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1 Introduction

As recently noted by Satava and
Jones [1], the advantages of virtual
environments(V Es) tohealthcarecan
be summarized in a single word:
revolutionary. Sincethe development
of methods of electronic communica
tion, clinicianshavebeenusinginforma-
tion and communication technologies
in health care: telegraphy, telephony,
radioandtelevisionhavebeenusedfor
distance medicine since the mid 19"
century [2]. However, rapid and far-
reaching technological advances are
changing the ways in which people
relate, communicate, and live.
Technologies that were hardly used
ten years ago, such asthe Internet, e-
mail, and video teleconferencing are
becoming familiar methods for
diagnosis, therapy, education and
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training. However, thepossi bleimpact
of virtual reality (VR) onhealthcareis
evenhigher thantheoneoffered by the
new communication technologies. In
fact, VRisatechnol ogy, acommunica-
tioninterfaceand an experience. This
iswhy research in the virtual reality
field is moving fast. If we check the
two leading clinical databases —
MEDLINE and PSYCINFO — using
the “virtual reality” keyword we can
find 829 papers listed in MEDLINE
and693inPSY CINFO(al fieldsquery,
accessed Aug. 8, 2002).

From the analysis of the retrieved
paperswe canfind that thefirst health
care applications of VR started in the
early *90s with the need for medical
staff tovisualizecomplex medical data,
particularly during surgery and for
surgery planning[3]. Actually, surgery-
related applicationsof VR fall mainly

into three classes: surgery training,
surgicd planningandaugmentedredlity
for surgery sessions in open surgery,
endoscopy, andradiosurgery. A couple
of years later, the scope of VR
applicationsinmedicinehasbroadened
toincludeneuropsychol ogical assess-
ment and rehabilitation[4, 5].

In recent years, VR has generated
both great excitement and great
confusion. Thesefactorsare evident in
theextensivematerial publishedinboth
scientific and popular press, and in the
unrealigtic expectations on the part of
the health care professionals. In this
paper we try to outline the current
state of research and technology that
isrelevant to the development of VEs
inmedicine. Moreover, wediscussthe
clinical principles, technologica devices
and safety issues associated with the
useof virtual reality in medicine.
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2 Theroeof VRinhedlth care

2.1 Thetwofacesof VRin
healthcare

For many hedlth care professonals
VR isfirst of al atechnology. Since
1986, when Jaron Lamier used theterm
for thefirst time, VR has usually been
describedasacoll ectionof technological
devices: a computer capable of inter-
active3D visudization, ahead-mounted
display and data gloves equipped with
one or more position trackers. The
trackerssensethepositionand orienta-
tion of the user and reports that infor-
mation to the computer that updates (in
real time) theimagesfor display.

However, the analysis of the
differentVV Rapplicationsclearly shows
that thefocusontechnol ogical devices
is different according to the goals of
the health care provider.

For instance, Rubino et a. [6],
McCloy and Stone [7], and Székely
and Satava [8] in their reviews share
thesamevisionof VR: “acollection of
technologies that allow people to
interact efficiently with 3D computer-
ized databasesin real timeusing their
natural senses and skills’” [7]. This
definition lacksany referenceto head
mounted displays and instrumented
clothingsuchasglovesor suits. Infact,
less than 20% of VR headlth care
applications in medicine actually use
any immersiveequipment.

However, if weshift our attentionto
behavioral sciences, whereimmersive
devicesare used by more than 50% of
the applications, VR is described as
“anadvanced form of human-computer
interfacethat allowstheuser tointeract
with andbecomeimmersedinacompuit-
er-generated environment in a natural -
isticfashion” [9]. Infact, to achievethe
fedlingof “beingthere’ theV R applica
tions use specialized devices such as
head-mounted displays, tracking sy-
stemns, earphones, gloves, andsometimes
haptic-feedback devices.

Thesetwodefinitionsunderlinetwo
differentvisionsof VR. For physicians

and surgeons, the ultimate goal of VR
isthepresentation of virtual objectsto
al of the human senses in a way
identical to their natural counterpart
[8]. Asnoted by Satavaand Jones[1],
as more and more of the medical
technologies become information-
based, itwill bepossibletorepresenta
patient with higher fidelity to a point
that theimagemay becomeasurrogate
for the patient — the medical avatar.
In this sense, an effective VR system
should offer real-like body parts or
avatars that interact with external
devices such as surgical instruments
ascloseaspossibletotheir real models.
For clinical psychologists and
rehabilitation specialists the ultimate
godl isradicaly different[10, 11]. They
use VR to provide a new human-
computer interactionparadigminwhich
users are no longer smply external
observers of images on a computer
screenbut areactiveparticipantswithin
acomputer-generatedthree-dimension-
a virtua world. WithintheV Ethepatient
hasthepossibility of learningtomanage
aproblematicsituationrel atedtohisher
disturbance. The key characteristics of
virtual environments for these profes-
sionalsareboththehighlevel of control
of the interaction with the tool without
thecongraintsusually foundincomputer
systems, and the enriched experience
provided to the patient [9]. Virtual
environments are highly flexible and
programmable. They enablethetherapist
to present awide variety of controlled
stimuli, suchasafearful situation, andto
measure and monitor awide variety of
responses made by the user. This
flexibility can be used to provide
systematic restorative training that
optimizesthedegreeof transfer of training
or generalization of learning to the
person’ sreal world environment [12].
Moreover, virtud redity sysemsopen
the input channe to the full range of
human gestures: in rehabilitation it is
possi bletomonitor movementsor actions

