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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to systems for re-
ducing accidental injury to patients during surgery and
more particularly during laparoscopic surgery. The
present invention does not relate to the methods de-
scribed hereinafter.

BACKGROUND OF THE INVENTION

[0002] Compared with conventional surgery, laparo-
scopic surgery is an excellent means for achieving sig-
nificant reductions in surgery-related morbidity. These
reductions are achieved, however, only if the procedure
is performed completely and without effective errors. Un-
fortunately, error-free laparoscopic surgeries are not the
rule. Indeed, intra-operative and post-operative compli-
cations are all too common with laparoscopic surgery
procedures. Because of this, there is a need to improve
patient safety during laparoscopic surgery so that the
benefits derived from such procedures are achieved
while the drawbacks are reduced or eliminated.

[0003] One of the most profound drawbacks of lapar-
oscopic surgery is the occurrence of unintentional or in-
advertent injuries to patient tissue structures adjacent to
or sometimes, distant from the intended surgical site or
field. In the pelvic cavity, for example, bowels, ureters,
large organs and blood vessels can be injured either di-
rectly from the heat or sharpness of the laparoscopic in-
struments, or burned indirectly through the conduction
of heat through nearby tissues. Typically, such injuries
are not appreciated at the time of surgery because the
specific injury sites are hidden by blood or other patient
tissues. As another disadvantage attendant to such ia-
trogenic injuries, the response to the unintended injury
manifested by the patient is often a delayed one. This
delayed response can be traumatic as well as tragic, and
can sometimes result in one or more further surgeries,
which would otherwise be unnecessary.

[0004] The implications from both a medical perspec-
tive as well as a medico-legal perspective are enormous.
Obviously, such injuries are negative events and there-
fore best avoided. The present invention is therefore di-
rected to reducing the occurrence and severity of these
negative events.

[0005] EP1833378 discloses an instrument for coeti-
oscopy.
[0006] EP 2 165 671 A1 discloses a surgical pointing

instrument with a sensor at its tip.

[0007] US2008/215181 A1 discloses a system for per-
forming invasive medical procedures using a surgical ro-
bot.

[0008] US 2003/0187351 A1 discloses an instrument
guidance system for spinal and other surgery.

[0009] WO 97/29683 A1 discloses movable transmit
or receive coils for location system.
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SUMMARY OF THE INVENTION

[0010] In one aspect, the invention defines or denom-
inates a surgical field as a three-dimensional space in
which the operative portions of laparoscopic instruments,
those portions which are capable of causing harm to the
patient or medical personnel, are permitted to function.
In some embodiments, the hazardous ordangerous func-
tion of the instruments can be automatically attenuated
or eliminated outside of this denominated space. The op-
erative portions of a laparoscopicinstrumentor appliance
include those that can potentially cause damage if they
contact a patient’s tissues in an unintended manner. Ex-
amples of such potentially damaging portions include hot
wires, electrically charged wires, blades, scissors and
shears, sharp points or surfaces. Thus, the operative por-
tions can include those that are adapted and arranged
to do one or more of cut, cauterize, ablate, seal, fuse,
skewer or clamp.

[0011] In another significant aspect, in order to track
and monitor the relative positions and orientations of the
instruments with respect to the protected space, and in
order to track a probe used to assist in defining the pro-
tected space (ie. a safe zone) the present invention em-
ploys one or more of software, optics, high speed digital
imaging, such as visible spectrum or infrared (IR) imag-
ing, 2D or 3D ultra sound, MRI and CAT scan images,
visible spectrum or infrared (IR) imaging, photography,
electromagnetic sensing, radio frequency (RF) sensing
as well as one or more sensors to enable the surgeon,
operating room and other medical personnel, including
remote medical personnel, to be apprised of the precise
positional status of the laparoscopic instruments being
used.

[0012] Positional status refers to the relative position
of the operative and non-operative portions of the various
laparoscopic appliances and tools being used with re-
spect to various portions of the patient’s body, or with
respect to the denominated surgical field, or with respect
to one or more sensors placed inside or outside the pa-
tient’s body.

[0013] A positive positional status refers to circum-
stances where the operative portions of the laparoscopic
instruments are within the denominated boundaries of
the surgical field. A neutral positional status refers to cir-
cumstances where the operative portions of the laparo-
scopic instruments are in the denominated surgical field
but near at least one boundary. A negative positional
status refers to circumstances where the operative por-
tions of the laparoscopic instruments are outside of the
denominated surgical field, or within a predetermined dis-
tance of a sensor.

[0014] Positional status is determined with respect to
a three-dimensional surgical field having defined bound-
aries, or with respect to one or more sensors placed in
proximity to vulnerable tissues. In accordance with cer-
tain aspects of the invention, those boundaries can be
defined in a number of different ways and combinations
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thereof. For example, in some embodiments, proximity
to one or more sensors placed on a vulnerable organ or
tissue defines the boundaries of the protected space or
denominated field. In other embodiments of the inven-
tion, the boundaries of the field can be determined with
respect to distance from an object, such as a net used
for sequestering the bowel, and the like. Thus, definition
of the various boundaries makes it possible to determine
the relative positions of various portions of laparoscopic
instruments with respect to the denominated surgical
field, and with respect to vulnerable tissues and organs,
as well as with respect to various medical personnel.
[0015] Thus, in accordance with an embodiment of the
invention, the three-dimensional spatial boundaries of a
surgical field can be determined, or denominated, in a
number of different ways. The present means and meth-
ods thus denominate the shape and volume of a three-
dimensional space, and also track the position of portions
of various instruments with respect to that space. By do-
ing so, the likelihood ofinadvertent damage is decreased.
Thisis further enhanced by other aspects of the invention.
[0016] Forexample, each laparoscopic instrument be-
ing used in a particular procedure can have a range of
statuses. Each of these statuses can be determined by
the instrument’s relative position in the denominated
field, for example, by means of distance sensors, mag-
netic sensors, heat sensors, proximity sensors, 2D or 3D
imaging technologies (Ultra-sound, MRI, etc.) and the
like.

[0017] Thus, asystem ofthe presentinvention "knows"
where inside the body the operative portions of the lapar-
oscopic instruments are located at all times. The sensors
therefore aid the surgeon in staying away from vulnerable
tissues and areas within the patient’s body. Moreover,
the instruments can be in operative communication, pro-
grammed or coded to shut off in the event that a danger-
ous structure is within the radius of a direct injury or a
thermal burn, for instance. In an embodiment the inven-
tion reduces morbidity by providing the surgeon and other
medical personnel with a "denominated surgical field" or
"protected space" within which to perform the indicated
procedure while reducing the risk of damage to other
organs which, in essence, are provided with a kind of
"force field" around them. Thus, in one aspect, the means
of the invention function to sequester vulnerable portions
of the patient’s body.

[0018] When the borders or limits of the denominated
field are breached are approached, the system provides
also for warnings to be given, such as a buzz or handle
vibration in the laparoscopic tool being used. A system
in accordance with an embodiment of the invention can
thus be adapted and arranged such that the energized
or sharp portions of the appliance are operational only
within the boundaries determined by the sensor-enabled
laparoscopic field, that is, the denominated field. As an
example, in some embodiments, the means of the inven-
tion can be adapted and arranged such that the sharp
edges of the appliance are automatically withdrawn into
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one or more sheaths provided as part of the laparoscopic
appliance.

[0019] In other embodiments of the invention, the
means of the invention can be effected by way of software
that controls the various energy inputs to the laparoscop-
ic instruments being used, thus preventing the unwanted
cutting, avulsing, cauterizing, ablating, or severing of a
patient’s tissues and organs.

[0020] As yet another advantage, the means of the
present invention can also be adapted and arranged as
teaching tools for providing virtually instantaneous feed-
back to surgeons and other medical personnel regarding
their abilities and techniques in laparoscopic surgery.
Various feedback loops and sensitivities of the invention
can be adjusted to provide tailored instruction with re-
spect to instructional or experimental surgeries on ani-
mals or models.

[0021] Insome embodiments, all points, co-ordinates,
positions and movements of instruments, body, organs
and tissues can be recorded and stored for later playback
if necessary. The playback can be provided in any of the
following formats: audio, graphs, 2D graphic, and 3D
graphic, or in any combination thereof.

[0022] In another aspect, the invention is directed to a
surgical system for use on a body of a patient, wherein
the system permits the user to determine the positions
of a plurality of points on internal body portions of the
patient surrounding a surgical field, wherein the points
are used by a controller to determine a safe zone in which
a functional element on a surgical instrument can be po-
sitioned without causing injury to the patient. The posi-
tions of the points may be monitored by the controller in
real time so that if, after the safe zone is determined in-
itially by the controller, the internal body portions of the
patient move, the controller updates the data relating to
the safe zone in real time. The system uses a sensor net
that is positioned in the surgical field to assist in deter-
mining the points that define the safe zone both initially
and in real time during a medical procedure.

[0023] The invention is not directed to a method of us-
ing a surgical system on a body of a patient.

