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Introduction

Research is a major component of innovation and can
contribute to health improvements through a knowledge-to-
action-process.1 In general, the total number of publications
by a country is one of the indicators of research output and
productivity and is an important aspect of clinical excel-
lence.2-4 While the developing world contains more than 75%

of the world’s population and has the largest burden of
musculoskeletal disease, less than 10% of publications
originate from these countries.1 Aluede et al. investigated the
representation of developing countries in four high impact
orthopaedic journals over a three-year period, and deter-
mined that less than 0.4% of all articles (n=15) were
published by authors from Sub-Saharan Africa, with only six
publications originating from South Africa.5
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Yamey interviewed academic leaders from low and
middle income countries about potential obstructions for
health interventions and reported that limited human
resources, lack of leadership, financial constraints and lack
of political will are some of the perceived barriers.6

Similarly, Bouchard et al. demonstrated that poor
leadership, high cost, poor healthcare structure, inadequate
human resources and especially corruption are barriers to
orthopaedic care and research.7 Shipley suggested that the
lack of resources in public hospitals, administrative
support, funding and motivation in South Africa are
possible barriers despite an abundance of subjects
addressing local and continental topics.8

Bibliometric analysis is commonly used as a proxy for
research output and several authors have previously
performed bibliometric analysis of orthopaedic publica-
tions.9-11 Only Ireland and Turkey have specifically investi-
gated their country’s individual contribution to
orthopaedic literature with a focus on the institution,
individual authors and distribution of publications among
journals.12,13

However, the total number of publications may not
account for economic discrepancies and population size.11

In addition, the availability of funding would certainly
result in higher publication output by countries with a
larger population size and more powerful economies in
particular when considering the economic realities of low
income and developing countries.11,14 To adjust for these
inconsistencies the use of gross domestic product (GDP)
and gross domestic product per capita may result in more
meaningful results and allow for comparisons between
countries.15

The purpose of this study was threefold: 1) to investigate
the number of publications and impact of South African
surgeons in the 15 highest impact orthopaedic journals over
a five-year period and relate these variables to population
size, GDP and GDP per capita; 2) to establish the number of
publications required for South Africa to be equal with the
country having the overall highest research output, to
establish the number of publications required for South
Africa to be comparable to the average; 3) and to compare
South Africa’s research output to other African countries. 

Methods

The 2015 Journal Citation report was accessed on the Web
of Science (Thomson Reuters, New York, USA).16 The 15
highest ranked journals based on the 2015 impact factor
were selected from the category ‘orthopedics’. Journals
that were not directly related to the field of orthopaedic
surgery or their main purpose was to provide narrative
review articles were excluded from this list (Table I). Only
research articles (level 1–4), systematic reviews, meta-
analysis, non-solicited review articles and case reports
were included. Letters to the editor, editorials, editorial
comments, historical articles, errata, proceeding papers,
meeting abstracts and notes were excluded. 

The abstracts of these articles published between January
2010 and December 2014 were screened via the journals’
websites. The level of evidence was recorded for each
published article. If the journal did not assign the level of
evidence, the ‘levels of evidence’ chart published by the
Journal of Bone and Joint Surgery was used.17 Discrepancies
were solved by agreement between the two senior authors.
The country of origin was defined as the country of origin
of the corresponding author if the manuscript did not
provide details about study location. 

GDP and GDP per capita were sourced from the World
Bank website18 and population size was extracted from the
CIA World Factbook.19 For the African countries that had
published articles in the top 15 journals, more
demographic information was collected: GDP compo-
sition as a percentage of GDP, health and education expen-
diture in percentage GDP, literacy rate, physicians and
hospital beds per 1 000 population, the country’s position
rank on the corruption index and corruption perception
index. These variables were used for qualitative analysis
of research output on the African continent. 

