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Radiology education: a glimpse into the future
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The digital revolution in radiology continues to advance rapidly. There are a number of interesting developments
within radiology informatics which may have a significant impact on education and training of radiologists in the near
future. These include extended functionality of handheld computers, web-based skill and knowledge assessment,
standardization of radiological procedural training using simulated or virtual patients, worldwide videoconferencing
via high-quality health networks such as Internet2 and global collaboration of radiological educational resources via
comprehensive, multi-national databases such as the medical imaging resource centre initiative of the Radiological
Society of North America. This article will explore the role of e-learning in radiology, highlight a number of useful
web-based applications in this area, and explain how the current and future technological advances might best be
incorporated into radiological training.
ª 2006 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

At the time of writing the long-anticipated radiol-
ogy integrated training initiative (R-ITI; http://
www.riti.org.uk) encompassing an electronic vali-
dated case archive (VCA) and numerous computer-
based study aids is about to be made available as
a groundbreaking teaching resource for trainee
radiologists in the UK (Fig. 1). At the same time, pic-
ture archiving and storage (PACS) systems are finally
being installed into radiology departments across
the country. Digital radiology is here to stay and
teaching in radiology needs to adapt and embrace
these rapidly developing technological advances.

For many years radiology education has
revolved around interactive, film-based, small
group teaching, didactic lectures and informal
tutorials during reporting sessions. With the shift
from hard to soft-copy reporting there has been
a rapid increase in the use of digital images
and computer-based presentations for teaching
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purposes. Alongside this, there is an emerging
vogue for self-directed study using a variety of
e-learning resources including CD-ROMs, depart-
mental or web-based digital teaching file data-
bases and educational websites.

A number of prospective observational studies
have compared the use of electronic and tradi-
tional teaching methods in medical student educa-
tion and these have shown that computed-aided
learning is associated with greater improvements
in class ranking and problem-solving ability.1,2

Although there are many potential benefits from
these new digital learning tools, trainee-centred,
case-based teaching by experienced trainers
remains a core part of the learning process. It is es-
sential that future radiology educational resources
are used in an innovative and creative way to avoid
losing the interactive aspect of medical educa-
tion.3 Research has shown that despite the
widespread availability of PACS and other techno-
logical advances within radiology departments in
the USA, digital technology is frequently under
used in radiology teaching.4

In previous articles in this series we have
covered several important aspects of radiology
informatics and discussed the role of a variety
of e-learning tools for radiologists including
www.manaraa.com
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web-based educational resources and interactive
teaching files.5,6 This article will explore other ex-
citing developments, including the increasing role
of handheld computers in radiology education, as-
sessment of radiological skills and knowledge using
web-based interactive teaching files, radiology
practical skill training using simulators and virtual
patients, and finally, worldwide collaborative ap-
plications such as Internet2 and the Radiological
Society of North America medical imaging resource
center (MIRC), which may have major role in
future radiology education.

Handheld computers in radiology

Since their introduction in the early 1990s, hand-
held computers or personal digital assistants
(PDAs) have become increasingly popular for a
variety of applications in medicine.7 The current
generation of PDAs are multi-functional and have
many useful features including database, spread-
sheet and word-processing applications, e-mail
and web-browsing tools and digital media players.
More information on the different types of hand-
held computer available and a comprehensive
review of their expanding use in radiology is avail-
able elsewhere.8

The basic functions of PDAs are often very
useful to radiologists and these generally include
an address book, calendar/scheduler (with alarm
reminder function), to-do list and a memo com-
poser, which help organize and prioritize tasks.
Data held on the handheld device should ideally be
regularly synchronized with the user’s desktop
computer to ensure backup and maintenance of
up-to-date information.

In addition to their basic functionality, there are
several other useful features of PDAs for radiolo-
gists. First, handheld computers can be used as

Figure 1 Screenshot of the Royal College of Radiolo-
gists and Department of Health Radiology Integrated
Training Initiative (R-ITI) website.
a flexible research data entry tool once a custom-
ized database has been set up on the PDA. This is
simple to achieve using a standard spreadsheet or
database application such as Microsoft Excel or
Access. The data can subsequently be downloaded
to a personal computer for archiving and data
analysis. Similarly, handheld computers can easily
be configured to allow trainees to collect essential
radiological logbook data. For those interested in
this option, two Scottish radiologists have devel-
oped a database based on the Royal College of
Radiologists logbook that is free to download from
http://www.burgul.com/logbook. This can be
installed easily, the only downside being that an
addition piece of software must be purchased in
order for it to run, although this only costs a few
pounds.

