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Abstract
This paper discusses the direction dependent dex-

terity of surgeons in laparoscopic surgery. In laparo-
scopic surgery, a surgeon can observe the concerned
tissue only through a 2D display and is obliged to con-
vert the image from 2D to 3D in his (or her) brain. In
this report, we examine the effect of 2D or 3D visual
information on the manipulation dexterity by utilizing
the newly developed evaluation system.

1 Introduction
Laparoscopic surgery is a well established method

in modern medicine. In laparoscopic surgery, a sur-
geon inserts forceps and a scope into the abdomen
through small holes, so no large cuts are necessary
as in open surgery. It is a method in minimal inva-
sive surgery. It was well examined scientifically that it
does not affect a life prognosis, and has a similar rate
of cures for malignant diseases[1][2][3].

On the other hand, many reports in operation mis-
takes by laparoscopic surgery are seen in the news in
recent years. In order to prevent such operation mis-
takes, the education to surgery residents is necessary.
In laparoscopic surgery, as shown in Fig.1, surgeons
have to operate forceps, looking at a monitor, without
seeing the affected part directly, and have to convert
the image from 2D to 3D in their brain.

The purpose of this study is quantifying the direc-
tion dependent dexterity of surgeons in laparoscopic
surgery. In this paper, we analyze how a surgeon ob-
tains a distance feeling for the depth direction while
converting the 2D display image to a 3D space. Then,
we show that the image conversion capability to 3D
can be considered as an element to judge a surgeon’s
skill.

2 Related research
There are many reports that evaluate laparoscopic

surgical skills. Although Kopta[4] presented meth-
ods to evaluate surgical skills, they are not widely ac-
cepted. Martin[5] and others made an evaluation sys-
tem called Objective Structured Assessment of Tech-
nical Skill (OSATS), which gained consensus for the
first time based on its excellent objectivity. More-
over, Rosser, et al.[6][7][8][9] claimed what makes la-
paroscopic surgery difficult is the limitation of the

Fig.1: Overview of Laparoscopic Surgery

Fig.2: Overview of the Developed System

spatial information due to the 2D display, and sup-
ported their claim by monitoring the learning effect
by change of performance time. Most of these reports
evaluated the improvements in reaching the training
goal, which had not been necessarily quantitive. How-
ever, recently, the tip position of forceps is measured,
and thus the number of test methods using quantitive
analysis about the operation increases. Cuschieri, et
al. developed the Advanced Dundee Endoscopic Psy-
chomotor Tester (ADEPT) which acquires the forceps
tip position information by using an encoder[10][11].
Darzi, et al. developed the Imperial College Surgi-
cal Assessment Device (ICSAD) which acquires the
forceps tip position information by using an electro-
magnetic field, and utilizes it effectively to improve
laparoscopic skills[12][13][14]. Sokollik, et al. consid-
ered the tip speed profile from the forceps tip position
data by the ultrasonic sensor[15]. Also, there are sim-
ulators that perform the analysis and evaluation of the
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Fig.3: System Architecture

position information by vision sensors[16] and others
that use a virtual reality to simulate an actually un-
dergoing operation[17].

Here, the image conversion capability from 2D to
3D is considered as one of the necessary skills in la-
paroscopic surgery. We focus on the distinction be-
tween the vertical movement and the front-and-back
direction movement, as it is regarded as being very
difficult.

3 Materials
3.1 The feature of the developed device

Fig.2 and Fig.3 show the experiment device and the
system architecture. As can be seen from Fig.2, the
endoscope is installed in front of a table and the 2D im-
age is shown on the monitor. A gimbals mechanism is
used in this system to grasp the forceps. Two encoders
are attached to the two rotational axes. In addition,
we fixed a scale seal (LBP = 0.1[mm]) on the stem part
of forceps, in order to be able to acquire the displace-
ment of the length. Then, we used the heat shrink
tube to secure the seal on the stem. Furthermore, the
opinion of surgeons was taken into account. In order
to reproduce the load felt in an actual operation, we
used a spring mechanism that enables to adjust rota-
tion friction of the gimbals. Furthermore, in order to
prevent the candidate to look at the subject directly,
instead of the monitor during an experiment, we man-
ufactured a cover made of a black plastic plate. Fig.3
shows the information flow of this system by arrows.

