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The Internet and particularly the World-Wide-Web is becoming a
useful tool for the nuclear medicine community. Methods: The
Computer and Instrumentation Council of the Society of Nuclear
Medicine convened an Internet Focus group to discuss collabora
tion using the Internet. The prototype application considered was
development of case-based teaching files using the World-Wide-
Web. Teaching file cases (clinical history, images, description of
findings and discussion) on World-Wide-Web servers at different
institutions are integrated using the Internet. The user can navigate
from case to case using point-and-click hypertext linking. Results:
The initial experience with collaboration has been encouraging. An
etiquette to help foster collaboration has been proposed. Develop
ment of quality control mechanisms and introduction of peer review
were identified as issues needing further work. Conclusion: The
World-Wide-Web offers great potential for new forms of collabora
tion. There is, however, a need to leam how to make best use of this
new resource.
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I n the past year, the services available through the Internet
have exploded in number, variety and quality (1-5). Some
services are now even available that are specifically designed
for radiology (6-9) and nuclear medicine (10,11). The Com

puter and Instrumentation Council of the Society of Nuclear
Medicine convened a focus group on the use of the Internet for
nuclear medicine. This article is one product ofthat group. The
main purpose of this article is to examine how the Internet can
be used to facilitate collaboration. Development of an electronic
case-based teaching file is used as the prototype application,
because some members of the focus group already have
experience with this application (// ).

As new forms of communication such as FAX and electronic
mail have appeared, they have not replaced older forms of
communication such as mail or phone; rather, they have altered
the patterns of communication among individuals, affecting
both the frequency and manner in which previous forms of
communication were used. Each mode of communication has
particular capabilities; each provides the best method of com
municating for a set of circumstances. As new methodologies
are introduced, they open up new possibilities, causing a
readjustment and realignment of the way all methodologies are
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used. One of the most interesting aspects of the new Internet
protocols, especially the World-Wide-Web protocol, is that they
tend to encourage collaboration.

Mosaic (1,12-15), a World-Wide-Web (Â¡6-19) client pro

gram developed at the National Center for Supercomputer
Applications at the University of Illinois, Urbana-Champaign
has spurred rapid growth in the use of the Internet. Mosaic or
one of the many other World-Wide-Web clients that are now
available provide a similar appearing point-and-click interface
to an array of electronic resources from almost any computer
attached to the Internet.

WHAT IS THE INTERNET?
The Internet is a world-wide collection of computer networks

that can communicate with each other using a common set of
protocols. Typical functions include electronic mail, electronic
news, transfer of files and the ability to login to a remote
computer. More recently, protocols which allow the average
person to find and use remote resources have been introduced.
Gopher is a protocol developed at the University of Minnesota,
which allows searching of tree structures, which are similar to
computer directories, but the elements of the tree can be located
on any computer in the world which is a gopher server.

The World-Wide-Web protocol, developed at CERN (17),
the European high-energy physics laboratory, allows links in
one document to point to other documents located on any
computer that is a World-Wide-Web server. The links can point
to text, images, movies and sounds, making it possible to create
multimedia documents. In addition, the protocol can support
most of the other functions of the Internet, including electronic
mail, electronic news, file transfer, remote login and the gopher
protocol. The World-Wide-Web is a general mechanism for
client/server interaction. A client program running on a personal
computer can access a wide variety of information from
different server computers all over the world. Table 1 lists a few
of the server sites that are of interest to the nuclear medicine
community.

How to Get Connected to the Internet
To utilize the Internet, you must have access to a computer

that is connected to the Internet. This computer may be at your
desktop, or it may be a remote computer that you log into by
modem. Relying on a remote computer limits what Internet
services can be used. The goal will therefore be to directly
connect your desktop computer to the Internet.

