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Abstract

Three visual aids to reduce the problem of eye-hand coordination, due to the use of a camera system in minimally invasive surgery, are examined in this study. The visual aids are a laser-pointer, mounted on the tip of the laparoscopic instrument, a triangle on the screen and an endoscope that follows the movement of the tip of the laparoscopic instrument. The results of this study show that the visual aids do not improve eye-hand coordination significantly

Introduction

Surgeons have some trouble concerning the eye-hand coordination while performing Minimally Invasive Surgery (MIS). Therefore new aids, to make eye-hand coordination easier, are useful. 

Three solutions, examined in this study, are a laser-pointer pointed at the tip of the laparoscopic instrument, a triangle placed on (and above) the screen to indicate from which direction the shaft of the instrument is coming, and an endoscope that follows the movement of the tip of the laparoscopic instrument (a tip following endoscope).

The goal of this study is to test whether these aids improve eye-hand coordination of the surgeons. The hypothesis is: visual aids improve the eye-hand coordination of endoscopic surgeons. Herein visual aids are defined by the laser-pointer (figure 1), the triangle (figure 2) and the tip following endoscope (figure 3). 

Materials and Methods

In order to test the hypothesis, 4 conditions were tested. These are:   

1. Conventional (without visual aids)

2. Laser

3. Tip following endoscope

4. Triangle

The 4 conditions were tested separately. Improvements of eye-hand coordination were assessed by measuring task time during a standardised task.

12 students (11 men and 1 woman) of the Delft University of Technology, were used for testing. The subjects differ in age between 19 and 22 years.

The experimental setup as viewed from the endoscope looks as follows (figure 1). 
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figure 1 Experimental setup with laser
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Figure 3 Tip moving endoscope
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The subject had to touch a number of contact points, placed in a small opening, with a laparoscopic coagulation hook. A computer screen placed at the top of the TV-screen showed a picture of the inside of the box. A contact point of the experimental setup was encircled on the computer screen by a computer-program. If the subject touched the contact point in the opening, the computer-program encircled a new contact point, which the subject had to touch etc. Six contact points had to be touched during one trajectory. After touching the second point the task time measurement started. 

Learning effects within a condition were assessed by repeating the condition three times (three rounds). To compensate the learning effect between conditions, a digram Latin square (4x4) design was used. Every trajectory was repeated three times for one condition in one round. The trajectories were chosen randomly, to avoid learning-effects about distances between points.

Results  

In figure 4 the results of our measurements are shown. For each condition in the three rounds the task time is plotted.


[image: image4.wmf]Results

0

20

40

60

80

100

1

2

3

Round

Mean task time [s]

meebewegende

endoscoop

laser

huidig systeem

driehoek

Figure 4: Results of our measurements

When a task time was more than twice the average of the last measurements, the measurement was considered wrong and was discarded.
Discussion
The shapes of the results between the three rounds show an extraordinary resemblance, while the amplitudes of the mean task times of the conditions diminish for each round. The standard deviations of the measurements decrease each round (the error-bars in figure 4). Some of the subjects stated that the triangle didn’t work. They didn’t even look at it, so they said. Nevertheless the results show a lower mean task time. People seem to notice the triangle subconsciously with their peripheral sight. Almost all the subjects told us afterwards that they thought one of the visual aids, depending on the subject, really helped. An explanation for these comments could be that the visual aids reduce the mental load, but that should be investigated further in future. 

When we assume a normal distribution of the data and use a 5% significance level for validation, we have to reject our hypothesis; i.e. visual aids improve the eye-hand coordination. Nevertheless it is useful to examine the effects of the triangle on eye-hand coordination further. An experimental design with more subjects (48 to reach significance) would have been more suitable. A difficulty with this experiment is that the differences in mean task times, between the conditions are small, while the deviations in task time (especially between subjects) are relatively large. This causes the error-bars of the four conditions to overlay and no significant conclusions can be drawn.
Conclusion
From the results it can be concluded that there was no significant difference between the tests with visual aids and the tests with the present system. Therefore the hypothesis is rejected. Future research should focus more on the effects of visual aids on the mental load of surgeons during a minimally invasive procedure.
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