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Pressure Measurement in Three Axial Directions on the Tip of the Laparoscopic Forceps
and Skill Analysis in a Dissection Procedure

Kenji Yosuma,™™ Yoshihiro Kuropa,” Yoshiyuki Kacryama,”™ Masataka IMURA,”
Hidefumi Kmvosmta,”™* Tadashi MaTsupa,”™™ Osamu OsHIRO”

Abstract

In laparoscopic surgery it is difficult to ascertain the force direction from endoscopic images of two

organs being dissected by a surgical instrument. Therefore quantitative skill analysis using force sensor with a
high degree of freedom would be useful, especially in dissection procedures. We developed a system to measure
the force on the tip of laparoscopic instruments with a spatula-shaped-tip. A forceps was cut at 61 mm from the tip,
and a 3 DOF sensor that can detect vertical and shear forces was installed between the cutting edges. Two
experienced laparoscopic surgeons and three novices carried out a dissection procedure using their dominant
hand in an in vitro testing using a kidney of the dead pig. For the vertical and shear forces, the timing and
intervals of the peak force, the percentage of the forces and the force applying time are examined. Experts applied
the vertical peak force earlier than novices when carrying out a dissection procedure, and then gradually relaxed
the force. These results suggest that experts try to keep the instrument tip visualized in the operative field.

Keywords : laparoscopic surgery, force measurement, skill analysis.
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Fig.1 Dissection procedure.
(a) Fat tissue and renal vessel.
(b ) Dissection procedure in the vertical direction.
(¢ ) Dissection procedure in the horizontal direction.
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Fig.2 An overview of the system measuring the force on the
tip of laparoscopic instrument.
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Fig. 3 Instrument that can measure the force.
(a) Laparoscopic instrument before modification.
(b) Cut instrument combined with 3DOF sensor.
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Fig.4 The remodeled instrument.
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Fig.5 Display image.

Tt RTERERO S 7L (W54, Hlmdsit
NERL, MHiIREZRS), SHlhoREs (K54
AL IN), SHICERHII &R0 bo, EET) &
ABITIOEEERTHIRO 57 (M54AT) & LTRL
2. WICEBO VAT LAOMBEZR 6 IZ/RT. X6 DK
TOKRy 7 A+ L —F—PUSFIBERIEZE 1T ) IKOas % &
&, Ry 7 A bML—F—_LIP 5t T2 ARAA T
FSHF 2 A LRBEHRIEEZ 1T . BMEEZfTo TV AT
Ry 7 A M —F—IMFBEONEES 2 FICX DI
J— M PC oW LICERENS, ML, FOREH L



(28) HAKETS 48% 1% (20104E2 1)

Ryv R
F—+

iE  FHTAMT EEEER

K6 A7 LB
Fig. 6 Total system.

O NS % R L a2 SRR 2479 . S T-Jeimic
b ahiE, 3EhEE > FICXYEEE LTS,
B|HEWIE S % L, PC Card (Interface ft #, CSI-
360116) & % AD E'f@%’z‘:’ff‘ifhfﬁﬁﬁ D AEFNT 4
ATVANWERRENS, ANEEE - 5~+5V, 56k
Z16eey b, 7Yy EIE10KHZz TH 5.

6. {ERAEHAISEER

Wl i, EESETAERAE LR [10] O B A% 2 FF O IS T
Wi 2 4 EPIIRER O PILLH 3 B e Lz, A
&, SERIROEBIRN & OFEEZ 1 AOMHE L 12H
HL7 BEAORINGME, B, EER, BEHESREIIRO
B EIIREEARES & R 2 & SR KBIIR D BED & T b &
e L7 FIBEBRAED ISR & BEIROAEAZL L 2w
X9 e 2 T, BEIIRERIRA L O KB IREE S X
O, EEPMOREZ T AP E L7z,

BAREZRY 7 X b L—F—NIZEWRET, HEBRED
MEBE o &2, MEREOFICIEE %
HMARA TR LY 4 TOXhm~ Lo 2 HEL
TERZITo 2. T, $F-Join o A8 kD —
i?:tc% EHTKRy 7 AP —F—DHFHHEATTH 5

