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Abstract
Background: The aim of this study was to establish
content, face, concurrent, and the first step of construct
validity of a new simulator, the SIMENDO, in order to
determine its usefulness for training basic endoscopic
skills.
Methods: The validation started with an explanation of
the goals, content, and features of the simulator (content
validity). Then, participants from eight different medical
centers consisting of experts ( ‡100 laparoscopic proce-
dures performed) and surgical trainees (<100) were in-
formed of the goals and received a ‘‘hands-on tour’’ of
the virtual reality (VR) trainer. Subsequently, they were
asked to answer 28 structured questions about the sim-
ulator (face validity). Ratings were scored on a scale
from 1 (very bad/useless) to 5 (excellent/very useful).
Additional comments could be given as well. Further-
more, two experiments were conducted. In experiment 1,
aimed at establishing concurrent validity, the training
effect of a single-handed hand–eye coordination task in
the simulator was compared with a similar task in a
conventional box trainer and with the performance of a
control group that received no training. In experiment 2
(first step of construct validity), the total score of task
time, collisions, and path length of three consecutive
runs in the simulator was compared between experts
(>100 endoscopic procedures) and novices (no experi-
ence).
Results: A total of 75 participants (36 expert surgeons
and 39 surgical trainees) filled out the questionnaire.
Usefulness of tasks, features, and movement realism
were scored between a mean value of 3.3 for depth
perception and 4.3 for appreciation of training with the
instrument. There were no significant differences be-

tween the mean values of the scores given by the experts
and surgical trainees. In response to statements, 81%
considered this VR trainer generally useful for training
endoscopic techniques to residents, and 83% agreed that
the simulator was useful to train hand–eye coordination.
In experiment 1, the training effect for the single-handed
task showed no significant difference between the con-
ventional trainer and the VR simulator (concurrent
validity). In experiment 2, experts scored significantly
better than novices on all parameters used (construct
validity).
Conclusion: Content, face, and concurrent validity of the
SIMENDO is established. The simulator is considered
useful for training eye–hand coordination for endo-
scopic surgery. The evaluated task could discriminate
between the skills of experienced surgeons and novices,
giving the first indication of construct validity.
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Since the introduction of laparoscopic cholecystectomy,
opinions in medical society about training of minimally
invasive surgical skills have changed. There is consensus
that surgical training should be structured and assess-
ment of skills should be introduced to ensure safe and
high-quality treatment [1, 8, 9, 32]. Training in the
operation room (OR) is time-consuming [4, 5], and
exposing the patient to relatively inexperienced surgical
residents is potentially unsafe. Furthermore, recently
reduced working hours for residents in The Netherlands
and other countries have reduced the time available for
practical training of procedures in the OR. Training
surgeons according to the apprenticeship model only is
no longer acceptable [20, 22]. Therefore, most teachingCorrespondence to: E. G. G. Verdaasdonk
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hospitals have adopted training courses prior to training
in the OR. During these courses, surgical residents train
with box trainers, virtual reality (VR) trainers, or animal
models. VR simulators can provide a challenging, safe,
and controlled environment to master the basic skills
needed to perform laparoscopic surgery [18, 23, 24, 30].
Other advantages are objective automatic scoring of
performance and the possibility of unlimited repetitions
of training situations.

Several VR simulators for training of laparoscopic
techniques and procedures have been developed [21, 27].
Surgeons receiving VR simulator training show signifi-
cantly improved performance in the OR compared to
those in control groups, measured in task time and er-
rors [16]. However, the use of VR simulators in training
hospitals is limited. This may be partly due to their high
cost, the extensive system requirements, and their rela-
tively immobile characteristics. In this context, there is
an increasing interest in effective, mobile, basic, and
thereby affordable VR training tools for endoscopic
techniques outside the OR. The SIMENDO (Delltatech,
Delft, The Netherlands) is a new VR trainer developed
to specifically meet these demands. The training tasks in
the simulator are based on thorough assessment and
research of hand–eye coordination during laparoscopic
surgery [33].

