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ILLUMINATION DEVICE FOR
ILLUMINATING A SURGICAL WOUND

[0001] The present invention relates to an illumination
device for illuminating a surgical wound which has a wound
opening arca on the surface of the body of a patient and
extends into the body of the patient 1n a depth extension
direction.

[0002] In present day applications, the ideal 1llumination
ol a surgical wound, also called “situs,” 1s achieved by the
surgeon aligning the luminaire manually. On the one hand,
this requires a complex mechanism for the luminaires and,
on the other hand, surgeons must interrupt their actual
activity for each readjustment of the luminaire. This extends
the surgery time and thus represents an additional burden for
the patient.

[0003] It 1s therefore the object of the present invention to
provide an illumination device that can be adjusted 1n a
simplified manner and can be adapted, in particular auto-
matically, to changing conditions during surgery.

[0004] This object 1s achieved by an i1llumination device
for 1lluminating a surgical wound, wherein the 1llumination
device comprises a control device with means for inputting
information about a position of the wound opening area and
the depth extension direction 1n a spatial coordinate system,
wherein the illumination device has a plurality of lighting
devices which are each configured to emit light 1n a main
emission direction and which each have at least one 1llumi-
nant, wherein at least one of the lighting devices 1s config-
ured to emit light such that an area illuminated by said at
least one lighting device at least partially overlaps with the
wound opening area, wherein the main emission direction of
cach lighting device, which has an 1lluminated area at least
partially overlapping with the wound opening area, and the
depth extension direction of the surgical wound each enclose
an angle with one another, the value of which does not
exceed a predetermined angular value, wherein at least those
light devices that have an illuminated area at least partially
overlapping with the wound opening area and whose respec-
tive main emission direction does not exceed a predeter-
mined angular value with the depth extension direction of
the surgical wound form an array, wherein the lighting
devices are arranged 1n the array in a substantially
unchangeable position in relation to the spatial coordinate
system.

[0005] In this way, it can be achieved that light emitted by
a plurality of lighting devices coincides with a correspond-
ing situs, so that an i1lluminance of the situs through the
illumination device can be increased compared to a single
lighting device, and also that the light 1s directed such that
it can reach up to the bottom of a narrow, deep surgical
wound to provide a sufliciently high 1lluminance with simul-
taneous avoidance of disturbing shadowing. In particular, a
homogeneous 1llumination of the situs can thus be achieved.
[0006] It should already be mentioned at this point that the
term “emitted light” can relate to the light directly emitted
by the lighting device or to the light reflected directly from
a reflector associated with the lighting device, 1n particular,
in combination with the light directly emaitted by the lighting
device, depending on the design of the lighting device.
[0007] The main emission direction may be arranged on a
central axis of a light cone of a corresponding lighting
device. Of course, it 1s also conceivable to place a corre-
sponding central axis into the light emitted by a correspond-
ing lighting device, which light 1s not radiated conically.
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Preferably, focal points of mutually parallel cross sections of
a light beam emitted by a corresponding lighting device or
reflected by a reflector associated with a corresponding
lighting device can be connected to one another to form the
corresponding central axis.

[0008] The angle between a corresponding main emission
direction and the depth extension direction of the surgical
wound may be formed between a projection of a correspond-
ing main emission direction and the depth extension direc-
tion of the surgical wound 1n a plane which comprises the
depth extension direction of the surgical wound and a center
ol a corresponding lighting device.

[0009] Corresponding angular values between a corre-
sponding main emission direction and the depth extension
direction of the surgical wound can thus also be formed 1n
the event that the main emission direction and the depth

extension direction do not intersect, 1.e., are skewed 1n
relation to one another.

[0010] The predetermined region of the angle can advan-
tageously be from 0° to 75°, 1n particular from 0° to 60°,
particularly preferably from 0° to 45°.

[0011] The lighting devices may comprise at least one
LED and/or at least one laser source. Due to their low heat
development, such light sources are preferred so that a
climate prevailing in an operating room 1s not impaired or 1s
only slightly impaired.