The total number of publications and the total number of
impact points were collated. To adjust the number of
publications for population size, the population size was
divided by the total number of publications. 

table i: impact factors (2015 Journal Citation reports – thomson

reuters) and total number of included publications from 2010–2014

Journal Impact
points

Publications
2010–2014

1 Journal of Bone and Joint – American Volume 5.280 1 833

2 American Journal of Sports Medicine 4.362 1 561

3 The Bone and Joint Journal 3.309 1 379

4 Arthroscopy – The Journal of Arthroscopic 
and Related Surgery

3.206 1 072

5 Knee Surgery Sports Traumatology Arthroscopy 3.053 1 747

6 Journal of Orthopaedic Research 2.986 1 301

7 Acta Orthopaedica 2.771 565

8 Clinical Orthopaedics and Related Research 2.765 2 027

9 Journal of Arthroplasty 2.666 1 873

10 Spine Journal 2.426 1 029

11 Spine 2.297 2 848

12 Journal of Shoulder and Elbow Surgery 2.289 1 324

13 Injury – International Journal of the Care 
of the Injured

2.137 1 133

14 International Orthopaedics 2.110 1 477

15 European Spine Journal 2.066 1 852

Total number of publications 23 021

Excluded journals: Osteoarthritis Cartilage (No. 3 - IF: 4.165); Journal of Physiotherapy (No.4 – IF: 3.708);
Journal of Orthopaedic Sports Physiotherapy (No. 8 – IF: 3.011); Gait Posture (No. 12 – IF: 2.752); Journal

of the American Academy of Orthopaedic Surgeons (No. 14 – IF: 2.527); Physical Therapy (No 15 – IF:
2.526); Clinical Journal Sports Medicine (No 19 – IF: 2.268)

SAOJ Summer 2016.qxp_Orthopaedics Vol3 No4  2016/10/25  13:07  Page 24



SA Orthopaedic Journal  Summer 2016 | Vol 15 • No 4 Page 25

The resulting value reflected the population size per publi-
cation (PSPP); in other words, the calculated value described
the population size per published article, which allowed for
better comparison of research output between countries.
Similarly, population size was divided by the total impact
points (PSIP). 

For further analysis, the GDP was divided by the total
number of publications and impact points. The established
values provided an overview of the gross cost of producing
a manuscript (GDPP), respectively one impact point (GDPI)
for each country. To adjust for population size and economic
strength, the GDP per capita was divided by the total
number of publications and impact points. The established
values provided a more detailed overview of the gross cost
per capita producing a manuscript (GDPPC), respectively
one impact point (GDPIC) for each country. 

The country list for GDPPC was then ranked and the
number of publications of the country ranked median was
used to calculate the number of publications each country
should achieve to be equivalent with the median. The
following formula was used:
1.    Per capita GDP (in USD)/number of publications =

benchmark factor (of ‘median’ country)
2.    Per capita GDP of each country/benchmark factor =

required publications to be equal with median
There is no published evidence for this approach, yet the
‘papers’ to be published provide an excellent overview of
the relative output and research strength between countries
corrected for economic power (GDP/capita) and population
size. Finally, the GDPPC was used to calculated the numbers
of publications needed to become equal with the perceived
current global leader in orthopaedic research, namely the
United States. 

Results

A total of 23 021 orthopaedic articles were published
within the study period between January 2010 and
December 2014 (Table I). Table II demonstrates the number
of South Africa’s publications within these journals. A total
of 19 publications were recorded (Table III). Nine publica-
tions were published from Cape Town; eight of these were
university-based and one was from a private practice.
Four publications were from Johannesburg, two from
Durban and Stellenbosch, and the remaining two from
East London and Pietermaritzburg; all of these papers
were university-based. Of the 19 publications, three
studies were published by physiotherapists and engineers
having no input from orthopaedic surgeons. 

A total of 66 countries have published at least one article.
The country ranked as ‘medium’ (Poland) published 61
articles. Table IV shows the top 15 countries with the United
States being the leading country with a total of 8 149 publi-
cations and a total of 24 744 impact points. South Africa
ranked 41st overall for the number of publications and 40th
for impact. When compared to the other African countries it
ranked 2nd, both for the number of publications and impact.
When adjusting for population size, Switzerland was the
leading country with one publication per 15.300 and one
impact point for 5.400 (Table V). South Africa ranked 51st for
the number of publications and 48th for impact. When
compared to the other African countries it ranked 3rd for the
number of publications and 2nd for impact.