Prior to implementation of a new training tool in a
curriculum, evaluation and validation of the tool and its
parameters are mandatory. Subjective approaches to
validation include content and face validity. Content
validity is generally defined as ‘‘an estimate of the
validity of a testing instrument based on a description of
the contents of the test items’’ or a judgment about what
domains the instrument trains (e.g., psychomotor skills
or anatomy) [2, 10]. Therefore, content validation is
more a summation of contents of the device under study
than an actual study. Face validity refers to whether the
model resembles the task it is based on and addresses the
questions to what extent the instrument simulates what
it is supposed to represent and whether it is considered
useful for training [2, 9, 10, 25]. Most studies compare
the opinions of experts with those of nonexperts. In

concurrent validity, the relationship between the test
scores on the trainer under evaluation and the scores
achieved on another instrument purporting to measure
the same construct are compared [10]. Construct validity
can be defined as ‘‘evaluating a testing instrument based
on the degree to which the test items identify the quality,
ability, or trait it was designed to measure’’ [10]. This is
usually done by measuring performance in two groups
that are hypothesized to differ in the skill being mea-
sured by the instrument (e.g., experienced surgeons and
novices) [7, 13, 26].

The aim of the current study was to establish con-
tent, face, and concurrent validity and perform the first
step of construct validity of the SIMENDO, thereby
determining its usefulness for training basic endoscopic
skills.

Materials and methods

The system: hardware and system requirements

The SIMENDO (simulator for endoscopy) consists of one instrument
handle on a box weighing 1.0 kg and measuring 10 · 10 · 40 cm
(Fig. 1). The software is integrated in the system and provides ‘‘plug-
and-play’’ connectability via a USB port. Users of this simulator do
not need to install additional software to be able to practice with the
instrument. Each PC with a Microsoft Windows XP operating system
is directly accessible for the simulator. Minimal computer requirements
are a 722-mHz processor, 128 MB RAM, a standard graphical card
(NVIDIA Geforce 4), and Microsoft Office software (with Access
database).

Content validation

Program and tasks (SIMENDO version 1.0.0)

The exercises in the training program are designed to train hand–eye
coordination using abstract tasks without force feedback. The training
program in the simulator starts with a short theoretical explanation of
the difficulties a surgeon faces during endoscopic procedures. The goal
is to train nonexpert subjects the skills needed to deal with specific
characteristics of endoscopic surgery, such as the fulcrum effect, the use
of long instruments, hampered depth perception, scaling of instru-

Fig. 1. Left: the SIMENDO
connected to the PC via USB-
port. Right: examples of exercises.
Piling up of cylinders and clipping
of a vessel.
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ments, and misorientation. During the explanation, the user is asked to
manipulate a virtual endoscope and instruments to demonstrate mis-
orientation during laparoscopic surgery [33]. Then, the user can choose
between four different tasks: piling up of cylinders (Fig. 1), manipu-
lation of a 30� endoscope, clipping an artery, and dissecting a gall-
bladder. Also, a game is available called ‘‘catch the needles’’ in which
the skills described are practiced. All the tasks, except the 30� endo-
scope, can be performed at three different levels. In each level, the angle
between the endoscope and the instrument is increased (augmented
misorientation). Besides these levels, the user can change the distance
and the angle between the instrument and endoscope in any direction.

Time needed to complete the task and the number of errors are
automatically measured and displayed. The errors are predefined as
collisions with nontarget structures and the inappropriate placing of a
clip or the dropping of it. It is also possible to track movements and
measure thepath lengthof the instruments.Theuser canalter the settings
for each task, such as the entry positions of instruments and the camera.

Face validation

Participants

Expert surgeons and surgical trainees from eight different hospitals in
The Netherlands were introduced to the simulator between October 1
and November 30, 2004. In this study, an ‘‘expert surgeon’’ was de-
fined as having performed ‡100 endoscopic procedures and a ‘‘surgical
trainee’’ as having performed <100. The introduction to the simulator
consisted of an explanation of the goals of the training system and a
hands-on tour of all the components of the program. Subsequently, the
participants were asked to give their opinion about the training system
by completing a questionnaire.

