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Description
TECHNICAL FIELD

[0001] The embodiments of the present disclosure
generally relate to modular tools and more particularly
relate to mechanical and electrical communication be-
tween different portions of a modular tool.

BACKGROUND

[0002] Inthe field of surgery, open surgical procedures
involve creating arelatively large incision in the abdomen
of a patient allowing the surgeon to access various or-
gans. On the other hand, laparoscopic surgical proce-
dures involve accessing organs through one or more
small incisions, which makes these procedures less in-
vasive than open surgery. Since laparoscopic proce-
dures are less invasive, hospitalization times are typically
reduced, patients require less therapy, patients experi-
ence less pain, scarring is reduced, and the likelihood of
complications is reduced.

[0003] Inlaparoscopicprocedures, aminiature camera
can be introduced into the body of the patient through an
incision. The camera transmits images to a video monitor
enabling the surgeon to view the patient’s organs for di-
agnosing and treating the patient as needed. The sur-
geon can also introduce surgical instruments and auxil-
iary devices, such as irrigation and drainage devices,
through one or more additional small incisions. US
2004/153124 A1 discloses a medical tool comprising an
electromechanical driver and a surgical instrument at-
tachment for use in invasive surgery, including a handle
coupled to a flexible sheath which is in turn coupled to a
surgical attachment. The handle of the driver includes
the electromechanical driver and at least one processor
elementwhich controls the actions of the electromechan-
ical driver. US 2007/023477 A1 discloses a surgical de-
vice that includes a jaw portion with a first jaw and a
second jaw moveable relative to the first jaw. The surgical
device alsoincludes a shaft portion coupled to a proximal
end of the jaw portion. A driver is configured to cause
relative movement of the jaw portion and the shaft por-
tion. US 2003/045888 A1 describes an articulated appa-
ratus thatincludes afirstlink member, a second link mem-
ber, and a third link member. The second link member
is coupled to the first link member at a proximal end of
the second link member by a first joint having a first axis
of rotation. The third link member is coupled to a distal
end of the second link member by a second joint. Finally,
US 2005/113821 A1 discloses an actuation mechanism
which is provided for replaceable or exchangeable
clamping heads. The actuation mechanism provides a
first actuation member for controlling a clamping head
that can be removably coupled to the actuation mecha-
nism.

[0004] One challenge regarding the use of surgical
tools is sterilization, since surgical tools must be sterile
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in order to be used in an operating context. One school
of thought is to always use disposable tools, which are
used once and then discarded. Although this may seem
wasteful, there are some benefits to this methodology.
Forinstance, a surgeon has the assurance that new tools
will be sterile. New tools are at the beginning of their
effective life and are therefore more reliable. Among oth-
er benefits, there can be reduction in a hospital’s liability
since the transfer of pathogens from one patient to an-
other is essentially eliminated.

[0005] Another school of thoughtis that many tools can
be sterilized after use and should therefore be reused.
Particularly, this methodology can be beneficial with re-
spect to more expensive tools or those that are very re-
liable. By sterilizing tools, waste can be minimized. Some
tools can be autoclaved, which is a sterilizing procedure
thatinvolves exposing the tools to high pressure and high
temperature steam, which kills any biological matter on
the tools. However, since only certain types of tools, such
as stainless steel tools, can be autoclaved, other tools
should be sterilized using other methods. For example,
tools that contain parts that are sensitive to heat or mois-
ture, such as electronic circuitry, can often be sterilized
using other sterilization procedures. A difficulty with ster-
ilization methodologies, however, is that a hospital will
be required to dedicate a facility within the hospital for
sterilization practices and must follow an effective pro-
gram to ensure proper enforcement of sterilization pro-
cedures.

[0006] Based on the advantages and disadvantages
of the two schools of thought as mentioned above, there
is a trade-off between the concepts of using disposable
tools and using tools that can be sterilized after use. An
intermediate position can be taken between disposable
tools and reusable tools, referred to herein as "reposable”
tools. Reposable tools are designed such that a portion
of the tool is disposable and a portion of the tool is reus-
able.

SUMMARY

[0007] The presentdisclosure describes embodiments
of modular tools and further describes methods of oper-
ating modular tools. In one embodiment, among others,
a modular tool comprises a handle portion and a distal
portion, where the distal portion is configured to be at-
tached to the handle portion. The handle portion is con-
figured to be manipulated by a user. Although the distal
portion can be attached to the handle portion, it is further
configured to be removable from the handle portion by
the user. Manipulation of the handle portion causes
movement of one or more components of the distal por-
tion. The distal portion is further configured to sense one
or more parameters and transmit the sensed parameters
to the handle portion.

[0008] Other features, advantages, and implementa-
tions of the present disclosure, not expressly disclosed
herein, will be apparent to one of ordinary skill in the art
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upon examination of the following detailed description
and accompanying drawings. It is intended that such im-
plied implementations of the present disclosure be in-
cluded herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The components of the following figures are il-
lustrated to emphasize the general principles of the
present disclosure and are not necessarily drawn to
scale. Reference characters designating corresponding
components are repeated as necessary throughout the
figures for the sake of consistency and clarity.

