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Abstract

Background The Internet should, in theory, facilitate
access to peer-reviewed scientific articles for orthopaedic
surgeons in low-income countries (LIC). However, there
are major barriers to access, and most full-text journal
articles are available only on a subscription basis, which
many in LIC cannot afford. Various models exist to remove
such barriers. We set out to examine the potential, and
reality, of journal article access for surgeons in LIC by
studying readership patterns and journal access through a
number of Internet-based initiatives, including an open
access journal (“PLoS Medicine”), and programs from the
University of Toronto (The Ptolemy Project) and World

Each author certifies that he or she has no commercial associations
(eg, consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest in connection
with the submitted article.

The present study involved the analysis of anonymized Internet log
files that cannot be tracked to individual human subjects. All
participants in the Ptolemy project have provided written consent for
such use. Ethics approval was obtained from the University of
Toronto.

This work was performed at the Hospital for Sick Children, Toronto,
Ontario, Canada.

K. Doughty, A. Howard (D<)

Paediatric Orthopaedic Surgery, Hospital for Sick Children,
Room S-107, 555 University Avenue, Toronto, ON M5G 1X8,
Canada

e-mail: andrew.howard @sickkids.ca

L. Rothman
Department of Child Health Evaluative Sciences (CHES),
Hospital for Sick Children, Toronto, ON, Canada

L. Johnston
University of Waterloo, Waterloo, ON, Canada

@ Springer

Health Organization (WHO) (Health InterNetwork Access
to Research Initiative [HINARI]).

Questions/purposes Do Internet-based initiatives that
focus on peer-reviewed journal articles deliver clinically
relevant information to those who need it? More specifi-
cally: (1) Can the WHO’s program meet the information
needs of practicing surgeons in Africa? (2) Are healthcare
workers across the globe aware of, and using, open access
journals in a manner that reflects global burden of disease
(GBD)?

Methods We compared actual Ptolemy use to HINARI
holdings. We also compared “PLoS Medicine” readership
patterns among low-, middle-, and high-income regions.
Results Many of the electronic resources used through
Ptolemy are not available through HINARI. In contrast to
higher-income regions, “PLoS Medicine” readership in
Africa is proportional to both the density of healthcare
workers and the GBD there.

Conclusions Free or low-cost Internet-based initiatives
can improve access to the medical literature in LIC. Open
access journals are a key component to providing clinically
relevant literature to the regions and healthcare workers
who need it most.
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Introduction

Access to peer-reviewed scientific articles for orthopaedic
surgeons in low-income countries (LIC) should, in princi-
ple, be greatly facilitated by the Internet. However, most
full-text journal articles are available only on a subscription
basis, so surgeons in LIC are excluded not only because of
limited Internet connectivity (www.internetworldstats.com)
or savvy [6, 19], but also because they and their institutions
cannot afford subscriptions. Open access is the most rap-
idly growing area of medical publishing, and a move to
open access would have the beneficial side effect of
removing major cost barriers to access for surgeons in LIC.
The large unmet needs for surgical information in LIC,
particularly around trauma, have been previously docu-
mented in this journal [11, 12]. While the Internet offers
many free sources of orthopaedic information that may be
useful to healthcare workers in LIC, our investigations
focused on three specific programs that provide access to
peer-reviewed journal articles.

In 2001, The University of Toronto initiated The Ptol-
emy Project, an effort to provide electronic medical
information to individual surgeons in Africa (most of
whom access the Internet after hours from their own homes
or Internet cafes) [2, 19]. An advantage of basing such an
initiative out of a major academic institution is the breadth
of resources; the University of Toronto Library contains
nearly 15,000 full-text journals as well as thousands of full-
text medical textbooks. A unique aspect of Ptolemy is the
ability to monitor the reading patterns of the surgeons
participating in the project [2].

In 2002, the World Health Organization (WHO) and a
group of commercial journal publishers began the Health
InterNetwork Access to Research Initiative (HINARI) to
provide free or low-cost access to a broad range of medical
journals to institutions (medical libraries) in LIC.
According to the WHO web site, the project has grown to
over 6400 journal titles available to health institutions in
108 countries, areas, and territories “benefiting many
thousands of health workers and researchers, and in turn,
contributing to improved world health” [25].

