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Fig. 1

(57) Abstract: Targeting system and device for positioning of a medical sub device with respect to a medical device, wherein a

reference body 1s reproducibly positioned with respect to a targeting device coupling section and reproducibly positioned with re-

spect to a targeting unit, wherein the targeting unit has a targeting direction and 1s adjustable with respect to the targeting device
so that the targeting direction points toward a medical sub device receptacle of a medical device to be coupled to the targeting de-

vice coupling section, wherein the 1imaging system 1s positionable with respect to the targeting device such that the 1imaging sys-
tem 15 capable of imaging a single two-dimensional view of the reference body and a medical sub device receptacle, wherein the

evaluation unit 1s adapted to generate position data of the single two-dimensional view and to determine from the position data a
lateral distance between the targeting direction and a receiving direction of a medical sub device receptacle of a medical device to

be coupled.
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SURGICAL TARGETING SYSTEM AND METHOD

FIELD OF THE INVENTION

The present invention relates to a device and a method for a computer-assisted
surgery, and in particular to a device and a method for computer-assisted surgery for
placing a medical sub device with respect to a medical device by evaluating a single

two-dimensional view of the situation.

BACKGROUND OF THE INVENTION

During surgery for inserting implants, it may be necessary to monitor the
position of the inserted implant as well as to monitor a sub implant to be inserted and
to be positioned with respect to the implant. A current method of inserting implant 1s
typically accomplished by positioning the implant on the corresponding anatomical
location and inserting a respective sub implant with the assistance of fluoroscopy.
This, however, is an iterative process, which requires a repeated positioning of the
sub implant with respect to the implant and taking a plurality of fluoroscopic images
of the situation to monitor whether and in which direction the sub implant has to be
repositioned with respect to the implant. For overcoming this iterative process

problem, there are several proposals for providing a three-dimensional image of the
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situation in order to have a three-dimensional information allowing to conduct a
positioning without repeated monitoring shots of a fluoroscopic imaging system. For
this purpose, US 2010/0030219 Al and US 2005/0027304 Al describe an imaging,
wherein the three-dimensional information is obtained by taking two different two-
dimensional images from different viewing positions, 1.e. angles, so as to gencrate a
three-dimensional information. However, this requires taking two two-dimensional
images, which, when using a standard C-arm fluoroscopic imaging system, requires a
repositioning of the imaging system to obtain an image from a differing viewing
position. This, however, may lead to a displacement of the imaged situation during

repositioning, so that the resulting three-dimensional information may be erroncous.

SUMMARY OF THE INVENTION

Therefore, it is considered as an object of the present invention to provide a
system and a method which overcomes the problem of displacements between two
two-dimensional imaging shots, and/or to avoid the second two-dimensional imaging

shot.

The object of the present invention is solved by a device and a method
according to the subject-matter of the independent claims, wherein further

embodiments are incorporated in the dependent claims.

It should be noted that the following described embodiments of the invention
apply also for the device and the method as well as a computer program element and

a computer readable medium.

According to an exemplary embodiment of the invention, there 1s provided a
targeting system comprising a targeting device for positioning of a medical sub

device with respect to a medical device, an imaging system and an evaluation unit,
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wherein the targeting device comprises a targeting device coupling section for
uniquely coupling a medical device having a medical device coupling section and a
medical sub device receptacle, a reference body, and a targeting unit, wherem the
reference body is reproducibly positioned with respect to the targeting device
coupling section and reproducibly positioned with respect to the targeting unit,
wherein the targeting unit has a targeting direction and 1s adjustable with respect to
the targeting device so that the targeting direction points toward a medical sub device
receptacle of a medical device to be coupled to the targeting device coupling section,
wherein the imaging system is positionable with respect to the targeting device such
that the imaging system is capable of imaging a single two-dimensional view of the
reference body and a medical sub device receptacle of a medical device to be
coupled, wherein the evaluation unit is adapted to generate position data of the single
two-dimensional view and to determine from the position data a lateral distance
between the targeting direction and a receiving direction of a medical sub device

receptacle of a medical device to be coupled.

