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Abstract 
Background/Objectives 

Africa has only 1% of the global neurosurgery workforce, despite having 14% of 

the global population and 15% of the global neurosurgical disease burden. Also, 

neurosurgical training is hampered by paucity of training institutions, dearth of training 

faculty, and deficiency of optimal training resources. The study appraises the current 

specialist neurosurgical workforce in Africa, evaluates the major neurosurgery training 

programs, and projects the 2030 workforce capacity using current growth trends. 

Methods 

The study involved systematic and gray literature search, with quantitative 

analysis of retrospective data on the neurosurgery workforce, qualitative evaluation of 

the major neurosurgery training programs for their strength, weaknesses, opportunities, 

and threats, and projection modeling of the workforce capacity up to year 2030. 

Results 

1,974 neurosurgeons serve 1.3 billion people (density 0.15/100,000; ratio 

1:678,740), in Africa, with the majority (1,271; 64.39%) in North Africa. There are 106 

specialist neurosurgery training institutions in 26 African countries, with North Africa 

having 52 (49.05%) of the training centers. Training is heterogenous; the major programs 

being the West African College of Surgeons (WACS) - 24 centers across 7 countries, and 
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the College of Surgeons of East, Central and Southern Africa (COSECSA) - 17 centers in 

8 countries. At the current linear growth rate of 74.2 neurosurgeons/year or exponential 

growth rate of 6.81% per annum, Africa will have 2,716 - 3,813 neurosurgeons by 2030, 

and a deficit of 4,795 - 11,953 neurosurgeons. The continent requires a scale-up of its 

linear growth rate to 663.4 - 1269.5 neurosurgeons/year, or exponential growth rate to 

15.87% - 22.21% per annum to meet its needs. While North African countries will likely 

meet their 2030 workforce requirements, sub-Saharan African countries will have 

significant workforce deficits.  

Conclusion 

Despite a recent surge in neurosurgery residency training, the current state of 

Africa’s neurosurgery workforce is dire, and many countries will be unable to meet their 

workforce requirements by 2030 at current growth trends. A significant scale-up of the 

neurosurgery workforce is required in order to meet these targets. 
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1. Introduction 
In 2015, the Lancet Commission on Global Surgery (LCoGS) outlined the 

challenges facing the delivery of optimal, effective, and quality surgical care globally. 

The commission noted that 5 billion people lacked access to safe and affordable surgical 

care, with a preponderance in low- and middle-income countries (LMICs), and that 143 

million additional procedures are required yearly to save lives and prevent disability.1 

This high surgical unmet need is attributed to barriers in accessing, reaching, and 

receiving care, including low surgical capacity caused by a lack of trained personnel and 

facilities.1,2,3 Thus, among the several solutions proposed by the LCoGS to meet current 

and projected population demands by 2030 was the need for urgent investment in 

human resources for health and scale-up of specialist surgical workforce and services.1 

This proposal was reiterated in the World Health Organization’s (WHO) global strategy 

for human resources for health which emphasized optimizing performance, quality and 

impact of the health workforce, aligning investment in human resources with current 

and future population and health system needs, building capacity from local to global 

levels, and strengthening data on human resources for monitoring and accountability.4,5 

LMICs are especially disadvantaged because only 6% of the 313 million annual surgical 

procedures done globally occur in these countries, where one-third of the global 

population resides.1 Lack of surgical access contributes to 17 million deaths annually, 

three times the amount due to malaria, tuberculosis, and HIV/AIDS combined.1 
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Expanding the specialist surgical workforce and increasing surgical access decreases 

disease burden, and are as cost-effective as preventative health measures.2,3 Africa is 

particularly disadvantaged, as sub-Saharan Africa has only 2-3% of the global health 

workforce despite accounting for 11% of the global population and 25% of the global 

disease burden.6 Nine out of 10 people in sub-Saharan Africa lack access to safe and 

affordable surgical care.1 While significant efforts have been made over the years to 

enhance the practice of several medical and surgical specialties, neurosurgery appears to 

have been relegated to the periphery, considered low priority, and treated as an 

expensive “luxury”.2,7,8 

1.1 State of global neurosurgery workforce 

Global neurosurgery is defined, as adapted from the definition of global surgery,9 

“as an area of study, research, practice, and advocacy that places priority on improving 

health outcomes and achieving health equity for all people worldwide who are affected 

by neurosurgical conditions or have a need for neurosurgical care”.7 Neurosurgery is 

concerned with the treatment of brain, spinal and peripheral nerve diseases. 

Neurosurgical conditions, like brain and spine tumors, traumatic brain and spine 

injuries, congenital anomalies, degenerative spine disease, stroke, central nervous 

system infections, and epilepsy contribute a significant volume to the global burden of 

disease.10,11 Together, these conditions in 2016 accounted for an estimated 22.6 million 

neurosurgical consultations, of which 13.8 million cases required operative 
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intervention.10 Given an estimate of  49,940 specialist neurosurgeons globally with a 

global average case capacity of 223 cases per neurosurgeon per year, it was estimated 

that the global neurosurgery case coverage (met need) was 11.1 million, and that there 

was an outstanding deficit (unmet need) of 5.2 million cases.10 The distribution of the 

neurosurgical specialist workforce is significantly skewed, being higher in the WHO 

Western Pacific (WPR), Europe (EUR), and Americas (AMR) regions than in the African 

(AFR) and Eastern Mediterranean (EMR) regions.10,12 Consequently, the AFR and EMR 

regions have lower neurosurgical case capacities and together account for 47.5% of the 

global neurosurgical unmet need.10 

The global neurosurgeon workforce density in 2016 was estimated to be 0.69 per 

100,000 population or 1 neurosurgeon to 145,000 people (median density: 0.36/100,000, 

i.e. ratio 1:278,000).12 It was higher in the WPR (1.21/100,000), EUR (1.18/100,000), and 

AMR (0.97/100,000) regions and lower in the AFR region (0.05/100,000).12 The global 

density appears to be an improvement on previously documented global ratios of 1 

neurosurgeon to 230,000 people in 2001,13 1 neurosurgeon to 179,000 people in 2004 

(0.56/100,000),14 and 1 neurosurgeon to 294,000 people in 2017 (0.34/100,000).15 It is, 

however, a far cry from the 1 neurosurgeon to 100,000 population ratio recommended 

by experts in the United States in 1977,16 which was regarded as the global target but was 

not met by up to 85% of countries worldwide.7,14,17,18 Some reports have used a target of 1 

neurosurgeon to 200,000 - 230,000 people for LMICs, arising from the 2001 study by El 
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Khamlichi.19,20,21 More recently, it has been suggested that a target of 1 neurosurgeon to 

200,000 people should suffice to cover the basic and essential neurosurgical needs in 

LMICs.22,23 

1.2 State of neurosurgery workforce in Africa 

Of the estimated 49,940 specialist neurosurgeons worldwide in 2016, there were 

only 488 neurosurgeons serving almost 1 billion people in the 47 countries of the WHO 

AFR region.10,12 This gives a neurosurgeon density of 0.05 per 100,000 people or a ratio of 

1 neurosurgeon to 2 million people. This abysmal number does not cover the 

overwhelming neurosurgical case volume, estimated at almost 2 million cases, of which 

the case capacity was only 108,824, leaving a deficit of 1.9 million cases.10 To surmount 

this unmet need, it was estimated that 8,420 additional neurosurgeons are needed in 

Africa, a 1700% increase in the neurosurgical workforce.10 While the countries in the AFR 

region are all in sub-Saharan Africa, except for Algeria, the other countries in Northern 

Africa belong to the WHO EMR region which fared better with an estimated 

neurosurgeon density of 0.33/100,000 or 1 neurosurgeon to 303,000 people.12 

The specialist neurosurgical workforce deficits in Africa, north and south of the 

Sahara, contribute to the low case capacity and high unmet burden documented in the 

literature. These workforce deficits are due to low prioritization of neurosurgery 

training and practice by policymakers, sparse availability of trainees, trainers and 

training programs, absence of motivation for trainers and trainees, long duration of 
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training programs, long working hours, lack of modern diagnostic and interventional 

neurosurgical equipment, poor remuneration of specialists, poor retention strategies, 

and high rates of health worker migration.3,8,24,25,26,27,28 The overall result is that few specialist 

neurosurgeons are being trained, and trainees are not equipped with the expected 

competencies that make them comparable with their counterparts around the world. 

1.3 Brief history of modern neurosurgery in Africa 

The history of neurosurgery in Africa is as old as documented human history, 

having begun and reached advanced levels during the ancient Egyptian civilization.29,30 

Arabic scholars in North Africa are credited with preserving medical and scientific 

literature, including those related to surgery and neurosurgery, through the dark and 

middle ages.29,30 Some basic neurosurgical procedures such as trephination were, and still 

are, practiced in traditional African societies.31 Modern neurosurgery in Africa is, 

however, more recent with the earliest neurosurgical unit established in South Africa in 

1939 by Rowland Kyrnauw who was later joined by Hermann de Villiers in 1946.32,33,34 The 

neighboring Southern African countries, Zimbabwe and Angola, had their first units in 

1956 by Laurence Levy and in 1975 by Yugoslavia-trained Angolan neurosurgeon, João 

de Abreu, respectively.35,36,37 In North Africa, Egypt’s first neurosurgery unit was 

established in 1949 by Ahmed Abu Zikri, a general surgeon who received neurosurgery 

training in the United States of America (US).30 However, Egypt’s first indigenous 

specialist neurosurgeon was Osman Sorour who joined the unit created by Arne 
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Torkildsen in Cairo in 1956.34,38 In Morocco, French surgeons Andre Massebouef and 

Raphael Acquaviva established a neurosurgery unit in 1960 and were joined by the first 

indigenous Moroccan neurosurgeon Kerdoudi in 1973.39,40,41 

The first West African neurosurgery unit was established at Ibadan, Nigeria, in 

October 1962, by US-trained Nigerian neurosurgeon, E. Latunde Odeku, sponsored by 

the Rockefeller Foundation of New York.38,42,43,44 Odeku holds the enviable honor of being 

the first Black person to train in neurosurgery in the US, and the second to be certified 

by the American Board of Neurological Surgery, after Clarence Sumner Greene who 

trained in Canada.44  In 1967, Adelola Adeloye joined Odeku’s unit in Nigeria,43 while 

Mustaffa started Ghana’s first neurosurgery unit at Korle Bu.45 In the same year, East 

Africa’s first neurosurgery unit was established by Renato Ruberti in Kenya and he was 

joined briefly by indigenous J. Nabwangu in 1973, and subsequently in 1979 by GM 

Sande, a general surgeon who trained in neurosurgery in Ireland and Scotland.34,46,47,48 

Following Kenya’s unit, neurosurgery spread to Uganda in 1969 when Ian Bailey started 

a unit at Mulago, and was joined by Uganda’s first indigenous neurosurgeon, Jovan 

Kiryabwire, who trained in the United Kingdom (UK).34,49,50 In Sudan, indigenous Hussein 

Suleiman Abusalih is credited with starting the first neurosurgery unit in the early 

1970s, having trained in Egypt and England.51 And in the late 1970s, HJ Reulen set up a 

neurosurgery unit in Tanzania; he was joined in 1984 by Simpert Kinunda, an 
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indigenous plastic surgeon who had neurosurgery training in Germany, and in 1985 by 

Russia-trained Peter Kadjanji, the first indigenous specialist neurosurgeon.34,52 

Modern neurosurgery practice spread across the African continent at a slow 

pace, and despite a recent surge some African countries still do not have a practicing 

neurosurgeon. Most of the existing centers, especially in sub-Saharan Africa, are 

challenged by significant workforce crises and overwhelming neurosurgical case 

burden.3,8,26,27,53,54,55 This has resulted in personal and professional burnout and demotivation 

which is heightened by organizational and equipment deficits, training and educational 

deficits, financial insecurity, and limited opportunities for career progression.3,8,26,27,53,54,55 In 

addition, neurosurgery as a medical specialty suffers neglect and non-prioritization in 

national health policies in many African countries. 

1.4 Neurosurgery training in Africa 

Just like neurosurgery practice, neurosurgery training also began earlier in South 

Africa and the North African countries.38 The Colleges of Medicine of South Africa 

(CMSA) was established in 1955 to oversee postgraduate medical training, while its 

constituent medical colleges, like the College of Neurosurgery, regulate standards of 

practice in their specialty.56 Fellowship certification exams in neurosurgery in South 

Africa began in 1970.38 In Algeria, neurosurgery training started in 1974, while the 

specialist doctoral degree in neurosurgery in Egypt was commenced at the University of 

Alexandria in 1978.28,38 In Morocco, neurosurgery residency training was introduced at 
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Rabat in 1968,40 and following its tremendous progress the World Federation of 

Neurosurgical Societies-Rabat Regional Training Center (WFNS-Rabat RTC) was 

established in 2002 to help train neurosurgeons for other African countries without the 

capacity to do so.27,57,58,59 Morocco is uniquely positioned half-way between developed 

European countries and developing African countries, having a similar patient and 

health system profile as other African countries, but with well-established neurosurgical 

units in its major cities.27 By December 2018, the WFNS-Rabat RTC had trained 30 sub-

Saharan African neurosurgeons, with 28 others still in training.27 The success of the 

WFNS-Rabat RTC inspired the establishment of more WFNS training sites under the 

Africa-100 initiative in Algeria, Egypt, and South Africa.8,27,48,60 This project, initiated by a 

former WFNS President, began in 2012 with the aim of enhancing quality-assured 

neurosurgery training in Africa and adding 100 neurosurgeons to the African 

neurosurgery workforce over a 10-year period.8,27,48,60 

Neurosurgery training in West Africa began in Nigeria in 1979 under the 

auspices of the National Postgraduate Medical College of Nigeria (NPMCN) but was 

almost abandoned in the mid-1980s when many Nigerian neurosurgeons emigrated.43 

The West African College of Surgeons (WACS), which succeeded the Association of 

Surgeons of West Africa (ASWA) in 1973,61,62 started its neurosurgery training program in 

1983 modeled after that of the Royal College of Surgeons of Edinburgh,43 and has held 

biannual examinations since 1991.38 The training program in Ghana was initiated by the 
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Foundation for International Education in Neurological Surgery (FIENS) in 1989,8,36 and 

was subsequently accredited by WACS. In East Africa, neurosurgical training initially 

occurred by apprenticeship at a sparse number of universities and teaching hospitals 

which had very few positions and inconsistent curriculum.63 This became standardized 

by the College of Surgeons of East, Central and Southern Africa (COSECSA), established 

in 2005, which approved a uniform neurosurgery training curriculum and accreditation 

system.34,36,38,47,48,63,64 The COSECSA curriculum was developed in collaboration with the 

WFNS, FIENS, and Neurosurgical Education Development (NED) Foundation, and was 

adapted to suit local priorities from the curriculum used in US institutions.7,34,36,47,48,63,64,65,66 The 

goal was to conduct local specialist neurosurgical training that would expose trainees to 

local pathologies and system peculiarities and increase retention of the neurosurgical 

workforce.63 The East African Neurosurgery Training Program (EANTP), which was the 

foundational basis of the COSECSA program, spawned collaborative education 

agreements linking international institutions and agencies with local training 

institutions in Ethiopia, Kenya, Tanzania, and Uganda.8,34,47,48,50,55,63,64,67,68,69,70,71 Internationally, 

COSECSA like the preceding Association of Surgeons of East Africa (ASEA) collaborates 

with several organizations such as the Royal College of Surgeons of England, Scotland 

and Ireland, American Association of Neurological Surgeons (AANS), Congress of 

Neurological Surgeons (CNS), CMSA and WACS.34,72 Aside from the regional WACS and 

COSECSA neurosurgery training programs, other national programs exist in sub-
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Saharan Africa, such as the Master of Medicine (MMed) programs at the University of 

Nairobi (run with support from FIENS and NED),48,48,73 and the University of Zimbabwe.35 

African neurosurgeons and neurosurgical societies relate through various 

continental bodies, primarily the Continental Association of African Neurosurgical 

Societies (CAANS) which is the principal representative society at the WFNS. 

Previously, this role was played by the Neurosurgical Section of the Pan African 

Association of Neurological Sciences (PAANS) and more recently the African Federation 

of Neurological Surgeons (AFNS) and the Association of Neurological Surgeons of 

Africa (ANSA). PAANS was established in 1972 and collaborated with the WFNS, 

WHO, European Association of Neurological Surgery (EANS), and the Royal Colleges 

Surgeons for short training courses.39 ANSA, founded in 2008, aimed to further the 

growth of African neurosurgery through training, research, and promoting high 

standards of practice.34,38,47,64 The AFNS’ goal was to harmonize training curriculum in 

Africa and achieve a pan-African accreditation system through an African Board of 

Neurological Surgery (AfBNS).34,47,64 CAANS was founded in 2012 with a focus on 

advancing neurosurgical education in Africa. The youth wing of CAANS known as 

Young CAANS or Young African Neurosurgeons (YAN), along with the Association of 

Future African Neurosurgeons (AFAN) have been at the forefront of implementing 

various educational and research activities since the onset of the COVID-19 pandemic.74,75 

Neurosurgical education in Africa is, however, challenged by the sparsity of training 
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faculty and resources, financial handicap, lack of modern training and practice facilities, 

low research proclivity and productivity, and issues with maintaining training and 

practice standards.8,13,18,21,25,27,55,59,63,64,68,76,77,78,79,80,81,82,83  

1.5 Need to evaluate the specialist neurosurgery workforce and 
training programs in Africa 

African countries account for only 1% of the specialist neurosurgeon population 

globally, with the neurosurgeon to population ratio in most sub-Saharan African 

countries being 1 to 2 million people, and approaching 1 to 303,000 people in North 

Africa.10 The continent contributes 36-40% of the global neurosurgical unmet need, 

requiring over 8,000 more neurosurgeons to fill this need.10 While efforts are being made 

to expand specialist neurosurgeon training in Africa, it is important to evaluate the 

contents and processes of these training programs. Using a Strength, Weakness, 

Opportunities, and Threats (SWOT) analysis approach will enable a better 

understanding of the programs and highlight areas for possible improvement. It is 

equally important to understand the rate of neurosurgical workforce growth and use 

this to estimate the required and available workforce to cover the neurosurgical 

population needs and burden by 2030, the target date set by global institutions to 

achieve sustainable improvements in all aspects of life, including health.1,4,5,84,85,86 

Specifically, these sustainable development goals include prioritizing human resources 

for health through strategic planning, training, recruitment, deployment, and retention 

in order to reach the health workforce and service delivery targets by 2030.1,4,86 In the long 
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term, the study results will influence neurosurgical agenda setting and prioritization, 

impact policy-making and implementation, and help direct external aid to areas of 

greatest need. The study results will also have a potential impact on the care and 

management of patients with neurosurgical illness, as well as on other aspects of 

healthcare delivery. 

1.6 Study purpose 

The study’s purpose is to assess existing neurosurgical capacity and training in 

Africa, review the specialist neurosurgery training programs in Africa, and project the 

specialist neurosurgery workforce coverage by 2030. The study aims to answer the 

following research questions: 

1. What is the state of Africa’s specialist neurosurgeon workforce and training 

programs? 

2. What are the contents and processes of these training programs? 

3. Will African countries reach recommended neurosurgeon workforce targets 

by 2030 if the current trends remain the same? 

1.7 Study objectives/aims 

The objectives of the study are: 

1. To appraise the current specialist neurosurgeon workforce and availability of 

neurosurgery residency training programs in Africa. 
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2. To evaluate the neurosurgery residency training programs for their contents, 

strengths, weaknesses, opportunities, and threats (SWOT analysis). 

3. To estimate the specialist neurosurgeon capacity and coverage in Africa by 

2030, if current rates of workforce development are sustained. 
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2. Methods 

2.1 Setting 

The setting for this study includes all African countries listed by the African 

Union, the umbrella political and economic organization for countries on the African 

continent (Figure 1).87,88 The countries were grouped into five regions – North, West, 

Central, East, and Southern – as classified by the African Union.87,88 

 

Figure 1: Map of Africa showing the regions as grouped by the African Union. 
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2.2 Sample 

The study sample included materials obtained from systematic literature review 

and gray literature search on specialist neurosurgery workforce and training in Africa. 