To connect your desktop computer directly to the Internet,
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TABLE 1
Sampling of World-Wide-Web Sites

Nuclear Medicine
LARG*net, London and Region Global*network, Nuclear Medicine

Resources http://www.largnet.uwo.ca/nucmed/
LUNIS, Loyola University Nuclear Information System

http://www.lunis.luc.edu/
Society of Nuclear Medicine, Computer and Instrumentation Council

http://gamma.wustl.edu/tf/caic.html
UCLA, Department of Molecular and Medical Pharmacology

http://www.nuc.ucla.edu/

Nuclear Medicine Teaching
Joint Program in Nuclear Medicine, Harvard Medical School

http://www.med.harvard.edu/JPNM
UCLA, Let's Play PET

http://www.nuc.ucla.edu/htmLdocs/crump/lpp.html
LUNIS Library

http://www.lunis.luc.edu/lunis/library/LIBRARY_CATEGORIES.HTML
Mallinckrodt Institute of Radiology

http://gamma.wustl.edu/home.html
The Medical Â¡-way,LARG*net

http://www.largnet.uwo.ca/med/i-way.html

Radiology
RSNA

http://www.rsna.org/
Radiology

http://www.rsna.org/edu/publications/radiology/rad.html

Radiology Teaching
BrighamRAD, Department of Radiology, Brigham and Women's Hospital,

Harvard Medical School http://www.med.harvard.edu/BWHRad/
Mallinckrodt Institute of Radiology

http://www.mir.wustl.edu/
Penn State, Department of Radiology

http://www.xray.hmc.psu.edu/home.html
University of Washington, Department of Radiology

http://www.rad.washington.edu/

network cabling must be brought to your desktop computer. A
network interface card, usually Ethernet or token ring, must be
present in your system to receive the network cable. Software,
including Internet network communications software (TCP/IP)
and all Internet tools, must also be installed on your computer.
Your computer is given a unique Internet name and address,
which is obtained from your organization's computer manage

ment group. Once configured, your computer becomes a fully
functioning node on the Internet. All the Internet tools installed
on your system, including World-Wide-Web clients, execute at
your desktop computer and do not rely on the capability of
another computer system.

At home, or in the absence of network cabling at work, a
direct Internet connection can be made through a modem. The
Internet communication software required utilizes either SLIP
(Serial-Line Internet Protocol) or PPP (Point-to-Point Protocol)

network communication protocols that direct network traffic
though your modem instead of a network interface card. The
SLIP or PPP software is configured to dial the telephone
number of an Internet provider's modem that has a direct

connection to the Internet. The Internet provider may be your
company, hospital, university or a commercial fee-for-service
Internet provider (a list of providers can be found on LUNIS,
Table 1). The commercial providers are numerous and can be
reached, at least in major metropolitan areas, with a local
telephone call.

Minimum Nuclear Medicine Configuration
The minimum computer configuration for nuclear medicine

should include the capability for using Mosaic or other World-
Wide-Web browsers that require a colorized graphical-user-
interface. The ability to play digital audio recordings is desir
able but may not be necessary. Many computer platforms
support World-Wide-Web browsers, including Macintosh,
Windows for MS-DOS and the X-windows user interface for
UNIX. For efficient use of these browsers, a late model
computer is required that has at least 5 megabytes of main
memory, 100 megabytes of disk storage and a high-resolution,
8-bit color display. For SLIP or PPP connections to the Internet,
a modem capable of at least 14,400 bits/sec (preferably 28,800
bits/sec) with data compression and error correction capabilities
should be used. At the very minimum, a 9600 bits/sec modem
may be used.

CASE-BASED TEACHING FILE

Why Make an Electronic Case-based Teaching File?
A digital teaching file has both advantages and disadvantages

relative to a film-based teaching file. The primary advantage is
the potential for widespread network access, both from multiple
clinical sites within a medical center and by residents and staff
at different institutions. Multi-institutional efforts allow the
most valuable teaching cases to be viewed by many individuals,
while expanding the effort of creating the teaching cases among
a larger number of faculty. Such use requires ready network
access using commonly available programs, as well as a method
of ensuring the quality of the "digitally published" cases. Other

advantages of an electronic teaching file include the capability
for cine display, the ability to search based upon diagnosis or
type of study, the ability to rapidly incorporate new information
based upon user feedback and new publications and the ease
with which slides can be made using a film recorder.

