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A Surgical Simulator for Training of Operative Skill
Using Patient-specific Data
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Abstract: We have developed a practical surgical simulator for kidney and urologic surgery at Advanced
Medical Research Center in Yokohama City University Graduate School of Medicine. Unlike already commer-
cialized laparoscopic surgical simulators, our surgical simulator is capable for training to improve operation
skill and preoperative trainings using particular patients’ data. This is because we have implemented par-
allel finite elements method in real-time for stable deformation calculation instead of traditional unstable
mass-spring model. Thus, the simulator can contribute to reduce the risks and time of the real surgery by
preoperative trainig.
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Table 1 A classification of surgical simulators for training purpose.
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Fig. 1 Parallel processing: Each processing element has different organs, in which

A;j U;- = A, is calculated. The calculation is carried out until the difference of

the displacements of contact points connected to the other objects converged to

the threshold.
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Fig. 5 The appearance of the developed surgical simulator: It consists with patient-

specific model data generation system and simulating system. The simulating

system consists with Cluster and imitated operational tool.
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Fig. 6 Basic control method used in surgical simulator: Model-
feed-forward-open-loop becomes close with inclusion of
operator. x indicates position, f indicates force, & indi-

cates angle of link, J¢ indicates Jacobian respectively.
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: Basic Programs
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Corel Deform E Deform ‘ é Deform E 30Hz
—
- . g " = =
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o 2
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7T TANFATTUTTADFEK (ICPU LBIFAIVFaTHE
HERNT) L 7T AYERE L DO THEBEFM OAMIC &
D PC &3 fE. OS ( Linux T& Y iFLHEY 7 i
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Fig. 7 Multi-core implementation: The computing power can
be adjusted with PCs depending on the computational
complexity for the imitating surgery. We use Linux OS,

and SCore for communications.
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F3 B ADCT 7512k 5HMILFMHE T IVAERIER © H
VAR
Table 3 The generation time of a kidney removal model with

the patient-A’s CT data: minute.

[ i | RN | Torga | EiEAT
FRIIRE ] - FEIHHIE

i 31 4 27

Kok 12 2 10

KR 3 2 1

(1) rArvs=—var TER 31 4 27
R 28 4 24

RE 22 4 18

WA 35 4 31

HER 162 24 138

(2) Avvy 7 — 27 27 0
(3) JEBALE - ) > — 9 9 0

] 198

K4 BEHEBOCT 77— 510 &5EMHEFMNE T IVAERRER ;3
(DAE:
Table 4 The generation time of a kidney removal model with

the patient-B’s CT data: minute.
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20 4 16
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HEH 220

TERRER 2 Hif L T 5.
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x5 B AOHEHBESVEHN VY I 2L —Y 3 Y OB [ms]
Table 5 The processing time of each task on each PC for the patient-A model.

CPU # i 44 EIE-ROE Y- FESSES AHUERIRER | BERbEE | AP L]
JETVERRK JETIVE R ER Core2 Core3 | Corel

1 PR, KINE, fHA 715/30,547 235/8,428 27.5 9.4 4.6 24.5

2 BEIR 1, 2 829/829 313/313 23.1 9.2 4.7 20.1

3 ek 2,800/2,800 701/701 31.8 28.8 16.0 23.2

4 HEk 3 1,101/1,101 401/401 23.3 9.9 5.9 20.3

5 T HEIR 2,397/2,397 819/819 23.7 11.0 11.5 20.7

(a) EBEOFiH — >~ (b) Fifiv Iz —%
8 HEBOETFMY -V LEAEBETVEHVTFMY I 2
L — 8 HWEYD W LR TA S — > o ki JESE 7 7o —
FIZ & B BRI
Fig. 8 The comparison of the real surgical scene with the

simulated scene: Laparoscopic approach.
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Fig. 9 A part of the simulated sequence of the surgery for removing a kidney with

retroperitoneal approach for patient A: trocar positioning, peeling of the lymph

ducts and connective tissues, clipping and cutting. The model data comprise of

37,674 finite elements, and the total number of node is 10,662, update ratio for

simulation is 30 Hz.
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Fig. 10 The time-sequence of generated force for removing lymph ducts, and collision

force between organs: Retroperitoneal approach for patient A.
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