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Abstract. Virtual Reality offers greatpotentialfor surgicaltraining - yetis typically

limited by the dedicatedand expensiveequipmentrequired.Web-based/R hasthe
potentialto offer a much cheaperalternative,in which simulationsof fundamental
techniquesare downloadedfrom a serverto run within a web browser. The
equipmentequiremenis modest— an Internet-connecte®C or small workstation-

and the simulation can be accessed worldwide.

In a collaborationbetweencomputerscientistsand neurosurgeonsye have
studied the use of web-based VR to tnaéurosurgeonim PercutaneouRhizotomy-
a treatmentfor the intractablefacial pain which occursin trigeminalneuralgia.This
involvestheinsertionof a needleso asto puncturethe foramenovalg andlesionthe
nerve.

Our simulationusesVRML to provide a 3D visualizationenvironment,but
the work immediatelyexposesa key limitation of VRML for surgical simulation.
VRML does not support collision detection between objects - only between
viewpoint and object. Thus collision betweenneedleand skull cannotbe detected
and fed back tthetrainee. We havedevelopeda novel solutionin which thetraining
simulationhaslinked views: a normalview, plus a view as seenfrom the tip of the
needle. Collision detectias capturedn the needleview, andfed backto theviewer.
A happyconsequencef this approachhasbeenthe chanceto aid the traineewith
this additional view from needletip, which helps locate the foramenovale. The
technologyto achievethis is Javasoftwarecommunicatingwith the VRML worlds
throughthe External Authoring Interface(EAI). The training simulatoris available
on the Web, with accompanying tutorial on its use.

A major advantageof web-basedvR is that the techniquesgeneraliseto a
wholerangeof surgicalsimulations. Thuswe havebeenableto useexactlythe same
approachas describedabovefor neurosurgeryto developa shoulderarthroscopy
simulator - where again collision detection, and the view from the scope, are
fundamental.

1. Introduction

Comparedto the open intracranial procedurefor the surgical treatmentof trigeminal
neuralgia,in general,all percutaneousechniqueshave lower incidencesof hearingloss,
facial palsy,intracranialcomplicationsmorbidity, and mortality. PercutaneouRhizotomy
providesthe most selectiveand gradedlesion amongpercutaneousechniquesHowever,
due to the lack of visual cues,this techniqueis highly dependenbn the experienceof
surgeonsThus, surgeongequirea greateramountof training beforeit canbe adequately
performed.



Virtual reality technologyis becominga powerful tool in surgical training as it
promisesa numberof advantagesit allows repeatedpractice;it enablesself-learningof
surgical procedureswithout any time limit, and without risks to patients.Moreoverthe
environmentansimulatemorethanreality: for example ,onecanprovideviews insidethe
humanbody that are infeasiblein practice. This can help studentsunderstandetterthe
surgical proceduresby allowing a mental visualization of internal structuresand their
spatial inter-relationship.

Although surgical simulations offer those advantages, thestiiraot widely usedat
present.An important reasonis that virtual reality remainsrelatively expensive,and
requiresspecialpurposeequipment.The succes®of the World Wide Web (WWW) andits
accompanyingechnologiessuchas VRML - the Virtual Reality Modelling Language-
offersthe possibility of performinginteractive3D simulationwithin the Web environment.
This is attractivein termsof costand accessibility— the simulationwill requireno more
thana VRML-enabledWeb browseron a PC — but therewill necessarilype limitationson
the complexity of the simulation,andin particularwhat can be achievedthroughmouse-
based interaction.

Web-basedirtual reality is anexpandingarea. A typical Web-based/R application
can be decomposedinto simulation and presentationprocesses. The presentation
componenthandlinginteractionwith the user,necessarilylies on the client-side,but the
simulation can be placed either on client- or server-side.The attraction of server-side
simulation is that intensive computation(such as physically-basedmodelling) can be
placedon a dedicatedserver,but thenthe networklink betweenserverand client inhibits
interaction.The attractionof client-sidesimulationis the opportunityfor fast interactive
responseavithout worrying aboutnetworkbandwidth ,but we arelimited by the facilities in
VRML. VRML [1] was designedas a simple, general-purposéanguagefor describing
interactive3D worlds,andso,for example doesnot supportdetectionof collision between
objects (for the good reason that this would impose a major performance penalty).

Real-time interaction is crucial to surgical simulation. The challenge for the
computerscientistis to pushthe limits of Internettechnologyin orderto achievethis in
Web-base@pproaches eitherby minimising networktraffic in server-sidesimulations or
increasing the sophistication of what can be achieved in client-side simulation.

Several Web-basedsurgical simulation systemshave been developed.There are
examplesof both server-sideandclient-sidesimulationbeing deployed. For example the
endovasculartraining system [2] uses a server-sidearchitecturein order to support
physically-basedmodelling of catheterinsertion; for efficiency, geometric models are
maintainedon both client andserverandonly incrementakthangesaretransmittedoverthe
network. Johnand colleagueshavecreateda seriesof Web-basedimulationsthat areall
client-based: ventricular catheterisation[3], pedicle screw insertion [4] and lumbar
puncture[5]. In eachcase,a VRML modelof anatomyandinstrumentis downloadedo
the browserandthe useris ableto manipulatethe instrumentsentirely within the VRML
application. Additionally the lumbar puncture application includes simple collision
detection.

