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Abstract 
3-D technologies are transforming the way in which medical 
images are created but what are the implications for education and 
computer animators of the future? This paper explores how 
postgraduate students, researchers, educators, clinicians and 
patients are collaborating to improve interaction and 
communication in clinical care.  
 
The paper begins by describing the background to the current 
research developments in medical 3-D visualisation within the 
School of Media Arts & Imaging at Dundee University.  
Following an initial critique of clinical literature for arterial 
disease, and a review of existing 3-D bio-medical animations we 
have recognized the strategic need for research into long-term 
patient care and communication. 
 
A unique collaboration with the School of Medicine at the 
University has allowed an opportunity to explore how newly 
created medical 3-D visualisations, can facilitate mediation and 
interaction between the disciplines of computer animation and 
clinical research.  
 
The paper discusses three case studies involving student research 
work in collaboration with the School of Medicine: 
 

• Case study 1 exploring the use of 3-D visualisation 
techniques to enhance medical scan data, particularly in 
the field of Magnetic Resonance Imaging (MRI) and 
Computive Tomography (CT) scanning. 

 
• Case study 2 exploring the use of digital 3-D animation 

and visualisation techniques in the creation of 
information resources for Diabetic Retinopathy. 

 
• Case study 3 focusing on developing an animation for 

the purposes of exploring the area of providing health 
based information with the aim of altering patient 
behavior. 

 
Keywords: Medical 3-D visualization, computer animation, 
patient care and communication. 
  
1    Introduction 
 
The School of Media Arts & Imaging (MAI) is a research-led unit 
cutting across art and design and offers BA (Hons) pathways in 
Animation, Illustration, and Time Based Art, taught Masters 
programmes in Animation & Visualisation, Electronic Imaging as  
well as Doctorate research programmes. At the heart of a vibrant 
contemporary culture are rapidly developing audio visual and 
interactive technologies and the School strives to keep an ongoing 
investigation into knowledge and the orientation of the field of 
Media Arts and Imaging. Within the staff and student body there  
 

is a lively debate on the future of technology, its relationship to 
society, and the opportunities to develop a coherent understanding 
of the new visual language of contemporary art. The convergence 
of communication and audio-visual technologies is shaping how 
we understand the world around us. It is this ethos of convergence 
that continues to focus the development and grouping of research, 
production and programmes within the School. 
 
In 2001 the 3-D Visualisation Research Group was established 
with a remit premised upon the promotion of a sustainable 
research ethos, regarded as essential to the establishment of a 
centre of excellence in the developing field of 3-D visualisation. 
Current research investigates the application of 3D technologies 
and techniques in medical imaging, forensics, architecture, 
anatomy and archaeology. It was our interest in medical imaging 
that led to the partnership with the School of Medicine with whom 
we have been collaborating to research innovations in patient-
centred health care strategies in areas including clinical radiology 
and diabetes.  
 
In 2005 we formed the Health Disease & 3-D Visualisation 
Group, (HD3D Group). The vision of the HD3D Group is to 
support long-term patient care and promote positive and sustained 
change in patients’ behavior through the use of engaging and 
accessible 3-D imaging technologies. This will be achieved by 
bringing together the creative expertise of clinicians, animators 
and technologists to develop practical applications that deliver 
highly visual information to patients through a range of 
contemporary media channels. 
 
The collaboration between the Schools of Medicine and Media 
Arts & Imaging enables the HD3D Group to adopt a unique 
multidisciplinary approach to the design, development, testing and 
evaluation of 3-D visualisation products. Each partner brings 
significant expertise and experience in their respective fields. 
Researchers in 3-D visualisation at MAI specialise in advancing 
the communicative possibilities of 3-D visualisation technologies. 
Factors in their approach are: 
 

• Extensive knowledge of contemporary 3D technologies 
with respect to design, production and application 

• High level of creative expertise and professional 
production values 

• Understanding of current social and cultural trends 
which affect audiences’ expectations of visual 
information, entertainment content and methods of 
evaluation. 