Another useful feature of handheld computers is
the ability to store electronic books. The use of
handheld digital books in radiology was first pio-
neered by Michael D’Alessandro and colleagues in
the mid-1990s.9 Since then, an increasing number
of electronic textbooks and reference materials
have become available commercially for radiolo-
gists to use on handheld computers. A wide variety
of medical and radiological e-books are available
for purchase and download from the internet and
one of the more comprehensive websites is avail-
able at http://www.handheldmed.com (Fig. 2a).
The main advantage of this type of electronic
study aid is portability when compared with con-
ventional textbooks. Rapid access from the palm
of the hand is also an alluring feature. In addition
to commercial available electronic textbooks,
there are also a number of free educational
resources that can be downloaded onto a PDA
and may be of interest to radiology trainees. In
particular, the University of Wisconsin have
produced a PDA version of their Collaborative
Hypertext of Radiology (CHORUS to go) website.
This provides an extensive database of radiological
differential diagnoses and can be downloaded
from http://chorus.rad.mcw.edu/to-go/. An ex-
cellent website containing links to a wide variety
of medically orientated, freely available, PDA soft-
ware is available at http://www.pdaMD.com
(Fig. 2b). Useful example software includes a
free drug reference database called Epocrates
(http://www.epocrates.com) and a statistics
package called EBM Calculator developed by
the Centre for Evidence-Based Medicine at the Uni-
versity of Toronto, which automatically calculates
the relevant type of statistical analysis needed in
different research studies. This software can be
downloaded from http://www.cebm.utoronto.ca/
palm/ebmcalc.
www.manaraa.com
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Figure 2 Screenshots of useful handheld computer
websites for radiologists: (a) handheldmed.com;
(b) pdaMD.com; (c) Avantgo; (d) Highwire Press.
Rapid access to medical literature is an essen-
tial part of most radiologists day-to-day work and
free software can be installed onto a PDA to allow
Medlineª searches to be performed directly from
handheld computers provided a wireless internet
connection is available. The necessary software,
called MD on tap, is available from http://archive.
nlm.nih.gov/proj/mdot/mdot.php. In addition,
a large number of medical journals are now
available online and many allow free access to
abstracts and full articles, which can be accessed
via a PDA. Before this can be achieved, an applica-
tion called Avantgo that allows capture and display
of web documents on the handheld computer must
be installed. This software is freely available from
http://www.avantgo.com (Fig. 2c).

Both of the Radiological Society of North America
(RSNA) journals, Radiology and RadioGraphics are
compatible with this application and more informa-
tion on how to configure your PDA is provided on the
journal websites at http://radiology.rsnajnls.org/
misc/pda.shtml and http://radiographics.rsnajnls.
org/misc/pda.shtml. Another highly useful and
freely available web-based resource is the compre-
hensive database of e-journals provided by the
Stanford University libraries in California, called
Highwire Press and available at http://highwire.
stanford.edu (Fig. 2d). This website also provides
complimentary software that is easily configured
to allow the most recent table of contents and arti-
cle abstracts from selected journals to be automat-
ically downloaded whenever your PDA is connected
to the internet or alternatively sent to your e-mail
address. In addition, customized alerts can be set
up for whenever new articles on a specific subject,
e.g. positron emission tomography, are published.
In either case the information is stored on your
handheld computer for browsing at leisure.

Many new models of PDA have built-in wireless
networking capabilities, which can facilitate
remote access to departmental intranets and
PACS databases.8 Radiologists from the Beth Israel
Deaconess Medical Center in Boston, Massachu-
setts have utilized this advanced functionality
and designed a PDA-based platform for radiology
information management and resident educa-
tion.10,11 This team developed a simple method
of synchronizing web-based departmental and
educational resources with handheld computers
to provide a mobile alternative to traditional desk-
top computer-based intranet access. This applica-
tion requires some background knowledge of
computer networking and further details on the
processes involved are available for interested
parties.10 Radiology trainees fortunate enough to
work in this institution have access to a variety
www.manaraa.com
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of resources on their PDAs, including imaging
protocols, contact details, resuscitation guidelines
and on-call rotas, as well as digital reference
books and educational radiology teaching cases.10

Unsurprisingly the mobile system has proved very
popular and surveys performed before and after
introduction have shown a statistically significant
increase in the number of trainees using PDAs for
radiology educational purposes.11

Other innovative uses of PDAs in radiology have
been described, including the extended role of
handheld computers in controlling image and
patient data display on high-resolution monitors,12

and their use as projection devices for Microsoft
PowerPoint presentations.13 These applications
illustrate the diverse role of PDAs in radiology
teaching and education both at present and in
the near future.