The number of publications and impact points related
to GDP were highest for Croatia with one publication
per 772.000 USD and producing one impact point per
359.000 USD (Table VI). South Africa ranked 50st for both
the number of publications impact. When compared to
the other African countries it ranked 4th for the number
of publications and 5th for impact. When adjusting for
GDP per capita, China produced one publication per
6.200 USD and for impact the USA produced one impact
point per 2.200 USD (Table VII). South Africa ranked 31st
for both the number of publications and for impact.
When compared to the other African countries it ranked
3rd for the number of publications and for impact.

When using the median number (n=61) of publications per
GDP/capita (GDPPC) calculated for all 66 countries which
contributed with at least one publication in these top 15
journals over the study period, and calculating the ‘required’
number of publications to be equivalent with the median, 28
countries reached this benchmark figure (Table VIII).
Interestingly, Egypt and Malawi published more papers
than required and were the only African countries to meet
the benchmark. South Africa ranked 31st. To meet the
required benchmark, the number of publications was calcu-
lated to be n=28 but only 19 articles (68%) were published. 

Using the GDPPC to calculate the required number of
publications to be equivalent with the global research leader
(USA), South Africa would have been required to publish
968 articles (Table IX). 

table ii: number of South African publications between 

2010 and 2014

Journal 2010 2011 2012 2013 2014 Total

JBJS-Am 0 0 0 0 0 0

Am J Sports Med 0 1 0 0 0 1

BJJ 1 1 0 0 1 3

Arthroscopy 0 0 0 0 0 0

KSSTA 1 0 0 0 0 1

J Orthopaedic Research 0 0 1 2 0 3

Acta Orthopaedica 0 0 0 0 0 0

CORR 1 0 0 0 0 1

J Arthroplasty 0 0 2 0 0 2

Spine Journal 0 0 1 0 1 2

Spine 0 1 0 0 1 2

J Shoulder Elbow Surg 0 0 0 0 1 1

Injury 0 0 1 1 0 2

International Orthopaedics 0 0 0 0 0 0

European Spine Journal 0 0 0 1 0 1

Total 3 3 5 4 4 19
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On the African continent, South Africa was among the
countries with the highest health and education expen-
diture, the largest number of hospital beds, highest literacy
rate and the lowest corruption ranking and corruption
perception indices on the continent (Table X). However, it
ranked only 3rd for physicians per 1 000 population (0.78)
with both Egypt (2.83) and Tunisia (1.12) having higher
number of physicians. When comparing South Africa to the
UK, it is noteworthy that health expenditure and education
expenditure in percentage GDP, hospital beds per 1 000
population and literacy rate were very similar. 

Discussion

The results of this study demonstrated that South Africa is
consistently ranked in the lower third of the 66 countries that
published in the top 15 ranked orthopaedic journals. On the
African continent, Egypt was the leading country for total
publications and impact, maintaining the first rank even
when adjusted for population size. GDP and GDP per capita
are indicators of economic strength representing the value of
all goods and services produced over a specific time period.12

The lower the cost of producing a research paper per
capita/GDP should be a direct indicator of a country’s
research productivity. When adjusting for GDP and GDP per

capita, South Africa ranked in the lowest quarter.
Comparing South Africa’s performance to the other African
countries, Malawi, Egypt and Tunisia were better
performers. This is somewhat surprising as the economic
realities and figures in these countries are similar and one
would expect a linear relationship between economic data
and research productivity. Research output of the African
countries is obviously not directly related to the highest per
capita GDP; if it were, then South Africa would be the leader
followed by Nigeria and Egypt. A similar observation was
made in the developed world, where none of the five
leading countries had the highest per capita GDP. The US is
ranked 8th, Germany 15th, the UK 17th, Japan 23rd and
Korea 27th. 

