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(57) ABSTRACT

The present disclosure relates to a minimally invasive surgi-
cal procedure device including a set for forming a modular
surgical tool, the set including a carrier shaft and a plurality of
functional modules, in which the each functional module has
means for rigid connection to the carrier shaft and/or to
another functional module and has dimensions suitable for
insertion into the body of a patient through a trocar, wherein
the device is characterized in that: —each functional module
has at least one degree of rotational or translational freedom
and/or a functional end-piece such as a forceps, hook or a
scalpel, —the carrier shaft and/or the functional modules
include means for actuating the functional modules according
to the respective degree of freedom thereof and/or the respec-
tive function thereof, and in that the device includes an elec-
tromechanical interface capable of controlling the actuating
of the assembled functional modules forming the tool.
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MODULAR SURGICAL TOOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. National Phase entry of
International Application No. PCT/EP2009/059771, filed on
Jul. 28, 2009, which claims priority to French Application
Serial No. 0855188, filed on Jul. 29, 2008, both of which are
incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a modular surgical
tool for minimally invasive surgery.

BACKGROUND OF THE INVENTION

[0003] Minimally invasive surgery is a surgical approach
aimed at intervening inside the body of a patient by accessing
organs on which intervention must be made, by making a
minimum number of openings in the body. For this purpose,
the surgeon makes small-size incisions in the body of the
patient, into which he inserts trocars intended for passage of
instruments and display apparatus, such as an endoscope or a
laparoscope to better observe the intervention zone. The tro-
cars which permits passage of display apparatus are called
“optical trocars” and generally have inner diameters of 10
mm or 12 mm. Trocars which allow passage of surgical
instruments are called “operating trocars” and generally have
inner diameters of 5 mm, given that operating trocars of inner
diameter of 8 mm, 10 mm or 12 mm can also be used if the
operation requires them.

[0004] Due to the advantages of this surgical technique for
the patient, especially in terms of patient comfort, rapid post-
operative recovery, and short hospitalisation, numerous tools
have been developed to allow the surgeon to make gestures as
precise as those made in open surgery where he benefits from
wider access to the intervention region. But tools proposed to
date still have drawbacks which hamper progress of mini-
mally invasive surgery. Of these problems, the lack of dex-
terity or minimal mobility offered by current tools have been
cited by doctors.

[0005] Robotic tools with internal mobilities, that is, hav-
ing different degrees of freedom actuatable inside the body of
the patient, exist today in a clinical routine (instruments of the
DaVinci robot) or in the form of a research laboratory proto-
type. For insertion of these tools via conventional operative
trocars, actuation of internal mobilities of these tools is done
by way of remote means (for example, cables, links, tension
wires, springs and belts, pulled by actuators placed on the
proximal part of the instrument). These actuation devices
result in substantial bulk outside the patient, around the sur-
geon.

[0006] Another solution consists of executing the internal
mobilities by using direct actuations (that is, mini-motors
placed in the distal part of the instrument). For technological
reasons (size/power of motors compromise), the resulting
tool is very bulky and cannot pass through conventional
operative trocars. The use of trocars of greater diameter
becomes necessary, which cancels out the minimally invasive
and non-traumatising character of the surgical procedure.
Also, modularity in design of a tool or medical system has
been taken into account in a number of works.

[0007] For example, U.S. Pat. No. 6,074,408 refers to a
disassemblable modular medical instrument to allow for
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easier cleaning and replacement of faulty components. Its
actuation is based on control by internal cable. The document
WO 98/49 951 as such describes a modular surgical instru-
ment allowing interchangeability of the tool due to a ratchet
and pawl system. U.S. Pat. No. 7,150,751 refers to the design
of a connector for a modular tool.

[0008] However, these systems, although modular, have
been designed for an assembly external to the body of the
patient. In fact, the tool is first fully assembled and then
introduced into the body of the patient to carry out the task for
which it was designed. This supposes either the use of trocars
of considerable diameter for passage of these tools, with
harmful consequences to postoperative follow-up, or the
design of small-footprint tools which can pass through trocars
of lesser diameter, though to the detriment of degrees of
freedom.

[0009] A number of works has proposed original architec-
tures for medical tools such as endoscopes or other surgical
tools, where memory-form alloys are sometimes used, in the
ongoing attempt to improve dexterity of the doctor as he
carries out surgical gestures. An orientation device with three
degrees of freedom and actuated by cables is the subject
matter of U.S. Pat. No. 6,685,698.