In this paper we propose a client-basedapproachto the simulation of the
percutaneoushizotomyprocedure. A 3D modelof a patient'sheadis downloadedo the
client, andthe traineecancarry out a simulationof the procedureusinga VRML-enabled
browser. Collision detectionbetweenthe tip of the instrumentandthe skull is critical to
this simulation,and so a novel featureof our work is the extensionof VRML, usingthe
JavaEAI [6], to achievefast and accuratecollision detectionbetweena point objectand
other objects in the scene.



2. Purpose

The percutaneoushizotomy procedureinvolves the insertion of a needleinto the
patient’sface, and guiding it towardsthe foramenovale — which is puncturedto allow
accesgo the nervecausingthe pain. Thereis a well-definedprocedurefor the operation.
Threelandmarksare placedon the face:thefirst indicatesthe point of entry of the needle,
and the other two mark the positionsof two imaginary planeswhich intersectin a line
through the foramenovale. The surgeonusestheseto aim the needlein the correct
direction. In caseof a wrong direction, the needlewill hit the skull and hasto be
withdrawn for a further attempt. It is a highly skilled operationrequiring extensive
training, by observing an experienced neurosurgeon and by closely supervised practice.

The purposeof this studyis to provide an alternativeexercisefor traineesjn which
they practisein a virtual environmentbeforetackling the real operation.Our aim wasto
develop a Web-basedapplicationin order to gain the cost and accessibility benefits
mentioned above,while maintainingasmuchrealismaspossible. A crucial elementwill
be the navigationof the needle,and feedbackon whetherthe foramenovale has been
puncturedpor collision with the skull hasoccurred. We shall aim to take advantagef the
virtual environmentby providing additionalvisual cuesto help the traineegain a better
mental model of the procedure. Equally there are someelementsof the real procedure
which we shall not attemptto simulate(suchastissuedeformationfor example),simply
because these details are not crucial to the training.

3. Methods

System architecture

This web-basedystemis designedusinga client-basedarchitecturewherethe simulation
processis entirely on the client side. The simulator usesthe Virtual Reality Modelling
Language(VRML) as a modelling tool so that the interactive 3D information can be
deliveredover the WWW. As shownin Figure 1, the simulation consistsof two basic
softwareelements:an interfaceand a simulationagency.The interfaceis responsiblefor
the visualizationof the interactive3D objectsand communicationwith the user,whereas
the simulationagencyis responsiblgor the statecontrol of the interface,communication
between the VRML worlds and mapping the data fromamoedinate system into another.

The interface is provided by a web browser, where three VRML worlds are
embeddednto a HTML page.Thesethree VRML worlds are a local viewer, a global
viewer and a controller.

The global viewer showsthe view from an externalviewpoint (the surgeon’seye
view). This view representghe objectsinvolved in the surgery:the instrumentsand the
patient’s head, and their interactions.

The local viewer showsthe view from the position of the tip of the needlein the
global viewer. When the needle in the global viewer moves, thevmwaérwill changdts
stateaccordingto the movementof the needle. This view of courseis not availableto the
surgeonin reality. It is simply to aid the trainee’sconceptualisatiof the procedureand
help him during training to achievethe correctresult. This viewer also plays an important
role in the collision detectionbetweenthe needleandthe headin the global viewer,aswe
shall explain in the next section.
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Figure 1. Data flow of the system

The controllerdisplaysthe widgets,which are usedto manipulatethe movementof
the needleandcontrolthevisibility of somefeaturesn the globalviewer. Theuser’sinputs
aremappednto the widgetsindividually andtransformednto the differentviewer through
the mathematicatools. The communicatiorbetweentheseVRML worlds is achievedby
the Java External Authoring Interface (EAI).

The simulation agency actsas both engineand managerithe enginecalculatesthe
movementof the needlein the different co-ordinatesystemsas a result of the controller
interactions;the managercontrolsthe dataflow betweenthe different viewersusing the
JavaEAI. Whenevera usertriggersa movementfrom a widget of the controller, it is
passedo the simulationagency.The agencythendecidesvherethe movements sentto —
a VRML nodein thelocal viewer or the global viewer - andwhatis the appropriatevalue
to be sentto thoseviewers.If this movements in a differentco-ordinatesystemto thatin
the other viewer, thizansformation process thencarriedoutin theagency. Therotations
which are generatedrom the separatewidgetsin the controller are accumulatedn the
agency, and the results passed to the global viewer and the local viewer as appropriate.

