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Abstract— There has been an ever increasing amount of procedure. Its operative time is longer, but hospitatna

research and development of technologies and meth®do
improve the safety of surgery such as Minimally Inasive
Surgery (MIS). While these new technologies and mesbds
have many advantages for patients, they often reqé
surgeons to undergo long and difficult training. Inthis context,
several training methods and metrics have been prased, both
to improve the surgeon’s abilities and also to assg his/her
skills.

Our research is aimed at using WB-2R (Waseda
Bioinstrumentation system NO.2 Refined), to invesgate and
analyze a surgeon’s movements and performance. Irhis
paper, we analyze the effects of two days of lapacopic
training on a novice subject. By wusing the Inertial
Measurement Unit (IMU) of WB-2R it is possible to galuate
the novice’s ability and improvement to handle surgal
instruments and perform some knots of basic C-Looputure.
The preliminary analysis of the data acquired durirg the
experiments (the mean and standard deviation of aeteration;
95% cumulated distribution of acceleration; the pah length of
the movements of hands and the execution time congping the
knots) clearly shows the novice's improvements aftethe
training. WB-2R system could provide additional inbrmation
improving to help assess the experience and perfoance of
surgeons, and to show the effectiveness of laparogic training.
These analyses and modeling are an important step tealize a
better training/evaluation system for surgeons dumg MIS, to
understand better how the surgery is performed.

. INTRODUCTION

time is shorter. It causes less pain and scarring,dspee
recovery, and reduces the incidence of post-surgical
complications.

While these new technologies have many advantages for
patients, they often require surgeons to undergo long and
difficult training.

Mainly, MIS imposes limitations to surgeons in visual and
haptic perceptions, and creates challenges unique typleis
of surgery:

e reduced depth perception of the operative field
caused by the use of 2D monitors;
» poor hand-eye coordination as a result of location of
the monitor;
 variable amplification;
» mirrored movement and disorientation;
* motion limitations due to trocar-induced invariant
points;
» reduced haptic feedback from the use of long and
slender surgical instruments [1].
As a result, with the shift from open surgery to MIS, new
problems have arisen related to the training of surgeons.

One of the paramount issues in this surgical education is
the evaluation of surgical skill. In this context, it is
fundamental to establish efficient training exercises to
enhance the dexterity of surgeons and to define objective

INIMALLY Invasive Surgery has become the Metrics for assessing their experience and performaice [
dominant technigue in modern surgery as it has leé$) accurate means of assessing surgical _Ski” woutdrvall_
operative trauma for the patient than an equivalent invasigérgical educators to evaluate the effectiveness ofs skil
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training, monitoring progress and learning curves of students
and residents along the course of their study [3,4]. Ardd it
also very important to analyze how people move and interact
during surgery and to understand how the surgery process is
managed and performed.

Various training procedures have been established to

Universitenhance the dexterity of surgeons, and skill evaluation

metrics have been developed to assess the experience and
performance of surgeons. Much of the previous work in the
field of surgical training in virtual environments has been
focused on the definition of metrics for an objective
evaluation of surgical performance.

One of the main objectives is to assess the abilities of
surgeons by the comparison of different performance
between experts and novices. Many kinematic parameters
and various indexes have been proposed for different
surgical exercises [5-7]; in addition, segmentation