Thus, a targeting system can be provided, which, by means of a reference
body, is capable of providing unique information with respect to the spatial position
thereof when taking a single two-dimensional image of the reference body, the
medical sub device and the medical device. In particular, when the medical device
has a certain displacement with respect to the reference body, for example in case the
medical device or implant has a certain deformation, so that the targeting direction of
the targeting system and the receiving direction of a receptacle for a medical sub
device do not correspond to each other any longer. This may happen, for example,
when using a targeting device in combination with, for example, an intramedullary
nail, wherein the nail may be or is coupled to the targeting device. When mserting
the intramedullary nail for example in the open marrow channel of the femur bone of
the patient, the intramedullary nail, for example, may be bended owing to the
marrow channel shape. Consequently the reference device does not fully represent

the receptacle position of the nail for receiving, for example, a locking screw. The
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main deviation may be a deviation by bending, so that the receptacle 1s expected to
be displaced either in a targeting direction, or displaced in a direction orthogonal to
both, the targeting direction and the longitudinal extension of the nail, or displaced n
a combination of the latter. When taking a single two-dimensional view of the
reference body as well as the receptacle portion of the nail, which may be, for
example, an opening for receiving a locking screw, owing to the unique view of the
reference body and the known geometry of the nail, the displacement of the nail can
be determined. This allows for a provision of a compensating means, which may be
used for compensating the deviation, in particular, the deviation in a direction
orthogonal to both of the targeting direction and the longitudinal extension of the

nail.

The targeting direction is considered as a pointer starting substantially in the center
of the targeting unit and having direction to a target, the targeting unit targets. The
receiving direction is considered as a pointer starting substantially in the center of the
receptacle and having direction from which direction for example a locking element
approaches for being received into the receptacle. The targeting unit may be fixedly
connected to the reference body, wherein the adjustability of the targeting unit 18
predefined with respect to the targeting device. As an alternative, the targeting unit
may be adjustable with respect to the reference body, wherein the reference body 18
fixedly connected to the targeting device, wherein adjustability of the targeting unit
is predefined with respect to the targeting device and reference body, respectively.
The receptacle may serve as a locking receptacle or as receptacle for e.g. screws,

bolts, nails and other elements.

A reference body may be, for example, a unique shape of a targeting section of
the targeting system or targeting device, which, when imaged mn any arbitrary
direction, gives information on its spatial position, in particular with respect to the
location and orientation thereof. However, the reference body may also be provided

with particular fiducial markers in order to provide the unique image in a single two-
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dimensional view of the reference body. The same determination of the spatial
position can be taken from the medical device, the geometry thereof is well-known.
Thus, given that there are only two possible deviation directions, the geometry and
possible position of the medical device may be determined with respect to the
reference body. Thus, a lateral distance between the targeting direction and a
receiving direction of the medical sub device receptacle of the medical device can be
determined by evaluating the single two-dimensional view of the reference body and
the medical sub device receptacle of a medical device. The targeting unit 18
adjustable, so that said lateral distance can be compensated by adjusting in order to
bring the receiving direction and the targeting direction in correspondence to each
other. Correspondence means that the targeting direction and the receiving direction

arc congruent to each other.

According to an exemplary embodiment of the invention, the reference body 1s

removably coupled to the targeting unit.

Thus, a targeting device without reference body can be combined with a plug
in reference body so as to form a targeting device according to the invention. In
particular, the external targeting device may have a shaft and a coupling element,
which may be brought into an engagement with the targeting unit of the targeting
device. The external reference body may also have a separate targeting unit, which
may for example be concentrically provided to the coupling shaft of the external

reference body.

According to an exemplary embodiment of the invention the targeting unit 18

adjustable in a direction traverse to the targeting direction.

Thus, the targeting unit can be adjusted in order to meet the receiving direction
of the medical sub device in order to bring the medical sub device and the medical

device into engagement.
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According to an exemplary embodiment of the invention the targeting unit 1s
adjustable in a direction orthogonal to an extension of a medical device to be coupled

to the targeting device coupling section.

Thus, in particular a one-dimensional bending in a direction orthogonal to an
extension of a medical device to be coupled to the targeting device coupling section
can be compensated in order to achieve corresponding targeting directions and
receiving directions in order to allow bringing the medical sub device into

engagement with the medical device.

According to an exemplary embodiment of the invention the reference body
comprises a plurality of fiducial markers, wherein the plurality of fiducial markers 1s
distributed so as to uniquely identify the position of the reference body when being

imaged in any two-dimensional projection.

Thus, by providing a particular distribution of the fiducial markers being
visible in the imaging, even if using a material for the targeting system which does
not show a proper contrast in an imaging, the spatial position of the reference body
may uniquely be determined. The fiducial markers may be distributed such that the
reference body has a two-dimensional projection being unique with respect to the
orientation of the reference body with respect to the projecting direction. The
reference body may also be provided without ficucial markers, but with a geometry
such that the reference body has a two-dimensional 1image being unique with respect
to the orientation of the reference body with respect to the imaging direction. The

latter can be established by using 1mage recognition.

According to an exemplary embodiment of the invention there 1s provided the
above described targeting system further comprising a medical device, wherem the

medical device comprises a medical device coupling section which medical device
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sub device receptacle, wherein the medical sub device receptacle has a recerving

direction being parallel to the targeting direction.

