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Description
TECHNICAL FIELD

[0001] The invention relates to a set comprising a sur-
gical instrument suitable for use in a minimal invasive
surgery and/or for training the handling of such surgical
instrument as well as a surgical system.

BACKGROUND ART

[0002] Minimal invasive surgery has been used in-
creasingly in the last years due to the benefits compared
to conventional open surgery as it reduces the trauma to
the patient tissue, leaves smaller scars, minimizes post-
surgical pain and enables a faster recovery of the patient.
[0003] Forexample, inlaparoscopic surgery (a form of
minimal invasive surgery) the surgeon accesses a body
cavity, such as the abdominal or pelvic cavity, through a
series of small incisions. A laparoscope is inserted
through an incision, and conventionally connected to a
monitor, enabling the surgeon to see the inside of the
abdominal or pelvic cavity. In order to perform the surgery
procedure, surgical instruments are inserted through in-
cisions. In addition, the body cavity around the surgical
site is inflated with a fluid, preferably gas e.g. carbon
dioxide in order to create an ’air’ space within the cavity
for the surgeon to view the surgical site and move the
laparoscopic instruments.

[0004] In conventional open surgery the surgeon can
use the normal visual-motor relations, wherein the motor
control is based on visual perception, such that a desired
movement of a surgical instrument can be performed on
basis of vision. In other words, during conventional open
surgery the normal link between the visual perception
and the motor system is conserved. However, when per-
forming minimal invasive surgery the surgeon has an in-
direct vision of the surgical field which results in dissoci-
ation of the visual perception and the motor system of
the surgeon. Consequently, the surgeon needs to ac-
quire new skills in order to correctly connect his or hers
visual perception and motor system (hand-eye coordina-
tion) during minimal invasive surgery.

[0005] Visual perception is the ability to interpret the
surrounding environment by processing information ob-
tained by use of the eyes, in the present case the sur-
rounding environment can be the inside of a body cavity,
such as the abdominal or pelvic cavity.

[0006] The motor system of a person is the complex
system which, among other things, controls voluntary
movements, enabling a surgeon to move body parts,
such as a hand and fingers, to control the movement of
a surgical instrument inside a body cavity.

[0007] Further, the remote vision of the surgical field
is normally displayed on a monitor in two dimensions
whereas the surgical instrument is manipulated in three
dimensions; this results in a poor spatial and depth per-
ception which makes it even harder for a surgeon to ac-
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quire the new abilities for connecting visual perception
of the remote vision (in two-dimensions) and motor sys-
tem moving the surgical tools (in three-dimensions).
[0008] In addition, if the surgical tools are controlled
via a surgical robot the normal three dimensional motor
behaviors of the surgeon are processed and changed by
the robot, which makes it more difficult for the surgeon
to correctly connect his or hers visual perception and
motor system during minimal invasive surgery.

[0009] Trainingin minimal invasive surgery is normally
performed after basic surgical training and is based on
apprenticeship where the skills are obtained in direct clin-
ical surgery supervised by an experienced surgeon. This
training method poses considerable risk to the patient
and requires a substantially amount of time from the ex-
perienced surgeon.

[0010] Therefore, the use of simulators, for example
laparoscopic simulators, is preferred in order for an in-
experienced surgeon to learn the basic skills before start-
ing to do clinical surgery. Among the mostimportant skills
needed to master is; the ability to transform the informa-
tion received by indirect vision into a three dimensional
understanding.

[0011] Differentapproaches for providing an improved
depth perception have been provided for example as de-
scribed in EP 2630915 in which a light instrument for use
in minimal invasive surgery is described. The light instru-
ment includes an elongate tubular member and a metrol-
ogy system mounted on the elongate tubular member.
The metrology system includes a mask, a zoom lens as-
sembly and a light element arranged such that the light
element propagates light beams through the mask and
the zoom lens assembly to project the patterns of the
mask onto the surgical site ofinterest to provide markings
as references used for measuring by the surgeon.
[0012] US 2013/0296712 describes an apparatus for
determining endoscopic dimensional measurements, in-
cluding a light source for projecting light patterns on a
surgical sight including shapes with actual dimensional
measurements and fiducials, and means for analyzing
the projecting light patterns on the surgical sight by com-
paring the actual dimensional measurements of the pro-
jected light patterns to the surgical site.

[0013] WO 2013/163391 describes at system for gen-
erating an image which the surgeon can use for measure
the size of or distance between structures in the surgical
field by using an invisible light for marking a pattern to
the surgical field.

[0014] The system comprises a first camera; a second
camera; a light source producing light at a frequency in-
visible to a human eye; a dispersion unit projecting a
predetermined pattern of light from the invisible light
source; an instrument projecting the predetermined pat-
tern of invisible light onto a target area; a band pass filter
directing visible light to the first camera and the prede-
termined pattern of invisible light to the second camera;
wherein the second camera images the target area and
predetermined pattern of invisible light, and computes a
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three-dimensional image.
DISCLOSURE OF INVENTION

[0015] The invention is as disclosed in the appended
set of claims. The object of the present invention is to
provide a tool comprising a surgical instrument suitable
for use in minimal invasive surgery and/or for training the
handling of such surgical instrument, which tool provides
the surgeon with good visual perception for handling the
surgical instrument and preferably with enhanced visual
perception when performing the surgery and which tool
simultaneously is relatively simple to use and can be pro-
duced at adequate cost.

[0016] Itis also an object to provide a method for per-
forming minimal invasive surgery and/or training therefor
which method provides the surgeon with good visual per-
ception.

[0017] These and other objects have been solved by
the invention or embodiments thereof as defined in the
claims and as described herein below.

[0018] It has been found that the invention or embod-
iments thereof have a number of additional advantages
which will be clear to the skilled person from the following
description.

[0019] The tool is provided in form of a correlated set
for minimal invasive surgery comprising a surgical instru-
ment and a pattern generating member which can be
assembled as described below to form a surgical instru-
ment assembly.

[0020] In an embodiment of the present invention a
surgical instrument assembly for use in minimal invasive
surgery which enhances the surgeon’s visual perception
such that the surgeon is able to connect his or hers visual
perception and motor system during minimal invasive
surgery whereby an intended movement of the surgical
instrument can be performed on basis of remote vision.
[0021] The correlated set for minimal invasive surgery
comprises a surgical instrument and a pattern generating
member. The surgical instrument has a distal end and a
proximal end and comprises a handle portion at its prox-
imal end, a surgical intervention tool at its distal end and
a body portion connecting the handle portion to the sur-
gical tool. The pattern generating member comprises a
pattern light source and a projector. The pattern light
source is operatively connected to the projector for pro-
jecting a light pattern. At least the projector of the pattern
generating member is configured for being at least tem-
porarily fixed to the body portion of the surgical instrument
such that a movement of the surgical tool results in a
correlated movement of the projector, such that a given
movement of the surgical tool results in a given prede-
termined movement of the projector.

[0022] Thereby, when the tool is moved, the projector
will move in a correlated way which results in that the
projected pattern as seen on a distally arranged surface
will change accordingly. This change of the projected pat-
tern in response to a surgeons’ movement of the tool
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provides the surgeon with a very good visual perception
of the 3D space in which the surgical tool is moved and
thereby it will be simpler for the surgeon to handle the
surgical tool with high accuracy. Further the surgeon
needs less time to orientate in the 3D space which also
makes it possibly to perform the surgical procedure rel-
atively fast.

[0023] The terms distal and proximal should be inter-
preted in relation to the orientation of the surgical instru-
ment.

[0024] The phrase "distal direction" means a direction
with a vector oriented from the proximal end to the distal
end of the surgical instrument.

[0025] The phrase "proximal direction" means a direc-
tion with a vector oriented from the distal end towards
the proximal end of the surgical instrument.

[0026] The distal and proximal directions are deter-
mined when the body portion of the surgical instrument
is in straight position.

[0027] Anyplanesandanglestothedistaland proximal
directions are all well determined when the body portion
of the surgical instrument is in straight position.

[0028] The body portion of the surgical instrument has
a longitudinal axis determined in straight position which
longitudinal axis is parallel to the distal and proximal di-
rections.

[0029] The phrase "distal to" means "arranged at a po-
sition in distal direction to". The phrase "distally arranged"
means arranged distal to the distal end of the surgical
instrument.

[0030] The term "surgical instrument assembly"
means an assembly comprising the surgical instrument
and pattern generating member.

[0031] The term "substantially" should herein be taken
to mean that ordinary product variances and tolerances
are comprised.

[0032] The term "about" is generally used to ensure
that what is within measurement uncertainties are in-
clude. The term "about" when used in ranges, should
herein be taken to mean that what is within measurement
uncertainties are included in the range.

[0033] Itshould be emphasized thatthe term "compris-
es/comprising" when used herein is to be interpreted as
an open term, i.e. it should be taken to specify the pres-
ence of specifically stated feature(s), such as element(s),
unit(s), integer(s), step(s) component(s) and combina-
tion(s) thereof, but does not preclude the presence or
addition of one or more other stated features.

[0034] Throughout the description or claims, the sin-
gular encompasses the plural unless otherwise specified
or required by the context.

[0035] In an embodiment the surgical instrument for
use in minimal invasive surgery where a surgeon per-
forms a surgical procedure within a body cavity with in-
direct vision of a surgicalfield comprises, a handle portion
for manipulation of the instrument, and a body portion
extending from the handle portion and comprising a sur-
gical tool, wherein the body portion is adapted to be in-
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serted through an incision in a body into the body cavity.
The pattern generating member is fixed to the body por-
tion and when the body part is inserted into the body
cavity, it projects a light pattern on an area of the surgical
field such that the contours of the surgical field and the
position of the instrument can be deduced by the surgeon
based on indirect vision of the light pattern.

[0036] Thus, it is possible for the surgeon to use the
light pattern as areference in order to connect the remote
vision with the movement of the surgical tools. The light
pattern can be interpreted as a monocular reference
which enables the surgeon to determine the position of
the surgical instrument and the contours of the surgical
field. Consequently, the present invention enables the
surgeon to overcome the difficulties in connecting his or
hers visual perception and motor system during minimal
invasive surgery.

[0037] In an embodiment the indirect vision of the sur-
gical field can be obtained through an endoscope insert-
ed through an incision in the body. The endoscope is
advantageously connected to a monitor for displaying
the surgical field in a two dimensions image.

[0038] The handle portion can comprise an actual han-
dle for the surgeon to seize and thereby control the sur-
gical instrument directly. In another embodiment, the
handle portion is controlled by use of an actuator con-
nected to a control mechanism, for example a surgical
robot, such that the surgeon can control the surgical in-
strument indirectly.

[0039] Theinvention also comprises the correlated set
in assembled condition i.e. the surgical instrument as-
sembly.

[0040] The surgical instrument assembly mentioned
above can both be used in training of surgeons in minimal
invasive surgery and during an actual surgical procedure.
When used during training it will reduce the training time
before a minimal invasive surgeon is sufficiently skilled
to perform live surgery.

[0041] Light pattern can for example be a grid or a plu-
rality of light dots that generate the pattern. In an embod-
iment the light pattern comprises one or more cones of
light that forms a geometric shape, such as a square.
The surgeon can then use the curves defined by the edg-
es of the geometric shape to determine the position of
the surgical instrument and the contours of the surgical
field.

[0042] Whenusedduringthe actualsurgical procedure
it will help the surgeon, hereby minimizing the risk of mis-
takes and secure a smoother surgical procedure.
[0043] The projector of the pattern generating member
is configured for being at least temporarily fixed to the
body portion of the surgical instrument such that at least
any non-rotational movement of the surgical tool results
in a correlated movement of the projector.

[0044] The phrase "rotationalmovementofthe surgical
tool" is a movement that is exclusively rotational with a
rotation axis coincident with an axis of the body portion
of the surgical tool when the body portion of the surgical
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instrument is straight. Any other movements of the sur-
gical tool are non-rotational movements.

[0045] It has been found that some surgeons may in
certain situations be distracted in case a mere rotational
movement of the surgical tool results in a correlated
movement of the projector and thereby the projected pat-
tern.

[0046] In an embodiment the projector or the shape of
the pattern is configured such that a mere rotational
movement of the surgical tool does not result in a corre-
lated movement of the projector and thereby the project-
ed pattern.

[0047] The projector of the pattern generating member
is configured for being at least temporarily fixed to the
body portion of the surgical instrument such thatany non-
rotational movement of the surgical tool results in a cor-
related movement of the projector. Thereby a very im-
proved visual perception in 3D can be obtained which
ensures that the surgeon can handle the surgical instru-
ment assembly with high precision.