[0010] FIG. 1 is a diagram illustrating a modular tool
according to one embodiment.

[0011] FIGS. 2A and 2B are diagrams illustrating the
interface portion shown in FIG. 1 according to one em-
bodiment.

[0012] FIG. 3is aflow diagram of a method of operating
a modular tool according to one embodiment.

DETAILED DESCRIPTION

[0013] Asurgeon performingalaparoscopic procedure
is usually unable to directly view the interaction between
the surgical instruments and the tissues and organs of
the patient. However, by inserting image capturing de-
vices to observe the distal ends of the tools, a surgeon
can rely on visual feedback to identify the anatomy of the
patient. To achieve a greater chance of success in lapar-
oscopic procedures, the surgeon should manipulate the
surgical tools with dexterity and sensitivity. In some cas-
es, the distal end of a tool may include sensors to provide
multimodal (i.e. visual, auditory, and/or tactile) feedback
to the surgeon. With this multimodal feedback, a surgeon
can better monitor forces applied by the tools to reduce
injuries and trauma to the tissues and organs, thereby
reducing complications associated with laparoscopic
procedures.

[0014] Another aspect that correlates to the success
of surgical procedures is proper sterilization of instru-
ments. With respect to reposable tools, one or more por-
tions of a reposable tool can be sterilized after use and
reused while one or more other portions of the tool can
be discarded. Reposable tools therefore include different
portions that can be assembled together, used as an as-
sembled tool, and then disconnected from each other.
The reusable portions are sterilized for further use and
the disposable portions are thrown out. One of the many
advantages of reposable tools is that the different por-
tions can be assembled in any number of possible com-
binations. For example, depending on a surgeon’s pref-
erences, certain handle portions may be selected and
can be used with certain distal portions that contain ele-
ments designed to act upon the tissues and organs.
Therefore, a variety of ends or tips can be connected to
a variety of handles to create diverse combinations of
modular tools.
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[0015] For the portions of the modular tools that can
be sterilized for later use, any suitable type of sterilization
procedure can be used, depending on the particular de-
sign of the portion and the materials or components con-
tained in the portion. For example, a handle portion may
include electronic circuitry that may be sensitive to heat
and/or moisture. Therefore, hot steam sterilization might
not be an acceptable practice in this case, unless the
sensitive portions are covered or sealed with a suitable
protective device. Other sterilization techniques may also
be used, such exposing the reusable portions to ethylene
oxide, using a hydrogen peroxide gas plasma technolo-
gy, gamma irradiation, electron-beam irradiation, etc.
[0016] The embodiments of the present disclosure de-
scribe distinct portions of modular tools that can be as-
sembled together to form a usable tool. In some embod-
iments, an interface portion or adapter is connected in-
termediately between a handle portion and a distal por-
tion. Whether designed with or without the interface por-
tion, the embodiments herein allow communication be-
tween the handle portion and the distal portion. Specifi-
cally, the communication is in the form of mechanical
translation from the handle portion to the one or more
components of the distal portion. In this way, the surgeon
can manipulate the handle in such a way to cause the
distal portion to perform specific functions on the tissues
and organs. In addition, communication described herein
includes electrical communication between the handle
portion and the distal portion. For example, electrical
communication may include providing high voltage from
the handle portion to the distal portion, such as for cau-
terization. Electrical communication may also include
providing low voltage, such as approximately 5V, from
the handle portion to the distal portion. This voltage can
be used to power the sensing elements of the distal por-
tion as needed. Furthermore, electrical communication
includes the transmission of sensor signals from the dis-
tal portion to the handle portion representing sensed pa-
rameters at the distal portion.

[0017] Although many ofthe examples described here-
in relate to modular surgical tools and more specifically
modular laparoscopic surgical tools, it should be under-
stood that the teachings of the present disclosure also
encompass any suitable type of modular hand tools. Oth-
er implementations and advantages will become appar-
enttoone of ordinary skill in the art from an understanding
of the present disclosure.

[0018] FIG. 1 is a diagram illustrating an embodiment
of a modular tool 10 having at least two portions. In par-
ticular, modular tool 10 is shown in FIG. 1 as a modular
laparoscopic surgical tool. In other embodiments, how-
ever, modular tool 10 may be configured as any type of
modular hand tool for performing any type of functions
and furthermore is designed with suitable means for me-
chanically translating forces and electrically communi-
cating signals between a handle portion and a distal por-
tion.

[0019] In the embodiment of FIG. 1, modular tool 10
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includes a handle portion 12, an adapter or interface por-
tion 14, and a distal portion 16. In some embodiments,
interface portion 14 may be omitted such that handle por-
tion 12 can be connected directly to distal portion 16. In
other embodiments, the elements of interface portion 14,
as described in more detail below, may be incorporated
partially or entirely into handle portion 12 and/or distal
portion 16. Handle portion 12, interface portion 14, and
distal portion 16 can be attached together to form modular
tool 10. When attached, modular tool 10 can be used as
designed. After use, handle portion 12, interface portion
14, and/or distal portion 16 can be removed or discon-
nected from the other portions. In the case where one
portion, e.g., distal portion 16, is a disposable item, this
portion can be removed from modular tool 10 and dis-
carded.