[0024] In another aspect of the invention, the surgical
system for use on a body of a patient comprises

a probe including an interior portion that is configured to
be at least partially inserted into the body of the patient
during use, a probe body to which the interior portion of
the probe is connected, wherein the probe body is con-
figured to be outside the body of the patient during use,
wherein the interior portion of the probe includes a prob-
ing portion, and a probe marker on the probe body;

a surgical instrument including an interior portion that is
configured to be at least partially inserted into the body
of the patient during use, an instrument body to which
the interior portion of the surgical instrument is connect-
ed, wherein the instrument body is configured to be out-
side the body of the patient during use, wherein the in-
terior portion of the surgical instrument includes a func-
tional element, and an instrument marker on the instru-
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ment body;

a laparoscope including an interior portion that is config-
ured to be at least partially inserted into the body of the
patient during use, a laparoscope body to which the in-
terior portion of the laparoscope is connected, wherein
the laparoscope body is configured to be outside the body
of the patient during use, wherein the interior portion of
the laparoscope includes an image receiving element,
wherein, during use, the image receiving element is po-
sitionable in a surgical field in the body of the patient to
receive images of the probing portion when the probing
portion is in the surgical field and to receive images of
the functional element when the functional element is in
the surgical field;

a display configured to display the images of the probing
portion and of the functional element received by the
laparoscope;

a tracking system that includes at least one tracking sys-
tem sensor positionable to track the probe marker during
use of the surgical probe and to track the instrument
marker during use of the surgical instrument;

netting that is insertable into the body of the patient and
is positionable to restrain at least some of the internal
body portions of the patient from obstructing the surgical
instrument,

a plurality of safe zone definition sensors positioned on
the netting, wherein, for each safe zone definition sensor,
the safe zone definition sensor is configured to detect
when the probing portion is in contact with the safe zone
definition sensor; and

a controller, wherein for each safe zone definition sensor,
the controller is programmed to:

(a) receive anindication from the safe zone definition
sensor when the probing portion is in contact with
the safe zone definition sensor;

(b) receive probe marker input from the tracking sys-
tem corresponding to a position of the probe marker
when having received the indication from step (a);
and

(c) determine the position of the safe zone definition
sensor based on the probe marker input;

and wherein the controller is further programmed to:
(d) determine safe zone defining positions which de-
fine a safe zone within which the surgical instrument
can operate without causing injury to the patient
based at least in part on the plurality of positions
determined at step (c);

(e) receive substantially continuous instrument
marker input from the tracking system corresponding
to a current position of the instrument marker which
in turn corresponds to a current position of the func-
tional element;

(f) determine substantially continuously the current
position of the functional element based on the in-
strument marker input;

(g9) determine substantially continuously whether the
functional element is within the safe zone based on
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the current position of the functional element deter-
mined in step (f); and

(h) carry out at least one action if the controller de-
termines in step (g) that the functional element is
outside of the safe zone, wherein the at least one
action is selected from the group of actions consist-
ing of: notifying a user of the surgical instrument that
the functional element is outside the safe zone; and
disabling the functional element.

[0025] Inanotheraspect of the surgical system accord-
ing to the present invention, the controller is further pro-
grammed in step (h) to carry out both actions selected
from the group of actions consisting of: notifying a user
of the surgical instrument that the surgical instrument is
outside the safe zone; and disabling the functional ele-
ment.

[0026] Inanotheraspect of the surgical system accord-
ing to the present invention, the controller is further pro-
grammed to:

(i) determine whether the functional element is within
a danger zone, wherein the danger zone is a periph-
eral portion of the safe zone, and

(j) notify the user of the surgical instrument that the
functional element is in the danger zone, if the func-
tional elementis determined to be in the danger zone
in step (i).

[0027] Inanotheraspect of the surgical system accord-
ing to the present invention, the tracking system includes
a plurality of external cameras positioned at a plurality of
positions so as to increase the likelihood of obtaining at
any given moment at least one unobstructed view of the
probe marker when the probe is being used on the patient
and of the instrument marker when the surgical instru-
ment is being used on the patient.

[0028] Inanotheraspect of the surgical system accord-
ing to the presentinvention, the controller is programmed
to record a history of positions of the functional element
determined at step (f) during a surgical procedure.
[0029] Inanotheraspect of the surgical system accord-
ing to the presentinvention, the controller is programmed
to record in a computer readable format on a computer
readable medium a history of positions of the functional
element determined at step (f) during a surgical proce-
dure.

[0030] Inanotheraspect of the surgical system accord-
ing to the present invention, the functional element in-
cludes at least one sharp edge and at least one sheath,
and wherein the action of disabling the functional element
includes covering the at least one sharp edge with the at
least one sheath.

[0031] Inanotheraspect of the surgical system accord-
ing to the present invention, each safe zone definition
sensor is configured to sense self-movement in three di-
mensions and is further configured to indicate to the con-
troller the amount of self-movement that takes place, and
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wherein, upon receiving an indication of self-movement
from at least one of the safe zone definition sensors, the
controller is further programmed to update the safe zone
defining positions based on the indication.

[0032] Inanotheraspectofthe surgical system accord-
ing to the presentinvention, the controller is programmed
to record in a computer readable format on a computer
readable medium a history of positions of the functional
element determined at step (f) during a surgical proce-
dure and a history of the safe zone defining positions
during a surgical procedure.

[0033] Inanotheraspectofthe surgical system accord-
ing to the present invention, each safe zone definition
sensor includes an accelerometer.

[0034] Inanotheraspectofthe surgical system accord-
ing to the present invention, the netting includes a plu-
rality of hold-down elements which are attachable to
points outside of the body of the patient to hold the netting
in such a way as to restrain at least some of the internal
body portions of the patient from obstructing the surgical
instrument.

[0035] Inanotheraspectofthe surgical system accord-
ing to the present invention, the functional element is
selected from the group of functional elements consisting
of: a cutting blade and a heated element.

[0036] Inanotheraspectofthe surgical system accord-
ing to the present invention, the tracking system includes
atleastone tracking system camera positioned to receive
images of the probe marker when the probe is being used
on the patient and wherein the controller is programmed
to determine the position of the probe based on the im-
ages of the probe marker and positioned to receive im-
ages of the instrument marker when the instrument is
being used on the patient and wherein the controller is
programmed to determine the position of the instrument
based on the images of the instrument marker.

[0037] Inanotheraspectofthe surgical system accord-
ing to the present invention, at least one of the probe
marker and the instrument marker includes a plurality of
LEDs.

[0038] Inanotheraspectofthe surgical system accord-
ing to the present invention, at least one of the probe
marker and the instrument marker includes a plurality of
LEDs that are configured to emit infrared light.

[0039] Inanotheraspectofthe surgical system accord-
ing to the present invention, at least one of the probe
marker and the instrument marker includes an image of
a polygon and a plurality of LEDs.

[0040] Inanotheraspectofthe surgical system accord-
ing to the present invention, the probe marker is remov-
able from the rest of the probe.

[0041] Inanotheraspectofthe surgical system accord-
ing to the present invention, the instrument marker is re-
movable from the rest of the instrument.

[0042] Inanotheraspectofthe surgical system accord-
ing to the present invention, the action of notifying a user
of the surgical instrument that the functional element is
outside the safe zone comprises an emission of an au-
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dible sound.

[0043] Inanotheraspect of the surgical system accord-
ing to the presentinvention, the controller is programmed
to emit and alter an audible sound as the functional ele-
ment approaches a periphery of the safe zone so as to
provide to the user of the surgical instrument an indication
of the proximity of the functional element to the periphery
of the safe zone.

[0044] Inanotheraspect of the surgical system accord-
ing to the presentinvention, the controller is programmed
to emit an audible sound made up of a plurality of sound
elements emitted at a frequency, wherein, as the func-
tional element approaches a periphery of the safe zone
the controller is programmed to alter the frequency of the
sound elements emitted so as to provide to the user of
the surgical instrument an indication of the proximity of
the functional element to the periphery of the safe zone.
[0045] Inanotheraspect of the surgical system accord-
ing to the present invention, the tracking system includes
atleast one tracking system camera positioned toreceive
images of the probe marker and wherein the controller
is programmed to determine the position of the probe
based on the images of the probe marker.

[0046] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, the methods comprises

(a) providing a probe including an interior portion that
is configured to be at least partially inserted into the
body of the patient during use, a probe body to which
the interior portion of the probe is connected, wherein
the probe body is configured to be outside the body
of the patient during use, wherein the interior portion
of the probe includes a probing portion;

(b) providing a surgical instrument including an inte-
rior portion that is configured to be at least partially
inserted into the body of the patient during use, an
instrument body to which the interior portion of the
surgical instrument is connected, wherein the instru-
ment body is configured to be outside the body of
the patient during use, wherein the interior portion
of the surgical instrument includes a functional ele-
ment;

(c) providing a laparoscope including an interior por-
tion that is configured to be at least partially inserted
into the body of the patient during use, a laparoscope
body to which the interior portion of the laparoscope
is connected, wherein the laparoscope body is con-
figured to be outside the body of the patient during
use, wherein the interior portion of the laparoscope
includes an image receiving element, wherein, dur-
ing use, the image receiving element is positionable
in a surgical field in the body of the patient to receive
images of the probing portion when the probing por-
tion is in the surgical field and to receive images of
the functional element when the functional element
is in the surgical field;

(d) providing netting that is insertable into the body
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of the patient and is positionable to restrain at least
some of the internal body portions of the patient from
obstructing the surgical instrument;

(e) providing a plurality of safe zone definition sen-
sors positioned on the netting, wherein, for each safe
zone definition sensor, the safe zone definition sen-
sor is configured to detect when the probing portion
is at a selected proximity to the safe zone definition
sensor;

wherein, for each safe zone definition sensor, the
method further comprises:

(f) receive an indication from the safe zone definition
sensor when the probing portion is at the selected
proximity to the safe zone definition sensor;

(g) determine the position of the probe when an in-
dication is received in step (f);

(h) determine the position of the safe zone definition
sensor based on position of the probe determined in
step (9);

wherein the method further comprises:

(i) determine safe zone defining positions which de-
fine a safe zone within which the surgical instrument
can operate without causing injury to the patient
based at least in part on the plurality of positions
determined at step (h);

(j) determine substantially continuously whether the
functional element is within the safe zone; and

(k) carry out at least one action if the controller de-
termines in step (j) that the functional element is out-
side of the safe zone, wherein the at least one action
is selected from the group of actions consisting of:
notifying a user of the surgical instrument that the
functional element is outside the safe zone; and dis-
abling the functional element.

