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Background NOTES has changed the working environ-
ment of endoscopy, leading to new difficulties. The limita-
tions of conventional endoscopes call for the development 
of new platforms. Robotics may be the answer. Materials 
and methods The authors compared human to robot-
ized manipulation of a flexible endoscope into the abdom-
inal cavity, in an animal model. Thirty-two participants 
were enr olled. Results were analyzed according to the 
clinical background of the participants: experienced 
endoscopists, experienced laparoscopists, and medical 
students. Two single-channel gastroscopes were used. 
Whereas one was not modified, the other had the han-
dling wheels replaced by motors controlled through a 
computer and a joystick. A NOTES transgastric approach 
was used to access the peritoneal cavity. The time to 
touch previously positioned intra-abdominal numbered 
plastic targets was recorded 3 times with each endo-
scope. Results Mean time to complete the tasks was 

significantly shorter using the conventional endoscope 
(2.71 vs 6.96 minutes, P < .001). When the robotized 
endoscope was used, the mean times of endoscopists 
(7.42 minutes), laparoscopists (6.84 minutes), and stu-
dents (6.77 minutes) were statistically identical. No dif-
ferences were found bet ween laparoscopists and students 
in both techniques. Discussion Applying robotics to a 
flexible endoscope fails to enhance ability to move into 
the abdominal cavity, partly because of the interface. To 
overcome the limitations of endoscope when performing 
complex NOTES tasks, robotics may be useful, especially 
to control the instruments and to stabilize the endoscope 
itself. Conclusion Robotized endoscope with joystick 
interface is not sufficient to enhance immediate intuitive-
ness of flexible endoscopy applied to NOTES.
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Natural orifice transluminal endoscopic sur-
gery (NOTES) is currently under investiga-
tion. Since the first report by Kalloo et al1 in 

2004, numerous NOTES procedures have been per-
formed in animals demonstrating the feasibility of 
basic and complex procedures such as cholecystec-
tomy,2,3 pancreatectomy,4 and nephrectomy.5,6 The 

animal model carries its own limitations, and it is 
difficult, today, to assess the potential advantages of 
NOTES in terms of safety, postoperative trauma, 
pain, and physiologic stress. Human studies have 
started and will provide answers.7-10 What we know 
from the animal model is that scarless surgery is 
feasible but it raises numerous challenges, which 
were clearly delineated in the white paper published 
by the NOSCAR group in 2005.11 One of these chal-
lenges is the technical aspect of tools and endoscopes, 
because usual instrumentation presents several lim-
its. These tools were not designed to work outside of 
the hollow organs, and the operative endoscopes are 
equipped with 2 parallel working channels allowing 
for the passage of small-sized flexible instruments. 
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Conventional scopes cannot lock into position once 
inside the peritoneal cavity and are too flexible to 
allow retraction and exposure because of the lack of 
counterforce. Triangulation of the instruments is 
impossible. Some complex procedures may require a 
retroflex position—which adds complexity in the ori-
entation and in the position of the image of the opera-
tive field—or multiple instruments that can be 
manipulated by a single operator. Some works deal 
with these technical limits, among which the role of 
robotics seems promising. On a human aspect, can 
this technique offer the same intuitive character as 
with laparoscopic robots?12-14

The Department of Development and Research 
of our institution is on its way to applying robotics 
to flexible endoscopy, especially in the field of 
NOTES. Three different levels of applications can 
be addressed: to control the movements of the endo-
scope, to stabilize the endoscope once in front of the 
target, and to control the instruments. A preliminary 
evaluation of the first issue is presented in this arti-
cle. The aim of the study was to compare the perfor-
mances between confirmed endoscopists, laparoscopic 
surgeons, and medical students while performing 
NOTES basic tasks, such as spatial orientation and 
intra-abdominal movements in the peritoneal cavity 
with a conventional endoscope and a 2 degree-of-
freedom robotized endoscope.

