
258 259

Zastosowanie robotyki w chirurgii małoinwazyjnej 
w Ameryce Południowej.

Streszczenie:

Ogromny postęp w rozwoju i stosowaniu chirurgii małoinwazyjnej (MIS) 
na całym świecie wynika z zalet wynikających z ich stosowania dla 
pacjentów jak: znaczne zmniejszenie inwazyjności procedur chirurgicznych 
przez redukcję wymiarów nacięć w skórze, zmniejszenie ryzyka zakażeń 
i komplikacji, zmniejszenie kosztów poprzez szybszy proces gojenia i wymaga-
ny czas przebywania pacjenta w szpitalu. Rozwój tej dziedziny w Ameryce 
Południowej to przede wszystkim szkolenie kadry medycznej w USA i Europie 
oraz pojedyncze ośrodki wyposażone w komercyjne telemanipulatory dla 
wspomagania MIS, w Meksyku, Argentynie i Brazylii. Dodatkowo w Meksyku 
i Kolumbii realizowane są zaawansowe projekty badawcze w dziedzinie roboty 
medycznej dla ich przyszłych zastosowań w chirurgii. Główna przyczyna zbyt 
wolnego rozwoju tych dziedzin w Ameryce Płd. to wciąż aspekty ekonomiczne, 
jednak wprowadzanie zaawansowanych technologii w całym społeczeństwie 
poprawi jakość projektów i powstałych w ich wyniku produktów co powinno 
sprzyjać podniesieniu poziomu zdrowia.

I. INTRODUCTION

The study and application of minimal invasive surgery (MIS) grow everyday 
in the international scientific community. Comparative studies show the 
advantages of traditional surgery: reduction of incision size, decrease in pain 
and in the risk of hemorrhages and complications, diminution of inpatient 
convalescence and rehabilitation, permitting the patient to return quickly to 
preoperative activity[1-6].
Nevertheless, there are some troubles with traditional MIS including stiff and 
inflexible surgical instruments, difficulties in tactile and force feedback, limits 
in the degrees of freedom, inadequate precision, poor ergonomics and problems 
of visualization, which arise when attempting to project two-dimensional 
images of a three-dimensional field [5-8].
The use of robotics offers solutions to some problems mentioned of traditional 
MIS and has additional advantages [9-11]:
• Smaller number of people in the operating room.
• Improvement of surgeon’s skills, eliminating trembling and permitting work 
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was approved by the FDA in 1994, to guide the endoscope. This device is fixed 
to the operating table, in such a way that a change in the surgical environment 
does not require repositioning of the equipment. The robot is controlled by the 
surgeon through a pedal or manual control and in the last versions by voice 
prompts [15, 16]. The control system carries out some important functions: 
avoids trembling, stabilizes the image, moves in different directions according 
to surgeon’s commands, and saves in memory some selected positions so that 
the surgeon can return to them when necessary[17]. 
Many procedures and some research projects in Latin America have been 
developed with the different versions of AESOP.
In 2002 the Heart Institute, Rio Grande do Sul, Brazil, carried out an 
investigation, in which AESOP functioned as the assistant to thoracoscopy to 
dissect the internal thoracic artery of 9 patients. The study verified the stability 
of the video and the control and allowed a decrease in operating times when 
the surgeon was adapted to the system. Furthermore, there was a left ventricle 
epimyocardial electrodes implantation for multiple site heart stimulation with 
a multi-chamber pacemaker. [18, 19]. 
Zorrón et al. published in 2005 the results of an investigation conducted on 
15 patients in 2004 undergoing laparoscopic cholecistectomy. In this research, 
developed in the Hospital Universitário Clementino Fraga Filho-UFRJ, Rio de 
Janeiro, the surgeon learning curve was measured, with the purpose of studying 
the characteristics of abdominal robotic video surgery. The results of this 
investigation showed that the operating time was greater than with traditional 
surgery, but the stability of the camera and the precision were better [20].

Fig. 1. AESOP robot 

Taken from: Robotics: the Future of Minimally Invasive Heart Surgery [in line]

<http://biomed.brown.edu/Courses/BI108/BI108_2000_Groups/Heart_Surgery/Robotics.html>. 

[Consult: Dicember 25th 2006]

• Three-dimensional viewing in comparison with the two-dimensional 
viewing that traditional MIS offers. 

• The learning curve for robotic surgery is shorter in comparison with the 
conventional laparoscopic surgery. 