— MIEOREZIT o7z, EEBROBE, HHEE L A0HEN
75“()\5]%‘#1 REEINRICKR E 2RO B o 72,

BEINR O %2 B> T 2 JRIhHZ RHEL, BBk
Uz # M S 28 (K1) 2FHIONRE Lz B
(il 7z 2 RIBEHR ORI L L, #ETDMESE D #E
7o R 2 RIMHRIER T & U7z, S 7-RIBERIAG 2> & FIBER T
ECTx 1 MOFBEERIEE L, EERTIEIME ISHEERIEZ
10 [B147 9 & 9 Fam L7z, FIHESRAE A3 fE L“Cﬁ?ber“C W
ti;% R WA 5 #f F AR B TR T L7225

AT G A S BRAL L 72

7. X B B R

HRE L MOFEOFRHIRERO 1 HI 2R 7a, b IIRT.
77 7 W FEE T O T L TORME () &L, it

erhok&Es (N) L35, M7a, b b, PEEHREEZ
OB, WMFRIEEHE, CAMIOEEGZ LSRR
LML EDT B LWoh5. KT7a, bOKREL
B35 L, CAWTIORIEN IR ICKE LEVIEZRD S
Nawhy, BENIOMERTIE, SROFIBERIC ISV THR
WERZALEERRBNY L IV TE—2liz b oTH
D, CAMBDEEENOE =2l %2b5 43IV 7 ORI
PRV, FEANH, BEDVPENENE—7fiL %5
BoOZhOLR2Y, SSICEBHTHENMZRED 5,
F 2R 2 T THEMZED B & o 72 OFEH IR
DFENSTHENS. Db X 0BG & 0008 OF MR
ORI OECERETT 5720, £hoe—sfliLhb
YA4IVT, HFHOE— IO, E— 70T
e, J1ofEMRHOE GO 4 HH ZRE L.

E—7m®¢43>7i 1 [0 O FIMESRAE I ZE S 5 IREH
HRAHFIC R B 728, FIMEREBE &I L, £ —
stk éﬁﬂ ﬁ(UTT?iOCﬁ\Wfkbt.ﬁ
EHBE =27k b T TORR%Z PVT (S), TANN
WY — 7L %% F TORM%Z PST (S), FIHERE 4

TQ) &L, BEEIBY—s it b5 43I0 7%
Tev (%), CAWMNPE —2o it b5 43I0 % Tes
(%) tFRTZEELA M7aT, EEIOE—-IfiDs
43IV 71330%, EANbOY—2ins 43I V7
6% TH 5.

PVT PST
T Te=s (1)

¥ — 7O, SAWIDY L I v 7FyRREID s
AIVFCHRKEWlZLEDLZEDRL W LD, TA
Wi dSE— 2 lie b8 4 I v 7D b\EINE—Zflie
%BIAITER(2NTIRTEIIC, FIERETHICL
TR MT7aTIE46% T, M7bTIZ21%TH 5.

E— 7D MIE (%) = Tes— Tev (2)

=270 & ok, |BEIFYE -7 HORROIEE S
DfiE% PVFEyr (N), €AW O %Z PVFsr (N) & L,
AWM DD — 7 OO EE S D% PSFvr (N),
AW Ofi% PSFsr (N) &RL, BEIPYE -7 fEOKF
D% PVR (%), AW E — 7 fiDR D % PSR
(%) &LT, R(IRTE)ITRD.

PVFsp __ PSFys
PVF s’ Del= PSFsr (3)

TotEAEHOEEIX, KoY —2l0 75%0L L,
50%LLLE, 256%LL LT EMA T A KRR Z KD, FIHER
MEFICE0 2862 HM LKA T 7. 8 %, 7
R HIE LN LFEOEBENOHEROAZ 7T 7 & LR
L72bDTHb. XU LOEENZMZ TV EER%E
Tvexw (S) &R L, £ AWM N IE Torxw (S) & FEL,
Wyrxs & Wsrxs ZR(4)D L HITKRD 7,

Tev=

PVR=

T v xu Tsrxu
WVFX%:%, WSFX%:% (4)



R IE A ¢ BRSSO R & 2 RIBESCRE DT (29)

30% 76%

NI, ||m EEAH
m AN

S NE
b |
- ‘

B 7 SBESRER O D
(a) BeEorEm))
(b) WlaEOVEM )
Fig. 7 Measuring the force during a dissection procedure.
(a) Dissection procedure by an experienced laparos-
copic surgeon.
(b) Dissection procedure by a novice.
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Fig. 10 Intervals of the vertical peak force to the shear peak
force.
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