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Multimedia in health

Z. H. KHAN, S. K. MOHAPATRA, S. N. RAGU KUMAR

Fusion of computing and audio-visual technologies to combine
text, audio, graphics, still pictures, animation and moving pictures
is now possible through multimedia computers. When used for
teaching and practising medicine, multimedia can make health
sciences more interesting, fascinating and effective.

APPLICATION OF MULTIMEDIA IN HEALllI
Multimedia in medical teaching
However well a teacher may explain the intricacies of a beating
heart in the classroom, there is no substitute for a multimedia
presenta tion of the same, e.g. events that occur during one
contraction and relaxation of the heart can be described with
graphics and made more interesting .• A picture is worth a thousand
words, moving pictures are worth a million,' said Robert Abel,
founder of one of the pioneer companies in computer animation.

The examination of a patient is best taught at the bedside by
actual demonstration. However, it may not be possible to
demonstrate all the techniques on a patient to all the students.
Multimedia can be used to store information about a patient and
all examination techniques can then be demonstrated to students
as many times as required. These can also be used for disseminating
information on investigative procedures as well as therapeutic
modalities (medical, surgical and radiological). It can also be used
to store information for future reference about a patient with a rare
disease.

Due to increasing patient load, doctors find much less time for
teaching and acquainting themselves with newer educational
aids. Under such circumstances, multimedia-based teaching mod-
ules can be helpful in providing uniformity in teaching method-
ology and high standards of education. Multimedia-based teach-
ing packages on different topics can be prepared by experts in the
field. A multimedia presentation of the acoustic and graphic
characteristics of lung sounds could improve the understanding of
pulmonary auscultation by medical students. IAnother multimedia-
based project consists of an ultrasound image library that combines
interactive multimedia with a 3-D heart model for prenatal
ultrasound training. 2 With this package the user is able to view the
ultrasound study, request information about orientation, and
finally respond to standardized questions about a particular
anomaly. Immediate feedback is thus available. Another important
aspect is that this work has evolved volume visualization models
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to help physicians understand 2-D ultrasound images of the foetal
heart better.

To teach the role of computed tomography in the detection and
evaluation of splenic diseases, a computer-based educational
programme is available.' A multimedia computer-assisted in-
struction (MCAI) in cardiology has also been developed.'
Programmes are based on certain cardiac conditions (e.g. aortic
stenosis). It uses the Socratic method of teaching-leading the
learner through the patient's history, cardiovascular physical
examination, laboratory evaluation and therapy. It has different
modes, such as the self-instruction, the instructor and the adminis-
trative modes. It uses computer-controlled access to full-screen,
full-motion and full-colour laser disc video in combination with
digitized sound, images and graphics stored on removable media.
The role of computer animation has been emphasized in a multi-
media product for plastic surgery education.'

The vastness of medical science makes the search for cross-
references extremely difficult. The hypertext facility of multimedia
makes this task simpler. Hypertext was first used in 1970 to
describe non-linear organization of information. It is a system of
writing and displaying text that enables the text to be linked in
multiple ways, to be available at several levels of detail, and to
contain links to related documents. In a chapter on pneumonia,
you may find the word Pneumococcus pneumoniae highlighted.
If this word is selected on the screen, you get more information on
Pneumococcus pneumoniae. Thus, different types of interlinks
can be established between related pieces of information. Similarly,
hypermedia links pieces of related information which are available
in diverse media. Carefully made and continuously updated
hypertexts can save considerable time.

The most important aspect of multimedia-based teaching
modules is 'interactivity' .l~ In a classroom situation students ask

. the teacher questions to clarify doubts. The teacher also asks ques-
tions to stimulate the students' thought process or gauge the depth
of their knowledge. Because of constraints of time and number of
students these interactions are limited. Some students are shy of
mass interaction and do not take part in such activity. With
computers this problem can be solved. Computer-based interactions
can supplement increating and clarifying concepts. With increasing
expertise of teachers and software programmers in making
multimedia-based interactive teaching programmes, the burden
on teachers may gradually decline. To illustrate the point, a few
examples of possible computer-based interactions are described.
The manner in which heart sounds change and the patient's ability
to take up physical exertion decreases due to progressive damage
to the heart valves can be learnt well by using interactive
multimedia. Damage to different areas of the brain leads to
paralysis of different parts of the human body; this can be taught
effectively using multimedia. The teacher can simulate the damage
to a part of the brain and demonstrate the affected function. He can
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again make this part normal and then switch over to another part
of the brain.