• The instruments used by robotic devices have the possibility to be 
completely sterilized and they are resistant to radiation and infection, 
providing security to the patient, hospital and medical personnel. 

• A partial or total registration of surgical procedures that permits evaluation 
and training contributing to the quality of service; moreover, with the 
registered information, it is possible to detect error sources and perform 
corrective actions in subsequent practices.

The first attempts to apply robotics in medicine occurred during World War 
II. Today, many laparoscopic procedures have been carried out with the aid of 
robotics in the USA, Canada and Europe [7, 12]. 
Latin America began the process of incorporating robots in surgery later than 
those countries, but its interest in this area grows in spite of its healthcare 
and economical problems. Initially, the integration of robotic surgery has 
been through the training of medical personnel in surgical procedures with 
robotic assistance in the United States and Europe as are the cases of the 
Colombian, Juan Carlos Góngora [13], the Argentinian, Santiago Horgan [14], 
and the Mexican, Adrián Carvajal Ramos [4, 15]. Subsequently, there has 
been widespread use of commercial robots in Mexico, Argentina and Brazil. 
Finally, research projects in robotics in countries such as Mexico and Colombia 
have developed systems for future applications in laparoscopic surgery and 
sterotaxy. The present article reviews the incorporation of this technology and 
the projects developed in Latin America.
The paper is organized as follows: section II presents the description of the 
principal systems for robotic surgery (AESOP™, Zeus™ and daVinci) and its 
introduction in Latin America; section III presents the research in Mexico; 
section IV presents the research projects in Colombia; and section V are the 
conclusions. 

II. ANTECEDENTS IN LATIN AMERICA

Historically, there have been many telesurgical systems used in Latin 
America: 

A. AESOP™
Automated Endoscopic System for Optimum Positioning, shown in Fig. 1, 
is a robotic arm that holds the laparoscope during surgery and responds to 
surgeon’s commands. AESOP was the first commercially available system, that 
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C. Da Vinci®
This device, developed by Intuitive Surgical®, is the only robotic system that 
is currently in production applied for telesurgery. In 2003 Intuitive Surgical 
bought Computer Motion and suspended the production of the Zeus system. 
The da Vinci system, see Fig. 3, consists of three fundamental parts: (a) the 
console as an interface between the surgeon and the robot, (b) the laparoscopic 
tower with a monitor to view the procedure, light source, control of the cameras, 
electrocautery and insufflator and (c) three fixed arms and one extra for some 
procedures. One of them holds the laparoscope and the others manipulate the 
instruments. At the end of each arm, da Vinci includes the Endowrist devices, 
developed and patented by Intuitive Surgical Incorporated [21]. 
Da Vinci translates the surgeon’s hands movements into precise manipulator 
movements. It is not fixed to the operating table and, therefore, it is necessary 
to change its position by varying the operating environment. It has been utilized 
in abdominal, cardiac and urological procedures [1, 2, 8, 22, 23].
Da Vinci includes algorithms of very accurate control to perform different 
functions: the transformation of surgeon’s hand movements into movements 
of the robot joints, the change of movement scale and filtering of trembling to 
provide security for the patient [9, 24].

Fig. 3. Da Vinci robot 

Taken from: Robotics: the Future of Minimally Invasive Heart Surgery [in line]

< http://www.intuitivesurgical.com/corporate/newsroom/mediakit/product_images.aspx>.

 [Consult: Dicember 25th 2006]

However, in many countries the access to AESOP is limited. The Prates 
et al. studies [18] doubt the cost-effectiveness of the system in Brazil and 
Latin-America. The article states that, although the procedures are cheaper 
than traditional surgery, the initial system (console, control of video and 
instruments) are very expensive and the investment can only break even after 
many procedures. 

B.  ZeusTM
It is a robotic device developed by Motion Computer Incorporated, the same 

company that developed AESOP. It has 5 degrees of freedom (DOF) with the 
possibility of adding a DOF in the wrist. It has three arms: one is the AESOP 
endoscope and the other two manipulate the surgical instruments, see Fig. 2. 
The system offers viewing options in two or three dimensions with different 
sizes of telescopes [3, 4, 8, 10, 12]. Nevertheless, Zeus has some weaknesses: 
its arms work independently and there does not exist a reference system 
in the three-dimensional space for the integrated system [8]. An additional 
control pedal ceases all movements thereby avoiding accidents by inadvertent 
actions. 