Open access publishing began in 1999 with the BioMed
Central group of journals (now owned by Springer, who
also publish CORR) and is the fastest growing sector in
biomedical journal publishing. According to the Directory
of Open Access Journals, there are now over 4000 open
access journals, representing about 16% of the approximate
25,000 peer-reviewed academic journals in existence
[13]. A team of scientists and physicians founded the
Public Library of Science (PLoS) in 2000 as a nonprofit
endeavor “committed to making the world’s scientific and
medical literature a public resource” [15]. One obvious
advantage of open access publishing is that the articles are

available free for anyone to read, which could dramatically
improve access to medical literature to LIC healthcare
workers and would make projects like HINARI and Ptol-
emy unnecessary in their current forms.

We asked whether these various Internet-based initia-
tives are successful at providing access to clinically
relevant full-text journal articles in LIC. First, could the
resources offered by HINARI meet the information needs
of practicing surgeons in Africa, as represented by Ptolemy
users? Second, how well do healthcare workers in LIC
currently use “PLoS Medicine” compared with their
counterparts in middle- and high-income regions?

Materials and Methods

We retrospectively reviewed readership patterns based on
Internet log file analysis. To answer the first question, we
used log files for full text downloads by 400 users of the
Ptolemy library, surgeons in Africa, between 2003 and
2009. To answer the second question, we used anonymous
log files from the “PLoS Medicine” web site, which detail
the top 500 web pages viewed from each region of the
world between September 14, 2008 and September 13,
2009.

The first question required a baseline understanding of
what surgeons in LIC were reading. Therefore, we ana-
lyzed the reading patterns of registered Ptolemy users,
dividing the 2047 unique journal titles accessed in the
study period into most, middle, and least frequently
accessed journals. These samples included the top 200
most frequently used journals, the middle 200 (accessed 5-
7 times), and a random sample of the bottom 200 (accessed
only once). Journals from these three groups were checked
for inclusion on the list of journals available through HI-
NARI [25]. Journal impact factors were compared for the
three subsamples. Statistical significance was determined
using t-tests (p < 0.05).

The second question regarding open access use com-
pared readership patterns among LIC such as in Africa,
high-income countries (HIC) such as in Europe, and a
mixture of middle-income countries (MIC) with HIC such
as in the Americas. Due to the nature of the available data
from “PLoS Medicine” and the WHO, we were unable to
analyze geographic regions more specifically than Africa,
Europe, or the Americas. To evaluate whether clinically
relevant information is reaching the regions that need it
most, each full-text “PLoS Medicine” article among the
top 500 page views per region was categorized according
to the WHO’s Global Burden of Disease (GBD) categories
as follows: (I) communicable diseases, maternal and peri-
natal conditions and nutritional deficiencies; (II) noncom-
municable conditions; and (III) injuries. A fourth category,
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“other,” was implemented to account for those articles that
could not be mapped directly to a GBD disease or condi-
tion [23].

We compared the number of articles viewed from
“PLoS Medicine” within each region to the regional
population, to the regional burden of disease expressed as
disability-adjusted life-years (DALYSs), and to the number
of healthcare workers in the region [24]. We compared the
proportions of articles downloaded within each region with
the proportion of burden of disease (expressed as DALYSs)
borne by the population in that region [23].

Specific questions addressed by our analyses included
the following: Did HINARI provide access to a large
random sample of the journals accessed by Ptolemy users?
Did the number or topic of “PLoS Medicine” articles read
in Africa reflect the disease burden in the region? Did it
reflect the size of the healthcare workforce? And how did it
compare to similar comparisons in middle and high-income
regions? Because all questions concerned simple propor-
tions, statistical analysis was by chi-squared and T-tests
with a p value of < 0.05 considered significant.

Results

Of the journal titles used through Ptolemy by practicing
surgeons, 13% of heavily used journals, 22% of medium
use journals, and 42% of occasionally used journals were
not available through HINARI (Fig. 1). We observed a
small and statistically insignificant trend (p > 0.05) toward
a higher impact factor among the most frequently accessed
journals (Fig. 2). This trend was not strong with the aver-
age impact factor of the low use journals being 2.76
compared with only 3.08 for the 200 most frequently used
journals. Technique papers and clinical reviews were
popular with Ptolemy users; journals of this type are

clinically useful but tend not to be cited as often in later
publications and therefore generally garner a lower impact
factor score [20]. Impact factor is not synonymous with
quality. Many worthwhile orthopaedic journals have rela-
tively low impact factors, similar to those least used
clinical journals accessed through Ptolemy. The lack of
these journals in HINARI may be limiting access to high
quality and necessary clinical information. Impact factor
should never be a measure of what clinicians need to read.

