientometrics provides deductive and inductive insights into the landscape of research in a specific area. In this
manuscript, the authors identified the major contributors of African neurosurgery and emerging terms.

Methods

Articles on African neurosurgery were searched on Web of Science and 8 other repositories without language or date restrictions. The H-index, co-author,
author country, time trend, and keyword analyses were done using Bibexcel and VOSviewer.

Results

115 articles on African neurosurgery were published in 36 journals by 90 first authors. The journals with the most articles were World Neurosurgery (46,
40.0%), Journal of Neurosurgery Pediatrics (8, 7.0%), and Neurosurgery (7, 6.1%). There was a rapid increase in the number of articles from 2010 and the
median number of citations was 8 (IQR: 4-16). Qureshi MM had the highest H-index score (6) while Warf BC (5, 4.3%), Adeleye AO (4, 3.5%), and El Khamlichi
(4, 3.5%) contributed the most to the 115 articles. The articles by Lanzino G (1999), Warf BC (2011), and Warf BC (2005) were the most influential. The U.S.A.
had the largest node and South Africa, Kenya and Uganda were the most impactful African countries. Pediatric neurosurgery dominated the keywords and
global neurosurgery was an emerging term.

Conclusion

The most cited articles on African neurosurgery are published in prestigious specialty journals and neurosurgeons from Southern and East Africa are the most
impactful local researchers. Future research should analyze the differences between African regions.

Background
African neurosurgery has grown significantly over the past two decades. The number of training programs, international collaborations, specialist African
neurosurgeons, and research output have all increased at more than three fold.[1–5] The unique African context warrants innovations and the implementation
of contextually-aware interventions. Such interventions require locally-sourced data and the contribution of local neurosurgeons. It is not enough for local
researchers to publish articles because publication does not necessarily translate to dissemination, citation, and implementation of study findings.

Scholarly impact and dissemination is commonly evaluated using the H-index, a scientometric measure that takes into account productivity and citations. The
H-index score is correlated with academic rank, experience, and having additional graduate degrees.[6, 7] Higher H-index scores confer prestige to
neurosurgeons and academic institutions leading to greater patient volumes, increased interest from prospective trainees, and prospective faculty.[8–10]

The qualitative evaluation of academic output gets less attention than quantitative scientometrics. Qualitative scientometrics finds patterns between authors,
co-authors, citations, and keywords. These analyses help identify key actors and emerging themes in a field. On the other hand, quantitative scientometrics
measures the strengths of interactions and influence of articles, authors, and keywords. Together, qualitative and quantitative scientometrics provide a
deductive and an inductive overview of the current research landscape and its evolution.[11] Hence, both types of scientometrics are complementary.

The impact and stakeholders of African neurosurgery research have not been evaluated before. In this scientometric analysis, we set out to identify the major
contributors of African neurosurgery research and to identify key terms.

Methods
Articles on African neurosurgery were searched on Web of Science Core Collection, Arabic Citation Index, Russian Science Citation Index, Chinese Science
Citation Database, Data Citation Index, BIOSIS Citation Index, and SciELO Citation Index without language or date restrictions (from inception to April 24,
2020). These databases were chosen because they offer comprehensive backward and forward citation data, unlike other major databases (PubMed, Embase,
or CINAHL). The search strategy is available in the Supplemental file. Two authors (USK and YZ) carried out the title and abstract screening and isolated
African neurosurgery articles with at least 2 citations - the search yielded 115 articles. These articles and their metadata (author names, author affiliations,
article title, journal, publication year, number of citations, and  references) were then imported as a text file into BibExcel (BibExcel, Austria). The text file was
equally imported into VOSViewer (Center for Science and Technology Studies, University of Leiden, Netherlands). The bibliometric analyses consisted in
citation, co-citation, keyword, author affiliation, and h-index calculations. When possible, the bibliometric analyses were visualized with VOSViewer. The
authors set an occurrence threshold for each visualization: document analysis (2), co-authorship (2), country (2), and keywords (5). The keywords were
extracted from the titles and abstracts, and the authors chose binary counting. The methodologies for these analyses have been described in previous articles.
[12, 13]

Results
Descriptive scientometrics

The 115 articles on African neurosurgery were published in 36 journals by 90 first authors and African researchers were the first authors of 61 (53.0%) articles.
African neurosurgery articles were published in World Neurosurgery (Ex-Surgical Neurology) (46, 40.0%), Journal of Neurosurgery Pediatrics (8, 7.0%), and

https://www.zotero.org/google-docs/?AaIaYJ
https://www.zotero.org/google-docs/?4yAGfN
https://www.zotero.org/google-docs/?WMZ5xw
https://www.zotero.org/google-docs/?GxTcFN
https://www.zotero.org/google-docs/?mXWJ2I
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Neurosurgery (7, 6.1%). Of note, 10 (8.7%) articles were published in African journals: South African Medical Journal (4 articles, 3.5%), Nigerian Journal of
Clinical Practice (2 articles, 1.7%), East African Medical Journal (1 article, 0.9%), Pan African Medical Journal (1 article, 0.9%), SA Journal of Radiology (1
article, 0.9%), and South African Journal of Surgery (1 article, 0.9%).