Web-based assessment of radiological
skills and knowledge

One of the stated objectives of the R-ITI and VCA
in the UK is to help trainees develop the skills
required for assessing and interpreting radiological
investigations.14 It is claimed that radiologists will
be able to use these resources to undertake self-
assessments to test radiological ability and deduc-
tion skills once the system becomes available.
Meanwhile, radiologists from the University of
Erlangen-Nuremberg in Germany have developed
a free, web-based radiological knowledge and skill
assessment application which allows both intra
and inter-subject comparison.15 This resource
attempts to simulate the routine work of a general
radiologist using a continually updated database
containing over a thousand cases. The application
is able to measure the user’s ability to recognize
anatomical structures and pathological patterns
in a variety of different imaging techniques and
can analyse performance on a single session, over
several sessions or comparatively with other
users.15 The difficulty level can be adapted to
take account of prior knowledge and assessments
are specifically designed to stimulate learning by
linking to other related web-based resources.
This project, entitled E-learning in Radiology or
ELERA, is highly commendable for its novel inter-
active approach, compared with many other radio-
logical educational resources and is recommended
to trainees as a valuable learning resource. ELERA
can be accessed on the web at http://www.elera.
de/e/cgi-bin/cpt_newuser.asp (Fig. 3a).

The same group of radiologists have also
developed an interactive web-based radiology
training program, called COMPARE, available
at http://www.evaluation.idr.med.uni-erlangen.de/
Ecomparetitlepage.htm, which is designed for
medical students and allows users to test and
build their knowledge of radiological anatomy16

(Fig. 3b). The project was designed by a group
of students, guided by a radiologist, using an in-
expensive and simple to use authoring system
and without any specialist information technology
input. This helps demonstrate that interactive

Figure 3 Screenshots of useful web-based radiological
skill assessment resources: (a) ELERA; (b) COMPARE
Radiology; (c) Pediatric Radiology Online Curriculum.
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radiology training resources can (and should) be
developed with relative ease.

Recently a collaborative group from the Nether-
lands and Germany have described a strategy for
implementing a diagnostic radiology e-learning
curriculum for medical students.17 They developed
an integrated learning management system con-
sisting of online courses, a web-based forum for
interactive communication and user evaluation
using computer-based exams and questionnaires.
The new curriculum was effective and increased
the efficacy of teaching by reducing the course
duration by 50%.17

Similarly, a group of paediatric radiologists from
America have created a web-based curriculum for
paediatric radiology education, which includes
comprehensive interactive learning modules each
consisting of a presentation, followed by a self-
guided quiz, feedback on performance, and finally
an evaluation form.18 This learning tool is freely
available on the internet at http://www.cchs.net/
pediatricradiology (Fig. 3c). As with all of the web-
based applications described above, the continued
development of state-of-the-art, interactive and
accessible learning packages that incorporate self-
assessment and appraisal is vital to enhance future
radiology education.

Radiology practical skill training using
simulators and virtual patients

Certain radiological skills can be technically difficult
to master and increasingly simulation-based training
has been used both to maximize patient safety and
ensure trainee competence. For example, ultraso-
nography can be a difficult technique to learn
requiring a fine balance of both manual dexterity
and visual interpretive ability. One team has eval-
uated the effectiveness of using a sonographic
simulator to assess trainees before unsupervised
performance of the technique.19 The assessment
consisted of 10 teaching cases performed on a
sonographic simulator (Ultrasim, Med Sim, Fort
Launderdale,Florida,USA,http://www.medsim.com/
products/products.html) with three-dimensional
data from real patients used to test interpretive
skill and imaging work-up.19 This allowed objec-
tive assessment and detection of any weaknesses
that could be rectified before commencing on
call.

More recently, a group of gynaecologists from
Munich in Germany designed an ultrasound training
system that utilized a software-based simulator
allowing creation of a virtual model based on
pre-recorded three dimensional datasets from real
patients to standardize trans-vaginal sonographic
teaching.20 The technique was developed to over-
come the limitations of conventional training, in-
cluding the embarrassment factor for both patient
and doctor, and was found to be comparable to con-
ventional training.20

Medical simulators to improve interventional
radiological training and provide objective compe-
tence testing are currently in development and
these show great promise for the future.21 There is
evidence in the surgical literature that colono-
scopic and laparoscopic skill training using simula-
tors is directly transferable to real patients.22,23 At
present there is a lack of similar evidence on the
validity of virtual endovascular training methods
and a joint task force from the RSNA, the Cardio-
vascular and Interventional Radiological Society
of Europe and the Society of Interventional Radiol-
ogy has been established to develop standards for
the use of simulators in this subspecialty area and
to investigate the validity of these techniques.21

Worldwide collaborative radiology
teaching applications

Many radiologists may be unaware of the potential
educational uses of Internet2 and related world-
wide research and educational networks such as the
Medical Imaging Resource Center from the RSNA.