The systematic literature review yielded peer-reviewed published papers on 

neurosurgery practice, workforce and training, while the gray literature search yielded 

conference abstracts and proceedings, and official training program guidelines, 

curriculum and protocols. The gray literature search also provided professional 

association documents and membership lists, health ministry or professional regulatory 

body documents and lists, and news articles on neurosurgery practice and training in 

online electronic and social media. Two timepoints, 2001 and 2020, were used to extract 

data on specialist neurosurgery workforce estimates. This data was used to model the 

average annual linear and exponential growth rates which were subsequently used to 

project the workforce estimates up to the year 2030. 

2.3 Procedures 

The study plan and timeline are shown in Appendix A. The data and 

information were obtained from publicly available online sources, and only the most 

credible and recent were included. A systematic literature search was conducted on 

three research databases - PubMed, Embase, and African Index Medicus (AIM), with the 

aid of the Global Health librarian at the Duke University Medical Center Library and 

Archives (DUMCLA) using a pre-agreed search strategy (Appendix B). The literature 
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was imported into Covidence Extraction 2.0 systematic review software (Veritas Health 

Innovation, Melbourne, Australia), where two-level screening (Title and abstract 

screening, and Full-text review) were done independently by a two-person review team 

with a third collaborator resolving conflicts among the initial reviewers. Data was 

subsequently extracted from the articles that passed full-text review, and documented 

on a Google spreadsheet  

Gray literature search was conducted on the websites of known regional and 

national surgical and neurosurgical training colleges in Africa, national, regional, 

continental and international neurosurgical professional associations or societies, 

ministries of health, medical/health practitioners regulatory councils, and medical/health 

practitioners professional associations were also searched for relevant data and 

information. Specific documents of interest were lists of neurosurgeons and 

neurosurgery residents, neurosurgery training guidelines, curriculums, and protocols, 

and conference abstracts, presentations, and proceedings. In addition, online news 

articles on country-specific neurosurgery workforce and training, including interviews, 

blogs and social media articles, were accessed for relevant data and information. 

The inclusion criteria were: 

1. Literature on the continental, regional, and national specialist neurosurgical 

workforce in Africa 

2. Literature on specialist neurosurgery training programs in Africa 
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3. Documents, including guidelines, curriculums, syllabuses, regulations, 

portfolios, and protocols on neurosurgery residency training in Africa 

The exclusion criteria were: 

1. Literature not related to specialist neurosurgery training and workforce in 

Africa 

2. Literature on non-African countries 

The population of each African country was obtained from the latest population 

estimates published by the United Nations Population Division.89 The projected 

population from 2020 to 2030 was estimated using the 2019 population estimate and the 

average annual rate of population change from the UN population data. 

2.4 Data management 

All relevant data were collected on a Google spreadsheet located within a 

dedicated file hosted on the Duke Global Neurosurgery and Neurology (DGNN) Google 

drive folder. The data was backed up on Alvan Ukachukwu’s personal laptop which is 

password-protected, as well as on the DGNN folder hosted on secure Duke Surgical 

Servers. Only the members of the review team had access to the data. The data did not 

include information from human subjects or personal identifiable or protected health 

information. 

Alvan Ukachukwu was primarily responsible for the systematic literature review 

and gray literature search, as well as data extraction, completeness, veracity, credibility, 
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quality, security, and storage. He was assisted in doing the systematic literature review 

by the DUMCLA Global Health librarian, and in the gray literature search, data 

collection, and verification by another member of the DGNN, while the DGNN 

Associate Director provided oversight and helped to review the data for completeness 

and quality. 

2.5 Ethical approval 

An exemption for ethical review was granted by the Duke Campus Institutional 

Review Board on September 9, 2020 (Appendix C). This was on the grounds that the 

study did not involve human subjects, and thus, did not require IRB review or approval. 

There was no ethical violation in data collection or storage practices as the data 

contained only publicly available information on neurosurgery workforce and training 

in Africa, and did not contain any personal or sensitive information. 

2.6 Measures 

The primary outcome measures were number of specialist neurosurgeons in each 

African country in 2001 and 2020, 2020 neurosurgeon density and ratio, average linear 

and exponential annual growth rates, number of specialist neurosurgery training 

programs, and the content and processes of the training programs. They also included 

the 2019 UN population estimates and annual population growth rates. The secondary 

outcome measures were the SWOT analysis of the major neurosurgery training 

programs, linear and exponential projection of the specialist workforce up to the year 
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2030, population projections from 2020 to 2030, and the neurosurgery case volume, 

capacity and deficit projections from 2020 to 2030. The secondary measures also 

included the estimated number of neurosurgeons required based on population and 

case burden estimates, the neurosurgeon deficits based on the linear and exponential 

projections, and the exponential and linear growth rate scale-up required to meet the 

population and burden workforce requirements. 

Neurosurgeon density was defined as the number of neurosurgeons divided by 

the country population and multiplied by 100,000. The case volume or burden was 

defined as the average number of cases requiring operative neurosurgical intervention 

in the population and was estimated from previously published literature as an average 

of 190 cases per 100,000 population globally.10,12 The case capacity (met need) was defined 

as the average number of operative neurosurgical interventions performed by a single 

neurosurgeon per year and was estimated in previously published literature as an 

average of 223 cases per neurosurgeon per year globally.10,11 The case deficit (unmet need) 

was defined as the total case volume minus the total case capacity per year. The study 

estimated both the population and case burden workforce requirements in order to 

compare the two indicators and determine which will be a more appropriate target for 

policymakers in resource-limited LMIC countries. In addition, linear and exponential 

growth rates and projections were documented so as to determine which is more 
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amenable to variations in geopolitical and socioeconomic factors affecting the specialist 

health workforce. 

2.7 Data analysis 

Quantitative analysis of retrospective observational data and qualitative 

evaluation of specialist neurosurgery training programs in Africa using a SWOT 

analysis were performed. Excel and Google spreadsheets were used for quantitative 

processes, with descriptive analysis done for all study measures. Projection of the 

workforce estimates up to 2030 was done using the average annual linear and 

exponential growth rates derived from the 2001 and 2020 data. 

The linear annual growth rate was calculated using the equation: 

r = (N – n)/(Y – y) 

where r is the linear annual growth rate (number of new neurosurgeons per year), N is 

the number of neurosurgeons in the year 2020, n is the number of neurosurgeons in the 

year 2001, Y is the year 2020, and y is the year 2001. (Y – y), therefore, is equal to 19 

years. 

The year-on-year linear projection was then estimated using the formula: 

xt = x(t-1) + r 

where xt is the projected number for any given year, x(t-1) is the number of neurosurgeons 

in the preceding year, and r is the linear annual growth rate. 

The exponential growth rate was calculated using the exponential function: 
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xt = x0* (1 + λ/100)t 

where xt is the projected number at time t, x0 is the number of neurosurgeons at time t = 

0, λ (lambda) is the exponential percentage annual growth rate, and t is the time interval 

between any given time and time t = 0 (i.e. (txt – t0)). Calculating the exponential 

percentage annual growth rate and subsequent projection of the number of 

neurosurgeons to the year 2030 were facilitated using the online mathematical software 

‘Solver’, a Microsoft-Excel add-in program for Excel and Google spreadsheets. 
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3. Results 

3.1 Literature search results 

The PRISMA flow chart (Figure 2) details the number of papers obtained and 

reviewed following systematic literature search of PubMed, Embase, and AIM 

databases. 1451 studies were imported into Covidence systematic review software, and 

following the removal of 386 duplicate studies, 1065 studies were moved to title and 

abstract screening. 866 studies were deemed irrelevant, leaving 199 studies for full-text 

review. Of these, 40 studies were excluded based on the inclusion and exclusion criteria 

previously detailed. 159 studies were deemed eligible and used for quantitative and 

qualitative data synthesis. Our findings are presented in line with the study aims and 

objectives.  

 

Figure 2: PRISMA flow chart of systematic literature review. 
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3.2 Aim 1: To appraise the current specialist neurosurgeon 
workforce and availability of neurosurgery residency training 
programs in Africa. 

3.2.1 Specialist neurosurgeon workforce 

There are currently 1974 specialist neurosurgeons practicing on the African 

continent for an estimated population of 1.3 billion people, giving a neurosurgeon 

workforce density of 0.15 per 100,000 and a ratio of 1 neurosurgeon to 678,740 people 

(Table 1). The greatest number of neurosurgeons is in North Africa where there are 1271 

neurosurgeons (64.39%) serving 207.2 million people with a density of 0.61 per 100,000 

and a ratio of 1 neurosurgeon to 163,022 people. This is followed by Southern Africa 

where there are 250 neurosurgeons (12.66%) for 184.1 million people, giving a density of 

0.14 per 100,000 and a ratio of 1 neurosurgeon to 736,286 people. In West Africa, there 

are 229 neurosurgeons (11.60%) for 397.2 million people, with a density of 0.06 per 

100,000 and ratio of 1 neurosurgeon to 1.7 million people. East Africa has 163 

neurosurgeons (8.26%) serving 392.7 million people, giving a density of 0.04 per 100,000 

and a ratio of 1 neurosurgeon to 2.4 million people. The least number of neurosurgeons 

is in Central Africa where 61 neurosurgeons (3.09%) cater to a population of 158.6 

million people, with a density of 0.04 per 100,000 and a ratio of 1 neurosurgeon to 2.6 

million people. 

The number of neurosurgeons per country ranges from 0 to 547, with a mean of 

36 neurosurgeons per country and a median number of 7. The highest numbers are 
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found in Egypt (547), Algeria (400), Morocco (230), South Africa (180), Nigeria (108), and 

Tunisia (73). Seventeen (17) countries have between 10 and 40 neurosurgeons, 28 

countries have 1 to 10 neurosurgeons, while 4 countries (Sao Tome and Principe, 

Seychelles, Sierra Leone, and Western Sahara) have no neurosurgeons. The density of 

neurosurgeons ranges from 0.00 to 0.91 per 100,000, with a median of 0.06 per 100,000, 

i.e. a ratio of 1 neurosurgeon to 1.7 million people. The highest concentration of 

neurosurgeons are seen in Algeria (0.91/100,000 or 1:109,785), Mauritius (0.79/100,000 or 

1:127,254), Morocco (0.62 or 1:160,635), Tunisia (0.62/100,000 or 1:161,968), and Egypt 

(0.53/100,000 or 1:187,195). The remaining 50 countries have neurosurgeon-to-population 

densities below 0.50/100,000 (ratio 1:200,000). 

3.2.2 Specialist neurosurgery training centers 

There are 106 specialist neurosurgery training centers in 26 African countries, 

with the remaining 29 having no formal training programs (Table 1). This gives an 

average of 4.1 centers per country among the 26, or 1.9 centers per country when all 

African countries are considered. The distribution of the training centers shows that the 

majority (52; 49.05%) are located in North Africa, while there are 23 (21.70%) in West 

Africa, 15 (14.15%) in East Africa, 14 (13.21%) in Southern Africa, and 2 (1.89%) in 

Central Africa (Figure 3). Among the North African countries, Egypt has 20 training 

centers, followed by Algeria (15) and Morocco (10). Tunisia, Libya, and Mauritania have 

4, 2, and 1 centers respectively, while Western Sahara has none. In West Africa, Nigeria 
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ins 13 trnb-b-g hk-tkrs, Gin-n n-d Sk-kgna inyk 3 knhi, Bk-b-, BurKb-n Fnso, Côtk 

d’Iyobrk, n-d Nbgkr inyk 1 knhi, wibak tik rkenb-b-g 8 hou-trbks inyk -o trnb-b-g 

hk-tkrs. I- mnst vfrbhn, tikrk nrk 4 trnb-b-g hk-tkrs b- ck-ln, 2 knhi b- mtibopbn, Rwn-dn, 

Sudn-, Tn-zn-bn, n-d Ugn-dn, n-d o-k b- Mndngnshnr. Tik rkenb-b-g 7 hou-trbks inyk 

-o-k. Souti vf rbhn nhhou-ts for 8 trnb-b-g hk-tkrs b- tik Soutikr- vfrbhn- rkgbo-, wibak 

Mnanwb n-d MozneAbquk inyk 2 knhi, ZneAbn n-d ZbeAnAwk inyk 1 knhi, n-d tik 

otikr 5 hou-trbks inyk -o-k. Tik o-al two trnb-b-g hk-tkrs b- tik Ck-trna vfrbhn- rkgbo- 

nrk b- Cnekroo-,  wibak tik 8 otikr hou-trbks inyk -o-k. Fbgurk 4  bs n hoeposbtk gkoEenp 

of vfrbhn siowb-g tik rkantbyk -ueAkrs of spkhbnabst -kurosurgko-s n-d  trnb-b-g hk-tkrs. 



26

Table 1: Number and distribution of neurosurgeons and neurosurgery training programs in Africa 

Country 
Surgical 
College 200113 201623,90 

2016 density 
(/100,000) 201821,23,27,82,91 

2018 density 
(/100,000) 2020 

2020 density 
(/100,000) 

Training 
programs 

North Africa 

Algeria - 130 100 0.26 106 0.26 40092 0.91 1592 
Egypt - 165 400 0.45 521 0.55 54793 0.53 2030,38 
Libya - 5 11 0.18 10 0.15 1023 0.15 2109 
Mauritania - 0 6 0.15 10 0.24 1194 0.24 194 
Morocco - 80 150 0.44 190 0.54 23095 0.62 10110 
Tunisia - 25 73** 0.66 73** 0.65 73**23,90 0.62 4111 

Western Sahara - - - - - - 090 0.00 0 

405 740 910 1271 (64.39%) 0.61 52 (49.05%) 

West Africa 

Benin WACS - 6 0.06 10 0.06 1082,96 0.08 121 
Burkina Faso WACS 1 6/5* 0.03 7 0.04 723,97 0.03 121,112 
Cabo Verde WACS - 1 0.19 2 0.38 223 0.36 0 
Côte d’Ivoire WACS 4 11 0.05 16 0.05 1621 0.06 121,111,112 
The Gambia WACS - 2 0.10 2 0.09 221,23,90 0.08 0 
Ghana WACS 1 19 0.07 24 0.07 2421 0.08 3112 
Guinea WACS 1 4 0.03 6 0.03 621 0.05 0 
Guinea-Bissau WACS 0 12/4* 0.67/0.22* 1 0.06 123 0.05 0 
Liberia WACS - 0 0.00 1 0.02 121,23 0.02 0 
Mali WACS 0 10 0.06 16 0.09 1623 0.08 0 

26
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Niger WACS 0 8 0.04 9 0.04 923 0.04 121 
Nigeria WACS 13 30*** 0.02 81 0.02 10898 0.05 13112 
Senegal WACS 8 11 0.07 21 0.13 2121 0.13 3113 
Sierra Leone WACS - 0 0.00 0 0.00 021,23,82,90 0.00 0 
Togo WACS 1 4 0.06 6 0.08 623,82 0.07 0 

29 124/112* 202 229 (11.60%) 0.06 23 (21.70%) 

Central Africa  
Burundi COSECSA 0 1 0.01 2 0.02 223,99 0.02 0 
Cameroon WACS 6 7 0.03 26 0.09 2621 0.10 221,114 
Central African 
Republic - 0 0.00 1 0.02 123 0.02 0 
Chad - 3 0.02 3 0.02 323,90 0.02 0 
Republic of 
Congo  1 21/4* 0.47/0.08* 5 0.10 523,59,91 0.09 0 
DR Congo 2 4 0.01 12 0.01 1427,91,100 0.02 0 
Equatorial 
Guinea 0 0/4* 0.00/0.33* 5 0.41 523 0.36 0 
Gabon 1 8/5* 0.47/0.25* 5 0.25 523 0.22 0 
Sao Tome and 
Principe - 0 0.00 0 0.00 023,90 0.00 0 

10 44/28* 59 61 (3.09%) 0.04 2 (1.89%) 

East Africa 

Comoros 0 0/3* 0.00/0.38* 4 0.50 423 0.46 0 
Djibouti - 1 0.11 2 0.22 223 0.20 0 

27
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Eritrea - 1 0.02 2 0.04 223 0.06 0 
Ethiopia COSECSA 1 25 0.03 28 0.03 35101 0.03 263,69,115 
Kenya COSECSA 8 22 0.05 36 0.07 40102 0.07 463,69,115 
Madagascar 0 6 0.03 6 0.02 623,90 0.02 1111,116 
Mauritius 1 0/6* 0.00/0.47* 6 0.47 10103 0.79 0 
Rwanda COSECSA 0 2 0.02 7 0.06 723,104 0.05 263,69,115 
Seychelles - 0 0.00 0 0.00 090 0.00 0 
Somalia 2 4 0.04 4 0.03 423,90 0.03 0 
South Sudan COSECSA - 0 0.00 1 0.01 123 0.01 0 
Sudan COSECSA 6 41/19* 0.10/0.05* 20 0.05 2023 0.05 263,69,115 
Tanzania COSECSA 3 8 0.02 10 0.02 20105 0.03 263,69,115 
Uganda COSECSA 3 10 0.26 12 0.03 1223 0.03 263,69,115 

24 120/107* 138 163 (8.26%) 0.04 15 (14.15%) 

Southern Africa 

Angola - 7 0.03 14 0.05 1837 0.05 0 
Botswana COSECSA 1 10 0.45 8 0.37 823 0.34 0 
Eswatini 0 2 0.16 2 0.18 223,90 0.17 0 
Lesotho 0 0 0.00 5 0.26 523 0.23 0 
Malawi COSECSA 1 2 0.01 2 0.01 3106 0.02 263,69,115 
Mozambique COSECSA 1 8 0.03 8 0.03 823,90 0.03 2111 
Namibia COSECSA 1 3/2* 0.12 2 0.08 390 0.12 0 
South Africa CMSA 86 33**** 0.06 33**** 0.06 180107 0.30 8117,118 
Zambia COSECSA 1 69/7* 0.44/0.04* 8 0.05 823 0.04 1111,115 
Zimbabwe COSECSA 6 6 0.04 14 0.10 15108 0.10 135,111 

28
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97 140/77 96 250 (12.66%) 0.14 14 (13.21%) 

AFRICA total 565 1168/1064* 1405 1974 (100%) 0.15 106 (100%) 
*inconsistent figures between WFNS website 2016 Workforce Map and PGSSC publication
**static figures for Tunisia since 2016
***erroneous figure for Nigeria in 2016
****likely erroneous figures for South Africa in 2016 and 2018

29
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Figure 3: Continental and regional distribution of neurosurgery training centers in Africa.
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Geo-Map of Africa's neurosurgery workforce and training distribution. 

Figure 4: Composite geo-map showing the relative distribution of neurosurgeons (circle size) and neurosurgery training 
centers (circle color) in Africa.
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https://docs.google.com/spreadsheets/d/16HCSDtErcaLRwyPukgi1pkeYccKMIkjcf0atSP0BC74/edit#gid=1288104173
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3.3 Aim 2: To evaluate the neurosurgery residency training 
programs in Africa for their contents, strengths, weaknesses, 
opportunities, and threats. 

3.3.1 Neurosurgery residency training programs 

The major neurosurgery training programs in Africa are shown in Figure 5. 

These programs are fragmented along national and regional lines with no uniformity in 

the training curriculum, duration, process, expected competencies, examination,  or 

certification process.13,39,69 In addition, the qualifying credentials are not weighted 

equivalently by the various training governing bodies. 