[0048] The projector of the pattern generating member
or the whole pattern generating member is adapted for
being temporarily or permanently fixed to the body por-
tion of the surgical instrument. The phrase "temporarily
fixed" is used to mean that the projector or the whole
pattern generating member can be dissembled from the
surgical instrument after use, e.g. for cleaning for reuse.
[0049] By having the surgical instrument and the pat-
tern generating member with the projector as separate
units e.g. for assembling by the user, the user can for
example have a correlated set with several different pat-
tern generating members to choose between, thereby
allowing the surgeon to select which pattern generating
member he/she wishes to use for a specific procedure.
[0050] Further it also allows a simpler production be-
cause the surgical instrument and the pattern generating
member of the correlated set may be produced and sold
separately.

[0051] Inanembodiment the pattern generating mem-
ber is detachably attached to the body portion. The sur-
geon can then remove the pattern generating member if
needed. In addition, the pattern generating member can
be attached to an existing surgical instrument in order to
obtain a surgical instrument assembly.

[0052] The projector or the whole pattern generating
member can be attachable to the body portion of the sur-
gical instrument by any suitable means which provides
a sufficiently safe attachment. The projector or the whole
pattern generating member may for example be tempo-
rarily or permanently fixed to the surgical instrument by
a click lock, a sleeve lock, a screw lock, a turn lock, a
wedge lock or combinations thereof.

[0053] By providing the pattern generating member as
a detachable unit, the pattern generating member or for
example the projector of the pattern generating member
can be replaced whenever desired. Further, it has been
found that it is simpler to clean the surgical instrument
for reuse without the pattern generating member or parts
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thereof. In an embodiment the pattern generating mem-
ber is a disposable unit. In an embodiment the projector
is a disposal unit.

[0054] The pattern generating member may be select-
ed by the surgeon for the specific surgery - i.e. different
pattern may be preferred in different surgeries, such as
different shape of pattern, different size of pattern and/or
different wavelength(s).

[0055] In an embodiment at least the projector of the
pattern generating member is temporarily fixed to the
body portion of the surgical instrument by a sleeve which
surrounds the body portion in at least a length section
thereof of the surgical instrument. The sleeve may simul-
taneously hold and protect the optical fiber. The sleeve
may in principle be of any material. Where the surgical
instrument assembly is for use in training there is no spe-
cific requirements to the sleeve material, however gen-
erally it is desired that the sleeve is of a relatively light
material e.g. with a density below 1 g/cm3, such as of
about 0.97 g/cm3 or less. Preferably the sleeve is of pol-
ymer material or a composite material. For application in
surgery the sleeve material is preferably an olefin poly-
mer, polyurethane or silicone. The sleeve preferably has
a low-friction outer surface in order to reduce friction be-
tween the sleeve and tissue during surgery. In an em-
bodiment the sleeve comprises a low friction coating e.g.
of PTFE or a hydrophilic material e.g. a coating compris-
ing hydrogel (e.g. based on alkyl methacrylate) and/or
polyvinylpyrridine.

[0056] The sleeve is preferably arranged to fit tight
around the body - i.e. the inner diameter of the sleeve is
approximately as or slightly larger than the body.
[0057] The thickness of the sleeve material surround-
ing the body - here referred to as the sleeve wall - may
be any thickness taken into account that the surgery in-
strument assembly should not be too bulky in particular
the part of the sleeve that is adapted to be inserted
through an incision and/or through a hole in the cover of
a training kit. The thickness of the sleeve wall may vary
along the length of the body and/or in its annular or semi-
annular extension around the body. Examples of suitable
sleeve wall thickness are from about 0.1 to about 10 mm,
such as from about 2-5 mm.

[0058] In an embodiment the sleeve comprises two or
more layers of equal or different materials.

[0059] In an embodiment the sleeve comprises a first
elongate through hole for the body and a separate elon-
gate hole for the optical fiber, such that the sleeve provide
a protection cover for the optical fiber from the end of the
sleeve closest to the handle when mounted and to the
projector. The sleeve may comprise additional through
holes and/or pockets e.g. for other elements of the pattern
generation member e.g. such that further parts e.g. All
parts of the pattern generating member can be fixed to
the surgical instrument e.g. to the body of the surgical
instrument by the sleeve. Thereby it becomes even sim-
pler to mount the pattern generation member.

[0060] The outer diameter of the sleeve, in particular
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the part of the sleeve that is adapted to be inserted
through an incision, is advantageously about 15 mm or
less, such as about 10 mm or less. For certain applica-
tions the outer diameter may be larger.

[0061] In an embodiment the projector of the pattern
generating member is temporarily fixed to the body por-
tion of the surgical instrument by a sleeve where the
sleeve comprises a fixing element arranged immediately
adjacent to the handle. The fixing element advanta-
geously comprises a rotation element such as described
above.

[0062] In embodiments where only the pattern light
source is not fixed or adapted to be fixed to the surgical
instrument it is desired that the optical fiber guiding the
light to the projector can be arranged on either side of
the handle selected by the surgeon and e.g. in a fixed
position in order notto botherthe surgeon during surgery.
[0063] Inanembodiment at least the projector and the
pattern light source of the pattern generating member
are temporarily fixed to the body portion of the surgical
instrument by a sleeve.

[0064] In an embodiment all elements of the pattern
generating member are temporarily fixed to the body por-
tion of the surgical instrument by a sleeve. The elements
of the pattern generating member comprises the projec-
torandthe pattern light source and optional power source
and/or one or more controlling elements such as the pat-
tern light source control unit described below.

[0065] In an embodiment at least the projector of the
pattern generating member is permanently fixed to the
surgical instrument, preferably the pattern generating
member is integrated with the surgical instrument to form
an integrated surgical instrument assembly.

[0066] Inanembodimentthe pattern generating mem-
ber including the pattern light source and an optional bat-
tery is incorporated into the body of the surgical instru-
ment.

[0067] The correlated movementbetween the surgical
tool and the projector is such that a given movement of
the surgical tool results in a given predetermined move-
ment of the projector.

[0068] The surgical instrument can in principle be any
kind of surgical instrument for minimal invasive surgery.
The term "surgical instrument" is herein used to denote
an instrument which is for performing the actual invasive
act contrary to instruments for illumination or acquiring
images and similar not invasive instruments.

[0069] In an embodiment the surgical instrument is a
laparoscopic instrument, an arthroscopic instrument
and/or a thoracoscopic instrument, a gastroscopic instru-
ment, a colonoscopic instrument, a laryngoscopic instru-
ment, a broncoscopic instrument, a cytoscopic instru-
ment or a combination thereof.

[0070] In an embodiment the surgical instrument has
arigid body portion and advantageously the body portion
of the surgical instrument provides arigid interconnection
between the handle portion and the surgical tool. For
example the body portion is rigid and the body portion
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preferably has length extending from the handle portion
to the surgical tool. The body portion is preferably straight
along its length. Such substantially rigid surgical instru-
ment advantageously is a laparoscopic instrument, an
arthroscopic instrument and/or a thoracoscopic instru-
ment.

[0071] A laparoscopic instrument is usually applied for
minimalinvasive surgery in the abdomen. An arthroscop-
ic instrument is usually applied for minimal invasive sur-
gery at or inside of a joint. A thoracoscopic instrument is
usually applied for minimal invasive surgery in the chest
(heart, lungs, great vessels).

[0072] In an embodiment the surgical instrument is an
endoscopic surgical instrument for use together with an
endoscope where the surgical instrument is arranged in
a channel in the endoscope during the surgical proce-
dure. Such surgical instruments are in particular suitable
in gastroscopy, colonoscopy, laryngoscopy, broncosco-
py and cystoscopy and advantageously such surgical in-
strument has a flexible body portion. In an embodiment
the body portion of the surgical instrument provides a
flexible interconnection between the handle portion and
the surgical tool.

[0073] In general the surgical instrument for minimal
invasive surgery are relatively similar, however often they
differs in size in relation to their purpose, i.e. whether it
is a laparoscopic instrument, an arthroscopic instrument
and/or a thoracoscopic instrument. Further as explained
above the body portion of surgical instrument may be
rigid or flexible.

[0074] The body portion of the surgical instrument can
in principle have any length depending on the surgery to
be performed e.g. from a few cm, such as 5 cm to about
50 cm or even up to about 200 cm. Generally, flexible
surgical instrument will have longer body portions than
rigid surgical instrument. The length of the body portion
is determined from the handle portion to the surgical tool.
In an embodiment the body portion has a length of from
about 35 cm to about 40 cm.

[0075] Advantageously the surgical tool is adapted to
perform a surgical intervention at a surgery target site.
In an embodiment the surgical tool is selected from a
grasper, a suture grasper, a stapler, forceps, a dissector,
scissors, a suction instrument, a clamp instrument, an
electrode, a curette, ablators, scalpels, a needle holders,
a biopsy and retractor instrument or a combination there-
of.

[0076] All of such surgical tools are well known to a
skilled person and will not be described in further details.
The surgical tool is advantageously adapted to be oper-
ating in direct contact with the tissue. Such instruments
require to be controlled with a very high precision and
accordingly the invention provides a very valuable con-
tribution for improving the control and operation of the
surgical instrument in proximal directions for high preci-
sion minimal invasive surgery.

[0077] The pattern light source can in principle be any
kind of light source capable of providing a desired pattern.
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The light source may be a coherent light source or an
incoherent light source.

[0078] The term "coherent light" is herein used to de-
note laser light whereas "incoherent light" includes any
non-laser lights irrespectively of its Degree of coherence.
Incoherent light with a relatively high degree of coher-
ence (sometimes called partially coherent light) are often
preferred because the incoherent light provides a suffi-
cient bright pattern, while the incoherent light source gen-
erally can be obtained a much lower cost than coherent
light.

[0079] In an embodiment the pattern light source is a
coherent light source, such as a semiconductor light
source, such as a laser diode and/or a VCSEL light
source.

[0080] Inanembodiment the pattern light source is an
incoherent light source, preferably the light source is a
semiconductor light source, such as a light emitting diode
(LED).

[0081] Advantageously, the light pattern is generated
by at least one laser and/or LED. Lasers and LED’s (light
emitting diodes) are advantageous as they can generate
light patterns that are well defined and it is possible to
choose the wavelength, and thus color, such that the
pattern is enhanced in the remote vision. For example
such that the light pattern is clearly visible and enhanced
on the monitor.

[0082] The pattern light source advantageously has a
relatively narrow band width thereby providing a bright
light in the narrow bandwidth, while simultaneously emit-
ting a relatively low light energy. This is advantageously
both to avoid undesired heating of the surgical target site
and simultaneously have low risk of blinding the surgeon.
[0083] In an embodiment the pattern light source has
a band width (full width at half maximum -FWHM) of up
to about 50 nm, such as from 1 nm to about 40 nm. Pref-
erably the narrow band width of the pattern light source
is about 25 nm or less, such as about 10 nm or less.
[0084] In an embodiment the pattern light source has
a center wavelength of about 450 nm to about 600 nm,
such as about 532 nm.

[0085] In an embodiment the pattern light source has
ared center wavelength within the range 610 nm<\<760
nm.

[0086] In an embodiment the pattern light source has
an orange center wavelength within the range 590
nm<i<610 nm.

[0087] In an embodiment the pattern light source has
a yellow center wavelength within the range 570
nm<i<590 nm.

[0088] In an embodiment the pattern light source has
a green center wavelength within the range 500
nm<i<570 nm.

[0089] In an embodiment the pattern light source has
ablue center wavelength within the range 450 nm<\<500
nm.

[0090] In principle the pattern light source can com-
prise any wavelengths such as wavelengths within visible
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light or within invisible light. Where the light is invisibly
the light pattern is adapted to be read by a detector ca-
pable of detecting the light wavelength in question. The
detector may for example be part of a computer connect-
edto a monitor for showing the pattern and/or the detector
may be part of a robot as further described below.
[0091] In an embodiment the pattern light source has
a band width comprising visible light having wavelength
in the range from about 400 nm to about 900 nm, pref-
erably in the range from about 450 nm to about 700 nm,
preferably in the range from about 500 nm to about 650
nm.

[0092] In an embodiment the pattern light source has
a band width comprising invisible light, such as light hav-
ing wavelength above about 900 nm and/or below about
450 nm.

[0093] In an embodiment pattern generating member
comprises two or more pattern light sources having equal
or different bandwidths, wherein the two or more pattern
light sources preferably are operatively connected to the
projector.

- thetwoormore patternlight sources can be operated
independent of each other i.e. they can independ-
ently be switched on and off e.g. using a non-hand
held unit or by a unit incorporated into the handle of
the surgical instrument.

[0094] In an embodiment-the two or more pattern light
sources can be connected to separate projectors.
[0095] Generally it is desired that the pattern light
source (or sources) can be switched on and off and op-
tionally be modified in wavelength and/or intensity, using
a pattern light source control unit. In an embodiment the
pattern light source control unit is a non-hand held unit,
such as a pedal or a voice activated control unit - thereby
the surgeon can in a simple manner control the light pat-
tern. In an embodiment the pattern light source control
unit is incorporated into the handle of the surgical instru-
ment for simple handling by the surgeon.

