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Abstract

Laparoscopic technique has demonstrated numerous advantages compared to
open conventional surgery. Nevertheless, this procedure increases the surgeons
fatigue and thus, the potential to commit errors that may harm the patient during
the operation. The post-surgery pain is also augmented because the surgeons
are forced to adopt non-neutral postures during the practice. This study reveals
how a Postural Freedom element could help surgeons to improve the postural
hygiene.

During this study, thirteen participants with and without previous
experience in laparoscopic surgery performed a test with two instruments: a
prototype that implement this postural freedom concept and a conventional fixed
instrument.

The results obtained indicate that the postural freedom element allows the
participants to maintain neutral positions during greatest part of the experiment
and suggest that the implementation of an articulated element could increases
the neutral positions adopted during a real laparoscopic procedure. The use of
the postural freedom concept allowed to the participants to reduce the awkward
positions during upper limb motions and to reduce displacements, avoiding

extreme abductions that are common with the conventional fixed instruments.
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1. Introduction

Minimal Access Surgery (MAS), also called Minimal Invasive Surgery (MIS), has
been one of the main surgical advances in the last few decades. Studies had
shown the advantages of minimal access procedures compared to open
conventional ones. The reduction in surgical invasiveness results in reductions of
procedure time, post-operation pain, trauma, blood-loss, recovery time and risk
of infection [1-6].

Despite all this benefits, during MAS, the surgeons are forced to do some
concessions. These procedures involve more effort, concentration and greater
mental stress [3, 7]. Surgeons are forced to adopt awkward postures and exert
substantially higher muscle force on fingers, hands, wrist and arms [8—11].
Fatiguing the surgeons body and creating potential for errors that may harm the
patient during the operation [12].

Awkward postures also affect surgeons after operations. In fact, one of the
leading causes of surgeon post-operation pain or numbness is the non-neutral
postures adopted during laparoscopy [13]. A poor ergonomic posture accelerates
the muscle fatigue and pain process because, outside the neutral range, muscles
require more energy to generate the same contractile force than in neutral
positions [14]. Previous authors tried to solve the complications of these
procedures increasing the degrees of freedom (DoF) in the end effector [2,4,9]
obtaining positive results but not completely solving the scarcity of neutral

postures in wrist, arm and forearm.
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On this paper, a new concept called “postural freedom” is presented and
evaluated. This concept increase the neutral postures during MAS procedures.
Unlike the DoF that has effect inside the patient and provides a greater work area
to develop the procedure, the postural freedom has effect outside the patient and
allows the surgeons to adopt positions and movements freely, without the
restrictions caused by a handle fixed to the instrument shaft.

During this study, two main issues will be tackled:

e The first one is about the differences in the positions adopted by the
participants caused by the postural freedom element.
e The second question is about the effect of the previous knowledge in the

participant’s adaptation to a new instrument.

2. Materials and methods

Thirteen surgeons and residents of the Hospital La Fe in Valencia (Spain) have
been tested. Both women and men of all ages and sizes were included in the
study without discrimination. The participants performed the study with their
dominant arm. Seven of these participants has no previous experience with this
practice (novice). Was consider as an expert, a participant that could be influenced by
previous experience with conventional laparoscopic instruments in operation room or
simulation area. Before the study, all the participants provided information about their
previous experience, including on the simulation area. The protocol followed during the
simulation task was explained to each participant before the task: 1. Maintain the rest

position; 2. Insert the laparoscopic instrument; 3. Follow the circuit; 4. Reach the red
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dots and maintain the position during 3 seconds; 5. Extract the laparoscopic instrument;

6. Maintain the rest position.

To perform a test that evaluate the effect produced by the postural
freedom element. A prototype with just include this articulated element has been
created and compared with a conventional fixed instrument with similar
characteristics. Both instruments were tested using a test called “curve” (Fig.1).
Curve is a test used by Matern et al. in 2004 [16] to compare laparoscopic
instruments. On this test was included three points to acquire some static results.
The participants had to follow the circuit without crossing the lines, these lines
are spaced 20 mm from each other. A tip with ink was adapted to follow each

trajectory.

Fig.1 Shape adapted by the “Curve” test used by Matern [16]. Three red dots included to acquire static
positions.

To record the experiment, two cameras SMX — C100RP (Samsung, South
Korea) were located one orthogonal to other. These cameras captured the front
and the side of each participant. The distance between cameras and participants
was 2 meters and the height was defined by the participant’s height.