Thus, not only a targeting system with a targeting device, but also 1n
combination with a medical device can be provided, wherein the coupling of the
medical device to the targeting system may ensure that the possible degrees of
freedom can be limited to only a bending of the medical device with respect to the
targeting device. Thus, any further displacement or movement of the medical device

with respect to the targeting device may be excluded.

According to an exemplary embodiment of the invention the medical device 1s
an intramedullary nail, wherein the medical sub device receptacle is an opening for

receiving a locking screw as a medical sub device.

Thus, the targeting system with the adjustable targeting unit is capable of
compensating a bending of an intramedullary nail, in particular when being mnserted
into the marrow channel of the bone. In particular, when the bone channel 1s
deformed in such a way, that the intramedullary nail does not exactly follow the form
of the channel, the intramedullary nail may be bended, so that the targeting direction
and the receiving direction do not correspond anylonger. This, however, may be
compensated by adjusting the targeting unit so that the targeting direction and the

recelving direction may be brought into correspondence.

According to an exemplary embodiment of the invention the evaluation unit 18
adapted to indicate the measure of the required adjustment to compensate the lateral

distance of the targeting direction and the receiving direction.
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Thus, the surgeon may directly receive an instruction on the amount of the
required adjustment in order to compensate the lateral distance between the targeting

direction and the receiving direction.

According to an exemplary embodiment of the invention the targeting device
comprises a drive being capable of an automatic readjustment to bring the targeting
direction and the receiving direction into congruence based on the determined lateral

distance between the targeting direction and the receiving direction.

Thus, the surgeon only has to monitor the automatic readjustment of the
targeting direction with respect to the receiving direction, so that the surgeon can
concentrate on the application of the sub implant with respect to the implant without

having to take care on the correctly adjusted position of the targeting unit.

According to an exemplary embodiment of the mvention the 1imaging system
comprises a radiating source and a sensor, wherein the sensor being sensitive with
respect to the radiating source, wherein the radiating source is substantially punctual,
wherein the evaluation unit is adapted to determine the lateral distance of the
targeting direction and the receiving direction by evaluating a size of the projected
medical sub device receptacle with respect to a size of the reference body so as to

distinguish two translational degrees of freedom.

Thus, the system may distinguish a bending component 1 a direction being
orthogonal to both, the targeting direction and the longitudinal extension of the

intramedullary nail, from a bending component in direction of the targeting direction.

According to an exemplary embodiment of the invention, there 1s provided a
method for targeting a medical sub device to a medical device, wherein the method
comprises providing a targeting device, the targeting device comprising a targeting

device coupling section for uniquely coupling a medical device having a medical
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device coupling section and a medical sub device receptacle, a reference body, and a
targeting unit, wherein the reference body is reproducibly positioned with respect to
the targeting device coupling section and reproducibly positioned with respect to the
targeting unit, wherein the targeting unit has a targeting direction and 1s adjustable
with respect to the targeting device so that the targeting direction points toward a
medical sub device receptacle of a medical device to be coupled to the targeting
device coupling section; positioning the targeting device, being uniquely coupled to a
medical device with respect to an imaging system such that the imaging system 18
capable of imaging a two-dimensional projection of the reference body and the
medical sub device receptacle having a receiving direction; imaging a single two-
dimensional view of the reference body and the medical sub device receptacle;
evaluating the single two-dimensional view; and determining from the single two-
dimensional view a lateral distance of the targeting direction and the receiving

direction.

Thus, a method can be provided which corresponds to the above described

targeting system.

According to an exemplary embodiment of the invention evaluating comprises

detecting the reference body and the medical device by image processing.

Thus, in particular by using an image and/or object recognition, the spatial
position of the reference body as well as the spatial position of the medical device
may be determined, so that the lateral distance between the targeting direction and
the receiving direction may be determined from the evaluated three-dimensional

situation of the image processing and object recognition.

According to an exemplary embodiment of the invention, there 1s provided a

method, further comprising indicating a measure of a required adjustment for
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compensating the lateral distance of the targeting direction and the receiving

direction.

Thus, the surgeon does not have to take care on the required adjustment, but

can use the indicated measure as a base for readjustment.

According to an exemplary embodiment of the invention, there 1s provided a
method, further comprising controlling a drive so as to automatically readjust the
targeting unit to bring the targeting direction and the receiving direction into
congruence based on the determined lateral distance of the targeting direction and the

receiving direction.

Thus, the surgeon can concentrate directly onto the application of the medical
sub device with respect to the medical device without the need for manual

adjustment or readjustment.