[0096] Advantageously the pattern light source is ar-
ranged to provide a pattern output power which is suffi-
cient to generate a visible pattern, but not too high such
that an undesired amount of heat may be generated.
Preferably the pattern light source is arranged to provide
a pattern output power up to about 5 mW such as from
about 0.1 to about 4 mW, such as from about 0.5 to about
1.5 mW. Preferably the pattern output power is adjusta-
ble. The pattern output power is determined as the output
power of the projector.

[0097] The projector of the pattern generating member
is adapted to project a pattern. Advantageously the pro-
jector of the pattern generating member comprises a
phase optic element, a spatial light modulator, a multi-
order diffractive lens, a holographic lens, a Fresnel lens
and/or a computer regulated optical element.

[0098] The phase optic element may advantageously
be a diffractive optic element (DOE).
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[0099] In an embodiment the phase optics element is
capable of producing an image having periodic intensity
distribution.

[0100] Diffractive optic elements are well known in the
art and may for example utilize a surface with a complex
microstructure for its optical function. The micro-struc-
tured surface relief profile has two or more surface levels.
The surface structures are either etched in fused silica
or other glass types, or embossed in various polymer
materials. Additionally, diffractive optics can realize al-
most the same optical functions as refractive optics such
as lenses, prisms or aspheres, but they are much smaller
and lighter. DOEs are not limited to laser applications;
partially coherent light from LEDs or other light sources
can also be modulated.

[0101] In an embodiment the DOE is as described in
US 2013/0038836 e.g. as shown in Fig. 1 and/or as de-
scribed in section [015] of US 2013/0038836.

[0102] Inanembodiment the diffractive optic elements
comprises a "multi-order diffractive" lens, such as a con-
ventional diffractive-optic lens utilizing a single diffraction
order in which the optical power of the lens is directly
proportional to the wavelength of light.

[0103] The projector may comprise any type of beam
manipulating element for providing the desired pattern
e.g. lenses and/or mirrors and/or splitters and/or filters
and/or collimator.

[0104] In an embodiment the projector comprises a
spatial light modulator. The spatial light modulator con-
figured for modulating the light pattern for example by
modulating the transparency of a pattern cover e.g. by a
computer modulation. In an embodiment the spatial light
modulator is arranged for modulating the intensity and/or
the phase of the light from the pattern light source to
thereby modulate the emitted light pattern.

[0105] Inorderto ensure thatthe minimal invasive sur-
gery can be performed with a desired small incision it is
generally desired that the part of the pattern generating
member to be mounted to the body portion of the surgical
instrument is relatively small.

[0106] Advantageously the projector of the pattern
generating member has a maximal extending area per-
pendicular to the proximal direction when the pattern gen-
erating member is fixed to the body portion of the surgical
instrument and the body portion is in straight position,
which maximal extending area is up to about 4 cm2, such
as up to about 2 cm2, such as from about 0.01 to about
1 cm?, such as from about 0.1 to about 0.5 cm?Z.

[0107] Where the whole pattern generating member is
to be fixed to the body portion of the surgical instrument
it is desired that the whole pattern generating member
has a maximal extending area perpendicular to the prox-
imal direction when the pattern generating member is
fixed to the body portion of the surgical instrument and
the body portion is in straight position, which maximal
extending area is up to about 4 cm2, such as up to about
2 cm?, such as from about 0.01 to about 1 cm?, such as
from about 0.1 to about 0.5 cm2.
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[0108] The pattern light source is operatively connect-
ed to the projector to transfer light to the projector. The
operatively connection can in principle be any kind of
wave guiding element or elements, such as an optical
fiber, one or more lenses, mirrors, splitters, collimators,
amplifiers or any other suitable optical element.

[0109] Inanembodiment, the light source is notintend-
ed to be inserted into the body cavity and the operatively
connection e.g. atleast one optical waveguide is adapted
to guide the light from the pattern light source through
the incision in the body to the projector. Thus, the pro-
jector of the pattern generating member that is inserted
in to the body cavity can be made relatively small, as the
lightcan be generated outside the body cavity and guided
via optical waveguides to the body cavity where it can be
projected onto the area of the surgical field. Advanta-
geously, the pattern light source can be detached from
the at least one optical waveguide. This simplifies the
sterilization process of the surgical instrument as the pat-
tern light source does not need to be sterilized in case it
does not enter the body cavity. In an example, there is
one pattern light source that is either connected to one
optical waveguide or a plurality of optical waveguides. In
another example, there are more than one pattern light
source.

[0110] In an embodiment the pattern light source is
adapted for being arranged at a distance to the projector,
e.g. such that it need not be inserted through the incision
in use. The pattern light source is in an embodiment in-
corporated into a pattern light source housing arranged
to be positioned at a distance to the surgical instrument
and advantageously connected to the projector via con-
nection means comprising an optical fiber. Preferably the
optical fiber is protected by a polymer cover.

[0111] Inan embodiment the pattern light source is (or
is adapted for being) connected to or incorporated into
the handle of the surgical instrument. In this embodiment
the pattern light source control unit as discussed above
is advantageously also (or is adapted for being) connect-
ed to or incorporated into the handle of the surgical in-
strument.

[0112] The pattern generating member is connected
or adapted to be connected to a power source. In an
embodiment the power source is a battery.

[0113] The pattern light source and/or optional battery
is/are in an embodiment incorporated into or fixed to the
body of the surgical instrument. Advantageously the pat-
ternlight source is fixed to or incorporated into the handle
of the of the surgical instrument and the battery is incor-
porated into orfixed to the body of the surgical instrument,
preferably near the proximal end of the surgical instru-
ment, such as closest to the handle than to the surgical
tool.

[0114] In an embodiment the pattern light source and
the battery are incorporated into a pattern light source
housing which is adapted to be arranged external during
a surgery e.g. in the handle of the surgical instrument as
described above.
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[0115] In an embodiment where the pattern light
source and the battery are incorporated into a pattern
light source housing, the pattern light source housing is
incorporated into or fixed to the body of the surgical in-
strument, preferably near the proximal end of the surgical
instrument, such as closest to the handle than to the sur-
gical tool.

[0116] In an embodiment the pattern light source and
the battery are incorporated into a pattern light source
housing together with the projector to form the pattern
generating member which is adapted to be mounted to
the body portion of the surgical instrument.

[0117] In an embodiment the pattern light source and
optionally the the pattern light source control unit is/are
adapted for being or is/are connected to or incorporated
into the handle of the surgical instrument and the pattern
light source is connected to an external battery arranged
at a distance from the surgical instrument.

[0118] In an embodiment the pattern light source
and/or a power source or a power input connector is/are
fixed to the body of the surgical instrument using a sleeve
as described above. In this embodiment preferably also
other elements such as the projector and optional control
units are fixed to the body of the surgical instrument using
the sleeve.

[0119] In an embodiment the projector pattern light
source, the power source in form of one or more batteries
or a power input connector, the projector and a control
unit as described above are fixed to the body of the sur-
gical instrument using the sleeve. One or more, such as
all of the pattern light source, the power source, the pro-
jector and the control unit is/are advantageously fixed
(temporally or permanently fixed) to the sleeve prior to
mounting the sleeve to the body of the surgical instru-
ment, thereby providing a very simple assembling of the
elements to provide an assembled surgical instrument
ready for use. The pattern light source, the power source,
the projector and/or the control unitis/are preferably fixed
to the sleeve by being fully or partly integrated in the
material of the sleeve, by being arranged between layers
of the sleeve by being mechanically attached to the
sleeve e.g. by being arranged in a pocket of the sleeve
and e.g. fixed there by being attached by being connected
to another element (such as another of the parts attached
to the sleeve). In an embodiment one or more parts of
the pattern light source, the power source, the projector
and/or the control unit is/are mechanically attached to
the sleeve by an adhesive, by welding, by screws, by
rivets or by any other suitable means.

[0120] In an embodiment the pattern light source and
the battery is incorporated into a pattern light source
housing together with the projector to form the pattern
generating member and the pattern generating member
is fixed (temporally or permanently fixed) to the sleeve
prior to mounting the sleeve to the body of the surgical
instrument.

[0121] Inanembodiment, the pattern generatingmem-
ber projects the light pattern on an area in front of the
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body portion covering 90 degree to the sides, preferably
60 degree. Infront of the body portion, is to be understood
as along the longitudinal axis of the body portion and
away from the handle portion (in distal direction), prefer-
ably in front of the surgical tool.

[0122] In an embodiment the projector of the pattern
generating member is configured such that when it is
fixed to the body portion of the surgical instrument it is
arranged for emitting a pattern comprising a plurality of
projecting directions with angles relative toits longitudinal
axis of from about 5 degrees to about 85 degrees (or
even up to 90 degrees), such as from about 10 degrees
to about 60 degrees, such as from about 15 degrees to
about 50 degrees.

[0123] When the projector of the pattern generating
member is fixed to the body portion of the surgical instru-
ment it is adapted to emitting a pattern such that a move-
ment of the surgical tool results in a correlated change
of the pattern.

[0124] The pattern may have any desired shape. In
case the pattern consists of one or more coaxial circles
any non-rotational movements of the surgical tool advan-
tageously results in a correlated change of the pattern.
[0125] Thechange of the pattern may e.g. be a change
of shape, position, size and/or color.

[0126] Inanembodimentthe projectoris fixed or adapt-
ed to be fixed to the body portion of the surgical instru-
ment such that the pattern remain substantially stationary
when the surgical instrument is subjected exclusively to
circumferential movement with the longitudinal axis of
the body portion of the surgical instrument as center of
the circumferential movement.

[0127] In an embodiment the projector when fixed to
the body portion of the surgical instrument, is configured
for emitting a pattern which pattern when projected to a
surface perpendicular to the distal direction is at most 10
fold rotational symmetrical, preferably the pattern is at
most 8 fold rotational symmetrical.

[0128] Such pattern which is not fully rotational sym-
metrical but has up to 10 fold rotational symmetry gives
the user an even better visual information about the po-
sition of the surgical instrument and in particular the sur-
gical tool. For example the user can with a high precision
see any twisting and angular movements of the surgical
tool.

[0129] In an embodiment, the light pattern is a grid.
Thus, the light pattern is a light grid which is projected
on an area of the surgical field when the surgical instru-
ment is in use. The changes in the grid lines can for ex-
ample be used to deduce the contours of the body cavity
such as projected surface and/or the contours of the sur-
gical field. The changes in the angle and distance be-
tween crossing and/or parallel grid lines when the surgi-
cal instrument is moved can for example be used to de-
termine the orientation of the surgical instrument.
[0130] The phrases "surgical field", "surgical site" and
"surgery target site" are herein used interchangeable. In
certain situations, as it will be explained below, the sur-
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gical site is an artificial surgical site.

[0131] Inan embodiment the light pattern comprises a
plurality of light dots. When the surgical instrument is
moved, the position and /or the distance between the
dots will change, which enhances the surgeon’s ability
even further to deduce the position of the surgical instru-
ment and the area contours of the surgical field.

[0132] Inanembodimentthe projectorfixedtothe body
portion of the surgical instrument is configured for emit-
ting a pattern which pattern, when projected to a surface
perpendicular to the longitudinal axis of the body portion
of the surgical instrument, comprises a plurality of angled
lines. Advantageously the pattern comprises a grid of
lines, such as a grid comprising one or more sets of par-
allel lines.

[0133] Where the pattern has angled lines pattern
when projected to a surface perpendicular to the distal
direction a tilting of the surgical instrument can for exam-
ple be observed by a change of such angled lines e.g.
by a deformation of one or more of the lines, by change
of line angles and/or by change of distance between lines.
[0134] The pattern is advantageously sufficient large
to ensure good visual perception of the surgical tool and
movement thereof - even when the surgical tool is in con-
tact with tissue during a surgery.

[0135] Inanembodimentthe projectorin mounted con-
dition (i.e. fixed to the body portion of the surgical instru-
ment) is configured for emitting a pattern which pattern,
when projected to a projecting surface immediately distal
to the surgical tool and perpendicular to the longitudinal
axis of the body portion of the surgical instrument, has a
pattern beam size determined as the diameter of a circle
inscribing the pattern of at least about 0.5 cm, such as
up to about 60 cm, preferably from about 1 cm to about
25 cm. Thereby the user can be guided by the pattern
and deformations of the pattern even when the surgical
tool is close to or even touching the tissue.