[0010] Thearticle by T. Takayama, T. Omata, T. Futami, H.
Akamatsu, T. Ohya, K. Kojima, K. Takase and N. Tanaka
(“Detachable-fingered hands for manipulation of large inter-
nal organs in laparoscopic surgery”, Proc. of International
Conference on Robotics and Automation (ICRA), pp. 244-
249, 2007), describes as such the assembly, inside the abdo-
men, of mechanical fingers constituting a “hand”, the func-
tion of which is to grip, manipulate or push large internal
organs. However, in this device, the number of fingers is
restricted to three. Also, their actuation is done mechanically
by cables, by manual action of the surgeon exerted on the
proximal part of the instrument. It is understood that the
number of degrees of freedom generally presented by existing
instruments for minimally invasive surgery is too low, and
that their actuation by cables results in substantial bulk out-
side the patient.

[0011] A first aim of the invention is to design a modular
tool with internal mobilities—that is, which can give the
surgeon all the degrees of freedom he needs—and which at
the same time can be easily assembled and disassembled.
Another aim of the invention is to provide a modular tool of
sufficiently small dimensions so that it can be inserted into the
human body via an opening of minimal diameter, to limit
postoperative consequences for the patient. Another aim of
the invention is to allow use of a non-remote power source to
prevent actuation by cables causing considerable mechanical
stress. Finally, the modular tool should be able to be adapted
for use in a robotic system.

SUMMARY

[0012] Theinventionproposes a system capable of carrying
out the internal mobilities of the tool with a modular system
using direct actuation while retaining the non-traumatising
and minimally invasive character of a surgical procedure. In
keeping with the invention, a minimally invasive surgical
intervention device is proposed, comprising a set for forming
amodular surgical tool, said set comprising a carrier shaft and
a plurality of functional modules, in which each functional
module has attachment means to the carrier shaft and/or to
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another functional module and has appropriate dimensions
for insertion into the body of a patient via a trocar, said device
being characterised in that:

[0013] each functional module has at least one degree of
freedom in rotation or in translation and/or a functional end-
piece such as forceps, a hook, a scalpel,

[0014] the carrier shaft and/or the functional modules com-
prise actuation means of said functional modules according to
their degree of freedom and/or their respective function,
and in that said device comprises an electromechanical inter-
face capable of controlling actuation of the assembled func-
tional modules forming the tool.

[0015] In a particularly advantageous manner, each func-
tional module has at least one degree of freedom in rotation or
in translation, and/or a functional end-piece such as forceps,
a hook, and a scalpel. The attachment means comprise
complementary male and female parts and/or adhesion sur-
faces by magnetic contact. The carrier shaft and/or the func-
tional modules preferably comprise means for powering and
for controlling said functional modules.

[0016] According to an embodiment, the carrier shaft has a
diameter less than or equal to 8 mm, and each functional
module has at least one dimension less than or equal to 12
mm. The device comprises a first trocar having an inner
diameter less than or equal to 8 mm for insertion of the shaft
and a second trocar having an inner diameter less than or
equal to 12 mm for insertion of functional modules. Accord-
ing to a particular embodiment, the device comprises imaging
means of the interior of the body of the patient, such as an
endoscope or laparoscope.

[0017] Advantageously, the device further comprises
means for manipulating each functional module in the body
of the patient. Said handling means comprise for example
forceps connected to the imaging means, a magnet having a
hollow cylindrical shape and capable of being mounted on the
imaging means without blocking the visual field, or forceps
inserted via a third trocar.

[0018] Another object of the invention relates to a process
for assembling a modular surgical tool, said tool comprising
at least one functional module on a carrier shaft, said process
being characterised in that it comprises the following steps:
(a) introduction of the carrier shaft in a first trocar installed
previously in the body of a patient;

(b) passage of a functional module, in a second trocar
installed previously in the body of a patient,

(c) assembly of said functional module on the carrier shaft.
[0019] Step (b) advantageously comprises successive pas-
sage of a plurality of functional modules, the last of which has
a functional end-piece, and step (c) comprises successive
assembly of said functional modules, such that the assembled
tool has at its distal end said functional end-piece. In between
steps (b) and (c), the process comprises a handling step of
functional modules to guide them from the outlet of the sec-
ond trocar to the carrier shaft.