[0047] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention:

the probe includes a probe marker on the probe
body;

the instrument includes an instrument marker on the
instrument body;

and wherein the method further comprises:

() providing a tracking system that includes at
least one tracking system sensor positionable
to track the probe marker during use of the sur-
gical probe and to track the instrument marker
during use of the surgical instrument;

wherein step (g) includes:

(m) receiving, for each indication received in
step (f), probe marker input from the tracking
system corresponding to a position of the probe
marker when having received the indication
from step (f), and determining the position of the
probe based on the probe marker input;

and wherein step (h) includes:
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(n) determining the position of each safe zone
definition sensor based on the probe marker in-
put;

and wherein step (j) includes:

(o) receiving substantially continuous instru-
ment marker input from the tracking system cor-
responding to a current position of the instru-
ment marker which in turn corresponds to a cur-
rent position of the functional element;

(p) determining substantially continuously the
current position of the functional element based
on the instrument marker input; and

(q) determining substantially continuously
whether the functional element is within the safe
zone based on the current position of the func-
tional element determined in step (p).

[0048] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, for each safe zone definition sensor,
the safe zone definition sensor is configured to detect
when the probing portion is in contact with the safe zone
definition sensor.

[0049] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, the method further comprises:

(r) determining whether the functional element is
within a danger zone, wherein the danger zone is a
peripheral portion of the safe zone, and

(s) notifying the user of the surgical instrument that
the functional element is in the danger zone, if the
functional element is determined to be in the danger
zone in step (r).

[0050] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
presentinvention, the tracking systemincludes a plurality
of external cameras positioned at a plurality of positions
so as to increase the likelihood of obtaining at any given
moment at least one unobstructed view of the probe
marker when the probe is being used on the patient and
of the instrument marker when the surgical instrument is
being used on the patient.

[0051] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, the method further comprises record-
ing in a computer readable format on a computer read-
able medium a history of positions of the functional ele-
ment determined at step (p) during a surgical procedure.
[0052] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, each safe zone definition sensor is
configured to sense self-movement in three dimensions
and is further configured to indicate the amount of self-
movement that takes place, and wherein the method fur-
ther comprises:
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updating the safe zone defining positions based on
the indication upon receiving an indication of self-
movement from at least one of the safe zone defini-
tion sensors.

[0053] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, the method further comprises record-
ing in a computer readable format on a computer read-
able medium a history of positions of the functional ele-
ment determined at step (p) during a surgical procedure
and a history of the safe zone defining positions during
a surgical procedure.

[0054] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, each safe zone definition sensor in-
cludes an accelerometer.

[0055] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
present invention, the netting includes a plurality of hold-
down elements which are attachable to points outside of
the body of the patient to hold the netting in such a way
as to restrain at least some of the internal body portions
of the patient from obstructing the surgical instrument.
[0056] In another aspect of the method of using a sur-
gical system on a body of a patient not according to the
presentinvention, the functional elementis selected from
the group of functional elements consisting of: a cutting
blade and a heated element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057]

Figure 1 is a perspective view of a surgical system
for use on the body of a patient in accordance with
an embodiment of the present invention;

Figures 2a-2d illustrate the surgical system shown
in Figure 1 being used to determine a safe zone with-
in the patient in which a surgical instrument can be
maneuvered without causing injury to the patient;
Figure 2e is a perspective view of a surgical instru-
ment being used during a surgical procedure;
Figure 3 is a perspective view of an optional net that
can be included with the system shown in Figure 1;
Figures 4a-4d are examples of markers that can be
included on a probe shown in Figure 1to permit track-
ing of the probe by a camera system;

Figure 5 is a magnified perspective view of the net
shown in Figure 3

Figures 6a-6d are examples of markers that can be
included on a surgical instrument shown in Figure 1
to permit tracking of the surgical instrumentby a cam-
era system; and

Figure 7 is an alternative probe for use with the sys-
tem shown in Figure 1; and

Figures 8a and 8b are a flow diagram of the program-
ming for a controller in the surgical system shown in
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Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

[0058] Reference is made to Figure 1 which shows a
surgical system 10 for use on a body of a patient in ac-
cordance with an embodiment of the invention. The sur-
gical system 10 includes a probe 12, a laparoscope 14,
a surgical instrument 16 (Figure 3), a display 17, netting
18 (Figure 3) with a plurality of safe zone definition sen-
sors 19 on it, a controller 20 and a tracking system 22,
which in the embodiment shown is a camera system. The
surgical system 10 is configured to reduce the incidence
of injuries to patients during laparoscopic surgery.
[0059] The system 10 is initially used to determine a
safe zone 24 (Figure 2e) within the patient shown at 26
(only a portion of the patient 26 is shown in Figure 1) in
which the surgical instrument 16 can be maneuvered
without causing injury to the patient 26. The determina-
tion of the safe zone 24 involves the probe 12, the lapar-
oscope 14 in particular. The probe 12 includes a probe
body 28 and an interior portion 30 connected to the probe
body 28. The interior portion 30 is configured to be at
least partially inserted into the body of the patient 26
through one of a plurality of apertures 32 made in the
body of the patient 26. The particular aperture 32 through
which the probe 12 is inserted is shown at 32a. The in-
terior portion 30 is therefore made from a material that
will not cause harm to the patient, such as, for example,
a suitable stainless steel. The probe body 28 is config-
ured to be outside the body of the patient 26 during use.
[0060] The probe 12 further includes a probing portion
34 on the interior portion 30. The probing portion 34 is a
portion of the interior portion 30 and is used to identify
the positions of points on the internal body portions
shown at 36 (Figure 3) of the patient 26 that are in the
surgical field (ie. that are in the vicinity of the particular
site in the patient 26 that requires surgery). The surgical
field is shown in Figure 3 at 38. Referring to Figure 2a,
the probing portion 34 may be at a tip 40 of the interior
portion 30. The probing portion 34 may have one or more
selected properties which may be different from the rest
of the interior portion 30 so that other portions of the in-
terior portion 30 cannot be mistaken by the system 10
as being the probing portion 34. For example, the probing
portion 34 may be configured to be magnetic. Alterna-
tively, the probing portion 34 may be configured to be
electrically conductive. Alternatively, the probing portion
34 may be heated to a selected temperature. Alterna-
tively, the probing portion 34 may be configured to emit
signals at a selected frequency and strength. Alternative-
ly, the probing portion 34 may simply be of the same
material as the rest of the interior portion 30, and may
simply be conveniently shaped so as to permit easy point-
ing at an object (eg. an internal body portion 36).
[0061] During use of the probe 12 it is desired for the
controller 20 to be able to determine the position of the
probing portion 34 at selected times. To this end, a probe
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marker 42 is provided on the probe body 28. The probe
marker 42 is, during use, viewed by the camera system
22 and is used by the controller 20 to identify the probe
12 (ie. to distinguish the probe 12 over other objects,
such as the instrument 16). Additionally the probe marker
42 is configured to provide sufficient information to the
controller 20 for the controller 20 to be able to determine
the position and orientation of the probe marker 34. By
determining the position and orientation of the probe
marker 34, the controller 20 can determine the position
and orientation of the probe 12 itself and therefore can
determine the position of the probing portion 34. Deter-
mining the position of the probing portion 34 is used by
the controller 12 in determining where the internal body
portions 36 of the patient 26 are, which is then used by
the controller 20 to determine the safe zone 24.

[0062] AsshowninFigure 6athe probe marker42may,
for example, be made up of a plurality of LEDs 44 on the
probe 12. Some aspect of the LEDs 44 is unique so as
to facilitate detection of the probe marker42inthe images
sent by the camera system 22 to the controller 20 and
optionally to distinguish the probe marker 42 from an
analogous marker on the surgical instrument 16. For ex-
ample, the arrangement of the LEDs 44 on the probe
body 28 may be distinguishable by the controller 20 to
detect the probe marker 42 and optionally to identify it
as the probe marker 42 as opposed to the aforemen-
tioned marker on the surgical instrument. Alternatively or
additionally, the LEDs 44 may be configured to emit light
at a particular wavelength or combination of wavelengths
of light.

[0063] The LEDs 44 may be configured to emit light at
a non-visible wavelength (eg. infrared) so as to not dis-
tractthe user of the probe 12 (eg. the surgeon) during use.
[0064] As an alternative to LEDs, the probe marker 42
may be made up of any suitable means for identifying
the probe 12 and for identifying the position and orienta-
tion of the probe 12. For example, the probe marker 42
may include one or more symbols 47a (eg. polygons) on
a suitable background 47b as shown in Figure 6b. The
colour of the symbols 47a and the colour of the back-
ground 47b may be selected to be of sufficient contrast
to facilitate locating the symbols on the background, and
may be selected to be sufficiently unique so as to permit
the controller 20 to detect the probe marker 42 in the
images provided by the camera system 22. Alternatively,
as shown in Figure 6¢, a combination of LEDs 44 and
symbols 47a and a background 47b may be provided.
As shown in Figure 4d, the probe marker 42 may be re-
movable from the probe body 28. For example, the mark-
er 42 may be provided on a sleeve.

[0065] The netting 18 may have several purposes. The
netting 18 is positionable to restrain at least some of the
internal body portions 36 in the surgical field 38 from ob-
structing the surgical instrument 16 when the surgical
instrument 16 is being used in the surgical field 38. The
netting 18 may be provided with any suitable means for
restraining the internal body portions 36. For example,
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the netting 18 may be provided with a plurality of hold
down members 46 which extend out of the body of the
patient 26 and which may be attached to suitable attach-
ment points on a support frame (not shown). Alternative-
ly, the netting 18 may be provided with one or more hold
down members that connect to other points within the
body of the patient 26. Alternatively, the netting 18 may
be provided with a grippy, elastic peripheral edge per-
mitting the netting 18 to be mounted over internal body
portions 36 and to hold on to the body portions 36 them-
selves. The netting 18 may be made up of one or more
individual nets each of which is affixed to internal body
portions 36 around the surgical field 38.