from any body part or many body parts
atthesametime. Ontheother side, with

disabled patients feedbacks and
promptscanbetrandatedintoalternate
and/or multiple senses[13].

2.2 VVRascommunicationinterface

Aswehavejust seen, if weconsider
VR mainly as a technology, we have
two different visionsof VR related to
the final goal of the health care
professional. But what do these two
visionshavein common?

The dgtarting point for answering to
this gquestion is a definition of VR
presented by Heim. According to this
author[14], VRis“animmersive, inter-
activesystembased oncomputableinfor-
mation... an experience that describes
many life activities in the information
ag€e’ (p.6). In particular, he describes
the VR experience around its “three
I’'S":immersion,interactivity andinforma
tionintensity. Devel oping thisposition,
Bricken[15] identifiesthe corecharac-
terigticof VRintheincusiverdationship
between the participant and the virtual
environment, where direct experience
of theimmersiveenvironment condtitutes
communication. Accordingtothisposi-
tion, VR canbeconsideredastheleading
edge of agenera evolution of present
communicationinterfaceslikete evison,
computer and telephone[16, 17]. The
main characteristic of thisevolutionis
thefull immersionof thehuman sensori-
motor channelsintoavivid and global
communication experience[18].

Following this approach, it is also
possible to define VR in terms of
human experience [19] “a real or
simulated environment in which a
perceiver experiences telepresence,”
where tel epresence can be described
as the “experience of presence in an
environment by meansof acommuni-
cationmedium” (pp.78-80).

This position better clarifies the
possible role of VR in medicine: a
communicationinterfacebasedoninter-
active3D visualization, ableto collect
andintegratedifferentinputsand data
setsinasinglereal-like experience. It
is up to the health care provider to
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decide if the VR application will be
more focused on the integration of
different datasetsor on therealism of
the virtual experience (or “sense of
presence’). ConsideringVRasacom-
municationinterfacealsohelpshealth
care devel opersto focustheir efforts.
Most of the work in this area is
tryingtoimprovetheefficacy of aVE
by providing the user with a more
“realistic” experience, such asadding
physical qualitiesto virtual objectsor
improvinggraphical resolution. Butis
this focus on the graphical charac-
teristics really so important for the
effectiveness of amedical VE?
Probably, apart fromsomehigh-end
surgical applications, theanswerisno.
More than the richness of available
images, the sensation of presence
depends on the level of interaction/
interactivity whichactorshaveinboth
“real” andsimulatedenvironments[20].
According to Sastry and Boyd [20] a
VE, particularly whenitisusedforrea
world applications, is effective when
“the user is able to navigate, select,
pick, move and manipulate an object
much more naturally (pp.235). Inthis
sense, emphasis shiftsfrom quality of
imageto freedom of interaction, from
thegraphic perfection of thesystemto
the affordances provided to the users
inthe environment [21].
Thisapproachhasrecently received
the status of international standard,
throughthelnternational Organization
for Standardization’s  1SO
13407 "Human centered design for
interactivesystems’. Accordingtothe
ISO 13407 standard [22], human-
centered design requires:
- theactiveinvolvement of users;
- clearunderstanding of useandtask
requirements;
- appropriateallocationof function;
- theiterationof designsolutions;
- amulti-disciplinary designteam;
anditisbasedaroundthefollowing
processes:
- Understand and specify thecontext
of use;

- Specify theuser and organizational
requirements;
- Produce designs and prototypes;
- Carry out user-based assessment.
A sampleof VE developed using the
SO 13407 guiddines is the IERAPSI
surgical trainingsystem[7, 23].

3 Applicationsof Virtual
Reality in Medicine

3.1 Medical education

Theteaching of anatomy ismainly
illustrative, and the application of VR
to such teaching has great potential.
Through 3-D visualization of massive
volumesof information and databases,
cliniciansand studentscan understand
important physiological principlesor
basic anatomy. For instance, VR can
be used to explore the organs by
“flying” around, behind, or eveninside
them. In this sense VESs can be used
both as didactic and experiential
educational tools, allowing a deeper
understanding of theinterrel ationship
of anatomical structures that cannot
be achieved by any other means,
including cadavericdissection.

