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The invention relates to an ultrasound head (2), to a medical
observation device (1) and to a method for observing live
biological tissue (4). In order to provide the surgeon with a
means of quickly gaining information on sub-surface struc-
ture in the surgical area during the operation, the method
comprises the steps of contacting the tissue (4) with an
ultrasound head (2) and recording ultrasound data (36) and
optical image data (34) through the ultrasound head (2). The
ultrasound head (2) comprises a sensor side (6) for contact-
ing the tissue (4) and an ultrasound receiver (10). The sensor
side (6) is at least sectionwise optically transparent so that
light may enter the ultrasound head (2).
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ULTRASOUND HEAD COMBINING
ULTRASOUND AND OPTICS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority of European patent
application number 18158858.3 filed Feb. 27, 2018, the
entire disclosure of which is incorporated by reference
herein.

FIELD OF THE INVENTION

[0002] The invention relates to an ultrasound head for the
observation of live biological tissue.

BACKGROUND OF THE INVENTION

[0003] During surgery, in particular during image-guided
surgery, it is necessary to continuously match a pre-opera-
tive atlas of the operation area to the actual view. There are,
however, situations in which the surgeon needs more
detailed information about the actual state and location of
sub-surface structures.

SUMMARY OF THE INVENTION

[0004] The present invention aims to provide a device and
a method allowing a quick update of both surface and
sub-surface information about the operation area for the
surgeon during surgery.

[0005] This aim is achieved, according to the invention, by
providing an ultrasound head for the observation of live
biological tissue, the ultrasound head comprising a sensor
side for contacting the tissue and an ultrasound receiver,
wherein the sensor side is at least sectionwise optically
transparent.

[0006] According to the inventive method for observing
live biological tissue according to the invention, the steps of
contacting the tissue with an ultrasound head and recording
ultrasound data and optical image data through the ultra-
sound head are comprised.

[0007] With the device and method according to the
invention, the surgeon may obtain sub-surface information
from the ultrasound receiver and, at the same time, infor-
mation about the optical appearance of the surface above the
sub-surface structure.

[0008] The invention can be further improved by adding
one or more of the following features, of which each has its
own technical effect and can be combined independently
with any of the remaining additional features.

[0009] For example, the ultrasound head may not only
contain an ultrasound receiver but also an ultrasound trans-
mitter, so that only a single head needs to be handled by the
surgeon.

[0010] The sensor side has preferably at least one optically
transparent section having transparency both with regard to
light in the visible spectrum and in the IR or NIR spectrum.
The at least one optically transparent section may also be
transparent to ultrasound, at least in the range in which
ultrasound waves are receives by the ultrasound receiver in
operation.

[0011] According to another embodiment, an optical
assembly may be provided, in particular be integrated into
the ultrasound head, e.g. by being contained in the same
housing of the ultrasound head as the ultrasound receiver
and, if present, the ultrasound transmitter. The optical
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assembly may comprise at least one of an optical wage guide
assembly and at least one camera. The optical waveguide
assembly may comprise or consist of one or more optical
fibers. At least one end of the optical waveguide assembly
may face the optically transparent section. Thus, light enter-
ing the optically transparent section of the sensor side may
enter the optical waveguide assembly and/or light emanating
from the end of the optical fiber may also pass through the
optically transparent section. Preferably, the end of the
optical waveguide assembly is in contact with the optically
transparent section. The optical waveguide may be arranged
between the at least one optically transparent section and the
camera.

[0012] In another embodiment, an ultrasound waveguide
assembly may be provided which is arranged between the
ultrasound receiver and the sensor side. Using an ultrasound
waveguide allows the respective field of view of the optical
and the ultrasound sensing systems to be optimized.
[0013] An optical axis of the optical waveguide assembly
and/or the camera at the location of the optically transparent
section is preferably parallel to the emission direction of the
ultrasound transmitter. This allows information on the same
area to be captured by both optical and ultrasound means.
More preferably, the optical axis and the emission direction
are coaxial, so that the region covered by the optical sensing
and the ultrasound sensing is identical. For example, the
optically transparent section may surround the section of the
sensor side which is used for receiving ultrasound. Addi-
tionally or alternatively, an ultrasound waveguide may be
provided which surrounds the optically transparent section
and guide received ultrasound waves to the ultrasound
receiver.