[0066] The plurality of safe zone definition sensors 19
on the netting 18 are configured to communicate with the
controller 20 and to cooperate with the probe 12 to es-
tablish the positions of points on at least some internal
body portions 36 in the surgical field 38 to assist in the
determination of the safe zone 24 by the controller 20.
The safe zone definition sensors 19 may be any suitable
type of sensors, such as, for example, electromagnetic
(EM) sensors, magnetic sensors, heat sensors, radio fre-
quency (RF) sensors, proximity sensors, GPS, Hall Effect
sensors and any other suitable type of sensor. Each safe
zone definition sensor 19 is configured to detect when
the probing portion 34 is in contact with it.

[0067] Each safe zone definition sensor 19 is config-
ured to detect when it is contacted by the probing portion
34. For example, the sensor 19 may be configured to
detect self-movement, which would take place when con-
tacted by the probing portion 34. Alternatively or addi-
tionally the sensor 19 may determine contact by the prob-
ing portion 34 by some other means. For example, con-
tact with the probing portion 34 may close an electrical
circuit through the sensor 19, which could be used to
send a signal to the controller 20 that contact is made
with the probe 12.

[0068] Each sensor 19 may include an accelerometer
that is capable of detecting self-movement in three di-
mensions. When detecting self-movement, the sensor
19 is configured to communicate the amount of self-
movement to the controller 20 so that the controller 20
can update the position of the sensor 19 in real time.
Because the position of the sensors 19 indicates the po-
sition of the internal body portions 36 of the patient 26,
the controller 20 can thus determine if the internal body
portions 36 move during surgery, and can use this infor-
mation to continuously determine a new safe zone 24
(Figure 2e) in real time during surgery.

[0069] The sensors 19 may communicate with the con-
troller 20 via any suitable means. For example, an elec-
trical conduit 48 (Figure 3) may extend from the sensors
19 out of the body of the patient 26 to the controller 20.
[0070] The laparoscope 14 includes a laparoscope
body 50 and an interior portion 52 connected to the lapar-
oscope body 50. The interior portion 52 is configured to
be at least partially inserted into the body of the patient
26 through one of the apertures 32. The particular aper-
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ture 32 through which the probe 12 is inserted is shown
at 32b. The interior portion 52 is therefore made from a
material that will not cause harm to the patient, such as,
for example, a suitable stainless steel. The laparoscope
body 50 is configured to be outside the body of the patient
26 during use.

[0071] The interior portion 52 includes an image re-
ceiving element 54. During use, the image receiving el-
ement 54 is positionable in the surgical field 38 in the
body of the patient 26 to receive images of the probing
portion 34 when the image receiving element 54 is in the
surgical field 38. The image receiving element 54 may
be alens, for example. The laparoscope 14 is configured
by any suitable means to transmit received images to the
display 17. For example, the laparoscope 14 may include
animage sensor (notshown), which may be, forexample,
a CCD sensor or a CMOS sensor, that is positioned to
receive images from the image receiving element54. The
laparoscope 14 is configured to transmit the images of
the probing portion 34 to the display 17 (optionally via a
controller such as the controller 20).

[0072] The surgical instrument 16 includes an instru-
ment body 90 and an interior portion 92 connected to the
instrument body 90. The interior portion 92 is configured
to be at least partially inserted into the body of the patient
26 during use. The instrument body is configured to be
outside the body of the patient during use. The interior
portion 92 includes a functional element 94, which is an
element thatis configured to perform a particular function
on the patient. For example, the functional element 94
may be a cutting blade, a scissors mechanism or for ex-
ample a heating element to cauterize. As will be under-
stood, the functional element 94 may cause unintended
injury to the patient 26 if it is accidentally brought into
contact with the internal body portions 36 of the patient
26 surrounding the surgical field 38.

[0073] During use of the surgical instrument 16 it is
desired for the controller 20 to be able to determine the
position of the functional element 94 substantially con-
tinuously. To this end, an instrument marker 96 is pro-
vided on the instrument body 90. The instrument marker
96 is, during use, viewed by the camera system 22 and
may be used by the controller 20 to identify the surgical
instrument 16 (ie. to distinguish the surgical instrument
16 over other objects, such as the probe 12). Additionally
the instrument marker 96 is configured to provide suffi-
cient information to the controller 20 for the controller 20
to be able to determine the position and orientation of
the instrument 16. By determining the position and ori-
entation of the instrument marker 96, the controller 20
can determine the position and orientation of the surgical
instrument 16 itself and therefore can determine the po-
sition of the functional element 94. Determining the po-
sition of the functional element 94 is used by the controller
12 in determining whether the functional element 94 is
within the safe zone 24.

[0074] Some examples of instrument markers 96 are
shown inFigures 4a, 4b, 4c and 4d. The instrument mark-
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er 96 may includes LEDs 44 (Figure 4a), one or more
symbols 47a (eg. polygons) on a suitable background
47b (Figure 4b), or a combination of the two (Figure 4c).
The instrument marker 96 may be removable from the
instrument body 90 as shown in Figure 4d. For example
it may be provided on a sleeve.

[0075] The camera system 22 includes at least one
camera 56 and preferably includes a plurality of cameras
56 mounted around the surgical theatre. The cameras
56 are positioned at selected positions to reduce the like-
lihood of obstruction of their view of the probe marker 42
and the instrument marker 96. The cameras 56 receive
images of the probe marker 42 and transmit the images
to the controller 20. The controller 20 is programmed to
locate the probe marker 42 in the images and to deter-
mine by any suitable means, the position and orientation
of the probe 12 and therefore the position of the probing
portion 34. This may be achieved by comparing the im-
ages from two or more cameras 56 and using triangula-
tion. Alternatively, a stereoscopic camera 56 may be
used, so as to provide three-dimensional position infor-
mation through images sent to the controller 20 without
using multiple cameras. Alternatively, a single non-ster-
eoscopic camera 56 may be used which sends a non-
stereoscopic image to the controller 20. The controller
20 can determine easily the position of the marker 42 in
the two dimensional plane of the image easily and the
depth of the probe marker 42 (ie. its distance from the
camera along a third dimensional axis perpendicular to
the plane of the image) may be determined based on the
apparent size of the marker 42 in the image.

[0076] Providing two or more cameras 56 may be ad-
vantageous to reduce the likelihood of the surgeon’s
hands or body from preventing the camera system 22
from obtaining an unobstructed view of the probe marker
42. In an embodiment where at least two cameras 56 are
required to have an unobstructed view of the marker 42,
the camera system 22 preferably includes 3 or more cam-
eras 56.

[0077] Instead of incorporating cameras, the tracking
system 22 could alternatively incorporate other types of
tracking system sensor that is configured to sense the
position of the probe marker and the instrument marker.
For example, the tracking system could incorporate one
or more of the following exemplary techniques to sense
the position of the instrument 16 and of the probe 12: 2D
or 3D ultra sound, MRI and CAT scan images, electro-
magnetic sensing, radio frequency (RF) sensing. Re-
gardless of the technique used, and the technology used,
whatever is on the probe and on the instrument that is
detected by the tracking system may be considered a
probe marker and an instrument marker respectively.
[0078] The operation of determining the safe zone 24
is as follows, with reference to Figures 1-6 and with ref-
erence to the flow diagram 200 shown in Figures 8a and
8b. Initially, a probe, a surgical instrument, a laparo-
scope, a tracking system, and netting with the sensors
19 therein are provided in steps 202, 204, 206, 208 and
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210 (Figure 8a). Then a plurality of points 58 on internal
body portions 36 that surround the surgical field 38 are
determined. To do this, the user creates the apertures
32. The user inserts the netting 18 with the sensors 19
thereon into the surgical field 38 through one of the ap-
ertures 32 and affixes the netting 18 as desired. The user
inserts the laparoscope 14 into the surgical field 38. The
user inserts the probe 12 into the surgical field 38. The
camera system 22 receives images of the probe marker
42 and transmits the images to the controller 20 (the im-
ages thus constitute probe marker input). The user can
see the probing portion 34 of the probe 12 on the display
17 via the transmission of images from the laparoscope
14 to the display 17. Using the images from the laparo-
scope 14 the user guides the probe 12 so that the probing
portion 34 contacts a first of the safe zone identification
sensors shown at 19a. When the first sensor 19a senses
contact with the probing portion 34, the first sensor 19a
indicates the occurrence of the contact to the controller
20 (step 212). In this particular example, the first point
58a on the internal body portions 36 is substantially im-
mediately adjacent the probing portion 34, since they are
separated only by the sensor 19a, which may be thin.
When the controller 20 receives the indication from the
first sensor 19a that contact was made, the controller 20
determines the position of the probing portion 34 of the
probe 12 (step 214) based on the one or more images
that were received from the camera system 22 at the time
that the indication of contact from the sensor 19a was
sent. The indication of the contact with the first sensor
19a, in combination with the one or more images from
the camera system 22 may be considered inputindicating
the position of a first point 58a on the internal body portion
36. The controller 20 may use any suitable method for
determining the position of the probing portion 34. The
controller 20 uses the one or more images to determine
the position and orientation of the probe marker 42, and
thus the probe 12. The method used for this determina-
tion depends on whether the camera system 22 provides
a single non-stereoscopic image, a plurality of non-ster-
eoscopic images, or one or more stereoscopic images.
It will be understood by one skilled in the art however,
that many suitable algorithms exist for the determination
of the position and orientation of an object using one or
more images.