A significant steptowardsthecreation
of VR anatomy textbooks was the
acquisition of the Visible Human male
andfemaledatamadein August of 1991
by theUniversity of Colorado School of
Medicine [24]. The Visible Human
female data set contains 5189 digita
anatomical imagesobtainedat 0.33-mm
intervals (39 Ghyte). The male data set
contains 1971 digital axia anatomica
imagesobtainedat 1.0-mmintervas(15
Ghbyte). [25]. Actually, the USNationa
Library of Medicineinpartnershipwith
other USgovernmentresearch agencies
hasbegunthedevel opment of atool kit
of computational programscapabl e of
automatically performing many of the
basic datahandling functionsrequired
for using Visible Human data in
applications[26].

The National Library of Medicine
made the data sets available under a

no-cost license agreement over the
Internet. Thisallowedthecreationof a
huge number of educational VES. In
their recent edited book, Westwood
and colleagues [27] report more than
ten different educational and
visualizationapplications.

In the future we can expect the
development of different VR dynamic
model sillustratinghow variousorgans
and systems move during normal or
diseased states, or how they respond
to various externaly applied forces
(e.g., the touch of a scalpdl).

3.2 Surgical smulationand
planning

Surgeonsknow well that intraining
there is no aternative to hands-on
practice. However, students wishing
to learn laparoscopic proceduresface
a tough path [28]: usually they start
using laparoscopic cholecystectomy
trainers consisting of a black box in
which endoscopic instruments are
passed through rubber gaskets. After,
the students begin practicing these
techniquesoninanimatetissues, when
costandavailability allow. Obviously,
there is a substantial difference for
studentsbetweentrainingwithartificia
or inanimate tissues and supervised
procedures on real patients. This is
why in the early 1990s, different
research teams tried to develop VE
simulators [29, 30]. The science of
virtual reality providesanentirely new
opportunity intheareaof simulation of
surgical skills using computers for
training, evaluation, and eventually
certification [31]. However, the first
simulators were limited by low-
resolution graphics, thelack of tactile
input and force feedback and the lack
of realistic deformation of organs. In
the last years a new generation of
simulators has appeared that has
showedimprovedtraining efficacy over
traditional methods. For instance, a
randomized trial using the Minimally
InvasiveSurgery Training-Virtua Redlity
(MIST-VR) trainer [32] showed that
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Virtua reality smulationwaseffective
in training the novice to perform basic
laparoscopic tasks (see Figure 1).

Anothertypical useof visualization
applicationsistheplanning of surgical
andneuro-surgical procedures[33-35].
The planning of these procedures
usually reliesonthestudiesof seriesof
two-dimensional MR (Magnetic
Resonance) and/or CT (Computer
Tomography) images, which have to
be mentally integrated by surgeons
intoathree-dimensional concept. This
mental transformationisdifficult, since
complex anatomy is represented in
different scanning modalities, on
separateimageseries, usually foundin
different sites/departments. A VR-
based system is capable of incorpo-
rating different scanning modalities
comingfromdifferentsitesprovidinga
simple to use interactive three-
dimensional view. Within the Virtual
Collaborative Clinic project, NASA
researchers developed Cyberscalpdl,
atypical VR based surgical systemfor
planningand practice[36]. Toplanthe
operation of a patient with cancer of
the jaw, the upper and lower jaws
werereconstructed using Cyberscal pel
starting from aCT scan. Thescanwas
reduced to 20000 polygons and the
final model was used to prove how
fibular bonecouldbesectionedtomimic
and replace the jaw pieces.

3.3 Virtual Endoscopy
Every year the screening for cancer
requirestheperformanceof over2million
video colonoscopic procedures. How-
ever, these procedures are not perfect:
- dlendoscopicproceduresareinvasive;
- the patients are subject to compli-
cations such as perforation,
bleeding, etc.

- thecostfor atypical colonoscopyis
significant.

To overcome these problems,
different researchersareinvestigating
thepossihility of virtual endoscopy [ 6,
37]. Virtual endoscopy is a new
procedure that fuses computed tomo-

tioning paper on the
future of psycho-
therapy [40], theuse
of VR and comput-
erized therapies are
ranked respectively
39 and 5" out of 38
psychotherapy inter-
ventions that are
predicted to increase
in the next 10 years.

In most VEs for
clinical psychology,
VR is used to
simulate the real
world and to assure
the researcher full
control of all the
parameters implied.
VR constitutes a
highly flexible tool,
which makes it

Fig. 1. Minimally Invasive Surgery Training-Virtual Reality (MIST- possible to program
VR) trainer (Mentice Medical Simulation AB, Gothenburg, Sweden). @1 €NOrmMous variety

graphy with advanced technigques for
renderingthree-dimensional imagesto
produce views of the organ similar to
thoseobtainedduring“ real” endoscopy.
A virtual endoscopy is performed by
using astandard CT scan or MRI scan
[1], reconstructingtheorganof interest
intoa3-D model, and then performing
a fly through it. Typical examples
includethecol on, stomach, esophagus,
tracheo-bronchial tree(bronchoscopy),
sinus bladder, ureter and kidneys
(cystoscopy), pancreasor biliary tree.