Fig 2. Zeus robot 

Taken from: Robotics: the Future of Minimally Invasive Heart Surgery [in line]

< http://www.technovelgy.com/ct/Science-Fiction-News.asp?NewsNum=227l>.

[Consult: Dicember 25th 2006]

The Zeus system was used by the Colombian Juan Carlos Góngora who took 
part in the team of surgeons that performed the first transatlantic telesurgery 
in 2001. The French surgeon Jacques Marescaux directed the procedure 
transmitting the signal by optical fiber 15000Km away [13]. 
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Fig 4. Tonatiuh robot, 2002. Taken from: [15]

Moreover, in 2002, a breakthrough from the point of view of communications 
was achieved when two laparoscopic cholecystectomies were performed in 
Chiapas. The procedures were assisted by Tonatiuh teleoperated 4m away. 
The transmission was broadcasted directly to medical personnel in 19 
telediagnostic centers and auditoriums around the country. Doctors in Mexico 
City, located 1.277Km away were able to advise and provide information during 
the procedure. In this case the surgical times were longer than in conventional 
laparoscopies and permitted the analysis of some important requirements of the 
robot’s location during surgery and, additionally, determined some advantages 
and disadvantages of involving the instructions of surgeons at a distance [29]
Finally, a hands-free navigation system design for surgeons has been worked 
out. The design frees the robot from the operating table and is attached to the do-
ctor’s thorax, allowing for shorter operating times, but fatiguing the surgeon [15].

IV. RESEARCH IN COLOMBIA 

Several research groups in Colombia have been working on robotics projects 
applied to surgery. The Robotics and Automation Group in The Universidad 
Pontificia Javeriana in Cali in cooperation with the “Centro Médico Imbanaco” is 
working on a project to design and develop a stereotaxic robotic computational 
system prototype to improve greatly the precision and quality of transpedicular 
instrumentation surgeries. This project seeks to demonstrate the viability of 
this application on patients [30].
At the same time, the “grupo de I+D en Automática Industrial” of the 
Universidad del Cauca is beginning some investigations in robotics applied 
to surgery. This group is working on projects for the creation of a simulated 
environment for laparoscopic procedures, the definitions of trajectories on 
a laparoscopic cholecystectomy and the idea of translating that simulation to 
three dimensions.

Da Vinci robot has been utilized in Argentina since 2005, where the surgeon 
Santiago Horgan with the aid of two other Argentinian doctors, carried out 
esophagus surgery on a 34-year-old patient [14]. 

III. RESEARCH IN MEXICO

Mexico is the Latin American country that has had more contact with the 
advances of robotics applied to MIS. It has played an important role during 
the FDA approval phases of robotic telesurgery systems and has had its own 
developments in this area. 
In 1996, Mosso et al. developed a software that permitted the adaptation 
of a robot, PUMA 6000 of Unimation, to hold the laparoscopic camera for 
procedures in animals. Three cholecystectomies were performed utilizing this 
robot, which was telemanipulated 10m away[15]. 
Additionally, test phases of the Zeus Project took place in the Hospital 
Torre Médica of Mexico in 2001. A research study conducted on 222 
patients established a comparison between traditional versus robotically 
assisted laparoscopy in two different procedures: Nissen funduplicature and 
cholecystectomies. The results showed that the morbidity rate was 0.9%, the 
learning curve was the same, the quality of the image was better in the robotic 
surgery and the time of procedure was shorter with traditional surgery [25]. 
Subsequently, after considering the high import costs factor of a robot and 
the commercial limitations in applying it to other fields, there was a decision 
to develop and construct a robot completely in Mexico. This project began in 
1997 and today, after several versions, this robot, Tonatiuh, has been utilized 
successfully in more than a hundred procedures on a pediatric level in Mexico 
City [15, 16, 26].
Tonatiuh is a robot with five DOF, designed to hold a 10mm laparoscopic 
camera. The design of the system, includes three types of user interfaces: (1) an 
optoelectronic interface, that responds to the movements of the surgeon’s head; 
(2) an interface by voice recognition that responds to 6 basic commands and 
another 2 to confirm the movement; and (3) an interface by a manual control 
which controls independently the movement of each joint using a computer 
keyboard as a positioning system and later, when the laparoscope is inside 
the abdominal cavity, a physical manual control. [16]. Fig. 4 shows Tonatiuh 
robot.
The test phases in animals were carried out in 2001 [27] analyzing the behavior 
of the system with real needs. In the same year, the first test on human beings 
was performed; it was a hysterectomy on a 36-year-old patient with uterine 
myomatosis [28], showing the utility of the robot in this type of gynecological 
procedures. 
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keyboard as a positioning system and later, when the laparoscope is inside 
the abdominal cavity, a physical manual control. [16]. Fig. 4 shows Tonatiuh 
robot.
The test phases in animals were carried out in 2001 [27] analyzing the behavior 
of the system with real needs. In the same year, the first test on human beings 
was performed; it was a hysterectomy on a 36-year-old patient with uterine 
myomatosis [28], showing the utility of the robot in this type of gynecological 
procedures. 
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B. KIRUBOT
KIRUBOT is a prototype with four degrees of freedom with rotational joints for 
future applications in surgery, see in Fig. 6. The mechanical system is based 
on the adaptation of the worm gear mechanisms to every stepper motor in the 
manipulator [32, 33].
The automation of the prototype was programmed using movement control 
tools. Additionally, the automation software incorporates the performance 
of the robot in its environment. It has an initial positioning option and an 
autonomous movement option in a three-dimensional system. With this last 
option, the subsequent movements will be directed by the surgeon in the future 
with the aid of an optimum viewing system. 