Tracker Video-Analysis Software (OPS, USA) was used to evaluate the
camera records. This open software generates 25 results per second, tracking
the elements selected on the scene. To provide a greater contrast the
participants were dressed with white clothes, and two black markers were
located in each joint (wrist, elbow and shoulder). This setup provided us results

of angles and displacements of each joint during the experiment. Data analysis
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was performed using the Kolmogorov-Smirnov and t-student tests in

STATGRAPHICS Centurion XVI software.

3. Results

The graphs below illustrate the movements of arm and forearm of the whole
group of participants (Fig.2) and the movements performed by the experts (Fig.3)

and novice participants (Fig.4).

Fig. 1 Shoulder and elbow movements. Control (red) and Prototype (blue). All the participants.
Fig. 2 Shoulder and elbow movements. Control (red) and Prototype (blue). Only expert participants.

Fig. 3 Shoulder and elbow movements. Control (red) and Prototype (blue). Only novice participants.

Table 1 presents the maximum shoulder and elbow displacement sort by

previous experience.

Table 1 Maximum displacements presented with both instruments. Rows indicate the participants (all,
experts and novices). Columns indicate the movements evaluated (shoulder adduction, shoulder
abduction, shoulder flexion, shoulder extension, and elbow flexion).

Shoulder | Shoulder | Shoulder | Shoulder Elbow
Adduction | abduction flexion extension flexion
Control 17,4 108,3 112,5 102,3 148,6

Whole
Prototype 16 66,7 53,1 55,1 155,3
Control 5,5 108,3 84,4 53,8 143,2

Experts
Prototype 16 66,7 53,1 55,1 143,9
Control 17,4 101,5 1125 102,3 148,6

Novices
Prototype 9,2 41,4 47,3 25,8 155,3
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4. Discussion

This study set out to assess the importance of the postural freedom in
laparoscopic surgery. The positions adopted by the participants with both
instruments presented differences, and the postural freedom concept reach
better results in most of the movements evaluated.

The shoulder abduction and adduction values presented significant
differences (pvalue <00.5) between instruments. The prototype generated a
range of movements of 14,77 degrees on this axis (Shoulder adduction=4,55;
Shoulder abduction=10,21) and the control instrument presented a range of
25,89 degrees (Shoulder adduction=5,32; Shoulder abduction=20,56) (Error!
Reference source not found.). The greater difference is presented in the
abduction of the shoulder, this means that the participants performed lower arm
displacements when is using the prototype. The reason is that the control
instrument forces the participants to distance the arm from the neutral positions.

The shoulder flexion and extension results also showed differences. The
prototype presented a range of movement of 20,12 degrees on this axis
(Shoulder flexion=13,58; Shoulder extension=6,53) and the control instrument a
range of 26,74 degrees (Shoulder flexion=18,58; Shoulder extension=8,15)
(Error! Reference source not found.). Despite the difference presented on this
axis looks no relevant, the maximum values obtained on these movements

(Error! Reference source not found.) presented important differences. The
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movements traced by the prototype are more centered and the maximum
displacements are half the size of the control instrument.

The prototype presents an elbow flexion deviation of 5,36 degrees lower
than the control instrument (Prototype=6,59; Control=11,96). This result has
been presented using the values of the Rapid Entire Body Assessment (REBA)
[17]. The neutral position that REBA presents for this movement during a work-
related task is ranged between 60-100 degrees of extension. The displacement
generated by this two instruments are counted since the 80 degree. This means
that both instruments maintain the participants in the neutral range.

The second question tackled during this study is the effect of the previous
knowledge in the participant’s adaptation. The results shown similarities in the
movements traced by the expert participants with both instruments (Error!
Reference source not found.). With the prototype, movements as shoulder
abduction or shoulder flexion, presents greater benefits to the novice participants
(Error! Reference source not found.). The values presented by the expert
surgeons suggest that they improve their movements with the control instrument
through the practice but these movements were emulated when they used the
prototype. The novice participants presented higher values with the control
instrument because they had not experience in the practice to improve their
positions, but lower values with the prototype that means that the adaptation to

this new concept was easier for participants without previous experience.
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5. CONCLUSION

The main goal of this study was to identify the effects of the articulated elements
in MAS instruments, evaluating the Postural Freedom during MAS simulation in
expert and novice participants.

The general results indicate that the concept of Postural Freedom
provides positions closer to the neutral ones. Novice participants achieve better
results in the test and higher differences between the control and the prototype
instrument, this result indicate that the previous experience difficult the
adaptation to new laparoscopic instruments and some training should be
performed before the use during real practices.

The study supports the idea that the implementation of these kind of
articulated elements could be the key to reduce the upper limb extreme
displacements during laparoscopic practices. This improvement should be taken
into consideration for developing future instrument designs.

Further motion analysis studies are required to verify this concept during
long simulation trainings and real practices.
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