Questionnaire

All participants were asked for their age, gender, position held in the
hospital, and experience with endoscopic surgery in years and number
of procedures. The opinions of the expert and trainee groups were

evaluated with 28 questions about the SIMENDO. The questions were
adapted from a questionnaire previously used in a study on face val-
idation of another VR trainer [25]. The first section of the question-
naire comprised five questions about the first impression, design, and
user-friendliness of the simulator. The second section contained eight
questions about the training capacities of the simulator. The questions
in the first two sections had to be answered by rewarding a mark on an
ordinal scale, ranging from 1 (very bad/useless) to 5 (excellent/very
useful). In the third section, the participants were asked for their
comments and suggestions to improve the simulator in three open-
ended questions. In addition, one question was posed about the price
of the simulator and two questions about the willingness to train with
the system. The final section presented nine general statements about
the suitability to train surgical residents with the simulator. These
statements had to be answered with ‘‘agree,’’ ‘‘disagree,’’ or ‘‘no
opinion.’’ Participants could give additional comments for all the
questions.

Concurrent validity

To establish concurrent validity, an experiment was conducted to
compare performance results after training with the simulator, training
with a conventional laparoscopic box trainer, and without training
(control group).

Experiment 1

Twenty-four students (12 male and 12 female) with no previous
experience in surgery participated. They all performed a pretest con-
sisting of a single-handed positioning task in a box trainer. In this task,
10 points had to be touched with a laparoscopic grasper. When a
nontarget surrounding was accidentally touched, a short signal
sounded. Then, they were randomized into three groups of eight
subjects each using sealed envelopes. The first group received training
in a box trainer, the second in the VR trainer, and the third group
received no training. The training in the box group consisted of
dropping three cubes in holes without touching the surroundings. A

Fig. 2. Distribution of participants as function of
number of endoscopic procedures performed.
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similar task was performed in the VR trainer (‘‘drop the balls’’ task).
Both groups repeated the training task 18 times. After the training, all
participants performed a posttest task that was identical to the pretest
positioning task. During the pretest and posttest, the time and errors
(defined as collisions with nontarget environment) were measured.

Construct validity

In order to evaluate construct validity, it was tested whether the
measured parameters of a task in the VR trainer (time, collisions, and
path length) could discriminate between experienced surgeons (>100
endoscopic procedures) and novices (no experience with endoscopic
surgery).

Experiment 2

The first step of construct validation was performed with five experi-
enced surgeons and 20 novices. They each performed three runs of a
single-handed exercise in the VR trainer under study. The same VR
task was used as in experiment 1 (drop the balls). Time, collisions, and
path length were measured and saved in the database of the simulator.
Data of three consecutive runs were summated for each individual and
for each separate parameter. Results were compared between the
experienced surgeons and novice group.

Statistical analysis

Data were analyzed using SPSS (version 11.0). Differences between the
calculated mean scores of the expert and nonexpert groups were ana-
lyzed by the Kolmongorov–Smirnov test (two-sided) for the 5-point
ordinal scale. Fisher�s exact test (two-sided) was used to compare
differences between the groups on the responses ‘‘agree’’ versus ‘‘dis-
agree.’’ The two-tailed Mann–Whitney U-test was used to analyze
differences between the nonparametric data of the groups in experi-
ments 1 and 2.

Results

Face validity

Participants

In total, 75 surgeons and surgical trainees from eight
different hospitals (three academic hospitals and five
large community training hospitals) participated in this
study. The ‘‘expert’’ (36/75) and ‘‘surgical trainee’’ (39/
75) groups consisted of medical specialists and resi-
dents from the departments of surgery, gynecology,
urology, and orthopedic surgery. Table 1 shows the
characteristics of the participants. The majority of
participants, 72% (54/75), worked in general surgery.

Figure 3 shows the distribution of participants as a
function of the number of endoscopic procedures
performed.

First impression

Table 2 shows the mean values of the scores for the first
impression of the simulator. Most values tend to be
good (4), except for the correlation between the move-
ments of the hand and the screen. The highest mean
score of 4.3 was given for the appreciation of training
with the device. No significant differences were found
between the expert surgeons and the surgical trainee
group.