Use of a digital teaching file, however, has several disadvan
tages. Images (especially radiographs) may not be stored at their
full resolution due to limitations of the storage and network
speed; additionally, if the films were not acquired in electronic
form, there may be slight degradation of the image during
image scanning. Presentation of cases to a group of residents
requires use of a large monitor or expensive projection equip
ment. Finally, unless creation of digital cases is as easy as the
making of cases in a film-based teaching file, there will be
resistance to the addition of new teaching material.

Case Creation and Presentation
Importing images into an electronic teaching file may be

accomplished directly by utilizing a picture archiving and
communication system (PACS), by manual transfer of images
from a digital acquisition computer (e.g., CT, MRI or gamma
camera computer) or by digitization of film copies of a
radiographie study. Once the images are obtained, it should be
easy to combine text and images into a teaching file. One
medium-level approach is the use of a hypertext markup
language (20). Even with the aid of editing software, creating
cases can still be arduous with these medium-level tools. A
higher-level approach provides "fill in the blank" templates for

the user, with automatic formatting and the creation of appro
priate hypertext links. This is the approach taken by Wallis et al.
(11) in the creation of an electronic teaching file. A more
general hypermedia authoring system was developed by
Greenes et al. (21), which provides a "building block" ap

proach utilizing tools that allow entities such as hypertext,
images, buttons, animators and simulators to be combined into
a dynamic book. Other tools intended for single-user multime-
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TABLE 2
Teaching File Case Components

Title for presentation as a known
Title for presentation as an unknown
Authors)
Date compiled
Brief history
Initial images
Correlative images
Findings
Diagnosis
Discussion
Specific teaching points

Optional Components
Imaging technique
Follow-up images

Differential diagnosis
Questions
References
Pointers to other cases

Similar in diagnosis
Similar in appearance

Pointers to shared text
ACR index information

TABLE 3
ACR Codes

Anatomic codes Pathologic codes

Skull and contents
Face, mastoids and neck
Spine and contents
Skeletal system
Heart and great vessels
Lung, mediastinum, and pleura
Gastrointestinal system
Vascular and lymphatic systems
Breast

Normal, technique, anomaly
Inflammation
Neoplasm, neoplastic-like condition

Metabolic, endocrine, toxic
Other generalized systemic disorder
Organ-specific disorder

Miscellaneous
Other (e.g., artifact)

dia development on personal computers include HyperCard,
Supercard, Macromind Director and interText. These tools,
however, are less applicable to a collaborative network effort.

To be useful for teaching, the cases should be viewable both
without the diagnoses (as "unknowns") and with the accom
panying diagnoses and discussion (as "known" cases). Useful

components of the presentation are shown in Table 2.

New Strategies Made Possible by Hypermedia
Ideally, while stepping through a case, the viewer might be

"charged" for each additional test or imaging procedure

performed, with automatic updating of diagnostic certainties
and feedback regarding the effectiveness of the diagnostic
workup. In practice, however, this is difficult; precise informa
tion regarding the sensitivity and specificity of imaging proce
dures is not always available, and the optimal workup may
depend on the level of certainty needed in specific clinical
settings, as well as the ability to affect patient outcomes in each
disease under consideration.

For the purposes of a teaching file, it may be best to be able
to "share" text among cases that provides a general discussion

of diagnostic imaging in that clinical setting. For example,
following a discussion specific to individual cases, all cases of
ventilation-perfusion imaging might have a link to a general
page offering information regarding the utility of such imaging
in the diagnosis of pulmonary embolism. As new data become
available, this single common page could be updated, rather
than having redundant (and possibly outdated) information
residing in each individual case discussion. A prototype system
which illustrates the use of known and unknown pages, flexible
case formatting, shared text and links to similar cases is
available (//). A system demonstrating the use of online
diagnostic workup strategies has also been developed (21 ).

Indexing and Searching
The ability to search can be added more easily to an

electronic teaching file than to a film-based one. A simple
approach might be to allow text-word searches of the case.
More complex searching requires prior classification of the
cases using a standard scheme or structured vocabulary. The
Index for Radiological Diagnoses, developed by the American
College of Radiology (ACR), was developed for use with
radiology teaching files (22 ). At its highest level, each diagno
sis is classified from the lists by both anatomic and pathologic
codes (Table 3).