BRIEF DESCRIPTION OF FIGURES

[0020] Other characteristics and advantages of the inven-
tion will emerge from the following detailed description, in
reference to the attached diagrams, in which:

[0021] FIG. 1 schematically illustrates installation of tro-
cars in the abdomen of a patient within the scope of minimally
invasive surgical intervention;

Jun. 2, 2011

[0022] FIG. 2 illustrates a set of functional modules for
assembling the modular surgical tool according to the inven-
tion;

[0023] FIG. 3 illustrates two particular functional modules
which can be used within the scope of the invention;

[0024] FIG. 4 illustrates an example of an assembled sur-
gical tool;

[0025] FIG. 5 illustrates another example of an assembled
surgical tool;

[0026] FIG. 6 illustrates another variant of a functional
module;

[0027] FIG. 7 illustrates several possible configurations of

the functional module illustrated in FIG. 6;

[0028] FIG. 8 illustrates two examples of functional end-
pieces mounted at the end of the functional module shown in
FIGS. 6 and 7;

[0029] FIG. 9illustrates the assembly process of the modu-
lar surgical tool;

[0030] FIG. 10 illustrates an auxiliary device for manipu-
lating functional modules inside the body of the patient;
[0031] FIG. 11 illustrates another device for manipulation
of functional modules; and

[0032] FIG. 12 illustrates two variants of a junction module
for increasing the number of degrees of freedom of the sur-
gical tool.

DETAILED DESCRIPTION OF THE INVENTION
Surgical Intervention Device

[0033] During minimally invasive surgical intervention
made in the abdominal zone (or laparoscopy), a trocar 1, a
trocar 2, and a trocar 3 are placed in the abdomen 4 of a
patient, as shown in FIG. 1. The trocars 1 and 2 generally have
an inner diameter of less than or equal to 8 mm (operating
trocar) and the trocar 3 (optical trocar) has an inner diameter
of less than or equal to 12 mm. The trocars 1 and 2 allow use
of surgical tools such as forceps and the trocar 3 allows use of
a laparoscope, for example.

[0034] FIG. 2 shows the trocar 1 divided into its lower part
and the carrier shaft 5 of the surgical tool, the distal part 6 of
which is to receive functional modules inside the abdomen of
the patient. The modular surgical tool according to the inven-
tion is in fact assembled from a set of functional modules
capable of being connected to the carrier shaft or to another
functional module. Modular in this text means that the tool is
assembled case by case with the degrees of freedom or the
functions preferred by the surgeon. It is also specified in this
text that a degree of freedom is associated with translation or
rotation; the operating movements of the tool (for example
opening and closing of forceps) are not considered as degrees
of freedom.

[0035] The shaft 5 serves as a base for assembly/disassem-
bly of a series of modules belonging to one of the following
classes: module having a degree of freedom in rotation (or
“rotation module”) 7, module having a degree of freedom in
translation (or “translation module™) 8 or module having a
functional end-piece, such as forceps module 9. Of course,
the functional end-piece can be any instrument which the
surgeon may need during intervention, such as for example a
hook, a scalpel, a needle, etc. For this purpose, each module
has means for being connected to the carrier shaft or to
another module. For example, each module can have a female
form such as the orifice 14 shown in FIG. 2, this female form
being capable of being fitted in and held on a male form 15
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complementary to the carrier shaft 5 or another functional
module (a motor shaft, for example).

[0036] The modules with functional end-piece which are
designed to form the end of the modular tool can simply have
an orifice 14. Of course, any other form of attachment means
1s feasible (complementary male/female forms, clips, screws,
magnetic means, electromechanical meaus, etc.). Also, the
attachment means are likewise designed to enable transmis-
sion of energy and operating commands to each of the mod-
ules.

[0037] In particular, the tool is controlled from an electro-
mechanical interface, such as a haptic interface, by means of
which the surgeon indicates selected movements and which
transmits via a controller control signals to each functional
module. The carrier shaft 5 must be designed such that its
inner part contains transmission supports (electric, fluid or
other) for power feed and for information exchange and con-
trol signals between the actuators, the sensors and the system
controller. Also, the proximal part (external to the surgical
cavity) and distal part (in the surgical cavity) of the carrier
shaft 5 comprise contactors or connectors ensuring links
between both the shaft and the functional modules (actuators)
and the carrier shaft and the controller.

[0038] According to a variant, it is possible for each of the
functional modules to have its own power supply means, for
example in the form of miniature batteries. Also, according to
another embodiment of the invention, the carrier shaft 5 is a
simple passive shaft and power supply, information exchange
and control signals between the actuators, the sensors and the
system controller are sent wirelessly (radio frequency, ultra-
sound, Bluetooth, Wifi, induction, magnetic, etc.).