Figure 5: Major neurosurgery training programs in Africa. 
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North Africa has no regional training program; however, the available programs 

are run independently by universities or ministries of health. In Egypt, there are two 

training formats: university-based programs in about 13 universities, and hospital-based 

programs in about 7 accredited hospitals under the Ministry of Health and Social 

Welfare.28,38 The university programs last 6-8 years culminating in the award of an initial 

Master of Surgery (MS) degree after 3 years, and a final Doctor of Neurosurgery degree 

(DNCh) after a subsequent 3-5 years.28,30,38,69,119 Both are awarded following successful 

presentation of research theses and passing written and oral examinations at each 

stage.28,30,69,119 The hospital programs last 5-9 years, leading to the award of a non-academic 

Fellowship Certificate in Neurosurgery.28,38 Graduates of these programs have the 

opportunity for subspecialty fellowship training in several areas, including 

neurotrauma, neuro-oncology, skull-base surgery, vascular neurosurgery, pediatric 

neurosurgery, spinal neurosurgery, radiosurgery, and functional neurosurgery.30,120 

Neurosurgeons in Egypt are organized under the Egyptian Society of Neurological 

Surgery. 

The programs in Algeria, Morocco, and Tunisia have a similar structure; all 

university-based and lasting for 5 years culminating in the award of a Specialist 

Diploma.27,40,121,122,123 Trainees pass an initial internship or residency placement test, and 

subsequent cyclic examinations while in training. In Morocco, trainees rotate through 
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general surgery, neurology, neuropathology, neuroradiology, and neuro-oncology,  and 

undergo an annual examination (which determines their progress through the program), 

and a national final examination.27,40 Program graduates in Algeria and Morocco have the 

opportunity for subspecialty fellowship training in stereotactic and functional 

neurosurgery.30,92 Their representative societies include the Algerian Society of 

Neurosurgery, Moroccan Society of Neurological Sciences, Moroccan Society of 

Neurosurgery, Tunisian Society of Neurosurgeons, Libyan Association of Psychiatry, 

Neurology, and Neurosurgery, Libyan Society of Neurological Surgeons, and the 

Mauritanian Society of Neurosurgery. The countries in North Africa share significant 

political, socio-cultural, and religious history, and collaborate through the Pan-Arab 

Neurosurgical  Society (PANS), the Maghreban Federation of Neurosurgical Societies 

(MFNS), and the Mediterranean Association of Neurological Surgeons (MANS). As 

many of the countries are French-speaking, they also cooperate with other francophone 

African countries through the French-Speaking Society of Neurosurgery (SNCLF). 

The West African College of Surgeons (WACS) is the regional training program 

coordinator in all 15 West African countries and Cameroon, geographically located in 

Central Africa.21,61,62,124 There are 24 accredited centers for neurosurgical training in 7 

countries, with Nigeria having 13 centers, Ghana and Senegal 3 each, Cameroon 2, and 

Benin, Côte d’Ivoire, and Niger having 1 center each.21,82,112,113,114 These programs are hospital-

based, lasting 6-7 years with the award of the Fellowship of the West African College of 
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Surgeons (FWACS) to trainees who pass written, practical clinical and oral 

examinations/viva voce at 3 years (Part I/Membership examination) and subsequent 4 

years (Part II/Fellowship examination) of core neurosurgical training.69,125 Recently, a 

thesis requirement was added to the final certification process in 2018.69,125 There are, 

however, slight variations in the training curriculum and duration between anglophone 

and francophone countries in the region.21 Burkina Faso has recently developed a 

university-based national training program at a single center that is not yet accredited 

by the WACS.97 The program lasts 5 years culminating in the award of a specialist 

academic diploma.97 

In addition, Nigeria and Ghana have national hospital-based programs that run 

parallel to the WACS program but are similar in content, duration, and certification 

process, including a dissertation requirement.69,126,127 Graduates of these programs are 

awarded the Fellowship of the Nigerian Postgraduate Medical College of Surgeons 

(FMCS) or Fellowship of the Ghanaian College of Physicians and Surgeons (FGCPS).126,127 

The NPMCN recently added the option of a doctorate degree (MD) to its program for 

trainees and graduates wishing to pursue an academic career.126 None of the training 

centers have the opportunity for subspecialty fellowship training.21 Representative 

neurosurgical societies in the region include the Association of West African 

Neurological Surgeons (AWANS), Nigerian Academy of Neurological Surgery, Nigerian 

Society of Neurological Sciences, Ghanaian Academy of Neurological Surgery, 
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Nigeriene Society of Neurosurgery, Beninese Society of Neurosurgery, Ivorian Society of 

Neurosurgery, Senegalese Society of Neurosurgery, Togolaise Neurosurgery Society, 

and the Burkinabe Society of Neurosurgery. 

The College of Surgeons of East, Central and Southern Africa (COSECSA) 

coordinates regional training in 14 countries spread across the East, Central, and 

Southern African regions.63,128 Presently, there are 17 training centers in 8 countries – 4 in 

Kenya, 2 each in Ethiopia, Malawi, Rwanda, Sudan, Tanzania, and Uganda, and one in 

Zambia.63,69,115 The hospital-based program lasts 6 years with trainees obtaining an initial 

Membership of the College of Surgeons (MCS) after 2 years of basic surgical training, 

and a Fellowship of the College of Surgeons (FCS-ECSA-Neuro) after an additional 4 

years of core neurosurgical training, all having written and oral components.63,129,130 There 

are  mandatory research requirements in the form of a dissertation, non-thesis paper, 

and international conference paper presentation.69,129 Surgical skill assessment is through a 

log-book of procedures demonstrating up to 1000 cases from various neurosurgical 

subspecialties and at differing levels of trainee engagement.67,129 Trainees rotate through 

general surgery, orthopedics, accident and emergency, and intensive care, and have 

opportunities for external rotations in Egypt, Turkey, Spain, the US, and the UK.38,47,48,63,129 

Ethiopia, Kenya, Tanzania, Uganda, and Zambia also have national university-based 

programs lasting at least 5 years, leading to the award of Master of Surgery (MS; in 

Ethiopia) or Master of Medicine (MMed; in the other countries) degree.8,63,68,69,70,71,131 Ethiopia, 
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however, requires its trainees to hold both the university MS and COSECSA fellowship 

certifications.36,70,71 

Madagascar, an island country off the East African coast, also has a single 

university-based neurosurgery training program that is not aligned to COSECSA.116 The 

program lasts 8 years, with trainees obtaining a specialist diploma after passing major 

in-training examinations at 4-year intervals.116 Furthermore, Mozambique and Zimbabwe 

are Southern African countries that have national university-based programs awarding 

specialist certification in neurosurgery but not aligned with any regional training 

program.35 Zimbabwean neurosurgery trainees obtain the MMed degree from the 

University of Zimbabwe after 2 years of basic surgical sciences training, 3 years of core 

neurosurgery training, and 1 year of external rotation in another country.35 Trainees in 

the East, Central and Southern African regions have the opportunity for pediatric 

neurosurgery subspecialty training at the CURE Children Hospital of Uganda (CCHU) 

with a focus on hydrocephalus and spina bifida.68 The representative neurosurgical 

societies in the region are the Neurosurgical Society of East and Central Africa, East 

African Association of Neurological Surgeons, Association of Neurological Surgeons of 

Ethiopia, Society of Ethiopian Neurological Surgery Professionals, Neurosurgery Society 

of Kenya, Neurosurgery Society of Uganda, Sudanese Association of Neurological 

Surgery, Malagasy Society of Neurological Surgery, and Zimbabwe Association of 
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Neurological Surgeons. Others are the Angolan Society of Neurosurgery, Congolese 

Neurosurgical Society, and Somali Society of Neurological Sciences. 

The College of Neurosurgery of the Colleges of Medicine of Southern Africa 

(CMSA) coordinates neurosurgical training in South Africa.132 With 8 centers in 

universities and their academic teaching hospitals, the 5-year program culminates in the 

award of the Fellowship of the College of Surgeons (FCS-SA).56,117,118 Candidates are 

required to pass an entry primary examination, an intermediate examination at 18 

months, and a final examination, after 3 years of core neurosurgery training, with 

written and oral components.132 In addition, trainees are required to obtain a dissertation-

based MMed. degree.56,117 This degree was initially a separate specialist qualifying process 

for those interested in academic neurosurgery but has now become a joint 

requirement.56,117 Opportunities abound for subspecialty fellowship training in 

neurotrauma, pediatric neurosurgery, complex spine surgery, skull-base surgery, neuro-

oncology, neuro-critical care, etc. The representative neurosurgical society is the Society 

of Neurosurgeons of South Africa. 

3.3.2 S.W.O.T. analysis of training programs 

An analysis of the major specialist neurosurgery training programs for their 

strengths, weaknesses, opportunities and threats (SWOT) is detailed in Table 2 below.



39

Table 2: S.W.O.T. analysis of major specialist neurosurgery training programs in Africa. 

Program Strengths Weaknesses Opportunities Threats 
College of 
Neurosurgery, 
Colleges of 
Medicine of South 
Africa (CMSA): 

South Africa 

Long history and 
tradition of excellent 
training 

Internationally 
recognized and 
acclaimed: WFNS center 
of excellence, and ISPN 
sponsored pediatric 
neurosurgery 
fellowship  in Cape Town 

Training hub for 
Southern Africa 

Known to have trained 
several neurosurgeons 
for other African 
countries 

Standardized training 
syllabus and certification 
processes 

Technologically 
advanced and 
comparable to HIC 
countries 

Well-developed 
subspecialty training 

Single country training 

Limited training 
spaces 

Could become a regional 
training coordinator, 
accrediting and coordinating 
training in other Southern 
African countries 

Could become destination 
center for subspecialty 
training 

COSECSA could become 
the dominant college in the 
region if it continues to 
expand 

Recent government focus 
on public health limits 
funding to the specialties, 
including neurosurgery 

39



40

Good integration of 
MMed and FCS 
certifications 

Certification recognized 
in all African countries 

Significant research 
content in training 

Strong neurosurgical 
society, with 
relationships with other 
international 
associations 

College of 
Surgeons of East, 
Central and 
Southern Africa 
(COSECSA): 

Ethiopia, Kenya, 
Malawi, Rwanda, 
Sudan, Tanzania, 
Uganda, Zambia 

Multiple countries and 
centers 

Diversity of training and 
experiences 

International 
collaborations, 
partnerships, and 
twinning for training, 
research and capacity 
building 

Training program in 
Kenya recognized by 
WFNS as a regional 
training center of 
excellence 

Recently developed 

Training structure and 
curriculum still 
evolving - syllabus and 
training process not 
yet standardized 

Only 8 out of 14 
countries have 
accredited centers 

Still has significant 
reliance on 
international partners 

Yet to harmonize 
training syllabus and 
certification with other 

Further growth and expansion 
in East, Central and Southern 
African regions 

Could become the most 
dominant program in all of 
East, Central and Southern 
Africa 

International training faculty 
and international exposure of 
trainees 

Development of fellowship 
training in other 
subspecialties like 
neurotrauma, critical care, 
neuro-oncology etc. 

Regional instability - wars 
and conflicts, 
pandemics/epidemics, 
internal displacement 

Poor economy and health 
finances 

Dichotomy between 
MMed/MS and FCS-ECSA 
certifications 

Dearth of technologically 
advanced equipment and 
facilities 

Few experienced training 
faculty 
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Syllabus developed by 
multiple regional and 
international 
collaborators, thus a 
fusion of ideas from 
various trainers 

Subspecialty fellowship 
in pediatric surgery and 
neuroendoscopy 

Cross-border recognition 
of certifications within the 
region 

Several national and 
regional neurosurgical 
societies, with 
relationships with other 
international 
associations 

programs such as the 
university-based 
MMed/MS programs 

Certification lacks 
automatic reciprocal 
recognition in 
countries outside the 
region, and even in 
some countries within 
the region 

Dearth of 
technologically 
advanced equipment 
and facilities 

Few experienced 
trainers in all countries 

Yet to develop 
subspecialty training in 
several areas 

Limited training 
spaces 

Limited research 
content and data 
keeping in training  

Development of research 
capabilities Few accredited centers for 

training and practice 

Reliance on international 
training faculty and aid 

Poor governmental funding 
and prioritization on the 
health agenda 

West African 
College of 
Surgeons 
(WACS): 

Multiple countries and 
centers 

Diversity of training and 
experiences 

Only 7 out of 16 
countries have 
accredited centers 

Further growth and expansion 
in West and Central African 
regions 

Regional instability - 
conflicts, 
pandemics/epidemics, 
internal displacement 
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Benin, Cameroon, 
Côte d’Ivoire, 
Ghana, Niger, 
Nigeria, Senegal 

International 
collaborations, 
partnerships, and 
twinning for training, 
research and capacity 
building 

Not reliant on 
international partners for 
training 

Training program in 
Senegal recognized by 
WFNS 

Syllabus developed by 
multiple regional 
collaborators, thus a 
fusion of ideas from 
various trainers 

Long-standing history of 
training 

Several experienced 
local trainers 

Majority of 
neurosurgeons in the 
region trained locally 

Cross-border recognition 
of certifications within the 
region 

Variance in training 
duration and content 
between anglophone 
and francophone 
countries 

Certification lacks 
automatic reciprocal 
recognition in 
countries outside the 
region 

Dearth of 
technologically 
advanced equipment 
and facilities 

Yet to develop 
subspecialty training in 
all areas 

Limited training 
spaces 

Limited research 
content and data 
keeping in training 

International training faculty 
and international exposure of 
trainees 

Development of fellowship 
training in all neurosurgical 
subspecialties 

Development of research 
capabilities 

Development of more 
international collaborative 
partnerships for training, 
research and capacity 
building 

Poor economy and health 
finances 

Dearth of technologically 
advanced equipment and 
facilities 

Few accredited centers for 
training and practice 

Poor governmental funding 
and prioritization of 
neurosurgery on the health 
agenda 

42



43

Dominant training 
program within the West 
African region 

Several national and 
regional neurosurgical 
societies, with 
relationships with other 
international 
associations 

Independent 
North African 
programs: 

Algeria, Egypt, 
Libya, Mauritania, 
Morocco, Tunisia 

Long history and 
tradition of excellent 
training 

Internationally 
recognized and 
acclaimed: WFNS 
regional training centers 
of excellence in 
Morocco, Egypt and 
Algeria 

Several neurosurgeons 
from other African 
countries trained in 
Egypt and Morocco 

Standardized university-
based training syllabus 
and certification 
processes 

Technologically 
advanced and 

Independent national 
training programs 

Variable training 
duration and content 

Double training 
system in Egypt not 
harmonized 

Low training rates in 
Libya, Mauritania, and 
no neurosurgical 
training or practice in 
Western Sahara 

Development of a regional 
training program to harmonize 
training curriculum and 
duration - could be done 
through the Maghreban 
Federation of Neurological 
Surgeons (MFNS) or Pan-
Arab Association of 
Neurological Surgeons 
(PANS) 

Expansion of training, 
practice and subspecialties in 
Libya, Mauritania and 
Western Sahara 

Upgrade research content 
and requirement in training 

Egypt, Morocco and Tunisia 
could become destination 
centers for subspecialty 
fellowship training 

Political crises in several 
countries 

Wars, conflicts, insecurity, 
and internal displacement 
in Libya and Western 
Sahara 

Variable rates of 
development of 
neurosurgery practice and 
training among countries 

Poor governmental funding 
and prioritization of 
neurosurgery on the health 
agenda in some countries 
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comparable to HIC 
countries: Egypt, 
Morocco, Algeria 

Well-developed 
subspecialty training in 
Egypt, Morocco, Algeria 

Certification recognized 
in many African 
countries 

Strong national and 
regional neurosurgical 
societies, with 
relationships with other 
international 
associations 

Other 
Independent 
programs: 

Burkina Faso, 
Madagascar, 
Mozambique, 
Zimbabwe 

International 
collaborations, 
partnerships, and 
twinning for training, 
research and capacity 
building 

Syllabus developed by 
national and international 
collaborators, thus a 
fusion of ideas from 
various trainers 

Zimbabwe has a long 
history of training, even 
for other countries in 

Most are recently 
developed 

Training structure and 
curriculum still 
evolving - syllabus and 
training process not 
yet standardized 

Still has significant 
reliance on 
international partners 

Yet to harmonize 
training syllabus and 
certification with other 
programs such WACS 

Further growth and expansion 
within the countries 

Affiliation and accreditation by 
regional training programs - 
WACS for Burkina Faso and 
COSECSA for the others 

International training faculty 
and international exposure of 
trainees 

Development of fellowship 
training in all neurosurgical 
subspecialties 

Regional instability - 
conflicts, 
pandemics/epidemics, 
internal displacement 

Poor economy and health 
finances 

Dearth of technologically 
advanced equipment and 
facilities 

Few experienced training 
faculty 

Few accredited centers for 
training and practice 
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East, Central and 
Southern Africa 

for Burkina Faso and 
COSECSA for the 
others 

Certification lacks 
automatic reciprocal 
recognition in 
countries outside the 
region, and even in 
some countries within 
the region 

Dearth of 
technologically 
advanced equipment 
and facilities 

Few experienced 
trainers in all countries 

Yet to develop 
subspecialty training in 
all areas 

Limited training 
spaces 

Limited research 
content and data 
keeping in training 

Development of research 
capabilities 

Growth of national 
neurosurgical societies, and 
collaboration with other 
international associations 

Reliance on international 
training faculty and aid 

Poor governmental funding 
and prioritization on the 
health agenda 
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3.4 Aim 3: To estimate the specialist neurosurgeon capacity and 
coverage in Africa by 2030, if current training rates are 
sustained. 

The linear and exponential specialist neurosurgeon workforce projections for all 

African countries from 2020 to 2030, based on current annual growth trends, are detailed 

in Appendices D and E, respectively. The population estimates and projection, using the 

UN 2019 population data and average annual rate of population change for each 

country, case burden estimates, and the population and case burden workforce 

requirements are detailed in Appendix F. Also, Appendix G details the annual growth 

rates required to meet the estimated population and case burden workforce targets by 

2030.  

There were 565 neurosurgeons in Africa in 2001 and, currently, 1974 

neurosurgeons in 2020 (Figure 6). Assuming a linear rate of increase, the average annual 

growth rate (r) is estimated at 74.2 neurosurgeons per year. On the other hand, assuming 

an exponential rate of increase would give an annual growth rate (λ) of 6.81%. At the 

current linear growth rate it is projected that the continent will likely have 2716 

neurosurgeons by 2030, while the exponential projection indicates that there will likely 

be 3813 neurosurgeons by 2030. These numbers are far below the estimated population 

neurosurgeon workforce requirements of 6699 neurosurgeons in 2020 and 8608 in 2030, 

or the neurosurgical case burden requirement of 11,416 neurosurgeons in 2020 and 

14,669 neurosurgeons in 2030. This shows that Africa is currently in deficit of about 4,725 
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neurosurgeons or 9,442 neurosurgeons based on population or disease burden estimates, 

respectively. If the current linear growth rate persists, Africa will likely be in deficit of 

5,892 neurosurgeons by 2030 based on population requirements, or 11,953 

neurosurgeons based on disease burden requirements, and will likely require an annual 

inflow of 663.4 or 1,269.5 neurosurgeons, respectively, to eliminate these deficits. Using 

the current exponential growth rate, Africa will likely be in deficit of 4,795 or 10,856 

neurosurgeons by 2030 based on population and disease burden requirements, and will 

likely require an annual scale-up to 15.87% or 22.21% to overcome these deficits. 

Figure 6: Linear and exponential projections of the specialist neurosurgery 
workforce in Africa. 



48 

In North Africa, there were 405 neurosurgeons in 2001 and, currently, 1271 

neurosurgeons in 2020 (Figure 7). With an estimated linear average annual growth rate 

(r) of 45.6 neurosurgeons per year, the region is projected to have 1727 neurosurgeons by

2030. The estimated exponential annual growth rate (λ) of 6.20% indicates that the 

region will likely have 2320 neurosurgeons by 2030. The regional neurosurgeon 

workforce based on population requirements are 1036 neurosurgeons in 2020 and 1242 

neurosurgeons in 2030. Based on neurosurgical disease burden, the region should have 

1765 neurosurgeons in 2020 and 2116 neurosurgeons in 2030. These results show that 

North Africa currently has an excess of about 235 neurosurgeons based on current 

population estimates but is in deficit of about 494 neurosurgeons based on current 

disease burden estimates. With the current linear growth rate, there will likely be an 

excess of 485 neurosurgeons by 2030 based on population requirements, or a deficit of 

around 389 neurosurgeons based on disease burden requirements requiring a linear 

scale up to about 84.5 neurosurgeons per year to eliminate this deficit. However, using 

the current exponential growth rate, the North African region will likely have a surplus 

of 1078 or 204 neurosurgeons by 2030 based on population and disease burden 

requirements, respectively. 
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Figure 7: Linear and exponential projections of the specialist neurosurgery 
workforce in North Africa. 