[0014] The camera may be a matrix camera or a line
camera. It is preferable that the camera be sensitive in at
least one of IR and NIR wavelengths, so that the fluorescent
light of fluorophores that have been injected into the tissue
can be recorded.

[0015] A matrix camera may be used or configured as a
multispectral or hyperspectral camera performing a spatial
line scan, if a dispersive optical element is arranged between
the camera and the optically transparent window. The dis-
persive optical element is preferably adapted to map differ-
ent parts of the light spectrum onto different parts of the
camera matrix.

[0016] The camera itself may be very small and be e.g. a
camera as it is used in smartphones. An optical waveguide
may be located between the optically transparent section and
the camera, or the camera may directly face the optically
transparent section.

[0017] The optical assembly may further comprise an
illumination device adapted to generate illumination light
emanating through said optically transparent section. The
illumination device is preferably adapted to create illumi-
nation light which contains or consists of light in the visible
light range and in the ultraviolet, IR and/or NIR range. The
illumination device illuminates the live tissue under the at
least one optically transparent section. The light from the
illumination device may exit the ultrasound head through an
optically transparent section which is separate from the
optically transparent section through which light enters the
optical assembly.

[0018] At least one of a beam-splitter device and filter
arrangement may be located between the optically transpar-
ent section and at least one of the camera and the illumina-
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tion device. The light received by the camera through the
optically transparent section and the light emitted from the
illumination device through the optically transparent section
may be guided through the same waveguide, or optical fiber,
respectively.

[0019] The ultrasound head may further comprise at least
one standardized connector for connecting at least one of a
fiber-optic connector and an image data connector. For
example, for connecting a fiber-optic connector, different
standards such as SC-DC, M12-FO, FSMA, LC, FC,
amongst others, or an optical endoscope connector may be
used. The fiber-optic connector may be used for data transfer
and/or to guide the light from the optically transparent
section to a remote camera, which may e.g. be integrated
into a medical observation device, such as a microscope.
[0020] The image data connector may e.g. be an HDMI,
USB, RGB, DVI and any other similar type of connector,
including a virtual connector based on wireless connectivity.
[0021] In one embodiment, the optically transparent sec-
tion may be flush with the sensor side. Being flush with the
sensor side has the advantage that no dirt can accumulate
between the optically transparent section and the remainder
of the sensor side. In a particular embodiment, the optically
transparent section may be a window set in the sensor side.
The optically transparent section is preferably made from
optical glass or crystal. Preferably, the sensor side is planar.
[0022] In another embodiment, the medical observation
device, which may be a microscope or an endoscope, may
comprise an ultrasound head as described above. The fol-
lowing further improvements of such a medical observation
device also relate to the above-mentioned method.

[0023] Ultrasound image data of the tissue may be pro-
vided to the medical observation device, which ultrasound
image data have been generated from ultrasound data from
the ultrasound head. The medical observation device may, in
one embodiment, comprise an image processor, which is
adapted to compute the ultrasound image data from the
ultrasound data from the ultrasound head. Alternatively, the
ultrasound image data may be acquired from an ultrasound
machine, which is connected to the medical observation
device.

[0024] In another embodiment, optical image data of the
tissue may be provided, e.g. by a camera recording the
optical image data through the optically transparent section.
Additionally or alternatively, optical image data may result
from recording images by a microscope lens of the medical
observation device, or by guiding light from the optically
transparent section to an internal camera of the medical
observation device, such as a camera which may also be
used for acquiring images through the microscope lens.
[0025] The image processor is preferably adapted to iden-
tify at least one morphological structure in the optical image
data, such as a vascular plexus structure. Further, the image
processor is preferably adapted to identify the identified
morphological structure also in the ultrasound image data.
The image processor is preferably further adapted to elas-
tically match the ultrasound image data to the optical image
data based on the at least one identified morphological
structure. An example of identification of such structures is
given, for example, in Rouchdy, Y.; Cohen, L: “4 geodesic
voting method for the segmentation of tubular tree and
centerlines”, DOI:10.1109/ISB1.2011.5872566, pp. 979-
983; Suri, I.; Laxminarayan, S.: “Adngiography and Plague
Imaging: Advanced Segmentation Techniques’, CRC Press,
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pp. 501-518; an example for elastic matching may be found
in Gee, J. C.; Reivich, M.: Bajesy, R.: “Elastically Deform-
ing a Three-Dimensional Atlas to Match Anatomical Brain
Images”, IRCS Technical Reports Series, 192.