 
The School of Medicine facilitates access to the clinical expertise 
and healthcare infrastructure, (through NHS Scotland), that will 
ensure that outcomes from the HD3D Group will be clinically 
relevant, effectively disseminated and rigorously and 
methodically tested and evaluated 

 
 



2    3-D Digital Medical illustration and Animation 

The use of digital 3-D visualisation in the field of medicine, (i.e. 
creating a 3-D digital reconstruction from 2-D medical scan data), 
is widespread in clinical imaging. In terms of diagnostic 3-D 
technology, it currently consists of the proprietary systems built 
into MRI and CT scanning hardware and stand-alone applications 
accessed almost exclusively by clinicians. Despite this variety of 
software products and processes, current 3-D digital visualisation 
techniques continue to have an almost exclusively diagnostic 
focus. For example, Konig categorises 3-D medical visualisation 
into three ‘Special Applications’ [Konig 2001], namely Virtual 
Endoscopy, Surgical Planning and Medical Training. This 
technologically-centric arrangement is not designed to facilitate a 
patient-centred approach to communicating disease issues. 

It was not until the Visible Human Project started by the US 
National Library of Medicine in 1996 that attempts were made to 
integrate more visually rich attributes to scan data, introducing a 
new anatomy resource. Pioneering a new approach in 3-D medical 
visualisation, the project’s goal was to build an anatomy resource 
for both education and training, developed from a human cadaver 
physically sliced and scanned by CT and MRI. Although 
groundbreaking, the project has been limited in its success in 
education and training [Imielinska & Molhort, 2005]  with 
seemingly little progression into patient information. 
 
Another notable project in 3-D medical visualisation was the 
‘Physiome Project’ (http://www.physiome.org/), which applied 
mathematical equations in order to digitally model organs like the 
heart and lungs. The project continues to be split globally, across 
several academic institutions, with the intention of developing 3-
D computer models for drug testing and training tools for 
surgeons. Again, all outcomes are focused on hard scientific 
applications, with little interest or mention of patient education.  
 
Until recently, attributes such as light, texture and render quality 
have carried little or no value for clinicians concerned with 3-D 
medical visualisation. However, 3-D artists and designers using 
creative 3-D software to help visualise the invisible are currently 
restricted to a visual interpretation of the human body, rather than 
reflecting an exact translation of live patient scan data.  
 
A recent example that highlights the level of detail now 
achievable is the documentary produced in 2004 by The Mill TV 
entitled ’Life before Birth’ [MacDonald 2004]. This documentary 
combined live-action footage, CGI, physical prosthetic models 
and 4-D ultrasound imagery to depict the time in the womb from 
conception to birth. As these documentaries become more 
prevalent, and the render and animation techniques offer 
continued realism, it is hard even to the trained eye, to identify 
what is real and what is digital. 

3    Strategic need for research into long-term 
patient care and communication 
The management of chronic illness and long-term health 
improvement requires continued attention to therapy and lifestyle 
by patients, their families, and their health care professionals. The 
British Medical Journal reviewed the issue of adherence with 
medical therapy in 2003 and emphasised the need to ‘bridge the 
gap between the agendas of patients and doctors’ and 
‘concordance means shared decision making and arriving at an 
agreement that respects the wishes and beliefs of the patient’.   
This highlights the growing importance of developing an 
understanding of patients' needs and wants and how these 
influence their decisions to adhere with therapy. 

 
The challenge facing the NHS in Britain is how to incorporate 
efficient systems of patient centered health care strategies and 
support to enhance motivation and that will increase adherence to 
specific therapies and lifestyle approaches, in line with the new 
understanding of the diversity of human society. Patient centered 
health care strategies must be delivered by personalised 
motivation plans. While conventional health care (outpatient 
clinics, multidisciplinary teams, paper delivered information) 
aims to deliver this approach, for many people this has limited 
effect. Tools are required that focus the technologies of 
communication that promotes person-to-person interaction and 
greater opportunity for personal focus and initiative. Emerging 
new information technologies have the potential to deliver novel 
health care strategies and by using the patient as their own 
resource, may also be very attractive in current health care 
financing. 