[0020] Modular tool 10 is designed such that handle
portion 12 can be selected from a plurality of handle por-
tions. Also, distal portion 16 can be selected from a plu-
rality of distal portions. With compatible interconnections
between the different handle portions and distal portions,
a user can connect the portions in any number of com-
binations, depending on the particular preferences or
needs of the user. Interface portion 14 may be used to
connect different families or classes of handle portions
with different families or classes of distal portions. In
some embodiments, however, handle portions and distal
portions can be designed such that they can be connect-
edtoeachother using a single interface portion 14 having
a universal design for all types of handle portions and
distal portions.

[0021] When a user physically manipulates handle
portion 12, mechanical forces applied to handle portion
12 are translated to cause movement of one or more
components of distal portion 16. As needed, this mechan-
ical translation is communicated through or by way of
interface portion 14. Furthermore, parameters that are
sensed at distal portion 16 can be electrically transmitted
back to handle portion 12. The types of parameters that
can be sensed by distal portion 16 may include, for ex-
ample, optical images, pressure, force, temperature, bi-
ological information, flexibility, tissue identification, tip re-
sistance, trajectory information, Doppler information, ac-
tive or passive piezoelectric transducer ("PZT") informa-
tion, polyvinylidene fluoride ("PVDF") sensor information,
strain gauge measurements, ultrasound, etc.

[0022] Handle portion 12 may include certain process-
ing elements as needed, such as, for example, filters,
analyzing circuitry, amplifiers, etc. Also, handle portion
12 may include a display device for displaying the sensed
parameters. In addition, handle portion 12 may include
a haptic actuator, such as, for example, a vibrotactile
actuator, kinesthetic actuator, deformable surface actu-
ator, electromagnetic actuator, eccentric rotating mass
("ERM"), linear resonant actuator ("LRA"), "smart mate-
rial", piezoelectric material, electro-active polymer,
shape memory alloys, etc. With a haptic actuator, handle
portion 12 can invoke a haptic effect to the hands of the
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user. Also, handle portion 12 caninclude handle mounted
sensors, such as, for example, user grip force sensors,
gripper angle sensors, etc.

[0023] In some embodiments, handle portion 12 may
include a wireless transmitter configured to transmit wire-
less signals to a remote haptic actuating device. In this
respect, signals from distal portion 16 can be transmitted
to the remote device for actuating haptic effects on the
user or even on another person. For example, signals
can be transmitted to a body-mounted actuator assembly
located on the surgeon, such as around the surgeon’s
wrist, inside the gown, etc. The body-mounted actuator
does not necessarily need to be sterile. Wireless trans-
mission in this sense may be for short range communi-
cation, such as using Bluetooth® or other similar tech-
nology.

[0024] Handle portion 12 can provide power to distal
portion 16 as needed to power any sensors of distal por-
tion 16. For example, a low voltage, e.g., 5V, may be
sufficient to power many sensing elements. In this case,
handle portion 12 can include an internal power source,
such as, for example, rechargeable batteries. When sen-
sors of distal portion 16 are powered, distal portion 16
can also transmit signals from the respective sensors
back to handle portion 12. In response to receiving the
feedback signal from distal portion 16, handle portion can
process the signals to indicate the results to the user in
any suitable manner. For example, handle portion 12
may include a haptic actuator for invoking a haptic effect
upon the user. In additional or alternative examples, han-
dle portion 12 may also include a display device for vis-
ually displaying results of the sensors of distal portion
16. With a power source contained within handle portion
12, the power source can supply power as needed to the
various output devices, e.g., haptic actuators, display de-
vices, etc., maintained with respect to handle portion 12.
[0025] In some embodiments, handle portion 12 may
also provide a large amount of AC or DC power to distal
portion 16. For example, when modular tool 10 is used
as a cauterization device, approximately 50 watts of pow-
er may be needed to cauterize an organ. With the capa-
bility to supply such a high power, modular tool 10 in-
cludes proper insulating material to minimize crosstalk
or electromagnetic interference of the high power with
other electronics. For cauterization, an external power
source may be used in conjunction with modular tool 10
to provide a proper amount of power. The external power
source in this case may be configured to provide power
to distal portion 16 via any suitable connection mecha-
nisms on handle portion 12 and/or interface portion 14.
[0026] Distal portion 16 may include any suitable type
of tip or end piece for performing any number of functions.
For example, regarding surgical tools, distal portion 16
may include a clamp, grasper, forceps, scissors, cautery,
tissue identifying probe, tip resistance sensor, trajectory
sensor, Doppler sensor, active or passive PZT sensor,
PVDF strain gauge, ultrasound detector, blood flow sen-
sor, pulse sensor, temperature sensor, sensor for mon-
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itoring other patient vitals, etc. Some examples of non-
surgical distal portion 16 elements may include drills,
screwdrivers, saws, hammers, etc.