[0136] Advantageously the pattern projected to a pro-
jecting surface becomes larger the larger the distance to
the projecting surface. In an embodiment, the pattern
beam size increases proportionally on a projecting sur-
face when the surgical instrument is moved to a distance
between the surgical tool and the projecting surface. Ad-
vantageously the pattern beam size increases such that
at a distance of 1 cm the pattern beam size is at least
about 5 % larger than at zero distance. In an embodiment
the pattern beam size increases such that at a distance
of 1 cm the pattern beam size is at least about 10 %
larger, such as up to 200 % larger than at zero distance.
[0137] The invention also comprises a surgical system
suitable for performing minimal invasive surgery or suit-
able for training for performing minimal invasive surgery.
[0138] The surgical system comprises an illuminating
element comprising an illuminating light source for illu-
minating a surgery target site, a camera element for ac-
quiring images of the surgery target site, a monitor for
displaying the acquired images and at least one surgical
instrument assembly.
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[0139] The surgical instrument assembly comprises a
surgical instrument and a pattern generating member.
The surgical instrument has a distal end and a proximal
end and comprises a handle portion at its proximal end,
a surgical tool at its distal end and a body portion con-
necting the handle portion to the surgical tool. The pattern
generating member comprises a pattern light source and
a projector, wherein the pattern light source is operatively
connected to the projector for projecting a light pattern.
At least the projector of the pattern generating member
is at least temporarily fixed to the body portion of the
surgical instrument such that a movement of the surgical
tool results in a correlated movement of the projector.
[0140] In an embodiment at least any non-rotational
movement of the surgical tool results in a correlated
movement of the projector.

[0141] Advantageously the surgical instrument as-
sembly is an assembled correlated set as described
above.

[0142] The camera element can be any element capa-
ble of acquiring images of a surgery target site. In an
embodiment the camera element is in form of an endo-
scope, such as arigid endoscope or a flexible endoscope.
Suchrigid and flexible endoscopes are well known in the
art and any such prior art endoscopes may form the cam-
era element of the surgical system.

[0143] The camera element is operatively connected
e.g. wireless or by wire to the monitor optionally via a
computer and/or via the Internet. The camera may e.g.
comprise an objective lens and a lens system transmit-
ting the image from the objective lens to the monitor,
typically a relay lens system in the case of rigid endo-
scopes or a bundle of fiber optics in the case of a flexible
endoscope (fiberscope).

[0144] The illumination element can be a separate il-
lumination element or it can e.g. be incorporated in the
camera element e.g. in the endoscope.

[0145] Inanembodiment the surgical system compris-
es an endoscope comprising both the illumination ele-
ment and the camera element. Where the endoscope
comprises both the illumination element (or the illumina-
tion instrument) and the camera element these parts are
advantageously integrated into the endoscope. Inan em-
bodiment the endoscope may comprise a channel for the
illumination element.

[0146] The illumination light source is normally outside
the body and the illumination light is typically directed via
an optical fiber system.

[0147] In an embodiment the camera element is an
endoscope, comprising a channel for the surgical instru-
ment assembly.

[0148] In an embodiment the illumination element
comprises an illuminating instrument and an illuminating
light source operatively connected to the illumination in-
strument, theillumination light source is preferably adapt-
ed to be positioned at a distance to the illumination in-
strument and is preferably operatively connected to the
illumination instrument via an optical fiber.
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[0149] The illumination instrument is not operatively
connected to the surgical instrument to change position
in dependence on the position of the surgical tool of the
surgical instrument.

[0150] The illumination instrument is the element from
where the illumination is emitted. The illumination ele-
ment may be a projector for the illumination light, such
as a projector comprising a phase optic element, a spatial
light modulator, a multi-order diffractive lens, a holo-
graphic lens, a Fresnel lens and/or a computer regulated
optical element as described above.

[0151] The illumination light can be any kind of light,
e.g. the illumination light as used in prior art illumination
elements. The illumination light source may be a coher-
ent or an incoherent light source. In an embodiment illu-
mination light source is a halogen light source, an arc
light source and/or a LED light source.

[0152] Inanembodimentillumination light source is an
arc light source such as a. xenon source for illumination.
[0153] In an embodiment the illumination light source
is selected from a VCSEL light source and a supercon-
tinuum light source.

[0154] Outstanding illumination light sources are ones
that combine high color rendering, high luminance and
as little ultraviolet and infrared radiation as possible.
[0155] Generally it is desired that the illumination light
source has a relatively large band width in order to pro-
vide a good illumination. Advantageously the illumination
light source has a band width comprising visible light hav-
ing wavelength in the range from about 400 nm to about
900 nm, preferably in the range from about 450 nm to
about 700 nm, preferably in the range from about 500
nm to about 650 nm. As described below the illumination
element may comprise a filter e.g. an on-off filter or a
tunable filter in case the surgeon wishes to observe cer-
tain tissue illuminated with narrow band width light.
[0156] Preferably the illumination light source has a
band width (full width at half maximum -FWHM) of at least
about 50 nm, such as from about 60 nm to about 800 nm
or larger.

[0157] Preferably the illumination light source and the
pattern light source differ from each other such that the
surgeon or a computer can distinguish light pattern re-
flected light from illumination reflected light. Preferably
the pattern light source has a narrow bandwidth relative
to the bandwidth of the illumination light source. In an
embodiment the pattern light source has a bandwidth
which is about half or less than the bandwidth of the illu-
mination light source. In an embodiment the pattern light
source has a bandwidth which is 1/10 or less than the
bandwidth of the illumination light source.

[0158] Inanembodiment the pattern light source com-
prises wavelength in its bandwidth which has a higher
power than in the bandwidth of the illumination light,
thereby the surgeon or the computer can distinguish light
pattern reflected light from illumination reflected light.
[0159] Inan embodiment the pattern light source com-
prises wavelength in its bandwidth which are not com-
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prised in the bandwidth of the illumination light source.
Preferably the pattern light source comprises wavelength
below 550 nm, and the illumination light source does not
comprises wavelengths below 550 nm.

[0160] In an embodiment the illumination light source
and or the illumination instrument comprises an optical
filter, such as a tunable optical filter and/or an on-of filter.
Thereby a user can switch from a broad band illumination
emitted to the surgery target site to a narrow band illu-
mination e.g. to observe certain tissue in certain light to
reveal defects

[0161] In an embodiment, data of the wavelength of
the reflected light of the light illumination or of the light
pattern may be obtained and a system may be adapted
to receive the data and determine properties of tissue in
the surgical site. By analyzing the reflected light, certain
properties of the tissue may be determined. This can for
example be the oxygen level in the tissue and changes
thereof, and the type of tissue. For example the reflected
light can be used to determine what kind of organ the
tissue is part of, which indicates to the surgeon what or-
gans are which and thereby assisting the surgeon to the
area of interest.

[0162] In an embodiment the surgical system further
comprises a marking element comprising a marking in-
strument and a marking light source. The marking ele-
ment is applied for marking up the surgery target site e.g.
with a marking light pattern e.g. a dotted pattern or a grid.
Such marking pattern is independent of the position of
the surgical tool and the pattern does not change in a
correlated way relative to movement of the surgical in-
strument or the surgical tool of the surgical instrument.
Preferably the marking pattern is kept substantially sta-
tionary (or simply switched on and of) during a surgery.
The marking instrumentis e.g. a projector for the marking
light and is e.g. arranged on the endoscope.

[0163] The marking light source advantageously dif-
fers from the pattern light source and the illumination light
source, preferably the marking light source has a band
width (full width at half maximum -FWHM) of up to about
50 nm, such as from 1 nm to about 20 nm.

[0164] In an embodiment the marking light source is
as the invisible light source described in WO
2013/163391.

[0165] Inanembodimentthe marking the marking light
source comprises visible light.

[0166] In an embodiment the marking element is as
the projector assembly of the metrology system de-
scribed in US 2013/0296712.

[0167] The invention also comprises a training kit suit-
able for training for performing a minimal invasive sur-
gery.

[0168] The training kit comprises a surgical system as
described above, an artificial surgical site and a cover
for the artificial surgical site, wherein the cover comprises
one or more through holes for the surgical instrument
assembly. The cover may e.g. be shaped as a screen, a
plate, a curtain, a curved shield or any combinations
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thereof.
[0169] The camera elementis configured for acquiring
images of the artificial surgical site and may e.g. be as
described above. In an embodiment the camera element
is fixed to the cover on a side of the cover facing the
artificial surgical site. In an embodiment the camera el-
ementis arranged to be inserted through the one or more
through holes.
[0170] The illumination element is configured for emit-
ting light towards the artificial surgical site and may e.g.
be as described above. In an embodiment the illumina-
tion element is fixed to the cover on a side of the cover
facing the artificial surgical site. In an embodiment the
illumination element is arranged to be inserted through
the one or more through holes.
[0171] Advantageously the illumination element and
the camera element optionally in form of a combined il-
lumination element/camera element is/are fixed to the
cover. In an embodiment the illumination element and
the camera element optionally in form of a combined il-
lumination element/camera element have/has a proximal
end and a distal end wherein the camera element and
illumination element carries a camera lens and an illumi-
nating emitter at their/its distal end and wherein the one
or more through holes are adapted, such that the distal
ends of the surgical instrument and the camera ele-
ment/illumination element can be inserted through the
one or more holes.
[0172] Advantageously the camera element is in data
connection (wireless or by wire) with a computer pro-
grammed to monitoring the movement of the surgical tool
ofthe surgical instrument. Preferably the computer is pro-
grammed to monitoring the shape and size of the light
pattern as afunction oftime and based thereon determine
the movements of the surgical tool. Advantageously the
computer further is programmed to evaluate the perform-
ance of the user. The term "computer” is used to mean
any kind of computer or systems of computers. The com-
puter may e.g. be a single computer or two or more com-
puters in data connection.
[0173] Where the surgical system also comprises a
marking element e.g. emitting narrow band UV or IR this
generated marking pattern may e.g. provide a reference
grid for the computer to determine the positions and
movements of the surgical tool.
[0174] Itis also described a method of training for per-
forming a minimal invasive surgery comprising training
handling of a surgical instrument for minimal invasive sur-
gery.
[0175] The training method comprises
e providing a surgical instrument assembly, wherein
the surgical instrument assembly comprises a sur-
gical instrument and a pattern generating member,
the surgical instrument has a distal end and a prox-
imal end and comprises a handle portion at its prox-
imal end, a surgical tool at its distal end and a body
portion connecting the handle portion to the surgical
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tool, the pattern generating member comprises a
pattern light source and a projector, wherein the pat-
tern light source is operatively connected to the pro-
jector for projecting a light pattern, at least the pro-
jector of the pattern generating member is at least
temporarily fixed to the body portion of the surgical
instrument such that a movement of the surgical tool
results in a correlated movement of the projector,
and

* performing a plurality of training steps, each step
comprises arranging the surgical instrument with its
distal end pointing towards a training surface such
as a surgery target site or an artificial surgical site,
emitting a light pattern from the projector, such that
a light pattern is reflected from the training surface,
moving the surgical instrument and observing the
corresponding changes of the light pattern.

[0176] Inan embodiment, the projected light pattern is
adapted to be able to change shape, position, size and/or
color. The surgeon can then ensure that the light pattern
has the optimal form and/or extension and/or position on
the surgical area for further enhancing the surgeon’s abil-
ity to coordinate movement of the surgical instrument
based on the indirect vision. In an example the color of
the light pattern is chosen such that specific objects in
the surgical field appear clearer and/or with a larger con-
trast in relation to other objects in the surgical filed. This
can be used to highlight an object in the surgical field,
for example an organ which is the target for the surgical
procedure.

[0177] In an aspect the training method comprises the
steps; provide a cavity, provide a system for indirect vi-
sion of an area of the cavity, insert the surgical tool of
the surgical instrument assembly and at least a section
of the body portion into the cavity, project the light pattern
on a wall of the cavity visible by the system for indirect
vision, move the instrument and observe, via the system
for indirect vision, the correlated changes of the light pat-
tern.

[0178] Inanaspectdataon shape, position, size and/or
color and/or changes thereof of the light pattern is ob-
tained and a computer is programmed to receive the data
and determine the position of the surgical tool. The po-
sition of the tool is advantageously forwarded to the sur-
geon. The position of the surgical tool can for example
comprise information of the distance between the surgi-
cal tool and a training surface, such as a surgical target
site or an artificial surgical site. This distance can be pre-
sented on a monitor used for remote vision e.g. as a
distance in mm. The distance can be given for any dis-
tance between the surgical tool and another object in the
body cavity.

[0179] Thus, it is possible to train the handling of a
surgical instrument assembly based on remote vision of
a section of the surgical instrument inside a cavity. Using
this method for training, the handling of the surgical in-
strument assembly, will enhance the ability to transform
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the information obtained by indirect vision into a spatial
understanding of the position of the instrument and in-
ternal contours of the cavity. Hence, it will train the ability
to correctly connect the visual perception and motor sys-
tem (hand-eye coordination) when observing via remote
vision.

[0180] In an aspect the method is adapted such that
data of the position of the surgical tool and/or changes
of the light pattern is obtained and forwarded to a com-
puter, and wherein the computer is adapted to determine
the abilities of an operator of the surgical instruments
based on an evaluation of the data of the position and/or
changes in the light pattern.