[0026] A microscope and/or a microscopy method config-
ured for elastic matching of the ultrasound image data is an
aspect of this invention which may be claimed indepen-
dently of the ultrasound head and its design.

[0027] The ultrasound head may be connected to the
microscope using an umbilical cord comprising at least one
of a data and optical connector. The camera may be inte-
grated in a handle of the ultrasound head or in the umbilical
cord. Additionally or alternatively, an ultrasound machine
may be mechanically combined with the microscope and in
data transfer connection with the microscope so that ultra-
sound data may be displayed as ultrasound image data by at
least one display device of the microscope. The at least one
display device may comprise a three-dimensional display.
[0028] At least one of the ultrasound image data and the
optical image data may be three-dimensional image data.
Optical image data may e.g. be acquired by using z-stacking
or SPIM and SCAPE technologies. Acquiring three-dimen-
sional optical image data improves the accuracy of matching
between three-dimensional ultrasound image data and opti-
cal image data.

[0029] The image processor may be adapted to combine
the matched ultrasound image data and the optical image
data into three-dimensional output image data. The output
image data may be provided at an output interface of the
medical observation device. In an embodiment, in which the
medical observation device also comprises a display, such as
a three-dimensional display, the output image data may be
displayed on the at least one display, preferably in real time.
[0030] If a two-dimensional display is used, depth infor-
mation may be displayed by assigning different false colors
to different levels of depth in the output image data, i.e.
distance from the visible surface.

[0031] In the following, embodiments of the invention as
described exemplarily with reference to the accompanying
drawings. In the drawings, identical reference numerals are
used for elements which correspond to each other with
respect to at least of function and design. It is clear from the
above description of possible additional features, that the
combination of features shown in the individual embodi-
ments may be altered. For example, an additional feature
may be added to an embodiment if, for a particular appli-
cation, the technical effect of that additional feature is
beneficial, and vice versa: a feature shown in an embodiment
may be omitted if the technical effect of that feature is not
necessary in a particular embodiment.

BRIEF DESCRIPTION OF THE DRAWING
VIEWS

[0032] In the figures,

[0033] FIG. 1 shows a medical observation device accord-
ing to the invention; and

[0034] FIGS. 2 to 6 show embodiments of an ultrasound
head according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0035] First, the design and function of a medical obser-
vation device 1, such as a microscope, in particular a
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surgical microscope, or endoscope, and of an ultrasound
head 2 according to the invention are described with refer-
ence to FIG. 1.

[0036] Both the medical observation device 1 and the
ultrasound head 2 are used to observe live biological tissue
4, e.g. organ tissue, such as brain tissue, vascular plexus,
muscular or bone tissue. The ultrasound head 2 may in
particular be used to obtain interoperative image data of the
tissue 4.

[0037] The ultrasound head 2 is provided with a sensor
side 6 which has a preferably planar surface 8. For ultra-
sound imaging, the sensor side 6, in particular the surface 8,
is brought into contact with the tissue 4, as shown in FIG. 1.
[0038] The ultrasound head 2 comprises at least one
ultrasound receiver 10, which is adapted to receive ultra-
sound waves through the sensor side 6. The ultrasound head
2 preferably also includes an ultrasound transmitter, which
may be integrated into the ultrasound receiver 10 to form an
ultrasound transceiver. Alternatively, the ultrasound to trans-
mitter and the ultrasound receiver 10 may be two separate
units which are combined within a common housing 12 of
the ultrasound head 2.

