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Abstract

Complete access to the existing pool of biomedical literature and the ability to “hit” upon the exact information of the
relevant specialty are becoming essential elements of academic and clinical expertise. With the rapid expansion of the
literature database, it is almost impossible to keep up to date with every innovation. Using the Internet, however, most
people can freely access this literature at any time, from almost anywhere. This paper highlights the use of the Internet
in obtaining valuable biomedical research information, which is mostly available from journals, databases, textbooks and
e-journals in the form of web pages, text materials, images, and so on. The authors present an overview of web-based
resources for biomedical researchers, providing information about Internet search engines (e.g., Google), web-based bib-
liographic databases (e.g., PubMed, IndMed) and how to use them, and other online biomedical resources that can assist

clinicians in reaching well-informed clinical decisions.
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Introduction
In the present era of information and technology,
staying up to date with the latest advances in bio-
medical sciences is a major challenge for clinical
practitioners. Because the amount of biomedical
information doubles every five years, clinicians
must have free and easy access to the current liter-
ature database for easy and effective evidence-
based clinical decision-making [1]. Traditionally,
there have been several systems available that con-
dense and dispense the medical intelligence in to
easily absorbable forms (e.g. medical and dental
textbooks and dictionaries). However, these are fre-
quently based on the synopsis and ideas of estab-
lished experts and may not be refreshed with cur-
rent information. In our day-to-day practice, we
often come across a single and specific clinical
problem that may be explained well in a single arti-
cle. Until recently, the problem for many clinicians

has been accessing this information.

The World Wide Web or Internet has resolved
these dilemmas to a large extent. Its rapid growth
has created a boom in the field of biomedical inves-
tigation and research, although there is a long way
to go before its full potential is realised [2,3]. On
the click of mouse/button, the Internet offers quick
and economical access to medical literature in the
form of databases, dictionaries, journals, textbooks,
dental product information, continuing education
resources, and e-journals [4,5]. There are several
eminent interlinking sources that retrieve these
results such as government organisations, publish-
ers, online health libraries, and commercial agen-
cies.

Searching biomedical literature is a very
organised and specific procedure. It requires sys-
tematic planning so as to develop a well-construct-
ed clinical question or precise keyword. Unplanned
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and messy efforts may result in the retrieval of sev-
eral, apparently irrelevant articles thus discourag-
ing the professional to look further [6-8]. Web-
based search engines are tools designed specially to
search for information in the form of images, data-
bases, journals and dictionaries. As these search
engines are computer operated, they mostly search
algorithmically. With these points in mind, it is
therefore very important to understand how to
access the information that is being searched for.

Internet Search Engines

A web-based search engine (e.g., Google) is a spe-
cially designed tool that retrieves user-friendly data
from the Internet. To achieve a more refined and
efficient search result, researchers must keep in
mind the strengths and drawbacks of a particular
search engine/database. Search engines that are fre-
quently used for web-based search of biomedical
literature include Google, Google Scholar, Yahoo,
MSN.

Google search engine (http://www.google.com)
Google is the world’s most popular and largest
web-based search engine, receiving several hun-
dred million queries each day through its various
services [9]. A drawback is that it retrieves too
much information, which is difficult to filter and
which is not limited to biomedical research. It has
the advantage, however, that it is easy to use and
offers several user-friendly options including
accessibility from cell phones. Another advantage
is that it is updated regularly to include the new
additions to the World Wide Web [10]. This allows
users to retrieve very recently added biomedical
information. In the Google home-page settings,
JavaScript may be enabled to allow easy access to
most unbounded or linked websites (Google
Analytics™).

Online reprint request (ORR) via Google

Google enables users to make an online reprint
request (ORR) for unavailable medical literature to
the concerned author/authority. An ORR of the arti-
cle of interest (explored via Google Search) can be
made in the form of an e-mail containing the rele-
vant information—name of journal, name(s) of
authors and co-authors, year of publication, volume
and page numbers.

Yahoo search engine (http://www.search.yahoo.com)
As reported in January 2012, Yahoo search was the
second largest search engine available on the Web
by query (volume: 5.82%) after its competitor
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Google (volume: 83.43%) [11]. It offers numerous
user-friendly features (e.g., shortcut key control,
pull-down menus, automatic suggestions) that
make it simple and popular.

Bing search engine (http://www.bing.com)

Bing (http://www.bing.com) is a novel web-based
search engine that passes on Yahoo and Microsoft
databases.

Google Scholar (http://www.scholar.google.com)
Google Scholar is the simple way to perform a
broad search for scholarly articles. It searches
across many resources and databases including arti-
cles, theses, textbooks, peer-reviewed papers, com-
mercial academic publishers, universities, profes-
sional societies, and abstracts. Most of Google
Scholar’s database resources derive from a crawl of
full-text journal content provided by both open
source and commercial publishers [12].