[0181] Advantageously the surgeon in training will
move the surgical instrument assembly during training in
order to perform the task given. If the shape, position,
size and/or color and/or changes thereof of the light pat-
ternis recorded by the computer connected to the remote
vision, (e.g. via a laparoscope) the surgeon’s ability to
handle the surgical instrument assembly can be deter-
mined. For example, if the light pattern has repetitive
changes it can indicate that the operator makes the same
movements of the surgical instruments several times and
thus have difficulty doing a specific task, for example
aligning the instrument for grapping a specific item in the
artificial surgical site. Thus, the computer can so to speak,
give a mark of the performance of the surgeonin a training
session based on data of the shape, position, size and/or
color and/or changes thereof of the light pattern. It is to
be understood that the abovementioned feature also can
be used during live surgery for evaluating the surgeon’s
capabilities during the surgical procedure.

[0182] In an aspect the training method comprises at
least one training step of moving the surgical tool to and
back and forth relative to the training surface and observ-
ing the corresponding changes of the light pattern.
[0183] In an aspect the training method comprises at
least one training step of moving the surgical tool by twist-
ing and/or tilting relative to the training surface and ob-
serving the corresponding changes of the light pattern.
Advantageously the surgical instrument assembly is part
of a surgical system as described above and/or the sur-
gical instrument assembly is part of a training kit as de-
scribed above.

[0184] In an aspect the training method comprises in-
serting the distal ends of the camera element and illumi-
nation element through the one or more holes of the cover
towards the artificial surgical site, illuminating the artificial
surgical site by the illumination element, acquiring imag-
es of the artificial surgical site by the camera element
and transmitting the acquired images to the monitor for
displaying the acquired images, inserting the surgical tool
of the surgical instrument through a hole of the cover and
emitting a light pattern towards the artificial surgical site,
moving the surgical instrumentrelative to the training sur-
face, such as a surgery target site or an artificial surgical
site and observing the light pattern imaged on the monitor
and changes thereof corresponding to the respective
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movements of the surgical instrument.

[0185] Inan aspectthe method further comprises eval-
uating the performance of the training person by moni-
toring the shape, position, size and/or color and/or chang-
es thereof of the light pattern as a function of time and
based thereon determine a sequence of movements of
the surgical tool and evaluate the performance. The per-
formance advantageously is evaluated by benchmarking
the movements of the surgical instrument to a preset se-
quence of movements.

[0186] Thedescriptionalsocomprises a method of per-
forming a minimal invasive surgery of a target surgical
site in an internal body structure below a skin area of a
patient. The surgery method comprises providing access
to the surgical target site comprising providing an incision
through the skin area, inserting an illumination element
for illuminating a surgery target site, a camera element
for acquiring images of the surgery target site, and at
least one surgical instrument assembly through the inci-
sion. The camera element is operatively coupled to a
monitor for displaying the acquired images. The laparo-
scopic instrument assembly comprises a surgical instru-
ment with a surgical tool and a pattern generating mem-
ber with a pattern light source and a projector for project-
ing a light pattern, which projector is correlated to the
surgical tool such that movements of surgical tool results
in a change of the pattern of the pattern light source, and
wherein the method comprising handling the surgical in-
strument based at least partly on visualizing of the light
pattern by the acquired images on the monitor.

[0187] Advantageously the surgical instrument as-
sembly is part of a surgical system as described above
and/or the surgical instrument assembly is part of a train-
ing kit as described above.

[0188] All features of the inventions including ranges
and preferred ranges can be combined in various ways
within the scope of the invention, unless there are specific
reasons not to combine such features.

BRIEF DESCRIPTION OF DRAWINGS

[0189] Theinvention will be explained more fully below
in connection with a preferred embodiment and with ref-
erence to the drawings in which:

Fig. 1 is a schematic view of an embodiment of a
surgical instrument assembly comprising an assem-
bled set of a surgical instrument and a pattern gen-
erating member.

Fig. 2 is a schematic view of a body portion of an
embodiment of a surgical instrument assembly com-
prising an assembled set of a surgical instrument
and a pattern generating member.

Fig. 3 is a schematic view of a body portion of an
embodiment of a surgical instrument assembly com-
prising an assembled set of a surgical instrument
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and a pattern generating member.

Fig. 4 is a schematic view of a light pattern generated
by an embodiment of a surgical instrument assembly
comprising an assembled set of a surgical instru-
ment and a pattern generating member.

Fig. 5is a schematic view of a light pattern generated
by an embodiment of a surgical instrument assembly
comprising an assembled set of a surgical instru-
ment and a pattern generating member.

Fig. 6 is a schematic view of a projected light pattern
by an embodiment of a surgical instrument assem-
bly.

Fig. 7 illustrates a correlated set of an embodiment
of the invention comprising a surgical instrumentand
a pattern generating member where the pattern gen-
eration member arranged at a distance from the pro-
jector.

Fig. 8 illustrates a training kit of an embodiment of
the invention comprising a surgical system, an arti-
ficial surgical site and a cover for the artificial surgical
site.

Fig. 9 illustrates a surgical system in use during a
minimal invasive surgery.

Fig. 10 illustrates another correlated set of an em-
bodiment of the invention comprising a surgical in-
strument and a pattern generating member.

Fig. 11 illustrates a further correlated set of an em-
bodiment of the invention comprising a surgical in-
strument and a pattern generating member.

[0190] The figures are schematic and are not drawn to
scale. Fig. 1 discloses a surgical instrument assembly 1,
in the present case a laparoscopic instrument. The sur-
gical instrument assembly 1 comprises a surgical instru-
ment with a handle portion 2 and a body portion 3 with a
surgical tool 4 in the present case forceps. The body por-
tion interconnect the handle portion 2 which is arranged
at the proximal end of the surgical instrument and the
surgical tool 4, which is arranged at the distal end of the
surgical instrument. The body portion is arranged in the
distal/proximal direction.

[0191] In another embodiment the surgical tool 4 can
be another surgical tool e.g. scissors or as described
above. The surgeon holds the handle portion 2 and can
in this way control the surgical instrument assembly and
by pressing or manipulating the handle portion the for-
ceps can be controlled.

[0192] The surgical instrument assembly 1 further
comprises a pattern generating member 5 comprising a
pattern light source 6 and optical fibers 7 which guide the



25 EP 2976 015 B1 26

light to a projector 8 (light emitting portion) where optical
fibers 7 ends and the light is projected from the projector
8 in adesired pattern. The pattern light source 6 is placed
on orincorporated into the handle portion 2 of the surgical
instrument and is thus not inserted into the body cavity
during surgery. Inan embodiment the patternlight source
6 is connected to a battery which is also placed or incor-
porated into the handle portion 2. In an embodiment the
pattern light source 6 is connected to an external power
source such as a battery which is an external battery
arranged at a distance from the surgical instrument as-
sembly.

[0193] The projector 8 has advantageously a spheri-
cally periphery geometry and is configured for emitting a
light pattern comprising a plurality of angled lines and or
aplurality of parallel lines. Inan embodiment the projector
8 has for example a spherical geometry, and is shaped
for emitting a light pattern with a spherically periphery
where the light pattern forms a light pattern resembling
the light pattern generated by a mirror ball. It is to be
understood that the mirror ball resembling pattern is pref-
erably only a section of normal mirror ball pattern, e.g.
not a 360 degree pattern but preferably only a 90 degree
section of the pattern and/or with an angle relative to the
axis of the body portion 3 up to 85 degrees.

[0194] This light pattern makes it possible for the user
of the surgical instrument assembly 1 to deduce the po-
sition and movements of the surgical instrument assem-
bly 1 and thus the surgical tool 4, relative to the surface
e.g. a surgical site where the light pattern is projected.
[0195] Thelight generated in the light source 6 may be
generated by use of one or more LED’s and/or lasers or
a combination thereof as explained above.

[0196] A section - i.e. the distal end of the body portion
3 of the surgical instrument assembly 1 shown in fig. 1
is adapted to be inserted into a body cavity of a patient
through small incisions. The surgeon then seizes the
handle portion 2 with his or hers hands in order to perform
the surgical procedure. A not shown endoscope, e.g. a
laparoscope, may also be inserted into body cavity in
order to let the surgeon see the surgical field where the
surgical procedure is to be performed. The endoscope
can comprise an illuminating instrument and a camera
element e.g. a video camera such that the surgeon can
see the surgical field and the surgical tool 4 during the
procedure via a monitor. The projector 8 of the pattern
generating member 5 is inserted into the body cavity to-
gether with the surgical tool 4. The projector 8 will then
project a light pattern onto the surgical field. The light
pattern will aid the surgeon to interpret the position and
the contours of the surgical field. The light pattern aids
the surgeon to connect his visual perception of the sur-
gical area which is based on observing the monitor (two-
dimensions) with his or hers motor system which is used
to control the surgical tools which are moved within the
body cavity (in three-dimensions).

[0197] The pattern generating member 5 or parts
thereof can be made as an optionally removable clip-on
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device and/or it can permanently attached to the body
portion 3. In an embodiment the entire pattern generating
element 5 is mounted to body portion 3 and is adapted
for being inserted into the body cavity.

[0198] Fig. 2 shows a body portion 13 of a surgical
instrument assembly 11. The body portion 13 has a sur-
gical tool 14 in the form of forceps which can be operated
from a not shown handle of the surgical instrument as-
sembly 11. On the body portion 13 there can be seen a
pattern generating member 15 with one or more projec-
tors 16 which emits lightin an angle in front of the surgical
instrument 1, the angle is shown with a dotted line. The
pattern generating member 15 has in this embodiment
plurality of projectors 6 which emits rays of light that gen-
erates a dotted light pattern. The projectors 16 may be
optically connected to one or more pattern light sources
of the pattern generating member 15. By arranging the
projector or projectors with a desired angle the correlation
between the movements of the surgical instrument and
the change of the projected pattern can be regulated.
[0199] Fig. 3 shows an alternative embodiment of a
pattern generating member 25 mounted onto a body por-
tion 23 of a surgical instrument 21. The pattern generating
member 25 comprises a projector 28 with a cylindrical
geometry and a plurality of light emitting areas 26 which
emits light rays which forms the light pattern. The light
emitting areas 26 are arranged in rows and are evenly
distributed on the projector 28. The emitting areas 26 of
the projector 28 may emit light from the same or from
different not shown pattern light sources. The light rays
from the light emitting areas 26 is angled such relative
to the axis of the body portion 23 that the lightrays closest
to the surgical tool 24 is projected to have a smaller angle
than the light rays further away from the surgical tool 24.
Inthis way the light pattern can cover adesired large area.
[0200] The light source may be constructed so that
substantially no light is projected in the direction of the
laparoscope in order to prevent light hitting it and thus
disturb the view. This can for example be done by turning
off or blocking the light which faces the endoscope. It can
also be done by constructing the surgical instrument so
that there are no lights facing the laparoscope.

[0201] Fig. 4 is an illustration of a light pattern 39 gen-
erated by an embodiment of a surgical instrument as-
sembly 31 assembled from a correlated set of a surgical
instrument and a pattern generating element according
to the invention, the surgical instrument assembly 31 is
shown schematic. The light pattern 39 forms a grid which
forillustrative purposes is shown as projected on a board
37 with a bulge 30 in the upper left corner. It can be seen
that the grid makes the bulge highly visible as the con-
tours of it stands out. Thus, a surgical instrument 31 with
a pattern generating member which projects a light pat-
tern on a surgical field can be used to enhance the visual
perception of the three dimensional contours of the sur-
gical field. The operator can in other words deduce the
three dimensional contours of the surgical field based on
a two dimensional vision of the surgical field.
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[0202] Fig. 5 shows a schematic view of a light pattern
400onaboard 47, the pattern49 is generated by a surgical
instrument assembly 41. The light pattern 40 comprises
a plurality of dots which are projected from the projector
48 on the surgical instrument assembly 41. In similar way
as for the light pattern shown in fig. 4 itis possible for the
operator to interpret variations in the light pattern as var-
iation in the surface whereon it is projected and/or to in-
terpret movements of the surgical instrument assembly
41 as correlating changes of the pattern 40.

[0203] The light pattern 40 (or 30 as exemplified in fig.
4) will change shape depending on the position of the
surgical instrument. For example, in fig. 4 the lines of the
pattern 30 will become non parallel if the surgical instru-
ment assembly 31 is turned. In addition, the distance
between the lines will get smaller if the surgical instru-
ment is moved closer to the board 37 and get larger if
the surgical instrument is moved away from the board
37. Thus, it is possible for the operator to deduce the
position and orientation of the surgical tool in relation a
surface e.g. a surgical site whereon a light pattern is pro-
jected based on the geometry light pattern.