[0012] Advantageously, the control device may be con-
figured to control only those lighting devices of the 1llumi-
nation device having an area at least partially overlapping
the wound opening area, which lighting devices enclose a
mutual angle between their corresponding main emission
direction and the depth extension direction of the surgical
wound, the value of which angle does not exceed the
predetermined angle value. It can thus be avoided that
lighting devices whose corresponding main emission direc-
tion exceeds the predetermined angular value do not con-
tribute to the illumination of the situs to prevent an 1ntensity
drop 1n the depth extent of the surgical wound.

[0013] In a development of the present invention, the
illumination device may comprise air passages which are
configured to allow an air flow of an air-conditioning ceiling
to which the 1llumination device 1s attached or 1n which the
illumination device 1s integrated. In this way, the 1llumina-
tion device can be nstalled in operating rooms without
impairing the laminar air flow, which usually prevails 1n a
surgical area.

[0014] Advantageously, the lighting devices may com-
prise light illuminants emitting light of different spectra and
may be configured to emit light in an adjustable spectral
range by muxing the light emitted by the i1lluminants.
Depending on the surgery to be performed, 1t may be desired
to adapt the spectral range of the surgical lighting, for
example into a rather bluish or rather reddish lighting.
Furthermore, 1t may be conceivable, to activate, alterna-
tively or in addition to illumination in a visible spectral
range, illumination of the situs 1n a non-visible spectral
range, such as an ultraviolet and/or infrared spectral range,
for example.

[0015] Furthermore, the lighting devices and/or individual
illuminants of the lighting devices may be adjustable in their
luminous flux. For example, individual lighting devices can
thus be dimmed to reduce an illumination of, for example,
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strongly reflective regions, and thus regions that are glaring,
outside the situs, through which surgeons could be impaired
in their activity.

[0016] The lighting devices may comprise reflectors and/
or optical lenses and/or optical conversion media which are
configured to focus and/or scatter and/or deflect light and/or
to change 1t spectrally. The reflectors and/or optical lenses
can be displaceable and/or pivotable relative to the corre-
sponding 1lluminant, 1n particular, using a piezo drive. Piezo
drives are particularly suitable for the displacement in the
submillimeter range, so that, for example, even the smallest
focus can be set.

[0017] Furthermore, the illumination device may com-
prise an adjusting device which i1s configured up to set the
angle between the main emission direction of at least one
lighting devices and the depth extension direction of the
surgical wound. The adjusting device of the illumination
device can simulate the manual detection of a conventional
surgical lamp on 1ts handle and the setting of it relative to the

surgical wound. For this purpose, the adjusting device may
be connected to the control device.

[0018] For this purpose, the adjusting device may com-
prise a camera which 1s configured to detect regions located
in the main emission direction of at least one lighting device,
and a determination unit, or be connected thereto, which
determination unit 1s configured to determine a surgical
wound based on the regions detected by the camera, wherein
the adjusting device 1s configured to change, in particular to
reduce, the angle between the main emission direction of at
least one lighting device and the depth extension direction of
the surgical wound, in particular automatically. If, for
example, a 1llumination device 1s used that has such a large
number of lighting devices that only a selection of lighting
devices has to be activated to sufliciently illuminate the
surgical wound, the adjusting device can also automatically
select lighting devices from all available lighting devices of
the illumination device to minimize the angle between a
common main emission direction of the selected lighting
devices, which, for example, can lie on a central axis or a
priority axis of the bundle of individual main emission
directions of the selected lighting devices, and the depth
extension direction of the surgical wound. For example,
when the patient 1s moved, those lighting devices of the
illumination device that optimally illuminate the surgical
wound can thus automatically be reselected.

[0019] Furthermore, the adjusting device may comprise a
camera which 1s configured to detect gestures which a user
of the 1llumination device carries out, and a determination
unit, or be connected thereto, which 1s configured to assign
the gestures to predetermined operating commands, wherein
the adjusting device 1s configured to set an alignment of a
corresponding main emission direction of the lighting
devices associated with the adjusting device as a result of the
operating commands. For example, the surgeon can draw a
line 1n the air with a finger, Whereby the 1llumination device
1s caused to ahgn the individual main emission directions or
the common main emission direction, as described above, of
the selected lighting devices coaxially or parallel to this line.