[0039] The sensor side 6 is at least sectionally optically
transparent. The optically transparent section 14 may e.g.
comprise a window 16. The optically transparent section 14
allows light to pass at least from the outside of the sensor
side 6 into the ultrasound head 2 through the sensor side 6.
Preferably, the optically transparent section 14 is transparent
in both directions, i.e. also allows light to pass from the
interior of the ultrasound head 2 through the sensor side 6
towards the tissue 4.

[0040] The optically transparent section 14 is flush with
the sensor side 6, or the surface 8, respectively. Preferably,
there is no gap or step between the optically transparent
section 14 and the surrounding sensor side 6 or surface 8,
respectively. The optically transparent section 14 is prefer-
ably made from optical glass and/or crystal. The transpar-
ency of the optically transparent section 14 preferably
extends over the visible light range and may also cover
ultraviolet and/or IR and NIR wavelengths. Transparency
with regard to ultraviolet, IR and/or NIR wavelengths allows
light to pass from the inside of the ultrasound head 2 to the
outside that can be used to trigger fluorescence of fluoro-
phores, such as indocyanine green, or that corresponds to
fluorescence wavelengths. Transparency with regard to
ultraviolet, IR and/or NIR wavelengths of the optically
transparent section 14 towards the inside of the ultrasound
head 2 allows optical information about the tissue 4 to be
captured in the respective wavelengths, which may facilitate
identification of morphological structures 18 in the tissue 4
and also enable fluorescence to be captured in the ultraviolet,
IR and/or NIR wavelengths.

[0041] The ultrasound head 2 comprises an optical assem-
bly 20 of which one end 22 faces the optically transparent
section 14.

[0042] The optical assembly 20 may comprise an optical
waveguide assembly which is adapted to capture, at its end
22, light entering the ultrasound head 2 through the optically
transparent section 14 and guide it to a remote location, such
as a fiber-optic connector or a camera. The optical wave-
guide assembly may comprise at least one optical fiber. To
avoid losses, the optical waveguide assembly is preferably
in contact with the optically transparent section 14 and its
inside 24, respectively.
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[0043] The optical assembly 20 may comprise a camera
26, which is shown exemplarily in FIG. 1. The camera 26
may, for example, be a camera as it is used in smartphones.
The camera 26 may directly face the optically transparent
section 14.

[0044] The ultrasound head 2 may be connected directly to
the medical observation device 1 via an umbilical cord 28,
which provides data connections 30, 32 between the medical
observation device 1, on the one hand, and the optical
assembly 20 and the ultrasound receiver 10, on the other.
From the camera 26, optical image data 34 are transmitted
from the camera 26 towards the medical observation device
1 via data connection 30. From the ultrasound receiver 10,
ultrasound data 36 are transmitted to the medical observa-
tion device 1 via data connection 32. An ultrasound machine
38 may be integrated into the medical observation device 1
to generate ultrasound image data 40. At least one of the
optical image data 34 and the ultrasound image data 40 may
be three-dimensional. The optical image data 34 and the
ultrasound image data 40 may consist of or comprise a time
series 42 of individual frames 44. Fach frame 44 may
comprise a plurality of pixels 46. If the image data 34, 40 are
three-dimensional, each frame 44 may itself be a three-
dimensional data structure or atlas.

[0045] The camera 26 may be a multi- or hyperspectral
camera and may perform line scans of the tissue 4. Addi-
tionally or alternatively, the camera 26 may work regularly
and provide a matrix view of the tissue 4.

[0046] The medical observation device 1 preferably addi-
tionally comprises a lens 48, such as a microscope lens,
which is arranged in front of a camera (not shown).
[0047] This camera may also generate optical image data
34 that may be used in conjunction with or instead of the
optical image data 34 which have been recorded through the
optically transparent section 14. The camera behind the lens
48 may be connected instead of the camera 26 in the
ultrasound head 2 for image capture and image analysis
through the optically transparent section 14. Of course, the
medical observation device 1 may allow connections with a
plurality of cameras, so that the camera 26 and the camera
behind the lens 48 may be connected in parallel. For this, the
medical observation device 1 may comprise an input inter-
face 50 which is adapted to connect a plurality of cameras
to an image processor 52 of the medical observation device
1.