[0204] Fig. 6 shows a body portion 53 of an embodi-
ment of a surgicalinstrumentassembly 51, with a surgical
tool 54 and a pattern generating member 55. The figure
illustrate that the pattern generating member 55, in one
embodiment has a projector 58 which can project the
light pattern in an angle between 30° and 65° relative to
the axis of the body portion 53. The angle o is 30° and
the angle B is 65° relative to the axis of the body portion
53. The light pattern is projected in front of the surgical
instrument and can be of a cylindrical geometry such that
the projected light pattern will cover a substantially cir-
cular area right in front of the instrument when the instru-
ment is held with its distal direction perpendicular to a
surface where the pattern is projected onto. It is to be
understood that the angles for the light pattern can be
any angle and will depend on the specific use of the sur-
gical instrument.

[0205] The surgical instrument assembly shown in Fig.
7 comprises a correlated set comprising a surgical in-
strument and a pattern generating member. The surgical
instrument comprises a handle portion 62 at its proximal
end, a surgical tool 64 at its distal end and a body portion
63 connecting the handle portion 62 to the surgical tool
64. The pattern generating member comprises a pattern
light source 66 and a projector 68. The pattern light
source 66 is operatively connected to the projector 68
via a pattern light source control unit 69. The pattern light
source 66 comprises one or more buttons 66’ e.g. for
adjusting the pattern light source 66. In the shown em-
bodiment the pattern light source control unit 69 is ar-
ranged at a distance from the surgical instrument - e. g.
on the floor in form of a pedal with a control button 69’,
which can be operated by the surgeon. The pattern light
source 66 is connected to the pattern light source control
unit 69 via an optical fiber 67b and the pattern light source
control unit 69 is connected to the projector 68 via an
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opticalfiber 67a. The projector 68 of is atleast temporarily
fixed to the body portion 63 of the surgical instrument
such that a movement of said surgical tool 64 results in
a correlated movement of the projector 68. The projector
68 is emitting a light pattern P as described above. The
projector 68 is fixed to the body portion 63 of the surgical
instrument by a sleeve 63a which surrounds the body
portion 63 of the surgical instrument. The sleeve simul-
taneously holds and protects the optical fiber 67a.
[0206] In an alternative embodiment the pattern light
source control unit 69 is mounted to or integrated with
the handle 62.

[0207] The training kit shown in Fig. 8 comprises a sur-
gical system, an artificial surgical site 73 and a cover 76
for the artificial surgical site. The cover 76 comprises a
rear side 75 and an opposite not shown front side facing
the artificial surgical site 73. The surgical system com-
prises a not shown illuminating element placed on the
front side of the cover 76 for illuminating the artificial sur-
gical site and a not shown camera element also arranged
on the front side of the cover 76 for acquiring images of
the artificial surgical site 73. The surgical system further
comprises a monitor 77 for displaying the acquired im-
ages and at least one surgical instrument assembly 71
e.g. as shown in Fig. 7. The monitor 77 is connected to
the camera element via the wire 77a. The cover 76 com-
prises a through hole 75a for the surgical instrument as-
sembly 71. The through hole 75a comprises a periphery
edge 75c of elastic material to provide an elastic seal to
the surgical instrument assembly 71. The cover 76 com-
prises an additional through hole 75b for a further surgical
instrument 72 of the surgical system. The through hole
75b also comprises a periphery edge 75d of elastic ma-
terial to provide an elastic seal to the surgical instrument
assembly 72.

[0208] The illuminating element is illuminating the ar-
tificial surgical site with a broad bandwidth light. The sur-
gical system further comprises a not shown marking el-
ement which e.g. in integrated with the illuminating ele-
ment. The marking element generates a marking pattern
79 which is stationary and used for marking up the sur-
gical site and is e.g. used as a reference pattern. The
marking pattern preferably is a narrow band width light
pattern e.g. invisible to the human eye. Advantageously
the marking pattern can be switched on and off by the
surgeon.

[0209] The projector 68 generates a pattern 70 which
changes when the surgical instrument assembly 71 as
described above.

[0210] Advantageously the camera element is con-
nected to a computer e.g. integrated with the monitor 77,
which computer is programmed to monitoring the move-
ment of the surgical tool 64 of the surgical instrument
assembly 71.

[0211] The surgical system shown in Fig. 9 comprises
anilluminating element and a camera elementintegrated
in an endoscope 88. The endoscope may additional com-
prise a marking element. The endoscope 88 comprises
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an illuminating light source for illuminating a surgery tar-
get sit 83. The illumination light source may e.g. be in-
corporated into the endoscope or it may be arranged ex-
ternal to the endoscope 88. The camera element of the
endoscope 88 is arranged for acquiring images of the
surgery target site 83.

[0212] The surgical system further comprises a moni-
tor 87 connected to the endoscope with wire 87a.Alter-
natively the connection between the monitor 87 and the
endoscope in wireless connected. The monitor 87 is ar-
ranged for displaying the images acquired by the endo-
scope 88. The monitor may additionally comprise a com-
puter for analyzing the images. The surgical system fur-
ther comprises a surgical instrument assembly 81 e.g.
as shown in Fig. 7. The endoscope 88 and the surgical
instrument assembly 81 are arranged with their respec-
tive distal ends inserted through an incision in the skin
86 of a patient. Below the skin 86 of the patient is formed
an internal body structure leading to the surgery target
site 83 e.g. comprising an intestine |. The surgical instru-
ment assembly 81 is arranged such that the projector 68
generates a light pattern80 onto the surgery target site
83, thereby a movement of the surgical tool 64 results in
a correlated movement of the projector 68 and thereby
the pattern will change in a correlated way. The surgeon
can follow the changes of the pattern 80 on the monitor
87 and thereby he obtains a very good visual spatial per-
ception for handling the surgical instrument assembly 81
during the minimal invasive surgery.

[0213] The surgical instrument assembly shown in Fig.
10 is a variation of the surgical instrument assembly of
Fig. 7 and it comprises a correlated set comprising a sur-
gical instrument and a pattern generating member. The
surgical instrument comprises a handle portion 62 at its
proximal end, a surgical tool 64 at its distal end and a
body portion 63 connecting the handle portion 62 to the
surgical tool 64. The pattern generating member com-
prises a pattern light source incorporated into a housing
90. The housing 90 is mounted onto the body 63, either
directly or by being attached to the sleeve 63a which
surrounds the body portion 63 of the surgical instrument.
The projector 68 is fixed to the body portion 63 of the
surgical instrument by the sleeve 63a. The projector 68
is for example attached to the sleeve as described above.
The sleeve simultaneously holds and protects a not
shown optical fiber connecting the pattern generating
member to the projector 68 for supplying light. The pro-
jector 68 is emitting a light pattern P as described above.
[0214] The pattern light source in the housing 90 is
connected to a power source via the plug 90a. In the
shown embodiment the power source is in form of battery
casing 91 is connected to the pattern light source via an
electrical conducting wire 97a for supplying power. The
battery casing 91 comprises an on/off button 91'. The
surgeon may use this on/off button 91’ during use (train-
ing or surgery) of the surgical instrument assembly, how-
ever, for safety and to protect the battery casing 91 it is
preferred that the on/off button 91’ is used only at the
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beginning and termination of an operation, Therefore the
surgical instrument assembly comprises an additional
control source control unit 92 which is arranged at a dis-
tance from the surgical instrument - e. g. on the floor in
form of a pedal with a control button 92’, which can be
operated by the surgeon during use for switching the
power and thereby the light pattern on and off. The ad-
ditional control source control unit 92 can be operatively
connected to control the power supply in any way e.g.
by being connected to the battery casing 91 via a wire
97b as shown. The housing 90 may preferably comprise
additional not shown means for adjusting the pattern light
source e.g. with respect to intensity, wavelength(s) and
similar.

[0215] The surgical instrument assembly shown in Fig.
11 is a variation of the surgical instrument assembly of
Fig. 10 and differs from the embodiment of Fig. 10 in that
the pattern generating member together with the power
source and preferably the control unit is incorporated into
the housing 99 which is mounted onto the body 63 in the
same way as described for the housing 90. In this em-
bodiment it is desired that a not shown on/off button is
arranged for being manually controlled during use.

Claims

1. A correlated set for minimal invasive surgery com-
prising a surgical instrument (21) and a pattern gen-
erating member (5, 15, 25, 55), said surgical instru-
ment (21) is a laparoscopic instrument, an arthro-
scopic instrument, a thoracoscopic instrument, a
gastroscopic instrument, a colonoscopic instrument,
a laryngoscopic instrument, a broncoscopic instru-
ment, a cytoscopic instrument or a combination
thereof, it has a distal end and a proximal end and
comprises a handle portion at its proximal end, a
surgical tool (4, 14, 24, 54, 64) at its distal end and
a body portion (3, 13, 23, 53, 63) connecting the han-
dle portion (2, 62) to the surgical tool (4, 14, 24, 54,
64), said pattern generating member (5, 15, 25, 55)
comprises a pattern light source (6, 66) and a pro-
jector (8, 16, 18, 28, 48, 58, 68), wherein the pattern
light source (6, 66) is operatively connected to the
projector for projecting a light pattern (30, 39, 40,
80), at least said projector of said pattern generating
member (5, 15, 25, 55) is configured for being at
least temporarily fixed to said body portion (3, 13,
23, 53, 63) of said surgical instrument (21) such that
a movement of said surgical tool results in a corre-
lated movement of said projector thereby resulting
in that the projected pattern as seen on a distally
arranged surface will change accordingly and such
that any non-rotational movement of said surgical
tool results in a correlated movement of said projec-
tor and said pattern (30, 39, 40, 80), said set being
characterized in that said surgical tool (4, 14, 24,
54, 65) is adapted to perform a surgical intervention
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and wherein said surgical tool is selected from a
grasper, a suture grasper, a stapler, forceps, a dis-
sector, scissors, suction instrument, clamp instru-
ment, electrode, curette, ablators, scalpels, biopsy
instrument and retractor instrument or a combination
thereof.

The correlated set of claim 1, wherein said pattern
generatingmember (5, 15, 25, 55) is detachable from
said surgical instrument (21), preferably at least said
projector of said pattern generating member (5, 15,
25, 55) being configured for being temporarily fixed
to said surgical instrument (21) by a click lock, a
sleeve lock, a screw lock, a turn lock, a wedge lock
or combinations thereof.

The correlated set of claim 1, wherein at least said
projector of said pattern generating member (5, 15,
25, 55) is permanently fixed to said surgical instru-
ment (21), preferably said pattern generating mem-
ber (5, 15, 25, 55) is integrated with said surgical
instrument (21) to form an integrated surgical instru-
ment assembly (1, 11, 31, 41, 51, 71, 81).

The correlated set of any one of the preceding
claims, wherein said body portion (3, 13, 23, 53, 63)
of said surgical instrument (21) provides a rigid in-
terconnection between said handle portion and said
surgical tool, preferably said body portion (3, 13, 23,
53, 63) is rigid, said body portion (3, 13, 23, 53, 63)
preferably has length extending from said handle
portion to said surgical tool, said body portion (3, 13,
23, 53, 63) is preferably straight along its length.

The correlated set of any one of the preceding
claims, wherein said body portion (3, 13, 23, 53, 63)
of said surgical instrument (21) provides a flexible
interconnection between said handle portion and
said surgical tool, preferably said body portion is flex-
ible, said body portion preferably has length extend-
ing from said handle portion to said surgical tool of
up to about 200 cm.

The correlated set of any one of the preceding
claims, wherein said pattern light source (6, 66) is a
coherent light source or an incoherent light source,
preferably the light source (6, 66) is a semiconductor
light source, such as a laser diode and/or a VCSEL
light source and/or a light emitting diode (LED), pref-
erably said pattern generating member (5, 15, 25,
55) comprises a battery for said pattern light source
(6, 66).

The correlated set of any one of the preceding
claims, wherein said pattern light source (6, 66) has
a band width comprising visible light having wave-
length in the range from about 400 nm to about 900
nm, preferably in the range from about 450 nm to
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about 700 nm, preferably in the range from about
500 nm to about 650 nm.

The correlated set of any one of the preceding
claims, wherein said pattern light source (6, 66) has
a band width comprising invisible light, such as light
having wavelength above about 900 nm and/or be-
low about 450 nm.

The correlated set of any one of the preceding
claims, wherein said projector of said pattern gener-
atingmember (5, 15, 25, 55) comprises a phase optic
element, a spatial light modulator, a multi-order dif-
fractive lens, a holographic lens, a Fresnel lens
and/or a computer regulated optical element.

The correlated set of any one of the preceding
claims, wherein said projector of said pattern gener-
ating member (5, 15, 25, 55) has a maximal extend-
ing area perpendicular to the proximal direction when
said pattern generating member (5, 15, 25, 55) is
fixed to said body portion (3, 13, 23, 53, 63) of said
surgical instrument (21) and the body portion (3, 13,
23, 53, 63) is in straight position, which maximal ex-
tending area is up to about 4 cm2, such as up to
about 2 cm?, such as from about 0.01 to about 1 cm?2,
such as from about 0.1 to about 0.5 cmZ.