2010 was an index year because most (86, 74.8%) articles were published on this date or later. The 61 articles by local researchers were published between
1974 and 2020 (median = 2011) and most were published in 7 journals: World Neurosurgery (Ex-Surgical Neurology) (13, 21.3%), Neurosurgery (6, 9.8%),
South African Medical Journal (4, 6.6%), Neurochirurgie (3, 4.9%), Child Nervous System (3, 4.9%), Journal of Neurosurgery - Pediatrics (3, 4.9%), and Journal
of Neurosciences in Rural practice (3, 4.9%).

The median number of citations by African neurosurgery articles was 8 (IQR: 4-16) and the articles by local researchers had a median of 6 citations (IQR=2-
44.5). Also, the median article usage count recorded since 2013 was 2 (IQR: 1-3).

The first authors with the most articles were Warf BC (5, 4.3%), Adeleye AO (4, 3.5%), El Khamlichi (4, 3.5%), Nathoo N (3, 2.6%), and Park BE (3, 2.6%)
(Supplemental file). Qureshi MM (6), Haglund MM (5), Warf BC (5), El Khamlichi A (5), Piquer J(5), Hartl R (5), and Muhumuza M (5) had the highest H-index
scores among the most cited authors of African neurosurgery articles (Table 1).

Table 1. Author H-index score calculated from the top 115 most cited African neurosurgery articles. Only authors with a H-index ≥3 are shown.

Author H-index Citation sum within H-core All citations All articles

Qureshi MM

Haglund MM

Warf BC

El Khamlichi A

Piquer J

Hartl R

Muhumuza M

Kiryabwire J

Santos MM

Ellegala DB

Zubkov MR

Young PH

Nathoo N

Nadvi SS

Smith ER

Ssenyonjo H

Budohoski KP

Scholler K

Dempsey RJ

Shabani HK

Abdelgadir J

Mangat HS

Ngerageza JG

Mukasa J

Mayegga E

Nicholas J

Park BE

Fuller A

Kucia EJ

Haglund M

Albright AL

Adeleye AO

6

5

5

5

5

5

5

4

4

4

4

4

4

4

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

89

132

217

98

61

51

121

115

27

48

27

51

158

154

34

27

20

20

44

20

35

20

20

58

40

27

19

25

25

30

40

13

105

139

221

103

65

60

124

118

27

48

27

51

161

154

34

27

20

20

44

23

35

20

22

61

40

27

19

25

25

30

40

16

9

7

6

7

6

8

6

5

4

4

4

4

5

4

3

3

3

3

3

4

3

3

4

4

3

3

3

3

3

3

3

4
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Visualization

Bibliographic coupling of documents revealed 7 clusters composed of 91 articles and 789 links. The total link strength was 1658 and the largest clusters were
organized around Lanzino G (1999), Warf BC (2011), and Warf BC (2005). The authors with the most nodes among the large clusters were El Khamlichi A (3)
and Warf BC (2) (Figure 1).

There were 5 clusters in the co-authorship analysis that had 44 items connected by 191 links. The co-authorship clusters were primarily made up of
researchers working in East Africa and the total link strength was 329 (Figure 2).

The map of author affiliations (by country) revealed 5 clusters constituted by 30 items with 150 links and a total link strength of  228. The United States of
America had the largest node and the highest number of links with other countries. South Africa, Kenya, and Uganda had the largest nodes among African
countries (Figure 3).

South Africa (22, 19.1%), Kenya (19, 16.5%), and Tanzania (16, 13.9%) contributed the most articles. Also, Kenya (33), Tanzania (33), and Uganda (25) had the
strongest links among the African countries (Table 2).

Table 2. Total link strength of the most-cited African neurosurgery articles.