West Africa had 29 neurosurgeons in 2001 and, currently, has 229 neurosurgeons 

in 2020 (Figure 8). The estimated linear average annual growth rate (r) is 10.5 

neurosurgeons per year, while the estimated exponential annual growth rate (λ) is 

11.49%. The region will have a linear projection of about 334 neurosurgeons or an 

exponential projection of about 679 neurosurgeons by 2030. The estimated workforce 

based on population requirements is 1986 neurosurgeons in 2020 and 2588 

neurosurgeons in 2030.  The workforce requirement based on neurosurgical disease 

burden is 3385 neurosurgeons in 2020 and 4410 neurosurgeons in 2030. The West 

African region is currently in deficit of around 1757 or 3156 neurosurgeons based on 
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population or disease burden estimates, respectively. Projecting the current linear 

growth rate shows that the region will likely be in deficit of 2254 neurosurgeons by 2030 

based on population requirements, or 4076 neurosurgeons based on disease burden 

requirements, and will require an annual inflow of about 235.9 or 418.1 neurosurgeons, 

respectively, to cover these deficits. With the current exponential growth rate, West 

Africa will likely be in deficit of 1909 or 3731 neurosurgeons by 2030 based on 

population and disease burden requirements, and will likely require an annual scale up 

to 27.44% or 34.42% to cover the deficits. 

Figure 8: Linear and exponential projections of the specialist neurosurgery 
workforce in West Africa. 



51 

There were 10 neurosurgeons in the Central African region in 2001 and, 

currently, 61 in 2020 (Figure 9). The estimated linear average annual growth rate (r) is 2.7 

neurosurgeons per year and the estimated exponential annual growth rate (λ) is 9.98% 

per annum. The linear projection will likely lead to 88 neurosurgeons by 2030, while the 

exponential projection will likely result in 158 neurosurgeons by 2030. The region’s 

workforce requirements based on population estimates are 793 neurosurgeons in 2020 

and 1066 neurosurgeons in 2030, and based on neurosurgical disease burden the 

workforce requirements are 1351 neurosurgeons in 2020 and 1816 neurosurgeons in 

2030. There is a current workforce deficit of about 732 or 1290 neurosurgeons based on 

population or disease burden requirements, respectively. If the current linear growth 

rate persists, Central Africa will likely be in deficit of 978 neurosurgeons by 2030 based 

on population requirements, or 1728 neurosurgeons based on disease burden 

requirements, and will require an annual inflow of about 10.1 or 175.5 neurosurgeons, 

respectively, to fill these deficits. Using the current exponential growth rate, Central 

Africa will likely be in deficit of 908 or 1658 neurosurgeons by 2030 based on population 

and disease burden estimates, requiring an annual scale-up to around 33.12% or 40.40% 

to overcome these deficits. 
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Figure 9: Linear and exponential projections of the specialist neurosurgery 
workforce in Central Africa. 

The East African region had 24 neurosurgeons in 2001 and, currently, 163 

neurosurgeons in 2020 (Figure 10). With an estimated linear average annual growth rate 

(r) of 7.3 neurosurgeons per year, the region will likely have 236 neurosurgeons by 2030.

The exponential annual growth rate (λ) of 10.61% will likely lead to 447 neurosurgeons 

by 2030. The estimated workforce based on population requirements  are 1963 

neurosurgeons in 2020 and 2555 neurosurgeons in 2030, and based on neurosurgical 

disease burden the estimates are 3346 neurosurgeons in 2020 and 4354 neurosurgeons in 

2030. The current workforce deficit is about 1800 or 3183 neurosurgeons based on 

population or disease burden estimates, respectively. With the current linear growth 
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rate, there will likely be a deficit of 2319 neurosurgeons by 2030 based on population 

requirements, or 4118 neurosurgeons based on disease burden requirements, requiring 

an annual inflow of about 239.2 or 419.1 neurosurgeons, respectively, to cover these 

deficits. With the current exponential growth rate, the deficit will likely be 2108 or 3907 

neurosurgeons by 2030 based on population and disease burden requirements, 

respectively, for which an annual scale up of about 31.68% or 38.89% are required to fill 

the respective deficits. 

Figure 10: Linear and exponential projections of the specialist neurosurgery 
workforce in East Africa. 

The Southern Africa region had 97 neurosurgeons in 2001 and has 250 

neurosurgeons currently, in 2020 (Figure 11). The estimated linear average annual 
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growth rate (r) of 8.1 neurosurgeons per year, will likely lead to a projected 331 

neurosurgeons by 2030. The exponential annual growth rate (λ) of 5.11% will likely lead 

to 411 neurosurgeons by 2030. The required workforce based on population estimates 

are 920 neurosurgeons in 2020 and 1158 neurosurgeons in 2030, and based on 

neurosurgical disease burden the estimates are 1568 neurosurgeons in 2020 and 1973 

neurosurgeons in 2030. There is a  current deficit of about 670 or 1318 neurosurgeons 

based on population or disease burden estimates, respectively. At the current linear 

growth rate, there will likely be a deficit of 827 neurosurgeons by 2030 based on 

population requirements, or 1642 neurosurgeons based on disease burden requirements, 

requiring an annual inflow of about 90.8 or 172.3 neurosurgeons, respectively, to fill the 

gap. With the current exponential growth rate, the deficit will likely be 747 or 1562 

neurosurgeons by 2030 based on population and disease burden requirements, 

respectively, for which an annual scale up of about 16.57% or 22.95% are required to fill. 
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Figure 11: Linear and exponential projections of the specialist neurosurgery 
workforce in Southern Africa. 

Among the North African countries, Algeria with estimated linear growth rate of 

14.2 neurosurgeons per year and exponential growth rate of 6.09% per annum will likely 

have 542 or 723 neurosurgeons by 2030 based on the respective projections. These 

figures are in excess of the country’s population and burden workforce requirements 

which are estimated to be 268 or 456 respectively by 2030. Egypt has an estimated linear 

growth rate of 20.1 neurosurgeons per year and exponential growth rate of 6.51% per 

annum, and is expected to have about 748 or 1028 neurosurgeons by 2030, respectively. 

Egypt’s population and burden workforce estimates by 2030 are 624 and 1063, 

respectively. Thus, the country’s current linear growth rate will likely result in 124 more 
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neurosurgeons than required using the population workforce estimates, but a deficit of 

around 315 neurosurgeons using the burden workforce estimate which a linear scale up 

to about 51.6 neurosurgeons per year will fill. Egypt’s exponential growth rate will likely 

result in 404 more neurosurgeons than the population estimates by 2030, and a deficit of 

about 35 neurosurgeons based on the burden workforce estimates. Scaling up the 

exponential growth rate to around 6.87% will cover this deficit. Morocco with an 

estimated  linear growth rate of 7.9 neurosurgeons per year will likely have 309 

neurosurgeons by 2030, an excess of about 99 neurosurgeons from the country’s 

population estimates, but a deficit of about 49 neurosurgeons from the country’s burden 

workforce estimates for which a linear scale up to around 12.8 neurosurgeons per year 

will cover. Morocco’s estimated exponential growth rate of 5.72% per annum will likely 

yield 401 neurosurgeons by 2030, which will be in excess of both the population and 

burden workforce requirements. Also, Tunisia’s estimated linear growth rate of 2.5 

neurosurgeons per year will likely lead to 98 neurosurgeons by 2030, an excess of about 

32 neurosurgeons based on the population requirements but a deficit of about 14 

neurosurgeons based on the burden workforce requirements for which a scale-up to 

around 3.9 neurosurgeons per annum will cover. Tunisia’s estimated exponential 

growth rate of 5.80% will likely result in 128 neurosurgeons by 2030 surpassing both the 

population and burden workforce requirements. Libya and Mauritania will likely have 

both population-estimated and burden-estimated neurosurgeon workforce deficits by 
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2030 based on their current linear and exponential projections. Western Sahara currently 

has no neurosurgeon and is projected to have none to cover its population or case 

burden workforce requirements by 2030. 

In West Africa, Nigeria’s current estimated linear growth rate of 5.0 

neurosurgeons per year will likely produce 158 neurosurgeons by 2030, and the 

estimated exponential growth rate of 11.79% per annum will likely yield 329 

neurosurgeons by 2030. Nigeria is expected to scale up its linear growth rate to about 

122.5 neurosurgeons per year to meet the population requirement of 1333 

neurosurgeons by 2030, or to about 216.3 neurosurgeons per year to reach the burden 

workforce requirement of 2271 neurosurgeons by 2030. Nigeria’s exponential growth 

rate is expected to scale-up to around 28.57% to meet the population workforce target, 

and to around 35.61% to reach the burden workforce requirement. Ghana has an 

estimated linear growth rate of 1.2 neurosurgeons per year, and an estimated 

exponential growth rate of 18.21% per annum. These rates will likely result in 36 and 128 

neurosurgeons, respectively. Ghana needs to scale up its linear growth rate to about 16.9 

neurosurgeons per year to meet its population workforce requirement of 193 

neurosurgeons by 2030, and to about 30.5 neurosurgeons per year to reach its burden 

workforce target of 329 neurosurgeons by 2030. On the exponential scale, Ghana should 

scale up its growth rate to around 23.18% to meet its 2030 population workforce 

requirement, or to around 29.93% to meet its 2030 burden workforce requirement. For 
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Senegal, the estimated annual linear growth rate is 0.7 per year, while the estimated 

exponential growth rate is 5.21%. These rates will likely lead to 28 and 35 neurosurgeons 

by 2030, respectively. To reach its population requirement of 110 neurosurgeons or 

burden requirement of 188 neurosurgeons by 2030, Senegal should scale up its linear 

growth rate to around 8.9 or 16.7 neurosurgeons per year, respectively. Senegal’s 

exponential growth rate should be scaled up to around 18% or 24.51% to reach these 

respective targets. Eleven other West African countries will likely have neurosurgeon 

workforce deficits by 2030 based on their population and disease burden requirements 

using their current linear and exponential growth rates. However, the island country of 

Cabo Verde with an estimated linear growth rate of 0.1 neurosurgeon per year will 

likely have 3 neurosurgeons by 2030, exactly the country’s population requirement but 2 

less than the burden workforce requirement of 5 neurosurgeons by 2030. A linear 

increase to about 0.3 neurosurgeon per year or exponential increment to 9.60% per 

annum will cover this deficit. 

Cameroon is the only Central African country that has specialist neurosurgeon 

training centers (under the auspices of the West African College of Surgeons), and along 

with the Democratic Republic of Congo (DR Congo) have relatively significant 

neurosurgical presence in the subregion (26 and 14 neurosurgeons, respectively). 

Cameroon’s estimated annual linear growth rate is 1.1 neurosurgeon per year, and its 

estimated exponential growth rate is 8.02% per annum. These rates will likely lead to the 
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country having 37 or 56 neurosurgeons respectively by 2030.  Cameroon requires about 

172 or 292 neurosurgeons by 2030 based on the respective population or disease burden 

workforce estimates. The country should, therefore, scale up its linear growth rate to 

about 14.6 or 26.6 neurosurgeons per year to meet these respective targets. On the other 

hand, the country should scale up its exponential growth rate to around 20.80% or 

27.36% per annum to meet the respective 2030 targets. DR Congo has an estimated linear 

growth rate of 0.6 neurosurgeons per year and an estimated exponential growth rate of 

10.78%. These will likely lead to the country having 20 or 39 neurosurgeons, 

respectively, by 2030. To reach its population requirement of 614 neurosurgeons or the 

burden workforce requirement of 1046 neurosurgeons, by 2030, the country’s linear 

growth rate should scale up to about 60 or 103.2 per year, respectively. DR Congo’s 

exponential growth rate should be scaled to around 45.95% or 53.94% per annum to 

reach these respective targets. Similarly, the remaining 7 Central African countries will 

likely need to scale up their linear or exponential growth rates to meet their projected 

deficits based on the population and disease workforce requirements. 

Among the East African countries, Kenya requires to scale up its estimated linear 

neurosurgeon growth rate from 1.7 neurosurgeons per year (resulting in about 57 

neurosurgeons by 2030) to about 29.8 or 53.5 neurosurgeons per year to meet its 2030 

population or case burden workforce requirements (338 or 575 neurosurgeons, 

respectively). Scaling up the estimated exponential growth rate from 8.83% to around 
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23.79% or 30.55% per annum will also meet the respective targets. Ethiopia’s estimated 

linear growth rate should increase from the current 1.8 neurosurgeons per year (yielding 

about 53 neurosurgeons by 2030) to around 70.8 or 123.1 neurosurgeons per year to meet 

the 2030 population and disease burden workforce targets of 743 or 1266 neurosurgeons, 

respectively. Increasing the estimated exponential growth rate from the current 20.58% 

to 35.74% or 43.16% per annum will equally meet these respective targets. Tanzania will 

likely need to increase its linear growth rate from 0.9 neurosurgeons per year (leading to 

29 neurosurgeons by 2030) to 38.1 or 66.4 neurosurgeons per year to meet the population 

target of 401 neurosurgeons or the disease burden target of 684 neurosurgeons by 2030, 

respectively. Tanzania’s exponential growth rate will likely need to increase from 10.50% 

to 34.96% or 42.36% annually to meet the respective 2030 targets. In Uganda, the 

estimated linear growth rate should increase from 0.5 neurosurgeons per year 

(producing 17 neurosurgeons by 2030) to about 31.5 or 54.5 neurosurgeons per year to 

reach the population target of 327 neurosurgeons or the case burden target of 557 

neurosurgeons by 2030, respectively. These targets could also be met by increasing the 

exponential growth rate from the current 7.57% to 39.17% or 46.78% per annum to reach 

the respective 2030 targets. While the other 10 East African countries would likely 

experience similar specialist neurosurgeon workforce constraints, the island countries of 

Comoros and Mauritius pose some interesting perspective. Comoros had no 

neurosurgeon in 2001 but currently has 4; its estimated linear growth rate of 0.2 
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neurosurgeons per year could lead to the country having 6 neurosurgeons by 2030. This 

will be 1 neurosurgeon in excess of the country’s 2030 population requirement of 5 

neurosurgeons, but 3 neurosurgeons short of the 2030 disease burden requirement 

which a linear increase to 0.5 neurosurgeons per year or an exponential growth rate of 

8.45% per annum will cover. Mauritius has an estimated linear growth rate of 0.5 

neurosurgeons per year, which will lead to 15 neurosurgeons by 2030, 9 neurosurgeons 

above the country’s 2030 population requirement or 6 neurosurgeons and 4 

neurosurgeons more than 2030 burden workforce requirement of 11 neurosurgeons. 

With a current exponential growth rate of 12.88% per annum, the country could have 34 

neurosurgeons by 2030, far more than the respective population and burden workforce 

requirements. 

The pre-eminent country in the Southern Africa region is South Africa whose 86 

neurosurgeons in 2001 have increased to the current 180 neurosurgeons in 2020. This 

number will likely increase to 229 by 2030 based on an estimated linear growth rate of 

about 5 neurosurgeons per year, or to 266 based on the current exponential growth rate 

of around 3.96% per annum. The country’s population requirement is 341 

neurosurgeons by 2030, or 581 neurosurgeons using neurosurgical disease burden 

estimates. Thus, South Africa requires a linear growth rate of about 16.1 neurosurgeons 

per annum to meet its 2030 population needs, or 40.1 neurosurgeons per annum to meet 

its 2030 burden workforce needs. The exponential rate will need to increase to about 
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6.60% or 12.43% per annum to meet the respective 2030 targets. Zimbabwe’s 

neurosurgery workforce is currently increasing at an estimated linear rate of 0.5 

neurosurgeons per year, or exponential rate of 4.94% per annum. The country requires a 

linear scale up to about 7.1 or 13.2 neurosurgeons per year to meet its respective 2030 

population and burden workforce estimates of 86 or 147 neurosurgeons, respectively. 

Similarly, the exponential growth rates should increase to 19.09% or 25.64% to meet the 

respective 2030 population or burden workforce targets. The other Southern African 

countries are equally expected to increase their linear and exponential growth rates to 

cover their estimated population and burden workforce deficits by 2030.
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4. Discussion
4.1 General 

The purpose of this study was to appraise the existing neurosurgery workforce 

and availability of specialist residency training programs in Africa, evaluate the training 

programs, and project the neurosurgery workforce capacity and deficits by 2030 using 

current trends in workforce growth. It was conducted using a mixed approach that 

involved retrospective observational literature review and quantitative data extraction, 

qualitative program evaluation using a SWOT analysis, and prospective quantitative 

projection modeling to year 2030. The results are quite significant, with potential to 

impact policies on neurosurgical training and care provision at continental, regional and 

national levels in Africa. These results reiterate the assertion that “the most pressing 

problem facing neurological surgery in Africa is manpower development, which is 

inadequate in quantity, disproportionate in distribution, and ineffective because of lack 

of diagnostic and therapeutic facilities and technology.”133 

4.2 Current specialist neurosurgery workforce 

There are 1974 specialist neurosurgeons serving 1.3 billion people in Africa, with 

a neurosurgeon workforce density of 0.15/100,000. There is uneven distribution between 

the regions with 64.39% in North Africa, 12.66% in Southern Africa, 11.60% in West 

Africa, 8.26% in East Africa, and 3.09% in Central Africa. The neurosurgeon workforce 

density is 0.61/100,000 in North Africa, 0.14/100,000 in Southern Africa, 0.06/100,000 in 
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West Africa, and 0.04/100,000 in both East and Central Africa. Egypt has the most 

number of neurosurgeons, followed by Algeria, Morocco, South Africa, and Nigeria. 

Four countries, Sao Tome and Principe, Seychelles, Sierra Leone, and Western Sahara, 

have no neurosurgeons. 

The distribution of neurosurgeons remains bipolar, as in previous publications 

that noted high numbers for North Africa and the country of South Africa.13,39,134 North 

Africa remains pre-eminent, having higher workforce numbers and densities, with 

neurosurgeon to population ratios within the recommended range for LMICs.22 

Mauritius is the only sub-Saharan African country to have neurosurgeon workforce 

density within the recommended range, alongside 4 North African countries. The other 

50 countries, including South Africa, have densities outside the range. South Africa, 

however, has more neurosurgeons than either the whole East or Central African regions. 