[0027] FIGS. 2A and 2B are diagrams of an embodi-
ment of interface portion 14 shown in FIG. 1, where FIG.
2A is an end view of interface portion 14 and FIG. 2B is
a cross-sectional side view of interface portion 14. In this
embodiment, interface portion 14 includes a substrate
18 containing any suitable material for providing support
for the other elements. In some embodiments, substrate
18 is formed having a hollow cylindrical shaft having a
length of approximately 2-3 cm and a diameter of approx-
imately 2-3 cm. Interface portion 14 also includes power
conductors 20, signal communication conductors 22, a
processing device 24, sensors 26, insulating material 28,
and latching mechanisms 30. Insulating material 28
forms a layer between substrate 18 and a cylindrical
channel 32 formed coaxially with interface portion 14.
[0028] In general, interface portion 14 is designed as
an adapter to connect to handle portion 12 and distal
portion 16 to provide support for forming a relatively rigid
modular tool 10 that can be used as designed. Also, in-
terface portion 14 is an electromechanical interface de-
vice designed to enable mechanical translation and elec-
trical communication between handle portion 12 and dis-
tal portion 16. Interface portion 14 allows a mechanical
and high voltage electrical connection through channel
32todistal portion 16. In some embodiments, connection
can be made to a laparoscopic tip having standard diam-
eter dimensions of 3mm, 5mm, or 10mm. One of any
number of handle portions can be selected for attach-
ment with one of any number of distal portions. Selection
of handle portion 12 and distal portion 16 may be based
onasurgeon’s preference or to supportadvances in tech-
nology of handle portions, interface portions, and/or distal
portions. The selected portions can be attached by way
of interface portion 14.

[0029] Two power conductors 20 are illustrated in FIG.
2, where the potential difference between the two creates
an electrical current at the terminating sensor of distal
portion 16 that completes the circuit. In some embodi-
ments, however, more than one pair of power conductors
can be incorporated in interface portion 14 for supplying
power for additional sensors in distal portion 16 and/or
for supplying different voltage or currentlevels as needed
by different types of sensors. Similarly, two signal com-
municating conductors 22 are illustrated in FIG. 2 for cre-
ating a circuit along which signals can be transmitted
between handle portion 12 and distal portion 16. Power
conductors 20, signal communication conductors 22, and
any other conductors of interface portion 14 can be em-
bedded in substrate, which can act as an insulator for
the conductors. Also, these conductors extend the length
of interface portion 14 to transmit signals or power from
one end to the other.

[0030] Interface portion 14 can include any suitable
contact elements for creating an adequate electrical con-
nection between contact elements of the conductors of
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handle portion 12 and/or distal portion 16 with conductors
20 and 22. For example, the contact elements may in-
clude spring contact, corresponding male and female
connector contacts, etc. Also, the contact elements and
conductors can be used for carrying digital and/or analog
signals. Conductors 20 and 22 can be designed to carry
low voltage signals compared to the high voltage signals
transmitted through channel 32. In some embodiments,
the low voltage may be approximately 5V.

[0031] Processing device 24 may be a general-pur-
pose or specific-purpose processor or microcontroller,
depending on the particular use. In some embodiments,
processing device 24 can be implemented using discrete
logic circuitry, an application specific integrated circuit
(ASIC), a programmable gate array (PGA), a field pro-
grammable gate array (FPGA), etc., or any combination
thereof.

[0032] Sensors 26 may be implemented to detect any
number of parameters associated with interface portion
14. Two sensors 26 are shown for illustrative purposes
only, but it should be recognized that any number of sen-
sors 26 may be incorporated in interface portion 14 as
needed and depending on the particular design. In some
embodiments, one or more sensors 26 may be config-
ured as shaft sensors. For example, sensors may include
an optical encoder for monitoring shaft position when a
shaft of distal portion 16 is inserted into or removed from
channel 32. Sensors 26 may also be configured as in-
ductive sensors for monitoring when a high current is
flowing through a cautery or other similar high power de-
vice inserted in channel 32.

[0033] The layer of insulating material 28, positioned
between substrate 18 and channel 32, is configured to
minimize or eliminate crosstalk or electromagnetic inter-
ference of a high power or current flowing through chan-
nel 32. For example, when modular tool 10 is configured
as a cauterization device or other similar tool in which
high power is conducted from handle portion 12 to distal
portion 16, insulating material 28 insulates the other con-
ductors, e.g., low voltage conductors 20 and 22, from the
high power cautery in channel 32.