Advantages of using Google Scholar

1. It has an advanced and quick search facility
where literature/articles can be selected by
author, publication, journal, date and subject.
In contrast with a Google search, Google
Scholar returns significantly fewer results
because it filters the result by the stated search
preference. For example, a Google search for
“Implant and O ring attachment” would return
about 204,000 results whereas a similar search
in Google Scholar with the restricted date of
2011 yields only 6340 results (as on 6th
February 2012).

2. It provides a single platform to explore
research papers/articles directly or via online
libraries, abstracts and citations, etc.).

3. It helps users to shortlist articles/papers on the
basis of year of publication, journal, area of
interest, citation, etc.

4. Itranks and lists results according to how rel-
evant they are to the search query. The most
relevant references should theoretically
appear at the top of the page.

5. Federated search results: Web-based subordi-
nates of Google Scholar incorporate the
processed and indexed fresh information from
the World Wide Web making it single pool for
search hits.

Limitations of Google Scholar

Google Scholar has certain limitations:

1. It does not refer/index all commercial database
agencies for biomedical research materials.
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2. Like other medical search engines (e.g.,
PubMed), Google Scholar does not provide
the list of journals indexed in its database.
Furthermore, it does not identify where it
finds its sources, so one cannot have confi-
dence in its reliability.

3. It does not perform as well for older publica-
tions. Pauly and Stergiou (2005) [13] reported
that Google Scholar had less than half of the
citations for a specific set of scientific
research papers published in a variety of disci-
plines between 1925-1989; however, for
papers published in the period 1990-2004,
both sources gave similar citation counts.
Meho and Yang (2007) [14] found the major-
ity of the citations from journals and confer-
ence papers in Google Scholar to date from
after 1993.

4.  Some articles are available only as abstracts;
full access is possible only through a payment
gateway.

Internet-Based Bibliographic Databases
Bibliographic databases are well-organised collec-
tions of descriptive information on author, journal,
title of paper, source, date of publication. They
have made searching the medical literature easier
and more accessible to most researchers, clinicians
and professionals [15]. The most commonly
referred databases are Medline, PubMed, the
Cochrane Library, and Embase.

National Institutes of Health (NIH)

The National Institutes of Health (NIH) is an
agency of the U.S. Department of Health and
Human Services (Government of United States).
NIH is well known for its contribution to biomed-
ical and health-related research. It comprises 27
separate institutes, centres, and offices, including
the National Library of Medicine (NLM). The
NLM collects, organises, and makes available bio-
medical science information to investigators, edu-
cators, and practitioners. It established the National
Center for Biotechnology Information (NCBI),
which is a central repository of biological informa-
tion and includes the PubMed literature database.
The electronic web-based reference system com-
mon to NIH, NLM, and NCBI is considered to be
one of the “crown jewels” of medical research.

PubMed and MEDLINE
The portal http://www.nlm.nih.govis the online
gateway to the National Library of Medicine. It is
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often referred to as the “PubMed link”; PubMed is
the principal online bibliographic citation database
and open access biomedical search engine for liter-
ature. It is free, user friendly, and the most com-
monly used online database for biomedical litera-
ture search [16]. It is part of Entrez™ information
retrieval system [17]. This gateway allows concur-
rent search in the PubMed and MEDLINE
(Medical Literature Analysis and Retrieval System
Online) databases, as well as in other NLM data-
bases in different fields of biomedical sciences
(genetic search databases and clinical trials regis-
tered with the NLM). MEDLINE, a component of
PubMed, contains journal citations and abstracts
for biomedical literature from around the world.
PubMed provides free access to MEDLINE and
links to full text articles when possible. As the
NLM website also searches in MEDLINE databas-
es, it is imperative to attempt medical literature
search in MEDLINE database via the NLM link
[18]. When compared to the Google search, a
PubMed search of medical literature is less time
consuming. Additionally, it permits users to search
for more refined results using a special tool
“Clinical Queries and Systematic Reviews search
filters”, present on the NLM NIH homepage. As
the clinical queries are authenticated search strate-
gies, they map out articles on the diagnosis, aetiol-
ogy, or prognosis related to that question [19].

NLM database

The NLM database contains more than 21.52 mil-
lion citations (as on 6th February 2012) from
approximately 5,500 journals and research publica-
tions. Information about the journals indexed in
PubMed is found in the NLM Catalog present on
the PubMed homepage. On average, about 500,000
new records are added each year to NLM database.
With the recent enhancement in the NLM database,
it contains records as far back as 1951. References
of publications prior to 1950 are available from the
print version, Index Medicus. Amazingly, this con-
tains records of the years 1865 and 1809. One may
enter “1800:2100[dp]” into the PubMed search
window to see the total size of the NLM database at
that particular moment.