[0079] Once the controller 20 has determined the po-
sition and orientation of the probe 12, the controller 20
can then determine the position of the probing portion 34
based on the distance between a selected portion of the
probe marker 42 and the probing portion 34 (which is a
known value that is stored in the controller's memory).
Using the position of the probing portion 34, the controller
20 can determine the position of the safe zone definition
sensor 19a, and thus the position of point 58a (step 216).
In this example, because the sensor 19a is substantially
immediately adjacent the probing portion 34 and is thin,
the determined position of the point 58a on the internal
body portions 36 may be considered to be the same as
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the position of the probing portion 34. Once the position
of the point 58a on the internal body portions 36 is de-
termined, the controller 20 records it for use in determin-
ing the safe zone 24. After contacting the first sensor
19a, the user guides the probe 12 using the laparoscope
14 and display 17 so that the probing portion 34 contacts
a second sensor 19b for the purpose of having the con-
troller 20 determine the position of a second point 58b
on the internal body portions 36. The user continues to
go from sensor 19 to sensor 19 until all the sensors 19
have been contacted. In the flow diagram 200 this is
shown by the controller 20 checking at step 218 if indi-
cations have been received from all the sensors 19 and
sending program control back to prior to step 212 if the
answer to the check step 218 is 'no’.

[0080] While one particular sensor 19 was referred to
in this example as the first sensor 19a, it will be under-
stood that any of the sensors 19 could have been referred
to as the first sensor 19a, and any of the sensors 19 could
have been referred to as sensor 19b, and so on.

[0081] Once the positions of the points 58 correspond-
ing to the positions of the sensors 19 have been identified,
(ie. the answer to check step 218 is 'yes’) the controller
20 determines the safe zone 24 based on the points 58
(step 220). The points 58 may thus be referred to as safe
zone defining points. The safe zone 24 may be deter-
mined by generating a plurality of virtual surfaces shown
at 60 in Figure 2d between the points 58. The controller
20 may generate the virtual surfaces 60 between groups
of points 58, as shown in Figure 2d. The surfaces 60
may, for example, be quadrilateral surfaces between
groups of 4 points 58, or may be triangular surfaces be-
tween groups of 3 points 58, or may be surfaces having
some other number of sides between correspondingly
sized groups of points 58. The virtual surfaces 60 define
the periphery of the safe zone 24, which can be consid-
ered to be a virtual conduit through which the functional
element 94 of the instrument 16 can pass without causing
injury to the patient 26.

[0082] In addition to determining points 58 based on
the positions of the sensors 19, the probe 12 may be
used to determine some points 58 that are not based on
the sensors 19. For example, the probe 12 may be po-
sitioned with the aid of the laparoscope 14 so that the
probing portion 34 contacts the tip of a bone. When in
contact with the bone, the user may indicate to the con-
troller 20 to determine the position of the probing portion
34. For example, the probe 12 may include a button 103
as shownin Figure 7, which the user can pressto indicate
to the controller 20 to determine the position of the prob-
ing portion 34.

[0083] Once the points 58 have been determined, they
may be stored in a database as shown at step 221. After
the positions of the points 58 have been determined, the
probe 12 may be removed from the patient 26.

[0084] The surgical instrument 16 is then used on the
patient to carry out some task, such as cutting, cauteriz-
ing or some other suitable task. During use of the surgical
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instrument 16, it is possible that the internal organs of
the patient may move. If the internal body portions 36
move during surgery it is important that the determined
safe zone 24 be updated so as to continue to be useful
in preventing inadvertent injury to the patient 26. In order
to provide this capability, the sensor 19 associated with
each point 58 is capable of sensing self-movement, and
indicates to the controller 20 the amount of movement it
has incurred in three dimensions. By having the sensors
19 indicate their movement to the controller 20, the con-
troller 20 can update the positions of the associated safe
zone defining points 58 relating to the moved sensors 19
and can update the surfaces 60 that define the safe zone
24. In this way, the safe zone 24 can be updated contin-
uously so that the functional element 94 is prevented
from injuring the patient 26 even if the internal body por-
tions 36 of the patient 26 move after the safe zone 24
has been initially determined. This is represented as step
222in Figure 8b. At step 223, the updated points are also
stored in the database.

[0085] Any points 58 that were determined without the
use of associated sensors 19 cannot be updated as de-
scribed above, since there are no associated sensors 19
to sense movement of the point 58. Instead, these points
58 may be considered by the controller 20 to be fixed (ie.
non-moving during the course of the medical procedure).
Preferably any such points are points that are not expect-
ed to move during the medical procedure, such as points
on certain bones.

[0086] During use of the surgical instrument 16, the
camera system 22 receives images of the instrument
marker 96 and sends the images (which may be referred
to as instrument marker input) to the controller 20 (step
224). The controller 20 processes the inputusing a similar
algorithm to that used for determining the position of the
probing portion 34, to determine the position of the func-
tional element 94 (step 226). This information is used to
determine whether the functional element 94 is within the
safe zone 24 (step 228). If the functional element 94 is
outside the safe zone 24 (ie. the answer to check step
228 is 'no’), the controller 20 is programmed to carry out
at least one action selected from the group of actions
consisting of: notifying the user of the surgical instrument
16 that the functional element 94 is outside the safe zone
24; and disabling the functional element 94 (step 230).
[0087] Disabling the functional element 94 may be car-
ried out in a number of ways depending on what makes
up the functional element 94. For example, if the func-
tional element 94 is a heating element, power may be
cuttoit. Alternatively, if the functional element 94 includes
a sharp edge (eg. a cutting blade), the instrument 16 may
include a sheath, and may be configured to automatically
cover the functional element 94 with the sheath.

[0088] The controller 20 may notify the user in any suit-
able way that the functional element 94 is outside the
safe zone 24. For example, the controller 20 may be con-
figured to generate a selected sound via a speaker,
and/or may be configured to generate a selected image
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on the display 17.

[0089] If the functional element 94 is within the safe
zone 24 (ie. the answer at check step 228 is 'yes’), the
controller 20 sends program control to step 232, wherein
it checks if the medical procedure has been completed.
This may be indicated by the user pressing a power but-
ton or some other control to let the system know to stop.
If the procedure is over (ie. the answer to check step 232
is 'yes’), then the program (and thus the method) ends.
If the answer to the check step 232 is 'no’, then the con-
troller 20 continues to check and update the safe zone
24 as mentioned above at step 222 and to continue to
receive instrument marker input at step 224.

[0090] The controller 20 may be programmed to divide
the safe zone 24 (Figure 2e) into two or more sub-zones.
For example, the safe zone 24 may be divided into a
safest zone 98 and a danger zone 100. The safest zone
98 is a central portion of the safe zone 24. If the functional
element 94 is kept within the safest zone 98 there is a
reduced risk that the user will accidentally move the in-
strument 16 in such a way as to cause the functional
element 94 to contactand cause injury to an internal body
portion 36. The danger zone 100 is a peripheral portion
of the safe zone 24. In other words it is the portion of the
safe zone 24 immediately inwardly adjacent to the virtual
surfaces 60 that define the periphery of the safe zone
24. With the safe zone 24 thus divided into multiple sub-
zones, the controller 20 may be configured to notify the
user via sound and/or images on the display 17 whether
the functional element 94 is in a relatively safer part of
the safe zone 24 (eg. the safest zone 98) or is in a rela-
tively less safe part of the safe zone 24 (eg. the danger
zone 100). For example, a green bar may be displayed
on the display 17 when the functional element 94 is within
the safest zone 98, a yellow bar may be displayed on the
display 17 when the functional element 94 is within the
danger zone 100, and a red bar may be displayed when
the functional element 94 is outside of the safe zone 24.
In another embodiment, the controller 20 may be pro-
grammed to give the user a continuously changing indi-
cation of the distance of the functional element 94 from
the periphery of the safe zone 24, via sound and/or im-
ages. Forexample, the controller 20 may be programmed
to emit sound elements (eg. beeps) at a selected fre-
quency of emissions (eg. 2 beeps per second) if the func-
tional element 94 is relatively far from the periphery of
the safe zone 24. Ifthe functional element 94 moves clos-
er to the periphery of the safe zone 24, the frequency of
the beeps may gradually increase (eg. up to, forexample,
5 beeps per second). If the element 94 leaves the safe
zone 24, the sound may become continuous.

[0091] After the surgical procedure is completed, the
instrument 16, the laparoscope 14 and the netting 18
may be removed from the patient 26.

[0092] It will be understood that, while it is convenient
to have the sensors 19 on the netting 18, itis alternatively
possible for some of the sensors 19 to be provided with-
out netting 18. These sensors 19 could be inserted indi-
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vidually through an aperture 32 an applied directly to an
internal body portion 36 using, for example, a mild adhe-
sive.

[0093] The controller 20 may be configured to record
the movements of the surgical instrument and the data
relating to the safe zone 24 (ie. the positions of the safe
zone defining points 58 throughout the medical proce-
dure). The recording may be made a printed recording,
or in a more preferred embodiment, the recording may
be made as data written to a database stored on a com-
puter readable medium, such as a flash memory so that
the surgical procedure can be played back and reviewed.
Instead of a database, the data could be stored in some
other computer readable format such as a data file con-
taining a simple list. The capability to play back and re-
view the movements of the instrument and the safe zone
in a medical procedure can be useful to for a variety of
purposes. For example, the procedure can be reviewed
and explained to students in order to train them in the
safe carrying out of such a procedure. Also, in the event
that there is a complication during the recovery of the
patient, the procedure can be reviewed to ensure that
there was no injury that occurred that is the source of the
complication.

[0094] The recording of the data and the movements
of the instrument can be provided in any suitable format,
such as, for example, audio, graphs, 2D graphic, and 3D
graphic, or some combination thereof.

[0095] Throughout this disclosure, the components,
such as the cameras, the laparoscope, the safe zone
definition sensors and the probe have been shown and
described as communicating with the controller via suit-
able electrical conduits such as wires. It will be under-
stood that it is alternatively possible for any of these com-
ponents to communicate with the controller via wireless
means, such as a Bluetooth® connection.

[0096] Ithasbeendisclosed thatthe instrumentmarker
96 and the probe marker 42 be used to identify the in-
strument 16 and the probe 12 to the controller 20, (ie. to
distinguish each from each other and from any other com-
ponents sensed by the controller 20). However, an ele-
ment that is separate from the marker 42 or 96 could
alternatively be provided on the instrument 16 and the
probe 12 respectively to identify each to the controller
20. For example, a unique RFID tag can be provided on
each to identify each to the controller 20.