According to an exemplary embodiment of the invention evaluating comprises
evaluating a size of the imaged receptacle with respect to a size of the reference
body, and determining comprises determining the lateral distance of the targeting
direction and the receiving direction so as to distinguish two translational degrees of

freedom.

Thus, two different translational degrees of freedom, namely bending mn a
direction to the targeting direction and bending in a direction being orthogonal to
both, the targeting direction and the longitudinal extension of the medical device can

be distinguished so as to allow a correct adjustment of the targeting unit.

It should be noted that the above features may also be combined. The
combination of the above features may also lead to synergetic effects, even if not

explicitly described in detail. These and other aspects of the present invention will
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become apparent from and be clucidated with reference to the embodiments

described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be described m the following

with reference to the following drawings:

Figure 1 illustrates a general overview over a targeting device, a medical
device, and a medical sub device to be connected to the medical device according to

an exemplary embodiment of the invention.

Figure 2 illustrates a particular section of a targeting device with a reterence

body according to an exemplary embodiment of the mvention.

Figure 3 illustrates a particular section of a targeting device with a reterence

body according to another exemplary embodiment of the mvention.

Figure 4 illustrates a particular section of a targeting device with a reterence
body and a double targeting unit according to another exemplary embodiment of the

mnvention.

Figure 5 illustrates a particular section of a targeting device with a plug in

reference body according to another exemplary embodiment of the invention.

Figure 6 illustrates a schematic overview over a projection scheme with

respect to different positions of a medical device.
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Figure 7 illustrates a single two-dimensional view of a medical device 1n form
of an intramedullary nail and fiducial markers of a reference body according to an

exemplary embodiment of the mvention.

Figure 8 illustrates a schematic overview over method according to an

exemplary embodiment of the invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Figure 1 illustrates an overview over a targeting device 100 having a medical
device 200 coupled thereto. The medical device 200 comprises a medical device
coupling section 210 which is coupled to a targeting device coupling section 110 of
the targeting device 100. The targeting device further comprises a targeting unit 130,
wherein the targeting unit is adjustably mounted to the targeting device 100. The
targeting unit 130 has a reproducible position with respect to a reference body 120
being connected to the targeting device. The targeting unit 130 can be used for
guiding a tool 400, wherein the tool 400 may be used to connect a medical sub
device 240 to the medical device 200. The guiding direction as the targeting direction
131 corresponds to the mounting direction of the medical sub device 240. The
targeting device is designed such that the guiding or targeting direction 131 directly
points toward for example a receptacle 230 of the medical device. Thus, the targeting
direction 131 and the receiving direction 231 are congruent to each other. However,
in case the medical device 200 is introduced into the human body, for example mto
the marrow channel of a bone, the marrow channel may have some deformations, so
that the medical device 200 in form of, for example, an intramedullary nail may be
deformed. A deformation may be for example in form of a bending mto the Y-
direction or the X-direction. In this case, the medical device 200 is deformed by

bending, so that the receptacle 230 is displaced with respect to the targeting device or



CA 02804812 2013-01-09

WO 2012/007054 PCT/EP2010/060314

10

15

20

25

30

_13 -

the targeting unit. Consequently the targeting direction 131 does not correspond to
the receiving direction 231 any longer. In the particular case shown 1n Figure 1, a
bending into the X-direction does not mandatorily lead to a lateral distance d
between the targeting direction 131 and the receiving direction 231. Even if there 1s a
certain minimum inclination of the receiving direction 231, this minor inclination
mostly will remain irrelevant so that the medical sub device 240 can also be recerved
in the receptacle 230 in case the medical device 200 is bended only into the X-
direction. However, if the medical device 200 is bended into the Y-direction, there 1s
a certain amount of lateral distance d between the targeting direction 131 and the
receiving direction 231, as the receiving direction 231 is displaced mto the Y-
direction so that the tool 400 when being positioned in the targeting unit 130, 1S not
capable of putting the medical sub device 240 into the receptacle 230 any longer. It
should be noted that the targeting direction is considered as a poiter starting
substantially in the centre of the targeting unit and having a direction to the target, to
which the targeting unit targets. In the same way, the receiving direction 1s
considered as a pointer starting substantially in the centre of the receptacle and
having a direction from which direction a medical sub device approaches for being

received into the receptacle.

The lateral distance d between the targeting direction 131 and the receiving
direction 231 into the Y-direction may be compensated by adjusting the targeting
unit 130 by an adjustment means 132, so that, by adjusting the targeting direction
131 also into the Y-direction, the targeting direction 131 and the receiving direction
231 can be brought into congruence, so that the tool 400, when being applied to the
targeting unit 130, will be capable of joining the medical sub device 240 and the
receptacle 230.