[0034] Ingeneral, latching mechanisms 30 caninclude
any suitable structure and are illustrated in FIG. 2A to
merely convey the concept of physically latching inter-
face portion 14 with either or both of handle portion 12
and/or distal portion 16. Latching mechanisms 30 are
located on both ends of interface portion 14 for assem-
bling with both handle portion 12 and distal portion 16.
Likewise, handle portion 12 and distal portion 16 include
compatible latching devices for enabling engagement of
portions together. Although four latching mechanisms 30
are shown, it should be recognized that any number of
latching mechanisms 30 can be included on each end of
interface portion 14. Latching mechanisms 30 can be
configured in any suitable manner with any suitable size
or shape and can be used to connect the different por-
tions together to form modular tool 10. Latching mecha-
nisms 30 are designed to provide sufficient strength and
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stability to allow the user of modular tool 10 to easily and
effectively perform the intended functions without inad-
vertent disconnection of the portions during use.

[0035] Furthermore, latching mechanisms 30 are de-
signed to properly align the contact elements of the con-
ductors of handle portion 12 and/or distal portion 16 with
corresponding contact elements and conductors of inter-
face portion 14. With proper alignment, power conductors
of handle portion 12 and distal portion 16 can be con-
nected to power conductors 20 of interface portion 14 to
properly supply power as needed. Also, signal commu-
nication conductors 22 can properly carry signals be-
tween corresponding signal communication conductors
of handle portion12 and distal portion 16. It should be
noted that handle portion 12 and distal portion 16 can be
designed to include corresponding latching components
for engaging latching mechanisms 30 of interface portion
14 to properly latch the portions together.

[0036] Channel 32 is designed to allow a mechanical
connection between handle portion 12 and distal portion
16. For example, distal portion 16 may include a rod that
is inserted through channel 32 and connected to corre-
sponding mechanisms for translating mechanical forces.
[0037] Depending on the particular need or design of
interface portion 14, more or fewer elements of interface
portion 14 may be included. For example, interface por-
tion 14 may further comprise a digital interface for digital
communication or integrated sensing. Interface portion
14 may be configured to support different types of shafts
and sensors of distal portion 16. Therefore, interface por-
tion 14 may include any suitable shape or design, with
differently sized or shaped channels 32 as needed for
particular types of shafts and sensors.

[0038] FIG. 3 is a flow diagram showing an embodi-
ment of a method of operation of a modular tool. In this
embodiment, the method comprises providing distinct
tool portions that can be assembled into a modular tool,
asindicated in block 34. In some embodiments, the mod-
ular tool comprises a handle portion and a distal portion,
where manipulation of one or more components of the
handle portion causes movement of one or more com-
ponents of the distal portion. According to many embod-
iments described herein, the method may include pro-
viding an interface portion to be assembled with the han-
dle portion and distal portion and positioned between the
two other portions. In this respect, interface portion may
be used for connected different types of handle portions
with different types of distal portions.

[0039] Asindicated in block 36, the modular tool reacts
to forces applied upon the tool, such as forces applied
by a user. In response to mechanical manipulation of the
first portion, e.g., handle portion, of the modular tool, me-
chanical forces are translated to a second portion, e.g.,
distal portion, of the modular tool. As indicated in block
38, one or more parameters are sensed at the second
portion of the modular tool. As indicated in block 40, the
sensed parameters are electrically transmitted from the
second portion of the modular tool to the first portion of
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the modular tool. In some embodiments, the method of
FIG. 3 may further comprise utilizing the signals at the
handle portion in any suitable manner. For example, the
signals may be used to display the sensed parameters
on a display device and/or can be used to actuate haptic
effect via a haptic actuating device associated with the
handle portion.

[0040] Therefore,itshould berecognizedthatthe mod-
ular tool, which includes portions that can be connected
together and can be removed from each other, includes
mechanical and electrical communication between the
portions of the tool. With such a method, it is possible to
interchange any number of handle portions with any
number of distal portions of the modular tool. This allows
great flexibility with respect to the user’s selection of dif-
ferent types of handle portions and distal portions based
on preference and/or need. While manipulating the han-
dle portion, causing the distal portion to mechanically re-
act, the distal portion can also sense one or more param-
eters that can be transmitted back to the handle portion
forindicating the sensed parameters to the user. It should
be understood that one or more of the steps, processes,
and/or operations described herein may be executed
substantially simultaneously or in a different order than
explicitly described, as would be understood by one of
ordinary skill in the art.

Claims
1. An interface mechanism (14) comprising:

a substrate (18);

means (30) for latching the substrate (18) to a
handle portion (12) of a modular tool (10);
means (30) for latching the substrate to a distal
portion (16) of the modular tool (10);

means for conducting electrical signals from the
distal portion (16) to the handle portion (12),
characterized in that

the interface mechanism (14) further comprising
athrough channel (32) through which a mechan-
ical connection between the handle portion (12)
and the distal portion (16) can be made, wherein
movement of one or more components of the
handle portion (12) causes movement of one or
more components of the distal portion (16) via
the mechanical connection and a shaft sensor
(26) configured to detect the presence of a shaft
of the distal portion (16) when the shaftis insert-
ed in the channel (32).