The total number of “PLoS Medicine” articles down-
loaded in Africa was much smaller (36,000) than the
number downloaded in the Americas or Europe (486,000
and 238,000, respectively). This is despite the fact that the
regions are similar in population, and Africa has a much
higher burden of disease overall (Fig. 3). However, when
the number of articles downloaded was compared with the
number of healthcare workers in the region, we noted 2.18
article downloads per healthcare worker in Africa, 2.24
articles per healthcare worker in the Americas, and only
1.43 articles per healthcare worker in Europe. While the
number of articles per healthcare worker in America was
higher (p < 0.001) than that in Africa, the difference is
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Mean Impact Factor: 3.08 2.82 2.76 p>0.05

Fig. 2 The mean impact factors of journals accessed through
Ptolemy were statistically different, but for practical purposes very
close, in all three of the journal subsamples.

Top 200 journals

Middle 200 journals

Bottom 200 journals
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D % of journals found only in Ptolemy

[] % of journals found in Ptolemy and HINARI

Fig. 1 Journals most frequently accessed by Ptolemy users, surgeons in Africa, were almost always (87%) available through the WHO’s
HINARI project, but less frequently used journals were often (42%) not available through HINARI.
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Use of PLoS Medicine by Region
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Fig. 3 The total number of PLoS Medicine articles read in Africa was
small compared with that in Europe or the Americas, despite similar
regional population (1000s) and a larger regional disease burden in
Africa (1000s of disability-adjusted life-years [DALYs]).
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Fig. 4 The total number of PLoS Medicine articles read in Africa
seemed more appropriate when compared with the regional healthcare
workforce (100s) instead of the regional disease burden (1000s of
disability-adjusted life-years [DALYs]).

probably not meaningful when we consider the overall use
of this open access resource in proportion to the number of
healthcare workers who might want to use it (Fig. 4).

The topics of articles downloaded from “PLoS Medi-
cine” in Africa correlated with the specific burden of
disease in that continent with a preponderance of reading
about communicable disease topics (Fig. 5). By contrast,
the reading patterns in Europe and in the Americas did not
correspond to the burden of disease in these more developed
regions. A far greater proportion of articles read in Europe
and the Americas were on nonclinical topics (eg, healthcare
systems, health reform in the United States, medicolegal
issues). Among clinical topics, Europeans and Americans
read less about chronic diseases and substantially less about
injury than the burden of noncommunicable conditions in
their own regions would merit.

Discussion

We wanted to know how far Internet-based initiatives have
come, and how open access has fared, in meeting the
information needs of surgeons in LIC. We found that HI-
NARI has come a very long way with a large library
accessed with increasing frequency. However, we found
that surgeons who have access to an even larger library
(Ptolemy) make regular and repeated use of an even
broader range of journals. If Ptolemy users were limited to
only those higher impact factor journals available through
HINARI, nearly 50% of their clinically relevant reading
would be curtailed. We also found that the open access
journal with the highest impact factor, “PLoS Medicine”,
is widely read in Africa and is read in a manner that very
closely mirrors the burden of disease in Africa. This is
encouraging evidence that these Internet-based initiatives
are achieving their goals of improving access to the peer-
reviewed medical literature in LIC.

We draw attention to several limitations. First, in our
comparison between Ptolemy and HINARI, we used the
theoretical list of journals available through HINARI rather
than confirming they were actually downloadable in Africa.
Previous publications have shown 57% of the 150 HINARI
journals with the highest impact factors could not actually
be accessed from Peru in 2007 [21]. According to Smith’s
survey of postgraduate doctors in four African teaching
hospitals, only 24-73% of physicians were even aware of
HINARI, and as many as 90% usually access the Internet
from a café, but HINARI is only available through an
institution [19].

Second, “PLoS Medicine” is a general medical journal,
not a surgical journal. We recognize that the reading pat-
terns of surgeons likely do not match those of internists and
therefore our conclusions cannot be applied specifically to
the information needs of orthopaedic surgeons. However,
“PLoS Medicine” is the most frequently cited (and thus
highest impact factor) open access journal, so we chose to
analyze its readership. Surgically relevant public health,
musculoskeletal and trauma topics are often well-repre-
sented in subscription-based general medical journals, and
given the preponderance of musculoskeletal complaints to
primary caregivers, we believe that journals such as “PLoS
Medicine” should be covering musculoskeletal topics. For
comparison, of the nearly 4000 papers published in “PLoS
ONE” in 2009, only 21 specifically concern surgery [16].
Public Library of Science publications may not be over-
flowing with orthopaedic information, but there is a
burgeoning of surgery- and orthopaedic-specific open
access journals, some of which cater specifically to the
needs of LIC [7].