In the exemplary embodiment shown in Figure 1, a displacement 1s only
expected into the X-direction or the Y-direction or a combination thereof, wherein a

torsion displacement, an elongation, or a displacement into the longitudinal extension
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of the medical device 200 can be neglected. Moreover, owing to the elasticity of the
medical device 200, the main deformations are expected into the Y-direction and the
X-direction. As the position of the targeting device and the targeting unit on the one
hand and the general dimensions of the medical device 200 on the other hand are
well-known. As only a bending of the medical device 200 into the Y-direction and
into the X-direction is to be expected, a single two-dimensional shot by an imaging
system 350 can be used to determine the lateral distance d between the targeting
direction 131 and the receiving direction 231, in particular into the Y-direction. The
imaging system 350 may comprise, for example, a radiation source 351 being
capable of emitting radiation which is partially transmitted by the human tissue and
absorbed by at least certain portions of the reference body 120 and the medical
device 200. An image recorded by the sensor device 352 may give information on
the relative position of the targeting device and the targeting unit with respect to the
receptacle 230 of the medical device 200. Further, an evaluation unit 360 may be
provided, which is capable of evaluating the sensed irradiation, so as to determine the
image data, which image data can be used for determining the lateral distance

between the targeting direction 131 and the receiving direction 231.

The reference body 120 has a unique and characteristic projection when being
put into the radiation beam between the radiation source 351 and the radiation sensor
352. This unique projection can be achieved, for example, when designing the
reference body in a particular outer shape which is visible when being imaged m the
imaging system, or by providing a particular distribution of fiducial markers 121. In
this case, the reference body as such may be designed as a body being transparent for
the radiation of the imaging system, wherein only the fiducial markers 121 are

radiation absorbing.

Figure 2 illustrates a particular section of the targeting device 100 with the
reference body 120. The reference body 120 in Figure 2 has a plurality of fiducial

markers, so that the projection of the reference body including the fiducial markers
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121 give a unique projection in any arbitrary projection direction. Figure 2 illustrates
that the targeting unit 130 is adjustable with respect to the reference body 120 and
the fiducial markers into the Y-direction, so that a displacement or a lateral distance
d between the targeting direction 131 and the receiving direction 231 can be brought
into congruence. If taking a single two-dimensional image of the geometry of Figure
2, together with the receptacle 230 of the medical device 200 (not shown) the
surgeon can determine the lateral distance d between the targeting direction and the
receiving direction, and afterwards can readjust the targeting unit 130 into the Y-
direction unless the targeting direction 131 and the receiving direction 231 are

brought into congruence.

Figure 3 illustrates a further exemplary embodiment of the invention, wherein
the targeting device 100 comprises a reference body 120, wherein the reference body
120 also comprises fiducial markers 121 for providing a unique projection m any
arbitrary projection direction. The embodiment shown in Figure 3 1llustrates a
reference body 120 which is movable or adjustable with respect to the targeting
device 100 in order to adjust the targeting unit 130, which is fixedly mounted to the
reference device. The adjusting of the targeting unit with respect to the targeting
device 100, with the reference body fixed to the targeting unit (Fig. 3) and with the
reference body fixed to the targeting device (Fig. 2), may be reproduceable, so that
no further imaging is necessary when having analysed the single two-dimensional
shot. Thus, if imaging the particular geometry of Figure 3 together with the
receptacle 230 of the medical device 200 (not shown), the surgeon may determine
the lateral distance into the Y-direction in order to readjust the reference body 120
together with the targeting unit 130 in order to bring the targeting direction into
congruence with the receiving direction. Figure 3 further illustrates an additional
drive device 140, which, when being coupled to the evaluating unit, may
automatically adjust the targeting unit 130 with respect to the targeting device 100,
based on the determined lateral distance d. As a matter of fact, the drive 140 may

also be applied to the embodiment shown 1 Figure 2.
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Figure 4 illustrates a particular section of a targeting device with a reterence
body and a double targeting unit 130. Each of the targeting units may be adjusted
separately with respect to the reference body 120. However, the both targeting units
130 may also be coupled and then together synchronously adjusted with respect to
the reference body 120. The targeting units may also be provided with separate
reference bodies (not shown). In the latter case, each of the reference bodies may be
fixedly connected with the respective targeting unit and separately movable with
respect to the targeting device 100. This situation is similar to that shown in Figure 3,
but with two movable reference bodies. It should be noted that also more than two
targeting units 130 may be provided, taking into account the required number of
targeting units for respective medical sub-devices. Further, the double targeting unit
130 may also be provided in a single reference body 120, which single reterence

body is moveable with respect to the targeting device as shown in Figure 3.