Virtual endoscopy iscompletely non-
invasiveandthuswithout knowncompli-
cations. The actual cost is less than
traditional endoscopy, since it is per-
formedinthesameplaceand manner as
alimagingmodalities, utilizesthesame
staff, and hasno consumable materials.

3.4 VRin neuro-psychological
assessment andrehabilitation
VR isstarting to play an important
role in clinical psychology [38, 39],
which is expected to increase in the
next years. Accordingtoarecent posi-

of procedures of
interventiononpsychological distress.
The possihility of structuring alarge
amount of controlled stimuli and,
simultaneously, of monitoring the
possible responses generated by the
user of the virtual world offers a
considerableincreaseinthelikelihood
of therapeutic effectiveness, as com-
pared to traditional procedures[17].
In particular, akey advantage offered
by VRisthepossibility for the patient
to manage a problematic situation
rel ated to his/her disturbance success-
fully. Using VRinthisway, thepatient
is more likely not only to gain an
awarenessof his’her needto do some-
thing to create change but also to
experienceagreater sense of personal
efficacy.

Ingenerd, thesetechniquesareused
astriggersfor abroader empowerment
process. In psychological literature
empowerment is considered a multi-
faceted construct reflecting the
different dimensions of being psy-
chologically enabled, andisconceived
as a positive additive function of the
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followingthreedimensions[41]

- perceivedcontrol:includesbeliefs
about authority, decision-making
skills, availability of resources,
autonomy in the scheduling and
performance of work, etc;

- perceived competence: reflects
role-mastery, which besides
requiring the skillful accomplish-
ment of oneor moreassignedtasks,
alsorequiressuccessful copingwith
non-routinerole-related situations;

- goal internalization: this dimen-
sion captures the energizing
property of a worthy cause or
excitingvisionprovidedby organiza-
tional leadership.

Virtual reality canbeconsideredthe
preferred environment for the em-
powerment process, sinceitisaspecial,
sheltered setting where patients can
starttoexploreandact without feeling
threatened. In this sense the virtua
experienceisan” empoweringenviron-
ment” that therapy provides for
patients. As noted by Botella [42],
nothing the patient fears can “really”
happen to them in VR. With such
assurance, they can freely explore,
experiment, fed, live, and experience
feelings and/or thoughts. VR thus
becomes a very useful intermediate
step between the therapist’s office
and thereal world.

Evenif theclinical rationalebehind
the use of VR is now clear, much of
this research growth, however, has
beenintheform of feasibility studies
andpilottrials. Asaresultthereisstill
limited convincing evidenceavailable
from controlled studies(see Table 1),
of the clinical advantages of this
approach. Up to now the clinical
effectivenessof VR wasonly verified
in the treatment of these four psy-
chological disorders: acrophaobia, body
imagedisturbances, bingeeating disor-
ders(seeFigure 2, next page) andfear
of flying.

In the cognitive rehabilitation area
the situation is even worse. Even if
different case studies and review

Table 1. Controlled Trials with more than 10 patients/users included in Medline/Psyclnfo.

Indicative Prices (as
Workstation 01 Aug 02)
SGlI Origin 3200, R12K Graphic Card, 8x400MHz processors, US$ 5000
8 Gbyte RAM, 220 Gbyte Hard Disk
SGI Octane2, V12 Graphic Card, 2x400MHz processors, 512 US$ 23000
Mbyte Ram, 18 Gbyte Hard Disk
Xeon branded PC, 2x2.7 Ghz processors, 512 Mbyte Ram, 80 Uss$ 3800
Gbyte Hard Disk and 17” monitor
Pentium IV or Athlon XP branded PC, 2.7 Ghz processor, 512 uss 2200
Mbyte Ram, 80 Gbyte Hard Disk and 17" monitor
Consumer graphic cards
GeForce NV30 128 Mbyte Vram AGP US$ 400
Radeon 9700 128 Mbyte Vram AGP US$ 400
Professional graphic cards
Quadro4 900XGL 128 Mbyte Vram AGP US$ 1200
Fire GL X1 256 Mbyte Vram AGP Uss$ 1200
Tracking system
Polhemus Fastrak Uss$ 7000
Ascension PC Flock of Birds US$ 2200
Intersense Intertrax 2 US$ 1100
3D Shutter Glasses
StereoEyes Wireless US$ 320
Elsa 3D Revelator IR US$ 180
VRex Cordless Us$ 100
Head Mounted Display
Kaiser Proview XL 40/50 (XGA resolution — 3D, wide fov) US$ 50000
N-visor Datavisor Hi-res (XGA resolution — 2D, wide fov) US$ 35000
Daeyang |-Visor DH4400 VP 3D (SVGA resolution — 3D) Us$ 1900
Olympus Eye-Trek FMD-700 (SVGA resolution — 2D) US$ 1300
Daeyang I|-Visor DH4400 VP (SVGA resolution — 2D) US$ 1200
Olympus Eyetrek 250 W (Video output only — 2D) Us$ 600
Sony Glasstron PLM-A35 (Video output only — 2D) US$ 500
VR Gloves
Pinch Glove US$ 2000
5DT Right Hand US$ 650