The correlated set of any one of the preceding
claims, wherein said projector of said pattern gener-
atingmember (5, 15, 25, 55) is configured for emitting
a pattern which pattern (30, 39, 80) when projected
to asurface perpendicular to the distal direction com-
prises a plurality of angled lines, preferably the pat-
tern (30, 39, 80) comprises a grid of lines optionally
comprising substantially parallel lines.

The correlated set of any one of the preceding
claims, wherein said projector in mounted condition
is configured for emitting a pattern which pattern
when projected to a projecting surface immediately
distal to the surgical tool and perpendicular to the
distal direction has a pattern beam size determined
as the diameter of a circle inscribing the pattern of
at least about 0.5 cm, such as from about 1 cm to
about 25 cm, and wherein when said surgical instru-
ment (21) is moved to a distance between said sur-
gical tool and said projecting surface said pattern
beam size increases proportionally, preferably such
that at a distance of 1 cm the pattern beam size is
at least about 5 % larger than at zero distance.

A surgical system for performing minimal invasive
surgery, said surgical system comprises an illumi-
nating element comprising an illuminating light
source forilluminating a surgery target site, acamera
element for acquiring images of said surgery target
site (83), a monitor (87) for displaying said acquired
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images and at least one surgical instrument assem-
bly (1, 11, 31, 41, 51, 71, 81), wherein said surgical
instrument assembly (1, 11, 31,41,51,71,81) isan
assembled correlated set of any one of claims 1-12.

The surgical system of claim 13, wherein said cam-
era element is an endoscope (88), comprising a
channel for said surgical instrumentassembly (1, 11,
31, 41, 51, 71, 81), preferably said illumination ele-
ment comprises an illuminating instrument and an
illuminating light source operatively connected to
said illumination instrument, said illumination light
source is preferably adapted to be positioned at a
distance to said illumination instrument and is pref-
erably operatively connected to said illumination in-
strument via an optical fiber (7).

The surgical system of claim 13 or claim 14, wherein
said illumination light source and said pattern light
source (6, 66) differs from each other, preferably said
pattern light source (6, 66) has a narrow bandwidth
relative to the bandwidth of said illumination light
source and/or said pattern light source (6, 66) com-
prises wavelength in its bandwidth which has a high-
er intensity than in the bandwidth of said illumination
light and/or said pattern light source (6, 66) compris-
es wavelength in its bandwidth which are not com-
prised in the bandwidth of said illumination light
source.

The surgical system of any one of claims 13-15, fur-
ther comprising a computer and wherein the camera
element is in data connection with said computer,
said computer being programmed to monitoring
movements of the surgical tool of the surgical instru-
ment (21), preferably the computer is programmed
to monitoring the shape and size of the light pattern
(30, 39, 40, 80) as a function of time and based ther-
eon determine the movements of the surgical tool,
more preferably the computer is further programmed
to evaluate the performance of the user.

Patentanspriiche

1.

In Beziehung stehendes Set zur minimal-invasiven
Chirurgie, das ein chirurgisches Instrument (21) und
ein Mustererzeugungselement (5, 15, 25, 55) auf-
weist, wobei das chirurgische Instrument (21) ein la-
paroskopisches Instrument, ein arthroskopisches
Instrument, ein thorakoskopisches Instrument, ein
gastrokopisches Instrument, ein kolonoskopisches
Instrument, ein laryngoskopisches Instrument, ein
bronchoskopisches Instrument, ein zytoskopisches
Instrument oder eine Kombination daraus ist, ein dis-
tales Ende und ein proximales Ende hat und an sei-
nem proximalen Ende einen Griffabschnitt, an sei-
nem distalen Ende ein chirurgisches Werkzeug (4,
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14, 24,54, 64) und einen Kdrperabschnitt (3, 13, 23,
53, 63) aufweist, der den Griffabschnitt (2, 62) mit
dem chirurgischen Werkzeug (4, 14, 24, 54, 64) ver-
bindet, wobei das Mustererzeugungselement (5, 15,
25, 55) eine Musterlichtquelle (6, 66) und einen Pro-
jektor (8, 16, 18, 28, 48, 58, 68) aufweist, wobei die
Musterlichtquelle (6, 66) mit dem Projektor zum Pro-
jizieren eines Lichtmusters (30, 39, 40, 80) betriebs-
maRig verbunden ist, wobei mindestens der Projek-
tor des Mustererzeugungselement (5, 15, 25, 55)
eingerichtet ist, um mindestens voriibergehend an
dem Korperabschnitt (3, 13, 23, 53, 63) des chirur-
gischen Instruments (21) so befestigt zu sein, dass
eine Bewegung des chirurgischen Werkzeugs zu ei-
ner korrelierten Bewegung des Projektors fihrt, was
dazu flhrt, dass sich das wie auf einer distal ange-
ordneten Oberflaiche gesehene projizierte Muster
dementsprechend andert, und dass jegliche nicht-
drehende Bewegung des chirurgischen Werkzeugs
zu einer korrelierten Bewegung des Projektors und
des Musters (30, 39, 40, 80) fihrt, wobei das Set
dadurch gekennzeichnet ist, dass das chirurgi-
sche Werkzeug (4, 14, 24, 54, 65) zur Durchfiihrung
eines chirurgischen Eingriffs angepasst ist und wo-
bei das chirurgische Werkzeug aus einem Greifer,
einem Fadengreifer, einem Hefter, Pinzette, einem
Dissektor, Schere, Sauginstrument, Klemminstru-
ment, Elektrode, Kirette, Ablatoren, Skalpellen, Bi-
opsieinstrument und Retraktorinstrument oder einer
Kombination davon ausgewahlt ist.

InBeziehung stehendes Setnach Anspruch 1, wobei
das Mustererzeugungselement (5, 15, 25, 55) von
dem chirurgischen Instrument (21) abtrennbar ist,
wobei vorzugsweise mindestens der Projektor des
Mustererzeugungselements (5, 15, 25, 55) einge-
richtet ist, um an dem chirurgischen Instrument (21)
durch eine Klickverriegelung, eine Hulsenverriege-
lung, eine Schraubverriegelung, eine Drehverriege-
lung, eine Keilverriegelung oder Kombinationen da-
von voriibergehend befestigt zu sein.

InBeziehung stehendes Setnach Anspruch 1, wobei
mindestens der Projektor des Mustererzeugungse-
lements (5, 15, 25, 55) permanent an dem chirurgi-
schen Instrument (21) befestigt ist, wobei vorzugs-
weise das Mustererzeugungselement (5, 15, 25, 55)
in dem chirurgischen Instrument (21) integriert ist,
um eine integrierte chirurgische Instrumentenanord-
nung (1, 11, 31, 41, 51, 71, 81) zu bilden.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei der Kérperabschnitt (3,
13, 23, 53, 63) des chirurgischen Instruments (21)
eine starre Verbindung zwischen dem Griffabschnitt
und dem chirurgischen Werkzeug bereitstellt, wobei
vorzugsweise der Kérperabschnitt (3, 13, 23, 53, 63)
starrist, wobei vorzugsweise der Kérperabschnitt (3,
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13, 23, 53, 63) eine Lange hat, die sich von dem
Griffabschnitt zu dem chirurgischen Werkzeug er-
streckt, wobei der Kérperabschnitt (3, 13, 23, 53, 63)
vorzugsweise entlang seiner Lange gerade ist.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei der Kérperabschnitt (3,
13, 23, 53, 63) des chirurgischen Instruments (21)
eine flexible Verbindung zwischen dem Griffab-
schnittund dem chirurgischen Werkzeug bereitstellt,
wobei vorzugsweise der Kérperabschnitt flexibel ist,
wobei der Kérperabschnitt vorzugsweise eine Lange
hat, die sich von dem Griffabschnitt zu dem chirur-
gischen Werkzeug von bis zu etwa 200 cm erstreckt.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei die Musterlichtquelle
(6, 66) eine koharente Lichtquelle oder eine inkoha-
rente Lichtquelle ist, wobei vorzugsweise die Licht-
quelle (6, 66) eine Halbleiterlichtquelle ist, wie etwa
eine Laserdiode und/oder eine VCSEL-Lichtquelle
und/oder eine Leuchtdiode (LED), wobei vorzugs-
weise das Mustererzeugungselement (5, 15, 25, 55)
eine Batterie fir die Musterlichtquelle (6, 66) auf-
weist.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei die Musterlichtquelle
(6, 66) eine Bandbreite hat, die sichtbares Licht mit
einer Wellenlange im Bereich von etwa 400 nm bis
etwa 900 nm, vorzugsweise im Bereich von etwa
450 nm bis etwa 700 nm, vorzugsweise im Bereich
von etwa 500 nm bis etwa 650 nm aufweist.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei die Musterlichtquelle
(6, 66) eine Bandbreite hat, die unsichtbares Licht,
wie etwa Licht mit einer Wellenlange oberhalb von
etwa 900 nm und/oder unterhalb von etwa 450 nm
aufweist.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei der Projektor des Mus-
tererzeugungselements (5, 15, 25, 55) ein phasen-
optisches Element, einen raumlichen Lichtmodula-
tor, eine diffraktive Linse mehrfacher Ordnung, eine
holographische Linse, eine Fresnel-Linse und/oder
ein computergesteuertes optisches Element auf-
weist.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei der Projektor des Mus-
tererzeugungselements (5, 15, 25, 55) einen maxi-
malen Ausdehnungsbereich senkrecht zur proxima-
len Richtung aufweist, wenn das Mustererzeugungs-
element (5, 15, 25, 55) an dem Kérperabschnitt (3,
13, 23, 53, 63) des chirurgischen Instruments (21)
befestigt ist und der Kérperabschnitt (3, 13, 23, 53,
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63) in gerader Position ist, wobei der maximale Aus-
dehnungsbereich bis zu etwa 4 cm2, wie etwa bis zu
etwa 2 cm?, wie etwa 0,01 bis etwa 1 cm?2, wie etwa
0,1 bis etwa 0,5 cm?2 betragt.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei der Projektor des Mus-
tererzeugungselements (5, 15, 25, 55) eingerichtet
ist, um ein Muster zu emittieren, wobei das Muster
(30, 39, 80), wenn auf eine Oberflache senkrecht zur
distalen Richtung projiziert, eine Vielzahl von abge-
winkelten Linien aufweist, wobei vorzugsweise das
Muster (30, 39, 80) ein Gitter aus Linien aufweist,
die wahlweise im Wesentlichen parallele Linien auf-
weisen.

In Beziehung stehendes Set nach einem der vorher-
gehenden Anspriiche, wobei der Projektor im mon-
tierten Zustand eingerichtet ist, um ein Muster zu
emittieren, wobei das Muster, wenn es auf eine Pro-
jektionsoberflache unmittelbar distal zu dem chirur-
gischen Werkzeug und senkrecht zur distalen Rich-
tung projiziert wird, eine MusterstrahlgroRRe hat, die
bestimmt ist als der Durchmesser eines Inkreises
des Musters von mindestens etwa 0,5 cm, wie etwa
von etwa 1 cm bis etwa 25 cm, und wobei, wenn das
chirurgische Instrument (21) zu einem Abstand zwi-
schen dem chirurgischen Werkzeug und der Projek-
tionsoberflache bewegt wird, die StrahlgréfRe pro-
portional zunimmt, vorzugsweise so, dass die Mus-
terstrahlgréRe im Abstand von 1 cm mindestens et-
wa 5% groRer als bei Nullabstand ist.

Chirurgisches System zum Durchfiihren einer mini-
mal-invasiven Chirurgie, wobei das chirurgische
System ein Beleuchtungselement, das eine Be-
leuchtungslichtquelle zum Beleuchten einer Chirur-
giezielstelle aufweist, ein Kameraelement zum Er-
fassen von Bildern der Chirurgiezielstelle (83), einen
Monitor (87) zum Anzeigen der erfassten Bilder und
mindestens eine chirurgische Instrumentenanord-
nung (1, 11, 31, 41, 51, 71, 81) aufweist, wobei die
chirurgische Instrumentenanordnung (1, 11, 31, 41,
51, 71, 81) ein zusammengesetztes in Beziehung
stehendes Set nach einem der Anspriiche 1-12 ist.