Earlier research by Meo et al.14 and Halpenny et al.15 could
not demonstrate a correlation between per capita GDP,
total number of publications, or h-index in various science
and social science journals, but did show a strong and
positive correlation between the number of publications
and the percentage of GPD spent on research. The
available data from the World Bank from 2012 shows that
Egypt (0.68%), South Africa (0.73%), Ethiopia (0.61%) and
Tunisia (0.68) spend very similar percentages of their GDP
on research funding.16 Based on these figures these
countries should produce a very similar research output.

table iii: Detailed list of publications between 2010 and 2014

No Authors Location Institution Journal 
and Year

Level of
evidence

Impact
Points

1 Hemmerich, van der Merwe, Batterham, Vaughan Cape Town University of Cape Town AJSM 2011 laboratory 4.362

2 Lewis, Gibson Durban University of Kwa Zulu BJJ 2010 V 3.309

3 Garrett, Hoffman, Carrara Cape Town University of Cape Town BJJ 2011 IV 3.309

4 Held, Laubscher, Zar, Dunn Cape Town University of Cape Town BJJ 2014 IV 3.309

5 De Beer, Bhatia, van Rooyen, du Toit Cape Town Private Practice KSSTA 2010 IV 3.053

6 Nell, van der Merwe, Cook, Handley, Collins,
September Cape Town University of Cape Town J Orth Res 2012 III 2.986

7 Saunders, van der Merwe, Posthumus, Cook,
Handley, Collins, September Cape Town University of Cape Town J Orth Res 2013 III 2.986

8 Rahim, Gibbon Cape Town University of Cape Town J Orth Res 2013 III 2.986

9 Firth, Robertson, Schepers, Fatti Johannesburg Wits University CORR 2010 IV 2.765

10 Schepers, Cullingworth, van der Jagd Johannesburg Wits University J Arthroplasty 2012 I 2.666

11 Peters, Greeff, Goldstein, Frey Johannesburg Wits University J Arthroplasty 2012 IV 2.666

12 *De Beer, Scheffer Stellenbosch Stellenbosch University Spine J 2012 laboratory 2.426

13 **Olivier, Stewart, McKinon Johannesburg Wits University Spine J 2014 IV 2.426

14 Dunn, Zondagh, Candy Cape Town University of Cape Town Spine 2011 IV 2.296

15 **Louw, Diener, Landers, Puentedura Stellenbosch Stellenbosch University Spine 2014 II 2.296

16 Dachs, Ryan, Vrettos, Roche Cape Town University of Cape Town J Shoulder Elbow 2014 V 2.289

17 Grey, Rodseth, Muckart Durban University of Kwa Zulu Injury 2013 IV 2.137

18 Grey, Rodseth, Muckart Pietermaritzburg University of Kwa Zulu Injury 2013 IV 2.137

19 Daniel, Dunn East London Walter Sisulu University European Spine J 2013 IV 2.137

*engineering, **physiotherapists 
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table iV: highest number of publications and impact points for the

top 15 countries and African countries

Rank Country Publications Rank Country Impact
points

1 USA 8 149 1 USA 24 744

2 United Kingdom 1 644 2 United Kingdom 4 776

3 Japan 1 467 3 Japan 4 053

4 Korea 1 354 4 Korea 3 765

5 Germany 1 272 5 Germany 3 491

6 China 1 222 6 China 3 034

7 Canada 930 7 Canada 2 774

8 Italy 737 8 Holland 2 155

9 Holland 663 9 Italy 1 982

10 France 548 10 Switzerland 1 507

11 Switzerland 527 11 Australia 1 412

12 Australia 485 12 France 1 382

13 Sweden 403 13 Sweden 1 187

14 Spain 311 14 Spain 833

15 Austria 295 15 Austria 801

31 Egypt 68 31 Egypt 168

41 South Africa 19 40 South Africa 52

48 Nigeria 7 49 Nigeria 15

50 Tunisia 5 52 Tunisia 11

52 Malawi 2 56 Malawi 5

52 Morocco 2 56 Uganda 5

53 Ethiopia 1 57 Morocco 4

53 Sudan 1 58 Ethiopia 3

53 Uganda 1 59 Sudan 3

table V: number of publications (PSPP) and impact (PSiP)