Training capacities and tasks

The training capacity of endoscopic procedures in gen-
eral and most of the tasks were rated good, with a mean
score of approximately 4. The highest score in the cat-
egory training capacities was given to training of hand–
eye coordination (4.3). Training of depth perception
received a relatively low score (3.3). The task ‘‘dissection
of the gallbladder’’ was not considered specifically use-
ful, as indicated by a mean score of 3.2. Table 3 provides
the results of the statements. In response to the state-
ments, 81% considered the SIMENDO useful for
training of endoscopic techniques to residents in general,
and 83% agreed that the simulator was useful to train
hand–eye coordination. Of all participants, 91%
believed that it was useful for training within the hos-
pital, and 77% also believed that the simulator was
useful for training at home. Most expert surgeons (75%)
indicated that the simulator could be useful for mea-
suring skills for endoscopic procedures. Only 40% of the
trainee group agreed with this statement.

Other comments

In response to the open questions, 30 of the participants
indicated a preference for a two- or three-handed sim-
ulator to train with, 23 advised on additional tasks, 14
respondents suggested including a suturing/knotting
task, and nine wanted a tactile feedback added to the

Table 1. Characteristics of participants

Group Total Experts Trainees

Total n (male: female) 75 (52:23) 36 (30:6) 39 (22:17)
Median age (range) 33 (24–59) 42 (31–58) 30 (24–59)

Total
Experts Trainees

Specialities of participants n (%) n n

General surgery 54 (72.0) 22 32
Gynaecology 13 (17.3) 7 5
Urology 4 (5.3) 3 1
Others 4 (5.3) 3 1
Total 75 (100.0) 36 39
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system. In response to the question regarding what as-
pects were especially liked or disliked, 13 participants
stated that they liked the simplicity of the system. Eleven

participants made a comment about poor depth per-
ception, and eight disliked the fact that there was no
force feedback in the device. Seventy-five percent of the

Table 2. Results ratings (1 = very bad/useless and 5= excellent/very useful)

Total
Experts Trainees

What is your opinion about ... mean mean SD Mean SD p-valuea

first impression
appearance and design of the instrument 4.0 3.9 0.7 4.1 0.6 0.41
appearance and design of the software 3.9 4.0 0.7 3.9 0.6 1.00
realism of simulated movements 3.5 3.6 0.8 3.5 0.7 0.98
user-friendliness of the instrument 4.0 4.1 0.6 4.0 0.7 1.00
appreciation of training with the instrument 4.3 4.1 0.9 4.5 0.7 0.34

training capacities
training of basic endoscopic procedures 4.0 4.0 0.9 4.0 0.7 1.00
training of hand-eye coordination 4.3 4.4 0.6 4.3 0.6 0.99
training of depth perception 3.3 3.1 1.2 3.4 0.9 0.55

tasks
piling up cylinders 3.8 3.9 0.8 3.7 0.9 0.27
movements with a 30o endoscope 3.9 4.0 0.8 3.7 0.9 0.71
clipping a vein 3.9 4.0 0.9 3.9 0.9 1.00
dissecting the gall bladder 3.2 3.4 0.9 3.0 1.1 0.43
catching the needles 3.7 3.6 1.1 3.7 1.1 1.00

a Komongorov-Smirnov test, two sided, Expert vs Trainee group

Table 3. Results statements

Statement: ‘‘the Simendo......’’ Total % Expert % Trainees % p-value

...is a useful instrument to train endoscopic techniques to residents. Agree 81.3 92.7 72.8 0.05
Disagree 14.7 5.6 23.1
No opinion 4.0 3.8 5.1

...can become a useful instrument to train endoscopic techniques to residents. Agree 92.0 88.9 94.9 0.19
Disagree 6.7 11.1 2.6
No opinion 1.3 0.0 2.6

...is a useful instrument to train basic skills in endoscopic surgery. Agree 74.7 77.8 71.8 0.52
Disagree 14.7 11.1 17.9
No opinion 10.7 11.1 10.3

...can become a useful instrument to train basic skills in endoscopic surgery. Agree 90.5 86.1 94.7 0.05
Disagree 6.8 13.9 0.0
No opinion 2.7 0.0 5.3

...is a useful instrument to train hand-eye coordination. Agree 83.8 88.2 97.4 0.67
Disagree 7.4 5.9 8.8
No opinion 8.8 5.9 11.8