procedures have been employed to characterize differéhtis resulting in a more wearable system than WB-1R.
phases of surgical movements [8,9]. Our research is focusktterefore, this research aims at using the new motion
on assessing the abilities of surgeons by measuring tt@pture system particularly in use of WB-2R IMU for the
movement of surgeon before and after the laparoscomoalysis of surgeon’s performance during laparoscopic
training. This study is very important to evaluate théraining. The physiological analysis which was done in [12]
effectiveness of the training systems; moreover, theséll be integrated with the motion analysis for a further
objective data and expert's suggestions allow thesearch inthe next step experiments.
development of better training/evaluation systems. Qur ai  In this paper, we present the preliminary experiments and
is to define a set of parameters that allow us to chaxiaet results of WB-2R system for assessing the performanae of
the surgeon’s movements during a surgical procedure, novice subject based on the motion capture system before
order to see how surgeons of different expertise ratk a@and after laparoscopic training. This paper is organized as
during the operation in relation to these movemerbllows: section Il describes the system configuration of
parameters, and to evaluate the improvement of performan®-2R; section 1ll presents the experimental protocol;
after training. These analyses and modeling, in tursection IV presents preliminary experimental evaluation of
represent a significant step towards the automatization awtB-2R for analyzing the ability and performance of the
the robotic assistance of the surgical gesture. subject before and after laparoscopic training; the disons
In our previous research, we had already used Wasetda the conclusions follow in section V.
Bioinstrumentation system WB-1R which consists of
sensors that measure physiological parameters (heart rate, 1l. DESCRIPTIONOFWB-2RSYSTEM
respiration, pulse wave, and perspiration) and a motion The \WB-2R system mainly consists of two main parts:
capture system that measures head motion, arm motion, §3¢ Motion Capture and the Physiological Measurement.
hand motion, to analyze surgeon’s performance during,q physiological part of WB-2R can measure the ECG,
laparoscopic training in 2007 [10-12]. The analysis dc_)ne tﬁéspiration, perspiration and pulse wave; please tefd0]
WB-1R showed that the expert surgeon shows consistenfly iis detailed description. The motion capture part can
high levels of ability during different trials and exes; the  measure the movement of whole body by using twelve IMU
group of novices, instead, displays varying levels oftgbil for ypper body and eight IMU for lower body and two
and an overall worst performance. However, WB-1R weighgnsorized gloves. The position of each IMU in motion
2.2[kg] and is not wearable enough due to the mechanigstyre system is shown in Fig. 1. All the IMU are cotes
configuration of motion capture system by usings 5 CPLD (Complex Programmable Logic Device) unit by
potentiometers. For this purpose, we develop a new motigging RS232 communication. Through a Bluetooth device
capture system called WB-2R as shown in Fig.1 by usiigmbedded in the CPLD unit, a wireless communication
Inertial Measurement Unit (IMU) in 2007. between PC and WB-2R makes the system more portable
and wearable. The block scheme of the entire system is
[ Physiological Measurements Motion Capture shown in Fig. 2. The system frequency of motion capture
3 part is 50Hz which is fast enough for measuring the
Upper Body: movements of the surgeon, which are usually in the range
: IMU x 12 0~4[Hz].
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Fig. 1. Overview of Waseda Bioinstrumentation sys#B-2R
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WB-2R is the improved version of WB-2 [13], adding the

lower limb motion capture system and the wireless
communication with the PC. The whole system of WB-2R

system can objectively measure the movements of the headthe central part of motion capture system is the Inertial
the arms, the legs and the hands and only weights 0.7[kg],



Measurement Unit (IMU) which consists of three types dfiand, eye and foot motion coordination. Through control of
sensors (gyroscope, accelerometer and magnetometer)th® degree of difficulty and the setting of training goals,
measure the orientation of human body. A picture of theaining management is made possible. A camera mounted
IMU is shown in Fig. 3. A microcontroller in the IMU is in the dry box grabs a remote image of the operation area
used to collect all the data from the sensors. The IBIU which is shown in a monitor. The novice watching the image
compact and lightweight (size 30 x 30 [mm], and weightemotely sewed an artificial skin using laparoscdpiceps
5.76 [g]); its size and weight, therefore, are suéafdr inside the dry box [15-17]. The dry box training is shawn
portable/wearable applications. Fig. 4. During the training course, the subject was not only
accepted the laparoscopic training by dry box and VR
simulator, but also attended lectures to study thecbasi
knowledge of laparoscopic surgery.

e
o

Fig. 3. Inertial Measurement Unit of WB-2R

Upper body

The WB-2R IMU is composed by the following sensors: IMU x 12

e 3-axis Accelerometer and 3 axis Magnetometer| Dry box

AMI601;
e 2-axis gyroscope IDG300;
e J1-axis gyroscope ENC-03. Fig. 4. Experimental setup with WB-2R
Ta'tl')rsl sensor's characteristics have been summarized in The subjecF with the WB-2R system perfgrme_d 3 trials
' of 1 knot of basic C-loop suture as shown in Fig. 5 in fofnt
TABLE | the dry box before and after training course. The C-loop
SENSOR'S CHARACTERISTICS suture as a basic skill of laparoscopic surgery was bt o
> > training items for the subject through the whole training
£ § S m procedure. During the laparoscopic training, there were not
§ 2 % Dg significant movements of the lower body. For this reason,
= = = @ we used only the upper body motion capture system of
N N WBTZR which consists of 12 IMU to monitor subject’s
Maker Steel Steel InvenSense Murata motion.
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The experiment was taken before and after laparoscopic Fig. 5. Procedure of basic C-loop suture [18]
training [14] in order to find out what kind of differeathe IV.  EXPERIMENTAL EVALUATION
subject will result in. The laparoscopic training wasva t ) ) o
days training course which began with a curriculum During the laparoscopic training by the dry box, the
combining lectures of VR simulator, dry box and animafignificant motion of the subject is the movement of two
training. The VR simulator provides a varied training'™mS- Therefore, in this paper, t_he analysls and evaluathn of
program in basic laparoscopic surgery. A high degree the subject’s performance mainly pon3|ders the foIIow_lng
three-dimensional space recognition is made possible off@ameters obtained from analyzing the data of wrists,
normal two-dimensional monitor, allowing for training of€Pows and shoulders of subject's arms:




Mean and standard deviation of acceleration of
left shoulder (LS), left elbow (LE), left wrist
(LW), right shoulder (RS), right elbow (RE),
right wrist (RW);

95% cumulated distribution of acceleration of LW
and RW;

Path length of the movements of LW and RW;
Duration of the exercises (execution time for
exercise completion).