2. Theinterface mechanism of claim 1, further compris-
ing a processing device (24).

3. Theinterface mechanism of claim 1, further compris-
ing a layer of insulating material (28) positioned be-
tween the substrate (18) and the channel (32),
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wherein the insulating material (28) is configured to
minimize electromagnetic interference from high
electrical power flowing through the channel (32).

The interface mechanism of claim 1, wherein the
means for conducting electrical signals comprises a
pair of electrical conductors (20, 22) embedded in
the substrate (18) and running the length of the in-
terface mechanism (14).

The interface mechanism of claim 1, further compris-
ing means for supplying power from the handle por-
tion (12) to the distal portion (16).

The interface mechanism of claim 5, wherein the
means for supplying power comprises a pair of elec-
trical conductors (20, 22) embedded in the substrate
(18) and running the length of the interface mecha-
nism (14).

The interface mechanism of claim 1, wherein the
means (30) for latching the substrate (18) to the han-
dle portion (12) is further configured to latch the sub-
strate (18) to ahandle portion (12) of a modular lapar-
oscopic hand tool, and the means (30) for latching
the substrate (18) to the distal portion (16) is further
configured to latch the substrate (18) to a distal por-
tion (16) of the modular laparoscopic hand tool.

A modular tool (10) comprising:

a handle portion (12) configured to be manipu-
lated by a user; and

a distal portion (16) configured to be attached
to the handle portion (12), the distal portion (16)
further configured to be removable from the han-
dle portion (12) by the user;

wherein manipulation of the handle portion (12)
causes movement of one or more components
of the distal portion (16); and

wherein the distal portion (16) is further config-
ured to sense one or more physical properties
and to transmit the sensed physical properties
to the handle portion (12),

characterized in that

the modular tool (10) further comprising an in-
terface mechanism (14) as described in claims
1to 7.

The modular tool of claim 8, wherein the interface
mechanism (14) enabling the user to attach different
types of handle portions (12) with different types of
distal portions (16).

The modular tool of claim 9, wherein the handle por-
tion (12) is configured to supply a relatively small
voltage to the distal portion (16) to power one or more
sensors of the distal portion (16) that are configured
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1.

12.

13.

14.

15.

to sense the one or more physical properties.

The modular tool of claim 9, wherein the handle por-
tion (12) is configured to supply a relatively high volt-
age to the distal portion (16).

The modular tool of claim 11, wherein the distal por-
tion (16) is configured to use the high voltage for
cauterization.

The modular tool of claim 8, wherein the handle por-
tion (12) comprises a wireless transmission device
for wirelessly communicating the sensed parame-
ters to a remote device.

The modular tool of claim 8, wherein the handle por-
tion (12) is reusable and the distal portion (16) is
disposable, and wherein the distal portion (16) can
be removed from the handle portion (12) after use
and discarded.

The modular tool of claim 8, wherein the handle por-
tion (12) comprises a haptic actuator configured to
invoke a haptic effect on the user in response to the
signals transmitted from the distal portion (16) or
wherein the handle portion (12) comprises a display
device configured to display a value of the one or
more sensed parameters.

Patentanspriiche

1.

Schnittstellenmechanismus (14), der umfasst:

ein Substrat (18);

eine Einrichtung (30) zum Verriegeln des Sub-
strats (18) an einem Griffabschnitt (12) eines
modularen Instruments (10);

eine Einrichtung (30) zum Verriegeln des Sub-
strats an einem distalen Abschnitt (16) des mo-
dularen Instruments (10);

eine Einrichtung zum Leiten von elektrischen Si-
gnalen vom distalen Abschnitt (16) zum Griffab-
schnitt (12),

dadurch gekennzeichnet, dass

der Schnittstellenmechanismus (14) ferner ei-
nen Durchgangskanal (32), durch den eine me-
chanische Verbindung zwischen dem Griffab-
schnitt (12) und dem distalen Abschnitt (16) her-
gestellt werden kann, wobei die Bewegung von
einer oder mehreren Komponenten des Griffab-
schnitts (12) eine Bewegung von einer oder
mehreren Komponenten des distalen Ab-
schnitts (16) Giber die mechanische Verbindung
bewirkt, und einen Schaftsensor (26), der dazu
konfiguriert ist, die Anwesenheit eines Schafts
des distalen Abschnitts (16) zu detektieren,
wenn der Schaft in den Kanal (32) eingesetzt
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ist, umfasst.

Schnittstellenmechanismus nach Anspruch 1, der
ferner eine Verarbeitungsvorrichtung (24) umfasst.

Schnittstellenmechanismus nach Anspruch 1, der
ferner eine Schicht aus Isolationsmaterial (28) um-
fasst, die zwischen dem Substrat (18) und dem Ka-
nal (32) angeordnet ist, wobei das Isolationsmaterial
(28) dazu konfiguriert ist, eine elektromagnetische
Interferenz durch hohe elektrische Leistung, die
durch den Kanal (32) flie3t, zu minimieren.

Schnittstellenmechanismus nach Anspruch 1, wobei
die Einrichtung zum Leiten von elektrischen Signa-
len ein Paar von elektrischen Leitern (20, 22) um-
fasst, die in das Substrat (18) eingebettet sind und
die Lange des Schnittstellenmechanismus (14)
durchlaufen.