papers suggest the use of VR in this
area [9, 12, 43-47] there are no
controlledclinical trial stosupport this
position. A better situation can befound
intheassessment of cognitivefunctions
inpersonswithacquiredbraininjuries.
In this area VR assessment tools are
effective and characterized by good
psychometric properties [48-52]. A
typical exampleof theseapplicationsis
ARCANA. Using a standard tool
(WisconsinCard Sorting Test-WCST)
of neuropsychological assessment as
amodel, Pugnetti and colleagueshave
created ARCANA: avirtual building
in which the patient has to use
environmental cluesinthesel ection of
appropriate choices (doorways) to
navigate through the building. The
doorway choicesvary accordingtothe
categoriesof shape, color, and number
of portholes. Thepatientisa sorequired

to refer to the previous doorway for
clues to appropriately make his/her
next choice. After the choice criteria
are changed, the patient must shift the
cognitiveset, analyzeclues,anddevise
anew choicestrategy. Theparameters
of this system are fully adjustable so
that training applications can follow
initial standardized assessments.

4 VR Hardwar eand Software

For many years one of the main
obstacles to the development of VR
applications was the price of the
equipment: a typical VR system
required a costly fridge-size Silicon
Graphic workstation in the range of
150000 US$ and up. Evenif high-end
applications still require powerful
workstations such as SGI Origin or
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Fig.2. The Virtua Redlity for Eating Disorders Modification - VREDIM (lstituto Auxologico

Italiano |.R.C.C.S,, Milan, Italy).

Octane (see Table 2), during the last
two years about 60% of the VR
applications for health care were
developed for use on PC platforms.
The significant advances in PC
hardware that have been made over
the last five years are transforming
PC-based VR into reality. The cost of
a basic desktop VR system has gone
down by many thousand dollarssince
that time, and the functionality has
improved dramatically in terms of
graphics processing power. A simple
immersive VR system now may cost
less than 6000 US$ (see Table 1).
Theavailability of powerful PCengines
based on such computing work-horses
as Intel’s Xeon and IBM G4/G5
processors, and the emergence of
reasonably priced Direct 3D and
OpenGL-based 3D accelerator cards
dlow high-endPCstoprocessanddisplay
interactive3D smulationsinrea time.
While a standard Celeron/Duron
processor withaslittleas64 M bytesof
RAM canprovidesufficient processing
power for asimple VR simulation, a

fast Pentium 1V/Athlon X P-based PC
(2.2 Ghz or faster) with 256 M bytesof
RAM, can transport users to a
convincingvirtual environment, while
adual Xeon configuration (2.4 Ghz or
faster) with 1 Gbyteof RAM, OpenGL
acceleration and 128 Mbytes of
VRAM running Windows XP Pro
rivals the horsepower of a mid-level
graphicsworkstation.

Thegraphicscardlandscapeisalso
evolving quickly. In particular, two
advancements are interesting for VR
users: the inclusion of aVGA-to-TV
converter and tuner, the Accelerated
Graphics Port (AGP) and the new
faster 3D chips (GeForce NV30/35,
Radeon 9700/9800) with 128 Mbytes
or more of dedicated video Ram
(VRam).

- Accelerated Graphics Port
(AGP): The accelerated graphics port
isahigh-speed, point-to-point connec-
tion between the system chip set and
the graphics chip. AGP provides a
high-speed pipeline between the
graphics accelerator and the PC's

systemmemory: usingan A GPconnec-
tion, agraphics chip is able to access
system memory directly through the
system chip set at memory-busspeeds,
reducing latency and substantially
increasing performance versus stand-
ard PClI-memory transfers. The
graphics card gains access to system

RAM to store and execute texture

bitmaps, which allows more detailed

texturesof unlimiteds zewhilespeeding
3-Drendering. Whentexturesarelarge,

AGPcanmakethedifferencebetween

smooth or choppy frame ratesin 3-D

rendering.

- Faster 3D cards: In VR,
performance is critical. VEs gave
mainstream 3-D accelerationits start,
and developers have been adding a
senseof redlisticdepthtotheir creations
for years. However, the addition of a
z-axisinrendering, asopposedtosimply
drawing on an X, y-coordinate plane,
requires more sophisticated horse-
power. In addition, VR applications
contain more complex objects and
complex textures: bitmap renderings
of detailed surfaces (bricks, sand, or
transparent water) that heighten
realism. Toexploitthispotential, afast
graphicscard with alot of video Ram
isamust. Happily, the new chip sets
(GeForceNV 30/35and Radeon 9700)
included in consumer graphics cards
have 8 timesmorevideo Ram and 3,5
times more 3-D accel eration than the
first generation of chips(GeForceand
Radeon VE) for a price tag of less
than US$500. Also, professional
graphics cards received a significant
speed bump. New Open GL cards
such as the Quadro 4 900X GL or the
FireGLX1 offer graphics power that
rival theoneprovided by Unix graphic
workstations.