[0097] While the above description constitutes a plu-
rality of embodiments of the present invention, it will be
appreciated that the present invention is susceptible to
further modification and change without departing from
the fair meaning of the accompanying claims.

Claims

1. Asurgical system (10) for use on a body of a patient
(26), comprising:
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a probe (12) including an interior portion (30)
that is configured to be at least partially inserted
into the body of the patient (26) during use, a
probe body (28) to which the interior portion (30)
of the probe (12) is connected, wherein the
probe body (28) is configured to be outside the
body of the patient (26) during use, wherein the
interior portion (30) of the probe (12) includes a
probing portion (34), and a probe marker (42)
on the probe body (28);

a surgical instrument (16) including an interior
portion (92) that is configured to be at least par-
tially inserted into the body of the patient (26)
during use, an instrument body (90) to which the
interior portion (92) of the surgical instrument
(16) is connected, wherein the instrument body
(90) is configured to be outside the body of the
patient (26) during use, wherein the interior por-
tion (92) of the surgical instrument (16) includes
a functional element (94), and an instrument
marker (96) on the instrument body (90);

a laparoscope (14) including an interior portion
(52) that is configured to be at least partially in-
serted into the body of the patient (26) during
use, a laparoscope body (50) to which the inte-
rior portion (52) of the laparoscope (14) is con-
nected, wherein the laparoscope body (50) is
configured to be outside the body of the patient
(26) during use, wherein the interior portion (52)
of the laparoscope (14) includes an image re-
ceiving element (54), wherein, during use, the
image receiving element (54) is positionable in
a surgical field (38) in the body of the patient
(26) toreceive images of the probing portion (34)
when the probing portion (34) is in the surgical
field (38) and to receive images of the functional
element (94) when the functional element (94)
is in the surgical field (38);

a display (17) configured to display the images
of the probing portion (34) and of the functional
element (94) received by the laparoscope (14);
a tracking system (22) that includes at least one
tracking system sensor positionable to track the
probe marker (42) during use of the surgical
probe (12) and to track the instrument marker
(96) during use of the surgical instrument (16);
netting (18) that is insertable into the body of the
patient (26) and is positionable to restrain at
least some of the internal body portions (36) of
the patient (26) from obstructing the surgical in-
strument (16),

a plurality of safe zone definition sensors (19)
positioned on the netting (18), wherein, for each
safe zone definition sensor (19), the safe zone
definition sensor (19) is configured to detect
when the probing portion (34) is in contact with
the safe zone definition sensor (19); and

a controller (20), wherein for each safe zone def-
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inition sensor (19), the controller (20) is pro-
grammed to:

(a) receive an indication from the safe zone
definition sensor (19) when the probing por-
tion (34) is in contact with the safe zone def-
inition sensor (19);

(b) receive probe marker (42) input from the
tracking system (22) corresponding to a po-
sition of the probe marker (42) when having
received the indication from step (a); and
(c) determine the position of the safe zone
definition sensor (19) based on the probe
marker (42) input;

and wherein the controller (20) is further
programmed to:

(d) determine safe zone defining positions
which define a safe zone (24) within which
the surgical instrument (16) can operate
without causing injury to the patient (26)
based at least in part on the plurality of po-
sitions determined at step (c);

(e) receive substantially continuous instru-
ment marker (96) input from the tracking
system (22) corresponding to a current po-
sition of the instrument marker (96) which
in turn corresponds to a current position of
the functional element (94);

(f) determine substantially continuously the
current position of the functional element
(94) based on the instrument marker (96)
input;

(g9) determine substantially continuously
whether the functional element (94) is within
the safe zone (24) based on the current po-
sition of the functional element (94) deter-
mined in step (f); and

(h) carry out at least one action if the con-
troller (20) determines in step (g) that the
functional element (94) is outside of the safe
zone (24), wherein the at least one action
is selected from the group of actions con-
sisting of: notifying a user of the surgical in-
strument (16) that the functional element
(94) is outside the safe zone (24); and dis-
abling the functional element (94).

2. A surgical system (10) as claimed in claim 1, the

controller (20) is further programmed to:

(i) determine whether the functional element
(94) is within a danger zone (100), wherein the
danger zone (100) is a peripheral portion of the
safe zone (24), and

(j) notify the user of the surgical instrument (16)
that the functional element (94) is in the danger
zone (100), if the functional element (94) is de-
termined to be in the danger zone (100) in step
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A surgical system (10) as claimed in claim 1, wherein
the tracking system (22) includes a plurality of exter-
nal cameras (56) positioned at a plurality of positions
so as to increase the likelihood of obtaining at any
given moment at least one unobstructed view of the
probe marker (42) when the probe (12) is being used
on the patient (26) and of the instrument marker (96)
when the surgical instrument (16) is being used on
the patient (26).

A surgical system (10) as claimed in claim 1, wherein
the controller (20) is programmed to record a history
of positions of the functional element (94) deter-
mined at step (f) during a surgical procedure.

A surgical system (10) as claimed in claim 1, wherein
each safe zone definition sensor (19) is configured
to sense self-movement in three dimensions and is
further configured to indicate to the controller (20)
the amount of self-movement that takes place, and
wherein, upon receiving an indication of self-move-
ment from at least one of the safe zone definition
sensors (19), the controller (20) is further pro-
grammed to update the safe zone defining positions
based on the indication.

A surgical system (10) as claimed in claim 5, wherein
the controller (20) is programmed to record in a com-
puter readable format on a computer readable me-
dium a history of positions of the functional element
(94) determined at step (f) during a surgical proce-
dure and a history of the safe zone defining positions
during a surgical procedure.

A surgical system (10) as claimed in claim 1, wherein
the netting (18) includes a plurality of hold-down el-
ements which are attachable to points outside of the
body of the patient (26) to hold the netting (18) in
such a way as to restrain at least some of the internal
body portions (36) of the patient (26) from obstructing
the surgical instrument (16).

A surgical system (10) as claimed in claim 1, wherein
the tracking system (22) includes at least one track-
ing system camera (56) positioned to receive images
of the probe marker (42) when the probe (12) is being
used on the patient (26) and wherein the controller
(20) is programmed to determine the position of the
probe (12) based on the images of the probe marker
(42) and positioned to receive images of the instru-
ment marker (96) when the instrument (16) is being
used on the patient (26) and wherein the controller
(20) is programmed to determine the position of the
instrument (16) based on the images of the instru-
ment marker (96).
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A surgical system (10) as claimed in claim 8, wherein
at least one of the probe marker (42) and the instru-
ment marker (96) includes a plurality of LEDs (44).

A surgical system (10) as claimed in claim 9, wherein
at least one of the probe marker (42) and the instru-
ment marker (96) includes a plurality of LEDs (44)
that are configured to emit infrared light.

A surgical system (10) as claimed in claim 8, wherein
the instrument marker (96) is removable from the
rest of the instrument (16).

A surgical system (10) as claimed in claim 1, wherein
the controller (20) is programmed to emit and alter
an audible sound as the functional element (94) ap-
proaches a periphery of the safe zone (24) so as to
provide to the user of the surgical instrument (16) an
indication of the proximity of the functional element
(94) to the periphery of the safe zone (24).

A surgical system (10) as claimed in claim 1, wherein
the tracking system (22) includes at least one track-
ing system camera (56) positioned to receive images
of the probe marker (42) and wherein the controller
(20) is programmed to determine the position of the
probe (12) based on the images of the probe marker
(42).

Patentanspriiche

1.

Chirurgisches System (10) fir den Einsatz am Kor-
per eines Patienten (26) mit:

einer Sonde (12) umfassend einen inneren Teil
(30), welcher konfiguriert ist, um im Einsatz we-
nigstens teilweise in den Kérper des Patienten
(26) eingefiihrt zu werden, einen mit dem inne-
ren Teil (30) der Sonde (12) verbundenen Son-
denkdrper (28), wobei der Sondenkdrper (28)
konfiguriertist, umim Einsatz auerhalb des Pa-
tientenkdrper (26) zu sein, wobei der innere Teil
(30) der Sonde (12) einen Sondenabschnitt (34)
umfasst, und einen Sondenmarker (42) auf dem
Sondenkoérper (28);

einem chirurgischen Werkzeug (16) umfassend
einen inneren Teil (92), welcher konfiguriert ist,
um im Einsatz wenigstens teilweise in den Kor-
per des Patienten (26) eingefiihrt zu werden, ei-
nen mit dem inneren Teil (92) des chirurgischen
Werkzeugs (16) verbundenen Werkzeugkdrper
(90), wobei der Werkzeugkdrper (90) konfigu-
riertist, um im Einsatz auRerhalb des Patienten-
korper (26) zu sein, wobei der innere Teil (92)
des chirurgischen Werkzeugs (16) ein funktio-
nelles Bauteil (94) umfasst, und einen Werk-
zeugmarker (96) auf dem Werkzeugkérper (90);
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einem Laparoskop (14) umfassend einen inne-
ren Teil (52), welcher konfiguriert ist, um im Ein-
satz wenigstens teilweise in den Kérper des Pa-
tienten (26) eingefiihrt zu werden, einen mitdem
inneren Teil (52) des Laparoskops (14) verbun-
denen Laparoskopkérper (50), wobei der Lapa-
roskopkérper (50) konfiguriertist, um im Einsatz
aulierhalb des Patientenkdrper (26) zu sein, wo-
bei der innere Teil (52) des Laparoskops (14)
einen Bildempfanger (54) umfasst, wobei der
Bildempfanger (54) im Einsatz in einem Opera-
tionsfeld (38) im Korper des Patienten (26) po-
sitionierbar ist, um Bilder des Sondenabschnitts
(34), wenn das Sondenabschnitt (34) im Ope-
rationsfeld (38) ist zu empfangen, und um Bilder
des funktionellen Bauteils (94), wenn das funk-
tionellen Bauteils (94) im Operationsfeld (38) ist,
zu empfangen;