More specific subspecification of both the anatomic and
pathologic codes is available and is particularly necessary for
the last three pathologic categories. Indexing programs using
this classification are available for personal computers from the
ACR, and World-Wide-Web links to Internet sites demonstrat

ing searching and indexing are available. Although indexing
using the full ACR code is desirable, it is likely that searching
using the broad categories above coupled with the ability to
search text-words in the diagnosis will suffice for most users.
One area of deficiency of the ACR classification is that of
examination type. While it is possible to code broad groups of
studies using this scheme, specific examination types may not
be listed. For example, 67Ga imaging, '"in white blood cell
imaging and 99mTc-HMPAO-white cell imaging are all speci
fied as "inflammation-avid imaging." Since searching by exam

type is desirable for a nuclear medicine teaching file, a
standardized list of exam types has been developed at Mallinc-
krodt Institute of Radiology, which is available online.

As the use of online systems grows, it will be beneficial to
have cross-linking among the ACR classifications and other
standardized nomenclatures, such as the MESH terminology,
SNOMED, ICD9 and other vocabularies. The Unified Medical
Language System (UMLS) developed by the National Library
of Medicine provides this mapping designating a concept and
providing links to all variations of that concept, including
known synonyms, in other taxonomies (23 ).

Another relatively unexplored area is that of classification by
scintigraphic findings. It may be useful to be able to retrieve
cases that have similar characteristics to a clinical case under
discussion, such as increased gallium uptake in the lungs. To
date, these needs have been most effectively addressed by
books of gamuts (24) and differential diagnoses (25). Initial
feature-based classification schemes have been proposed in
other areas of radiology; an example is the Image/ICON system
of Swett et al. (26).

SHARING
Internet access facilitates sharing of information and re

sources among users. For example, the Computer and Instru
mentation Council home page is designed to serve as an index
to nuclear medicine resources available on the Internet (Fig. 1).
The hyperlinks available in a point and click interface allow
ready access to information on DICOM and Interfile file format
as well as to radiology and nuclear medicine teaching file
collections; links to other topics such as image reconstruction
are being added as authors become interested in "publishing"

such information.

Multi-Institutional Indexing

In the case of teaching file collections, it would be useful to
be able to search all of the available teaching files at the
multiple institutions for specific types of cases. One approach
might be to have each institution manually index the cases at
each institution (Fig. 2). This will rapidly become inefficient as
the number of contributing institutions grows. A second ap-
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FIGURE 1. A window on a portion of the Computer and InstrumentationCouncil home page.

proach might be to agree on an indexing scheme and allow sites
to simply swap index files periodically. This approach has been
suggested in the most recent version of TF-Web (// ).

A third and more general approach would be to have each site
create a Wide Area InformationServer (WAIS) index of their case
descriptions. WAIS allows a server to maintain an index of the
words used in the documents in its database. Free-form (natural
language)queries can then be directed at the database. This results
in document titles listed in descending order based on the match
"score" between the document and the search query. Clicking on

one of the titles then permits viewing ofthat document.A principal
advantageof WAIS is that a WAIS search is inherentlydistributed,
in that the search can access all available WAIS servers to fulfill
the request. A controlled vocabulary, however, has advantages
when describing or indexing cases.

Granularity of Reuse
One issue that needs development is the level of granularity

at which information from other sites may be addressed. For
example, in an online document, the author could mention that
there is a good case of Paget's disease available in the teaching

case collection located at a particular site; alternately, the author
could include a link to the case directly, or even a pointer to a
particular image.

The appropriate level for external access is based on a
number of factors, including link stability, author denotation
and copyright permission. Sites may (appropriately) retain the
privilege of renaming or moving low-level documents from one
computer to another; outside users attempting to access such a
document directly would find that their link was no longer
valid. In addition, low-level documents may not have a clear
indicator as to the author or site at which the document is
located. There is no single answer to this issue, although it can
be generally stated that if the document or image does not
indicate the author/ownership on it, only internal links should
access that document directly.