Fig 6. KIRUBOT prototype robot 

V. CONCLUSIONES

In the last three decades there has been much work in the topic of robotics 
applied to MIS around the world. The AESOP™, Zeus™ and daVinci  systems 
are in the last stage of the design process, because they have been already 
implemented with FDA approval. The applications of robotics to minimal 
invasive surgery in Latin America initially have been in the training of medical 
personnel for using the devices mentioned above. Nevertheless, the high cost 
to acquire those systems has created the need to evaluate the possibility of 
constructing devices in countries like Mexico and Colombia. 
The implementation of new technologies implies during the initial phases high 
costs, limited security compared with previous technologies and doubts with 
respect to its operation, but these diminish when the technology is perfected, 
because the costs of the services will decrease and acceptance and credibility 
will grow. The robot Tonatiuh constructed in Mexico is in the final design, 
adjustments and implementation phases, since tests on animals and people 
have been carried out, while the systems in Colombia are in the early stages, 
the initial prototype and the evaluation phase. It is important to continue 

In the “Centro de Investigaciones en Bioingeniería” (GIBIOING) of the 
Universidad Pontificia Bolivariana, two prototypes of robots have been 
developed: ISOTAX and KIRUBOT.

A. ISOTAX
In 1997 by the initiative of neurosurgeon Carlos Jaime Yepes, the prototype 
“ISOTAX” was designed. It is a system for the execution of neurosurgical 
procedures. It is composed of two elements: a table of coordinates and 
a stereotactic framework in which a surgical arm is adjusted and where 
a stereotactic needle or an electrode is fixed. 
Subsequently, other versions of the prototype and its automation have been 
developed, in search of an affordable system that can carry out the presurgical 
planning and can be adapted to the conditions and needs of the environment. 
ISOTAX counts on a mechanical system, see Fig. 5, a movement control system 
based on power drives and data acquisition cards, and a software developed 
with virtual instrumentation as the user interface. The geometric study carried 
out on the prototype determined the orientation of the needle, which indicates 
the path that includes the incision point, the treatment point and the origin of 
coordinates (center of the circle), to guarantee that the principle of centered arc 
is complied with [31].
The doctor then inputs two points with Cartesian coordinates X, Y, Z, that 
represent the place of the incision and the location of the area to explore; the 
system indicates if the points are correctly located to respond to the conditions 
of centered arc and when this condition is met, automatically the set points for 
the different control loops are established, in this way moving the needle in the 
direction of penetration.

Fig 5. Prototype ISOTAX robot

A validation phase was carried out to determine the precision and accuracy 
of the system, as well as to evaluate the actual design characteristics and to 
anticipate any future design needs [31].



266 267

B. KIRUBOT
KIRUBOT is a prototype with four degrees of freedom with rotational joints for 
future applications in surgery, see in Fig. 6. The mechanical system is based 
on the adaptation of the worm gear mechanisms to every stepper motor in the 
manipulator [32, 33].
The automation of the prototype was programmed using movement control 
tools. Additionally, the automation software incorporates the performance 
of the robot in its environment. It has an initial positioning option and an 
autonomous movement option in a three-dimensional system. With this last 
option, the subsequent movements will be directed by the surgeon in the future 
with the aid of an optimum viewing system. 

