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Mechanical evaluation of three access devices for transumbilical laparoscopic surgery
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[Abstract] Objective  To make the horizontal and vertical mechanical evaluation for different access devices (Port) in
transumbilical laparoscopic surgery, and to compare the maneuverabilities of these devices during the process. Methods A
laparoscopic training box was combined with Multi-ports, TriPort and SILS Port to construct the evaluation platforms. A
universal testing machine was used for evaluating the mechanics of the three devices on horizontal and vertical direction by
traction experiments. Results In the horizontal traction experiment, the forces were significantly different on the instruments
with different access devices ( Multi-ports << SILS Port < TriPort, P<C0. 05). In the vertical friction test, there were also
significant differences among the three groups, with the friction forces being Multi-ports <CSILS Port < TriPort when the
instrument entered the ports (P<C0. 05) and being Multi-ports < TriPort<C SILS Port when the instrument was pulled out (P<C
0.05). Conclusion Compared with SILS Port and TriPort, Multi-port needs the least forces for horizontal and vertical
movements, and therefore has superior maneuverability.
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Fig 1 Evaluation platform of TUES and mechanical behavior evaluation

TUES: Transumbilical endoscopic surgery. A: Evaluation platform of TUES; B: Horizontal traction experiment; C:. Vertical traction

experiment

1.4 %t R SPSS 17. 0 488k X %
PEHEAT 0T B DL o+ s, a2 % Bk
MR R 20k, KR KF (o) h 0,05,

2 # R

2.1 KFEINEFHER 3HAMMYEST HS5MNE
A Rt R (B 2), A F 20, 30,
40,50 mm W2 5] T AT Ge it o0 A, 45 R R . 4%
2% 15 2 5] 51 Multi-ports 2 << SILS Port 2H << Tri-
Port 4, 21 W] 242 5| J) 22 5 ¥ G it2# 28 L (P<<0. 05,

D,

2.2 EFHAFEINFEHRLER 3 F Port B AHEE AT
BRI S M e a0 &l 3 iR, 4 i) B4 TR S
R RBE 52 ) A B2 50,80,110,140 mm Hif (1) JEE 42
FIEATGEAT oM . A e T AR Az B A R R
41, Multi-ports 20 << TriPort 1< SILS Port 41, 4%
HIE) 2R A G FE X (P<0.05,% 2), #¥WAE
Port i 38 H 4 iF 15 32 31 (1) B8 $5 F7 , Multi-ports 41 <<
SILS Port ZH<<TriPort 4,3 B EE#E 1 2 F 4
Giit2E L (P<<0.05,% 3),



55 8 3. B INE 0, AR [R] 28 A B IV B T R B ) 2 i A

+ 835 -

2501

&

Traction F/N

10 20 30 40 50
Displacement /mm

B2 KEFSIZHHESIN-ABXRE

Fig 2 Traction-displacement diagram

in horizontal traction experiment

R1 KEFSXBPARMBHNOJIHZEN
Tab 1 Traction forces of different
displacements in horizontal traction experiment
n=7, v+s, F/N

Displacement

Multi-ports TriPort SILS Port
[/mm
20 0.334+0.11 0.80£0.18* 0.52£0.04*4
30 0.614+0.07 1.28%+0.17* 0.80+0.05*4
40 0.8940.03 1.6840.16" 1.0840. 074
50 1.15£0.04 2.1940.11" 1.3740.09*4
* P<<0. 05 vs Multi-ports; £ P<0. 05 vs TriPort
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Fig 3 Friction-displacement relationship
in vertical traction experiment
A Multi-ports; B: SILS Port; C: TriPort. 1 showing the friction
while the instrument entered the Ports and 2 showing the friction

while the instrument was pulled out

* 2 BWWIE Port FIRHMMEES
Tab 2 Friction forces when the instrument
was pulled out of the Ports
n=7, x+ts, F/N

Displacement

7 /mm Multi-ports TriPort SILS Port
50 0.6740.02 1.284+0.24" 1.81+0.17*4
80 0.76+0.04 1.6040.32" 2.0140.12*4
110 0.7140.03 1.3340.19" 1.78+0.10*4
140 0.7240.03 1.0740.19" 1.79£0.12*4
Maximum friction 1.54#+0.05 2.3340.37*  5.3440,08"%~

* P<C0. 05 vs Multi-ports; & P<C0. 05 vs TriPort

R 3 SBWTE Port FIEH R K EE S

Tab 3 Friction forces when the instrument entered the Ports

n=7,x%s, F/N

Displacement

I /mm Multi-ports TriPort SILS Port
50 0.7340.06 6.82+0.61" 2.3240.31*4
80 0.7440.06 6.65+0.58" 2.16+0.23*4
110 0.634+0.05 6.694+0.58" 1.97+0.18*4
140 0.6040.05 4.31+0.64" 1.85+0. 15"~
Maximum friction 1.22+0.06 7.8640.99* 3.08+0.43*4

* P<C0. 05 vs Multi-ports; £ P<C0. 05 vs TriPort
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