A potential advantage of access at the lowest level is that it
allows reuse of information in other formats. For example, if
allowed, one could create a CME quiz or a guided medical
student tutorial that used images located in teaching files at
other institutions. Prior to such repurposing of online informa
tion, one should check for any copyright statement at the
contributing site and obtain permission, if needed.

Etiquette
To start the discussion of these issues, the Internet Focus

Group has suggested an etiquette for sharing and cooperation in
building nuclear medicine resources for the Internet (Table 4).
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Spontaneous Osteonecrosis of the Knee

Diane Wilkinson, M.D.

James Stevan Nagel, M.D.

October 7, 1986

CASE PRESENTATION:

A 79 year-old-vornannoted the relativelyacuieonset of left knee pain -withoutantecedenttrauma Physicalexamination
revealedtenderness, but no limitationof motion. Her list of medicationsdid not includesteroids

Findings:

Plani radiographsobtainedin August 1986shoved changesof osteoarthnns in the medialcompartment,and a subchondral
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FIGURE 2. Access to a teaching file case. (A) Index of bone scintigraphycases at the Mallinckrodt Instituteof Radiology, Washington University, St. Louis,
MO. The user is pointing to a case of osteonecrosis of the knee. Clicking on this piece of hypertext will access a case at the Joint Program in Nuclear Medicine,
Harvard Medical School, Boston, MA. (B) Display of this case with one of the images in a window overlaying the text.
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TABLE 4
Etiquette

General Internet ethic: sharing and cooperation
Copyright

Copyright or hyperlink to copyright should be on each document
No unauthorized commercial use
Documents should include date, revision number and revision date

Authorship
Clearly identified on each document
Inclusion of e-mail address encouraged

Identification of primary author clearly retained during reuse
Linking to documents at other sites

Encouraged
Not required but polite to inform primary author
Desirable that the primary author not change URL after posting

Indexing of documents at other sites
Encouraged
Not required but polite to inform primary author

Repurposing of document components
Rich potential for providing new view of document
Desirable that the primary author indicate granularity of reuse allowed
Issues for etiquette evolution

What is the atom of information?
How is authorship clearly maintained?
How is quality assured?

Note: The word "document" is used to mean a self-contained multimedia

entity. A document can stand on its own and an author can assure the quality
of a document.

The most active current collaborative effort is that of case-based
teaching file development. Therefore, many of the principles
apply directly to that application. The goal of these principles is
to encourage easy collaboration while allowing the contributions
of each of the collaborators to be appropriately recognized.

Publication
The Internet is an ideal medium for posting material that is

likely to be frequently updated or modified, such as nuclear
medicine teaching files, and for a number of relatively short
items of a timely nature. Such items include schedules of upcom
ing events, newsletters and tables of contents of upcoming jour
nals. The advantages of posting these items on the Internet are that
they are immediately accessible, they can be corrected and updated
easily and the incremental cost is minimal.

A significant limitation of current hard copy journals is the
lack of multimedia capabilities. Electronically published jour
nals can provide movies and sounds that are integrated with the
images and text (29-31). In addition, electronic articles can
take advantage of hypertext links to allow the reader to move to
different parts of the article, or even to other documents, in a
natural fashion. For example, a natural hypertext link would
allow the reader to jump from the text discussing a figure or
table directly to the figure and vice-versa.

A sense of permanence is usually associated with currently
published material. Revisions are infrequent and are clearly
identified as new editions. The ability to rapidly change and
update electronically posted material, while an advantage in
many instances, may be a disadvantage in other circumstances.
Materials currently available on the Internet tend to change
rapidly. A challenge for electronic publications is developing a
mechanism for providing a sense of permanence. Perhaps
libraries, which have a traditional archival function, will be
come important locations for published electronic materials.
This could provide assurance that such publications are in their
original form.

Another important practical issue is journal format. Paper-

based journals are often read at a location where there is no
Internet connection. Readers are used to the look and feel of
hard copy journals and will need to develop a new style of
reading to make effective use of electronic journals. This may
include down-loading papers and reading them offline, either by
printing them or possibly even on a portable computer.