There has been a recent surge in the neurosurgical workforce in sub-Saharan Africa, 

with Nigeria, Ghana and Senegal emerging as the leading lights in West Africa, Kenya 

and Ethiopia in East Africa, and Cameroon in Central Africa. This can be attributed to 

the development of new training programs, expansion of previously existing ones, and 

international collaborations to further neurosurgical education and training in 

Africa.21,34,47,48,50,55,64,67,68,82,83 
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4.3 Specialist neurosurgery training capacity 

There are 106 specialist neurosurgery training centers in 26 African countries. 52 

are located in 6 North African countries, 23 in 7 West African countries, 15 in 7 East 

African countries, 14 in 5 Southern African countries, and only 2 in one country in 

Central Africa. The predominance of training programs in North Africa is due to the 

early recognition and development of neurosurgery as a specialty, with significant 

investment in required facilities and technology.28 In the sub-Saharan African countries, 

the current health expenditure per capita averages $83-132 or 5-6% of the gross domestic 

product (GDP).135,136 These health systems focus more on reducing infections 

and  maternal and childhood diseases, with less emphasis on the other global disease 

burden categories, including neurosurgical ailments. The North African region, 

therefore, continues to dominate the African neurosurgery space – having more 

practitioners and more technologically advanced services. Early documentation of 

modern neurosurgery practice and specialists in Africa consistently placed the region at 

the lead.33,134 

South Africa is equally ahead of other sub-Saharan African countries in the 

institutionalization of neurosurgery training, workforce strength, and technological 

advancement. West African countries, through the agency of WACS, are experiencing a 

spring in neurosurgery training and workforce.21 The College coordinates training in 24 

sites in 6 West African countries and in Cameroon, the sole Central African country with 
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a training program.21 Similar growth has been noted in East, Central and Southern 

African countries where COSECSA has engineered a dramatic surge in neurosurgery 

training and workforce since 2005.63 For context, East Africa had only 27 neurosurgeons 

for 270 million people (ratio 1:10 million) in 2001,55 but now boasts of 163 neurosurgeons 

for 392.7 million people (ratio 1:2.4 million) in 2020. With military coups and civil wars 

no longer in vogue, African countries are more stable and beginning to focus on 

addressing some pressing health and social issues. While much of the emphasis is on 

maternal and child health and infectious diseases (including malaria, tuberculosis, 

HIV/AIDS, and epidemic viral illnesses), some benefit is trickling to the surgical 

specialties, including neurosurgery. In addition, even though many neurosurgeons who 

received foreign training remain abroad, a few have returned and contributed to the 

growth of the neurosurgical workforce and practice. 

Nigeria, Ghana and Senegal are the major training hubs in West Africa having 

started neurosurgical training in the 1980s with significant exponential boost in the last 

two decades.21,36,82 Specifically, Nigeria alone has 13 of the 23 training centers in the West 

African region and increased the number of neurosurgery specialists from 13 in 2001 to 

108 in 2020.13,21,98,112 Though neurosurgical practice in the country still lags technologically, a 

few privately-owned centers wholly dedicated to providing neurosurgical services boast 

of modern equipment that are not readily available in the public services. One such 

private practice, Memfys Hospital for Neurosurgery, is a training center that is fully 
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accredited by WACS and receives supernumerary residents from public hospitals and 

university teaching hospitals.137 Cameroon is the regional champion in Central Africa, 

with 2 training sites and 26 practitioners.21,114 Kenya and Ethiopia are the leading 

neurosurgical centers in East Africa. Kenya hosts 4 of the 15 training facilities in East 

Africa and has 40 practicing neurosurgeons, while Ethiopia has 2 training facilities with 

35 practicing neurosurgeons.63,70,72,101,102,115 Neurosurgery training in this region has been 

greatly impacted by international efforts from individuals, charities, institutions, and 

agencies.34,47,48,50,55,64,71,68,82 Several of them helped craft residency training curriculums, establish 

residency and subspecialty fellowship programs, and contributed to the pool of training 

faculty for the various residency training programs.8,38,47,63 

4.4 Neurosurgery residency training programs 

4.4.1 General training 

There is no uniform neurosurgery training program for the whole African 

continent.39,138 Available programs were established through regional collaborations or by 

individual countries, and differ in format, contents and certification processes. Some are 

academic in nature and based in universities granting postgraduate degrees such as 

Specialist Diploma, MS, MMed, MD, or DNCh degrees. Others are clinical in nature and 

hospital-based with graduates receiving professional certifications such as FWACS, FCS-

ECSA, or FCS-SA. The major regional training bodies are WACS which operates in 16 

countries and COSECSA which oversees training in 14 affiliated countries. The strength 
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of these regional programs lies in generating trans-border geopolitical cooperation and 

collaboration amongst nations, health and education ministries, and training centers.48 

The other major training body in sub-Saharan Africa is the College of Neurosurgery, a 

subsidiary of CMSA, which supervises training in South Africa alone.56,132 In addition, 

some sub-Saharan African countries have national programs that are not affiliated to the 

major training programs, and include Burkina Faso, Madagascar, Mozambique and 

Zimbabwe.35,97,116 Other countries, like Ghana, Nigeria, Ethiopia, Kenya, Tanzania, Uganda, 

and Zambia have programs which run in parallel to the regional training 

programs.47,63,70,71,126,127 The North African countries have no regional training college, with 

each country having a separate training, certification, and regulatory process. Egypt is 

the only North African country with a dual training system, as trainees can either choose 

the academic university program or the Health ministry’s hospital-based clinical 

fellowship certification.28,38 

4.4.2 Subspecialty training 

The early rise and advancement of neurosurgery in South Africa and the North 

African countries of Egypt, Algeria, Morocco, and Tunisia, gives them a significant edge 

over other African countries. This includes the entrenchment of subspecialty training 

and practice in neurotrauma and critical care, neuro-oncology, complex spinal 

neurosurgery, pediatric neurosurgery, skull-base surgery, endoscopic surgery, vascular 

neurosurgery, stereotactic radiosurgery/gamma knife, and functional neurosurgery.28,30,120 
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Apart from two pediatric neurosurgery fellowships at the CCHU, Mbale, Uganda and 

Bethany Kids Hospital, Kijabe, Kenya, and a Neuroendoscopy fellowship by the NED 

Foundation in Kenya focused on hydrocephalus management,8,47,48, there are no other 

subspecialty fellowship training programs in sub-Saharan Africa. 

Subspecialization in neurosurgery has become popular because of the 

exponential advances in scientific knowledge and surgical techniques which a general 

neurosurgeon will be unable to fully master.139,140 While subspecialization inspires and is 

indicative of progress, it can, however, lead to balkanization of the major field.139,140 In 

Africa, the need to train more neurosurgeons to treat the general essential conditions 

remains the main goal, but the health system and neuropathology peculiarities mandate 

that some neurosurgeons should be equipped with enhanced skills in the subspecialties. 

These will include neurotrauma which is attaining near-epidemic proportions in many 

African countries, pediatric neurosurgery where a humongous proportion of 

hydrocephalus and neural tube defects abound, and neuro-oncology where late patient 

presentation and health system delays lead to patients seen with giant and advanced 

lesions. There is, therefore, tremendous opportunity for the growth of focused 

subspecialty training in these fields given the region’s youthful population distribution, 

high rates of traumatic brain and spinal injuries from recent industrialization and road 

infrastructure development, and non-availability or non-enforcement of road safety 

policies, as well as lack of emergency medical services.48,77 
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4.4.3 Role of neurosurgical associations and prominent individuals 

South Africa and the North African countries also established national 

neurosurgical associations earlier than the rest of Africa, and used this medium to 

launch themselves to the international stage, forming alliances and collaborations with 

international neurosurgical societies. For instance, the North African countries belong to 

the Mediterranean Association of Neurological Surgery (MANS), the Pan-Arab 

Association of Neurosurgical Societies (PANS), and some (like Egypt) enjoy an 

observership status with the European Association of Neurological Surgery (EANS).92,93 

Through these memberships, the countries enjoy bilateral and multilateral relationships 

with countries in Europe and the Middle East, a significant part of which has been for 

training and capacity development through joint conference meetings, training 

workshops, and bootcamps. Egypt and South Africa have also been the main hub for 

training in advanced and complex spine procedures through their relationship with AO 

Spine, an international training organization focused on spine surgery, and international 

spine instrumentation companies such as Medtronic.141,142 South Africa’s international 

presence and leadership in the field of pediatric neurosurgery has led to the 

establishment of subspecialty fellowships sponsored by the International Society of 

Pediatric Neurosurgery (ISPN).143 

In addition, it was the international presence and contributions of some of 

Morocco’s leading neurosurgeons that led to the establishment of the first WFNS 
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Regional Training Center in Rabat, Morocco (WFNS-Rabat RTC) in 2002, under the 

leadership of Abdeslam El Khamlichi.27,57,58,59 El Khamlichi used his position as a member of 

the WHO Advisory Board on Africa and the second Vice-President of the WFNS to lead 

a seminal study documenting the number and distribution of neurosurgeons in Africa, 

first published in 1998 and updated in 2001.13,39,57,58 With the evidence of the stark paucity 

of neurosurgeons in Africa, and the polarized distribution favoring South Africa and the 

North African countries, he successfully lobbied for the WFNS-Rabat RTC to help train 

more neurosurgeons for sub-Saharan Africa.27,57,58,59 The publication was probably 

instrumental to the proliferation of surgical missions from neurosurgeons in high 

income countries, and to the recent surge of collaborative partnerships on neurosurgical 

care, research, education and training, and capacity building. The success of the RTC is 

an  enduring legacy that has trained 30 sub-Saharan African neurosurgeons, spurred the 

establishment of the Africa-100 project in 2012, and influenced the establishment of other 

WFNS-RTCs in Algeria, Kenya, Senegal, Egypt and South Africa.8,27,48,57,58,60,63,144 

4.4.4 Role of collaborative neurosurgical partnerships 

Collaborative training partnerships with international agencies and institutions 

have been instrumental to the development of neurosurgery training programs and 

expanding neurosurgical capacity in sub-Saharan Africa.8,21,34,47,48,50,55,64,67,68,82,83 The FIENS first 

African training outpost in Ghana in 1989 was accredited by the WACS and has 

continued to thrive, producing the majority of the neurosurgeons in the 
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country.8,36  WACS maintains a connection with the various Royal Colleges of Surgeons in 

England, Scotland and Ireland, and with surgical colleges in Australia and Canada.61,62,124 

Some WACS neurosurgery trainees and fellows have received subspecialty clinical 

training in Australia, Brazil, Canada, China, India, Israel, Japan, the UK and other 

European countries, as well as observerships, visiting surgeon experiences, and non-

clinical laboratory fellowship training in the United States.145,146 The Swedish 

Neurosurgery Society (SNS) recently began a twinning partnership with neurosurgical 

centers in Nigeria and Ghana, termed the Swedish African Neurosurgical Collaboration 

(SANC), which is contributing to enhancing neurosurgical capacity and training in the 

centers involved.21,82,83 Also, the recently formed Association of West African Neurological 

Surgeons (AWANS) promises to be a useful conduit for deeper clinical, training, and 

research collaborations between neurosurgeons in the region and internationally.21,82,83 

Similar collaborations were influential in the development of neurosurgery 

training programs in East, Central and Southern Africa.8 The Ethiopian neurosurgery 

training program began in 2004 following a collaborative partnership involving the 

Norwegian University of Bergen and Haukeland University Hospital, Addis Ababa 

University, Black Lion Specialized Hospital (Tikur Anbessa Hospital), Ethiopia’s 

Ministry of Health, and FIENS to develop a training curriculum and program.2,63,69,70,71,147 

This program was subsequently accredited by COSECSA, graduated its first trainees in 

2009, and by 2016 had trained 21 local neurosurgeons.2,70,147 The COSECSA neurosurgery 
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training program itself was a product of international partnership between FIENS, the 

NED Foundation, CURE International, and the Congress of Neurological Surgeons to 

develop a training curriculum and program in Kenya.7,8,63,69 This curriculum and program 

was expanded before its implementation to other countries, and now includes Kenya, 

Ethiopia, Tanzania, Uganda, Malawi, Sudan, Rwanda, and Zambia.63,69,115 

In Tanzania, the non-profit international organization Madaktari Africa had 

established a condensed “train-forward” experiential apprenticeship program training 

general surgeons and mid-level non-physician health workers to perform simple and 

emergency neurosurgery procedures since 2006.3,8,68,148 Similarly, the Weill Cornell 

Department of Neurosurgery collaborates with the Muhimbili Orthopedic and 

Neurosurgical Institute in Tanzania, since 2008.8,63,68 The Ugandan neurosurgery training 

program was started in 2009 in partnership with the Duke Global Neurosurgery and 

Neurology (DGNN), CURE International and FIENS, while Zambia’s training program 

was begun in 2018 following a partnership between the University of Zambia and the 

University of Cambridge.55,68,77,131 Angola enjoys a training relationship with Brazil, Cuba, 

and Portugal, through which promising physicians are sent for neurosurgery training in 

these countries and return to practice in Angola.37,149 Eight of the 18 neurosurgeons in 

Angola are nationals, even though the country does not have its own training program.37 

Malawi recently collaborated with the University of North Carolina to establish a 

training program.150  
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These collaborations have greatly aided the advancement of neurosurgery in 

Africa, through increased training and workforce, research and technological capacity 

building, and enhanced neurosurgical services.8,21,34,47,48,50,55,64,67,68,82,83 These have taken various 

forms - from individual surgical missions to whole institutional twinning and dyads, 

including establishment of new neurosurgical training and practice centers. The positive 

impact of culturally-appropriate global neurosurgery collaborations diffuses throughout 

the whole health system, and is not just felt in the neurosurgery specialty alone.151 In 

addition, it exposes the system, practitioners, and trainees to international experiences, 

and creates opportunities for networking and further subspecialty training. International 

collaborations should, however, be mutually guided and regulated as some 

countries/institutions may become aid-dependent thus stunting their independent 

progress. Also, some collaborative partnerships may be short-lived and unsustainable. It 

is, therefore, necessary to ensure that collaborative partnerships in neurosurgical 

training and practice last a sufficient duration to empower local trainees and 

practitioners and ensure program sustainability when the international partners 

withdraw. 

4.5 Neurosurgery workforce projections to 2030 

Africa’s specialist neurosurgeon workforce grew from 565 in 2001 to 1974 in 2020 

at an estimated linear annual growth rate of 74.2 neurosurgeons per year or exponential 

growth rate of 6.81% per annum. At these rates, the continent is projected to have 2716 
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or 3813 neurosurgeons by 2030. Either of these projections fall short of the estimated 

workforce required based on population estimates (8608 neurosurgeons for 1.7 billion 

people in 2030) or case burden estimates (14669 neurosurgeons for 3,271,082 essential 

neurosurgery cases). Africa which is currently in deficit of about 4725 neurosurgeons 

based on population estimates or 9442 neurosurgeons based on case burden estimates 

will likely expand these deficits to between 4795 and 11953 neurosurgeons by 2030. To 

meet the 2030 population neurosurgeon requirement, the continent must scale up its 

linear or exponential growth rates to about 663.4 neurosurgeons yearly or 15.87% 

annually. On the other hand, the continent’s linear or exponential growth rates should 

be scaled up to about 1269.5 neurosurgeons per year or 22.21% annually to meet the case 

burden neurosurgeon requirement by 2030. 

In North Africa, the current estimated linear growth rate of 45.6 neurosurgeons 

per year will likely lead to 1727 neurosurgeons by 2030, surpassing the population 

requirement of 1242 neurosurgeons but in deficit of the case burden requirement of 2116 

neurosurgeons. A linear scale up to about 84.5 neurosurgeons per year will cover this 

deficit. North Africa’s estimated exponential growth rate of 6.20% per annum will result 

in 2320 neurosurgeons in the region by 2030, surpassing both its population and case 

burden neurosurgeon requirements. 

For West Africa, the current estimated linear growth rate of 10.5 neurosurgeons 

will likely produce 334 neurosurgeons by 2030, while the estimated exponential growth 
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rate of 11.49% per annum will likely produce 679 neurosurgeons by 2030. These 

projections are significantly less than the 2030 population requirement of 2588 

neurosurgeons and the 2030 case burden requirement of 4410 neurosurgeons. The region 

needs to scale up its linear growth to either 235.9 or 418.1 neurosurgeons per year, or its 

exponential growth rate to either 27.44% or 34.42% to meet the 2030 population or 

disease burden requirements, respectively. 

Similarly, Central Africa’s estimated linear growth rate should be scaled up from 

2.7 neurosurgeons per year (producing about 88 neurosurgeons by 2030) to either 10.1 or 

175.5 neurosurgeons per year to meet the 2030 population need of 1066 neurosurgeons 

or case burden need of 1816 neurosurgeons. Also, the region’s estimated exponential 

growth rate of 9.98% per annum (producing about 158 neurosurgeons by 2030) should 

be increased to either 33.12% or 40.40 % per annum to meet the 2030 population or case 

burden neurosurgeon requirements, respectively. 

The situation is the same in East Africa where its estimated linear growth rate of 

7.3 neurosurgeons per year will likely lead to 236 neurosurgeons by 2030, and must be 

scaled up to either 239.2 or 419.1 neurosurgeons per year to meet the 2030  population or 

burden requirement of 2555 or 4354 neurosurgeons, respectively. In the same vein, the 

region’s estimated exponential growth rate of 10.61% will likely produce 447 

neurosurgeons by 2030 requiring a scale up to 31.68% or 38.89% to meet the respective 

2030 population and disease burden estimates. 
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Finally, Southern Africa’s estimated linear growth rate of 8.1 neurosurgeons per 

year (giving rise to about 331 neurosurgeons by 2030) should be upped to either 90.8 or 

172.3 neurosurgeons per year to meet the 2030 population requirement of 1158 

neurosurgeons or case burden requirement of 1973 neurosurgeons. And its estimated 

exponential growth rate of 5.11% should be increased to either 16.57% or 22.95% to meet 

the estimated population and case burden neurosurgeon requirements, respectively. 

These results suggest that despite promising increases in the availability of 

specialist neurosurgery training programs, Africa’s workforce capacity is currently in 

dire straits and will remain so, or only marginally improve, by 2030 if current trends 

remain the same. This is true of all regions in the continent except for North Africa 

which has surpassed the recommended ratios for LMICs (1:200,000)22 and will be 

approaching the average ratios for HICs (1:100,000)16 by 2030. Africa’s current overall 

neurosurgeon to population ratio is 1:678,740 ( 0.15/100,000), while that of the respective 

regions are: North Africa 1:163,022 (0.61/100,000), Southern Africa 1:736,286 

(0.14/100,000), West Africa 1:1.7 million (0.06/100,000), East Africa 1:2.4 million 

(0.04/100,000), and Central Africa 1:2.6 million (0.04/100,000). By 2030, Africa’s  linear 

projection of 2716 neurosurgeons for an estimated population of 1.7 billion will give a 

ratio of 1 neurosurgeon to 633,881 people (0.16/100,000), while the exponential projection 

of 3813 neurosurgeons by 2030 will result in a ratio of 1 neurosurgeon to 451,514 people 

(0.22/100,000). 
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In North Africa, the linear projection of 1727 neurosurgeons for an estimated 

248.4 million people will give a ratio of 1:143,818 (0.70/100,000) and the exponential 

projection of 2320 neurosurgeons will give a ratio of 1:107,058 (0.93/100,000). By contrast, 

the figures for Southern Africa will be a linear projection of 331 neurosurgeons and an 

exponential projection of 411 neurosurgeons for 231.6 million people, giving ratios of 

1:699,567 (0.14/100,000) or 1:563,398 (0.18/100,000), respectively. For West Africa, the 

results will be 334 or 679 neurosurgeons for 517.6 million people based on the linear and 

exponential projections, resulting in a ratio of 1:1.5 million (0.06/100,000) or 1:762,236 

(0.13/100,000), respectively. East Africa’s 236 (linear projection) or 447 (exponential 

projection) neurosurgeons for the 511 million population by 2030 will give ratios of 1:2.2 

million (0.05/100,000) or 1:1.1 million (0.09/100,000), respectively. And Central Africa’s 

88 (linear) or 158 (exponential) neurosurgeons for 213 million people by 2030 will result 

in ratios of 1:2.4 million (0.04/100,000) or 1:1.3 million (0.07/100,000), respectively. 

Country-wise, only 5 of the 55 African countries currently have neurosurgeon to 

population densities above 0.5/100,000 (i.e. ratio 1:200,000); these are Algeria 

(0.91/100,000), Mauritius (0.79/100,000), Morocco (0.62/100,000), Tunisia (0.62/100,000), 

and Egypt (0.53,100,000). By the linear projection estimates, 6 countries will likely be in 

this group by 2030 including Mauritius (1.14/100,000), Algeria (1.01/100,000), Tunisia 

(0.74/100,000), Morocco (0.73/100,000), Egypt (0.60/100,000), and Comoros (0.56/100,000). 