- VGA-to-TV converter: One
welcomed feature of the new
graphicscardsistheinclusion of a
VGA-to-TV (NTSC or PAL)
converterand TV tuner right onthe
card. Thisfeature lets you display
computer data on a standard
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Table2. VR Hardware.

Authors

Paper

Sample

Emmelkamp, P.M.G.,
Bruynzeel, M., Drost, L., &
van der Mast, C.A.P.G.

(2001) Virtual reality treatment in acrophobia: A
comparison with exposure in Vivo, Cyberpsychol
Behav, 4(3), 335-339.

10 acrophobia patients

Ali, M.R., Mowery, Y.,
Kaplan, B., DeMaria, E.J.

(2002) Training the novice in laparoscopy. Surg
Endosc, 16 (8), 1, 1210-1216.

27 high school students

Emmelkamp, P.M.G., Krijn,

M., Hulsbosch, A.M., de
Vries, S., Schuemie, M.J.,
van der Mast, C.A.P.G.

(2002) Virtual reality treatment versus exposure in
vivo: a comparative evaluation in acrophobia, Behav
Res Ther, 40, 509-516.

33 acrophobia patients

Grundman, J. A., Wigton, R.

S., & Nickol, D.

(2000). A controlled trial of an interactive, web-based
virtual reality program for teaching physical diagnosis
skills to medical students. Acad Med, 75(10 Suppl),
S47-49.

121 medical students

Hoffman, H. G., Patterson,
D. R., & Carrougher, G. J.

(2000). Use of virtual reality for adjunctive treatment
of adult burn pain during physical therapy: a
controlled study. Clin J Pain, 16(3), 244-250.

12 burn patients

Riva, G., Bacchetta, M.,
Baruffi, M., & Molinari, E.

(2001). Virtual reality-based multidimensional therapy
for the treatment of body image disturbances in
obesity: a controlled study. Cyberpsychol Behav,
4(4), 511-526.

28 obese patients

Riva, G., Bacchetta, M.,
Baruffi, M., & Molinari, E.

Virtual reality-based multidimensional therapy for the
treatment of body image disturbances in binge eating
disorders: A preliminary controlled study

IEEE Transactions on Information Technology in
Biomedicine, in press, 2002.

20 binge eating patients

Rothbaum, B. O., Hodges,
L. F., Kooper, R., Opdyke,
D., &etal

(1995). Effectiveness of computer-generated (virtual
reality) graded exposure in the treatment of
acrophobia. American Journal of Psychiatry, 152(4),
626-628.

17 college students

Rothbaum, B. O., Hodges,
L., Smith, S., Lee, J. H., &
Price, L.

(2000). A controlled study of virtual reality exposure
therapy for the fear of flying. J Consult Clin Psychol,
68(6), 1020-1026.

49 fear of flying patients

Torkington, J., Smith, S. G.,

Rees, B. |., & Darzi, A.

(2001). Skill transfer from virtual reality to a real
laparoscopic task. Surg Endosc, 15(10), 1076-1079.

30 medical students

Wiederhold, B.K., Jang,
D.P.,Kim, S.l., &
Wiederhold, M.D.

(2002). Physiological monitoring as an objective tool
in virtual reality therapy, Cyberpsychol Behav. 5(1)
77-82.

36 fear of flying patients,
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television without the need for an
external scan converter (usually
US$100 or more). Business users
can then give PC-based presenta
tions with TVs as large-screen
monitors, and homeuserscan play
computer games on their TV sets.
However thisfeatureisal so useful
for VRusers: thankstotheconverter
it is possible to use - without any
extra hardware - the new low-cost
DVD oriented head-mounted
displaysfrom Olympus (EyeTrek,
600 US$) or Sony (Glasstron PLM-
A35, 500 US$).
Onthesoftwareside, aninteresting
low cost solution is the use of 3D
engines included in commercial 3D
games for developing simple virtual
environments. Many 3D games (US$
50 each), such as Quake 3 or Unredl,
includelevel editorsthat allow theuser
tocustomizetheenvironmentsandthe

avatars. Moreover, Discreet has
released the free software, gmax™,
which alows the professiona custom-
ization of 3D games. Intended to bea
fully capable3D leve editing, modding,
animation, and texture-mapping tool,
gmaxshipswithafull suiteof professiona
3D content and animation features.
Discreet approvedgamedevel operscan
publish gmax “game packs’, which
customize the downl oadable version of
gmaxintoafullyfeaturedleve editorfor
supported game titles. Using this
software, it is possible to edit and
create 3D environments, materials, 3D
obj ects, weapons, images and lights.
Obvioudly, level editing does not
alow full control of the environment.
In particular, theuser interaction with
the 3D objectsisusually very limited.
Toovercomethislimitation, nowthere
aredifferent VR devel opment toolkits
availablefor PCs, ranging from high-