Alternatively or addltlonally, the adjusting device may be
controllable via voice mput, for example using audible
commands by the surgeon.

[0020] The adjusting device may also comprise, or be
connected to, a data iterface which 1s configured to receive
surgery data relating to a surgery to be carried out on a
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patient, wherein the adjusting device 1s configured to adjust
an alignment of a corresponding main emission direction
from the lighting devices associated with the adjusting
device on the basis of the surgery data. The surgery data can,
for example, show themselves and/or 1n connection with a
corresponding database, 1n which way a depth extension of
a situs 1s produced in the course of the surgery. The
illumination device can, on this basis, already select those
lighting devices for 1lluminating the situs before the start of
the surgery that are still suitable for i1llumination of the situs
even with advanced surgery progression. It can thus be
avoilded that the selection of the lighting devices of the
illumination device for illuminating the situs 1s changed
during the surgery in a manner that negatively aflects the
surgeon, for example, due to changing shadow formation.

[0021] For example, the adjusting device may comprise an
input device which comprises a pin-like portion connected
to a base, wherein an angle of a longitudinal axis of the
pin-like portion can be changed relative to the base, wherein
the adjusting device may be configured to adjust an align-
ment of a corresponding main emission direction of a
longitudinal axis associated with the adjusting device based
on the angle of the pin-like portion to the base. The mput
device may be connected to the adjusting device wirelessly,
wired or also via an articulated arrangement.

[0022] The adjusting device may be configured to indi-
vidually set an alignment of a corresponding main emission
direction of the lighting devices associated with the adjust-
ing device based on the angle of the pin-like portion relative
to the base, or to transfer a relative angle change of the angle
of the pin-like portion to the base to any angle between a
corresponding main emission direction of the lighting
devices associated with the adjusting device and the depth
extension direction of the surgical wound. To select corre-
sponding lighting devices which the surgeon desires, the
input device may additionally comprise a keypad which, for
example, corresponds completely or 1n a reduced manner to
the arrangement of lighting devices on the i1llumination
device.

[0023] It 1s possible for the adjusting device to comprise
an 1nput device which comprises a pin-like portion which
has a longitudinal axis and a detection unit which 1s con-
figured to detect the position and orientation of the longi-
tudinal axis of the pin-like portion of the mmput device in
space and to output 1t to the adjusting device, wherein the
adjusting device may be configured to adjust an alignment of
a corresponding main emission direction of lighting devices
associated with the adjusting device, based on the detected
position and orientation of the longitudinal axis of the
pin-like portion of the input device in space. The input
device can either be connected to the base or can be freely
positionable 1n space by 1t.

[0024] The input device may comprise a rangefinder
which 1s configured to measure a distance of a distal end of
the pin-like portion of the input device to the surgical wound
and to output 1t to the adjusting device, wherein the adjusting
device may be configured to set a focus of lighting devices
associated with the adjusting device based the measured
distance. By removing or approaching the input device
relative to the situs, the illumination device can be prompted
to defocus or focus light emitted by the selected lighting
devices.

[0025] The detection unit may comprise a position sensotr,
in particular a gyroscope. In particular, the position sensor
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may serve to detect the position and/or orientation of the
input device. The position sensor may be arranged in the
pin-like portion of the input device.

[0026] In a development of the present invention, the
detection unit may comprise a navigation device which 1s
configured to recognize a geometry of the input device
known to the navigation device and to assign a position and
orientation in space to the input device in relation to the
known geometry. The detection unit may, for example, be
designed such that 1t emits light, for example 1n the infrared
range, and receives light reflected from the input device.
Due to a known relation of the longitudinal axis of the input
device to the light detected by the detection unit which 1s
reflected by the mput device, the detection umit and/or the
adjusting device can determine the longitudinal axis of the
input device in three-dimensional space and output corre-
sponding commands for aligning a common or correspond-
ing main emission direction of the lighting devices to drives
associated with said lighting devices.