[0039] The orifice 14 helping with installation of the mod-
ules can be located on the most appropriate face of each
module. If, as in FIG. 2, the functional module has a cylin-
drical shape, for example, the orifice 14 can be placed in the
base or in the lateral surface of the cylinder. If the functional
module is a cube, the orifice 14 can be placed on one of the
five surfaces of the cube not containing the motor axis of the
module. Alternatively, adhesion surfaces by magnetic contact
will be used in place of complementary male and female
parts.

[0040] The length of each module can be over 12 mm;
however, its width is to be under 12 mm as assembly of the
tool is based on use of the trocar 3 of inner diameter less than
or equal to 12 mm to allow modules defining the desired
architecture to reach the interior of the abdomen 4. Other
modules can be assembled or disassembled on each rotation
module 7 or on each translation module 8, without any class
restriction. The forceps module 9 takes up no other modules,
and can be mounted on the carrier shaft 5 as first and last
module, but also on a rotation module 7 or on a translation
module 8.

[0041] The architecture of the assembled tool can thus have
the required number of degrees of freedom to offer the best
dexterity for the doctor in making his surgical gesture.
According to a variant, a functional module having several
degrees of freedom and also integrating a functional end-
piece is feasible. This system of “‘single module” class 10 will
also have a width of less than 12 mm and its architecture will
depend of medical needs.

[0042] FIG. 3 shows the general principle of two modules
ofthe single module class 10; however, the design of this class
of modules is not restricted to these two examples of single
module. The first module 10 has a configuration of Rotation-
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Rotation-Rotation-Forceps type where R1, R2 and R3 are
rotations which can be made relative to axes al, a2 and a3,
respectively. The second module 105 has a configuration of
the type Rotation-Rotation-Translation-Forceps where R1
and R2 are rotations made relative to the axes al, a2, respec-
tively, and T1 is translation made along the axis a3.

[0043] The parts 11 in FIG. 3 are those which will be
mounted on the carrier shaft 5 in orifices 14. FIG. 3 shows a
forceps module 9 as the final part of each single module 10. As
a function of surgical needs and/or of the degree of dexterity
required during operation, the system can be updated or
reconfigured as required by the surgeon, that is, rotation mod-
ules 7 or translation modules 8 can be added or removed.
[0044] FIG. 4 illustrates an example of installation at two
degrees of freedom, constituted by a rotation module 7, a
translation module 8 and a forceps module 9. FIG. 5 illus-
trates a module 10a of “‘single module” class mounted on the
carrier shaft 5. The recovery of modules of “single module”
class 10 will be completed after it has been dismantled from
the carrier shaft 5, by one of the means mentioned later in this
document.

[0045] According to another set variant a particular class of
single module 12 constituted by a series of independent sub
modules 12a as illustrated in FIG. 6 can be provided. This
module 12 is also sent to the surgical cavity 4 via the trocar 3.
The initial part 11 of this series of sub modules is the part
which will be mounted on the carrier shaft (not shown in this
figure). Once assembled on the carrier shaft, this module 12
could assume particular configuration of, a priori, any num-
ber of possible configurations, as a function of surgical needs.
[0046] So, FIG. 7 illustrates the module 12 in a configura-
tion ¢l before and after three rotations R12-1, R12-2 and
R12-3 of sub modules. A second configuration ¢2 of the
module 12 is also shown in FIG. 7 where the module 12 has
assumed a configuration with two branches, the first bearing
forceps at the end of the series of sub modules and the second
bearing shears. The surgeon intervenes only in installing the
module 12 on the carrier shaft 5. A junction module was
designed to increase the number of installations of modules
inside the surgical cavity.

[0047] FIG. 12 illustrates two versions of the junction mod-
ule: a female-female module 13¢ and a female-male module
134. The junction module 13a or 135 can take up the various
classes of modules 7, 8,9, 10 or 12. In fact, using the junction
module enables multiple installations such as that of two
modules 12, illustrated in the right part of FIG. 7 where a
Junction module 135 (mounted previously in the carrier shaft
5) takes up a first module 12 bearing forceps and a second
module 12 bearing shears. Use of the junction module thus
increases the number of instruments inside the surgical cavity
but without increasing the number of surgical orifices.
[0048] The left part of FIG. 7 illustrates the module 12
before and after three rotations R12-1, R12-2 and R12-3 of
the sub modules, which defines a change in configuration.
These rotations are made inside the surgical cavity after
installation of the module 12 in the carrier shaft 5 or in the
junction module and are made by way of a command issued
outside the surgical cavity. In this case, the surgeon intervenes
only in the installation of the module 12 on the carrier shaft 5
or of the junction module on the carrier shaft 5 and the
modules 12 on the junction module.