Fig 6. KIRUBOT prototype robot 

V. CONCLUSIONES

In the last three decades there has been much work in the topic of robotics 
applied to MIS around the world. The AESOP™, Zeus™ and daVinci  systems 
are in the last stage of the design process, because they have been already 
implemented with FDA approval. The applications of robotics to minimal 
invasive surgery in Latin America initially have been in the training of medical 
personnel for using the devices mentioned above. Nevertheless, the high cost 
to acquire those systems has created the need to evaluate the possibility of 
constructing devices in countries like Mexico and Colombia. 
The implementation of new technologies implies during the initial phases high 
costs, limited security compared with previous technologies and doubts with 
respect to its operation, but these diminish when the technology is perfected, 
because the costs of the services will decrease and acceptance and credibility 
will grow. The robot Tonatiuh constructed in Mexico is in the final design, 
adjustments and implementation phases, since tests on animals and people 
have been carried out, while the systems in Colombia are in the early stages, 
the initial prototype and the evaluation phase. It is important to continue 

In the “Centro de Investigaciones en Bioingeniería” (GIBIOING) of the 
Universidad Pontificia Bolivariana, two prototypes of robots have been 
developed: ISOTAX and KIRUBOT.

A. ISOTAX
In 1997 by the initiative of neurosurgeon Carlos Jaime Yepes, the prototype 
“ISOTAX” was designed. It is a system for the execution of neurosurgical 
procedures. It is composed of two elements: a table of coordinates and 
a stereotactic framework in which a surgical arm is adjusted and where 
a stereotactic needle or an electrode is fixed. 
Subsequently, other versions of the prototype and its automation have been 
developed, in search of an affordable system that can carry out the presurgical 
planning and can be adapted to the conditions and needs of the environment. 
ISOTAX counts on a mechanical system, see Fig. 5, a movement control system 
based on power drives and data acquisition cards, and a software developed 
with virtual instrumentation as the user interface. The geometric study carried 
out on the prototype determined the orientation of the needle, which indicates 
the path that includes the incision point, the treatment point and the origin of 
coordinates (center of the circle), to guarantee that the principle of centered arc 
is complied with [31].
The doctor then inputs two points with Cartesian coordinates X, Y, Z, that 
represent the place of the incision and the location of the area to explore; the 
system indicates if the points are correctly located to respond to the conditions 
of centered arc and when this condition is met, automatically the set points for 
the different control loops are established, in this way moving the needle in the 
direction of penetration.

Fig 5. Prototype ISOTAX robot

A validation phase was carried out to determine the precision and accuracy 
of the system, as well as to evaluate the actual design characteristics and to 
anticipate any future design needs [31].



268 269

17 Obando, M.A. and J.H. Payne, The future application of the robotic arm (Automatic Endoscopic 
System for Optimal Positioning or AESOP) with voice recognition in sinus endoscopic surgery. 
Operative Techniques in Otolaryngology-Head and Neck Surgery, 2003. 14(1): p. 55-57.

18 Prates, P.R.L., R.T. Sant´anna, and I.A. Nesralla, Endoscopic harvest of internal thoracic artery 
with robotic assistance. Rev Bras Cir Cardiovasc, 2004. 19(2): p. 179-182.

19 Sant´anna, R.T., et al., Robotic systems in cardiovascular surgery. Rev Bras Cir Cardiovasc, 2004. 

19(2): p. 171-178.

20 Zorrón, R., et al., Videocirurgia robótica: estudo clínico prospectivo na colecistectomia laparoscópica. 
Rev. Col. Bras. Cir., 2005 32(4): p. 183-187.

21 Endowrist instruments & Accesories, I. surgical, Editor. 2005.

22 Dupeyrat, A.C. and G.H. Ballantne, Sistemas quirúrgicos robóticos y telerobóticos para cirugía 
abdominal. Revista Gastroenterología Perú, 2003. 23: p. 58-66.

23 Camarillo, D.B., T.M. Krummel, and J. Salisbury, J.Kenneth, Robotic technology in surgery: Past, 
present, and future. The American Journal of Surgery, 2004. 188(Supplement 1): p. 2-15.

24 Morgan, J.A., et al., Advanced thoracoscopic procedures are facilitated by computer-aided robotic 
technology. European Journal of Cardio-Thoracic Surgery, 2003. 23(6): p. 883-887.