[0027] The known geometry of the input device may be
formed by passive or active markers whose position 1s
permanently connected or can be connected to the pin-like
portion of the mput device. In particular, the passive markers
can be designed as retroreflective markers which retlect
incident light according to the angle of incidence. In con-
trast, active markers emit light independently, for example,

using LED:s.

[0028] Furthermore, the illumination device may com-
prise at least one camera, 1n particular a light density camera,
which detects an illuminance of the surgical wound, and a
tracking unit which changes the illumination device to a
decrease or increase 1n the 1lluminance of the surgical wound
detected by the camera such that the illuminance of the
surgical wound remains constant. The i1llumination device
according to the invention may thus be able to keep a
predetermined 1lluminance of the surgical wound substan-
tially constant even when a shading of some lighting devices
in their beam path to the surgical wound (or when a shading
object 1s removed) occurs.

[0029] The tracking unit may increase the luminous flux of
the lighting devices that have an i1lluminated area at least
partially overlapping the wound opening area. That 1s to say
that those of the selected and activated lighting devices that
have already illuminated the surgical wound before the
occurrence of a shading and are not aflected by the shading
now 1lluminate the situs with an increased luminous flux, so
that the illuminance of the surgical wound substantially
corresponds to the 1lluminance betfore the occurrence of the
shading. The lighting devices affected by the shading can
also be reduced 1n their luminous flux to reduce shadowing
resulting therefrom.

[0030] Additionally or alternatively, the tracking unit can
activate further lighting devices of the illumination device,
whose main emission direction 1s at an angle with the depth
extension direction of the surgical wound outside the pre-
determined region. This means that in this case lighting
devices are connected which are not used to illuminate the
surgical wound prior to the occurrence of the shading of
lighting devices used to 1lluminate the surgical wound. The
selection of additional lighting devices which are to be
activated to 1lluminate the surgical wound can, for example,
be prioritized based on the angle from 1ts main emission
direction with the depth extension direction of the surgical
wound. In general, it 1s preferred by surgeons to activate
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additional lighting devices, even though their angles with
the depth extension direction of the surgical wound are
outside of the predetermined region, then to work on a an
isuiliciently illuminated situs.

[0031] When activating additional light devices, the track-
ing unit can start with those lighting devices that have the
smallest angle between their main emission direction and the
depth extension direction of the surgical wound. It can thus
be ensured that a good depth 1llumination of the surgical
wound can continue to be achieved.

[0032] Furthermore, the tracking umt can activate a fur-
ther array with lighting devices which 1s arranged separately
from the array of the illumination device. In particular, a
plane 1 which the lighting devices of the further array
extend can be arranged at an angle to a plane in which the
lighting devices of the above-mentioned array extend. For
example, depending on the type of shading of the lighting
devices, the further array can be activated such that an object
which causes the shading no longer lies on the path of the
light between a corresponding lighting devices and the
surgical wound, so that said object can be “illuminated,” so
to speak, by the lighting devices of the further array.

[0033] The tracking unit can advantageously focus at least
one light cone of a lighting device. An 1lluminance of a
surgical wound can also be increased by focusing corre-
sponding light cones 1f this 1s necessary.

[0034] In a development of the present invention, the
illumination device may comprise a plurality of cameras
which detect an i1lluminance of the surgical wound, and
which are arranged such that their visual axes form a
predetermined angle relative to one another on the surgical
wound, which 1s suitable for compensating for a covering of
a view of a first camera onto the surgical wound with a
second camera. It can thereby be ensured that the automatic
tracking or adaptation of the illuminance of the surgical
wound can be realized even il one of the cameras, which
detect an 1lluminance of the surgical wound, does not have
a free view of the surgical wound.

[0035] The illumination device may furthermore comprise
a distance measuring device which measures a distance of
the 1llumination device from the surgical wound, wherein
the illumination device focuses corresponding lighting
devices onto the surgical wound based on the distance
measurement. In this way, the illumination device can
automatically react to changing surgery conditions, such as
the lifting and lowering of an operating table, and ensure a
constant 1llumination of the surgical wound.