[0048] The image processor 52 may be adapted to identify
the at least one morphological structure 18 in the tissue 4 in
the optical image data 34 using e.g. one of the methods
described in the articles mentioned in the introductory part
of this specification.

[0049] The at least one morphological structure 18 iden-
tified in the optical image data 34 may then be used as a
landmark to register the ultrasound image data 40 so that the
geometric extent and location of morphological features in
the ultrasound image data 40 corresponds to those in the
optical image data 34. This is achieved in that the morpho-
logical structure 18, which has been identified in the optical
image data 34 is next identified in the ultrasound image data
40. Then, the ultrasound image data 40 is further adapted to
elastically match the optical image data 34 based on the at
least identified morphological structure 18.

[0050] The medical observation device 1 may further
comprise at least one display 54, e.g. displays 54 for the
surgeon and the surgical assistant which are visible through
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eyepieces 55 and/or a display 54 which is visible to other
assistants in the room. Preferably, one or more displays 54
are three-dimensional displays so that the three-dimensional
information can be displayed more clearly if three-dimen-
sional optical image data 34 or three-dimensional ultrasound
image data 40 are used.

[0051] The image processor 52 may be adapted to com-
bine the matched ultrasound image data 40 and the optical
image data 34 into a preferably three-dimensional output
image data 56 and to output the output image data 56 at an
output interface 58 which provides connectors for connect-
ing one or more displays 54.

[0052] The ultrasound head 2 may have different configu-
rations which are shown schematically in FIGS. 2 to 6 and
are described in the following. Only the differences with
regard to the preceding embodiments are described.

[0053] In FIG. 2, the ultrasound head 2 comprises an
illumination device 60, such as a light source comprising or
consisting of LEDs. The illumination device 60 generates
illumination light having an illumination spectrum 62 which
preferably covers at least one of the visible light spectrum,
the UV light spectrum, the IR spectrum and the NIR
spectrum. The illumination device 60 is integrated into the
ultrasound head 2 and e.g. contained within a housing which
also contains the camera 26. The optical assembly 20 may
comprise a mixer 64 which is adapted to couple the light
generated by the illumination device 60 into an optical
waveguide assembly 66, such as an optical fiber assembly
containing one or more optical fibers.

[0054] A separate optical waveguide or optical fiber
assembly may be provided for light entering the optically
transparent section 14 and being guided to the camera 26, on
the one hand, and for light exiting the illumination device 60
and directed outwards through the optically transparent
section 14, on the other. Alternatively, a single waveguide
assembly 66 may be used for both light entering the camera
26 and exiting the illumination device 60. In contrast to the
ultrasound head 2 of FIG. 1, the camera 26 is not arranged
directly behind the optically transparent section 14. Instead,
the optical waveguide assembly 66 is arranged between the
camera 26 and the optically transparent section 14.

[0055] The ultrasound head 2 may comprise a handle 68 in
which at least one of the camera 26 and the illumination
device 60 may be arranged. Additionally, the ultrasound
receiver 10 and/or the ultrasound transmitter may also be
arranged in the handle 68. In this case, an ultrasound
waveguide (not shown) may be installed between the ultra-
sound receiver 10 and/or the ultrasound transmitter and the
sensor side 6.

[0056] The optical axis 70 of the optical assembly 20
outside the ultrasound head 2 is preferably parallel to the
sensor direction 72 of the ultrasound transmitter. The sensor
direction 72 of the ultrasound receiver 10 may be deter-
mined by e.g. averaging the directional sensitivities in
various directions, or by determining the direction in which
the ultrasound sensor is most sensitive,

[0057] The ultrasound head 2 may be provided with a
preferably standardized connector assembly 74 for estab-
lishing the data connection 30 so that the optical image data
34 may be transmitted to the medical observation device 1.
The connector assembly 74 may comprise or consist of e.g.
an HDMI, USB or any other type of connector. The ultra-
sound head 2 may further be provided with a connector
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assembly 76 which is also preferably standardized and used
for transmission of ultrasound data 36.

[0058] In FIG. 3, an ultrasound head 2 is shown which
differs from the ultrasound head 2 in FIG. 2 only in that no
handle 68 is provided and in that the optical assembly 20 is
thus contained in a much smaller space. The ultrasound head
2 is thus particularly suited to being inserted into surgical
cavities which are only very small.