Materials and Methods

Robotized Endoscope

Our robotic endoscope was based on a standard flex-
ible gastroscope (13801PKS, Karl Storz, Tuttlingen, 
Germany).15 The following modifications were made.

Navigation wheels used to control the angle of the 
bending section (and the direction of the tip of the 
gastroscope) were replaced by 2 rotary motors that 
drove 2 coaxial shafts coming out from the handle 
(Figure 1). We used 2 hollow-shaft motors (FHA-8C 
Harmonic Drive, Limburg, Germany) with a reduc-
tion ratio of 50, equipped with incremental encod-
ers. By using hollow-shaft motors, it was possible to 
drive the 2 coaxial shafts without adding gears to the 
assembly. The motors were controlled using velocity 
loop servo controllers (SC-610 Harmonic Drive, 
Limburg, Germany). The maximum output speed 
(120 rpm) allowed covering the entire workspace, 
corresponding to a half-turn of the wheel for each 
axis, in a quarter of a second, which was sufficient 

for the application. The speed of the deflection of 
the robotized tip of the endoscope was totally adjust-
able. It was set to correspond to the average bending 
velocity of a conventional endoscope.

A broomstick-like joystick (Cyborg Evo, Saitek 
SA, France) was used to control the bending section 
of the robotized endoscope. Each axis of the joystick 
(right/left and up/down) was set to control 1 motor. 
The joystick was connected to a PC using the USB 
interface. A video acquisition card was included to 
display the endoscopic image.

The PC acquired the position of joystick axes 
and computed the velocity references to send to the 
servo controllers. One of the advantages was the 
possibility to move the broomstick around both its 
axes at the same time, which allowed the bending 
section of the gastroscope to perform complex diag-
onal curved movements.

As feedback to the user, the endoscopic image 
was displayed on the PC screen with additional 
markers giving the motors position with respect to 
its clearance.

Because of the motor’s weight, the endoscope 
was fixed to an independent table. This limited its 
rotational maneuverability to 30° on each side but 
allowed in and out movements of the device. In other 
words, our model of robotized endoscope carried 3 

Figure 1. Photograph of our robotized endoscope.
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full degrees of freedom (up/down, left/right, and in/
out) and a limited fourth one (left/right rotation).

Conventional Endoscope

Human handling was tested using a standard flexible 
single-channel endoscope (13801PKS, Karl Storz).

Animals and Setup

Four anesthetized pigs (25-30 kg) with endotracheal 
intubation were used in the study. Anesthesia was 
induced with propofol 10 mL/kg + 2 mL pancuro-
nium and maintained with isofluorane 2%. The 
study was performed prior to other NOTES experi-
mental procedures on the same animals. All animals 
were managed according to French laws on animal 
use and according to the directives of the European 
Community Council (number 86/609/EEC). Under 
laparoscopic guidance (insertion of 3 trocars), the 
duodenum was stapled closed to prevent bowel dila-
tation due to endoscopic insufflation during the 
establishment of the transgastric access. Five num-
bered plastic pads were placed in the abdomen using 
laparoscopic instruments: 1 in the midline of the 
anterior abdominal wall (starting point), 2 in each 
inguinal fossa, and 2 on each liver lobe (Figure 2A 
and B).

The flexible endoscope was positioned in the 
peritoneal cavity through a gastrotomy performed on 
the anterior wall of the stomach (Figure 2A), using 
a percutaneous endoscopic gastrostomy technique 
with balloon dilation.

Participants—Procedure

Thirty-two participants were enrolled. To decrease 
the learning curve effect, which would have favored 
one of the approaches, the population was divided 
into 2 groups (Figure 3). The first group started the 
test with the robotized endoscope and then moved 
to the conventional one. The opposite sequence was 
applied to the second group.

None of the participants had any experience in 
NOTES. Laparoscopic surgeons and medical stu-
dents had no experience with flexible endoscopy.

The task of every participant was to touch each 
pad with the tip of the endoscope in a star-shaped 
fashion (Figure 2B), starting from the midline point. 
This operation was repeated 3 times with each endo-
scope. The “operative time” (time needed to com-
plete the task) was recorded.

