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DEVELOPMENT OF ATRAINING SYSTEM FOR LAPAROSCOPIC SURGERY
- EVALUATION FOR USE OF WRIST ROTATION IN FORCEPS MANIPULATION -

Rt
Kaito MURANO
REHE TR

PR SR A TSRS Rk T 70

Surgeons are required to implement sufficient training for performing laparoscopic surgery. The objective of
this study is to develop a training system so that trainees can train surgical operation of ligation by themselves
without any instructions by skilled surgeon. First, difference of the surgical skill between skilled surgeon and
intern surgeons is investigated by watching surgeon's forceps operation. As a result, it turned out that the amount
of rotation of the wrists by intern surgeons is not as large as that of skilled surgeon in wrapping procedure of
ligation. Second, a system to evaluate effective forceps operation of the right and the left forceps is proposed for
the wrapping procedure in ligation, in which trainee's skill is evaluated on the basis of the amount of rotation of
the skilled surgeon's wrists and the required time in the wrapping procedure performed by the skilled surgeon.
In addition, an interface for representing the evaluation results to the trainee was also developed. Third, in order
to verify an effectiveness of the proposed evaluation method, experiments for investigating the distinction rate
of the wrapping procedure performed by skilled surgeons and the wrapping procedure performed by intern
surgeons were carried out. Finally, the sensor module that can be attached to the forceps was developed for
angular measurement in the realistic surgical environment and was applied to in vivo experiments.
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Linear discriminant analysis
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Fig.2 Co-axial position and Para-axial position
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Fig.3 Classification of operation for ligation
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(@)  Select either C—Ioop or Reversed C-loop.

(b)  Inputstart and end time of wrapping in ligation.

(©) Displaying angle fi of skilled surgeon and trainee at wrapping in
ligation.

(d)  Presenting the difference compared with skilled surgeons by color and
ratios.

(e) Evaluation result for the right hand.

(U] Evaluation result for the left hand.

Fig.5 Developed interface for displaying evaluation result
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Fig.6 9 axis sensor for Wet environment
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Fig.8 Forceps with which 9 axis sensor was attached
(Upper: for Wet environment, Lower: for Dry environment)
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Fig.9 Distinction result for Co-axial in Dry environment
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Fig.10 Distinction result for Para-axial in Dry environment

Table 2 Distinction rate for para-axial in Dry environment
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Fig.11 Distinction result for Co-axial in Wet environment

Table 3 Distinction rate for Co-axial in Wet environment

Skilled C-loop ﬁgﬁiﬁﬁd Skilled C-loop 5§ﬁiﬁﬁd
surgeon forceps forceps Ave. surgeon forceps forceps Ave.
Left Right Left Right Left Right Left Right
Count 5/10 6/10 3/5 3/5 17/30 Count 3/5 3/5 1/4 3/4 10/18
Rate[%] 50 60 60 60 56.7 Rate[%] 60 60 25 75 55.6
Reversed
Intern C-loop Ré\'/'%rggd Intern C-loop C-loop
surgeon forceps forceps Ave. surgeon forceps Forceps Ave.
Left Right Left Right Left Right Left Right
Count 25/29 22/29 10/11 9/11 66/80 Count 1717 14/17 3/9 9/9 43/52
Rate[%] 86 76 91 81 82.5 Rate[%] | 100 82 33 100 82.7
p 0.001 | 0.086 | 0.034 | 0.1337 p 0.002 | 0.017 | 0.926 | 0.001
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Fig.12 Distinction result for Para-axial in Wet environment

Table 4 Distinction rate for para-axial in Wet environment

Reversed
Skilled C-loop C-loop Ave
surgeon forceps forceps Ve.
Left Right Left Right
Count 3/7 417 3/3 1/3 11/20
Rate[%)] 43 57 100 33 55.0
Reversed
C-loo
Intern P C-loop Ave
surgeon forceps Forceps :
Left Right Left Right
Count 6/10 9/10 5/5 4/5 24/30
Rate[%)] 60 90 100 80 80.0
p 0.268 0.017 0.018 0.071
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