[0059] In the embodiment of FIG. 4, the optical assembly
20 does not comprise a camera 26 and/or an illumination
device 60. Instead, an optical waveguide assembly 66
extends from the optically transparent section 14 to a
preferably standardized optical connector assembly 78.
Thus, any light passing through the optically transparent
section 14 in or out of the ultrasound 2 is directly guided to
the connector assembly 78. From there, a further optical
waveguide may connect the ultrasound head 2 to at least one
of a camera 26 and an illumination device 60. For example,
an optical connection 80 may be used to connect the
ultrasound head 2 to the medical observation device 1 and
e.g. use the camera 26 which is installed in the medical
observation device 1 for acquiring the optical image data 34
through the optically transparent section 14. At the same
time, the illumination device 60, which is integrated into the
medical observation device 1, may be used to send illumi-
nation light through the optically transparent section 14 onto
the tissue 4 (FIG. 1). Thus, both the illumination device 60
and the camera 26, which are normally used to observe the
tissue 4 through the lens 48, may be used. The ultrasound
head 2 can therefore be simplified.

[0060] For some applications, it may be advantageous for
the optical axis 70 and the sensor direction 72 to coincide,
i.e. run coaxially. In FIGS. 5 and 6, two embodiments of the
ultrasound head 2 are shown in which this is realized.

[0061] According to the embodiment of FIG. 5, an ultra-
sound waveguide 82 surrounds the optically transparent
section 14. The ultrasound waveguide 82 is arranged
between the ultrasound receiver 10 and the sensor side 6,
and is adapted to guide ultrasound at least from the sensor
side 6 to the ultrasound receiver 10. The ultrasound wave-
guide 82 may have a ring shape. At its side facing the
ultrasound receiver 10, the ultrasound waveguide 82 may be
shaped to uniformly project the incoming ultrasound waves
from around the optically transparent section 14 onto the
ultrasound receiver 10. The optical assembly 20 may be in
any configuration as described in the previous embodiments.

[0062] The general concept shown in FIG. 5 may also be
used if the optically transparent section 14 surrounds the
ultrasound receiver 10 or an ultrasound waveguide 82 con-
necting the sensor side 6 to the ultrasound receiver 10. This
is shown exemplarily in FIG. 6.

[0063] The optical assembly 20 may comprise reflective
elements 84 to guide the light from the annular optically
transparent section 14 to the camera 26 or an optical
waveguide assembly 66. Alternatively, the optical wave-
guide assembly 66 itself may, at its end facing the sensor
side 6, transition to a ring shape.

[0064] Although, in the above embodiments, the sensor
side 6 is shown with only a section 14 being optically
transparent, it is also possible that the entire sensor side 6 is
optically transparent, e.g. made from a glass plate if section
14 is, at the same time, transparent to ultrasound waves.
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REFERENCE NUMERALS
[0065] 1 medical observation device
[0066] 2 ultrasound head
[0067] 4 live biological tissue
[0068] 6 sensor side
[0069] 8 surface of sensor side
[0070] 10 ultrasound receiver
[0071] 12 housing
[0072] 14 optically transparent section
[0073] 16 transparent window
[0074] 18 morphological structure
[0075] 20 optical assembly
[0076] 22 end of optical assembly
[0077] 24 inside of optically transparent section
[0078] 26 camera
[0079] 28 umbilical cord
[0080] 30 data connection
[0081] 32 data connection
[0082] 34 optical image data
[0083] 36 ultrasound data
[0084] 38 ultrasound machine
[0085] 40 ultrasound image data
[0086] 42 time series of frames
[0087] 44 frame
[0088] 46 pixel
[0089] 48 lens
[0090] 50 input interface
[0091] 52 image processor
[0092] 54 display
[0093] 55 eyepiece
[0094] 56 output image data
[0095] 58 output interface
[0096] 60 illumination device
[0097] 62 illumination spectrum
[0098] 64 optical mixer
[0099] 66 optical waveguide assembly
[0100] 68 handle
[0101] 70 optical axis
[0102] 72 sensor direction
[0103] 74 connector assembly for image transmission
[0104] 76 connector assembly for ultrasound data trans-
mission
[0105] 78 optical connector assembly
[0106] 80 optical connection
[0107] 82 vltrasound waveguide
[0108] 84 reflective element

What is claimed is:

1. An ultrasound head (2) for the observation of live
biological tissue (4), comprising:

a sensor side (6) for contacting the tissue (4); and

an ultrasound receiver (10) adapted to receive ultrasound

waves through the sensor side (6);
wherein the sensor side (6) includes an optically trans-
parent section (14).