3.2 The forceps tip position detection
method

We can measure the two rotation angle parameters
and one distance parameter by using three encoders.
As shown in Fig.4, by measuring the three parameters
l, θ and φ, the relative position coordinates x = l ·sinφ,
y = l · cosφ · sinθ and z = −l · sinφ · cosθ of the gimbal
central point can be calculated.

3.3 Position detection accuracy
We acquired the position data for both tips by

putting the tip of the forceps on pre-defined 14 points
on the table that were separated by 50[mm]. Then, we
investigated the deviation from the true value when
acquiring position information for the 14 points of the
two tips 10 times. As shown in Fig.5(a), the maximum
error was 6.20[mm], the average error was 2.54[mm],
and standard deviation 1.28[mm].

Fig.4: Coordiate System

Then, we considered the error due to alignment,
and corrected it by the method shown in the follow-
ing paragraph. As a result, the maximum error was
3.23[mm], the average error was 0.92[mm], and stan-
dard deviation 0.62[mm] after the correction as shown
in Fig.5(b). Thus the position accuracy was greatly
improved. The circles of Fig.5 shows the average error
before and after compensation, respectively.

3.4 Compensation method
In a first step of the compensation method of the

system, the three points vt1, vt2 and vt3 were cho-
sen as calibration points and their true x-y-z values
are known. Next, using vt1 as a reference point, the
position data on the remaining points vt2 and vt3 is
acquired by the parameter from each encoder of the
system and the equations x = l ·sinφ, y = l ·cosφ ·sinθ,
z = −l · sinφ · cosθ. Then, the deviations ∆v2, ∆v3 of
the acquired values v2, v3 from the true values vt2, vt3

were derived from the equations:

vt1 = v1 (1)
vt2 = v2 + ∆v2 (2)
vt3 = v3 + ∆v3. (3)

As is commonly known, the arbitrary positions in
the 3D space can be expressed as follows by using the
three position vectors:

v = V k (4)

where V = [v1 v2 v3] and k = [k1 k2 k3]T .
That is, if v and V = [v1 v2 v3] are known, equation

(4) can be changed into

k = V −1v (5)

in order to obtain k = [k1 k2 k3]T .
Therefore, k = [k1 k2 k3]T can be found, if vt1, vt2,

vt3, v1, v2 and v3 are known beforehand. Also, the
true value v̂t can presume as follows,

v̂t = vt1k1 + vt2k2 + vt3k3 (6)

using equations (1), (2) and (3), equation (6) can be
changed into

v̂t = v1k1 + (v2 + ∆v2)k2 + (v3 + ∆v3)k3. (7)

With equation (4), we finally obtain

v̂t = v + ∆v2k2 + ∆v3k3. (8)
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Fig.5: Position Errors before/after Compensation

4 Preliminary Experiment

4.1 Purpose
This chapter shows that the human characteristic

when only on carrying out 3D movements of the for-
ceps relying the information from a 2D display. It is
shown that the difference in skill of an amateur and a
surgeon is appearant in this setup.

4.2 Methods
In the experiment point A and point B on the table

in Fig.3 are 150[mm] apart. The subject was asked
to move the forceps tip from point A to point B and
back again to point A. The tip position information
was acquired during the whole movement.