Figure 5 illustrates a particular section of a targeting device with a plug in
reference body. The targeting unit 130 may be provided with a coupling element 135
so as to couple an external targeting unit 130’ and the plug in reference body 120°.
Thus, it is not necessary to provide a reference body at the targeting device 100, but
to use a common targeting device, and to plug in an external targeting unit 130°
being fixedly connected to a reference body 130°.The external targeting unit has a
shaft 134 matching the targeting unit 130, including the coupling element 135 at the
targeting unit 130 and the coupling element 135 at the shaft 134°. The coupling
clements 135 and 135 may be designed such that the targeting unit 130 may also be
used without having set in the plug in reference body. For example, the targeting unit
130 on the targeting device may be provided with grooves as coupling element 135,
allowing to put through and rotate a tool, wherein the coupling element 135 on the
plug in reference device 120’ may be provided as protruding tongues. The coupling
clements 135 and 135’ may also have a distribution or design to have a unique

matching, e.g. different widths of the grooves and tongues or not equally distributed
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grooves and tongues. The reference body 120 may have a plurality of fiducial
markers 121°, but instead of or in addition may also have a unique shape allowing a
unique identification in a projection of an image. In case of a plurality of targeting
units 130 also a plurality of external targeting units 130’ each having a reference

body 120’ may be provided.

Figure 6 illustrates a schematic overview over a sectional view of the targeting
unit 130 and the medical device 200 including the receptacle 230. It should be noted
that the remaining targeting device and particular adjustment elements are lett out, as
only the schematic relation between the targeting device 130 and the receptacle 230
should be illustrated. Figure 6 illustrates three particular situations of the
arrangement, wherein one situation is indexed with an “a”, which is an original
position of the targeting unit 130a and the medical device 200a, as well as the
receptacle 230a. A further situation is illustrated with the index “b”, which 1llustrates
a displacement of the medical device 200b and the receptacle 230b into the X-
direction, i.c. of the medical device towards the targeting unit 130, 1.¢. 1nto the
targeting direction 131a. A third situation is illustrated with an index “c”, which
illustrates a displacement of the medical device 200c¢ and the receptacle 230¢ nto the
Y -direction, which corresponds to the lateral distance d. As the radiation source 351
of the imaging system 350 in the shown embodiment 1s an almost punctual radiation
source, the system may distinguish between the displacement indexed with ¢ and the
displacement indexed with b by determining the dimension of the projected medical
device 200¢/200b, which leads to a projection py and p.. The size of the projection
depends on the relative distance between the medical device and the punctual
radiation source. As the projection p, and the projection p. are at the almost same
position on the sensor 352, but the projection py, is smaller than the projection pe, the
system determines quantifics that the medical device 200c is closer to the radiation
source 351 than the medical device 200b, so that the system distinguishes and
determines from the position of the projection on the sensor 352 and the size of the

projection that the displacement of the medical device 200c is mto the Y-direction,
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and the displacement of the medical device 200b 1s into the X-direction. Thus, the
system may distinguish between to generally different displacement of the medical

device.

In case, the displacement is into the Y-direction, also the original receiving
direction 231a is displaced by the lateral distance d so as to form a displaced
receiving direction 231c. If the system and the evaluation unit 360 determine the
displacement into the Y-direction of a lateral distance d, the surgeon may also
displace the targeting unit 130a by the lateral distance d to arrive at the targetmg unit
130c, so that the targeting direction 131¢ and the receiving direction 231c¢ are
brought into congruence. It should be noted that the displaced medical devices 200b
and 200c only differ by the size of the projection p, and pc, but have i1dentical

positions on the sensing device 352 of the imaging system 350.

Figure 7 illustrates a single two-dimensional image of a medical device 200
and the fiducial markers 121 of the reference body. The relative positions of the
fiducial markers to each other as well as the relative size of the fiducial markers 121
with respect to the medical device 200 and the receptacle 230 allow the
determination of the lateral distance d (see Figure 6), so that the surgeon may adjust
or an automatic device may automatically adjust the targeting device (not shown 1n
Figure 7) so as to bring the targeting direction 131 into congruence with the

receiving direction 231 (not shown 1 Figure 7).