4    Case Studies 
Case Study 1 
PhD Student, John McGhee 
  
As a Master’s student in 2002, McGhee began research into the 
potential of using 3D computer imaging for medical visualisation 
working in collaboration with Clinical Radiologists at Ninewells 
teaching hospital Dundee. This preliminary work led to strategic 
opportunities to research innovations in patient-centred health 
care strategies. McGhee commenced his PhD studies in 2004 with 
an investigation into the role 3-D computer visualisation plays in 
patient doctor interaction. 
 
The research focuses on combining Magnetic Resonance Imaging 
(MRI) and Computed Tomography (CT) scan data with the digital 
3-D visualisation tools commonly used by artists in the computer 
animation and games industries, in this case Autodesk Maya 
software.  
 
Aims: 

• Generate and evaluate new 3-D forms of creative 
imagery and complement existing imaging techniques, 
(i.e. 2-dimensional (2-D) medical imagery, such as 
photography, MRI and CT scan data). 

• Ascertain the level of enhancement to understanding of 
illness and disease, specifically among arterial disease 
patient groups.  

• Investigate the emotional and psychological issues 
associated with medical imaging.  

 
The development of communication methods to inform patients of 
scanning procedure, the disease process and basic human anatomy 
is the primary driver in this research. It is also to increase the 
recognition and perceived value of pictorial-based (rather than 
text-based) approaches to communication of complex issues in a 
clinical context. 
 
It was during the initial period working at Ninewells Hospital with 
leading radiologist Dr. Graham Houston, that McGhee experienced 
first hand the techniques used by clinicians to attempt a level of 
patient communication of disease issues. Radiologists and 
Radiographers explore the inner perspective of a human body on a 
daily basis in pursuit of disease diagnosis, often via MRI. The 
collected MRI data offers scientists an ever-advancing clarity of 
imagery and the resulting images are highly specialised. The 
immediate ‘reading’ and interpreting of these resulting images are 
the privilege of trained medical practitioners. They are largely 



impenetrable by patients. This issue is particularly problematic 
during the diagnostic phase of disease, where a patient is 
introduced to a disease and its relation to themselves.  
 
In conversation with the clinical team in radiology, McGhee 
explored ways of developing and gaining the trust, co-operation 
and consent of patients during the diagnostic phase of illness. 
Eventually the decision was taken to develop tests using 3-D 
imagery to produce outcomes that could potentially improve the 
understanding of arterial disease, and nurture the relationship 
between consultant and patient during the diagnostic phase of 
illness. McGhee used his production skills as an animator to create 
a series of storyboards to assist discussion, planning and enhance 
the visualisation of the disease process. The process of 
communication with medical staff helped uncover the mechanics 
of arterial disease and allowed the student to develop an effective 
narrative for a 3-D animated sequence. 

It was during the process of translating 2-D MRI data into 3-D 
computer models that McGhee discovered a conflict of interests. 
He experienced an intellectual struggle between providing clarity 
of disease anatomy and his ability to create an aesthetic 
interpretation of the subject matter. McGhee identified a number 
of questions that required exploration:  

• To what degree does visualisation facilitate 
communication of complex information?  

• How do the visuals created by an animator contribute to 
a qualitative understanding of complex information?  

• What is the value of visual thinking?  
• What is a holistic approach to analysing and evaluating 

visual work?  
 