The results were analyzed according to the clini-
cal background of the participants (Figure 3): con-
firmed endoscopists (n = 8), laparoscopic surgeons 
(n = 10), and medical students (n = 14).

Statistical Analysis

All data (3 × 32 participants = 96 records) were 
collated into a database and times in minutes were 
converted into the decimal system (ie, 2 minutes 

Figure 2. Installation of the pigs, visual representation of the 
task.

Figure 3. Study outline.
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30 seconds = 2.5 minutes). Statistical analysis was 
performed using the JMP software package (JMP, 
Cary, NC). Continuous variables were analyzed 
using Stu dent’s t test, and results were considered 

statistically significant if the P value was less than .05. 
Values were expressed as mean ± standard deviation.

Results

All participants completed the tasks with both endo-
scope models.

The overall mean operative time to complete the 
assigned tasks was significantly longer with the robot-
ized endoscope than with the standard endoscope 
(6.96 ± 3.87 vs 2.71 ± 1.88, P < .0001; Figure 4). 
Endoscopists were significantly more proficient with 
the standard endoscope but equivalent to surgeons 
and students when using the robotized system 
(Figures 5 and 6). There were no differences between 
students and surgeons.

There was no impact of the learning curve, as the 
same significant results were observed if only the last 
2 attempts of the participants were analyzed (5.64 ± 
2.56 vs 2.28 ± 1.48, P < .001). Neither was the opera-
tive time influenced by the sequence of the attempts 
(group I, robotized endoscope and then standard endo-
scope, versus group II, standard endoscope and then 
robotized endoscope). Further analysis demonstrated 
that the students performed slightly better than endos-
copists and surgeons with the robotized endoscope, 
alt hough the difference was not significant.

Figure 4. Overall operative time for each endoscopic system.
Bold line = mean; limits of the box = 25th to 75th percentile; 
ends of whiskers = 5th to 95th percentile.

Figure 5. Operative time by groups with the conventional 
endoscope.
Bold line = mean; limits of the box = 25th to 75th percentile; 
ends of whiskers = 5th to 95th percentile.

Figure 6. Operative time by groups with the robotized endo-
scope.
Thick line = mean; limits of the box = 25th to 75th percentile; 
ends of whiskers = 5th to 95th percentile.
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Discussion

The support of robotics in the development of flexi-
ble instrumentation for NOTES seems to be one of 
the most valuable options. Indeed, performing com-
plex surgical procedures using multiple long flexible 
instruments passed through a long flexible and guided 
tube requires technical capabilities that cannot be 
overcome unless multiple operators are working tog-
ether. This configuration may produce interferences 
that are not appropriate for performing complex 
tasks. An added value of a robotic system, which has 
also been confirmed with the DaVinci,12 is its poten-
tial intuitive character: novices can perform difficult 
tasks easily and quicker with the robot than with 
conventional laparoscopic equipment.13,14 Advantages 
of automation have already been demonstrated in 
ENT surgery and neurosurgery for visual tracking 
and automatic positioning of the camera.16,17

Our research department has developed a step-
by-step program on application of robotics in flexible 
endoscopy. The first development was dedicated to 
visual tracking applied to a standard gastroscope.15 
For this purpose, engineers used motors that drive 
the wheels of the endoscope, providing “robotized” 
automation of its banding part. In this application, a 
computer can record and track the position of an 
anatomical target visualized by the endoscope, such 
as a mucosal lesion, by driving the endoscope and 
filtering the parasite movements, such as breathing. 
As a result, the operator has a stable target and can 
focus only on the therapeutic action without the 
need for systematic corrections of the positioning of 
the endoscope. This system showed potential to over-
come some of the difficulties encountered during 
endoscopic transluminal surgery, such as orientation, 
maneuvers in the peritoneal cavity, and dissection.