[0036] Furthermore, the illumination device can perform
automatic focusing of lighting devices until a proportion of
the illuminated field of a corresponding lighting device
which overlaps with the surgical wound 1s maximized rela-
tive to the entire illuminated field. In particular, regions of
the lighting field can thus be reduced, which illuminate an
environment of the situs, 1n which a drape 1s usually
arranged which, due to its strong reflection, should not be
illuminated strongly, if at possible.

[0037] According to one embodiment of the present inven-
tion, the i1llumination device may comprise a plurality of
cameras which detect at least the surgical wound and com-
prise a combination unit, wherein the perspectives of the
surgical wound and the entire surgical environment captured
by the plurality of cameras are combined by the combination
umit to form a three-dimensional model. Based on the
three-dimensional model, the 1llumination device can i1den-
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t1fy a main emission direction of at least one lighting device,
the light of which 1s at least partially prevented from
reaching the surgical wound by an obstacle which 1s
arranged between the i1llumination device and the surgical
wound, and/or identifies a main emission direction of at least
one lighting device, the light of which reaches the surgical
wound despite an obstacle arranged between the illumina-
tion device and the surgical wound. By using the three-
dimensional model, a position and/or size of the object,
which, as described above, causes shading, can be unam-
biguously determined 1n space, so that lighting devices and,
iI applicable, adaptations to the illumination device to be
carried out can be identified to “illuminate” the object, as
mentioned above.

[0038] Based on the three-dimensional model and the at
least one 1dentified main emission direction, the 1llumination
device can change, in particular, activate or deactivate, at
least one lighting device to increase or lower an i1lluminance
of the surgical wound. In particular 1n the case in which
objects which are introduced into the beam path of at least
one lighting device cause shading and thus a reduction 1n the
illumination intensity of the wound, these lighting devices
involved 1n the shading can be reduced or even deactivated
in their intensity, and at least one of the remaining, currently
activated lighting devices can be increased 1n its intensity
and/or at least one additional lighting device can be acti-
vated.

[0039] The illumination device can also comprise a dis-
tance measuring device and/or a camera which detect/
detects an object moving over the surgical wound, wherein
a change 1n the i1llumination device can be carried out on the
basis of the detected object to mimimize shading of the
surgical wound by the object. A direct correlation between
the moving object causing shading and the adaptation of the
illumination device can thereby be produced. As a result, the
required effort for an accurate and rapidly reacting adapta-
tion of the i1llumination device can be reduced.

[0040] In a third aspect, the present invention relates to a
method for i1lluminating a surgical wound, wherein the
method comprises the steps:

[0041] providing a illumination device, 1n particular, a
illumination device according to the mvention, which
has a plurality of lighting devices which are each
configured to emit light 1n a main emission direction,
wherein at least some of the lighting devices form an
array 1n which the lighting devices are arranged 1n a
substantially unchangeable position with respect to a
spatial coordinate system,

[0042] 1nputting information about a position of a sur-
gical wound 1n the spatial coordinate system which has
a wound opening area on the surface of the body of a
patient,

[0043] determining a depth extension direction of the
wound 1nto the body of the patient,

[0044] determining at least one lighting device of the
illumination device, which lighting device 1s config-
ured to emit light such that an area 1lluminated by said
at least one lighting device at least partially overlaps
with the wound opening area, and that its main emis-
sion direction encloses an angle with the depth exten-
s1on direction of the surgical wound, the value of which
angle does not exceed a predetermined angular value,
and
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[0045] activating the lighting devices determined 1n this
way to illuminate the surgical wound.

[0046] It should be pointed out here already that all of the
features, effects, and advantages described for the device
according to the invention can also be applied to the method
according to the mvention, and vice versa.

[0047] The method may further comprise:

[0048] setting the angle between the main emission
direction of at least one lighting device and the depth
extension direction of the surgical wound by pivoting
the corresponding lighting devices. As set out with
respect to the device, this can be done, for example,
using an adjusting device.