A pilot study was undertaken to analyse and evaluate newly 
created animated images. The images referred to renal arterial 
disease and included MRI scan data, photography, 2-D drawing 
and 3-D interpretive computer animation techniques. The 
animation work focused on the visualisation of blood flow and 
arterial disease. Seven participants, identified as experts in the 
visual disciplines, were invited to observe and comment on the 
images, from an emotional, intuitive and logical perspective. The 
responses were recorded and transcribed in order to begin 
understanding why and how people make aesthetic judgements 
when viewing 3-D computer generated imaging for arterial 
disease.  
 
A disease process is a complex matter and as such is very difficult 
to explain in simple terms. The primary objective of the artist’s 
work was designed to communicate the rich structure and texture 
of the complex cycle of blood flow, as it moves through the 
vascular system (Figure 1). If you slow the cardiac process down 
and watch the movement of blood, you see that blood flow has a 
rhythm The movement of blood follows a cycle of ‘burst and twist 
and pause, burst and twist and pause, burst and twist and pause’. 
This is important because it is the rhythm of blood flow that is 
affected when a person has arterial disease. Communicating this 
aspect effectively will arguably help patient understanding of 
arterial disease and nurture the relation between consultant and 
patient. 

 
 

 
 
 
 
 

 
Figure 1: 3-D reconstruction made by John McGhee 2005 using a 

MRI dataset and interpretive techniques 
 
In an attempt to enhance communication of arterial disease, a 
visual image of a kidney was created to illuminate the structure, 
indicate the complexity of form, and its use of space (Figure 2). 
Visually portraying a healthy kidney and a diseased kidney 
arguably allows a patient to develop an understanding of how 
arterial disease is affecting his/her body. This is important as 
arterial disease is not always ‘felt’ by the patient, therefore they 
can assume they have a healthy body and require no changes or 
alterations to be made to their behaviour.  
 
 

 
 

Figure 2: 3-D reconstruction made by John McGhee 2005 using  
a MRI dataset and interpretive techniques 

 
Visualising the kidney helped to expose and communicate the 
fragility of the organ. The intention was to suggest an internal 
landscape of pressure and flow that is otherwise hidden from the 
human eye.  
 
John McGhee continues to explore the use of 3-D visualisation 
techniques as a means of enhancing medical scan data and his 
research outcomes will be available this year when he completes 
his PhD studies. 



 
Case Study 2 
PhD Student, Emma Fyfe   
 
In 2005 the head of Diabetic Medicine, Ninewells Hospital 
Dundee (UK) Professor Andrew Morris approached the School 
(MAI). Morris, an international renowned diabetiologist, was 
particularly interesting in using 3-D computer graphics to 
communicate with his own patients. 
 
Diabetes is primarily a self-managed condition and optimal care 
requires constant balancing between insulin, diet and exercise, 
with daily decisions undertaken by the patient and their family 
without direct health care support from the NHS. Conventional 
methods of health care delivery, such as outpatient clinics, 
multidisciplinary teams and paper information, aim to deliver a 
patient centred approach to support and motivate patients. 
However for many people with a chronic illness or health issues 
this has a limited effect. Innovative tools are required that focus 
on promoting person-to-person interaction and greater opportunity 
for individual focus and initiative. 
 
A pilot study was agreed that would concentrate on the diagnostic 
eye test, developing a series of animations based on the scan 
procedure and how it relates to diabetes disease process. 
 
Emma Fyfe a post-graduate MSc student was asked, as part of her 
educational studies, to explore the use of digital 3-D animation 
and visualisation techniques to create information resources for 
Diabetic Retinopathy. The film was required to address the need 
for a method of communicating the nature of the relationship 
between retinopathy and diabetes, emphasising the importance of 
screening. 
 
Aims 

• Gain a general understanding of diabetes disease 
process. 

• Chart out the patient journey during the diagnostic eye 
testing procedure. 

• Build a set of short 3-D animated sequences explaining 
the diagnostic eye test and its relevance to disease 
processes. 

 
Fyfe who graduated with an Honours Degree in Animation was 
the first student that had used 3D visualisation as her final year 
production outcome. She was inspired by the research carried out 
in the School and focused her inherent animation skills towards 
the new area of medical imaging rather than entertainment.   
 