einer Anzeige (17), konfiguriert, um die vom La-
paroskop (14) empfangenen Bilder des Sonden-
abschnitts (34) und des funktionellen Bauteils
(94) anzuzeigen;

einem Nachverfolgungssystem (22), umfas-
send wenigstens einen positionierbaren Nach-
verfolgungssensor zum Verfolgen des Sonden-
markers (42) wahrend des Einsatzes der chir-
urgischen Sonde (12) und zum Verfolgen des
Werkzeugsmarkers (96) wahrend des Einsat-
zes des chirurgischen Werkzeugs (16);

einem Netz (18), welches in den Kérper des Pa-
tienten (26) einflhrbar und derart positionierbar
ist, dass wenigstens einige der inneren Korper-
abschnitte (36) des Patienten (26) das chirurgi-
sche Werkzeug (16) nicht behindern;
mehreren aufdem Netz (18) angeordneten Sen-
soren (19) zum Bestimmen eines sicheren Be-
reichs, wobeijeder Sensor (19) zum Bestimmen
eines sicheren Bereichs konfiguriert ist, um zu
erkennen, ob der Sondenabschnitt (34) mitdem
Sensor (19) zum Bestimmen eines sicheren Be-
reichs in Kontakt ist; und

einer Steuereinrichtung (20), wobei die Steuer-
einrichtung (20) fiir jeden Sensor (19) zum Be-
stimmen eines sicheren Bereichs programmiert
ist, um

(a) einen Hinweis vom Sensor (19) zum Be-
stimmen eines sicheren Bereichs zu erhal-
ten, wenn der Sondenabschnitt (34) in Kon-
takt mit dem Sensor (19) zum Bestimmen
eines sicheren Bereichs ist;

(b) eine Angabe des Sondenmarkers (42)
entsprechend der Position des Sondenmar-
kers (42) vom Nachverfolgungssystem (22)
zu erhalten, wenn der Hinweis aus Schritt
(a) erhalten wurde; und

(c) die Position des Sensors (19) zum Be-
stimmen eines sicheren Bereichs basie-
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rend auf der Angabe des Sondenmarkers
(42) zu ermitteln;

wobei die Steuereinrichtung (20) weiterhin
programmiert ist, um

(d) basierend wenigstens teilweise auf den
mehreren in Schritt (c) ermittelten Positio-
nen einen sicheren Bereich bestimmende
Positionen zu ermitteln, welche einen siche-
ren Bereich (24) bestimmen, innerhalb des-
sen das chirurgische Werkzeug (16) ohne
Verletzung des Patienten (26) arbeiten
kann;

(e) eine im Wesentlichen kontinuierliche
Angabe des Werkzeugsmarkers (96) ent-
sprechend einer aktuellen Position des
Werkzeugsmarkers (96) vom Nachverfol-
gungssystem (22) zu erhalten, welche wie-
derum einer aktuellen Position des funktio-
nellen Bauteils (94) entspricht;

(f) die aktuelle Position des funktionellen
Bauteils (94) basierend auf der Angabe des
Werkzeugsmarkers (96) im Wesentlichen
kontinuierlich zu ermitteln;

(9) im Wesentlichen kontinuierlich zu ermit-
teln, basierend auf der im Schritt (f) ermit-
telten aktuellen Position des funktionellen
Bauteils (94), ob das funktionelle Bauteil
(94) innerhalb des sicheren Bereichs (24)
ist; und

(h) wenigstens eine MalRnahme durchzu-
fihren, sofern die Steuereinrichtung (20) im
Schritt (g) ermittelt, dass das funktionelle
Bauteil (94) auBerhalb des sicheren Be-
reichs (24) ist, wobei die wenigstens eine
MaRnahme aus der Gruppe von Malnah-
men ausgewabhltist, welche aus: einem Nut-
zer des chirurgischen Werkzeugs (16) mit-
teilen, dass das funktionelle Bauteil (94) au-
Rerhalb des sicheren Bereichs (24) ist, und
das funktionelle Bauteil (94) sperren, be-
steht.

2. Chirurgisches System (10) nach Anspruch 1, wobei

die Steuereinrichtung (20) weiterhin programmiert
ist, um:

(i) zu ermitteln, ob das funktionelle Bauteil (94)
innerhalb eines Gefahrenbereichs (100) ist, wo-
bei der Gefahrenbereich (100) ein peripherer
Bereich des sicheren Bereichs (24) ist; und

(j) dem Nutzer des chirurgischen Werkzeugs
(16) mitzuteilen, dass das funktionelle Bauteil
(94) im Gefahrenbereich (100) ist, sofern im
Schritt (i) ermittelt wurde, dass das funktionelle
Bauteil (94) im Gefahrenbereich (100) ist.

3. Chirurgisches System (10) nach Anspruch 1, wobei

das Nachverfolgungssystem (22) mehrere externe
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Kameras (56) umfasst, welche an mehreren Positi-
onen angeordnet sind, um die Wahrscheinlichkeit zu
erhohen, zu jedem beliebigen Zeitpunkt wenigstens
eine ungehinderte Sicht des Sondenmarkers (42),
wenn die Sonde (12) am Patient (26) eingesetzt wird,
und des Werkzeugsmarkers (96), wenn das Werk-
zeug (16) am Patient (26) eingesetzt wird, zu erlan-
gen.

Chirurgisches System (10) nach Anspruch 1, wobei
die Steuereinrichtung (20) programmiert ist, um die
Entwicklung der im Schritt (f) ermittelten Positionen
des funktionellen Bauteils (94) wahrend einer chir-
urgischen Behandlung zu erfassen.

Chirurgisches System (10) nach Anspruch 1, wobei
jeder Sensor (19) zum Bestimmen eines sicheren
Bereichs zum Erkennen dreidimensionaler Eigenbe-
wegungen konfiguriert ist und weiterhin konfiguriert
ist, um der Steuereinrichtung (20) das MaR an statt-
findender Eigenbewegung anzugeben, und wobei
die Steuereinrichtung (20) weiterhin programmiert
ist um beim Empfang der Angabe einer Eigenbewe-
gungdurch wenigstens einen der Sensoren (19) zum
Bestimmen eines sicheren Bereichs die den siche-
ren Bereichs bestimmenden Positionen basierend
auf der Angabe zu aktualisieren.

Chirurgisches System (10) nach Anspruch 5, wobei
die Steuereinrichtung (20) programmiert ist, um eine
Entwicklung der wéahrend einer chirurgischen Be-
handlung in Schritt (f) ermittelten Positionen des
funktionellen Bauteils (94) und eine Entwicklung
wahrend einer chirurgischen Behandlung der den si-
cheren Bereich bestimmenden Positionen in einem
Computer-lesbaren Format auf einem Computer les-
baren Speichermedium zu speichern.

Chirurgisches System (10) nach Anspruch 1, wobei
das Netz (18) mehrere Halteelemente umfasst, wel-
che mit Punkten aulerhalb des Patientenk&rpers
(26) verbindbar sind, um das Netz (18) derart zu hal-
ten, dass wenigstens einige der inneren Kérperab-
schnitte (36) des Patienten (26) das chirurgische
Werkzeug (16) nicht behindern.

Chirurgisches System (10) nach Anspruch 1, wobei
das Nachverfolgungssystem (22) wenigstens eine
Verfolgungskamera (56) umfasst, welche angeord-
net ist, um Bilder des Sondenmarkers (42) zu erhal-
ten, wenn die Sonde (12) am Patient (26) eingesetzt
wird, und um Bilder des Werkzeugmarkers (96) zu
erhalten, wenn das Werkzeug (16) am Patient (26)
eingesetzt wird, wobei die Steuereinrichtung (20)
programmiert, um basierend auf den Bildern des
Sondenmarkers (42) die Position der Sonde (12) und
basierend auf den Bildern des Werkzeugmarkers
(96) die Position des Werkzeugs (16) zu ermitteln.
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Chirurgisches System (10) nach Anspruch 8, wobei
der Sondenmarker (42) und/oder der Werkzeugmar-
ker (96) mehrere LEDs (44) umfasst.

Chirurgisches System (10) nach Anspruch 9, wobei
der Sondenmarker (42) und/oder der Werkzeugmar-
ker (96) mehrere LEDs (44) umfassen, welche zur
Emission von infraroter Strahlung konfiguriert sind.

Chirurgisches System (10) nach Anspruch 8, wobei
das Werkzeugmarker (96) vom Ubrigen Werkzeug
(16) ldsbar ist.

Chirurgisches System (10) nach Anspruch 1, wobei
die Steuereinrichtung (20) programmiert ist, um,
wenn das funktionelle Bauteil (94) sich einer Grenze
des ssicheren Bereichs (24) ndhert, einen wahrnehm-
baren Ton auszugeben und zu verandern, so dass
der Nutzer des chirurgischen Instruments (16) einen
Hinweis Uber die Nahe des funktionellen Bauteils
(94) zur Grenze des sicheren Bereichs (24) erhalt.

Chirurgisches System (10) nach Anspruch 1, wobei
das Nachverfolgungssystem (22) wenigstens eine
Verfolgungskamera (56) umfasst, welche angeord-
net ist, um Bilder des Sondenmarkers (42) zu erhal-
ten, und wobei die Steuereinrichtung (20) program-
miert ist, um basierend auf den Bildern des Sonden-
markers (42) die Position der Sonde (12) zu ermit-
teln.

Revendications

1.