[0049] The method may comprise changing the luminous
flux and/or the emission spectrum of at least one of the
lighting devices. In this way, an 1llumination intensity can be
adapted to a current surgery situation. It 1s also conceivable
that an intensity control of the lighting devices 1s carried out
depending on the predetermined angle value between the
main emission direction and the depth extension direction.

[0050] The method according to the invention may, 1n
particular, also comprise:

[0051] detecting regions which are located in the main
emission direction of at least one lighting device by a
camera,

[0052] determining information about the position of
the surgical wound 1n the spatial coordinate system
based on the regions captured by the camera,

[0053] setting, 1n particular reducing, the angle between
the main emission direction of at least one lighting
device and the depth extension direction of the surgical
wound, 1n particular automatically.

[0054] Advantageously, the method according to the
invention may also comprise:

[0055] providing a data interface via which data 1s
P g
passed on to the illumination device,

[0056] 1nputting surgery data, based on which a basic
prediction of the position of the surgical wound in the
spatial coordinate system i1s possible, in particular
preoperatively, via the data interface to adjust an align-
ment of a corresponding main emission direction of at
least one lighting device based on the surgery data.

[0057] The present invention will be described 1n greater
detail below by means of an embodiment with reference to
the accompanying drawings. In the figures:

[0058] FIG. 1 depicts a perspective view of an surgical
situation, wherein a surgical wound 1s 1lluminated by a
illumination device according to the invention; and

[0059] FIG. 2 depicts a detailed section from FIG. 1.

[0060] In FIG. 1, an 1llumination device according to the
invention 1s generally designated by the reference sign 10.
The illumination device 10 here comprises a plurality of
lighting devices 12 which together form an array 14, and a
camera 16. In the array 14 shown in FIG. 1, the individual
lighting devices 12 are arranged 1n a square configuration of
twenty-five lighting devices 12 and at equal distances from
one another, so that air, for example from an air-conditioning
ceiling of the operating room, can pass between the 1ndi-
vidual lighting devices 12. Each of the lighting devices 12
comprises at least one 1lluminant (not shown in detail 1n
FIG. 1), for example 1n the form of at least one LED.
However, the general arrangement of the lighting devices 12
1s not limited to the variant shown in FIG. 1 so that a
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different number and/or other configuration of lighting
devices 12 1s also possible that 1s elliptical or rectangular, for
example.

[0061] Each illuminant of a lighting device 12 1s mounted
pivotably relative to a holder 18 of the lighting device 12, in
particular in combination with an associated retlector,
wherein the corresponding lighting device 12 1s connected to
the ceiling of the operating room wvia the holder 18. To
control a pivoting of the i1lluminant relative to the holder 18,
in particular, at least one electric motor may be provided
which 1s connected to a control device and is configured to
displace the associated illuminant relative to the holder 18.

[0062] A patient 20 can also be seen in FIG. 1. In the
context of a surgery to be carried out on the patient 20, the
patient 1s covered with a drape 22, wherein a location (also
called “surgical wound”) 24 on the body of the patient 22 to
be treated remains free. The surgical wound 24 has a wound
opening area 26 on the skin of the patient 22 and a depth
extension direction X along the wound channel running into
the body of the patient 22.

[0063] In order for a surgeon to approprately treat the
patient, the surgical wound 24 must be sufliciently 1llumi-
nated. For this purpose, lighting devices 12 are activated and
adjusted such that an area 28 (see FIG. 2) illuminated by a
corresponding lighting device 12 overlaps at least partially
with the wound opening area 26. A main emission direction
30 can be assigned to each lighting device 12. With refer-
ence to FIG. 2, 1t can be seen that a corresponding main
emission direction 30 can be the central axis of a light cone
32 which here extents comically from the i1lluminant to the
wound opening area 26. According to the invention, only
those lighting devices 12 are selected for i1lluminating the
surgical wound 24 that have, with a corresponding adjust-
ment, an i1lluminated area 28 that at least partially overlaps
with the wound opening area 26 and whose corresponding,
main emission direction 30 does not exceed a predetermined
angular value, which preferably lies between 0° and 45°,
with the depth extension direction X of the surgical wound
24. In FIG. 2, such an angle between a main emission
direction 30 and the depth extension direction X of the
surgical wound 24 1s denoted by a by way of example. It can
thereby be ensured that the surgical wound 24 1s well
illuminated 1n its entire depth also.