end authoring toolkits that require
significant programming experienceto
simple “hobbyist” packages. Despite
the differencesin the types of virtual
worldsthese products can deliver, the
various tools are based on the same
VR-development model: they allow
userstocreateorimport 3D objects, to
apply behavioral attributes such as
weight and gravity to the objects, and
to program the objects to respond to
theuser viavisual and or audio events.
Ranging in prices from free (http://
www.alice.org) toUS$5000 (Virtools
Dev 2.1 or Sense 8 WorldUp R5), the
toolkitsare the most functional of the
availableV R softwareoptions. While
someof themrely exclusively onC or
C++ programming to build a virtual
world, othersoffer simpler point-and-
click operationstodevelopasimulation.
Using VRtoolkits, itisalsopossibleto
bring in files from a wide array of
softwarepackages, suchasWavefront,
3D Studio, EDS Unigraphics, Pro
Engineer, and Intergraph EMS, and
they can also import VRML and
Multigendatabasesaswel | asanimation
scripts and sounds.

5 Challengesand Open I ssues

5.1 Technical challenges

Evenif the significant advancesin
computer and graphic technology
dragtically improvedthecharacteristics
of atypical VE, VRisdtill limited by the
maturity of thesystemsavailable. Even
today, no off-the-shelf solutions are
available. So, the set up of a VR
systemusually requiresalot of patience
for dealing with conflicting hardware
or lacking drivers. Nearly every VR
system requires a dedicated staff
member or at least a computer
technicianto keep the system running
smoothly. Moreover, much VR
technology is still uncomfortable or
unpleasant to use. In particular here
are some current VR technology
limitationsfor users[53]:
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- Virtua acoudticdisplaysthat require
a great deal of computational
resources in order to simulate a
small number of sources;

- Force and tactile displays, still in
their infancies, with limited
functiondity;

- Image generatorsthat can't provide
low-latency renderingof headtracked
complex scenes, requiring severe
trade-offs between performance &
scenequality;

- Podtiontrackerswithsmall working
volumes,inadequaterobustness, and
problems of latency and poor
registration.

- HMDswith limited field of view,
and encumbering form factor;
Aswe have seen, atypical areafor

VR applications is surgery. However,

there have been few developments in

the areaof tactile feedback. The ahility
to fed tissue is important. Procedures
that require palpitation, such as artery
localization and tumor detection, are
extremdy difficultwhentheonly formof
hapticexplorationisintheformof forces
transmitted through long, clumsy

instruments. As noted by Moline [54],

“The ahility to remotely sense small

scale shapeinformation and fed forces

that mesh with natural hand motions
wouldgreatly improvetheperformance
of minimalyinvasivesurgery andbring

a greater sense of redism to virtua

trainers’ (p. 21).

5.2 Safety Issues

The introduction of patients and
clinicianstoV Esraisesparticul ar safety
and ethical issues[28]. Infact, despite
developmentsinVRtechnology, some
usersstill experiencehealthand safety
problemsassociatedwithVRuse[55].
Thekey concernfromtheliteratureis
V R-inducedsickness, whichcouldlead
toproblems[56] including:
- symptomsof motion sickness;
- strain onthe ocular system;
- degradedlimband postural control;
- reduced sense of presence;
- the development of responses

inappropriate for the real world,
which might lead to negative
training.

Theimproved quality of VR systems
isdrastically reducing the occurrence
of simulation sickness. For instance, a
recent review of clinica applicationsof
VR reported instances of simulation
sickness are few and nearly dl are
transient and minor [4]. Ingeneral, fora
largeproportionof VR userstheseeffects
aremild and subsidequickly [55].

Nonetheless, patients exposed to
virtua redity environments may have
disabilitiesthat increase their suscepti-
bility tosideeffects. Precautionsshould
be taken to ensure the safety and well
being of patients, including established
protocolsfor monitoringandcontrolling
exposuretovirtud redlity environments.

Strategies are needed to detect any
adverse effects of exposure, some of
whichmay bedifficulttoanticipate, at
an early stage. Accordingto Lewis &
Griffin [56] exposure management
protocolsfor patientsinvirtual environ-
mentsshouldinclude:

- Screening procedures to detect
individuals who may present
particular risks.

- Procedures for managing patient
exposure to VR applications to
ensure rapid adaptation with
minimumsymptoms.

- Procedures for monitoring
unexpected side effects and for
ensuring that the system mestsiits
designobjectives.