Chirurgisches System nach Anspruch 13, wobei das
Kameraelement ein Endoskop (88) ist, das einen Ka-
nal fir die chirurgische Instrumentenanordnung (1,
11, 31,41, 51, 71, 81) aufweist, wobei das Beleuch-
tungselement vorzugsweise ein Beleuchtungsinst-
rument und eine Beleuchtungslichtquelle aufweist,
die betriebsmaRig mit dem Beleuchtungsinstrument
verbunden ist, wobei die Beleuchtungslichtquelle
vorzugsweise angepasst ist, um in einem Abstand
zu dem Beleuchtungsinstrument positioniert zu sein,
und vorzugsweise mit dem Beleuchtungsinstrument
Uber einen Lichtleiter (7) betriebsmaRig verbunden
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ist.

Chirurgisches System nach Anspruch 13 oder An-
spruch 14, wobei sich die Beleuchtungslichtquelle
und die Musterlichtquelle (6, 66) voneinander unter-
scheiden, wobei vorzugsweise die Musterlichtquelle
(6, 66) eine schmale Bandbreite im Verhaltnis zur
Bandbreite der Beleuchtungslichtquelle hat
und/oder die Musterlichtquelle (6, 66) Wellenldnge
in ihrer Bandbreite aufweist, die eine hdhere Inten-
sitathatals in der Bandbreite des Beleuchtungslichts
und/oder die Musterlichtquelle (6, 66) Wellenldnge
in ihrer Bandbreite aufweist, die die Bandbreite der
Beleuchtungslichtquelle nicht aufweist.

Chirurgisches System nach einem der Anspriiche
13 bis 15, das ferner einen Computer aufweist, und
wobei das Kameraelement mit dem Computerin Da-
tenverbindung steht, wobei der Computer program-
miert ist, um Bewegungen des chirurgischen Werk-
zeugs des chirurgischen Instruments (21) zu tber-
wachen, wobei vorzugsweise der Computer pro-
grammiert ist, um die Form und Grof3e des Licht-
musters (30, 39, 40, 80) als Funktion der Zeit zu tiber-
wachen und darauf basierend die Bewegungen des
chirurgischen Werkzeugs zu bestimmen, wobei der
Computer vorzugsweise weiter programmiertist, um
die Leistung des Benutzers zu bewerten.

Revendications

Ensemble corrélé pour chirurgie non invasive com-
prenant un instrument chirurgical (21) et un organe
de génération de motif (5, 15, 25, 55), leditinstrument
chirurgical (21) est un instrument laparoscopique,
un instrument arthroscopique, un instrument thora-
coscopique, un instrument gastroscopique, un ins-
trument coloscopique, un instrument laryngoscopi-
que, un instrument bronchoscopique, un instrument
cytoscopique ou une combinaison de ceux-ci, il com-
porte une extrémité distale et une extrémité proxi-
male et comprend une partie formant poignée a son
extrémité proximale, un outil chirurgical (4, 14, 24,
54, 64) a son extrémité distale et une partie formant
corps (3, 13, 23, 53, 63) reliant la partie formant poi-
gnée (2, 62) a l'outil chirurgical (4, 14, 24, 54, 64),
ledit organe de génération de motif (5, 15, 25, 55)
comprend une source de lumiére a motif (6, 66) et
un projecteur (8, 16, 18, 28, 48, 58, 68), dans lequel
la source de lumiére a motif (6, 66) est branchée de
maniére opérationnelle au projecteur pour projeter
un motif lumineux (30, 39, 40, 80), au moins ledit
projecteur dudit organe de génération de motif (5,
15, 25, 55) est configuré pour étre fixé au moins tem-
porairement a ladite partie formant corps (3, 13, 23,
53, 63) dudit instrument chirurgical (21) de telle sorte
qu’un déplacement dudit outil chirurgical entraine un
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déplacement corrélé dudit projecteur résultant ainsi
en ce que le motif projeté tel que visible sur une
surface agencée de maniere distale change en con-
séquence et de telle sorte qu’un quelconque mou-
vement non rotationnel dudit outil chirurgical résulte
en un déplacement corrélé dudit projecteur et dudit
motif (30, 39, 40, 80), ledit ensemble étant caracté-
risé en ce que ledit outil chirurgical (4, 14, 24, 54,
65) est adapté pour réaliser une intervention chirur-
gicale, et dans lequel ledit outil chirurgical est choisi
parmiune pince, une pince a sutures, une agrafeuse,
des pinces a dissection, un dissecteur, des ciseaux,
un instrument d’aspiration, un instrument de clam-
page, une électrode, une curette, des dispositifs
d’ablation, des scalpels, un instrument pour biopsie
et un écarteur ou une combinaison de ceux-ci.

Ensemble corrélé selon la revendication 1, dans le-
quel ledit organe de génération de motifs (5, 15, 25,
55) est détachable dudit instrument chirurgical (21),
au moins ledit projecteur dudit organe de génération
de motif (5, 15, 25, 55) étant de préférence configuré
pour étre fixé temporairement audit instrument chi-
rurgical (21) par un verrouillage par encliquetage, un
verrouillage par manchon, un verrouillage par vis,
un verrouillage par rotation, un verrouillage par cla-
vette ou des combinaisons de ceux-ci.

Ensemble corrélé selon la revendication 1, dans le-
quel au moins ledit projecteur dudit organe de gé-
nération de motif (5, 15, 25, 55) est fixé de fagon
permanente auditinstrument chirurgical (21), de pré-
férence, ledit organe de génération de motif (5, 15,
25, 55) est solidaire dudit instrument chirurgical (21)
pour former un ensemble instrument chirurgical so-
lidaire (1, 11, 31, 41, 51, 71, 81).

Ensemble corrélé selon'une quelconque des reven-
dications précédentes, dans lequel ladite partie for-
mant corps (3, 13, 23, 53, 63) dudit instrument chi-
rurgical (21) permet une interconnexion rigide entre
ladite partie formant poignée et ledit outil chirurgical,
de préférence, ladite partie formant corps (3, 13, 23,
53, 63) est rigide, ladite partie formant corps (3, 13,
23,53, 63) ade préférence une longueur s’étendant
de ladite partie formant poignée audit outil chirurgi-
cal, ladite partie formant corps (3, 13, 23, 53, 63) est
de préférence droite le long de sa longueur.

Ensemble corrélé selon'une quelconque des reven-
dications précédentes, dans lequel ladite partie for-
mant corps (3, 13, 23, 53, 63) dudit instrument chi-
rurgical (21) permet une interconnexion flexible en-
tre ladite partie formant poignée et ledit outil chirur-
gical, de préférence ladite partie formant corps est
flexible, ladite partie formant corps a de préférence
une longueur s’étendant de ladite partie formant poi-
gnée audit outil chirurgical sur une longueur pouvant
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atteindre environ 200 cm.

Ensemble corrélé selon 'une quelconque desreven-
dications précédentes, dans lequel ladite source de
lumiere a motif (6, 66) est une source de lumiere
cohérente ou une source de lumiére incohérente, de
préférence, la source delumiére (6, 66) est une sour-
ce de lumiere a semi-conducteurs, telle qu’une diode
laser et/ou une source de lumiere VCSEL et/ou une
diode électroluminescente (DEL), de préférence, le-
dit organe de génération de motif (5, 15, 25, 55) com-
prend une batterie pour ladite source de lumiere a
motif (6, 66).

Ensemble corrélé selon 'une quelconque desreven-
dications précédentes, dans lequel ladite source de
lumiere a motif (6, 66) a une bande passante com-
prenant de la lumiére visible ayant une longueur
d’'onde dans la plage d’environ 400 nm a environ 900
nm, de préférence, dans la plage d’environ 450 nm
aenviron 700 nm, de préférence, dans la plage d’en-
viron 500 nm a environ 650 nm.

Ensemble corrélé selon 'une quelconque desreven-
dications précédentes, dans lequel ladite source de
lumiere a motif (6, 66) a une bande passante com-
prenant de la lumiére invisible, telle qu’'une lumiére
ayant une longueur d’'onde au-dessus d’environ 900
nm et/ou au-dessous d’environ 450 nm.

Ensemble corrélé selon 'une quelconque desreven-
dications précédentes, dans lequel ledit projecteur
dudit organe de génération de motif (5, 15, 25, 55)
comprend un élément optique de phase, un modu-
lateur spatial de lumiére, une lentille de diffraction
dans plusieurs ordres, une lentille holographique,
une lentille de Fresnel et/ou un élément optique réglé
par ordinateur.

Ensemble corrélé selon 'une quelconque desreven-
dications précédentes, dans lequel ledit projecteur
dudit organe de génération de motif (5, 15, 25, 55)
a une zone d’extension maximale perpendiculaire a
la direction proximale lorsque ledit organe de géné-
ration de motif (5, 15, 25, 55) est fixé a ladite partie
formant corps (3, 13, 23, 53, 63) dudit instrument
chirurgical (21) et la partie formant corps (3, 13, 23,
53, 63) est en position droite, laquelle zone d’exten-
sion maximale peut atteindre environ 4 cm?, tel
qu’environ 2 cm?, tel que d’environ 0,01 & environ 1
cm?, tel que d’environ 0,1 & environ 0,5 cmZ2.

Ensemble corrélé selon 'une quelconque desreven-
dications précédentes, dans lequel ledit projecteur
dudit organe de génération de motif (5, 15, 25, 55)
est configuré pour émettre un motif, lequel motif (30,
39, 80), lorsqu’il est projeté sur une surface perpen-
diculaire a la direction distale, comprend une plura-
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lité de lignes obliques, de préférence, le motif (30,
39, 80) comprend un réseau de lignes comprenant
éventuellement des lignes sensiblement paralléles.

Ensemble corrélé selon'une quelconque des reven-
dications précédentes, dans lequel ledit projecteur
dans I'état monté est configuré pour émettre un mo-
tif, lequel motif, lorsqu’il est projeté vers une surface
de projection immédiatement distale a I'outil chirur-
gical et perpendiculaire a la direction distale, a une
taille de faisceau a motif déterminée en tant que dia-
metre d’un cercle décrivant le motif d’au moins en-
viron 0,5 cm, tel que d’environ 1 cm a environ 25 cm,
et dans lequel lorsque ledit instrument chirurgical
(21) est déplacé sur une distance entre ledit outil
chirurgical et ladite surface de projection, ladite taille
de faisceau a motif augmente proportionnellement,
de préférence de telle sorte qu’a une distance de 1
cm, la taille de faisceau a motif est au moins de 5 %
supérieure qu’a une distance nulle.

Systéme chirurgical pour réaliser une chirurgie non
invasive, ledit systéme chirurgical comprend un élé-
ment d’éclairage comprenant une source de lumiére
d’éclairage pour éclairer un site chirurgical cible, un
élément de caméra destiné a acquérir des images
dudit site chirurgical cible (83), un écran de sur-
veillance (87) pour afficher lesdites images acquises
et au moins un ensemble instrument chirurgical (1,
11, 31, 41, 51, 71, 81), dans lequel ledit ensemble
instrument chirurgical (1, 11, 31, 41, 51, 71, 81) est
un ensemble corrélé assemblé selon I'une quelcon-
que des revendications 1-12.

Systéme chirurgical selon la revendication 13, dans
lequel ledit élément de caméra est un endoscope
(88), comprenant un canal pour ledit ensemble d’ins-
trument chirurgical (1, 11, 31, 41, 51, 71, 81), de
préférence, ledit élément d’éclairage comprend un
instrument d’éclairage et une source de lumiére
d’éclairage reliée de maniére opérationnelle audit
instrument d’éclairage, ladite source de lumiére
d’éclairage est de préférence adaptée pour étre po-
sitionnée a distance dudit instrument d’éclairage et
est de préférence connectée audit instrument
d’éclairage via une fibre optique (7).

Systéme chirurgical selon la revendication 13 ou la
revendication 14, dans lequel ladite source de lumié-
re d’éclairage et ladite source de lumiére a motif (6,
66) different 'une de l'autre, de préférence, ladite
source de lumiére a motif (6, 66) a une bande pas-
sante étroite par rapport a la bande passante de la-
dite source de lumiére d’éclairage et/ou ladite source
de lumieére a motif (6, 66) comprend une longueur
d’onde dans sa bande passante qui a une intensité
plus élevée que dans la bande passante de ladite
lumiére d’éclairage et/ou ladite source de lumiére a
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motif (6, 66) comprend des longueurs d’onde dans
sa bande passante qui ne font pas partie de la bande
passante de ladite source de lumiére d’éclairage.

Systeme chirurgical selon 'une quelconque des re-
vendications 13 a 15, comprenant en outre un ordi-
nateur et dans lequel I'élément de caméra est en
communication de données avec ledit ordinateur, le-
dit ordinateur étant programmé pour surveiller les
déplacements de l'outil chirurgical de I'instrument
chirurgical (21), de préférence, I'ordinateur est pro-
grammé pour surveiller la forme et la taille du motif
de lumiére (30, 39, 40, 80) en fonction du temps et
pour déterminer sur la base de celles-ci les dépla-
cements de I'outil chirurgical, de maniére davantage
préférée, I'ordinateur est en outre programmé pour
évaluer la performance de I'utilisateur.
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