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DEVELOPMENT OF ATRAINING SYSTEM FOR LAPAROSCOPIC SURGERY
- PROPOSAL OF EVALUATION SYSTEM FOR SURGICAL SKILL IN LIGATION -
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In this study, a novel training system to train a ligation operation in laparoscopic surgery developed in the
previous study was extended. First, the difference of the required time, operating force of the forceps, sudden
operation of the forceps and position of the forceps in the ligation operated by skilled surgeon and intern
surgeon was investigated. Next, the ligation operation performed by the skilled surgeon was set as target
operation. Then, an evaluation system in which an operator’s skill is evaluated on the basis of the target
operation was developed in terms of the required time, operating force of the forceps, sudden operation of the
forceps and position of the forceps in the ligation. The developed evaluation system was incorporated into the

training system developed in the previous study, in which the operator’s operating force of the forceps is
measured by strain gauges and the operator’s sudden operation of the forceps and position of the forceps are
measured by PHANTOM Omni attached to the forceps. Thus, the operator can train a ligation operation under

the fixed criteria.
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Fig.2 Position of strain gauges
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Fig.3 Co-axial position and Para-axial position
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Fig.4 Operation of ligation
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Table 1 Required time for ligation

. Time[s]
Subject Co—axial position Para—axial Position
Expert—1 35.9 115.5
Expert—2 43.7 62.3
Expert—3 37.6 82.6
Expert ave. 39.1 86.8
Intern—1 66.9 93
Intern-2 126.3 104.2
Fig.6 Joint angles of PHANTOM Omni Intern—3 49.9 120
Intern—4 61.8 184.3
Intern—5 61.5 133.2
Intern—6 88.6 193.6
Intern—7 65.3 53.3
Intern—-8 168.2 263.3
Intern—9 82.3 155.3
Intern ave. 85.6 144.5
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Fig.7 Attachment of forceps on PHANTOM Omni Co-axial position & Para-axial position T #f1-#{E S % L
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Table 2 Average operation force of forceps for knotting
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Voltage[mV] - —— > 5 )~ >
Subject Co-axial positin Para-axial position 6 e & &i I\ v = 7 @IFE' *’j‘ L\_ i& 6 k % A 6 h 6 N
Grasping (R)| Grasping(L) | Tip load(R) | Tip load(L) |Grasping (R} | Grasping(L) | Tip load (R) | Tip load(L)
Expert-1 | 0129 0236 0373 0403 0.099 0341 0267 0395
Expert-2 | 0049 0.166 0240 0298 0043 0201 0198 0319 . .
Eert=d | 0106 | 0487 | 0521 | 050 | 0089 | 0211 | 0315 | 0360 Table 4 Number of times of sudden operation
Expertave] 0095 0.197 0378 0407 0077 0271 0260 0424 Number of times of sudden operation
Intern-1 | 0.109 0316 0454 0576 0.066 0481 0262 1.000 - — - —
Intem-2 | 0069 | 0313 | 0291 | 03¢ | 0087 | 0209 | 0257 | 0334 Subject Co-axial position Para-axial position
Intern=3 | 0.122 0338 0574 0970 0.102 0276 0415 0514
Intern=4 | 0.112 0.355 0.351 0555 0.060 0.283 0.348 0273 Right forceps| Left forceps |Right forceps| Left forceps
Intern-5 | 0.115 0259 0237 0438 0.074 0276 0.295 0379
Intern6 | 0.130 0.256 0.561 0562 0.103 0270 0.667 0558 Expert-1 0 0 0 0
Intern7 | 0.140 0345 0.365 0603 0.063 0333 0309 0627 ~
Intern8 | 0118 0358 0.562 0925 0139 0409 0854 1,080 Expert-2 0 0 0 0
Internd | 0165 0224 0370 0344 0193 0133 0844 0314 Expert-3 0 0 0 0
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Table 3 Error rate of operation force of forceps for knottin

Error rate[%]
Subject
Grasping(R) Grasping(L) Tip load(R) Tip load(L) Absolute ave.

Expert-1 385 286 116 69.7 62.1
Expert-2 -47.1 -94 36.0 257 296
Expert-3 133 19 1957 119.2 825
Intern—1 16.6 722 157.5 1427 97.2
Intern-2 -256 706 65.1 448 515
Intern-3 309 842 2258 3086 162.4
Intern-4 200 931 99.3 1340 86.6
Intern-5 231 408 344 109.7 520
Intern—6 390 303 2182 1368 1083
Intern-7 498 880 1073 154.2 99.8
Intern-8 268 95.2 2303 289.8 160.5
Intern-9 76.3 218 109.8 450 63.2
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Table 5 Position of forceps

Subject [mm]
Co-axial position Para—axial position
Expert—1 44 57
Expert-2 52 60
Expert-3 48 74
Expert ave. 48 64
Intern—1 37 51
Intern—2 56 43
Intern—3 40 41
Intern—4 58 61
Intern—5 50 54
Intern—6 58 68
Intern—7 57 57
Intern—8 57 55
Intern—9 45 52
Internave. 51 54
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Table 6 Progress of operation force of forceps by training
Error rate[%]
Oct. 2015 Mar. 2016

Subject

orassing ) GrassingL)| i o) [T (1) | A554%% oraging ()] Graine(L) T len(R) [ Tip L) | AP2014¢

Intern-A 1104 1911 1718 2338 1768 166 722 1515 1427 912
Intern-B 804 629 33 -282 431 200 93.1 99.3 1340 86.6
Intern-C 23 833 442 1645 735 498 880 1073 1542 998
Intern-D 1787 1023 2725 1049 187.1 268 95.2 230.3 2898 160.5

W Oct. 2015

150.0 W Mar. 2016

Grasping(R) Grasping(L) Tip load (P Tip load (L.

Fig.8 Error rate of Intern-D
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Table 7 Average operation force of forceps for in vivo knotting

Grasping(R) Grasping(L) | Tip load(R) Tip load(L)
Subjects
Voltage[mv]

Expert-A 0.050 0.067 0.157 0233
Expert-B 0.050 0.110 0.563 0.420
Expert-C 0083 0203 0573 0410

Total 0.061 0127 0431 0354
Intern-A 0.070 0.043 0.597 0257
InternB 0.047 0103 1.147 0297
Intern-C 0.067 0.097 0470 0653
Intern- 0.090 0.053 0.567 0347
InterE 0047 0.050 0517 0637
Intern-F 0.050 0.090 0423 0253
Intem-G 0.073 0.080 1.010 0337

Total 0063 004 0747 0397
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Fig.9 Menu selection screen
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Fig.10 Training mode screen
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Fig.12 Results screen of evaluation system
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