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Abstract. Research and development (R&D) of computer-aided surgery (CAS) 
in Japan was started in the mid-1980s and has been progressing steadily through 
interdisciplinary collaboration. From the mid-1990s, many R&D projects on 
surgical manipulators and navigation systems for endoscopic surgery were 
started. In the early 2000s, a number of prototypes of master–slave tele-
manipulation systems with navigational imaging were developed for robotic 
general surgery, cardiac surgery, orthopedic surgery, and neurosurgery. 
However, commercially successful cases such as “da VinciTM” are rare in 
Japan. Research into CAS developments revealed that limited R&D resources 
for human–computer interfaces, usability, regulatory affairs, and international 
marketing strategies might have been responsible for the commercial failure of 
Japanese CAS-related equipment. Taken together, further development of CAS 
requires interdisciplinary and international R&D cooperation. 
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1 Introduction 

Research and development (R&D) of computer-aided surgery (CAS) in Japan  
was started in the mid-1980s and has been progressing steadily through interdiscipli-
nary collaboration. The main driving force for CAS was the rapid expansion of  
endoscopic surgery in the 1990s. However, commercially successful cases are rare in 
Japan. The status and problems of R&D of CAS were therefore investigated in this 
study. 

2 Materials and Methods 

Presentations and original articles on CAS presented in the Japan Society of  
Computer Aided Surgery (JSCAS) and the Japanese Society for Medical and  
Biological Engineering (JSMBE) journals from 1995 to 2012 were analyzed, and 
problems related to research and commercialization of medical devices of CAS were 
investigated. 
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3 Results 

Of 1503 presentations and original articles in the field of CAS presented at annual 
meetings and in the JSCAS and JSMBE journals, 550 (36.6%) involved surgical ro-
botics, 784 (52.1%) involved imaging and navigation, 102 (6.7%) involved a human–
machine interface, and 67 (4.5%) involved regulatory sciences. These results show a 
relative shortage of research on the human–machine interface and regulatory sciences. 
In Japan, many commercial imaging software applications and devices are available 
in the field of imaging and navigation systems. However, commercially successful 
cases are rare in Japan, and NaviotTM––a endoscope-manipulator for endoscopic 
surgery––is the only commercially successful case. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. A scene of endoscopic surgery in 1990 

4 Discussion 

CAS represents both a concept and associated methods and involves the use of com-
puter technology for planning, navigation, and performing surgical operations. CAS 
developments run in parallel with the inauguration and development of endoscopic 
surgery. Endoscopic surgery is performed by small-diameter instruments under the 
image guidance of endoscopy. These instruments are inserted into the operation area 
with the endoscope via a few skin incisions of 5–10 mm diameter in the visceral wall.  

Modern endoscopic surgery was started as endoscopic cholecystectomy by Mouret 
in France and by McKernan and Reddic in the United States in 1987. In Japan, the 
first endoscopic cholecystectomy was performed by Prof. Idezuki et al in 1990 and 
rapidly spread throughout the country. (Fig.1) In 1990, only 299 cases of cholecys-
tectomy were operated by endoscopic surgery, comprising only 10% of all cholecys-
tectomy operations. In 1995 more than 80% of cholecystectomy cases were operated 
by endoscopic procedures. Indications for endoscopic surgery, such as gastrointestinal 
surgery, cardiac and respiratory surgery, urology, and gynecological surgery, spread 
rapidly in Japan and in other developed countries. In 2011, 140 000 cases of endos-
copic surgery were performed in Japan and included 25 000 cases of cholecystecto-
my. The main advantage of endoscopic surgery is minimization of skin incisions and 
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pain; hence the term “minimally invasive surgery”. However, surgeons must operate 
on internal organs via small-diameter access ports with limited tactile sensation and 2-
dimensional imaging. In addition, the working space of endoscopic surgery is very 
small compared with conventional surgery, so the surgical skills and ergonomic 
stresses imposed on the surgeon have greatly increased. To overcome these technical 
difficulties of endoscopic surgery, many R&D trials were started in the 1990s to assist 
endoscopic operation by means of surgical robotics and imaging and navigation  
technology. 

One of the original manipulators to work in the intra-abdominal cavity is 
AESOPTM (Computer Motion Co.), which manipulates the endoscope in the abdomin-
al cavity by a voice-recognition interface. The da Vinci surgical systemTM (Intuitive 
Surgical, Inc.) can be nominated as the most original device and succeeds surgical 
manipulators. The da VinciTM is a master–slave manipulator for robotic surgery con-
sisting of a surgeon–console with an ergonomic interface, a patient cart with multiple 
interactive robot arms, and a three-dimensional endoscope. The surgeon manipulates 
controllers on the surgeon–console by observing a three-dimensional image obtained 
via the endoscope. The da VinciTM enables surgeons to perform complex procedures, 
like coronary bypass surgery and prostate surgery, through 1–2 cm incisions. As of 
the end of 2012, there were approximately 2500 da VinciTM systems installed  
worldwide in hospitals. (Fig.2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. da Vinci surgical systemTM (first generation) from Surgical Intuitive Co 

 
R&D of CAS in Japan was started in the mid-1980s. Initial developments included 

navigational aids for liver surgery which entailed three-dimensional reconstruction 
using computed tomography images. Then, many R&D projects on surgical manipu-
lators and navigation systems for endoscopic surgery were started from the  
mid-1990s. In the early 2000s, many prototypes of new surgical robotic systems  
were developed and had advantages such as multi degree freedom, master–slave  
manipulation systems with navigational imaging and haptic sensation, and extensibili-
ty to telesurgery. In addition, a portable active-forceps with a deflectable and rotatable 
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computer-controlled tip providing 6 degrees of handling freedom was completed. 
These surgical robots were developed for robotic general surgery, cardiac surgery, 
orthopedic surgery, and neurosurgery, and a manipulator for a rigid endoscope for 
laparoscopic surgery was developed and marketed as NaviotTM.(Fig.3)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. NaviotTM, developed by University of Tokyo and HITACHI Co 

From the perspective of commercialization and international export power, endos-
copy and imaging technology are a strongpoint for Japan. However, commercially 
successful cases of surgical robotics such as da VinciTM are rare in Japan, with the 
exception of NaviotTM. Investigation of CAS developments revealed the following 
factors as responsible for the commercial failure of surgical robotics in Japan: limited 
R&D resources for human–computer interfaces, ergonomics and usability, regulatory 
affairs, and international marketing strategies of medical devices in the CAS field. 
Potential solutions to these problems include the establishment of interdisciplinary 
education and a research system for the CAS field (including medicine, engineering, 
ergonomics, regulatory sciences, and ethical issues), foundation of infrastructure  
elements (such as an animal experiment laboratory for venture companies), and  
training of coordinators and consultants on regulatory sciences, intellectual property, 
marketing, sales, and maintenance. 

5 Conclusion 

For smooth development and commercialization of surgical manipulators in the field 
of CAS, it is essential for R&D systems to adapt to social environments and global 
competition. Education on ergonomics and regulatory sciences is also necessary,  
in addition to computer information technology, as a component of medical and  
engineering education. 
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