By using the experience and knowledge gained during her 
undergraduate study in animation, specifically skills in creative 
problem-solving and project management, the outcomes evolved 
through a rigorous research and development approach. The 
student focused on methods of communicating in a visual 
technique that would transcend language or literacy barriers. She 
considered that by creating a 3-D representation of the 
information it would contribute to further understanding of special 
aspects not always obviously apparent in 2-D renderings (Figures 
3 & 4).  

 
 
 
 
 
 
 
 

 
 

 
 

Figure 3: 3-D reconstruction cross-section of the human eye 
constructed by Emma Fyfe 2005 

 
 

 

Figure 4: 3-D reconstruction cross of the human eye constructed 
by Emma Fyfe 2005 

 
 
The completed short film was produced using a combination of 
live action, still image and digital 3-D imaging to explain the 
main aspects of Diabetic Retinopathy. Emphasis is on prevention 
as opposed to cure and laser therapy is covered briefly as the most 
likely treatment option. The use of animation and visualisation 
techniques has had positive feedback throughout the duration of 
the project and highlights the potential of 3-D animation and 
visualisation to aid in the knowledge and understanding of a 
disease process. Animation may also support informed decision-
making, encourage concordance and be a beneficial tool in the 
pursuit of patient-centered care. 
 
 
 
 
 



Throughout the duration of the project and for evaluation, the 
work was shown at monthly meetings of the Diabetes Research 
Developers Group which includes individuals from Applied 
Computing (University of Dundee), the Clinical Technology 
Centre (CTC) at Ninewells, the Patient Focus Implementation 
Group (PFIG), lead Clinicians in Diabetes from Ninewells and a 
range of others involved in developing resources for Diabetes. 
This proved an invaluable platform for the testing of work 
throughout development and for the retention of clinical accuracy. 
 
Emma Fyffe continues to work collaboratively with diabetes 
research group and has developed an appreciation for the skills 
needed in cross-disciplinary research in her PhD studies. 
 
Case Study 3  
Post-graduate Students - Aaron Brady & Duncan Kay  
 
Researchers in The Department of Social Dimensions of Health 
Institute at Ninewells Hospital discovered that recent studies have 
begun to suggest that patients’ mental images of their hearts may 
influence both psychological and physiological parameters, 
[Broadbent et al. 2006].  If a patient’s visual imagery can 
influence behavior and outcome then it may be possible to form 
new or modify existing imagery once it has been identified in 
order to influence behavior and/or the psychological and clinical 
consequences of particular illnesses. 
 
It was decided to explore the feasibility of developing and 
utilising a visual medium to explain to patients identified at high 
risk the approximate mechanism by which obesity could lead to 
health problems, particularly in relation to the heart. 
 
Aims: 

• To increase perceived health threat, self-efficacy and 
coherence. 

• To increase the proportion of participants either 
contemplating or preparing for behavior change. 

• To increase the proportion of participants who intend to 
change diet or activity related behavior. 

 
The postgraduate students, Aaron Brady & Duncan Kay, were 
asked to visualise the process of atherosclerosis (hardening of the 
arteries) by showing the build up of atherosclerotic plaque in 
terms that would be easily understood by patients.   Both students 
had just graduated with first class honours degrees in animation 
after producing a joint film titled ‘Lublub’ which has since been 
selected for screening at several international animation film 
festivals. However, neither student had experience of working 
with clinicians and this was their first real project. A rough 
storyline was created and they later created a storyboard for 
further comment.  At one point clarification was required over the 
degree to which any animation was intended to approximate a 
photo-realistic representation of the physiological mechanisms or 
a simplified conceptual or even metaphorical representation.  It 
was agreed that metaphorical representations (e.g. the 
personification of a human heart, with arms and legs etc. in 
cartoon format) might lessen the impact of the imagery and, in 
particular, reduce coherence.  However, a photo-realistic approach 
might be overly complex and again fail to deliver a clear 
explanation of the underlying mechanism, again reducing 
coherence.  The group decided to provide an essentially simple 
conceptual representation of the mechanisms involved.  This 
move away from realism also gave us the freedom us to consider 
modifying other parameters (e.g. colour of the heart) in order to 
visually convey health or illness (e.g. from pink/red to 
green/grey).  At this stage it was also decided that an additional 
sensory parameter could also convey health or illness: sound.  The 