Quality Control
Quality control would seem to be a significant problem for

Internet material since individuals can post or send anything
over the Internet. This potential problem can be managed by
developing electronic versions of current mechanisms of quality
control. Ajournai article would require appropriate peer review
before being published at the official site. Articles should have
a heading that includes the authors' names and the extent of

review that has occurred before the document was posted.
Simple items such as a council newsletter will have minimal
review, and the fact of minimal review will be apparent by
reading the header information. Other documents, such as
teaching file cases, will have submission, review and accep
tance dates, as well as method of review, including the name of
the reviewing organization and possibly the names of the
reviewers. In any case, it is important to have the appropriate
header information so that the reader can judge the level of
review (and thus, the presumed quality) of an electronic
document before reading it. This approach makes the author(s)
responsible for quality control of their document. If there is no
evidence of review, then the item will not be posted at the
central site. If the authors choose to post it anyway at another
site, then caveat lector, "Let the reader beware!"

Because of the extensive hypertext capabilities of an Internet
publication, it is possible to incorporate links to other docu
ments that may have undergone a different level of review from
the original article. This capability has the potential to confuse
the reader and makes it even more important that appropriate
information about the quality control associated with an indi
vidual document be clearly apparent when the document is
being viewed. Initial efforts will probably lack much of this
information on quality control but, as electronic publication
becomes more common, will become an essential part of any
Internet document.

Physician's Desktop

The hyperlinking and multimedia capabilities of the World-
Wide-Web provide an excellent interface for a case-based

teaching file. Other educational resources, such as lecture notes,
medical physics data, links to the medical literature, diagnostic
algorithms, smart decision making programs, etcetera, can be
provided. With proper security and confidentiality (27,28),
access to patient information such as registration, laboratory
results or electronic medical records could be provided. Multi
media radiology reports, including text, images, annotations,
cines and voice, could provide a much richer communication to
the referring physician (32).

A World-Wide-Web client program can access an array of
services from any desktop computer connected to the Internet.
In addition to medical applications, other more general services
available on the network, from visiting the Vatican Museum
Collection to obtaining the local weather, are available. The
World-Wide-Web provides a uniform protocol to link various
hardware network servers to all of the common desktop
computers.
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CONCLUSION
There is an explosion in the use and utility of the Internet,

including some resources of specific interest to nuclear medi
cine. Mosaic and similar World-Wide-Web client programs
have spurred the expansion of the National Information Infra
structure, the information superhighway. By pointing and click
ing, the user can navigate around the world on the World-Wide-
Web. The ability to link together resources throughout the
world provides a powerful new mechanism for collaboration.
By simply including a link, an author at one site can reference
resources at other sites.

We have focused on the development of a case-based
teaching file since several of the authors already have experi
ence with this application. Development of teaching file mate
rial is time-consuming. By being able to link to materials
developed at other institutions, the final product is multiplied by
the number of collaborators. Each institution can invest a
moderate effort, but the end-product can be very impressive.

The abilities and interests vary from institution to institution.
Some nuclear medicine professionals may be exceptionally
good at capturing interesting case material. Others may be
particularly good at integrating the material into a teaching file
case. Still others may have a particular ability to weave a
number of cases into a presentation about a particular topic.
Yet, other professionals, such as librarians, may be particularly
good at indexing the available resources.

The World-Wide-Web allows all of these individuals to work
separately but still be able to collaborate on the final product.
Each contributor's effort needs to be appropriately identified.

The suggested rules of etiquette in Table 4 attempt to allow free
and open collaboration while simultaneously retaining recogni
tion of each individual who contributed to the overall product.
For example, an index at one institution with its author clearly
identified might point to a collection of cases at another
institution, again with the author clearly identified. That collec
tion might in turn be linked to yet another clearly identified
institution, and so forth. Each contributor and his/her contribu
tion could be recognized.

We are in the very early phases of learning how to use this
new capability. There are several issues yet to be answered. As
nuclear medicine resources multiply, how does one find the best
source of information? How can the quality control of the
educational resources be maintained? How can peer review be
integrated with the development of Internet-based resources?
How can development of Internet-based educational materials
become a recognized academic activity?

The World-Wide-Web provides an exciting new method of
communication. Methods of using it in nuclear medicine are
just starting to be explored, but we expect to see rapid
development in its use.
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