...can become a useful instrument to train hand-eye coordination. Agree 86.6 82.9 90.6 0.20
Disagree 9.0 14.3 3.1
No opinion 4.5 2.9 6.3

...is appropriate to train at home. Agree 77.0 77.1 76.9 1.00
Disagree 16.2 17.1 15.4
No opinion 6.8 5.7 7.7

...is appropriate to train at the hospital. Agree 90.5 91.4 89.7 0.62
Disagree 5.4 2.9 7.7
No opinion 4.1 5.7 2.6

...can become a useful instrument to measure the performance Agree 56.8 75.0 39.5 0.13
of laparoscopic procedures Disagree 20.3 16.7 23.7

No opinion 23.0 8.3 36.8

Fisher Exact Test (2-sided) for agree vs disagree for responses from Expert vs Trainees
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participating surgeons responded that the current price
of the simulator was reasonable and that they would like
to have the device in their hospital (Table 4).

Concurrent validity

There were no significant differences between the per-
formance scores of the three groups on the pretest task.
Figures 3 and 4 show the results of the pretest and
posttest tasks. After training, time to complete the task
improved in the VR group by 33% and in the box
group by 42%, which were both significantly higher
compared to that of the nontraining group (15%)
(Mann–Whitney U-test; p = 0.021 and p = 0.001,
respectively). The number of collisions decreased in

both trained groups (VR and box), but this difference
was not significant compared to the nontrained group
(Table 4).

Construct validity

Figure 5 gives the results for time, collisions, and path
length. The boxes show the median scores of the
parameters over three consecutive runs of one exercise
for each group. The performance of experts was signif-
icantly better than that of the novices on all parameters.
The task time was shorter [median, 102.7 sec (range,
46.7–126.7) vs 149.2 sec (range, 79.6–290); p = 0.008],
the number of collisions less [median, 3 (range, 1–8) vs
8.5 (range, 1–21); p = 0.038], and the total path length
shorter [median, 80.1 arbitary units (AU) (range, 50.2–
95.3) vs 94.0 arbitary units (AU) (range, 77.9–163.6);
p = 0.025)].

Discussion

The results of this study show that experts and surgical
trainees believe that the VR trainer under study is a
useful tool to train hand–eye coordination and basic
endoscopic skills for inexperienced surgeons. Compa-
rable reduction of time to complete an exercise is
achieved with training on a conventional trainer (box
trainer) and the VR trainer. Furthermore, experts out-
perform novices in the current VR trainer.

Structured training and assessment of surgical skills
before entering the operation room and performing a
procedure on a real patient is an important issue in
surgical education [22, 23]. VR is considered a valuable
training method for laparoscopic skills [6] and an
assessment tool for objective evaluation of skill levels of
trainees [11–13]. Previous studies have shown positive
effects of VR training on psychomotor skills during real
laparoscopic tasks [11, 15, 21, 28, 29, 31]. Only the ex-
tent to which this training should take place remains a
point of discussion [17].

Unfortunately, VR simulators tend to be costly,
which limits their usefulness. Another disadvantage is
their relative immobility. According to most surgeons,
the SIMENDO could also be used at home. Flexible,

Table 4. Results other questions

Total % Expert % Trainees % p-value

Would you like to train with the Simendo? Yes 72.6 57.1 86.8 0.01
No 19.2 31.4 7.9
no opinion 8.2 11.4 5.3

Would you like to have the Simendo in your hospital? Yes 81.3 75.0 87.2 0.79
No 8.0 11.1 5.1
only if 10.7 13.9 7.7

What do think of the price? To high 25.3 27.8 23.1 0.40
Reasonable 74.7 72.2 76.9
To low 0.0 0.0 0.0

Fisher Exact Test (2-sided) for yes vs no, and to high vs reasonable for responses from Experts vs Trainee

Fig. 3. Mean improvement in time after training: SIMENDO (33%) vs
Control (15%) p = 0.021 Box (42%) vs Control (15%) p = 0.001.