Country Number of articles Total citations Total link strength

South Africa

Kenya

Tanzania

Uganda

Nigeria

Morocco

Rwanda

Burkina Faso

Cameroon

DR Congo

Egypt

Ethiopia

Malawi

Benin

Gabon

Guinea

Mali

Mauritania

Niger

Republic of Congo

Togo

Zimbabwe

22

19

16

11

10

7

3

2

2

2

2

2

2

1

1

1

1

1

1

1

1

1

345

198

134

225

54

103

12

5

4

6

24

5

17

2

6

2

2

2

2

2

2

8

7

33

33

25

1

15

15

14

15

15

0

3

2

14

0

14

14

14

14

14

14

0

The keywords of the African neurosurgery publications were organized in 3 clusters. These clusters were composed of 32 items in a 312-link network. The
keyword network had a total link strength of 877 and the largest nodes were “Africa”, “Neurosurgery”, “Sub-Saharan Africa”, and “Hydrocephalus” (Figure 4).

Discussion
This is the first comprehensive scientometric analysis of African neurosurgery research. 90 authors contributed to the 115 articles and the greatest first author-
contributors were Warf BC, Adeleye AO, and El Khamlichi. Qureshi MM was the most impactful first author (H-index score = 6) and the articles by Lanzino G
(1999), Warf BC (2011), and Warf BC (2005) had the greatest number of relationships. Interestingly, the U.S.A. had the largest node among author country
affiliations while South Africa, Kenya, and Uganda were the most impactful African countries. The U.S.A.’s position is probably due to the numerous research
collaborations between American and African academic centers. Some of these collaborations include Duke University in Uganda, Weill-Cornell University in
Tanzania, and CURE in Uganda.[4, 14, 15]

https://www.zotero.org/google-docs/?Re5IGF
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Regional differences

Unlike Southern and East Africa, West and Central Africa were underrepresented. A potential reason for this could be the language barrier. The majority of
countries in West and Central Africa are francophone.[16] If authors in these countries publish primarily in French speaking journals it might explain why their
articles are less cited. This hypothesis is supported by Akhaddar’s review of African neurosurgery articles on PubMed that found that French speaking
countries in West and Central Africa had low scholarly outputs.[17] Let us note however that the contributions of France, Canada, Morocco, and Switzerland to
the most cited articles on African neurosurgery does not support the language barrier hypothesis.

Another avenue to explore is the post-publication practices of researchers. There are numerous ways to increase the visibility of an article in the post-
publication phase. One of the most effective ways is non-scientific communication.[18, 19] Future studies should explore the landscape of neurosurgery
publication in these regions. Moreover, a comparative analysis of more versus less impactful African regions might help tease out the differences.

The sharing of resources and expertise appears to be greater between African countries and non-African countries than it is between African countries. This
can be appreciated in the co-author and author country analyses. The discrepancy between African regions and limited links are signs of the lack of research
collaborations between African countries. Researchers from less productive regions stand to gain if they collaborate with their colleagues from more
productive regions. 

Journal analysis

The top three journals were World Neurosurgery (40.0%), Journal of Neurosurgery - Pediatrics (7.0%), and Neurosurgery (6.1%). These three journals are some
of the most prestigious journals in this field.[20] World Neurosurgery’s first position is understandable given that it has a more diverse readership and a
specific section for neurosurgeons with low-resource settings (Doing more with less).[21] On the other hand, the ranking of the Journal of Neurosurgery
Pediatrics can be explained by the contribution of the Warf BC et al. Ben Warf and colleagues have contributed substantially to the development of alternative
treatments of hydrocephalus (Endoscopic third ventriculostomy and choroid plexus cauterization).[22] The development of endoscopic third ventriculostomy
has been a paradigm shift in the management of hydrocephalus and this is evidenced by the number of publications and their impact but also by the
presence of pediatric terms in the keyword analysis. The contributions of local authors to these three journals should equally be highlighted. Generally, African
first-author researchers contributed less than foreign researchers to the articles in the three prestigious journals: World Neurosurgery (Ex-Surgical Neurology)
(13 of 46, 28.6%), Journal of Neurosurgery - Pediatrics (3 of 8, 37.5%), and Neurosurgery (6 of 7, 85.7%). Hedt-Gauthier et al.[23] had similar findings - 68.3% of
global health research in Africa is published by foreign researchers. The predominance of foreign first authors in African research has been attributed to
greater technical expertise, experience, funding, and decision power.[23–26] Research collaborations between foreign and African academic institutions
should be mindful of the disparities between both parties and they should design strategies to minimize these disparities. For example, research
collaborations should incorporate research capacity building activities with specific and realistic milestones (study design, grant applications, project
management, abstract presentations at international conferences, and first author publications).