Systeme chirurgical (10) destiné a étre utilisé sur un
corps d’un patient (26), comprenant:

une sonde (12) comportant une partie intérieure
(30) configurée pour étre au moins partiellement
insérée dans le corps du patient (26) pendant
l'utilisation, un corps de sonde (28) connecté a
la partie intérieure (30) de la sonde (12), ou le
corps de sonde (28) est configuré pour étre a
I'extérieur du corps du patient (26) pendant I'uti-
lisation, ou la partie intérieure (30) de la sonde
(12) comporte un segment de sonde (34), et un
marqueur de sonde (42) sur le corps de sonde
(28);

un instrument chirurgical (16) comportant une
partie intérieure (92) configurée pour étre au
moins partiellement insérée dans le corps du
patient (26) pendant I'utilisation, un corps d’ins-
trument (90) connecté a la partie intérieure (92)
del’instrument chirurgical (16), ou le corps d’ins-
trument (90) est configuré pour étre a I'extérieur
du corps du patient (26) pendant I'utilisation, ou
la portion intérieure (92) de l'instrument chirur-
gical (16) comporte un élément fonctionnel (94),
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et un marqueur d’instrument (92) sur le corps
d’instrument (90);

un laparoscope (14) comportant une partie in-
térieure (52) configurée pour étre au moins par-
tiellement insérée dans le corps du patient (26)
pendant I'utilisation, un corps de laparoscope
(50) connecté a la partie intérieure (52) du lapa-
roscope (14), ou le corps de laparoscope (50)
est configuré pour étre a I'extérieur du corps du
patient (26) pendant I'utilisation, ou la partie in-
térieure (52) du laparoscope (14) comporte un
récepteur d'image (54), ou, pendant I'utilisation,
le récepteur d’image (54) peut étre positionné
dans un champ opératoire (38) dans le corps du
patient (26) pour recevoir des images de la par-
tie de sonde lorsque la partie de sonde est dans
le domaine chirurgical et pour recevoir des ima-
ges du segment de sonde (34) lorsque le seg-
ment de sonde (34) est dans le champ opéra-
toire (38) et pour recevoir des images de I'élé-
mentfonctionnel (94) lorsque I'élémentfonction-
nel (94) est dans le champ opératoire (38);

un dispositif d’affichage (17) configuré pour af-
ficher les images du segment de sonde (34) et
de I'élément fonctionnel (94) regues par le lapa-
roscope (14);

un systeme de suivi (22) comportant au moins
un capteur de suivi pouvant étre positionné pour
suivre le marqueur de sonde (42) pendant l'uti-
lisation de la sonde chirurgicale (12) et pour sui-
vre le marqueur d’instrument (96) pendant I'uti-
lisation de l'instrument chirurgical (16);

un filet (18) pouvant étre inséré dans le corps
du patient (26) et pouvant étre positionné pour
retenir au moins certaines des parties internes
(36) du corps du patient (26) de fagon a ce que
I'instrument chirurgical (16) ne soit pas obstrué,
plusieurs capteurs (19) de définition d’'une zone
de sécurité positionnés sur le filet (18), ou cha-
que capteur (19) de définition de zone de sécu-
rité est configuré pour détecter si le segment de
sonde (34) est en contact avec le capteur (19)
de définition de zone de sécurité; et

un dispositif de commande (20), ou, pour cha-
que capteur (19) de définition de zone de sécu-
rité, le dispositif de commande (20) est program-
mé pour:

(a) recevoir une indication provenant du
capteur (19) de définition de zone de sécu-
rité lorsque le segment de sonde (34) est
en contact avec le capteur (19) de définition
de la zone de sécurité;

(b) recevoir une entrée du marqueur de son-
de (42) correspondant a une position du
marqueur de sonde (42) et provenant du
systéme de suivi (22) lorsque l'indication de
I'étape (a) a été regue; et



31 EP 2 612 606 B1 32

(c) déterminer la position du capteur (19) de
définition de zone de sécurité sur la base
de I'entrée de marqueur de sonde (42);

etou le dispositif de commande (20) esten outre
programmeé pour:

(d) déterminer sur la base, au moins partiel-
lement, des positions déterminées a I'étape
(c), les positions de définition de la zone de
sécurité définissant une zone de sécurité
(24) alintérieur de laquelle I'instrument chi-
rurgical (16) peut fonctionner sans risque
de blessure du patient (26);

(e) recevoir de fagon essentiellement con-
tinue du systéme de suivi (22) I'entrée du
marqueur d’instrument (96) correspondant
a une position actuelle du marqueur d’ins-
trument (96) laquelle a son tour correspond
a une position actuelle de I'élément fonc-
tionnel (94);

(f) déterminer la position actuelle de I'élé-
ment fonctionnel (94) sur la base de I'entrée
du marqueur d’instrument (96) de fagcon es-
sentiellement continue;

(g) déterminer si I'élément fonctionnel (94)
se trouve dans la zone de sécurité (24) sur
la base de la position actuelle de I'élément
fonctionnel (94) déterminée dans I'étape (f)
de fagon essentiellement continue; et

(h) effectuer au moins une action si le dis-
positif de commande (20) détermine a I'éta-
pe (g) que I'élément fonctionnel (94) est en
dehors de la zone de sécurité (24), ou l'ac-
tion est choisie d'un groupe d'actions
consistant : a avertir un utilisateur de l'ins-
trument chirurgical (16) que I'élément fonc-
tionnel (94) est en dehors de la zone de sé-
curité (24) et a désactiver I'élément fonc-
tionnel (94).

2. Systeme chirurgical (10) selon larevendication 1, ou

le dispositif de commande (20) est en outre program-
mé pour:

(i) déterminer si I'élément fonctionnel (94) est
dansunezone arisque (100), oulazone arisque
(100) est une partie périphérique de la zone de
sécurité (24), et

(j) informer l'utilisateur de I'instrument chirurgi-
cal (16) que I'élément fonctionnel (94) se trouve
dans la zone arisque (100), si il a été déterminé
a I'étape (i) que I'élément fonctionnel (94) est
dans la zone a risque (100).

3. Systéme chirurgical (10) selon la revendication 1,

dans lequel le systeme de suivi (22) comporte plu-
sieurs caméras externes (56) positionnées a plu-
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sieurs positions de fagon a augmenter la probabilité
d’obtenir a tout moment au moins une vue dégagée
du marqueur de sonde (42) lorsque la sonde (12)
est utilisée sur le patient (26) et du marqueur d’ins-
trument (96) lorsque l'instrument chirurgical (16) est
utilisé sur le patient (26).

Systéme chirurgical (10) selon la revendication 1,
dans lequel le dispositif de commande (20) est pro-
grammeé pour enregistrer un historique des positions
de I’élément fonctionnel (94) déterminées a I'étape
(f) pendant une intervention chirurgicale.

Systéme chirurgical (10) selon la revendication 1,
dans lequel chaque capteur (19) de définition de zo-
ne de sécurité est configuré pour détecter un mou-
vement propre tridimensionnel et est en outre con-
figuré pour indiquer au dispositif de commande (20)
la quantité de mouvement propre ayant lieu, et dans
lequel, alaréception d’'une indication de mouvement
propre d’au moins'un des capteurs (19) de définition
de zone de sécurité, le dispositif de commande (20)
esten outre programmé pour actualiser les positions
définissant la zone de sécurité sur la base de l'indi-
cation.

Systéme chirurgical (10) selon la revendication 5,
dans lequel le dispositif de commande (20) est pro-
grammeé pour enregistrer un historique des positions
de I'élément fonctionnel (94) déterminées a I'étape
(f) au cours d’une intervention chirurgicale et un his-
torique des positions définissant une zone de sécu-
rité au cours d’une intervention chirurgicale sur un
support lisible par ordinateur dans un format lisible
par ordinateur.

Systéme chirurgical (10) selon la revendication 1,
dans lequel le filet (18) comporte plusieurs éléments
de maintien pouvant étre fixés a des points exté-
rieurs au corps du patient (26) de fagon a maintenir
le filet (18) de telle maniére qu’au moins quelques-
unes des parties internes (36) du corps du patient
(26) n’obstruent pas l'instrument chirurgical (16).

Systéme chirurgical (10) selon la revendication 1,
dans lequel le systéeme de suivi (22) comporte au
moins une caméra de suivi (56) positionnée pour
recevoir desimages du marqueur de sonde (42) lors-
que la sonde (12) est utilisée sur le patient (26) et
est positionnée pour recevoir des images du mar-
queur de linstrument (96) lorsque l'instrument (16)
est utilisé sur le patient (26), et dans lequel le dispo-
sitif de commande (20) est programmé pour déter-
miner la position de la sonde (12) sur la base des
images du marqueur de sonde (42) et pour détermi-
ner la position de I'instrument (16) sur la base des
images du marqueur de de l'instrument (96).
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Systeme chirurgical (10) selon la revendication 8,
dans lequel le marqueur de sonde (42) et/ou le mar-
queur del'instrument (96) comporte plusieurs diodes
électroluminescentes (44).

Systeme chirurgical (10) selon la revendication 9,
dans lequel au moins un marqueur de sonde (42)
et/ou le marqueur de I'instrument (96) comporte plu-
sieurs diodes électroluminescentes (44) configurées
pour émettre de la lumiére infrarouge.

Systeme chirurgical (10) selon la revendication 8,
dans lequel le marqueur d’'instrument (96) est dé-
montable du reste de l'instrument (16).

Systeme chirurgical (10) selon la revendication 1,
dans lequel le dispositif de commande (20) est pro-
grammeé pour émettre et modifier un son audible lors-
que I'élément fonctionnel (94) se rapproche d'une
périphérie de la zone de sécurité (24) de fagon a
fournir a l'utilisateur de I'instrument chirurgical (16)
une indication de la proximité de I'élément fonction-
nel (94) a la périphérie de la zone de sécurité (24).

Systeme chirurgical (10) selon la revendication 1,
dans lequel le systeme de suivi (22) comporte au
moins une caméra de suivi (56) positionnée pour
recevoir des images du marqueur de sonde (42) et
dans lequel le dispositif de commande (20) est pro-
grammé pour déterminer la position de la sonde (12)
sur la base des images du marqueur de sonde (42).
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FIG.5
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FIG.6b

FIG. 6a
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FIG.6d
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