Internet2

Internet2 (http://www.internet2.edu) is a consor-
tium of hundreds of academic institutions around
the globe working alongside governmental and in-
dustrial partners to design cutting edge network
applications capable of providing very high band-
width connections between educational institu-
tions (Fig. 4). These networks are capable of
transmitting broadcast quality video-conferencing
streams and are a viable alternative to conven-
tional face-to-face lectures and tutorials. In order
to ascertain the status and capability of your own
departmental network a software package, called
Internet2 Detective, can be freely downloaded
from http://detective.internet2.edu. This tool
can be used to verify whether or not your local
network has an appropriate bandwidth and con-
nectivity to support high quality web-based video
conferencing.24

A number of collaborative medically orientated
educational projects have been developed within
www.manaraa.com
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the Internet2 community allowing interaction be-
tween groups at geographically remote locations.
Examples include a sophisticated digital anatomy
teaching resource,25 and medical student knowl-
edge and skill testing using problem solving and
management of simulated patients.26 In addition
medical education sessions have been successfully
conducted by videoconferencing between training
centres in Honolulu and Bangkok.27

These new academic partnerships are already
improving medical education. Hopefully the tech-
nologic advances of Internet2 will gradually filter
down to the common or garden Internet so that we
may all benefit from the great opportunities this
medium offers for interaction within the medical
imaging community.

Medical Imaging Resource Center

The Medical Imaging Resource Center, or MIRC, is
an initiative from the RSNA developed to facilitate
sharing of the vast amount of information gener-
ated worldwide in radiology, for educational and
research purposes28 (Fig. 5a). The full potential of
the project has yet to be realized and at present
the software is subject to regular updates.

MIRC provides a simple method of identifying,
indexing and retrieving images, teaching files and
other radiology information from an increasing
number of institutions. It also allows users to
search multiple imaging libraries as if they were
a single library. A powerful authoring tool is also
provided which facilitates creation of radiology
teaching files and other electronic documents in
flexible formats with a common underlying struc-
ture. Finally, the project enables management and

Figure 4 Screenshot of Internet2.edu website.
Figure 5 Screenshots demonstrating various aspects of
the RSNA Medical Imaging Resource Center server:
(a) MIRC homepage on RSNA website; (b) MIRC Query
search engine; (c) example of query results; (d) MIRC
documentation and download site.
www.manaraa.com
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exchange of images and research datasets for
clinical trials in radiology.

RSNA hosts a MIRC query service, available at
http://mirc.rsna.org (Fig. 5b) which provides
a search engine allowing users to access educa-
tional resources from participating radiological
institutions. At the time of going to press many
thousands of teaching files from 15 diverse sites
around the world are included in the network.

The MIRC query service is very flexible and allows
advanced searching using six sub-categories. The
first category, ‘‘Basic’’, allows input of a free text
query as would be used in a conventional internet
search engine such as Google�. The search can be
restricted to words appearing in the title or
abstract, to a specific author’s name or can be
done by keywords. The second option, ‘‘Docu-
ment’’, allows searching for a specific document
type, e.g. a teaching file. A particular radiological
subspecialty can be specified in the category box to
narrow the search. In addition, the search can be
restricted to a certain difficulty level of teaching
case (e.g. intermediate or advanced) or to cases
that have been peer reviewed. The third category,
‘‘Content’’, enables the search to be confined to
specific words within a particular section of a teach-
ing file, e.g. a particular feature of the history or of
the imaging findings could be selected. The fourth
category, ‘‘Clinical’’, allows searching by anatom-
ical location, pathology, organ system or radiolog-
ical technique. Using the fifth category, ‘‘Image’’,
the search can be restricted to specific types of
image file format, e.g. DICOM files. The type of
image compression and imaging technique used can
also be specified. The final category, ‘‘Patient’’,
allows searching by name, ID, medical record
number, age, sex, or ethnicity. The ability to search
for patient demographic data is particularly useful
when using MIRC in clinical trials and research.

Users can conveniently use the ‘‘Select All’’
button to run a search of all repositories. Alterna-
tively one or more can be selected in isolation by
clicking on them directly. Finally, before submit-
ting the query, the search can be restricted to
only those cases that can be viewed as unknowns,
by ticking the ‘‘display as unknowns’’ box. Search
results are displayed in a list by institution of
origin and a hyperlink to the particular case is
provided (Fig. 5c). MIRC is a powerful resource for
rapid access to a huge number of teaching files,
and can be used to facilitate radiology teaching
and learning.