[0064] A common main emission direction, which
extends, for example, along a central axis of the sum of all
corresponding light cones, can also be assigned to the
lighting devices 12 activated to illuminate the surgical
wound 24. Via an adjusting device (not shown), the common
main emission direction and/or corresponding main emis-
s1on directions 30 can be changed to adapt the 1llumination
to a changing surgery situation. For example, the beam paths
of the lighting devices 12 can, for example, be focused on
the wound opening area 26. In the course of such an
adaptation, lighting devices 12 can also be deactivated or
changed in their luminous flux, and/or lighting devices 12
that have hitherto not been used can be activated. To avoid
reflections, which can emanate from the drape 22, the
lighting devices 12 can be set such that the drape 22 1s not
illuminated, 11 at all possible.

[0065] The camera 16, which 1n the embodiment shown
here 1s located 1n the immediate vicinity of a central lighting,
device 12, but could also be arranged 1n an outer region of
the 1llumination device 10, 1s configured to monitor the
region below the plurality of lighting devices 12.
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[0066] The camera 16 1s configured here to detect both the
region of a surgical wound 24, as a result of which a region
to be illuminated can be automatically determined, and to
recognize gestures of a surgeon, 1n order thereby to change
the orientation of the lighting devices 12 via the control
device and the adjusting device, to detect objects that are
located between the i1llumination device 10 and the surgical
wound 24 to thus determine whether or which lighting
devices 12 are to be changed in their luminous flux, and to
determine changes 1n the illuminance of the surgical wound
24, so that the 1lluminance of the surgical wound 24 remains
as constant as possible.

[0067] Both the depth extension direction X and the main
emission directions 30 of the lighting devices 12 can be
assigned coordinates or vectors 1 a spatial coordinate
system X, Y, Z. As a result, for example, the angles between
the main emission directions 30 and the depth extension
direction X can be determined independently of a projection
plane.

[0068] The lighting devices 12, which form the array 14,
are attached to the ceiling of the operating room such that
they are arranged 1n a position that 1s unchangeable relative
to one another, but are vaniable 1n orientation (alignment of
the corresponding light cone).

[0069] The 1llumination device 10 according to the inven-
tion thus allows good adaptation to any surgery situations,
wherein, because the illumination device 10 substantially
does not protrude from the ceiling of the operating room, the
immediate surroundings above the patient can be better
utilized by the surgeon or other surgical equipment.

1. An 1llumination device for illuminating a surgical
wound, which has a wound opening area on a surface of a
body of a patient and extends into the body of the patient in
a depth extension direction,
wherein the i1llumination device comprises a control
device with means for mputting information about a
position of the wound opening areca and the depth
extension direction 1n a spatial coordinate system,

wherein the 1llumination device has a plurality of lighting
devices which are each configured to emit light in a
main emission direction, and which each have at least
one 1lluminant,

wherein at least one of the lighting devices 1s configured

to emit light such that an area illuminated by said at
least one lighting device at least partially overlaps the
wound opening area,

wherein the main emission direction of each lighting

device, which has an 1lluminated area at least partially
overlapping with the wound opening area, and the
depth extension direction of the surgical wound each
enclose an angle with one another whose value does not
exceed a predetermined angle value,

wherein at least those lighting devices that have an

illuminated area at least partially overlapping the
wound opening area and whose corresponding main
emission direction does not exceed a predetermined
angular value with the depth extension direction of the
surgical wound form an array, wherein the lighting
devices 1n the array are arranged 1n a substantially
unchangeable position with respect to the spatial coor-
dinate system.

2. The illumination device according to claim 1,

wherein the control device 1s configured to control only
those lighting devices of the i1llumination device that
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have an 1lluminated area at least partially overlapping
the wound opening area, which lighting devices
enclose an angle between their corresponding main
emission direction and the depth extension direction of
the surgical wound with one another, a value of which
angle does not exceed the predetermined angle value.