The number will likely increase to 13 using the exponential projection estimates: 
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Mauritius (2.59/100,000), Comoros (1.75/100,000), Cabo Verde (1.47/100,000), Algeria 

(1.35/100,000), Equatorial Guinea (1.17/100,000), Lesotho (1.02/100,000), Tunisia 

(0.97/100,000), Morocco (0.95/100,000), Botswana (0.83/100,000), Egypt (0.82/100,000), 

Djibouti (0.79/100,000), Eswatini (0.72/100,000), and Mauritania (0.63/100,000). 

Either way, the majority of African countries will be unable to meet the required 

number of neurosurgeons to meet the population or neurosurgical case burden demands 

by 2030 based on current realities. Four countries (Sao Tome and Principe, Seychelles, 

Sierra Leone, and Western Sahara) may still have no specialist neurosurgeon serving 

their population if the trend is not reversed. Most African countries, and the continent as 

a whole, will have low neurosurgical case capacity and coverage, and high 

neurosurgical case deficits (unmet need), and must actively expedite an urgent scale-up 

in the neurosurgical workforce to meet these deficits. Despite the general health 

workforce shortage in Africa, it is still imperative to invest in neurosurgical education 

and practice, as this will have a ripple effect in other medical specialties.55,151,152 Increasing 

the neurosurgical workforce and improving neurosurgical services contributes to service 

improvements in other medical specialties, including anesthesia and general surgery.151 

4.6 Study significance and impact 

This study’s significance lies in its appraisal of existing specialist neurosurgeon 

workforce and training programs in Africa, evaluation of the training programs 

identifying their strengths, weaknesses and opportunities for growth, and projection of 
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the specialist workforce estimates by 2030. The data includes all residency-trained 

neurosurgeons and general surgeons who received further training in neurosurgery, as 

well as expatriate neurosurgeons listed by the medical practitioners council in some 

countries. For instance, the 40 neurosurgeons listed for Kenya includes 15 general 

surgeons and 3 expatriates,102 the 14 neurosurgeons in DR Congo includes 5 general 

surgeons,91 and the 18 neurosurgeons in Angola includes 10 expatriates.37 

The study used linear and exponential growth rates to innovatively project the 

number of neurosurgeons the continent, regions and countries will have by 2030, and 

estimated the current and projected deficits based on estimated population and 

neurosurgical disease burden requirements. Furthermore, the study determined the 

average annual linear and exponential scale up required to meet these estimated 

workforce requirements. While other studies that have examined specialist 

neurosurgeon workforce and workforce deficits globally and in Africa used static 

figures based on the 2016 WFNS Global Neurosurgery Workforce Map, 2016 WFNS 

Neurosurgical Capacity and Access by Country, and publications by the Global 

Neurosurgery Initiative (GNI) at the Harvard Program for Global Surgery and Social 

Change (PGSSC) based on the 2016 data,10,12,21,22,23,82,90,111 this is the first study to consider 

variations in population growth and case burden increases in projecting the year-on-

year neurosurgical workforce capacity up to the year 2030. This approach will open a 

new vista in considering other factors that affect workforce change over time. Such 
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factors will include the increase in the number of neurosurgery training programs and 

training positions, graduation rates of trainee neurosurgeons, rates of return of 

neurosurgeons trained abroad, rates of addition or removal of expatriate neurosurgeons, 

rates of emigration of trained neurosurgeons, and rates of retirement and death of 

practicing neurosurgeons. Other factors will include variations in the population 

distribution which could affect the nature of neurosurgical conditions within a 

population and, thus, the neurosurgical subspecialties that merit further development. 

For instance, the current youthful population distribution in Africa suggests that the 

disease burden will be more of congenital anomalies and brain and spine trauma, 

meaning that a focus on developing pediatric neurosurgery and neurotrauma 

subspecialties may be appropriate. If the population varies to more of an elderly 

distribution, a focus on neuro-oncology, degenerative spine disease, vascular 

neurosurgery, and functional neurosurgery subspecialties may become more 

appropriate.  

In considering both linear and exponential growth rates and projections, the 

study poses the challenge of a best-fit model for estimating changes in the health 

workforce. Evidently, the linear projection assumes that a fixed number of specialists are 

added to the workforce annually irrespective of the influence of geopolitical and 

socioeconomic factors. This is not likely the case as there will be years of increased 

workforce addition and years of no or low addition rates. The exponential projection, 
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therefore, appears to be more realistic as it is not bound by the same fixed limitations as 

the linear model. The exponential model portends to be more flexible, and influenced by 

several factors, including population growth, change in population distribution, change 

in the neurosurgical disease landscape, and availability of more neurosurgeons. While 

the same annual growth rate is assumed, the relative number of neurosurgeons added 

per year is initially low and then progressively increases. This suggests that with 

increasing workforce addition, the potential to train more neurosurgeons, retain already 

trained practitioners, and attract foreign-trained neurosurgeons will increase. The 

increasing workforce will increase neurosurgical capacity in service delivery, research, 

and provision of modern equipment and facilities in the practice centers – a recipe for 

attracting more investment and practitioners. The overall improvement will not only be 

in the quantity of neurosurgeons, but also in their quality. 

In addition, the study raises the issue of the better workforce estimates to use for 

planning and human resource management globally and in LMICs, especially those in 

Africa. The case burden workforce estimates were calculated based on previously 

published methods that focused on ten essential neurosurgical conditions – brain and 

spinal tumors, hydrocephalus, traumatic brain injury (TBI), traumatic spinal injury (TSI), 

neural tube defects, stroke, CNS vascular anomalies, CNS infections, and epilepsy.10,11 It 

did not include other conditions like degenerative spine disease, osteoporotic vertebral 

fractures, pain disorders, spasticity and movement disorders.10,11 These estimates reflect 
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the common conditions treated by neurosurgeons, and for which every well-trained 

neurosurgeon should be able to diagnose and treat even without the most 

technologically advanced equipment. 

However, the specialist workforce estimates calculated from the neurosurgical 

case burden (Case burden = 190 cases per 100,000 population; Workforce estimate = Case 

burden/223 cases per neurosurgeon)10,12 are rather high, casting doubt on the ability of 

many African countries, and other LMICs, already facing resource, education and 

training, research, and health policy and funding challenges to meet them. The 

population workforce estimates for LMICs, using figures previously accepted by most 

neurosurgeons (1 neurosurgeon to 200,000 population)19,20,21,22 are lower and seem more 

realistic. Health policy makers are likely to find these population targets simpler to 

understand, easily measurable, more attainable, more relevant, and more timely. The 

population-based estimates will, thus, be more useful for LMIC governments and health 

system managers to enact and implement policies aimed at improving human resources 

for health in general, and neurosurgery in particular. For instance, it will be practically 

impossible for Nigeria to scale up its linear neurosurgeon growth rate from 5/year to 

216.3/year or its exponential growth rate from 11.79% annually to 35.61% annually in 

order to meet a case burden workforce requirement of 2271 neurosurgeons by 2030. 

Scaling up the linear rate to 122.5/year or the exponential rate to 28.57% annually to meet 

a population workforce requirement of 1333 neurosurgeons by 2030 is also arduous but 
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appears more realistic and attainable from a policy perspective. The same is true in other 

African countries with severe deficiencies in human and training resources. While 

working to achieve these specialist neurosurgeon targets, African countries can 

temporarily bridge the gap through neurosurgical task-sharing and task-shifting 

mechanisms, as well as enacting and implementing neurosurgical disease preventative 

policies at the population health level.10,25,153,154 Already, some countries have adopted task-

sharing and -shifting policies where general, pediatric and orthopedic surgeons, non-

specialist physicians, and non-physician health workers are trained to perform basic life-

saving neurosurgical care.10,25,148,153,154 

4.7 Implications for future policy and practice 

4.7.1 General recommendations 

By identifying large existing and future specialist neurosurgeon workforce 

deficits, paucity of neurosurgical training programs, and some weaknesses of the 

training programs in Africa, the study poses significant implications for policies on 

neurosurgical workforce development and practice in Africa, as well as on developing 

Africa’s human resources for health. The findings are a call to urgent action by African 

countries, health ministries, national and continental neurosurgical societies, 

international neurosurgical societies and foundations, as well as international 

institutional, philanthropic and individual collaborative partners to increase their 

interest and investment in developing local neurosurgery training and capacity in 
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Africa. This should include developing new training programs, expanding existing 

programs, accrediting independent programs, creating new and expanding existing 

subspecialty training programs, harmonizing the training curriculum across all 

countries and programs, and establishment of an African Board of Neurological Surgery 

(AfBNS).8,21,27,34,46,47,64,82 The Board, working in concert with the Continental Association of 

African Neurosurgical Societies (CAANS) , the Africa Union (AU), and the World 

Federation of Neurosurgical Societies (WFNS) will ensure consistency in program 

curriculum and competency standards, equivalence of specialist certifications, and a 

more coordinated and equitable distribution of neurosurgical workforce, resources and 

external aid across the continent.48,60,64,155 Local training is a more affordable and sustainable 

way to improve specialized surgical services, and is known to expose trainees to African 

health systems and disease peculiarities, decrease rates of emigration, and increase 

workforce retention and local care capacity.2,3,8,10,13,24,37,39,40,59,70,71,158,159 Prioritizing local 

neurosurgery training and practice will stem the “brain drain”, with concomitant 

retention of funds that could be lost due to neurosurgical medical tourism.2,3,8,10,13,24,37,39,40,59,70,71,156,157 

Increasing the country health expenditure and redirecting funds to specialties like 

neurosurgery will have a ripple effect in improving neurosurgical training and service 

delivery. 

All 51 African countries that currently have practicing neurosurgeons should 

establish national neurosurgical societies to further the interests of the specialty in their 
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countries. These national societies should belong to regional associations and work as 

professional advocacy groups to pressure national governments to recognize the need 

and importance of prioritizing neurosurgery development and practice in their 

countries.9 This is especially important given the preponderance of neurotrauma from 

road traffic injuries, hydrocephalus and neural tube defects, and increasing life 

expectancy with resultant rise in cerebrovascular diseases, degenerative spine diseases 

and neuro-oncology cases. Population level preventative interventions, policies and 

education contributes to reduction in the prevalence of these conditions. The North 

African countries can unify and harmonize their training programs, through the agency 

of the Maghreban Federation of Neurosurgical Societies (MFNS). This association could 

stimulate the establishment of neurosurgery training in Western Sahara, and expansion 

of training programs in Libya and Mauritania. 

National, regional and continental neurosurgical societies and training programs 

should form intra-African collaborative partnerships for specialty and subspecialty 

training.8,13,39,69,82,138 This means that the 106 training programs within 26 African countries 

should be responsible for training neurosurgeons for the 29 countries without any 

training program. Already, training programs in Morocco, Egypt, Kenya, Senegal and 

South Africa, with assistance from the WFNS and FIENS have been training 

neurosurgeons from other African countries.27,48,59,77,119 Trainees at the WFNS-Rabat RTC 

have come from diverse African countries including Benin, Burkina Faso, Cameroon, 
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Chad, DR Congo, Gabon, Guinea Conakry, Ivory Coast, Malawi, Mali, Mauritania, 

Niger, Nigeria, Republic of Congo, Rwanda, Tanzania, Togo, and Uganda.27 Cairo and 

Alexandria in Egypt have for long been training destinations for several African 

neurosurgeons. The Kenyan neurosurgery training program was the foundational 

fulcrum for the East African and COSECSA neurosurgery training program, and has 

trained several neurosurgeons from the regions covered by COSECSA.8,47,63,69 The 

Senegalese training program has been instrumental to training neurosurgeons from 

other West African francophone countries.113 And, the University of Cape Town in South 

Africa has a long-established reputation for having trainees from all over Africa, and is 

the bastion of neurosurgical training for  other Southern African countries.77 It is also 

reported that the University of Zimbabwe training program has contributed to training 

neurosurgeons from other countries in East, Central and Southern Africa,10 and Ghana’s 

program at Korle Bu Teaching Hospital has trained neurosurgeons from other West 

African countries. 

The existing regional training programs should establish and accredit training 

centers in the countries without any center within their sphere of influence, increase the 

number of training positions within existing centers, and standardize their training 

curriculum to reflect global advances in neurosurgical training and practice. WACS 

should expand its training program to the 8 West African countries where no training 

centers exist, namely Cabo Verde, The Gambia, Guinea, Guinea-Bissau, Liberia, Mali, 
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Sierra Leone, and Togo. Some of the countries, like Guinea, Mali, and Togo already have 

a sizable number of neurosurgeons (> 5), and can begin local training for interested 

nationals. The college should also accredit the new training program in Burkina Faso 

and harmonize the curriculum with that of WACS. In addition, training centers and 

positions should be increased in other countries like Nigeria, Ghana and Senegal where 

the available spaces are inadequate for the number of interested candidates. A similar 

approach should be taken by COSECSA in the East, Central and Southern African 

regions. Of the 14 countries within the college, only 8 have training programs that are 

accredited. The programs in Mozambique and Zimbabwe are independent of the 

college, while Botswana, Burundi, Namibia, and South Sudan have no training 

programs. Of these, Botswana has a sizable number of neurosurgeons (8) and can start a 

local training program. The South African College of Neurosurgeons, while still 

pursuing its national aspirations and helping train neurosurgeons from other African 

countries, should adopt a more regional outlook to stimulate establishment of 

neurosurgical centers in neighboring Botswana, Eswatini, Lesotho, and Namibia. Similar 

to Botswana, Lesotho’s 5 neurosurgeons can start a local training program with some 

external help. 

Finally, the WFNS, FIENS, and other international neurosurgical institutions, 

agencies, and charities should increase their current involvement in training 

neurosurgeons for Africa, given the stark current and future realities. WFNS through its 
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regional training centers, regular training courses and workshops, as well as its 

equipment subsidization and donation, is already at the forefront of enhancing 

neurosurgery training and practice in Africa.8 FIENS began its African training 

assistance in Ghana in 1989,  and has been instrumental to developing training programs 

in Kenya, Uganda and Tanzania, as well as the East African/COSECSA neurosurgical 

training program.7,8,36,63,69 Apart from the Korle Bu Neuroscience Foundation (KBNF), and 

the recently established Swedish African Neurosurgical Collaboration (SANC), there are 

virtually no foreign-assisted training and capacity building programs in West Africa.21,82,83 

There is a host of such training assistance in East Africa, including the Norwegian 

University of Bergen/Haukeland University program in Ethiopia, FIENS/NED/CURE 

International in Kenya, FIENS/CURE International/Duke Global Neurosurgery and 

Neurology in Uganda, NED/Madaktari Africa/Weill Cornell/University of Colorado in 

Tanzania, UNC/Norwegian organizations in Malawi, etc.2,3,7,8,10,55,63,67,68,69,70,71,77,148,150,158,159 The global 

community’s efforts should be more coordinated and equitably distributed to reach a 

greater proportion of the populace.48,60,64,155 This should be coordinated through CAANS 

and AfBNS, as previously iterated. 

4.7.2 Strategies to achieve specialist neurosurgical workforce targets 

Initial first steps to increasing the specialist neurosurgery workforce in Africa 

should include cohesive organization by existing neurosurgeons, neurosurgical 

societies, and neurosurgery training programs to advocate for prioritization of 
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neurosurgery training and practice in their various countries and regions. Developing 

standard and harmonized training curriculum and practice guidelines would facilitate 

this venture. In addition, fashioning and implementing specialist workforce retention 

and attraction mechanisms would build up the neurosurgical workforce at the initial 

stages. Workforce retention mechanisms would involve creating more specialist 

positions, enhancing the medical specialist pay structure, and procurement of modern 

standard neurosurgical equipment. These would not only encourage trained specialists 

to remain and practice in their country, but would also attract foreign-trained specialists 

to return, as well as motivate medical school trainees and graduates to pursue specialist 

training in neurosurgery. 

Four approaches are proposed to further enhance neurosurgery training and 

practice in Africa. One is the novel concept of ‘regional champions’, where countries with 

well-established neurosurgery training programs and large numbers of specialist 

neurosurgeons should have regional training centers (RTCs) of excellence, through 

which they will be responsible for training more neurosurgeons in their region. This 

should be through the agency of WFNS, CAANS, AfBNS, and the AU, supported by 

international educational agencies like FIENS, NED and CURE International. These 

RTCs will pilot the harmonized neurosurgery training curriculum and have an exchange 

program to build subspecialty skills in centers where such skills abound. Subspecialty 

training could be included as part of the training curriculum to ensure its effective 
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implementation without increasing the overall training duration.139,140 Local regional 

training with short external rotations abroad has been suggested to be the best way to 

provide internationally benchmarked quality training.13,24,39,47 The regional centers should 

also receive accreditation from the respective regional surgical colleges, and the 

graduates will be mandated to commence local training of other surgeons on their 

return to their home countries. 

In North Africa, the choice would be Egypt (20 centers, 547 neurosurgeons), 

Algeria (15 centers, 400 neurosurgeons), and Morocco (10 centers, 230 neurosurgeons). 

Morocco has a functional RTC that has successfully shown that this concept could be 

implemented in other locations. Algeria and Egypt are also formally recognized as 

centers of excellence by the WFNS. In West Africa, Nigeria (13 centers, 108 

neurosurgeons) will be an obvious choice, alongside Ghana (3 centers, 24 

neurosurgeons), and Senegal (3 centers, 21 neurosurgeons). Senegal already has an RTC 

for training francophone West African neurosurgeons. Cameroon (2 centers, 26 

neurosurgeons) could serve as the RTC for Central Africa. Apart from being the only 

country in the region with a training program, Cameroon will serve both anglophone 

and francophone trainees. In East Africa, Kenya (4 centers, 40 neurosurgeons) already 

has a designated RTC; Ethiopia (2 centers, 35 neurosurgeons), and either Tanzania (2 

centers, 20 neurosurgeons) or Uganda (2 centers, 12 neurosurgeons) will be good 

recommendations. For Southern Africa, South Africa (8 centers, 180 neurosurgeons), 
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Mozambique (2 centers, 8 neurosurgeons, and Zimbabwe (1 center, 15 neurosurgeons) 

can serve the region. South Africa is already a WFNS-recognized continental 

neurosurgery training hub, Zimbabwe is also a training hot spot for neighboring 

countries, and Mozambique will serve as a training site for Portuguese-speaking 

trainees. 

The second approach entails developing training programs in countries with no 

training center but having 4 or more neurosurgeons. This can be coordinated by 

CAANS, AfBNS, the regional surgical colleges, and supported by FIENS, NED, and 

other international partners such as DGNN, UNC, Weill Cornell, etc. While no North 

African country may qualify in this group, Guinea (6 neurosurgeons), Mali (16 

neurosurgeons), and Togo (6 neurosurgeons) are the options from West Africa. DR 

Congo (14 neurosurgeons), Equatorial Guinea (5 neurosurgeons), Gabon (5 

neurosurgeons), and Republic of the Congo (5 neurosurgeons) will qualify from Central 

Africa. In East Africa, Mauritius (10 neurosurgeons), Comoros (4 neurosurgeons), and 

Somalia (4 neurosurgeons) will qualify, while Angola (18 neurosurgeons), Botswana (8 

neurosurgeons), and Lesotho (5 neurosurgeons) will represent Southern Africa. 

Involvement of the existing neurosurgeons in these countries in training would 

exponentially increase the neurosurgical workforce over time. 

The third approach is to train general, pediatric and orthopedic surgeons to 

perform basic emergency and essential neurosurgery procedures in countries with no or 
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few specialist neurosurgeons. This previously proposed suggestion can be done pari 

passu with the other two described approaches - establishment of training centers in low-

serviced regions, as well as the development of RTCs in ‘champion countries’.13,22,24,25,28,39,66,68,156,160 

General and pediatric surgeons could be trained to perform such procedures as shunt 

placement for hydrocephalus, repair of spina bifida, burr-hole drainage of subdural 

hematoma and intracranial abscess, and minimal craniotomy/craniectomy for 

evacuation of extradural hematoma. Orthopedic surgeons could be trained to perform 

closed reduction of traumatic spinal listhesis, application of skull traction, and spinal 

decompression surgeries and instrumentation. Some orthopedic surgeons are well 

versed in spinal surgery, and in many centers run a spinal unit with or without 

neurosurgeons. 