MIRC software can also be used to set up a teach-
ing file for public or personal use or can be used by
sites participating in clinical trials to manage and
exchange images and other information. The latest
software release is freely available for download
from http://mirc.rsna.org. The installation process
is described on the website and is a reasonably com-
plex process. Clicking on the ‘‘Downloads’’ hyper-
link on the MIRC website opens the documentation
index (Fig. 5d). Under the heading ‘‘The Current
MIRC Site Software Release’’, clicking the ‘‘MIRC
software release’’ hyperlink, opens the latest
MIRC release installation instructions, which help
guide users through this process with step-by-step
instructions. Once installed onto a personal com-
puter, the MIRC software should be used in combina-
tion with the Microsoft Internet Explorer web
browser. In doing so, the software will appear iden-
tical to the MIRC server available via the RSNA
website.

The authoring service can be used to create
teaching files after first importing images into an
image repository known as the ‘‘file cabinet’’.
Images in the ‘‘file cabinet’’ can be added directly
into any teaching file at a latter stage. It is relatively
easy to create a basic teaching file containing both
text and images which can be annotated. Any
annotations can be set to only be displayed when
they are selected allowing those using the teaching
case to test themselves with an option to reveal the
diagnosis and show the pertinent imaging features
only once the users has had chance to interpret the
case unaided.

Individuals and departments who already have
an existing digital teaching file stored in a system
of folders and subdirectories may wish to make
this more interactive and searchable by using free
software developed by a technologically gifted
group of radiologists from Thomas Jefferson Uni-
versity in Boston, USA.29 Their software, called
MIRCdocbuilder, allows bulk conversion of teaching
files into a MIRC compatible format. Further infor-
mation on this useful application and the neces-
sary software can be obtained from http://
www.neuro.tju.edu/MIRCdocbuilder.

Other radiologists have described how to auto-
matically generate teaching file cases directly
from PACS using the MIRC DICOM service for clinical
trials rather than using the authoring tool.30 The
major advantage of this is that data already pres-
ent in the DICOM header can be automatically in-
serted into the teaching file with minimal user
intervention. A detailed presentation and a down-
loadable template of this software is available at
http://www.gentili.net/rsna2005web/InforadExhi
bit9506_files/frame.htm. The same team of radiol-
ogists have also developed utilities for converting
PowerPoint documents and/or websites into MIRC
compatible files which can then be shared over
the MIRC server either within a departmental
www.manaraa.com
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intranet or the wider radiological community via
the World-Wide Web. Further information on these
applications and the necessary software down-
loads are available at http://www.gentili.net.

Recently an enterprising group of radiologists
from Singapore have described a novel way of
enhancing MIRC teaching cases with multimedia files
containing audio and video clips which enhance the
enjoyment and learning experience for users.31

Establishing a MIRC server on your own de-
partmental network (or an individual computer)
offers great potential as platform for collating
teaching cases. In our experience the set-up pro-
cess is somewhat complex and requires a reason-
able degree of computer literacy or the help of
a friendly network manager or local IT expert. In
addition, as the software is still under develop-
ment there are a few technical problems particu-
larly when upgrading to newer versions of the
software. Despite these minor reservations, the
MIRC project is highly commendable and a great
step forward in allowing worldwide collaboration
of radiological data for use in education and
research. Users can choose to keep the informa-
tion solely for use on a personal computer or
hopefully, to share with colleagues via a depart-
mental intranet and the rest of the radiological
world via the internet. RSNA has set up a MIRC
online forum, which can be accessed at http://
forums.rsna.org, and is run by John Perry d the
lead MIRC software developer; this is a valuable
source of answers if there are any queries regard-
ing implementation or use of the software.

Conclusion

As a group, radiologists are in an ideal position to
maximize the huge potential benefits to teaching
and education of future trainees that the rapid
technological advances in medical imaging and
radiology informatics are providing. All too fre-
quently this potential is not effectively realized
and an understanding of the many areas in which
digital radiology education can be used may help
direct future efforts. At the same time, it is essen-
tial that the interactive element of traditional
face-to-face teaching is not lost in the transition
to electronic learning. Innovative solutions to this
problem have been, and should continue to be,
sought. In this article we have explored a variety of
exciting areas that will play a major role in the
future of radiology education. It is hoped that this
article will go some way towards inspiring readers
to experiment with the technology we have at
our disposal to improve teaching in radiology.
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