3. The i1llumination device according to claim 1,

wherein the i1llumination device comprises air passages
which are configured to allow an air tlow of an air-
conditioning ceiling to which the 1llumination device 1s
attached or i which the illumination device 1s inte-
grated.

4. The 1llumination device according to claim 1,

wherein the lighting devices comprise illuminants emit-
ting light of different spectra and are configured to emit
light 1n an adjustable spectral range by mixing the light
emitted by the i1lluminants.

5. The 1llumination device according to claim 1,

wherein the lighting devices can be set i their luminous
flux.
6. The 1llumination device according to claim 1,

wherein the lighting devices comprise retlectors and/or
optical lenses and/or optical conversion media which
are configured to focus and/or scatter and/or detlect
light and/or to change light spectrally.

7. The 1llumination device according to claim 1,

wherein the i1llumination device comprises an adjusting
device which 1s configured to adjust the angle between
the main emission direction of at least one lighting
device and the depth extension direction of the surgical
wound.

8. The 1llumination device according to claim 7,

wherein the adjusting device comprises a camera which 1s
configured to detect regions which are located in the
main emission direction of at least one lighting device,
and a determination unit, which 1s configured, based on
the regions detected by the camera, to determine a
surgical wound,

wherein the adjusting device 1s configured to change the
angle between the main emission direction of at least
one lighting device and the depth extension direction of
the surgical wound.

9. The i1llumination device according to claim 7,

wherein the adjusting device comprises a camera which 1s
configured to detect gestures which a user of the
illumination device carries out, and a determination
umt, or 1s connected thereto, which 1s configured to
assign the gestures to predetermined operating com-
mands,

wherein the adjusting device i1s configured to adjust an
alignment of a corresponding main emission direction
of lighting devices associated with the adjusting device
based on the operating commands.

10. The i1llumination device according to claim 7,

wherein the adjusting device comprises or 1s connected to
a data interface which 1s configured to receive surgery
data relating to a surgery to be carried out on a patient,
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wherein the adjusting device 1s configured to adjust an
alignment of a corresponding main emission direction
of lighting devices associated with the adjusting device
based on the surgery data.
11. A method for illuminating a surgical wound, the
method comprising the steps of:
providing a illumination device, which has a plurality of
lighting devices which are each configured to emit light
1n a main emission direction, wherein at least some of
the lighting devices form an array 1n which the lighting
devices are arranged at a substantially unchangeable
position relative to a spatial coordinate system,
inputting information about a position of a surgical wound
in the spatial coordinate system which has a wound
opening area on the surface of the body of a patient,
determining a depth extension direction of the wound 1nto
the body of the patient,
determining at least one lighting device of the i1llumina-
tion device, which lighting device 1s configured to emait
light such that an area illuminated by said at least one
lighting device overlaps at least partially with the
wound opening area, and that 1ts main emission direc-
tion encloses an angle with the depth extension direc-
tion of the surgical wound, a value of which angle does
not exceed a predetermined angular value, and
activating the lighting devices determined 1n this way to
illuminate the surgical wound.
12. The method according to claim 11, wherein the
method further comprises:
setting the angle between the main emission direction of
at least one lighting device and the depth extension
direction of the surgical wound by pivoting a corre-
sponding lighting device.
13. The method according to claim 11, wherein the
method further comprises:
changing a luminous flux and/or an emission spectrum of
at least one of the lighting devices.
14. The method according to claim 11, wherein the
method further comprises:
detecting regions that are located in the main emission
direction of at least one lighting device by a camera,
determining information about the position of the surgical
wound 1n the spatial coordinate system based on the
regions detected by the camera,
setting the angle between the main emission direction of
at least one lighting device and the depth extension
direction of the surgical wound.
15. The method according to claim 11, wherein the
method further comprises:
providing a data interface via which data are passed on to
the illumination device,
inputting surgery data, on the basis of which a basic
prediction of the position of the surgical wound 1n the
spatial coordinate system 1s possible via the data inter-
face to adjust an alignment of a corresponding main
emission direction of at least one lighting device based
on the surgery data.
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