Evaluating the competency acquired by a doctor can also be
done using multimedia-based programmes. An elaborateexamina-
tion/evaluation system covering most of the course material is
used. The evaluation of students in managing all types of emergen-
cies is not done due to non-availability of such patients during
teaching as well as examinations. Text-based examinations bear
less significance in patient management. Multimedia-based
computerized evaluation' of student performance can relieve the
burden of medical teachers.

National health programmes of different countries require that
doctors and health workers learn surgical, medical and various
other procedures. Multimedia packages can be made available to
everyone on these subjects on compact discs (CDs) or on networks.
This can also reduce the cost of training. Training through compu-
ters can provide simultaneous evaluation and ensure that everyone
acquires maximum possible competency.

Computer-assisted learning (CAL) has been well accepted by
medical students." In a study at the University of Sydney, 82% of
students agreed that the faculty should introduce CAL in the
curriculum, as it is better than reading only books. A majority of
students (86%) said that they enjoyed learning through computers.

A multi-centre educational consortium developed a system to
produce unique, sophisticated multimedia computer-assisted in-
struction (MCAI) programmes in cardiology.' This was rated
against other types oflearning materials, such as paper-and-pencil
simulations, patient management simulations, slide-sound pack-
ages, audio and video tapes. A scale of I to 10 was used: 1-4 indi-
cated inferiority, 5-6 indicated equivalence and 7-10 indicated
superiority when compared with other teaching methods. Most of
the students (88%) rated MCAI programmes to be superior to
others (8 or higher) with 32% giving a score of 10.

A comparison of different educational interventions such as
multimedia-based textbooks (MMTB), standard lecture, and
printed textbooks has been done.' The contents of the lecture and
the textbook were directly derived from MMTB. The instructional
effectiveness (a demonstrable fact-based knowledge gain) of the
MMTB was found to be greater than that of the lecture (p<O.05),
but same as that of the printed textbook. The instructional effi-
ciency (a demonstrable fact-based knowledge gain per unit time)
was the same for all three interventions. In spite of this result the
authors argue that the MMTBs offer distinct features which
include dynamic media (video, audio and animation), interaction
and search capability. MMTBs have ease of modification and
reusability by the authors, small physical size (CD-ROMs), and
can be made available on computer networks. Accessibility to
MMTB is better than that to lecture. The subjective response of
students to the MMTB instruction was positive. The MMTBs will
be invaluable at the bedside and clinic as they provide instant
access to information.

In a novel attempt at the School of Biological and Medical
Sciences and the Computing Laboratory, Scotland,' medical
students were taught skills that enabled them to create computer-
based multimedia tutorials. This was a student-centred approach
to study histopathology, anatomy and physiology by third year
pre-clinical students. This led to gain in factual knowledge as well
as deeper understanding of clinically relevant topics. The students
reflected upon and modified information from the basic biomedical
sciences and 85% of the students enjoyed the project.

Virtual reality (VR) is an extension of 3-D graphics and
multimedia as a whole. This is a new user interface technology
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through which users are transported inside the computer represen-
tation of their data. Once there, users can walk or fly in and around
the data and manipulate it directly with their hands, voice or
through the use of virtual tools. VR is a computer science? in
which imaginary computer 'worlds' are created with sophisti-
cated 3-D computer graphics. Richard M. Satava, one of the
workers in the field of medical virtual reality writes:" 'The
"world" (meaning an abdominal world) is a 3-D recreation of the
abdomen with a stomach, liver, biliary tree, pancreas, spleen and
colon. Using the head-mounted display (HMO) and DataGlove, a
surgeon in training can take up an anatomy lesson by "flying"
around the organs, below or behind the stomach and pancreas, or
even take a "trip" down the esophagus, through the stomach and
duodenum, up the biliary tree and out the gall bladder. While this
may sound like a game, it is a very powerful educational tool that
provides the students and physicians with a perspective of the
interrelationship of the intra-abdominal organs that is not even
possible with cadaveric dissection. By adding surgical instru-
ments (scalpel, scissors, clamps, etc.) to the abdominal "world",
a surgical resident can practice surgical procedures on the computer-
generated organs.'