Already, residents in various surgical specialties under WACS are required to 

undergo 6-month trauma and 3-month anesthesiology (including intensive/critical care 

where available) postings and are permitted to do a 3-month elective posting in 

neurosurgery.125 Adroit surgical trainees have been known to master some basic 

neurosurgical skills. The benefit of this approach is that it could be enshrined as part of 

routine surgical training programs as done by WACS. Also, even when conducted 

outside the usual surgical training program, the program is shorter in duration, less cost 

intensive, certification is competency-based and not based on duration of training, and 

graduates of this training approach could practice in rural, remote or suburban settings. 
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If these graduates are in systems with a trained neurosurgeon, a task-sharing model 

could be adopted where they care for patients with basic emergent and less demanding 

conditions while the specialist neurosurgeon caters for more critical cases, performs the 

more technically demanding procedures, and is free to develop skills in a specific 

subspecialty.25,153,154 These graduates could also serve as experienced assistants to the 

neurosurgeons when challenging procedures are being performed. This is almost akin to 

the practice by neurosurgical physician assistants and nurse practitioners in the United 

States. 

The draw-back is that some countries and health systems may view this training 

option as an alternative to investing in core specialist neurosurgical training because of 

the afore-mentioned benefits, thus stunting the growth of the neurosurgery specialty.153 

There may also be inadequate regulations, given the tendency to low and weak policy 

implementation in many LMICs. This will breed a sub-par class of practitioners who 

would not realize the limits of their training and practice.68,153 In addition, given the 

incessant tussle for relevance and superiority in many health systems, especially in 

LMICs where every health worker could be mis-identified as a ‘doctor’, graduates of this 

training may begin to arrogate to themselves the status of a neurosurgeon.153 Also, the 

dearth of general, pediatric and orthopedic surgeons in many African countries will 

limit this approach. For example, the countries in the COSECSA regions in 2016 had a 

density of 0.53 surgeons per 100,000 population (across all specialties - with only 50% 
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being general surgeons),161 while the recommended surgeon density is 20 per 100,000 

population.1 The available surgeons in those regions are already overburdened with 

high patient volumes for their specific specialty, and adding more neurosurgical burden 

may not be feasible. Moreover, several of them also had the option of undergoing 

neurosurgical training but chose their current specialty, thus, their initial lack of interest 

in neurosurgery may limit their optimal participation and effective performance as 

supplemental neurosurgeons. 

A fourth, but less enticing, approach is training non-physician health workers to 

perform basic essential and life-saving neurosurgery. This model has been practiced in 

varying forms in Malawi, Mozambique, Burkina Faso, as well as by Madaktari Africa in 

Tanzania.3,8,68,148,154 This will result in neurosurgical task-shifting to less trained personnel.22,25 

Even though some positive outcomes and impact have been reported,8 the model is not 

widely accepted or supported by many neurosurgeons globally.153,154 A modification could 

be in the form of training general medical practitioners (residency-trained family 

physicians) or generalists (medical graduates who did not undergo specialty training) to 

perform basic emergency and life-saving neurosurgery procedures. Such task-shifted 

procedures would include consultations and review of neurosurgical patients, simple 

burr-hole drainage of intracranial hematomas, hygromas and abscesses, elevation of 

simple depressed skull fractures, simple trauma craniotomies, insertion and review of 

shunts, and excision and repair of spina bifida and other superficial scalp lesions. Their 
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engagement would free up the specialist neurosurgeons to dedicate more time to 

performing more complex procedures such as brain and spine tumor excision, aneurysm 

repair, spine and nerve procedures, etc. The benefits and disadvantages of neurosurgical 

task-shifting to less trained cadres are similar to those previously discussed in the third 

(task-sharing) approach above.68,153,154,162 

4.8 Implications for further research 

The study raises several implications for future research, some of which have 

been discussed earlier. These include the use of linear vs exponential growth rates to 

project the neurosurgical workforce. While the linear model is based on fixed 

increments, not subject to variations in influencing geopolitical and economic factors, 

the exponential model is more flexible and subject to these variations. Such identifiable 

factors include population growth, change in population distribution, change in the 

neurosurgical disease landscape, and availability of more neurosurgeons. Others are 

policy change (including public health education and promotion, road safety measures, 

emergency medical services, fortification of food to prevent neural tube defects, 

investment in early diagnostic and treatment technology, workforce retention 

mechanisms etc.), creation of new training centers and expansion of existing ones, 

increasing the number of training spaces, sponsorship of trainees abroad with bonding 

to their national neurosurgical centers, attraction of diaspora and expatriate 

neurosurgeons, and increased retirement age for practicing neurosurgeons. Yet other 



97 

factors will include development of collaborative partnerships for training and 

education with international agencies and institutions, task-shifting and task-sharing 

policies, and direct investment to improve facilities for neurosurgical practice and 

training.10,82,153,154 Future studies could utilize these factors to build a more comprehensive 

model for understanding current and projecting future workforce requirements.  

Another focus for future research will be to investigate which of population and 

burden workforce requirements is more attainable. The burden workforce is based on 

neurosurgical disease load, but seems high and beyond the reach of struggling health 

systems, while the population workforce uses previously agreed population ratios 

which while being more achievable may not cover the full range of disease prevalence. 

Yet another research focus could be to understand the cost effectiveness of neurosurgical 

training in LMICs already facing financial challenges with low national health budgets. 

By studying the direct cost of training neurosurgeons, and projecting the economic 

benefit such trained neurosurgeons give to the health system and country, a cost benefit 

analysis could be performed. This could include direct savings from neurosurgical 

medical tourism, savings from reduced sick vacations and lost job hours, and the 

financial effect of prolonged lives and time at work to individuals and the community. 

Finally, there is paucity of data on neurosurgical disease burden and capacity in many 

African countries.138 There is a need to integrate research into clinical practice and 

establish databases that would be useful for epidemiological projection of neurosurgical 
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disease burden and workforce projections to address population requirements. Research 

output has often been correlated with level of training and clinical practice, thus 

integrating research into Africa’s neurosurgical training and practice will enhance these 

areas and improve outcomes.69,138 

4.9 Study strengths and limitations 

The study specifically focused on the specialist neurosurgeon workforce in 

Africa, and innovatively projected the workforce by 2030 using current growth trends. It 

considered the influence of population and case burden variations in estimating the 

required workforce and workforce deficits, whereas other studies used static data from 

previously published global neurosurgery workforce estimates. Other variable factors 

that could influence the neurosurgical workforce were identified.  Furthermore, the 

study proposed the linear and exponential workforce scale-up needed to address these 

deficits, as well as approaches through which this scale up could be achieved. 

The study is, however, limited by being entirely based on publicly available 

online data on neurosurgical workforce and training in Africa. This constraint is due to 

the impact of COVID-19 which affected the study’s timeline making it impossible to 

adopt a more comprehensive approach to obtain data. Given enough time frame, the 

study could have used a mixed-methods approach involving survey of specialist 

neurosurgeons and neurosurgery trainees in Africa, survey and individual interview of 

officials of African continental, regional and national neurosurgical associations and 
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surgical training colleges/neurosurgical training programs, and direct visits to existing 

regional and national neurosurgical training programs. This could have produced 

results from diverse sources which could be triangulated to establish the true picture of 

African neurosurgery workforce and training processes. The study team is already 

considering these approaches to conduct a more robust research on neurosurgery 

education and training, workforce, and practice in Africa. 

In addition, data on the neurosurgical workforce and training programs in many 

African countries were not readily available through the national, regional or 

continental association websites. Several countries lack functional neurosurgical 

associations, despite the presence of a sizable number of neurosurgeons. Some with 

registered neurosurgical societies lack online websites, and several who have online 

websites lack documentation of their neurosurgical workforce, as well as current and 

previous state of neurosurgical training and practice in their country. An analogous 

situation exists with the neurosurgical training programs, as only a few had this 

information readily available. Furthermore, most of the data used in the study are from 

publications in English language. This excluded publications in Amharic, Arabic, 

French, Portuguese, Spanish, Swahili, and several other languages of communication in 

various parts of Africa. An attempt to ameliorate this language barrier involved 

translating some of the search terms into these languages using Google Translate and 

performing a Google search using the translations. This brought forth some papers, 
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documents, and websites which were searched with the aid of the translation services on 

Google. There is no doubt that some useful sources may have been missed. 

Also, the study relied on data from the seminal works of the Global 

Neurosurgery Initiative of the Harvard PGSSC to estimate the neurosurgical case 

volume/burden and case capacity. These are global averages modeled from the 

epidemiological analysis of ten most common neurosurgical conditions requiring 

operative treatment, including brain and spinal tumors, hydrocephalus, traumatic brain 

injury (TBI), traumatic spinal injury (TSI), neural tube defects, stroke, CNS vascular 

anomalies, CNS infections, and epilepsy.10,11 The modeled data excluded other important 

neurosurgical conditions, including degenerative spine disease, osteoporotic vertebral 

fractures, pain disorders, and spasticity and movement disorders.10,12 Modeled projections 

are known to have significant bias, and questionable reliability, applicability, and 

consistency, as they frequently contain estimates from systematic reviews and 

metanalysis in the absence of reliable population estimates.10,34 This is also a limitation, as 

the estimated case volume and case capacity may not be truly reflective of the African 

neurosurgical disease burden.  

The study noted several discrepancies in the available data on neurosurgical 

workforce in Africa. This includes the highly cited 2016 WFNS Global Neurosurgery 

Workforce Map and publications from the Global Neurosurgery Initiative of the 

Harvard PGSSC.23,90 Some veritable examples are Algeria which had 100 neurosurgeons 
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stated in 2016 and 106 in 2018,23,90 but has 400 neurosurgeons documented on the Pan 

Arab Neurosurgical Society website in 2020;92 Morocco had 150 neurosurgeons 

documented in 2016 and 190 in 2018,23,90 but the Moroccan Secretary of State for Higher 

Education and Scientific Research notes 230 neurosurgeons in 2020;95 and Tunisia’s 73 

neurosurgeons have remained static since 2016.23,82,90 Also, Burkina Faso was noted to have 

6 neurosurgeons in 2016, but this was modified to 5 in a recent PGSSC publication,23,90 and 

Guinea-Bissau’s documented figure of 12 neurosurgeons in 201690 was modified to 4 in 

2016 and 1 in 2018.23 Nigeria’s neurosurgeons were stated to be 30 in 2016 and 35 in 

2018,23,90 however, these are not factual as this author graduated from a Nigerian 

neurosurgery training program in 2015 when there were already about 70 

neurosurgeons in the country. Recent publications from some Nigerian neurosurgeons 

placed the 2018 figures at 80 or 81,21,82 and the Nigerian Academy of Neurological 

Surgeons (NANS) listed 106 neurosurgeons on its website in December 2020.98 108 

neurosurgeons are stated for Nigeria in this study because 3 neurosurgeons trained in 

the UK (2) and US (1) who are currently practicing in the country are not listed on the 

NANS website, and one listed Nigerian-trained neurosurgeon died of COVID-19-related 

complications in December 2020. Other examples are the Republic of Congo stipulated 

to have 21 neurosurgeons in 201690 but revised to 4;23 Equatorial Guinea with no 

neurosurgeon noted in 2016 revised to 4;23,90 Gabon’s 8 stated neurosurgeons in 2016 

revised to 5;223,90 Comoros with none declared in 2016 revised to 3;23,90 Mauritius with none 
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in 2016 revised to 6;23,90 Sudan noted as 41 in 2016 revised to 19;23,90 Namibia’s 3 

neurosurgeons documented in 2016 revised to 2;23,90 and Zambia with 69 neurosurgeons 

quoted in 2016 revised to 7.23,90 In addition, South Africa was assumed to have 33 

neurosurgeons in 2016 and 2018 when El Khamlichi had previously documented 86 

neurosurgeons in the country in 2001.13,23,90 The Society of Neurosurgeons of South Africa 

(SNSA) lists 180 neurosurgeons in its 2020 website database.107 These discrepancies 

constrained the use of the 2016 data for our projections in this study. The highly 

regarded and cited 2001 publication on the state of neurosurgery practice, workforce 

and training by El Khamlichi seems to be more comprehensive, and was thus used for 

this study’s projections. 

Using only 2 data points, 2001 and 2020, also limits the study’s projection as a 

more data points would have added greater understanding of the linear and exponential 

growth of the specialist neurosurgery workforce in Africa. The 2016 neurosurgery 

workforce estimates from the WFNS Global Neurosurgery Workforce Map and the 

Global Neurosurgery Initiative of the Harvard PGSSC would have served this purpose, 

were it not for the discrepancies already noted above. It is hoped that improved 

documentation of the exact neurosurgery workforce by neurosurgical associations and 

training programs would enhance future projection modeling studies. 

Finally, the study’s projections are simplistic as it accounts only for population 

and neurosurgical case burden variations. Several other factors could be considered in 
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future neurosurgery workforce projections, including variations in number of training 

programs and institutions, number of training positions, training graduation rates, 

workforce retention rates, rates of emigration and immigration, and rates of retirement 

and death of specialist neurosurgeons. Other possible factors worthy of consideration 

are variations in population distributions, health sector funding (especially funding of 

specialist programs and practices), and neurosurgery prioritization on the health 

agenda. 
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5. Conclusion
The current state of the specialist neurosurgical workforce and training in Africa 

is dire. With only 1,974 neurosurgeons for 1.3 billion people (0.15/100,000 or 1 

neurosurgeon to 678,740 people), the continent is in deficit of 4,725 neurosurgeons based 

on the 2020 population requirements of 6,699 neurosurgeons and in deficit of 9,442 

neurosurgeons based on the 2020 neurosurgical case burden requirements of 11,416 

neurosurgeons. By 2030, Africa’s population and case burden workforce requirements 

will be 8,608 or 14,669, respectively. At the present linear growth rate of 74.2 

neurosurgeons per year or exponential growth rate of 6.81% per annum, the continent 

will be unable to meet its population or case burden workforce requirements, and will 

experience more severe deficits. 

The situation will be similar in all Africa’s regions except for North Africa where 

most countries will be able to meet their workforce requirements, but only a handful of 

sub-Saharan African countries will be able to do so. The continent, regions and 

countries, therefore, require significant scale up in the linear and exponential growth 

rates to be able to meet the requirements and cover the deficits. In addition, there are 

only 106 specialist neurosurgery training centers in 26 of 55 African countries, leaving 29 

countries without any program. Four of these countries have no single practicing 

neurosurgeon to care for the populace. 
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Scaling up the neurosurgical workforce in Africa requires concerted commitment 

by national governments, practicing neurosurgeons, national, regional and continental 

neurosurgical societies, existing national and regional neurosurgical programs, 

international neurosurgical associations, agencies, institutions, and philanthropies. This 

study proposes to address this need through establishing more regional training centers 

in some countries with significant training and workforce capacity, expanding training 

programs and positions in countries and regions with some capacity, developing new 

training programs in countries where none exists despite having at least 4 practicing 

neurosurgeons, training other surgical specialists (general, pediatric and orthopedic 

surgeons) to perform essential and life-saving neurosurgery procedures in a task-

sharing model, and training general practitioners and generalists to perform some basic 

neurosurgery tasks in a task-shifting model. These efforts should be coordinated by the 

Continental Association of African Neurosurgical Societies (CAANS), a proposed 

African Board for Neurological Surgery (AfBNS), and the African Union (AU), with 

collaborative partnership from the World Federation of Neurosurgical Societies (WFNS), 

Foundation for International Education in Neurological Surgery (FIENS) and other 

bodies and institutions dedicated to neurosurgery education and training. 

The results from this study suggest that further multi-dimensional mixed-

methods research and analysis are required to validate the findings and serve as a focus 

to understand trends in neurosurgical workforce, training and practice globally, 
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especially in LMICS. This will include understanding the best-fit model for making 

workforce projections, understanding the best metrics for workforce measurement, and 

a cost effectiveness analysis of local neurosurgery training and practice on individuals, 

communities and nations. These are already being considered as veritable next steps for 

this project. 
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Appendix D. Linear projection of the specialist neurosurgical workforce in Africa 

Country 2001 2020 
Annual linear 

growth rate, r (/year) 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

North Africa 

Algeria 130 400 14.21 414 428 443 457 471 485 499 514 528 542 

Egypt 165 547 20.11 567 587 607 627 648 668 688 708 728 748 

Libya 5 10 0.26 10 11 11 11 11 12 12 12 12 13 

Mauritania 0 11 0.58 12 12 13 13 14 14 15 16 16 17 

Morocco 80 230 7.89 238 246 254 262 269 277 285 293 301 309 

Tunisia 25 73 2.53 76 78 81 83 86 88 91 93 96 98 

Western Sahara - 0 0.00 0 0 0 0 0 0 0 0 0 0 

405 1271 45.58 1317 1362 1408 1453 1499 1544 1590 1636 1681 1727 

West Africa 

Benin - 10 0.53 11 11 12 12 13 13 14 14 15 15 

Burkina Faso 1 7 0.32 7 8 8 8 9 9 9 10 10 10 

Cabo Verde - 2 0.11 2 2 2 2 3 3 3 3 3 3 

Côte d’Ivoire 4 16 0.63 17 17 18 19 19 20 20 21 22 22 

The Gambia - 2 0.11 2 2 2 2 3 3 3 3 3 3 

Ghana 1 24 1.21 25 26 28 29 30 31 32 34 35 36 

Guinea 1 6 0.26 6 7 7 7 7 8 8 8 8 9 

Guinea-Bissau 0 1 0.05 1 1 1 1 1 1 1 1 1 2 

Liberia - 1 0.05 1 1 1 1 1 1 1 1 1 2 

Mali 0 16 0.84 17 18 19 19 20 21 22 23 24 24 

Niger 0 9 0.47 9 10 10 11 11 12 12 13 13 14 

Nigeria 13 108 5.00 113 118 123 128 133 138 143 148 153 158 
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Senegal 8 21 0.68 22 22 23 24 24 25 26 26 27 28 

Sierra Leone - 0 0.00 0 0 0 0 0 0 0 0 0 0 

Togo 1 6 0.26 6 7 7 7 7 8 8 8 8 9 

29 229 10.53 240 250 261 271 282 292 303 313 324 334 

Central Africa 

Burundi 0 2 0.11 2 2 2 2 3 3 3 3 3 3 

Cameroon 6 26 1.05 27 28 29 30 31 32 33 34 35 37 

Central African Republic - 1 0.05 1 1 1 1 1 1 1 1 1 2 

Chad - 3 0.16 3 3 3 4 4 4 4 4 4 5 

Republic of Congo  1 5 0.21 5 5 6 6 6 6 6 7 7 7 

DR Congo 2 14 0.63 15 15 16 17 17 18 18 19 20 20 

Equatorial Guinea 0 5 0.26 5 6 6 6 6 7 7 7 7 8 

Gabon 1 5 0.21 5 5 6 6 6 6 6 7 7 7 

Sao Tome and Principe - 0 0.00 0 0 0 0 0 0 0 0 0 0 

10 61 2.68 64 66 69 72 74 77 80 82 85 88 

East Africa 

Comoros 0 4 0.21 4 4 5 5 5 5 5 6 6 6 

Djibouti - 2 0.11 2 2 2 2 3 3 3 3 3 3 

Eritrea - 2 0.11 2 2 2 2 3 3 3 3 3 3 

Ethiopia 1 35 1.79 37 39 40 42 44 46 48 49 51 53 

Kenya 8 40 1.68 42 43 45 47 48 50 52 53 55 57 

Madagascar 0 6 0.32 6 7 7 7 8 8 8 9 9 9 

Mauritius 1 10 0.47 10 11 11 12 12 13 13 14 14 15 

Rwanda 0 7 0.37 7 8 8 8 9 9 10 10 10 11 
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Seychelles - 0 0.00 0 0 0 0 0 0 0 0 0 0 