Schnittstellenmechanismus nach Anspruch 1, der
ferner eine Einrichtung zum Zufiihren von Leistung
vom Giriffabschnitt (12) zum distalen Abschnitt (16)
umfasst.

Schnittstellenmechanismus nach Anspruch 5, wobei
die Einrichtung zum Zuflihren von Leistung ein Paar
von elektrischen Leitern (20, 22) umfasst, die in das
Substrat (18) eingebettet sind und die Lange des
Schnittstellenmechanismus (14) durchlaufen.

Schnittstellenmechanismus nach Anspruch 1, wobei
die Einrichtung (30) zum Verriegeln des Substrats
(18) am Griffabschnitt (12) ferner dazu konfiguriert
ist, das Substrat (18) an einem Griffabschnitt (12)
eines modularen Laparoskophandinstruments zu
verriegeln, und die Einrichtung (30) zum Verriegeln
des Substrats (18) am distalen Abschnitt (16) ferner
dazu konfiguriert ist, das Substrat (18) an einem di-
stalen Abschnitt (16) des modularen Laparosko-
phandinstruments zu verriegeln.

Modulares Instrument (10), das umfasst:

einen Griffabschnitt (12), der zur Bedienung
durch einen Benutzer konfiguriert ist; und
einen distalen Abschnitt (16), der so konfiguriert
ist, dass er am Griffabschnitt (12) befestigt wird,
wobei der distale Abschnitt (16) ferner so konfi-
guriert ist, dass er vom Griffabschnitt (12) durch
den Benutzer entfernbar ist;

wobei die Bedienung des Griffabschnitts (12) ei-
ne Bewegung von einer oder mehreren Kompo-
nenten des distalen Abschnitts (16) bewirkt; und
wobei der distale Abschnitt (16) ferner dazu kon-
figuriert ist, eine oder mehrere physikalische Ei-
genschaften zu erfassen und die erfassten phy-
sikalischen Eigenschaften zum Griffabschnitt
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12.

13.

14.

15.

(12) zu Ubertragen,

dadurch gekennzeichnet, dass

das modulare Instrument (10) ferner einen
Schnittstellenmechanismus (14), wie in den An-
spriichen 1 bis 7 beschrieben, umfasst.

Modulares Instrument nach Anspruch 8, wobei der
Schnittstellenmechanismus (14) ermdglicht, dass
der Benutzer verschiedene Typen von Griffabschnit-
ten (12) an verschiedenen Typen von distalen Ab-
schnitten (16) befestigt.

Modulares Instrument nach Anspruch 9, wobei der
Griffabschnitt (12) dazu konfiguriert ist, eine relativ
kleine Spannung zum distalen Abschnitt (16) zuzu-
flhren, um einen oder mehrere Sensoren des dista-
len Abschnitts (16) zu speisen, die dazu konfiguriert
sind, die eine oder die mehreren physikalischen Ei-
genschaften zu erfassen.

Modulares Instrument nach Anspruch 9, wobei der
Griffabschnitt (12) dazu konfiguriert ist, eine relativ
hohe Spannung zum distalen Abschnitt (16) zuzu-
fuhren.

Modulares Instrument nach Anspruch 11, wobei der
distale Abschnitt (16) dazu konfiguriert ist, die hohe
Spannung fiir die Kauterisation zu verwenden.

Modulares Instrument nach Anspruch 8, wobei der
Griffabschnitt (12) eine drahtlose Ubertragungsvor-
richtung zum drahtlosen Ubermitteln der erfassten
Parameter zu einer entfernten Vorrichtung umfasst.

Modulares Instrument nach Anspruch 8, wobei der
Griffabschnitt (12) wiederverwendbar ist und der di-
stale Abschnitt (16) wegwerfbar ist, und wobei der
distale Abschnitt (16) vom Griffabschnitt (12) nach
der Verwendung entfernt und weggeworfen werden
kann.

Modulares Instrument nach Anspruch 8, wobei der
Griffabschnitt (12) einen haptischen Aktuator um-
fasst, der dazu konfiguriert ist, einen haptischen Ef-
fekt beim Benutzer in Reaktion auf die vom distalen
Abschnitt (16) Gbertragenen Signale hervorzurufen,
oder wobei der Griffabschnitt (12) eine Anzeigevor-
richtung umfasst, die dazu konfiguriert ist, einen
Wert des einen oder der mehreren erfassten Para-
meter anzuzeigen.

Revendications

1.