PubMed Central

PubMed Central (available at: (http:///www.ncbi.
nlm.nih.gov/pmc) is a free digital database of full-
text scientific literature in biomedical and life sci-
ences. Developed and managed by the NCBI, it
provides openly available peer-reviewed scientific
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research. It does not include any unreviewed
research papers. Participating publishers may, how-
ever, delay release of their articles for reasonable
period after publication (often six months).

Medical Subject Headings (MeSH)

The search results of the NLM database are based
on a vocabulary called Medical Subject Headings
(MeSH). MeSH is a well designed vocabulary
developed by NLM to enhance accuracy and effi-
ciency in PubMed/MEDLINE searches. MeSH
descriptors are available in both alphabetic and
hierarchical format. The use of MeSH terms in con-
junctions of certain limits (such as date of publica-
tion) improves the quality of search. The MeSH
website (http://www.nlm.nih.gov/mesh) is the cen-
tral access station for additional information
regarding MeSH.

Inclusion criteria for journals in NLM database
Inclusion is based on the decision of a panel, the
Literature Selection Technical Review Committee.
The LSTRC evaluates such aspects as the scientif-
ic policy and quality of the publication, quality of
content, quality of editorial work, and standard of
editorial review.

PubMed tutorial

An online training programme is available, special-
ly designed and recommended for new users. It
demonstrates how to search articles in a quick, pre-
cise and effective manner.

PubMed/MEDLINE search strategy
For optimal search results from PubMed/MED-
LINE, the following search strategy may be
applied:
1. Identify the key concept related to query.
2. Find an alternative term (from MeSH) for
this key concept.
3. Start your search using the selected MeSH.
When the key concept is unclear, the PubMed
search engine may be used in the reverse manner to
search one’s concept from MeSH.

Key points of PubMed/MEDLINE Search
Stopwords and Superfluous Words

When attempting a search in PubMed/MEDLINE,
it is important to remove “stopwords” or superflu-
ous words from the search phrase. A list of such
terms is available on the PubMed homepage. For
example, if one was intending to search for
“Overdenture in the management of partial eden-
tulism”, “in”, “the”, “of” are superfluous words.
The correct key concept and MeSH words for the
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above search would be “Overdenture management
partial edentulism”.

Boolean Logic

PubMed uses “Boolean logic” to search for MeSH
terms [20]. It refers to the logical relationships
among search terms. When a search query is unre-
stricted, it assumes that all the terms that are men-
tioned need to be present. Boolean operators
(AND, OR, NOT, always in capital letters) can be
used to combine or exclude search terms in
PubMed to get more structured results.

Associates of PubMed/MEDLINE

GoPubMed (http://www.gopubmed.com)
GoPubMed is a knowledge-based online (medical)
search engine for biomedical texts. The Gene
Ontology (GO) and MeSH serve as “Table of con-
tents” in order to structure the millions of articles in
the MEDLINE database. GoPubMed database
allows its users (biologists and medical profession-
als) to locate related search results significantly
faster than by using PubMed.

MedlinePlus (http://www.medlineplus.org)
MedlinePlus is a free, open access electronic portal
that provides consumer health information for
patients, families, and health workers. It is an
online medical encyclopaedia that is managed and
powered by NLM and NIH. MedlinePlus includes
over 4,000 articles about diseases, tests, symptoms,
injuries, and surgical procedures. Over 150 million
people from around the world use MedlinePlus
each year [21]. It also provides an online medical
dictionary and news service for medical news
reports.

Indian Internet-Based Bibliographic
Databases

Medknow Publications (http://www.medknow. com)
Medknow Publications publish nearly 170 print
and online journals. They provide a “fee-less-free”
model of open access publishing, enabling immedi-
ate free access to electronic editions of the journals.
Researchers just have to access the web site, fill the
key word that they require, and search. Every jour-
nal published by Medknow has its independent
website. The open access strategy has resulted in
more than a half a million in a month all Medknow
journals.

IndMed (http://www.medind.nic.in)
IndMed database has been designed and developed
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by the Indian Medlars Center, an autonomous body
under the joint control of National Informatics
Centre and Indian Council of Medical Research
(NIC and ICMR, Government of India). The main
endeavour of the IndMed bibliographic/indexing
service is to facilitate easy and free access to the
Indian biomedical literature. The IndMed database
includes peer-reviewed popular medical and dental
journals published from India. It provides a full-
text access web link to about 77 Indian journals,
indexed from 1985 onwards.