4.3 Definition of the target point attain-
ment

The attainment times ti(i = 1, 2) to the intermedi-
ate point B and the ending point A are taken when
the forceps tip stays with in a distance of dg = 3[mm]
from target point for tg = 0.3[s]. They are defined as
follows:

ti = inf
{

tn

∣∣∣∣ ‖pi − p(t)‖ < dg,
tn − tg ≤ t ≤ tn

}
. (9)

Here, p(t) is the forceps tip position vector after t[s]
from start, and pi(i = 1, 2) is a target position vector,
respectively. Also, t1 < t2.

4.4 Results
The experimental results of an amateur and an ex-

pert are shown in Fig.6 and Fig.7. They show the tip
trajectory in the xy plain (top view) and in the yz
plain (side view) in the experiment done by an ama-
teur (Fig.6) and by an expert (Fig.7). Here, looking at
both top views, deviation from the ideal trajectory in
the side direction is very small. Looking at both side
views respectively, a large difference in the deviation
in the hight direction of the expert’s and amateur’s
forceps tips trajectory can be seen.

4.5 Discussion
That the different deviations discussed the last

paragraph are due to the shortage of the information
by a 2D display. A motion in the actual vertical di-
rection and a motion of the front-and-back direction
cause a both vertical movement on a monitor, while a
motion in the side direction on a monitor corresponds

y[mm]

Fig.6: Tip Trajectory of an Amateur

y[mm]

Fig.7: Tip Trajectory of an Expert

to the actual side motion. Therefore, a subject con-
siders the correction of the deviation in the vertical di-
rection difficult, while the correction of the deviation
in the side direction is considered comparably easy.

5 Direction dependent dexterity
5.1 Integration according to direction in-

gredient
In case of the experiment shown in the preceding

chapter, it is characteristic deviation of the vertical di-
rection was large, compared to the deviation of the side
direction was very small. Here, the deviation in the
side direction and the deviation in the vertical direc-
tion are integrated over the move distance according
to the ingredient. Then, the result of the amateur’s tip
movement seen from Fig.6, the deviation integration
value Ax of the side direction is Ax = 616.27[mm2],
and the deviation integration value Az of the verti-
cal direction is Az = 2934.37[mm2]. The result of
the expert’s tip movement seen from Fig.7 is Ax =
954.99[mm2], Az = 1347.27[mm2].

5.2 Direction dependence line
We express the relation m between the deviation

integration value Ax of this side direction and the de-
viation integration value Az of the vertical direction
as follows.
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Fig.8: Direction Dependence Line

m =
Az

Ax
. (10)

In order to verify the tendency of a direction depen-
dence in two or more experiment results, we consider
the graph which sets the horizontal axis to Ax, the ver-
tical axis to Az and the inclination to m. Each point in
Fig.8 is the result of one of 5 experiments carried out
by two amateurs and two experts, respectively. The
straight line in the graph marks the direction depen-
dence m obtained by using the least-squares method
in the data for these 20 data points. The inclination
of the straight line is m = 1.95.

Moreover, as can be seen from the graph, it turns
out that each point m > 1. Thus, the correction of the
deviation in the vertical direction is again observed to
be more difficult due to the lack of information from
the 2D display.

6 Conclusion
In this report, we introduced an equipment for eval-

uating a doctor’s skill in laparoscopic surgery, and
described the forceps tip position data acquisition
method, and its accuracy. Also, we found that obtain-
ing the distance feeling of the depth direction is very
difficult, due to the conversion of information from a
2D display to 3D that the surgeon has to perform in
laparoscopic surgery, and conducted the basic experi-
ments. As a result, distinction of the vertical direction
and the front-and-back direction from 2D display is
difficult. Thus, the direction dependence might be one
parameter that shows a surgeon’s skill. Furthermore,
we defined the characteristics of human operation in
endoscopic condition by the direction dependence, and
considered its tendency by the results of a preliminary
experiments.

In the next step, we will consider the know-how of
experts to use one forceps to help to judge the position
of the other forceps in the 3D conversion.

Finally, we would express our sincere thanks to Dr.
Roland Kempf for his valuable comments.
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