The above parameters are chosen based on our previ
research results and also some results done by ott
researchers [4, 19], which can clearly distinguish betwee
the performance of experts and the performance of novic
and are useful in the surgical skill assessment.
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Fig. 7. Standard deviation of acceleration beéoré after training

95% Cumulated Distribution of Acceleration of LW and

The meam shown in (1) is the summation of acceleratiorgyy

sampleAi from each IMU, divided by the numbét of
acceleration data. The standard deviaSthshown in (2) is
the dispersion of acceleration data.

The cumulated distribution is calculated by using the

histogram count function histc and cumulative sum function
cumsum of MATLAE®. Fig. 8 and Fig. 9 show the 95%
acceleration cumulated distribution of the left wrist amal

right wrist, respectively. Again, it can be easily rs¢bat
there is a clear difference of these parameters befate a

mzzN:A/N (1)
std= |3 (A - 4)/N @

The results of mean value and standard deviation
acceleration before and after training are shown in Figdé a
Fig.7, respectively. It can be easily seen that the makue
and standard deviation of acceleration after training ¢
lower than before the training. The mean acceleration vali
of left wrist and right wrist are bigger than the valueetf
elbow, left shoulder, right elbow and right shoulder becat
the movements of wrists are more significant to the sutu
The movements of shoulders are quite small because
subject maintained the same posture of the upper b
during the exercises. Because the mean describes thal ce
location of the acceleration data, and the standarctiewi
describes the spread of acceleration, the movements
subject were more concentrated on a low varying movem
after training.
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after training. The distribution of acceleration data &ren
concentrated after training, which means the change
tendency of subject's movements is smaller. Therethee,

9 locity of the movement after training is more stahign
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C. Path length of LW and RW V. CONCLUSION

Fig. 10 shows the path lengths of left wrist and righsivri ~ WB-2R was originally developed as an instrument for the
The path length is the total moving distance based on tbbjective analysis of human-robot interaction. In this paper
human model described in [13]. There is evident differenagas described a very interesting application of the wearabl
of subject’s performance before and after training. Thle pabioinstrumentation system WB-2R as a tool to assess th
lengths before training were usually bigger than aftgserformance of novice during laparoscopic.
training. Integrating the results of execution tinh@wsn in The advantage of this system is that it could be used as
Fig. 11, we can know that the subject completed the irials measurement/validation tool not only during simulations but
a more efficient way after training due to the shopath also during real surgery.
length within a shorter time. In the preliminary experiments presented in this paper, we

B Beforetraining  collected the movements of the upper body from the novice
After training subject during a basic C-loop suture, to verify the
effectiveness of the training course. The experimental da
are obtained by using motion capture system of WB-2R.

We presented the analysis of mean and standard deviation
of acceleration value, 95% acceleration cumulated
distribution, path length based on the movements of
subject’'s arms and execution time. Although this analysis
shows only a preliminary experiment, the overall results are
in line with the ones obtained with other - more expensive
and more cumbersome - systems, thus confirming the
validity of the proposed approach.

Trial The results presented in this paper are a clear stepd®wa

the development of a training system for an objective
evaluation of the surgeon’s performance in particular during
MIS. These results could also be extended to develop
D. Exercise Execution Time instruments and methodologies for a functional/ergonomic

The last parameter analyzed is the execution time (t&aluation of surgical instruments.
total time needed to complete each trial). As shownign F These analysis and modeling, moreover, are an important
11, this parameter clearly enables identification of thetep towards the automatization and the robotic assistdnce
difference before and after laparoscopic training. AHe surgical gesture.
expected, novice completed the exercises taken after training-urrently, work is still in progress, and our future
faster than the ones before training. Integrating the resfultscommitment in this field is to continue to analyze the
execution time with the acceleration results of LW and Rwerformance of surgeons in more complex procedures and
shown in Fig. 6, we can also know that the subject contpletwith other sensor systems, or with other types of
the trials in a more efficient way as the acceleratidnevis ~ experimental prototypes, such as by connecting the IMU to
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Fig. 10. Path length of LW and RW before and aftning

smaller and execution time is shorter after training. the laparoscopic forceps directly for assessing its dynamic
track [20].
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