25 Ramos, A.C., Cirugía robótica. Cirujano General, 2003. 25: p. 314-320.

26 López, P., Suma “Tonatiuh” más de cien cirugías, in Reforma. 2005: Mexico city. p. 2-C.

27 Mosso-Vázquez, J.L., et al., Navegación endoscópica asistida por un robot en animal de 
experimentación. Cirugía y Cirujanos, 2002 70(5): p. 346-349.

28 Mosso-Vázquez, J.L., et al., Histerectomía vaginal video asistida a través de un brazo robótico. 
Reporte de un caso. Cirugía y Cirujanos, 2002 70(2): p. 105-108.

29 Mosso-Vázquez, J.L., et al., Colecistectomías laparoscópicas asistidas por un robot y teleguiadas vía 
satélite en México. Cirugía y Cirujanos, 2002 70(6): p. 449-454.

30 Colciencias. Curriculum Vitae Andrés Jaramillo. 2006 [cited 2006; Available from: http://

garavito.colciencias.gov.co/pls/curriculola/gn_imprime.visualiza_cvlac?f_check=DUMMY&f_

check=0&f_check=1&f_check=2&f_check=3&f_check=4&f_check=7&f_check=5&f_

check=6&f_check=15&f_check=16&f_check=8&f_check=9&f_check=10&f_check=12&f_

check=17&f_check=13&f_check=11&f_check=14&f_check=21&f_check=19&f_check=20&f_

tpo=P&f_fmt=H&f_padrao=A&f_plv=0&f_setor=0&f_area=0&f_per_atu=0&f_ano_atu=&f_

inf=1&f_cit=1&f_per_prod=0&f_ano_prod=&f_cod=0000062650.

31 Gutiérrez, J. and C. Medina, Prototipo de robot para neurocirugía -ISOTAX III- fase de desarrollo 
del control de movimiento utilizando herramientas de National Instruments., in Facultad de 
Ingeniería Electrónica. 2006, Universidad Pontificia Bolivariana Medellín. p. 69.

32 Pérez, V. and H. Posada, KIRUBOT. Fase II: Automatización con instrumentación virtual del 
protoripo de brazo robótico ayudante en cirugía, in Facultad de Ingeniería Electrónica. 2002, 

Universidad Pontificia Bolivariana: Medellín. p. 165.

33 Arana, A. and C. Arango, Diseño y construcción de KIRUBOT: Brazo robótico ayudante de cirugía, 
in Facultad de Ingeniería Electrónica 2001, Universidad Pontificia Bolivariana: Medellín.

developing research projects that contribute solutions to the different problems 
present inside the operating room, especially those problems particular to Latin 
America. 

Bibliography:

1 Hanly, E.J., et al., Multiservice laparoscopic surgical training using the daVinci surgical system. 
The American Journal of Surgery, 2004. 187(2): p. 309-315.

2 Glasgow, R.E., K.A. Adamson, and S.J. Mulvihill, The benefits of a dedicated minimally invasive 
surgery program to academic general surgery practice. Journal of Gastrointestinal Surgery, 2004. 

8(7): p. 869-873.

3 Hanly, E.J. and M.A. Talamini, Robotic abdominal surgery. The American Journal of Surgery, 

2004. 188(Supplement 1): p. 19-26.

4 Fogel, H.S.M., Cirugía robótica en México.Los sistemas inteligentes, perspectivas actuales y a fu-
turo en el ámbito mundial. Revista Mexicana de Cirugía Endoscópica, 2003 4(1): p. 45-50.

5 Preusche, C., T. Ortmaier, and G. Hirzinger, Teleoperation concepts in minimal invasive surgery. 
Control Engineering Practice, 2002. 10(11): p. 1245-1250.

6 Costi, R., et al., Robotic fundoplication: from theoretic advantages to real problems. Journal of the 

American College of Surgeons, 2003. 197(3): p. 500-507.

7 Hashizume, M., et al., A new era of robotic surgery assisted by a computer-enhanced surgical 
system. Surgery, 2002. 131(1, Supplement 1): p. S330-S333.

8 Marohn, C.M.R. and C.E.J. Hanly, Twenty-first century surgery using twenty-first century 
technology: Surgical robotics. Current Surgery, 2004. 61(5): p. 466-473.

9 Maniar, H.S., et al., Comparison of skill training with robotic systems and traditional endoscopy: 
Implications on training and adoption. Journal of Surgical Research, 2005. 125: p. 23-29.