Virtual reality is a promising tool for surgical education and
training. Simulators such as the laparascopic surgical simulator"
are available; the abdominal, ophthalmology, cholecystectomy
simulators are being developed; and simulators of the cardiovas-
cular system and the brain are being evolved. The simulators
available now have organs with physical properties, such as visco-
elastic deformation, collision detector, and higher fidelity of
visual realism using the technique of texture mapping. With
haptic feedback using electromagnetic, hydraulic and pneumatic
linkages, the students can be made to feel the weight, inertia and
friction of using a 3-D electronic scalpel or other mock surgical
tools inside the digital cadaver. These are second-generation
simulators. The third-generation simulators (currently on the
drawing board) are likely to incorporate physiological properties
such as bleeding or leaking of various fluids. The fourth-generation
simulators (being conceptualized) will have microscopic anatomy
such as micro-glandular and neovascular structures and
biochemical system modelling such as immunological, endocrine
or pathological state of shock.

The 'Visible Human Project (VHP)' by the National Library of
Medicine, USA, has created a virtual cadaver using 1 mm slices
from CT scan, MRI and cryo-tomographic photography of a male
and female cadaver. This digital resource provides 'standard'
human anatomy that will recreate an ultra-realistic virtual human.
Presently the data from this project are being reconstructed into
organ systems such as the knee for simulating arthroscopic
surgery" or the kidney for simulating nephrectomy.

VR could be a powerful tool for medical and scientific
applications.v " It may be used for: (i) teaching anatomy and
learning surgical and medical procedures, (ii) medical planning
and training (for disaster and mass casualties), and (iii) virtual
prototyping (for development of instruments, medical equipments
and operating rooms). \J

Practising on a digital medium has been found to be cheaper
and more convenient than doing the same in a real life scenario.
A similar result is expected in health sciences. Using VR in
medicine is also better than using animals and is more realistic
than using plastic parts. A project similar to the VHP (called
Voxel-Man) is being carried out at the Institute of Mathematics
and Computer Science in Medicine, Germany.

Another project" is attempting to reproduce embryology digi-
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tally. A 3-D library is being created from sections of the human
embryo. The developmental process of the embryo is being
reproduced using animation and virtual reality. When completed
it will help students in understanding embryology better.

In computer networking, a number of computers can be con-
nected to a single master computer (server) or to each other and
data can be accessed and manipulated from any computer (termi-
nal). Multimedia products can be made and kept in a server. This
sever can be accessed in various ways. Moreover, data access and
manipulation is under security measures and user access can be
controlled. Networks can spread over variable distances and have
no boundaries. Distant computers can be accessed through exist-
ing telephone lines and modems. Cellular and satellite technology
widens the reach and multimedia products can be distributed!
accessed through these technologies.

Internet, the worldwide information superhighway, was cre-
ated in 1969. Its use was limited for many years to government and
university researchers. Currently, the Internet is undergoing a
commercial transformation. Any individual or corporation can
access it for a fee that depends on the speed of the connection and
type of data accessibility. Slow-speed, dial-up connections that
allow access to textual material only are cheaper. Similar connec-
tions that allow multimedia access cost a lot more.

Multimedia products on health sciences can be put on the
Internet. The user interface may be like that of a normal textbook,
making navigation easy. This multimedia information should be
capable of being displayed on personal computers to allow easy
access. One such multimedia textbook on radiology has been put
on the Internet. 17 This publisher is also in the process oftransferring
six CD-ROM multimedia textbooks on radiology to the networked
multimedia textbook format. These are in the public domain and
can be read by anyone having access to the Internet. In this manner
quick access to frequently updated information becomes available.
More multimedia textbooks will be required when the Internet
becomes cheaper and faster, and physicians can then access these
from office, home or any remote location.

Another group of radiologists I! report that the Internet can be
used to send reports and images to referring physicians or consulting
radiologists; provide a large database that is constantly available;
provide an increasing collection of teaching files and to distribute
interactive multimedia teaching tools that can be used on any
computer system.

The data from the VHP, Voxel-Man and virtual embryology
are all available on the Internet. On-line information can be
obtained from the Internet on cancer, AIDS, diabetes, disability,
latest discoveries in health and biomedical sciences. MEDl1NE
is also available on the Internet for a fee. Some of the organiza-
tions are providing free but limited access to MEDLINE.