Six of the 36 (16.7%) journals were African, half were South African, and none of them were specialty journals. The low number of African journals is a cause
of concern. We posit that the low African representation might be due to a lower proportion of African journals registered to Web of Science and a greater
proportion of manuscripts being submitted to non-African journals given that non-African journals tend to have higher impact factors.[20] African journals can
increase their impact factors and therefore their contribution to African neurosurgery if they publish quality papers, publish open access, and if they provide
post-publication communication services.[27]

Researchers can help African journals in each of these aspects. First, researchers can help improve the quality of articles in African journals as authors and as
reviewers. As authors, researchers have a duty to conduct ethically and scientifically sound research. As reviewers of African journals, researchers can screen
scientifically dubious articles and give constructive feedback to the authors of less robust studies.[28] Moreover, authors can choose to publish in open access
journals. We note however that most open access models require payment from the authors [29] and this can be prohibitive for researchers from low-resource
settings. Fortunately, an increasing number of funders are setting aside funds for open access publication in their grants.[30] For authors without funding, they
can target open access journals that do not require payment from the authors.[31] Thirdly, authors have a crucial role to play in non-scientific post-publication
communication of their articles. By using visual abstracts on social media, op-eds in new media, and communications in traditional media, authors increase
the visibility and impact of their research.[19, 30, 32, 33]

Trend and emerging terms

It is noteworthy that the number of top cited articles increased rapidly since 2010. This increase has happened concomitantly with the emancipation of global
neurosurgery.[34] We can see from the keyword analysis that global neurosurgery is an emerging term in African neurosurgery. This finding revives the debate
on the definition of global neurosurgery and supports the widely held notion that global health and neurosurgery are focused on health inequities in low- and
middle-income countries; ignoring the heterogeneity in access to care within high-income countries.[35] Moreover, it can alter the perception of local experts
and distract them from important debates and problems.[36] In the case of Africa, this view of global neurosurgery might divert research away from the
continental research agenda and influence collaborations between local and foreign academic institutions. For example as a result of earmarked grant funds
and tailoring of articles to suit high-impact factor journals, local neurosurgeons might choose to study contextually-relevant topics.

Another possible explanation for the increasing number of highly-cited articles is the establishment in the early 2010s of partnerships between academic
institutions from the U.S.A. and African institutions.[37, 38] 

Limitations

https://www.zotero.org/google-docs/?QE5qhr
https://www.zotero.org/google-docs/?WiIJ5P
https://www.zotero.org/google-docs/?8dKv9G
https://www.zotero.org/google-docs/?Z93wYu
https://www.zotero.org/google-docs/?lmih2t
https://www.zotero.org/google-docs/?j1e0fT
https://www.zotero.org/google-docs/?WzLVf6
https://www.zotero.org/google-docs/?dFecG7
https://www.zotero.org/google-docs/?DqiWdy
https://www.zotero.org/google-docs/?4Xp2jx
https://www.zotero.org/google-docs/?A0o3pY
https://www.zotero.org/google-docs/?efSrgo
https://www.zotero.org/google-docs/?ihSgyD
https://www.zotero.org/google-docs/?RiLAPB
https://www.zotero.org/google-docs/?1EUyXQ
https://www.zotero.org/google-docs/?QHqgTF
https://www.zotero.org/google-docs/?jIvnnl
https://www.zotero.org/google-docs/?JMRIvt
https://www.zotero.org/google-docs/?eC1nF2
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We acknowledge the following limitation to our study. Our search was limited to the Web of Science database and could have constituted a bias against
articles that are not referenced in this database. To curtail this bias we reported both Web of Science citations and citations from 8 other sources such as the
Chinese and Russian.

Conclusions
The most cited articles on African neurosurgery are published in the most prestigious specialty journals and mostly by foreign first authors. Researchers from
the U.S.A. play a major role in publications from the region. African neurosurgeons and journals should increase their article visibility to increase the impact of
their research. Our study highlighted an increase in the number of impactful articles and the need for more research from West and Central African countries
and the need for collaboration between African researchers. Future studies should compare the research practices of African neurosurgeons so as to identify
the mechanisms adopted by high performers that can be replicated in lower performing regions.
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Figure 1

Visualization of bibliographic coupling by document. Each circle (node) indicates an article, the size of the nodes indicates the activity of the article. The
distance between two nodes is inversely proportional to the number of co-citations; shorter distances indicate higher numbers of co-citations. Nodes with the
same color are related.

Figure 2
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African neurosurgery co-authorship link visualization. Each circle (node) represents a co-author, the size of the nodes indicates the activity of the co-author.
The closer two nodes are the more they are related. Nodes with the same color are related.

Figure 3

Visualization of author affiliations by country. Each circle (node) represents a country, the size of the nodes indicates the activity of the country. The closer two
nodes are the more they are related. Nodes with the same color are related.
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Figure 4

African neurosurgery keyword visualization. Each circle (node) represents a keyword, the size of the nodes indicates the activity of the keyword. The closer two
nodes are, the more they are related. Nodes with the same color are related.
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