Fig. 4. Mean improvement in collisions after training: SIMENDO
(64%) vs Control (48%) Not Significant Box (55%) vs Control (48%)
Not Significant.
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mobile training systems are especially interesting be-
cause several studies indicate that VR training is likely
to be successful when the training schedule is intermit-
tent rather than condensed into a shorter period of
extensive practice [3, 14]. Such a schedule is most easily
implemented when the simulator is easily accessible
(e.g., in every teaching hospital or even at home). Ad-
vanced VR trainers can play an important role in con-
densed skills and assessment courses in large
educational centers. Reinforcement of basic skills that
diminish over time if not trained frequently, such as
hand–eye coordination, can occur using simpler simu-
lators. The SIMENDO is a VR simulator that is meant
to be low priced and mobile and especially suitable for
training basic skills. It can be used in a structured and
gradual fashion over several intervals before the trainee
takes part in more advanced courses. An advantage of
VR trainers in general is that, in contrast to other
simple simulators such as box trainers, improvement of
performance during training is automatically recorded
by registration of several parameters in a database
without the need for direct observation by a researcher
or faculty member. If necessary, a supervising surgeon
can easily review the ‘‘learning curve’’ of the trainee in
the simulator afterwards.

In general, the conceptual tasks received higher
scores than the task that tried to resemble an anatomical
structure, e.g., ‘‘dissection of the gallbladder.’’ Appar-
ently, training by means of simplified anatomical
structures in this simulator is not considered very useful.
Some respondents advised implementation of force
feedback and adding a suturing or knotting task. Cur-
rently, force feedback is not the focus of this training
device because the role and implications of force feed-
back in laparoscopic surgery are not clear [19]. Fur-
thermore, improving the realism of the simulation of
anatomical structures, modeling a suturing or knotting
task, or adding force feedback will increase cost con-

siderably due to increased demands on the software.
Such expansion of the software would reduce the sim-
plicity of the system, and this in combination with the
increased cost would exceed two primary goals of this
simulator: to supply a simple, plug-and-play VR trainer
at an affordable price. In addition, there is evidence that
the training of conceptual tasks in VR already improves
performance during laparoscopic cholecystectomy in the
OR [16].

Although care was taken to optimize the design of
this study, face validity contains weakness because it is
based on opinions. In order to reduce this weakness,
questions were adapted from a previously used ques-
tionnaire [25]. However, systemic errors can originate
from the questionnaire: For example, the interpretation
of questions can differ among subjects because of sub-
optimal formulations. Also, the enthusiasm of the pre-
senters or the attractiveness of a new training system can
bias the answers.

In addition to their opinion on validity as a training
device, the participants were also asked whether the
simulator could be a useful device for measuring skills in
endoscopic procedures. Interestingly, in contrast to the
expert surgeons, the nonexpert group tended to disagree
with this statement or had no opinion on this item. This
may be explained by the fact that trainees are not
familiar with the measurement possibilities of VR de-
vices in general or they may dislike the idea of accepting
metrics for assessment of their performance.

Experiment 1 showed that the reduction of the time
to complete the exercise was significantly higher in both
trained groups compared to the control group; this was
not the case for the number of collisions. Probably, it
was easy to learn to avoid collisions with the environ-
ment in the pretest task, allowing for a low collision level
of the control group in the posttest task.

Further studies are needed to determine the mea-
suring capacity of the SIMENDO and its usefulness for

Fig. 5. Box and whisker plots for simulation scores of novices (n = 12) and experts (n = 5) for total time, collisions and path length. Boxes
represent interquartile range, bars represent medians and whiskers the range excluding outliers. Circles represent outliers and asterisks extreme
outliers.
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assessment and training of basic endoscopic skills of
surgical trainees in the surgical curriculum. Improve-
ments of the simulator, such as the possibility of training
with two or more simulated instruments and more tasks
with better depth perception, are currently being
implemented and evaluated.

Conclusion

This study showed that both expert and nonexpert
surgeons considered the SIMENDO to be a useful VR
training device for hand–eye coordination and basic
endoscopic surgical skills. The learning effect for a
simple hand–eye coordination task is comparable to the
effect in the box trainer. Parameters of this task can
discriminate between groups of experienced and inex-
perienced subjects in hand–eye coordination skills for
endoscopic surgery.
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