Some textbooks of health sciences are available on CD-ROMs.
These include Nelson's textbook of pediatrics, Cecil's textbook of
medicine, Harrison's principles of internal medicine, Goodman
and Gilman's the pharmacological basis of therapeutics, Oxford
textbook of medicine and Oxford textbook of surgery. There are
many other medical titles on CD-ROM. Research papers are being
communicated to editors, referees and authors on the Internet.
Some journals advise their referees to have an Internet connection
for better communication and some are being published on the
Internet, e.g. Lancet, Am J Ophthal, J Bioi Chem, J Mol Med. Most
of the journals are available free of cost while others can be
accessed only on payment. Many institutions in developed countries
are putting information about themselves on the Internet.

Telemedicine allows the practice of medicine by long distance.
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It utilizes the multimedia capability of computers and communi-
cation technology. For diagnosis and treatment of a disease, the
data of a patient can be in the form of text, sounds, visuals,
tracings, diagrams and images. These data can be converted to
digital form and transmitted to locations where experts would be
available round-the-clock for making a diagnosis and advising
management. Telemedicine has already been tried in several
branches such as internal medicine, radiology, pathology,
neurology, and is proposed for use in psychiatry. 19 It is in various
stages of use in dissemination of health care information to the
rural population, natural disaster management, teleconsultation
between doctors and medical centres in remote areas within a
country and all over the world." Interventional telemedicine for
non-invasive neuroradiosurgery" needs remote-site computing
of a higher scale and virtual scenario simulation. In ENT surgery
a similar concept for remote guided surgery has been patented."
The Remote Obstetrics Care (ROC) project" aims to deliver state-
of-the-art expertise. This may create a favourable impact on
maternal and foetal morbidity and mortality. Telemedicine may
revolutionize the concept of medicine. It could make the teaching
and practice of medicine a global affair. Global demonstration of
different procedures and consultation with the best known experts
round-the-clock may become a reality. There will be no restric-
tions of classrooms, institutions and national boundaries. Evolv-
ing technology in real-time data transmission may make tele-
medicine more useful in medical education, emergency medicine
and disaster management. Increasing and smooth access to experts
can benefit patients. Considering the limitations of image quality,
data size and data transmission rate, clinical trials are on to
validate telernedicine." Effective evaluation tools need to be
developed and quantitative telemedicine is possible only through
collaborative research."

However useful multimedia may be, a multimedia-computer is
needed to be able to access the products. Such a computer with
reasonable computing speed is expensive. Besides, a large number
of such computers will be needed in every medical college and
other health set-ups. Educational software is also costly. VR is out
of the reach of many international institutions because of the
astronomical price. Analysis of cost-effecti veness and the benefits
of multimedia in medical education and other fields has to be done
in developing countries.

In its present state, the Internet suffers from some drawbacks:
(i) access to the Internet is not easy in a developing country, (ii) the
telecommunication infrastructure required is not always available,
(iii) access to a computer and software is difficult, (iv) the cost of
Internet access is high, and (v) the mechanisms available to search
the large amount of available information are far from perfect.

The Internet depends upon transmission of data through a
communication system and the speed of computer servers. As the
number of users increase, the system becomes congested and the
data transmission rate slows down.

Multimedia in treatment
It is essential for a patient to clearly understand the interventions
a doctor is going to perform on him/her. In countries with a large
illiterate population, this is difficult and hence neglected. Multi-
media makes this task easy. Many diseases require long term
medication, either for maintenance of proper health or for complete
cure. A multimedia approach to demonstrate the adverse effects
of discontinuation of treatment can help achieve higher patient
compliance.

In planning surgery and radiotherapy, 3-D simulations are
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useful. The use of 3-D reconstruction of human organslbody from
cr and MRI images helps in deciding the modality of intervention.
Computer-assisted planning of oral implant surgery has been
developed. 26 The cr data have the advantage of being shown as 2-
D or 3-D images. With this the biomechanics and aesthetics of
implant surgery are easily taken care of. This approach uses YR
and is considered better than traditional manual planning or 2-D
computer-based planning. Another system has been developed
for cranio-maxillofacial surgery where surgical planning and
execution can be done simultaneously. 21 Interactive YR technology
is becoming helpful in dentistry and orthodontics.P

Psychological disorders'? can be treated with simulation and
YR. Doctors at Emory University, USA, in collaboration with
scientists from the Georgia Institute of Technology , have used YR
in treating acrophobia. A significant difference in self-reported
anxiety and avoidance of height was observed between those
undergoing VR treatment compared to those who were not. The
findings provide support for the use of YR in the treatment of
height phobias and opens up the possiblity of using it for the
treament of other anxiety disorders in which exposure-based
treatments are recommended.