group believed that audio recordings of blood flow synchronised 
with the heart could be used to convey a healthy vascular system 
and a system under stress through faster beats and increased pitch. 

 
 
Figure 5: 3-D reconstruction of a human blood vessel constructed 

by Aaron Brady & Duncan Kay 2006 
 
The storyboard went through several iterations. A series of digital 
images were created and shown at regular group meetings (Figure 
5 & 6). Further refinements to parameters such as colour, texture, 
sound and movement were made and final film will aim to include 
a series of animated sequences that could potentially convey 
information with little if any verbal or written explanation. 
 

 
 

Figure 5: 3-D reconstruction of the human heart constructed by  
Aaron Brady & Duncan Kay 2006 

 
 
The students experienced a situation that is not always conducive 
to creativity. Group decision-making is often dangerous especially 
with non-visual thinkers with a lack of understanding for the 
production process. The students performed well, overcoming 
some real difficulties and developing new skills in creating a 
product for an audience that is not primarily for entertainment. 



5    Conclusion 
3-D computer animation now accounts for the majority of 
commercial animation and continues to be a growth area for the 
foreseeable future. It is recognised by the film and games 
industries to be a core element of their most successful products. 
There is a constant and increasing demand for professional 
computer animators of a high caliber. However should education 
focus only on these existing areas? There is a unique opportunity 
to create a strong identifiable link between the emerging interests 
of Medicine, Computing and Media Arts and Imaging.  
 
Over the past two years the research into 3-D visualisation that we 
have achieved has been regularly disseminated to our students. 
The effect upon student aspiration towards this growing area of 
activity is becoming evident. Some are electing to concentrate 
their animation skills to produce visualisations often in 
partnership with medicine. We have identified that it can only be 
a matter of time before 3-D visualisation of anatomy in education 
will progress into the patient domain.  
 
It is our responsibility as educators to offer innovative curriculum 
module components that will specifically prepare students for this 
new field of research and employment. Animation students could 
potentially work alongside computer programmers, forensic 
artists, medical illustrators, product designers, architects, visual 
effects and compositors, all studying on the same academic 
programme. To this end the School (MAI) is developing a new 
flexible, vocational computer animation masters programme in 
collaboration with the School of Computing that is entirely 
oriented towards current industrial, technology, medical, forensic, 
research and practice needs. 
 
It is important that we consider the role of the image-maker. As 
the boundaries of medical visualisation extend, and move the 
artefact through enhancement and interpretation, the role and 
value of an image changes. The image becomes a mediation tool 
and is not simply an illustration of the mechanics of disease. 
Movement, colour, form and light are inherent attributes of 
animation; they offer alternative perspectives from which to 
convey information and translate knowledge. Immersed in this 
process of creating and interpreting 3-D computer imagery, the 
animator becomes part of the interconnection between clinician, 
patient and the image. 
 
In the next stage of the research the group will continue to explore 
the value of computer generated biomedical imagery. The 
intention is to develop the aesthetic integrity of practice and chart 
the new role of the animator in patient understanding of disease. 
Currently a project has been initiated to develop an accessible   
database of medical visualisations that will be available for 
medical practitioners as a means of improving communication 
between clinicians and patients at the diagnostic stage of illness. 
 
The Health Disease & 3-D Visualisation Group (HD3D) will 
continue research to support long-term patient care and the 
promotion of positive and sustained behavioral change in patients 
through the use of engaging and accessible visualisation 
technologies.  
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