Figure 8 illustrates a schematic overview over a method for targeting. The
method comprises providing S1 a targeting device 100, the targeting device
comprising a targeting device coupling section 110 for uniquely coupling a medical
device 200 having a medical device coupling section 210 and a medical sub device
receptacle 230, a reference body 120, and a targeting unit 130, wherein the reference
body is reproducibly positioned with respect to the targeting device coupling section

and reproducibly positioned with respect to the targeting unit, wherein the targeting
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unit has a targeting direction 131 and is adjustable with respect to the targeting
device so that the targeting direction points toward a medical sub device receptacle
230 of a medical device to be coupled to the targeting device coupling section;
positioning S10 the targeting device 130, being uniquely coupled to a medical device
200 with respect to an imaging system 350 such that the imaging system 18 capable
of imaging a two-dimensional projection of the reference body 120 and the medical
sub device receptacle 230 having a receiving direction 231; imaging S20 a single
two-dimensional view of the reference body 120 and the medical sub device
receptacle 230; evaluating S30 the single two-dimensional view; and determining
S40 from the single two-dimensional view a lateral distance d of the targeting
direction 131 and the receiving direction 231. As an option evaluating S30 comprises
detecting S31 the reference body and the medical device by image processing. As a
further option, the method further comprising indicating S50 a measure of a required
adjustment for compensating the lateral distance d of the targeting direction 131 and
the receiving direction 231. Further, the method may comprise controlling S60 a
drive 140 so as to automatically readjust the targeting unit to bring the targeting
direction 131 and the receiving direction 231 into congruence based on the
determined lateral distance d of the targeting direction and the receiving direction. In
addition, the evaluating S30 comprises evaluating a size S32 of the 1maged
receptacle 231 with respect to a size of the reference body 120, and determining S40
comprises determining S42 the lateral distance dof the targeting direction and the

receiving direction so as to distinguish two translational degrees of freedom.

In another exemplary embodiment of the present invention, a computer
program or a computer program c¢lement is provided that 1s characterized by being
adapted to execute the method steps of the method according to one of the preceding
embodiments, on an appropriate system. The computer program element might
therefore be stored on a computer unit, which might also be part of an embodiment
of the present invention. This computing unit may be adapted to perform or induce a

performing of the steps of the method described above. Moreover, it may be adapted
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to operate the components of the above described apparatus. The computing unit can
be adapted to operate automatically and/or to execute the orders of a user. A
computer program may be loaded into a working memory of a data processor. The

data processor may thus be equipped to carry out the method of the mvention.

This exemplary embodiment of the invention covers both, a computer program
that right from the beginning uses the invention and a computer program that by
means of an up-date turns an existing program into a program that uses the mvention.
Further on, the computer program element might be able to provide all necessary

steps to fulfill the procedure of an exemplary embodiment of the method as described

above.

According to a further exemplary embodiment of the present invention, a
computer readable medium, such as a CD-ROM, is presented wherein the computer
readable medium has a computer program element stored on 1t which computer
program element is described by the preceding section. However, the computer
program may also be presented over a network like the World Wide Web and can be
downloaded into the working memory of a data processor from such a network.
According to a further exemplary embodiment of the present invention, a medium for
making a computer program clement available for downloading 1s provided, which
computer program element is arranged to perform a method according to one of the

previously described embodiments of the invention.

It has to be noted that embodiments of the invention are described with
reference to different subject matters. In particular, some embodiments are described
with reference to method type claims whereas other embodiments are described with
reference to the device type claims. However, a person skilled in the art will gather
from the above and the following description that, unless otherwise notified,
addition to any combination of features belonging to one type of subject matter also

any combination between features relating to different subject matters 1s considered
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to be disclosed with this application. However, all features can be combined

providing synergetic effects that are more than the simple summation of the features.

It has to be noted that exemplary embodiments of the invention are described
with reference to different subject matters. In particular, some exemplary
embodiments are described with reference to apparatus type claims whereas other
exemplary embodiments are described with reference to method type claims.
However, a person skilled in the art will gather from the above and the following
description that, unless other notified, in addition to any combination of features
belonging to one type of subject matter also any combination between features
relating to different subject matters, in particular between features of the apparatus
type claims and features of the method type claims is considered to be disclosed with

this application.

In the claims, the word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an’ does not exclude a plurality. A single processor
or other unit may fulfill the functions of several items re-cited in the claims. The
mere fact that certain measures are re-cited in mutually different dependent claims

does not indicate that a combination of these measures cannot be used to advantage.
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a targeting device (100) for positioning of a medical sub device with respect
to a medical device,

an 1maging system (350), and

an evaluation unit (360),
wherein the targeting device (100)comprises:

a targeting device coupling section (110) for uniquely coupling a medical
device having a medical device coupling section and a medical sub device receptacle,

a reference body (120), and

a targeting unit (130),

wherein the reference body is reproducibly positioned with respect to the
targeting device coupling section and reproducibly positioned with respect to the
targeting unit;

wherein the targeting unit has a targeting direction (131) and is adjustable
with respect to the targeting device so that the targeting direction points toward a
medical sub device receptacle of a medical device to be coupled to the targeting
device coupling section,

wherein the imaging system is positionable with respect to the targeting
device such that the imaging system is capable of imaging a single two-dimensional
view of the reference body (130) and a medical sub device receptacle of a medical
device to be coupled,

wherein the evaluation unit is adapted to generate data of the single two-
dimensional view and to determine from the data a lateral distance (d) between the
targeting direction (131) and a receiving direction of a medical sub device receptacle

of a medical device to be coupled.