2. The ultrasound head (2) according to claim 1, further
comprising an optical assembly (20), wherein an end (22) of
the optical assembly (20) is located adjacent to the optically
transparent section (14) of the sensor side (6).

3. The ultrasound head (2) according to claim 2, wherein
the optical assembly (20) comprises an optical waveguide
assembly (66), wherein one end (22) of the optical wave-
guide assembly (66) faces the optically transparent section
(14).
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4. The ultrasound head (2) according to claim 2, wherein
the optical assembly (20) comprises a camera (26).
5. The ultrasound head (2) according to claim 3, wherein
the optical assembly (20) comprises a camera (26), and
wherein the optical waveguide assembly (66) is located
between the optically transparent section (14) and the cam-
era (26).
6. The ultrasound head (2) according to claim 2, wherein
the optical assembly (20) comprises an illumination device
(60) adapted to create illumination light, the illumination
light being directed through the optically transparent section
(14) of the sensor side (6).
7. The ultrasound head (2) according to claim 6, wherein
the optical assembly (20) comprises an optical waveguide
assembly (66), wherein one end (22) of the optical wave-
guide assembly (66) faces the optically transparent section
(14), and wherein the optical waveguide assembly (66) is
located between the optically transparent section (14) and
the illumination device (60).
8. The ultrasound head (2) according to claim 6, wherein
the illumination light includes at least one of NIR and IR
wavelengths.
9. The ultrasound head (2) according to claim 2, further
comprising an optical connector assembly (78) accessible
from outside the ultrasound head (2), wherein the optical
assembly (20) comprises an optical waveguide assembly
(66) which extends from the optically transparent section
(14) to the optical connector assembly (78).
10. The ultrasound head (2) according to claim 1, wherein
the optically transparent section (14) is flush with a surface
(8) of the sensor side (6).
11. A medical observation device (1) comprising:
an ultrasound head (2) according to claim 4; and
an image processor (52);
wherein ultrasound image data (40) of the tissue (4) are
provided from ultrasound data (36) acquired by the
ultrasound head (2);

wherein optical image data (34) of the tissue (4) are
provided from the camera (26);

wherein the image processor (52) receives the ultrasound
image data (40) and the optical image data (34) and is
adapted to identify at least one morphological structure
(18) in the optical image data (34), identify the at least
one identified morphological structure (18) in the ultra-
sound image data (40), and elastically match the ultra-
sound image data (40) to the optical image data (34)
based on the at least one identified morphological
structure (18).

12. The medical observation device (1) according to claim
11, wherein the image processor (52) is connected to the
camera (26), and an optical axis (70) of the camera (26) is
directed through the optically transparent section (14) of the
ultrasound head (2).

13. The medical observation device (1) according to claim
11, wherein the image processor (52) is adapted to combine
the matched ultrasound image data (40) and the optical
image data (34) into three-dimensional output image data
(56) and to output the three-dimensional output image data
(56) to an output interface (58) for driving a three-dimen-
sional display (54).

14. The medical observation device (1) according to claim
11, wherein the medical observation device (1) is a micro-
scope.
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15. The medical observation device (1) according to claim
11, wherein the medical observation device (1) is an endo-
scope.

16. The medical observation device (1) according to claim
14, wherein the microscope includes an input interface (50)
adapted to be connected to at least one of the ultrasound
receiver (10) and fiber optics.

17. A method for observing live biological tissue (4),
comprising the steps of?

contacting the tissue (4) with an ultrasound head (2); and

acquiring both ultrasound data (36) and optical image data

(34) through the ultrasound head (2).
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