In this study, we tested the hypothesis that the 
system equipped with an external computer-driven 
control, a joystick, would improve the ease and intu-
itiveness of maneuvering in the peritoneal cavity 
with a flexible endoscope, by comparing endosco-
pists and nonendoscopists. However, our prototype 
had technical limitations when compared with the 
maneuverability of standard endoscopes. It devel-
oped only 3 full ranges of motion—up/down, left/
right, and in/out—and the rotation was limited to 
30° on each side.

In our study, we equipped our prototype with a 
joystick that allowed guiding the tip of the endo-
scope. During the development of visual tracking, 

we felt that the intuitiveness of complex endoscopic 
movements, such as retroflexion, could be enhanced 
using the robotized endoscope.

This study suggests that the displacement of a 
flexible endoscope in the abdominal cavity is not 
enhanced by the addition of a joystick interface. 
This lack of advantage is also noticed when consid-
ering only the last 2 trials. This second analysis was 
performed to confirm the overall results with a 
decreased learning curve effect.

While using the robotized endoscope, we obs-
erved that participants would concentrate far too 
much on the computer screen, forgetting the arm 
holding the shaft of the endoscope. This dissociation 
between the operator’s hands and the endoscope 
was not observed during trials with the conventional 
endoscope. Moving a flexible instrument in a blind 
environment (the interior of the patient’s body) is a 
complex task, requiring simultaneous analysis of 
both vision and proprioception. Adding a computer-
ized interface brakes this collaboration. In addition, 
this effect prevented performers from fully using the 
rotation of the endoscope, thus decreasing the man-
euverability. Moreover, rotation movements were 
limited by the fixation of the head of the endoscope 
to the table because of the weight of the device. This 
technical limitation was probably one of the causes 
of the longer mean operative time with the robotized 
endoscope in all the groups. This fact seems critical 
and has to be evaluated in future applications of 
robotic technology.

When using the computer-driven endoscope, 
the student group was found to be slightly faster the 
other 2 groups, but this difference was not statisti-
cally significant. Moreover, nonendoscopists perfor-
med better with the conventional endoscope. This 
signifies that the system failed to demonstrate any 
advantage in terms of intuitiveness. Additionally, even 
if we felt that students were learning quicker than the 
other groups, we avoided to analyze the data concern-
ing the potential learning curve of the different 
groups, because of a small number of records per 
participants (3 trials). This could represent an inter-
esting topic for further study.

Furthermore, no difference was found between 
laparoscopic surgeons and students, no matter which 
endoscope was used. This suggests that surgical or 
laparoscopic skills do not help manipulate and orien-
tate a flexible endoscope in the abdominal cavity, with 
or without robotic enhancement. Finally, endoscopists 
became quickly familiar with the new environment as 
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demonstrated by their performances when using a 
conventional endoscope.

This study suggests that a joystick interface is not 
suitable to control the movement of a flexible endo-
scope and a more intuitive design has to be devel-
oped. Because of the wide use of surgical robots in 
laparoscopy, such as the DaVinci system, interesting 
researches are ongoing for more instinctive control of 
surgical instruments. One of the fields being investi-
gated is haptic interfaces. The key of such controlling 
devices is the force feedback, which allows the user 
to employ his or her own movement detectors (mus-
cle and joint receptors = haptic perception). Such 
interfaces could be a solution to control complex 
manipulations, such as handling a flexible endoscope, 
but require further development.

There is little doubt that robotics is a valuable 
answer to technical issues in the field of NOTES. 
Encouraging results obtained with visual tracking and 
automatic positioning applications to flexible endos-
copy are some of such future enhancements. In addi-
tion, further development of computerization has to 
concentrate on the control of the instruments, espe-
cially for complex NOTES procedures. This last point 
has already shown some benefits in the field of laparos-
copy18 and will be the next step of our development.

Conclusion

This preliminary work demonstrates that a joystick-
based robotic interface applied to a flexible endoscope 
is not sufficient to enhance immediate intuitiveness, 
when moving into the abdominal cavity, during NOTES 
procedures.
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