2. Targeting system according to claim 1, wherein the targeting unit (130) 18

adjustable in a direction traverse to the targeting direction (131).



CA 02804812 2013-01-09

WO 2012/007054 PCT/EP2010/060314

10

15

20

25

30

2273 -

3. Targeting system according to claim 2, wherein the targeting unit (130) 18
adjustable in a direction orthogonal to an extension of a medical device to be coupled

to the targeting device coupling section (110).

4. Targeting system according to any one of claims 1 to 3, wherein the reference
body (120) comprises a plurality of fiducial markers (121), wherein the plurality of
fiducial markers is distributed so as to uniquely identify the position of the reference

body when being imaged in any two-dimensional projection.

5. Targeting system according to any one of claims 1 to 4, further comprising
a medical device (200), the medical device comprising
a medical device coupling section (210) which medical device coupling
section uniquely fits the targeting device coupling section (110), and
a medical sub device receptacle (230),
wherein the medical sub device receptacle has a receiving direction (231)

being parallel to the targeting direction (131).

6. Targeting system according to claim 5, wherein the medical device (200) 1s
an intramedulary nail, wherein the medical sub device receptacle (230) 1s an opening

for receiving a locking screw as a medical sub device (240).

7. Targeting system according to any one of claims 1 to 6, wherein the
evaluation unit (360) is adapted to indicate the measure of the required adjustment to

compensate the lateral distance (d) of the targeting direction (131) and the recerving

direction (231).

8. Targeting system according to any one of claims 1 to 7, wherein the targeting
device (100) comprises a drive (140) being capable of an automatic readjustment to

bring the targeting direction (131) and the receiving direction (231) into congruence
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based on the determined lateral distance (d) of the targeting direction and the

receiving direction.

9. Targeting system according to any one of claims 1 to §, wherein the imaging
system (350) comprises a radiating source (351) and a sensor (352), the sensor being
sensitive with respect to the radiating source, wherein the radiating source 18
substantially punctual, wherein the evaluation unit (360) 1s adapted to determine the
lateral distance (d) of the targeting direction (131) and the receiving direction (231)
by evaluating a size of the projected medical sub device receptacle (230) with respect
to a size of the reference body (120) so as to distinguish two translational degrees of

freedom.

10.  Method for targeting a medical sub device to a medical device, the method
comprising:

providing (S1) a targeting device (100), the targeting device comprising a
targeting device coupling section (110) for uniquely coupling a medical device
having a medical device coupling section and a medical sub device receptacle, a
reference body (120), and a targeting unit (130), wherein the reference body 18
reproducibly positioned with respect to the targeting device coupling section and
reproducibly positioned with respect to the targeting unit, wherein the targeting unit
has a targeting direction (131) and is adjustable with respect to the targeting device
so that the targeting direction points toward a medical sub device receptacle of a
medical device to be coupled to the targeting device coupling section,

positioning (S10) the targeting device (100), being uniquely coupled to a
medical device (200), with respect to an imaging system (350) such that the imaging
system is capable of imaging a two-dimensional projection of the reference body
(120) and the medical sub device receptacle (230) having a receiving direction (231),

imaging (S20) a single two-dimensional view of the reference body and the
medical sub device receptacle (230),

evaluating (S30) the single two-dimensional view, and
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determining (S40) from the single two-dimensional view a lateral distance (d)

of the targeting direction (131) and the recetving direction (231).

11. Method of claim 10, wherein evaluating comprises detecting (S31) the

reference body (120) and the medical device (200) by image processing.

12.  Method according to any one of claims 10 and 11, further comprising
indicating (S50) a measure of a required adjustment for compensating the lateral

distance (d) of the targeting direction (131) and the receiving direction (231).

13.  Method according to any one of claims 10 to 12, further comprising (560)
controlling a drive (140) so as to automatically readjusting the targeting unit (130) to
bring the targeting direction (131) and the receiving direction (231) into congruence
based on the determined lateral distance (d) of the targeting direction and the

receiving direction.

14.  Method according to any one of claims 10 to 13, wherein evaluating (S30)
comprises evaluating a size (S32) of the imaged receptacle with respect to a size ot
the reference body, and determining (S40) comprises determining the lateral distance
(d) of the targeting direction (131) and the receiving direction (231) so as to

distinguish two translational degrees of freedom (S42).
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