normalised for population size

Rank Country PSIP Rank Country PSIP

1 Switzerland 15.3 1 Switzerland 5.4

2 Norway 21.1 2 Norway 6.7

3 Denmark 22.3 3 Holland 7.8

4 Sweden 24.1 4 Denmark 7.9

5 Holland 25.4 5 Sweden 8.2

6 Austria 28.7 6 Austria 10.6

7 Finland 32.3 7 Canada 12.1

8 Canada 35.9 8 Luxemburg 12.6

9 Luxemburg 38.9 9 USA 12.9

10 Korea 38.9 10 United Kingdom 13.4

11 United Kingdom 38.9 11 Finland 13.4

12 USA 39.3 12 Korea 13.6

13 Australia 44.3 13 Australia 15.2

14 Belgium 51.1 14 Belgium 18.2

15 Hong Kong 55.3 15 Singapore 18.3

42 Egypt 1176.5 44 Egypt 476.2

48 Tunisia 2178 48 South Africa 915.2

51 South Africa 2571.4 49 Tunisia 990

54 Malawi 8180 54 Malawi 32720

55 Ethiopia 9410 60 Uganda 75160

61 Morocco 16505 62 Morocco 82525

63 Nigeria 24800 63 Nigeria 115733.3

65 Uganda 37580 64 Sudan 126533.3

66 Sudan 37976 66 Ethiopia 313666.7

table Vi: number of publications (GDPP) and impact (GDPiC)

normalised for GDP per capita

Rank Country GDPP Rank Country GDPI

1 Croatia 772 1 Croatia 359

2 Korea 1 042 2 Korea 375

3 Greece 1 294 3 Holland 408

4 Holland 1 326 4 Greece 464

5 Switzerland 1 330 5 Switzerland 465

6 Denmark 1 348 6 Sweden 481

7 Sweden 1 417 7 Denmark 482

8 Slovenia 1 417 8 Slovenia 576

9 Austria 1 547 9 Austria 579

10 Finland 1 630 10 United Kingdom 626

11 United Kingdom 1 818 11 Canada 644

12 Taiwan 1 852 12 Norway 662

13 Canada 1 920 13 Taiwan 671

14 Norway 2 083 14 Finland 677

15 Malawi 2 129 15 USA 704

30 Egypt 4 213 18 Malawi 852

45 Tunisia 9 722 32 Egypt 1 706

50 South Africa 16 671 46 Tunisia 4 419

53 Uganda 26 998 48 Uganda 5 400

57 Morocco 55 004 50 South Africa 5 934

58 Ethiopia 55 621 55 Ethiopia 18 540

61 Sudan 74 202 58 Sudan 24 734

64 Nigeria 81 215 60 Morocco 27 502

63 Nigeria 37 901

table Vii: number of publications (GDPPC) and impact (GDPiC)

normalised for GDP per capita

Rank Country GDPP Rank Country GDPI

1 China 6.2 1 USA 2.2

2 India 6.4 2 India 2.4

3 USA 6.7 3 China 2.5

4 Korea 20.7 4 Korea 7.4

5 Japan 24.7 5 Japan 8.9

6 United Kingdom 28.2 6 United Kingdom 9.7

7 Germany 37.6 7 Germany 13.7

8 Turkey 44.7 8 Turkey 16.7

9 Egypt 47 9 Italy 17.6

10 Italy 47.4 10 Canada 18.1

11 Canada 54 11 Egypt 19

12 Brazil 77.4 12 Holland 24.2

13 France 78 13 Brazil 27.9

14 Holland 78.7 14 France 30.9

15 Iran 83.7 15 Iran 31.3

20 Malawi 127.5 22 Malawi 51

31 South Africa 308.7 31 South Africa 109.9

37 Nigeria 457.6 36 Uganda 143

43 Ethiopia 574 41 Ethiopia 191.3

48 Uganda 715 44 Nigeria 213.5

50 Tunisia 884.2 51 Sudan 371.7

53 Sudan 1115 53 Tunisia 401.9

57 Morocco 1595 59 Morocco 797.5
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table Viii: number of publications to be published to achieve the