[0049] Relative to the single module 10, the module 12 has
a larger number of degrees of freedom due to the number of
independent sub modules 12a which constitute it and which
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can be selected in advance by the doctor; this module 12 is
thus redundant. This illustrates an increase in the degree of
dexterity of the surgical tool and allows having the preferred
mobility according to the operation, without having to change
instruments or to add modules. Forceps, shears, etc. of the
module 12 are folding tools also forming a sub module, as is
illustrated in FIG. 8.

[0050] Assembly Process of the Modular Tool

[0051] FIG. 9 illustrates the different steps necessary for
assembling the tool inside the abdomen. In step (a), the mod-
ules are passed through the trocar 3, showing, in dotted lines,
a rotation module 7 passing via the trocar 3 and a forceps
module 9 about to be inserted into the trocar 3. The modules
can be inserted into the interior of the abdomen of the patient
for installation of the tool and their recovery after disassem-
bly by using mechanical, magnetic, pneumatic or other
means. The modules can be sent to the interior of the abdomen
by gravity where they will be recovered for their assembly.
[0052] Step (b) corresponds to recovery of the modules
inside the abdomen, for example by using another surgical
tool placed in the trocar 2, not shown in this figure. According
to another embodiment of the invention, illustrated in FIG.
10, an auxiliary device 16 comprising gripping means for
handling the different modules is used. The auxiliary device
16 is for example adapted to the laparoscope 17 without
obstructing the visual field 18 of the camera. In fact, this
auxiliary device 16 must have well researched architecture to
assist locating and handling of modules per region, without
interference of the visual field 18. For the assembly phase of
the surgical tool, the auxiliary device 16 is mounted on the
laparoscope 17 before the first module is sent to the interior of
the abdomen and disassembled after completion of assembly
of the tool so as not to block the view available for the doctor.
[0053] Instep (c), the modules are assembled one after the
other on the carrier shaft 5, terminating in a forceps module 9.
Once assembled, the tool is ready for use in a surgical proce-
dure defined by the surgeon and which does not form the
subject matter of the present invention. The number and class
of modules to be used as well as the order of installation or
configuration of the module depend on the dexterity preferred
by the doctor and on the inner space available in the abdomen
of the patient.

[0054] Any sort of power can be used to actuate the differ-
ent modules. Selection of the type of power to be used will
depend on the medical restrictions for each application and on
the technological availability of the moment. The carrier shaft
5is designed as a function of the nature of the power selected
to ensure power supply for all the modules defining the final
architecture of the surgical tool. As explained earlier, the
means used to provide power and exchange information and
control signals between the controller and the functional
modules can be conventional means (electric, prneumatic
wires, etc.) or else wireless (radio frequency, induction, mag-
netic, Bluetooth, ultrasound, etc.).

[0055] Inthe case of conventional transmission, the means
for connecting each functional module is designed such that
they receive and transmit (with the controller and with all
modules) information and control signals as well as the
required power. Compared to tools of the prior art, the tool
according to the invention can accordingly dispense with
actuation by cables, which minimises equipment bulk around
the surgeon.

[0056] The tool is disassembled by uninstalling the mod-
ules used one by one. The modules are then withdrawn from
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the interior of the abdomen via the trocar 3. For example, the
auxiliary device 16 is mounted on the laparoscope 17 prior to
disassembly of the surgical tool and disassembled after all
modules have been collected. Other means for recovering the
modules from the interior of the abdomen of the patient is a
hollow magnet 20 mounted on the laparoscope, as illustrated
in FIG. 11.

[0057] The orifice of the magnet frees up the visual field of
the laparoscope 17. This system recovers the modules one by
one by simple contact with the adequate face to guarantee
passage through the trocar 3. Other means for depositing and
recovering the modules from the interior of the abdomen and
for assembling/disassembling them can also be used, such as
for example bolt systems, ball-connected systems, clip sys-
tems or any other type of connecting system having qualities
such as quick installation/disassembly, ease of use and safety.
Of these module-recovery means, an endoscopic bag, nor-
mally used for extracting part of an organ separated by abla-
tion from the surgical cavity, can also be used.