10 Cirugía robótica. Documento de apoyo. Doctorado en electrónica: captación multisensorial y 

sistemas robóticos. 2006 3/1/07 [cited 2006 6/12/2006]; Available from: http://www.depeca.

uah.es/docencia/doctorado/cursos04_05/83190/Documentos/Cirugiarobotica.pdf.

11 Sung, G.T. and I.S. Gill, Robotic laparoscopic surgery: a comparison of the Vinci and Zeus systems. 
Urology, 2001. 58(6): p. 893-898.

12 Buell, J.F., et al., An initial experience and evolution of laparoscopic hepatic resectional surgery. 
Surgery, 2004. 136(4): p. 804-811.

13 Jiménez, A.B., Puntadas antioqueñas en cirugía trasatlántica, in El pulso. 2001: Medellín.
14 Giubellino, G., Realizaron en el país la primera cirugía robótica de Latinoamérica, in Clarín. 

2005: Buenos Aires.

15 Mosso V, J., et al. From Puma of Unimation 6000 Robot to Tonatiuh Robot and Hand Free 
Navigation System. [cited 2006; Available from: http://www.eu-lat.org/eHealth/Mosso-et-

al.pdf.

16 Mosso-Vázquez, J.L., et al., Brazo robótico para sujetar y posicionar laparoscopios. Primer diseño 
y construcción en México. Cirugía y Cirujanos, 2001 69(6): p. 295-299.



268 269

17 Obando, M.A. and J.H. Payne, The future application of the robotic arm (Automatic Endoscopic 
System for Optimal Positioning or AESOP) with voice recognition in sinus endoscopic surgery. 
Operative Techniques in Otolaryngology-Head and Neck Surgery, 2003. 14(1): p. 55-57.

18 Prates, P.R.L., R.T. Sant´anna, and I.A. Nesralla, Endoscopic harvest of internal thoracic artery 
with robotic assistance. Rev Bras Cir Cardiovasc, 2004. 19(2): p. 179-182.

19 Sant´anna, R.T., et al., Robotic systems in cardiovascular surgery. Rev Bras Cir Cardiovasc, 2004. 

19(2): p. 171-178.

20 Zorrón, R., et al., Videocirurgia robótica: estudo clínico prospectivo na colecistectomia laparoscópica. 
Rev. Col. Bras. Cir., 2005 32(4): p. 183-187.

21 Endowrist instruments & Accesories, I. surgical, Editor. 2005.

22 Dupeyrat, A.C. and G.H. Ballantne, Sistemas quirúrgicos robóticos y telerobóticos para cirugía 
abdominal. Revista Gastroenterología Perú, 2003. 23: p. 58-66.

23 Camarillo, D.B., T.M. Krummel, and J. Salisbury, J.Kenneth, Robotic technology in surgery: Past, 
present, and future. The American Journal of Surgery, 2004. 188(Supplement 1): p. 2-15.

24 Morgan, J.A., et al., Advanced thoracoscopic procedures are facilitated by computer-aided robotic 
technology. European Journal of Cardio-Thoracic Surgery, 2003. 23(6): p. 883-887.

25 Ramos, A.C., Cirugía robótica. Cirujano General, 2003. 25: p. 314-320.

26 López, P., Suma “Tonatiuh” más de cien cirugías, in Reforma. 2005: Mexico city. p. 2-C.

27 Mosso-Vázquez, J.L., et al., Navegación endoscópica asistida por un robot en animal de 
experimentación. Cirugía y Cirujanos, 2002 70(5): p. 346-349.

28 Mosso-Vázquez, J.L., et al., Histerectomía vaginal video asistida a través de un brazo robótico. 
Reporte de un caso. Cirugía y Cirujanos, 2002 70(2): p. 105-108.

29 Mosso-Vázquez, J.L., et al., Colecistectomías laparoscópicas asistidas por un robot y teleguiadas vía 
satélite en México. Cirugía y Cirujanos, 2002 70(6): p. 449-454.

30 Colciencias. Curriculum Vitae Andrés Jaramillo. 2006 [cited 2006; Available from: http://

garavito.colciencias.gov.co/pls/curriculola/gn_imprime.visualiza_cvlac?f_check=DUMMY&f_

check=0&f_check=1&f_check=2&f_check=3&f_check=4&f_check=7&f_check=5&f_

check=6&f_check=15&f_check=16&f_check=8&f_check=9&f_check=10&f_check=12&f_

check=17&f_check=13&f_check=11&f_check=14&f_check=21&f_check=19&f_check=20&f_

tpo=P&f_fmt=H&f_padrao=A&f_plv=0&f_setor=0&f_area=0&f_per_atu=0&f_ano_atu=&f_

inf=1&f_cit=1&f_per_prod=0&f_ano_prod=&f_cod=0000062650.