median numbers per head GDP

Rank Country

Published

Publications

2010-2014

Papers to be

published
Percentage of

published papers

1 China 1 222 32 3 783

2 India 246 7 3 656

3 USA 8 149 235 3 505

4 Korea 1 354 119 1 137

5 Japan 1 467 235 952

6 United Kingdom 1 644 197 833

7 Germany 1 272 203 625

8 Turkey 235 45 525

9 Egypt 68 14 499

10 Italy 737 148 496

11 Canada 930 214 435

12 Brazil 147 48 303

13 France 548 182 301

14 Holland 663 222 298

15 Iran 65 23 280

20 Malawi 2 1 200

31 South Africa 19 28 68

37 Nigeria 7 14 50

43 Ethiopia 1 2 50

48 Uganda 1 3 33

50 Tunisia 5 19 26

53 Sudan 1 5 20

57 Morocco 2 14 15

table iX: number of publications to be published to be equivalent with

the leader (uSA)

Rank Country

Published

Publications

2010-2014

Papers to be

published

Percentage 
of published

papers

1 China 1 222 1 132 108

2 India 246 236 104

3 USA 8 149 8 149 100

4 Korea 1 354 4 174 32

5 Japan 1 467 5 402 27

6 United Kingdom 1 644 6 915 24

7 Germany 1 272 7 138 18

8 Turkey 235 1 569 15

9 Egypt 68 477 14

10 Italy 737 5 210 14

11 Canada 930 7 498 12

12 Brazil 147 1 699 8.6

13 France 548 6 378 8.6

14 Holland 663 7 787 8.5

15 Iran 65 812 8

20 Malawi 2 38 5.2

31 South Africa 19 968 2

34 Nigeria 7 487 1.5

36 Ethiopia 1 86 1.2

39 Uganda 1 107 0.94

41 Tunisia 5 660 0.76

44 Sudan 1 166 0.6

47 Morocco 2 476 0.42 ta
b
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However, Egypt consistently publishes more articles than
South Africa. The reason for this is not clear but may be
related to the fact the Egypt has a higher rate of physicians
per population. 

We have developed a benchmark measure based on the
median publications by dividing the per capita GDP with
the median. In our opinion this benchmark allows for a more
direct comparison between countries of research output
related to per capita GDP. The result of this equation
provided a clear value on how many publications were
needed to achieve the median number of publications based
on the individual country’s per head GDP. As expected the
USA was the overwhelming leader. For the African
countries, South Africa ranked 31st overall and fell short by
nine articles of reaching the benchmark. Again, Egypt was
the African leader with a total of 68 publications requiring
only 14 to reach the benchmark. Given that the economic
indicators are comparable, the differences in physician
density may again be the only explanation for the differ-
ences between the two countries. 

Research output is an important determinant of economic
growth and an increase in service delivery, education and
innovation is often an indicator of a society’s shift from a
producing to a knowledge-based economy.20 In fact, publica-
tions of scientific literature can indicate the progress of
science and technology.10 The number of publications in
South Africa in the top 15 journals between 2010 and 2014
has been steady; in contrast, Egypt showed a 20% increase in
publications between 2010 and 2014 despite volatile political
circumstances. Obviously the below average publication
record of South Africa cannot be explained by economic
figures alone. 

Shipley suggested that staff shortages and chaotic record
systems hinder prospective and retrospective studies
especially where long-term follow-up is required.8 However,
these problems can be overcome by modern technology,
personal engagement and involvement in the public sector,
especially in the private sector of metropolitan areas. Shipley
concedes that the underlying problem is possibly a lack of
research ethos in the South African medical schools, lack of
motivation of the individual and lack of recognition.8 One
potential solution to increase the number of research publi-
cations certainly lies within the medical schools. Many
orthopaedic registrars enrol in a Master’s of Medicine
(MMed) programme and research is a compulsory part of
completion of the degree. These studies are possibly often
not published and one could argue that in order to complete
specialty training, a peer-reviewed publication should be
compulsory. This is a common practice in other countries. A
potential barrier to this approach is a lack of successful,
motivated and well-trained academic teachers to provide
individual guidance. 