However, certain ethical issues related to VR need to be
addressed. J(l Appropriate safeguards need to be established to
protect patients not only from potential adverse effects of the YR
experience but also from exploitation by ambitious medical re-
searchers wishing to further their own careers. Before patients or
normal persons are exposed to VR, standards of 'clinical safety'
need to be established. The potential hazards include the introduc-
tion of errors or distortions in the VR system that may cause
mental distress.

Multimedia in research
Different research techniques can be recorded using multimedia
and put on the Internet or distributed through CDs. This will
reduce the effort ofleaming laboratory techniques. Desktop video
conferencing technology will minimize the distance between
different laboratories. Graphically presented data in research
papers can be converted into a multimedia presentation. Animations
and simulations may help in understanding a concept.

Virtual reality is being used to study enzyme structure and look
for clues to design drugs that would inhibit the enzyme. Data from
X-ray diffraction studies on enzymes are fed into a computer to
create a 3-D model of the enzyme in a virtual environment. This
model can reveal the geometry of the binding patterns and the
amino acids that take part in it."

Multimedia in hospital information systems":"
The physical features of a person, the gait. hoarseness of voice
because of a tumour in the larynx or the altered heart sound due
to adiseased valve can only be documented by audiovisual means.
These can be documented with the help of multimedia. The
images (cr.ultrasonograph, MRI. radiograph. histopathology).
ECG (electrocardiogram). EEG (electroencephalogram). EMG
(electromyogram). patients' history and other data can be digitally
stored in minimal physical space without loss of image quality.
This can be retrieved at any time at different locations on a
network. The available medical records can be scanned and
converted into a digital medium for better storage and retrieval.

A doctor spends a lot of time in writing case sheets and filling
forms for investigations. This can be reduced by using voice
recognition technology to feed data into the computer.
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Multimedia in institutions
People in health sciences with special interest in multimedia have
to be identified at institutional and national levels. They would
have to convince the local authorities. authorities of other institu-
tions and the government to bring in multimedia into health
sciences.

Initially. medical personnel familiar with computers and
multimedia should explore areas of applications with the help of
computer professionals. Formation of consortia would help" in
tackling the increasing constraint on resources and in making
unique and effective multimedia-based computer-assisted instruc-
tion packages. These applications can be evaluated with the help
of student participation. The critical evaluation of these packages
may lead to the formation of guidelines for making more such
packages.

Computer professionals and doctors should jointly identify the
basic software and hardware requirements to establish a digital
laboratory (which should be maximally cost-effective) to develop
multimedia applications. Educationists and special interest groups
should collaborate to formulate guidelines for introducing elec-
tronic media into medical education and preparing teaching
modules. Software companies should recognize the long term
commercial potential of such endeavours. They can collaborate to
provide the infrastructure. expertise and personnel and use teaching
and other medical resources from medical institutions.

Global scenario
The use of this technology in health is well-understood in the
developed nations. With the rapid expansion of information
technology. the usefulness of computers and its multimedia
capability is becoming known to a large cross-section of people in
developing nations.

Developed nations have taken steps at different levels to use
multimedia in medical teaching and informatics. There is an
attempt to make the Internet faster. more user-friendly. affordable
and equipped with better search facilities. The user interface be-
tween man and computer is being improved. Touch screen and
voice command-based computer operations are coming up and
will simplify the use of multimedia.

In developing countries efforts are being made at various
levels to develop applications for teaching. evaluation and
informatics. More concerted and timely efforts of health profes-
sionals. software companies and governments are needed.

In 1993, the General Medical Council. UK noted: 'The extent
to which future advances [in computer technology] may revolu-
tionize not only the system of communication. but also care
procedures and possibly education itself, is unpredictable. but a
working knowledge of modem medical information technology
will be essential to the doctor of the future.'
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph
should accompany the obituary.

-Editor