31 Gutiérrez, J. and C. Medina, Prototipo de robot para neurocirugía -ISOTAX III- fase de desarrollo 
del control de movimiento utilizando herramientas de National Instruments., in Facultad de 
Ingeniería Electrónica. 2006, Universidad Pontificia Bolivariana Medellín. p. 69.

32 Pérez, V. and H. Posada, KIRUBOT. Fase II: Automatización con instrumentación virtual del 
protoripo de brazo robótico ayudante en cirugía, in Facultad de Ingeniería Electrónica. 2002, 

Universidad Pontificia Bolivariana: Medellín. p. 165.

33 Arana, A. and C. Arango, Diseño y construcción de KIRUBOT: Brazo robótico ayudante de cirugía, 
in Facultad de Ingeniería Electrónica 2001, Universidad Pontificia Bolivariana: Medellín.

developing research projects that contribute solutions to the different problems 
present inside the operating room, especially those problems particular to Latin 
America. 

Bibliography:

1 Hanly, E.J., et al., Multiservice laparoscopic surgical training using the daVinci surgical system. 
The American Journal of Surgery, 2004. 187(2): p. 309-315.

2 Glasgow, R.E., K.A. Adamson, and S.J. Mulvihill, The benefits of a dedicated minimally invasive 
surgery program to academic general surgery practice. Journal of Gastrointestinal Surgery, 2004. 

8(7): p. 869-873.

3 Hanly, E.J. and M.A. Talamini, Robotic abdominal surgery. The American Journal of Surgery, 

2004. 188(Supplement 1): p. 19-26.

4 Fogel, H.S.M., Cirugía robótica en México.Los sistemas inteligentes, perspectivas actuales y a fu-
turo en el ámbito mundial. Revista Mexicana de Cirugía Endoscópica, 2003 4(1): p. 45-50.

5 Preusche, C., T. Ortmaier, and G. Hirzinger, Teleoperation concepts in minimal invasive surgery. 
Control Engineering Practice, 2002. 10(11): p. 1245-1250.

6 Costi, R., et al., Robotic fundoplication: from theoretic advantages to real problems. Journal of the 

American College of Surgeons, 2003. 197(3): p. 500-507.

7 Hashizume, M., et al., A new era of robotic surgery assisted by a computer-enhanced surgical 
system. Surgery, 2002. 131(1, Supplement 1): p. S330-S333.

8 Marohn, C.M.R. and C.E.J. Hanly, Twenty-first century surgery using twenty-first century 
technology: Surgical robotics. Current Surgery, 2004. 61(5): p. 466-473.

9 Maniar, H.S., et al., Comparison of skill training with robotic systems and traditional endoscopy: 
Implications on training and adoption. Journal of Surgical Research, 2005. 125: p. 23-29.

10 Cirugía robótica. Documento de apoyo. Doctorado en electrónica: captación multisensorial y 

sistemas robóticos. 2006 3/1/07 [cited 2006 6/12/2006]; Available from: http://www.depeca.

uah.es/docencia/doctorado/cursos04_05/83190/Documentos/Cirugiarobotica.pdf.

11 Sung, G.T. and I.S. Gill, Robotic laparoscopic surgery: a comparison of the Vinci and Zeus systems. 
Urology, 2001. 58(6): p. 893-898.

12 Buell, J.F., et al., An initial experience and evolution of laparoscopic hepatic resectional surgery. 
Surgery, 2004. 136(4): p. 804-811.

13 Jiménez, A.B., Puntadas antioqueñas en cirugía trasatlántica, in El pulso. 2001: Medellín.
14 Giubellino, G., Realizaron en el país la primera cirugía robótica de Latinoamérica, in Clarín. 

2005: Buenos Aires.

15 Mosso V, J., et al. From Puma of Unimation 6000 Robot to Tonatiuh Robot and Hand Free 
Navigation System. [cited 2006; Available from: http://www.eu-lat.org/eHealth/Mosso-et-

al.pdf.

16 Mosso-Vázquez, J.L., et al., Brazo robótico para sujetar y posicionar laparoscopios. Primer diseño 
y construcción en México. Cirugía y Cirujanos, 2001 69(6): p. 295-299.