Mécanisme (14) d’interface, comprenant :

un substrat (18) ;
un moyen (30), destiné abloquer le substrat (18)
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sur une partie (12) de poignée d’un outil modu-
laire (10) ;

un moyen (30), destiné a bloquer le substrat sur
une partie distale (16) de I'outil modulaire (10) ;
un moyen, destiné a diriger des signaux électri-
ques depuis la partie distale (16) vers la partie
(12) de poignée,

caractérisé en ce que

le mécanisme (14) d’interface comprend, en
outre, un canal traversant (32), a travers lequel
peut étre faite une connexion mécanique entre
la partie (12) de poignée et la partie distale (16),
danslequel le déplacement d’un ou de plusieurs
composants de la partie (12) de poignée provo-
que le déplacement d’'un ou de plusieurs com-
posants de la partie distale (16) par l'intermé-
diaire de la connexion mécanique et d’'un détec-
teur (26) d’arbre, configuré pour détecter la pré-
senced’'unarbre de la partie distale (16), lorsque
I'arbre est inséré dans le canal (32).

Mécanisme d’interface selon la revendication 1,
comprenant, en outre, un dispositif (24) de traite-
ment.

Mécanisme d’interface selon la revendication 1,
comprenant, en outre, une couche de matériau iso-
lant (28), positionné entre le substrat (18) et le canal
(32), dans lequel matériau isolant (28) est configuré
pour réduire l'interférence électromagnétique de la
part du courant électrique fort, qui circule a travers
le canal (32).

Mécanisme d’interface selon la revendication 1,
dans lequel le moyen, destiné a diriger les signaux
électriques, comprend une paire de conducteurs
électriques (20, 22), encastrés dans le substrat (18)
et courant le long du mécanisme (14) d’interface.

Mécanisme d’interface selon la revendication 1,
comprenant, en outre, un moyen, destiné a fournir
du courantdepuis la partie (12) de poignée a la partie
distale (16).

Mécanisme d’interface selon la revendication 5,
dans lequel le moyen, destiné a fournir du courant,
comprend une paire de conducteurs électriques (20,
22), encastrés dans le substrat (18) et courant le
long du mécanisme (14) d’interface.

Mécanisme d’interface selon la revendication 1,
dans lequel le moyen (30), destiné a bloquer le subs-
trat (18) sur la partie (12) de poignée, est configure,
en outre, pour bloquer le substrat (18) sur une partie
(12) de poignée d’'un outil a main laparoscopique
modulaire et le moyen (30), destiné a bloquer le
substrat (18) sur la partie distale (16) est configure,
en outre, pour bloquer le substrat (18) sur une partie
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12.

13.

14.

15.

distale (16) de I'outil @ main laparoscopique modu-
laire.

Outil modulaire (10), comprenant :

une partie (12) de poignée, configurée pour étre
manipulée par un utilisateur et

une partie distale (16), configurée pour étre fixée
a la partie (12) de poignée, la partie distale (16)
étant configurée, en outre, pour pouvoir étre en-
levée par l'utilisateur de la partie (12) de
poignée ;

dans lequel la manipulation de la partie (12) de
poignée provoque le déplacement d’un ou de
plusieurs composants de la partie distale (16) et
dans lequel la partie distale (16) est configurée,
enoutre, pour détecter une ou plusieurs proprié-
tés physiques et pour transmettre les propriétés
physiques détectées ala partie (12) de poignée ;
caractérisé en ce que

I’outil modulaire (10) comprend, en outre, un mé-
canisme (14) d’interface, tel que décrit dans les
revendications 1 a 7.

Outil modulaire selon la revendication 8, dans lequel
le mécanisme (14) d’interface permet a I'utilisateur
de fixer différents types de parties (12) de poignée
a différents types de parties distales (16).

Outil modulaire selon la revendication 9, dans lequel
la partie (12) de poignée est configurée pour fournir
une tension relativement basse a la partie distale
(16), pour alimenter un ou plusieurs détecteurs de
la partie distale (16), qui sont configurés pour détec-
ter les une ou plusieurs propriétés physiques.

Outil modulaire selon la revendication 9, dans lequel
la partie (12) de poignée est configurée pour fournir
une tension relativement haute a la partie distale
(16).

Outil modulaire selon la revendication 11, dans le-
quel la partie distale (16) est configurée pour utiliser
la haute tension pour la cautérisation.

Outil modulaire selon la revendication 8, dans lequel
la partie (12) de poignée comprend un dispositif de
transmission sans fil, pour communiquer sans fil les
paramétres détectés a un dispositif distant.

Outil modulaire selon la revendication 8, dans lequel
la partie (12) de poignée peut étre réutilisée et la
partie distale (16) est jetable et dans lequel la partie
distale (16) peut étre enlevée de la partie (12) de
poignée apres usage et jetée.

Outil modulaire selon la revendication 8, dans lequel
la partie (12) de poignée comprend un actionneur
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haptique, configuré pour appeler un effet haptique
sur l'utilisateur, en réponse aux signaux, émis depuis
la partie distale (16) ou dans lequel la partie (12) de
poignée comprend un dispositif d’affichage, configu-
ré pour afficher une valeur des un ou plusieurs pa-
rametres.
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38
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PORTION OF THE MODULAR TOOL

Y

40 ELECTRICALLY TRANSMIT THE SENSED
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OF THE MODULAR TOOL TO THE FIRST
PORTION OF THE MODULAR TOOL
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