There are many other barriers in Africa that most likely
affect the low research output on the continent. Elliot et al.
have identified 19 barriers by conducting semi-structured
interviews.21 These barriers range from resource constraints
(funding, lack of protected research time, access to literature)

to research processes (lack of training, record keeping,
mentoring) to institutional barriers (culture, trauma burden,
lack of collaboration). Simba et al. highlighted that despite
the existence of adequate numbers of highly skilled
researchers in Africa, the number of publications per faculty
is low.22 This was attributed to the security of public
employment, difficulties attracting research grants and
outside work engagement with consultancies that assure
additional income. Corruption is another major impediment
to access healthcare in low-income countries and has an
effect on research.23 Bouchard et al. demonstrated that one of
the largest barriers to access orthopaedic and trauma care is
corruption.7 The ranking of the included African countries
on the 2015 corruption ranking index and corruption
perception index, clearly demonstrates a high level of
corruption in all countries. This is even more significant as
the WHO has identified that the development of healthcare
infrastructure is partly dependent on locally produced
research, demonstrating the complex relationship between
healthcare delivery, infrastructure and research.
Interestingly, South Africa has very similar health and
education expenditure in per cent/GDP and based on these
facts could theoretically have a comparable and efficient
health system to the United Kingdom. However, the UK
ranks 10th on the 2015 corruption ranking and 81 on the
corruption perception index, whereas South Africa ranks
52nd respectively and has a perceived corruption index of
44, indicating a medium level of corruption. Corruption may
certainly be one factor explaining the differences between
the two countries. The question must be asked how the
South African healthcare system would perform if it had
similar corruption indices. 

What are the potential solutions? They are clearly related to
building local capacity. Shipley suggested multi-centre
studies, university-funded posts to promote research, co-
operation with private surgeons and remunerated work
outside the public service.8 Aluede et al. believes that multi-
national and cross-institutional collaborations and the initi-
ation of educational programmes will generate more
studies.5 The most important step might be the implemen-
tation of a mentoring programme. However, the lack of
willingness of senior scientists and surgeons, and the lack of
protected time are major limitations that must be addressed
for this to be successful.5,21,22 Bennett et al. have suggested that
mentoring could also be achieved by training mentors in the
developed world.24 Finally the SA Orthopaedic Journal should
be encouraged to apply to be indexed on Medline for
worldwide dissemination of African-based research.

This study has limitations. The research was limited to the
15 highest impact orthopaedic journals. The inclusion of
more journals may have resulted in a different outcome. The
individual quality of each article was not assessed, making it
possible that there was a significant discrepancy of the
manuscript quality between countries, potentially intro-
ducing a selection bias. The selection of impact factor as an
outcome measure for publication quality has been criticised
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as it is determined by technicalities not related to the scien-
tific quality.25,26 Citation analysis was not performed and it is
acknowledged that the number of citations are a proxy
measure of influence reflecting the recognition and quality
of the published research by its peers.27 Over-citation, biased
citing, audience size, biased data and ignorance of the liter-
ature are common criticisms.28 Nevertheless, using impact
reflects citation counts as article citation rates determine the
journal’s impact factor.25

This study developed a new approach to bibliometric
analysis by using the median of all publications and relating
it to the GDP per capita. This technique has not been
validated and may lack the robustness of citation and
content analysis. However, similar to classic bibliometrics,
the calculated variable seems to allow for better compar-
isons between countries by establishing the number of
publications required for a particular country to be equiv-
alent with the average research output for a defined period
of time taking the economic power per capita into consider-
ation. 

Conclusions 

The results of this study demonstrated that South Africa
ranked in the in the lower third of all 66 countries that
published in the top 15 ranked orthopaedic journals. On the
African continent, Egypt was the leading country for total
publications and impact and maintained the first rank even
when adjusted for population size, GDP, GDP per capita and
research funding by the percentage of GDP. Finally South
Africa missed the benchmark and published only 68% of the
publications required to be equivalent. 
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