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Virtual Reality for Robotic Laparoscopic
Surgical Training
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Abstract: Virlual reality {YR) subelacion bas been used v opoove Saining  for
mamieal  laparscopy  Bod o give  sutpeons superior perfonnaece in the
operating rooee. Howower, YR has nat bheen osed 1o tram Susgeons n
rubmatic Tapnroscopy, Sulyeci: Five students of tbs Ulnaversity of Mebroska Medical
Center (LINMC) and the University of Nebraskn at Omaha gave consend nccarding
b LINMC cthacal guicelns. Siperamental provocol: Suhpecls perfosrmed with i
Dia Vinct robolic surpical system 5 dnols for exch of o lasks {Bimmuanl Coiryving,
B Meedle Passing, NFLE Ench txsk was perbormed finet dn the achaal rabetic
operating environmend and then m VR The dsta osalysds incloded o o sk
coiEpletion, msimmend tips distance traveled and the comesporading speed, and
ramgre o mation of dhe clbow fleksm and extenson of cach sulject. Resulie The
BC and WP tusks  wese . nol o dipsilcontly  difesent bevween the two
environments with respect to robod {ip speed and the clbow range of mation for
bith arms. Tane b task conpletion and distance raveled wene sipnilicantly
difTesent batween e two eovdronnents For Both fasks, Survey results showed that
subijects partintly ngreed that it was ensy o adapt VI and fele enmivrahla
masipalating the mobod comtbrols 0 VR, They abs gugpested that tbey would
like to have VR as port of their repular training. Qur preliminary efforts showaed
proawise that gur VR cavironment is valid and it can be wsed for traming of
robotic loparesceny.  However, the differences  Mdentified oeed to be lurher
exploved and point to the need te firfler improve aur VR simalnzian,

Heywonbi, Voriual realivy, laparascopy, surgieal rolsol, da%incl, surgical waining

Background

Virtual reality (VR) simulation has been used to improve training for manwal
laparoscopy and to pive surgecns superior performance in the operating room [1, 2.
However, to date there has never been a VR developed to tmin surpeons involving
rebotic laparoscopic surgery (Robotic doVinei Surgical System; V35 Intuitive
Surgical Inc ) Our study presents preliminary efforts o develop a8 VR rdining
cavironment for whotic leparoscopy. In addition, we compared our prototype VR
environment to the actual environment, the dv55, using simple tasks (needle passing
and bimanual carryving) ta determine the validity of the simulation.



Tonls and Methods

Subjects: Five right hand dominant expericaced daVinei users were recruited from the
University of Nebraska Medical Center (UNMC) and the University of Nebmska at
Oinaha. Each suhject signed a consent form according o UNMC ethical guidalines,

Tasks/Experimental protocol: Subjects performed two tasks: bimaneal carrying
(BC), and needle passing (NP). The tasks were performed in both the actual and the VR
envirenmenis, The tasks were cyclical in natune and were desizned o mimic actual
liparoscopic tasks that require significant bimanual coordination. Tn the real
environment BC task as in Figure la, the subject was first instructed to simultaneously
pick ap a 15 x 2 mm plastic piece {one each with lefi and nght robotic graspers) from
metal caps (30 mm in diameter) and then o place them in two other metal caps 60 mm
awuy. The subjects reciprocated bimanual earrying movement [ive times in succession
im one trial. A total of five tdals were collected. After the real environment task was
completed, a VR simulated BC task was performed as in Figure |b. In the VR
environment, the subject also perfurmed five (nals,

For the real environment NP task, the subjects were first instrucied to use the right
dommimz=nat am o pick up a 26 mm surgical needle from a fined location and then pass it
through & consecutive 8mm m dmcier holes of a latex (ube for one tnal. The ube was
4 ¢min length. When pussing through each hole, the left grasper picked up the passing
needle. After the completion of five trials in the real environment, the VR simulated NP
sk was performed. In the VR emvironmént, the subject also performed the same
reciprocal passing movements between the two graspers.

Fiernal Reafine Construction: The YR environmonl for each task was developed
using Webots 5.1.8 software (Cybertronics, Ltd, Switzerlund). Each VR task was
drivem with kincmatic data streamved in real-time from the deVinci robot’s operating
console through date scquisition sofiware (LabVIEW 8.1, USA) The daVimci's
instruments and each task’s environment were modeled as 3D objects using
SolidWaorks (USA) In the BC VR simulation (see Figure Ib), virtual grasping and
rélease of the tarpet plastic pieces were based upon touch scnsor information built-in
betwezn the instrument (ip and the plastic target pieces. When both virteal instrument
tips simultancously touched the targets in each cup, the VR environment signified
discretc events to relocate the targets to other cups. Reciprocal touching the target in
the cups simulated the bimanual carrying movement in the actual rohotic operation
environment. In the NP VR simulation, a design of the built-in sensor touch between
the imstrument tip and virtual turpeting hole on tube simulated the needle passing and
retrieval. To view cach VR task in the daVinci surgeon console, & virmaal
camera was built to project the virtual task to the viewing area of the console as a 3D

sterenscopie image.

(a) (b) 8

Figur L. Robotic lpsroscnpic bansmual comrypag sk m gl Aciusd, b) VR caviropment



Data Collection and Anadysis: Kinematics of the d¥'35 was collected at [0} Hz
using the Application Programmer’s [ntecface provided by the manufacturer. Elbow
flexion and extension angles of epch subject wene also collected at 10MMHz wsing
clectrogoniometers [Biometrics, Led. USA) Analysis included time to task completion,
instrument tip distance traveled and the corresponding speed. and range of motion of
the elbow, Paired Htesis were used to compare the VR and the actual enviromment.
Each subject was also nsked to complete o wmitten survey,

Results

The BC and NP tasks werne not significantly different between the VR and actual
environments with respect to the robot tip speed and the elbow range of metion for both
arms (see Figure 2). However, time o task completion and distance traveled were
significantly different betwesn the VR and the acheal environments for both tagks.
Results of the written survey showed that subjects pantially agreed that it was cusy to
adapt to VR and felt confortable manipufating the robot contrals in VR, They also
suprested thut they would Like to have VR as pant of their regular training,

Conclusion

Owr preliminary findings showed that a promise of the developed YR environment can
be potentially implemented for training of robotic laparoscopy. However, the
differences in the time to task completion and the distance travel of the instrement tips
sugpest a need of improving the cument VR envitonment. In future study, studies will
be conducted to examine the effeets of training between VR and actual envirommnents in
rohobic lnpamsmpy'.
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Figure 2. Tip speed and Banpe of Mation for 2) B0 and b} NP ks, p = 05

[1]  Aggorwnl et al., Am J Surgery, 190128133, 204K,
[3] Gallagher el al, Arm Surgery, 240:364-372, 2005
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