A third limitation is the lack of quantitative data about
additional free Internet-based sources of orthopaedic
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Fig. 5 There was close correspondence
between disease burden and readership in Africa

In Africa, reading patterns mirror morbidity; elsewhere, they do not.

compared with gross disproportion between
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disease burden and articles read in Europe.
(I = Communicable diseases, II = Noncom-
municable conditions, III = Injuries, IV =
Nonclinical topics).
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knowledge. Smith et al. found that across 333 postgraduate
doctors in four African teaching hospitals, “90% had heard
of PubMed, 78% of BMIJ on line, 49% the Cochrane
Library, 47% HINARI, and 19% BioMedCentral” [19].
Surgeons in low- or middle-income countries may need
more basic information than that provided in peer-reviewed
journals, but one survey of surgeons in LIC found that the
most sought-after electronic resource was journal articles,
while electronic textbooks were a distant second [4]. None
the less, useful free Internet-based resources may include
(but are not limited to) Wheeless [22], eMedicine [8],
Global HELP [9], orthopaedic case discussion sites [14], or
free patient information resources [1, 18]. These services
are of variable value and quality, and most LIC surgeons
we know are sophisticated enough to value peer-reviewed
sources.

Language of publication is another limitation when
assessing utility and accessibility of online medical resour-
ces. English has a wider dispersion than any other language
and is commonly considered the lingua franca of the modern
world, but the number of English speakers in various regions
or countries is extremely difficult to define. “PLoS Medi-
cine” readership data lumps North, Central and South
America, but one might surmise that the greatest usage takes
place in the English-speaking north. Likewise, though
English is a common second language in Europe, preference
for materials in one’s native language may explain the lower
readership per healthcare worker in Europe.

While free access to peer-reviewed journals has been
shown to provide clinically- and academically-relevant
resources to surgeons in LIC [2, 6], substantial barriers of

@ Springer

Internet connectivity and awareness must be addressed
before healthcare workers will fully benefit from online
resources. Obviously, development of local infrastructure
will be necessary to improve the reliability of electricity
and connectivity. In addition to HIC efforts such as those
reviewed in this paper, other efforts may bridge the digital
divide in the meantime. For instance, Global HELP (Health
Education using Low-cost Publications) creates and dis-
tributes affordable health education materials, including
PDFs, posters and CD libraries [9].

Medical publishing is a high value-add business. Two
business models (and a number of hybrids) exist: the
subscriber pays or the author pays. Open access, the author
pays model, accounts for a very small minority of overall
publishing. It is, however, the most rapidly growing pub-
lishing paradigm. The next decade will be interesting; will
the publishing industry find a balance between placing the
financial burden on the author or the subscriber, or will a
tipping point be reached at which the entire industry moves
toward open access?

Open access publishing has several advantages over the
traditional subscription-based industry. For example, open
access has the potential for wide and rapid dissemination of
new findings. On the other hand, more traditional media
may be perceived as having greater longevity, a higher
impact factor with a higher profile editorial board, and a
more exclusive readership. Currently, there seems to be a
positive attitude among researchers regarding the idea of
open access, and yet, this does not necessarily translate to
an intention to publish one’s own research in an open
access journal [10]. Open access does seem to increase the
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number of article downloads, but that does not translate into
an increased rate of citation of those articles [5]. Based on the
readership of Ptolemy users, we know surgeons in LIC read a
wide variety of clinical journals when given the opportunity.
For the time being, access to such a breadth of medical lit-
erature will rely on projects such as Ptolemy and HINARI
that are able to legitimately provide free access to sub-
scription-based journals. The scalability and expansion of
Ptolemy-type projects has been previously addressed [2, 6].

The publishing field is moving toward open access, but
nobody knows how quickly or completely open access
journals will take over from subscriber-based journals.
Within a specific open access journal, we have shown
readership in Africa is as high as the Americas and higher
than Europe when compared with the healthcare worker
density and that the readership corresponds more closely to
the burden of disease in Africa than in higher-income
regions. The open access publishing model presents a
substantial increase in the availability of research infor-
mation in LIC, as long as healthcare workers are aware of
the ever-growing free resources as catalogued on sites such
as Directory of Open Access Journals [7]. Some authors
may be hesitant to submit publications to newer, less well-
known open access journals [10], so an alternative to
simply creating new open access journals is to encourage
already-existing, prestigious, subscription-based journals to
move to some version of the open access model. Should
open access take over the scientific publishing industry,
initiatives like Ptolemy and HINARI will no longer be
needed to bridge the gap in access to the body of published
literature, but it is a double-edged sword. The ability of
African surgeons to publish in the open access journals
they read will only be maintained if the current enlightened
policies regarding waiving author fees for papers from LIC
can be systematically maintained [3, 17].
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