[0058] The materials used for making the different ele-
ments such as the carrier shaft 5, themodules 7, 8,9,1012 and
13a or 13, the auxiliary device 16, the magnet 20 or another
connecting device for executing the invention are compatible
with sterile and safety conditions required in an operating
theatre. The modular tool just described can be used particu-
larly advantageously in relation with the robotic positioning
system forming the subject matter of international application
WO 03/094 579. The proximal end of the carrier shaft 5 is
attached to appropriate support means. In this way, the sur-
geon can benefit from the functionalities and minimal bulk of
such a robotic system, while benefiting from all degrees of
freedom allowed by the modular tool.

[0059] Of course, the dimensions of the trocars have been
given by way of example, given that trocars of larger diameter
can be used to allow passage of larger modules. Finally, the
invention has been described within the scope of laparoscopy,
where the surgical cavity is the abdomen, but it is understood
that it applies to all interventions feasible in minimally inva-
sive surgery.

1. A minimally invasive surgical intervention device, com-
prising:

aset for forming a modular surgical tool, the set comprising

a carrier shaft and a plurality of functional modules, in

which each functional module has connecting means to

at least one of: the carrier shaft and to another functional

module, and has appropriate dimensions for insertion

into the body of a patient via a trocar;

wherein each functional module has at least one degree
of liberty in at least one of: rotation, translation, and a
functional end-piece;

wherein at least one of: the carrier shaft and the func-
tional modules, comprise actuation means of the
functional modules according to at least one of: their
degree of liberty and their respective function; and

an electromechanical interface capable of controlling the

actuation of the installed functional modules forming

the tool.

2. The device as claimed in claim 1, wherein the attachment
means comprise at least one set of: complementary male and
female parts, and adhesion surfaces by magnetic contact.

3. The device as claimed in claim 1, wherein at least one of:
the carrier shaft and the functional modules, comprise means
for powering the functional modules.
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4. The device as claimed in claim 1, wherein the carrier
shaft has a diameter less than or equal to 8 mm, and in that
each functional module has at least one dimension less than or
equal to 12 mm.

5. The device as claimed in claim 1, farther comprising
imaging means of the interior of the body of the patient, such
as an endoscope or a laparoscope.

6. The device as claimed in claim 1, further comprising
means for handling each functional module in the body of the
patient.

7. The device as claimed in claim 6, wherein the handling
means comprise forceps connected to imaging means.

8. The device as claimed in claim 7, wherein the handling
means comprise a magnet having a hollow cylindrical shape

and capable of being mounted on the imaging means without
blocking the visual field.

9. The device as claimed in claim 8, wherein the handling
means comprise forceps inserted via a third trocar.

10. The device as claimed in claim 1, comprising a first
trocar having an inner diameter less than or equal to § mm for
the insertion of the shaft and a second trocar having an inner
diameter less than or equal to 12 mm for inserting the func-
tional modules.

11. A method for assembling a modular surgical tool, the
tool comprising at least one functional module on a carrier
shaft, the method comprising:

(a) introduction of the carrier shaft in a first trocar installed

previously in the body of a patient;
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(b) passage of a functional module, in a second trocar

installed previously in the body of a patient; and

(c) assembly of the functional module on the carrier shaft.

12. The method of claim 11, wherein step (b) comprises
suiccessive passage of a plurality of functional modules, the
last of which has a functional end-piece, and step (c) com-
prises successive assembly of the functional modules, such
that the assembled tool has at its distal end the functional
end-piece.

13. The method of claim 12, comprising, between steps (b)
and (c¢), a handling step of functional modules to guide them
from the outlet of the second trocar to the carrier shaft.

14. A minimally invasive surgical intervention device,
comprising a set for defining a modular surgical tool, the set
comprising a carrier shaft and a plurality of functional mod-
ules, in which each functional module has a connecting end
fitted to the carrier shaft and to another functional module,
and has appropriate dimensions for insertion into a body ofa
patient via a trocar, wherein:

each functional module has at least one degree of liberty in

at least one of: a) rotation, b) translation, and c) a func-
tional end-piece including one of: forceps, a hook, anda
scalpel;

at least one of: the carrier shaft and the functional modules,

are designed so as to actuate the functional modules
according to at least one of: their degree of liberty and
their respective function; and

an electromechanical interface controlling the actuation of

the installed functional modules which define the tool.
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