Somalia 2 4 0.11 4 4 4 4 5 5 5 5 5 5 

South Sudan - 1 0.05 1 1 1 1 1 1 1 1 1 2 

Sudan 6 20 0.74 21 21 22 23 24 24 25 26 27 27 

Tanzania 3 20 0.89 21 22 23 24 24 25 26 27 28 29 

Uganda 3 12 0.47 12 13 13 14 14 15 15 16 16 17 

24 163 7.32 170 178 185 192 200 207 214 222 229 236 

Southern Africa 

Angola - 18 0.95 19 20 21 22 23 24 25 26 27 27 

Botswana 1 8 0.37 8 9 9 9 10 10 11 11 11 12 

Eswatini 0 2 0.11 2 2 2 2 3 3 3 3 3 3 

Lesotho 0 5 0.26 5 6 6 6 6 7 7 7 7 8 

Malawi 1 3 0.11 3 3 3 3 4 4 4 4 4 4 

Mozambique 1 8 0.37 8 9 9 9 10 10 11 11 11 12 

Namibia 1 3 0.11 3 3 3 3 4 4 4 4 4 4 

South Africa 86 180 4.95 185 190 195 200 205 210 215 220 225 229 

Zambia 1 8 0.37 8 9 9 9 10 10 11 11 11 12 

Zimbabwe 6 15 0.47 15 16 16 17 17 18 18 19 19 20 

97 250 8.05 258 266 274 282 290 298 306 314 322 331 

AFRICA total 565 1974 74.16 2048 2122 2196 2271 2345 2419 2493 2567 2641 2716 
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Appendix E. Exponential projection of the specialist neurosurgical workforce in Africa 

Country 2001 2020 
Annual Exponential 

growth rate, ! (%/year) 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

North Africa 

Algeria 130 400 6.09 424 450 478 507 538 570 605 642 681 723 

Egypt 165 547 6.51 583 621 661 704 750 799 851 906 965 1028 

Libya 5 10 3.72 10 11 11 12 12 12 13 13 14 14 

Mauritania 0 11 13.45 12 14 16 18 21 23 27 30 34 39 

Morocco 80 230 5.72 243 257 272 287 304 321 339 359 379 401 

Tunisia 25 73 5.80 77 82 86 91 97 102 108 115 121 128 

Western Sahara - 0 0.00 0 0 0 0 0 0 0 0 0 0 

405 1271 6.20 1350 1434 1523 1617 1717 1824 1937 2057 2185 2320 

West Africa 

Benin - 10 12.88 11 13 14 16 18 21 23 26 30 34 

Burkina Faso 1 7 10.78 8 9 10 11 12 13 14 16 18 19 

Cabo Verde - 2 16.49 2 3 3 4 4 5 6 7 8 9 

Côte d’Ivoire 4 16 7.57 17 19 20 21 23 25 27 29 31 33 

The Gambia - 2 16.49 2 3 3 4 4 5 6 7 8 9 

Ghana 1 24 18.21 28 34 40 47 55 65 77 91 108 128 

Guinea 1 6 9.89 7 7 8 9 10 11 12 13 14 15 

Guinea-Bissau 0 1 17.08 1 1 2 2 2 3 3 4 4 5 

Liberia - 1 17.08 1 1 2 2 2 3 3 4 4 5 

Mali 0 16 15.71 19 21 25 29 33 38 44 51 60 69 

Niger 0 9 16.81 11 12 14 17 20 23 27 31 36 43 
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Nigeria 13 108 11.79 121 135 151 169 189 211 236 263 294 329 

Senegal 8 21 5.21 22 23 24 26 27 28 30 32 33 35 

Sierra Leone - 0 0.00 0 0 0 0 0 0 0 0 0 0 

Togo 1 6 9.89 7 7 8 9 10 11 12 13 14 15 

29 229 11.49 255 285 317 354 394 440 490 547 609 679 

Central Africa 

Burundi 0 2 16.49 2 3 3 4 4 5 6 7 8 9 

Cameroon 6 26 8.02 28 30 33 35 38 41 45 48 52 56 

Central African Republic - 1 17.08 1 1 2 2 2 3 3 4 4 5 

Chad - 3 16.68 4 4 5 6 6 8 9 10 12 14 

Republic of Congo  1 5 8.84 5 6 6 7 8 8 9 10 11 12 

DR Congo 2 14 10.78 16 17 19 21 23 26 29 32 35 39 

Equatorial Guinea 0 5 16.84 6 7 8 9 11 13 15 17 20 24 

Gabon 1 5 8.84 5 6 6 7 8 8 9 10 11 12 

Sao Tome and Principe - 0 0.00 0 0 0 0 0 0 0 0 0 0 

10 61 9.98 67 74 81 89 98 108 119 131 144 158 

East Africa 

Comoros 0 4 16.78 5 5 6 7 9 10 12 14 16 19 

Djibouti - 2 16.49 2 3 3 4 4 5 6 7 8 9 

Eritrea - 2 16.49 2 3 3 4 4 5 6 7 8 9 

Ethiopia 1 35 20.58 42 51 61 74 89 108 130 156 189 227 

Kenya 8 40 8.84 44 47 52 56 61 66 72 79 86 93 

Madagascar 0 6 16.68 7 8 10 11 13 15 18 21 24 28 

Mauritius 1 10 12.88 11 13 14 16 18 21 23 26 30 34 
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Rwanda 0 7 16.74 8 10 11 13 15 18 21 24 28 33 

Seychelles - 0 0.00 0 0 0 0 0 0 0 0 0 0 

Somalia 2 4 3.72 4 4 4 5 5 5 5 5 6 6 

South Sudan - 1 17.08 1 1 2 2 2 3 3 4 4 5 

Sudan 6 20 6.54 21 23 24 26 27 29 31 33 35 38 

Tanzania 3 20 10.50 22 24 27 30 33 36 40 44 49 54 

Uganda 3 12 7.57 13 14 15 16 17 19 20 22 23 25 

24 163 10.61 180 199 221 244 270 298 330 365 404 447 

Southern Africa 

Angola - 18 16.43 21 24 28 33 39 45 52 61 71 82 

Botswana 1 8 11.57 9 10 11 12 14 15 17 19 21 24 

Eswatini 0 2 16.49 2 3 3 4 4 5 6 7 8 9 

Lesotho 0 5 16.84 6 7 8 9 11 13 15 17 20 24 

Malawi 1 3 5.95 3 3 4 4 4 4 5 5 5 5 

Mozambique 1 8 11.57 9 10 11 12 14 15 17 19 21 24 

Namibia 1 3 5.95 3 3 4 4 4 4 5 5 5 5 

South Africa 86 180 3.96 187 195 202 210 219 227 236 246 255 266 

Zambia 1 8 11.57 9 10 11 12 14 15 17 19 21 24 

Zimbabwe 6 15 4.94 16 17 17 18 19 20 21 22 23 24 

97 250 5.11 263 276 290 305 321 337 354 372 391 411 

AFRICA total 565 1974 6.81 2108 2252 2405 2569 2744 2930 3130 3343 3570 3813 
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Appendix F. Population estimates and specialist neurosurgeon workforce requirements 

Country 
2019 

Population 

Annual rate 
of 

population 
change(%) 

2020 
Population 

estimate 

2020 
Population 
workforce 

requirement 
(1:200,000) 

2020 Case 
burden 

estimate 

2020 Case 
burden 

workforce 
requirement 

(1:223) 

2030 
Population 

estimate 

2030 
Population 
workforce 

requirement 
(1:200,000) 

2030 Case 
burden 

estimate 

2030 Case 
burden 

workforce 
requirement 

(1:223) 

North Africa 

Algeria 43053000 2.00 43914060 220 83437 374 53530994 268 101709 456 

Egypt 100388000 2.00 102395760 512 194552 872 124819860 624 237158 1063 

Libya 6777000 1.40 6871878 34 13057 59 7896870 39 15004 67 

Mauritania 4526000 2.80 4652728 23 8840 40 6132518 31 11652 52 

Morocco 36472000 1.30 36946136 185 70198 315 42040075 210 79876 358 

Tunisia 11695000 1.10 11823645 59 22465 101 13190551 66 25062 112 

Western 
Sahara 582000 2.50 596550 3 1133 5 763634 4 1451 7 

203493000 1.82 207200757 1036 393681 1765 248374502 1242 471912 2116 

West Africa 

Benin 11801000 2.70 12119627 61 23027 103 15819534 79 30057 135 

Burkina Faso 20321000 2.90 20910309 105 39730 178 27830064 139 52877 237 

Cabo Verde 550000 1.20 556600 3 1058 5 627117 3 1192 5 

Côte d’Ivoire 25717000 2.50 26359925 132 50084 225 33742933 169 64112 287 

The Gambia 2348000 2.90 2416092 12 4591 21 3215638 16 6110 27 

Ghana 30418000 2.20 31087196 155 59066 265 38644751 193 73425 329 

Guinea 12771000 2.80 13128588 66 24944 112 17304106 87 32878 147 
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Guinea-
Bissau 1921000 2.50 1969025 10 3741 17 2520518 13 4789 21 

Liberia 4937000 2.50 5060425 25 9615 43 6477772 32 12308 55 

Mali 19658000 3.00 20247740 101 38471 173 27211269 136 51701 232 

Niger 23311000 3.80 24196818 121 45974 206 35134339 176 66755 299 

Nigeria 200964000 2.60 206189064 1031 391759 1757 266525787 1333 506399 2271 

Senegal 16296000 2.80 16752288 84 31829 143 22080316 110 41953 188 

Sierra Leone 7813000 2.10 7977073 40 15156 68 9819763 49 18658 84 

Togo 8082000 2.50 8284050 41 15740 71 10604284 53 20148 90 

386908000 2.67 397254820 1986 754784 3385 517558191 2588 983361 4410 

Central 
Africa 

Burundi 11531000 3.10 11888461 59 22588 101 16132894 81 30652 137 

Cameroon 25876000 2.60 26548776 133 50443 226 34317695 172 65204 292 

Central 
African 
Republic 4745000 1.40 4811430 24 9142 41 5529091 28 10505 47 

Chad 15947000 3.00 16425410 82 31208 140 22074378 110 41941 188 

Republic of 
Congo 5381000 2.60 5520906 28 10490 47 7136478 36 13559 61 

DR Congo 86791000 3.20 89568312 448 170180 763 122730178 614 233187 1046 

Equatorial 
Guinea 1356000 3.70 1406172 7 2672 12 2022209 10 3842 17 

Gabon 2173000 2.70 2231671 11 4240 19 2912961 15 5535 25 

Sao Tome and 
Principe 215000 1.90 219085 1 416 2 264457 1 502 2 
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154015000 2.99 158620223 793 301378 1351 213120340 1066 404929 1816 

East Africa 

Comoros 851000 2.20 869722 4 1652 7 1081159 5 2054 9 

Djibouti 974000 1.60 989584 5 1880 8 1159818 6 2204 10 

Eritrea 3497000 1.20 3538964 18 6724 30 3987322 20 7576 34 

Ethiopia 112079000 2.60 114993054 575 218487 980 148643258 743 282422 1266 

Kenya 52574000 2.30 53783202 269 102188 458 67515423 338 128279 575 

Madagascar 26969000 2.70 27697163 138 52625 236 36152616 181 68690 308 

Mauritius 1270000 0.20 1272540 6 2418 11 1298221 6 2467 11 

Rwanda 12627000 2.60 12955302 65 24615 110 16746388 84 31818 143 

Seychelles 98000 0.70 98686 0 188 1 105816 1 201 1 

Somalia 15443000 2.80 15875404 79 30163 135 20924541 105 39757 178 

South Sudan 11062000 0.90 11161558 56 21207 95 12207774 61 23195 104 

Sudan 42813000 2.40 43840512 219 83297 374 55574451 278 105591 474 

Tanzania 58005000 3.00 59745150 299 113516 509 80292486 401 152556 684 

Uganda 44270000 3.60 45863720 229 87141 391 65323107 327 124114 557 

382532000 2.65 392684561 1963 746101 3346 511012378 2555 970924 4354 

Southern 
Africa 

Angola 31825000 3.30 32875225 164 62463 280 45485393 227 86422 388 

Botswana 2304000 2.10 2352384 12 4470 20 2895780 14 5502 25 

Eswatini 1148000 1.00 1159480 6 2203 10 1280787 6 2433 11 

Lesotho 2125000 0.80 2142000 11 4070 18 2319662 12 4407 20 

Malawi 18629000 2.70 19131983 96 36351 163 24972638 125 47448 213 
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Mozambique 30366000 2.90 31246614 156 59369 266 41586916 208 79015 354 

Namibia 2495000 1.90 2542405 13 4831 22 3068927 15 5831 26 

South Africa 58558000 1.40 59377812 297 112818 506 68234457 341 129645 581 

Zambia 17861000 2.90 18378969 92 34920 157 24461039 122 46476 208 

Zimbabwe 14645000 1.50 14864675 74 28243 127 17251062 86 32777 147 

179956000 2.29 184071547 920 349736 1568 231556661 1158 439958 1973 

AFRICA 
total 

1306904000 2.52 1339831908 6699 2545681 11416 1721622072 8608 3271082 14669 
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Appendix G. Scale-up required to meet 2030 population and case burden workforce targets 

Country 
2020 
Workforce 

Annual 
linear 
growth 
rate, r 
(/year) 

Annual 
Exponential 
growth rate, 
! (%/year)

2030 
Linear 
projection 

2030 
Exponential 
projection 

2030 
Population 
workforce 
target 

2030 Case 
burden 
workforce 
target 

Linear rate to 
reach population 
target (/year) 

Exponential rate 
to reach 
population target 
(%/year 

Linear rate 
to reach 
burden 
target 
(/year) 

Exponential 
rate to reach 
burden 
target 
(%/year 

North Africa 

Algeria 400 14.21 6.09 542 723 268 456 - 13.20 - 3.93 5.60 1.32 

Egypt 547 20.11 6.51 748 1028 624 1063 7.70 1.33 51.60 6.87 

Libya 10 0.26 3.72 13 14 39 67 2.90 14.58 5.70 20.95 

Mauritania 11 0.58 13.45 17 39 31 52 2.00 10.92 4.10 16.80 

Morocco 230 7.89 5.72 309 401 210 358 - 2.00 - 0.91 12.80 4.52 

Tunisia 73 2.53 5.80 98 128 66 112 0.70 - 1.00 3.90 4.37 

Western 
Sahara 0 0.00 0.00 0 0 4 7 0.40 NA 0.70 NA 

1271 45.58 6.20 1727 2320 1242 2116 - 2.90 - 0.23 84.50 5.23 

West Africa 

Benin 10 0.53 12.88 15 34 79 135 6.90 22.96 12.50 29.73 

Burkina Faso 7 0.32 10.78 10 19 139 237 13.20 34.83 23.00 42.22 

Cabo Verde 2 0.11 16.49 3 9 3 5 0.10 4.14 0.30 9.60 

Côte d’Ivoire 16 0.63 7.57 22 33 169 287 15.30 26.58 27.10 33.47 

The Gambia 2 0.11 16.49 3 9 16 27 1.40 23.11 2.50 29.73 

Ghana 24 1.21 18.21 36 128 193 329 16.90 23.18 30.50 29.93 

Guinea 6 0.26 9.89 9 15 87 147 8.10 30.66 14.10 37.69 

Guinea-
Bissau 1 0.05 17.08 2 5 13 21 1.20 29.24 2.00 35.59 
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Liberia 1 0.05 17.08 2 5 32 55 3.10 41.42 5.40 49.29 

Mali 16 0.84 15.71 24 69 136 232 12.00 23.86 21.60 30.66 

Niger 9 0.47 16.81 14 43 176 299 16.70 34.63 29.00 41.95 

Nigeria 108 5.00 11.79 158 329 1333 2271 122.50 28.57 216.30 35.61 

Senegal 21 0.68 5.21 28 35 110 188 8.90 18.01 16.70 24.51 

Sierra Leone 0 0.00 0.00 0 0 49 84 4.90 NA 8.40 NA 

Togo 6 0.26 9.89 9 15 53 90 4.70 24.34 8.40 31.10 

229 10.53 11.49 334 679 2588 4410 235.90 27.44 418.10 34.42 

Central 
Africa 

Burundi 2 0.11 16.49 3 9 81 137 7.90 44.79 13.50 52.61 

Cameroon 26 1.05 8.02 37 56 172 292 14.60 20.80 26.60 27.36 

Central 
African 
Republic 1 0.05 17.08 2 5 28 47 2.70 39.55 4.60 46.96 

Chad 3 0.16 16.68 5 14 110 188 10.70 43.36 18.50 51.25 

Republic of 
Congo 5 0.21 8.84 7 12 36 61 3.10 21.82 5.60 28.42 

DR Congo 14 0.63 10.78 20 39 614 1046 60.00 45.95 103.20 53.94 

Equatorial 
Guinea 5 0.26 16.84 8 24 10 17 0.50 7.18 1.20 13.02 

Gabon 5 0.21 8.84 7 12 15 25 1.00 11.61 2.00 17.46 

Sao Tome and 
Principe 0 0.00 0.00 0 0 1 2 0.10 NA 0.20 NA 

61 2.68 9.98 88 158 1066 1816 10.05 33.12 175.50 40.40 
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East Africa 

Comoros 4 0.21 16.78 6 19 5 9 0.10 2.26 0.50 8.45 

Djibouti 2 0.11 16.49 3 9 6 10 0.40 11.61 0.80 17.46 

Eritrea 2 0.11 16.49 3 9 20 34 1.80 25.89 3.20 32.75 

Ethiopia 35 1.79 20.58 53 227 743 1266 70.80 35.74 123.10 43.16 

Kenya 40 1.68 8.84 57 93 338 575 29.80 23.79 53.50 30.55 

Madagascar 6 0.32 16.68 9 28 181 308 17.50 40.59 30.20 48.27 

Mauritius 10 0.47 12.88 15 34 6 11 - 0.40 - 4.98 0.10 0.96 

Rwanda 7 0.37 16.74 11 33 84 143 7.70 28.21 13.60 35.21 

Seychelles 0 0.00 0.00 0 0 1 1 0.10 NA 0.10 NA 

Somalia 4 0.11 3.72 5 6 105 178 10.10 38.65 17.40 46.16 

South Sudan 1 0.05 17.08 2 5 61 104 6.00 50.85 10.30 59.11 

Sudan 20 0.74 6.54 27 38 278 474 25.80 30.11 45.50 37.24 

Tanzania 20 0.89 10.50 29 54 401 684 38.10 34.96 66.40 42.36 

Uganda 12 0.47 7.57 17 25 327 557 31.50 39.17 54.50 46.78 

163 7.32 10.61 236 447 2555 4354 239.20 31.68 419.10 38.89 

Southern 
Africa 

Angola 18 0.95 16.43 27 82 227 388 20.90 28.85 37.00 35.94 

Botswana 8 0.37 11.57 12 24 14 25 0.60 5.76 1.70 12.07 

Eswatini 2 0.11 16.49 3 9 6 11 0.40 11.61 0.90 18.59 

Lesotho 5 0.26 16.84 8 24 12 20 0.70 9.15 1.50 14.87 

Malawi 3 0.11 5.95 4 5 125 213 12.20 45.20 21.00 53.15 

Mozambique 8 0.37 11.57 12 24 208 354 20.00 38.52 34.60 46.08 
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Namibia 3 0.11 5.95 4 5 15 26 1.20 17.46 2.30 24.10 

South Africa 180 4.95 3.96 229 266 341 581 16.10 6.60 40.10 12.43 

Zambia 8 0.37 11.57 12 24 122 208 11.40 31.32 20.00 38.52 

Zimbabwe 15 0.47 4.94 20 24 86 147 7.10 19.08 13.20 25.64 

250 8.05 5.11 331 411 1158 1973 90.80 16.57 172.30 22.95 

AFRICA total 1974 74.16 6.81 2716 3813 8608 14669 663.40 15.87 1269.50 22.21 

NA: The   exponential rates to reach population and burden workforce targets for Sao Tome and Principe, Seychelles, Sierra Leone, and 
Western Sahara cannot be calculated because they previously and currently have no neurosurgeons, with zero current exponential rates.
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