Other Non-Government Internet-Based
Bibliographic Resources

Cochrane Library (http://www.thecochraneli-
brary.com)

The Cochrane Library is a collection of databases
that contain different types of high-quality inde-
pendent evidence to inform health care decision-
making in medical, dental and other health care
specialties. They include systematic reviews and a
central register of controlled clinical trials. The col-
lection may be accessed through the Wiley Online
system.

Embase (http://www.embase.com)

Embase is an online information source of pub-
lished literature that includes over 24 million
indexed records (from 1947) and more than 7,500
indexed peer-reviewed journals (more than
PubMed/MEDLINE). It has exclusively subscribed
biomedical database that may be accessed online
through a number of database vendors, hosted by
Elsevier. Using Embase, it is possible to track, for
example, drug-specific adverse events published in
the literature.

WebMD (http://www.webmd.com)

WebMD is an American corporation that provides
valuable health information, tools for managing
health, and support to those who seek information.
WebMD is primarily known for its health portal,
which has information regarding health and health
care professionals. Other services from WebMD
include creating and maintaining up-to-date med-
ical reference content databases and providing
health news.

Medscape (http://www.medscape.com)

Medscape is an online resource for medical stu-
dents and health care professionals. It features peer-
reviewed original research articles in the biomed-
ical sciences, including dentistry. Medscape offers
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clinicians medical information and user-friendly
educational tools. It requires a one-off registration.
Additional features include daily medical news,
journal commentary, expert columns, patient edu-
cation articles, major conference coverage, and
drug information including a drug database
(Medscape Drug Reference or MDR).

Medical Matrix (http://www.medmatrix.org)
Medical Matrix is a web-based guide to medical
and dental resources, available free of cost. It also
provides external links to other websites of particu-
lar interest and a comparison chart to evaluate the
websites. Apart from medical journals and litera-
ture, its database contains more than 70 dental jour-
nals.

Commercial Web-Based Resources:

Scholarly Research Databases
Several commercial resources, such as web-based
libraries and specialist websites (dentistry, educa-
tional, continuing education), provide very valu-
able additions to the ever-growing list of online
resources. Scholarly research databases are the
commercial aggregators of the premium full-text
content of a vast range of biomedical and health lit-
erature, enabling users to get access on a single
click. They provide a dropdown list or external web
link to various peer-reviewed indexed journals via
online commercial merchants (e.g., Blackwell
Publishing, Elsevier, John Wiley & Sons, Harcourt,
Wolters Kluwer, Springer Science+Business
Media, Science Direct). On a subscription basis,
they provide access to national universities,
research institutes, professional colleges (medicine,
dentistry, nursing, pharmacy, and public health),
teaching hospitals, government offices and nation-
al medical libraries. Some of the prominent schol-
arly research databases include: Caspur, DOAIJ,
EBSCO, Health & Wellness Research Center,
HINARI, Index Copernicus, Journal Seek, MAN-
TIS, OpenJGate, Primo Central, ProQuest,
SCOLOAR, SIIC.

Other Online Resources

Free online journals and books
(http://www.freemedical books.org)

Medical texts are the foremost basic and traditional
means that lay down the basic concepts of the sub-
ject. Several hundred medical/dental journals and
e-books provide free and full-text access to their
contents via the Internet. Other information regard-
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ing e-textbooks, CD-ROMs, software, animations
and videos are available on the web.

How To Cite A Web Page Reference
Any electronic data/material that is accessed or
downloaded from the Internet may be used as cita-
tion in research documents. The Vancouver style of
referencing/citing has been one of the worldwide
accepted and standard protocols in academic papers
since 1978 [22]. For preparing a web citation
according to the Vancouver guidelines, the follow-
ing details should be gathered:

*  Name of author/s

*  Title of article

*  Name of website

*  Name of publisher and place of publication (if
available)

*  Date accessed

*  Date updated

e Online URL

The above data are arranged in a logical man-
ner to frame the elements of web citation, namely:

Author. Title of publication [type of medium:
Internet]. Place of publication (if available):
Publisher (if available); Date of publication: year
month day (supply year if month and day not avail-
able) [updated year month day; cited year month
day]. Available from: web page URL.

Example:

Malathi M, Mohan Thappa DM. The intricacies of
impact factor and mid-term review of editorship
[Internet]. India: Medknow; 2012 [updated 2011
Feb 05; cited 2012 Feb 06]. Available from:
http://www.ijdvl.com/article.asp?issn=0378-
6323;year=2012;volume=78;issue=1;spage=1;epa
ge=4;aulast=Malathi

Conclusion
This paper has sought to review the search engines
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