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Design of a multi-purpose training box for laparoscopic surgery

ZHENG Chen, SONG Cheng-1i*
School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Research Center for

Mini-invasive Medical Instrument of Ministry of Education, Shanghai 200093, China

[Abstract] Objective To design a training box for laparoscopic skills. Methods Based on ergonomics, the size and the
contour of the training box were designed with the abdominal surface data of 30 adults and extension degree of the abdominal
wall under pneumoperitoneum. Port location was designed considering the optimal manipulation angel, azimuth angle and
elevation angle. A flexible camera system and LED light belts were used to simulate laparoscope and light source. Training
tasks were designed according to the McGill Laparoscopic Simulation study and basic laparoscopic skills. Finally, the 3D design
and assembling of the training box were achieved by Autodesk Inventor, and rapid prototyping and computerized numerical
control technology were used to manufacture the prototype. Results A multi-purpose training box with seven training tasks for
laparoscopic surgery was successfully designed. with a size of 300 mm X 350 mm X 150 mm. It was mainly composed of box,
baseboard, camera system, drawer system, light belts, and seven training task modules. Conclusion The multi-purpose
training box in this study is ergonomically designed and is easy to use. It can be used for training the skills of traditional
laparoscopic procedures and single port surgery.
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Tab 1 Surface measurements
of 30 adults’ abdominal wall

T+s, d/mm

Measuring site Distance
Between costal arch line and the bone 312.544.17
of pubic symphysis
Costal arch line 269.146.07
Intertubercular line 276.643.33
Between costal arch line and 215.142.26
intertubercular line
Between the umbilical and the bone 116.4+2.69
of pubic symphysis
Thickness between the umbilical and the back 60.314+2.23
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Fig 1 Manipulation angle (A), azimuth angle (B), and elevation angle (C) in laparoscopic surgery
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Fig 2 Components of multi-purpose training
box for laparoscopic surgery
1: Box; 2: Front panel; 3: Power socket; 4: Video socket;
5: Universal ball joint; 6; Ballseat; 7: Ring; 8. Spherical
washer; 9: Rubber ring; 10; Drawer; 11. Slideway; 12;

Baseboard
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Fig 3 Ergonomics design of ports of multi-purpose

training box for laparoscopic surgery
A: Manipulation angle., azimuth angle in port design and
camera location; B: Elevation angle in port design and ports

for team training
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Fig 4 Other ports and single port designing
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Fig 5 Prototype (A) and manipulation (B)

of multi-purpose training box for laparoscopic surgery
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Fig 6 Seven training task modules of multi-purpose training box for laparoscopic surgery

A: Pick and transfer; B: Go with path; C: Bimanual delivery; D;: Cut; E: Orientation in direction; F; Clip; G: Suture and knot
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