Finally, the effect of VEs on
cognitionisnot fully understood. Ina
recentreport, theUSNational Advisory
Mental Health Council [57] suggested
that“ Researchisneededtounderstand
both the positive and the negative
effects [of VES]... on children’s and
adult’ sperceptual andcognitiveskills.”
Suchresearchwill requirethemerging
of knowledge from a variety of
disciplinesincluding (but notlimitedto)
neuropsychol ogy, neuroimaging, educa:
tiona theory and technology, human
factors, medicine, and computer science.

5.3 Research and clinical issues

Inthelast fiveyearsthere hasbeen
a steady growth in the use of virtual
reality in health care due to the
advances in information technology
andtothedeclineincosts[58]. Aswe
have seen, using the “virtual reality”
keywordwecanfind 829 paperslisted
in MEDLINE and 693 in PSY CINFO
(accessed Aug. 8 2002). Much of this
growth, however, hasbeenintheform
of feasibility studiesand pilottrials.

The"best” evidenceineva uatingthe
efficacy of a therapy/approach is the
resultsof randomized, controlledclinical
trials.However,if wecheck theavailable
literature we can find only twelve
controlledtrials (see Table 2).

Threetestedthetraining possibilities
offeredby VR:insurgical trainingand
in teaching physical diagnosis skills.
Eight verified the effectivenessof VR
inthetreatment of four psychological
disorders: acrophobia, body image
disturbances, binge eating disorders
and fear of flying. The final study
analyzedtheuseof VRinthetreatment
of adult burn pain.

Why there are so few controlled
trialsin VR research? There arethree
possible answers .

First, thelack of standardizationin
VR devices and software. To date,
very few of the various VR systems
availableareinteroperable. Thismakes
their usein contextsother thanthosein
which they were devel oped difficult.

Second, the lack of standardized
protocols that can be shared by the
community of researchers. If wecheck
thetwoclinical databases, wecanfind
only four publishedclinical protocols:
for the treatment of eating disorders
[59], fear of flying [60], fear of public
speaking[61] and panicdisorders[62].

Finally, the costs required for the
set-uptrials. Aswehavejust seen, the
lack of interoperabl esystemsadded to
the lack of clinical protocols force
most researchersto spend alot of time
andmoney indesigninganddeveloping
their own VR application: many of
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them can be considered “one-off”
creationstied to proprietary hardware
and software, which have been tuned
by a process of trial and error.
According to the European funded
project VEPSY Updated[63], thecost
required for designing a clinica VR
applicationfrom scratch and testing it
on clinical patients using controlled
trials may range between 150000 and
200000 USS$. As noted by a recent
report prepared by the US National
Research Council [64], “the govern-
ment support has been the single most
important source of sustained funding
forinnovativeresearchinbothcomputer
graphics and VR. Beginning in the
1960swithitsinvestmentsincomputer
modeling, flight ssimulators, andvisuali-
zationtechniques, andcontinuingthrough
current devel opmentsinvirtual worlds,
the federal government has made
sgnificantinvesmentsinmilitary, civilian,
and university research that laid the
groundwork for one of today’s most
dynamictechnol ogies. Thecommercial
payoffs have included numerous
companies formed around federally
funded research in graphics and VR.”
(p. 227). In Europe, the most important
source of funding for health care VR
applications was the European
Commission through its Information
Society Technology programme. How-
ever, inthelast five yearsthefunds for
V RresearchcomingfromtheEuropean
Commission has been between one-
third and one-fifth of the total amount
distributed by the US government.

6. Conclusions

In general, the review of current
applications show that VR can be
considered auseful tool in diagnosis,
therapy, education and training.
However, several barriersstill remain.
The PC-based systems, while
inexpensiveand easy-to-use, till suffer
fromalack of flexibility and capabilities
necessary to individualize environ-

ments for each patient [65]. On the
other hand, in most circumstancesthe
clinical skills of the therapist remain
the most important factor in the
successful use of VR systems. It is
clear that building new and additional
virtual environments is important so
therapistswill continueto investigate
applyingthesetoolsintheir day-to-day
clinical practice[4]. Further, many of
the actual VR applications are in the
clinica investigationor laboratory stage,
as clearly shown by the lack of
controlledtrials.

Significant effortsarestill required
to move VR into commercial success
and therefore routine clinical use.
Possiblefuture scenarioswill involve
multi-disciplinary teamsof engineers,
computer programmers, andtherapists
working together to treat specific
clinical problems. Finally, communica-
tion networks have the potential to
transform VEs into shared worlds in
whichindividuals, objects, andprocesses
interact without regardtotheir location.
In the future, such networks will
probably merge VR and telemedicine
applicationsallowingustouseVEfor
such purposes as distance learning,
distributedtraining, and e-therapy.

Itishoped that by bringing together
this community of experts, further
stimulation of interest from granting
agencies will be acceerated. Infor-
mation on advancesinV R technology
must be made available to the health
care community in a format that is
easy-to-understand andinvitespartici-
pation [66]. Future potential applica-
tionsof VR arereally only limited by
theimaginationsof tal entedindividuals.
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