Collision detection

Collision detectionis a key elementof the simulation. The systemmustrecognise,
andfeedbackto the trainee,whetherhe hassuccessfullypuncturedthe foramenovale, or
whetherhe hasmissedthe targetandhit the skull. Collision detectionbetweenpolygonal
objectsis a time-consumingask, involving comparisonof eachobject againstall other
objectsin the scene. For this reason,VRML allows objectsto passundetectedhrough
otherobjects.The only form of collision detectionwhich is supporteds collision between
viewer and scene (in order to support ‘walk-through’ applications).

There have been attemptsto add collision detectionto VRML-based surgical
simulations. In El-Khalili's cathetersimulation[2], a server-sideapproachs used,andso



the collision detectioncanbe carriedout in an externalprocesson a powerful server. In

[5], aclient-sideapproachs takenandVRML augmentedvith simple collision detection.
In thatcase the instrumentpathis knownin advanceandthe objectto be hit is uniqueand
relatively simple,andso a predictionof wherecollision will occurcanbe made. Herethe
situationis different: the objectsinvolved in the collision are more complex,andwe need
to distinguishwhich object (skull or foramenovale) we are colliding with. Howeverwe

havebeenableto exploit the presencef a needle-eyeview in our simulator,andusethat
for collision detection, in the following way.

In the local viewer, the position of the viewpoaatrrespondso the positionatthetip
of theneedlen the globalviewer. As we know thatVRML supportghe collision detection
betweerthe viewpointandthe objectsin the scenewhenthe collision happensn thelocal
viewer (betweenthe viewpoint andthe objects),the messages fed backto the simulation
agency.The agencythen passeshe messageo the global viewer and also signalsto the
user.Theusercandecidewhich actionis to be chosenn the meantimeFor examplejf the
needlecollideswith the skull basethe usercancheckhow far it is from the foramenovale
from bothlocal viewerandglobal viewer. The entry point canthenbe adjustedn the next
practice.

The simulationagencyis ableto identify collision with the differentobjects.Whenit
receivesthe collision messagdrom the local viewer, it gives appropriatesignalsto the
differentcollisions.In our simulation,for example the entranceof the needleinto the skull
base is signalled by a red light. When the user continues inserting the neesllauthgon
reverseghe motion of the needleso thatit appeargo bouncebackfrom the skull. On the
other handthe entryof the needleinto the foramenovaleis signalledby a greenlight anda
compliment!

Other features

Some additional features are included in the simulator in order to reflect as
realistically as possiblethe real surgicalprocedure. The traineebeginsby markingthree
anatomicalandmarkson the patient’sface (seeFigure2). Thesearethenusedto construct
referenceplaneswhich the traineecandisplay,and comparewith a ‘correct’ setof planes.
If a poor set of anatomical landmarks has been chosetratheecanstartoveragain. The
planes can remain visible to guide the trainee in needle insertion, if wished.

The needleis initially positionedat one of the landmarks. The traineecanusethe
rotation widgetsin turn to orient the needlecorrectly before insertion. However once
insertionhasbegun,thenthe systempreventsany further rotation— to reflect exactlywhat
happens in reality

4. Results

Figure 2 showsthe Web basedtraining simulationsystem. The top left is the local
viewer, thetop right is the controller. The bottomis the global viewer. Although the skull
basels a complexstructure the systemis still capableof performingaccurateandreal-time
collision detection between the needle and the skull base or the fooaaien

This simulationwith additional information of how to use the simulation and the
descriptionof how the systemwas developedis availablein a collection of Web-based
surgical simulations [7].
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Figure 2. PRP training simulation system

We havealsobeenableto apply this techniqueto a shoulderarthroscopysimulator-
where again collision detection, and the view frin@scope arefundamentalArthroscopy
consistsof insertinga cameraprobefrom oneside of the joint, andthetool from the other
side, allowingthe surgeorto work directly insidethejoint. With this simulator,we areable
to positionthe arthroscopéy rotating,twisting, or translating.The camerais locatedat the
tip of the needle.One view representshe view from the camera,orientedexactly as the
surgeonwould seeit; the other view gives the surgeon’seye view, and allows direct
manipulation of the scope.

5. Conclusions

We have developeithe prototypeof a Web-based/R trainingsystemin thefield of
neurosurgery simulating the percutaneoushizotomy procedure. We use a client-side
architecturein which VRML and Java are used to provide both the simulation and
presentation. Collision detectionbetweenthe instrumentand patientis critical to this
simulation. We provide this by a pair of linked views: one frometjeof the surgeonpne
from the eyeof the needle. The needle-eyeriew usesVRML’s built-in facility to testfor
collision betweenviewpoint and objects,and the collision information is passedo the
surgeon’seye view via the JavaEAI. The various parts of the procedure— marking
anatomicalandmarksprientingthe needleandinsertingthe needleup to point of collision
— are all simulated by the application. The simulation is deliberately kept simple in order to
run efficiently on modest equipment.

The simulator is available anpublic acces3Vebsite,andis thereforeaccessibléo
anyone with a PC, Internet connection and Web browser with VRML plug-in.
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