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ABSTRACT

Objective: Kanazawa University introduced the da Vinci surgical system and the Radius surgical system. In this study,
we compared the advantages and disadvantages of each system. Methods: The da Vinci system is a master-slave tele-
manipulation system, which provides hi-resolution 3D images. The Radius system is pair of hand-guided surgical ma-
nipulators. In this study we focus on the operability of both instruments rather than their 3D optical systems. Results:
The Radius was originally developed specifically focused on ligation and suturing with suture sizes bigger than 4-0, it is
more effective, less expensive compared with the da Vinci. Although the da Vinci system is bulky, it allows surgeons to
perform endoscopic surgeries only if ports are properly placed to prevent each arm from colliding with the other arms.
A crucial difference between the Radius and the da Vinci is not limited to anastomose small vessels but is extended to
multidirectional dissection. Currently, the cost including initial investment is the biggest issue; however, the da Vinci is
absolutely necessary to implement delicate cardiac surgeries endoscopically and less-invasively. Early approval of ro-
botic surgery by the government is urgently required in Japan. Conclusions: Although both the da Vinci and the Radius
have endoscopic instruments with a multi-degree of freedom, applications need to be differentiated depending on the
procedures and indications. Therefore, it can be clearly said that these unique innovative systems will never compete
against each other.
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1. Introduction provides 3D images with superior resolution and high

Kanazawa University introduced the da Vinci surgical contrast through its optical system (Figure 1(A)). The

system (Intuitive Surgical Inc., Sunnyvale, CA) in 2005
and the Radius surgical system (Tuebingen Scientific
Medical GmbH, Germany) in 2006 [1-3]. The university
is the only facility in Japan in which both innovative en-
doscopic surgery systems are in use. While surgeons un-
familiar with both systems may feel that the da Vinci is
unnecessary if the Radius system is already being em-
ployed, this facility has benefited from the use of both
innovative endoscopic surgery systems in Japan. We
have therefore compared the advantages and disadvan-
tages of each system.

2. Comparison of the da Vinci and the
Radius Surgical Systems

The da Vinci system consists of an ergonomically de-
signed surgeon’s console, a patient-side cart with three or
four interactive robotic arms and a Vision System. The
da Vinci is a master-slave telemanipulation system that
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surgeon manipulates two master controllers located at the
surgeon’s console as in open surgery, and is able to ob-
tain 3D images of the operative field, including binocular
and magnified views with resolution equivalent to im-
ages obtained in an open fashion [4,5]. The Radius sys-
tem consists of two hand-guided surgical manipulators,
each approximately 50cm in length, which is slightly
longer than standard endoscopic instruments (Figure
1(B)) [3,6,7]. In this study we focus on the operability of
both instruments rather than their 3D optical systems.

Figure 1. da Vinci surgical system (A) and radius surgical
system (B).
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2.1. Freedom of Instruments

The da Vinci’s instruments are designed to have 7 de-
grees of freedom and 90 degrees of articulation, allowing
each instrument to function as if it had a human wrist.
The Radius has a deflectable and rotatable tip that pro-
vides 7 degrees of handling freedom (Figure 2(A)). How-
ever, one of the Radius’s finger tips are fixed and cannot
move and its “wrist” has limited articulation (Figure
2(B)). Both systems seem to have 7 degrees of freedom;
however, the da Vinci’s instrument tips have complete
freedom and articulation rather than the Radius’.

2.2. Instrument Tips

While the da Vinci has more than 40 instrument tips,
including electric cauteries and an ultrasonic coagulating
device and the entire instrument is changed when tips are
changed, the Radius has interchangeable surgical endo-
effectors with only 4 tips and no electric cautery (Figure
3). Because the Radius does not have a cautery tip, it can
only be used for suturing and tying knots but not for tis-
sue dissection. For both systems, changing instruments
can be done intra-operatively, which requires only a few
seconds.

2.3. Dexterity

The da Vinci system seamlessly translates the move-

Figure 2. da Vinci’s instrument tips (A) have complete free-
dom and articulation rather than the Radius’ (B).

Figure 3. da Vinci has more than 40 instrument tips (A);
Radius has only 4 tips (B).
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ments of the surgeon’s hand, wrist and fingers into pre-
cise, real-time movements of the surgical instruments.
The system can be downscaled by adjusting the ratio of
motion of the handles to that of the surgical instruments
to 2:1, 3:1 or 5:1. Another feature of the system is a mo-
tion filter, which removes unintended movements caused
by human tremor. These technical advantages allow the
surgeon to perform microsutures with relative ease and
with high precision in a deep operative field through a
small incision even when the suture is as thin as 8-0. In
contrast, the Radius is manipulated through the port axis,
which inevitably causes tremor at the tip end due to the
principle of leverage, making the performance of delicate
maneuvers difficult. When compared with the usual en-
doscopic instruments, however, it provides greater dex-
terity, allowing safer and easier surgical manipulations.
From the point of dexterity, still da Vinci has the advan-
tage, and we think Radius is preferable for endoscopic
suturing with under 4-0 thread rather than for other en-
doscopic procedures.

2.4. Size

Size is the only major disadvantage of the da Vinci sys-
tem. Its bulk makes access to the patient a little difficult.
In robotic surgeries, the ideal positioning of the system,
the optimal working angles and the proper port place-
ment should be taken into consideration. For usability,
the Radius has the advantage in terms of its size and
quicker set-up time. The diameters for the da Vinci and
the Radius instruments are 8 mm and 5 mm.

2.5. Tactility

When the da Vinci system is used, the operating surgeon
at the surgeon’s console cannot receive information about
the consistency of the tissue and sutures. For this reason,
the surgeon has to rely on the visual feedback obtained
through the three chip camera. In contrast, the surgeon
using Radius can receive tactile feedback similar to con-
ventional endoscopic instruments. However, lack of tac-
tile feeling is not considered a serious concern for those
of us who perform occasional robotic surgeries, and most
surgeons should know the consistency and the vulner-
ability of target tissue from the experience they have
gained through the performance of normal surgeries.

2.6. Learning Curve

In comparing the learning curves for both systems, we
formed the impression that the da Vinci curve is much
shorter than that for the Radius. The da Vinci system is
designed to allow the surgeon the natural hand-eye align-
ment at the surgeon’s console for intuitive control of the
instrument. On the other hand, the Radius requires a sig-
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nificant amount of practice to acquire the skill needed to
manipulate the instrument with uniqgue movements. That
is, it takes longer to learn how to manipulate the Radius
than to master conventional endoscopic instruments.

2.7. Economic Viewpoint

The greatest disadvantage of the da Vinci is the cost of
the main system, and of its maintenance and consum-
ables, such as instruments. In Japan, The entire system of
da Vinci S HD Surgical System including the 3D optical
system is estimated at roughly about $3,750,000. In addi-
tion, the average cost of each instrument is estimated at
roughly $500 per case depending on the procedure. At
the same time, the Radius system costs approximately
$35,000 and its interchangeable surgical endo-effectors
only cost an average of $200 per case.

2.8. CE Mark, FDA Clearance and Medical
Device Approval in Japan

The Radius has both the European CE Mark and Medical
Device Approval in Japan, but it has not been approved
by the US Food and Drug Administration (FDA). The da
Vinci has the European CE Mark and the approval for
several procedures from the FDA. Because da Vinci has
been approved by the MHLW (Ministry of Health, La-
bour and Welfare) for only radical prostatectomy in Ja-
pan in 2012, and, other da Vinci surgeries cannot be
covered by National Health Insurance, which becomes
the most critical issue when performing the robotic sur-
gery. Under such a circumstance, da Vinci surgeries cur-
rently can only be performed either under private prac-
tice, where the patient pays for the procedure or for re-
search purposes, where the hospital shoulders the costs
for such a procedure.

3. Discussion

The Radius system was originally developed to fill in the
space between conventional surgical instruments and
surgical robotics. Having specifically focused on ligation
and suturing with suture sizes bigger than 4-0, we believe
that it is more effective, less expensive and requires no
extra effort for preparation compared with the da Vinci
[3,8,9]. It is possible that use of the Radius system for
suturing is less likely to be associated with litigation pro-
vided that it is used by a surgeon who has acquired the
necessary skill through sufficient practice. A further ex-
pectation is that its diameter will be smaller than the ex-
isting one.

Although the da Vinci system is bulky, it allows sur-
geons to perform endoscopic surgeries under magnified
3D vision with high resolution only if ports are properly
placed to prevent each arm from colliding with the other
arms.
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A crucial difference between the Radius and the da
Vinci is not limited to anastomose small vessels such as
coronary arteries but is extended to multidirectional dis-
section [10]. Currently, the cost including initial invest-
ment is the biggest issue; however, the da Vinci is abso-
lutely necessary to implement delicate cardiac surgeries
endoscopically and less invasively. Early approval by the
MHLW is urgently required in Japan.

Because the da Vinci is a master-slave telemanipula-
tion system containing a 3D optical system with superior
resolution, we have already developed a 3D monitor for
routine endoscopic surgeries and have employed it in
clinical cases [11,12]. It can be assumed that if Radius
could be used with a 3D monitoring system, it would be
more useful.

Although both the da Vinci and the Radius systems
have endoscopic instruments with a multi-degree of free-
dom and difference of the da Vinci and Radius is like
comparing a sports car to a bicycle and stating the com-
parison needs to be made because they are forms of
transportation and they have wheels. However, every
hospital cannot buy a “sports car” because of the eco-
nomical problem, and the most important message of this
paper to surgeons and hospitals is the capabilities and
costs of each system. Of course da Vinci is an expensive
surgical robot, and most of endoscopic procedures can be
performed by the da Vinci. However there is the opera-
tion that even Radius systems can be performed useful
enough in endoscopic surgery. Applications need to be
differentiated depending on the procedures and indica-
tions, and surgeon can perform excellent operations eco-
nomically by using Radius systems appropriately.
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