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anatomy in connection with an imaging
process. According to the invention, a
photograph is taken of an object ar-
ranged in an imaging station by a cam-
era arranged in connection with the
imaging station, which image of the
anatomy is presented on a display but as
transferred into a new position with re-
spect to the imaging station. When this
image and a substantially real time im-
age taken of the imaging station are
presented on a display one upon anoth-
er, it is possible to follow on the display
how the object being imaged positions
in relation to said image taken of the
anatomy transferred into the new posi-
tion.
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POSITIONING OF PARTIAL VOLUMES OF AN ANATOMY
FIELD OF INVENTION

The invention relates to mutual positioning of partial volumes of an
anatomy in comnection with an imaging process,

BACKGROUND OF INVENTION

Conventional apparatuses employed in medical x-ray imaging which are
most simple as for their basic structure comprise a source of radia-
tion which is used together with a film cassette separate from the
gource of radiation. Haospitals cormonly also use so-called C-arch x-
xray apparatuses in which the source of radiation and the receiver of
image information are arranged at the opposite ends of the arch-
shaped arm part. Conventionally, a group of apparatus completely of
its own consists of large-gize and extremely expensive computed to-
mography apparatus, into which a patient is typically positioned for
imaging in a lying position inside a ring-shaped or tubular struc-

ture.

As conventional computed tomography apparatus have been quite massive
and expensive, acquiring them e.g., for the use of hospital emergency
rooms has not been possible in practice. On the other hand, it has
also been typical for commercial computed tomography apparatus that
they are not necessarily designed for imaging some specific anatomy
or anatomies hut they are more or leas general imaging apparatus. If
one wishes to image e.g. the patient’s whole torso, the imaging sta-
tion arranged to the apparatus as well as other dimensions of the ap-
paratus must have been implemented in respective proporticms.

More lightweight computed tomography apparatus versions have been de-
veloped as well. As an example of prior art solutions, a reference
can be made to a structure disclosed e.g. in the WO publication
2011/135186. In such apparatus, imaging means arranged to move arocund
an imaging station are arranged within a ring-shaped O-arm, supported
from its side.

PCT/F12014/050938
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In the wore lightweight apparatus according to the prior art as re-
ferred to above cone beam tomography (CBCT) may be used, 'There, one
criterion which limits the size of a volume getting imaged (FOV -
Field of View) is the dimensions of the imaging detector, which for
cbvious reasons cannot be arranged in puch context to be very large,
When cansidering imaging an extremity, for example, it is clear that
when using such an imaging apparatus it is possible to image only a
single partial volume of the extremity by one mutual positioning of
the patlient and the imaging apparatus. Then it becomes necessary to
position the anatowmy in the imaging apparatus anew, for imaging the
next partial volume, and realizing the re-positioning in relation to
the previous positioning in an exactly desired way can be a chal-

‘lenge.

BRIEF DESCRIPTION OF INVENTION

The object of the present invention is to advance the state of the
art concerning e.g. the less expensive and smaller x-ray imaging ap-
paratus like those referred to above. A special cbject of the inven-
tion is to advance development particularly regarxding x-ray imaging
apparatus of the above-described type comprising a ring-shaped arm
part and being of relatively small size. The construction, character-
istice and dimensions of such apparatus remarkably differ in many re-
spects from the conventional hospital computed tomography apparatus
and in these apparatus the patient is positioned for imaging in a way
other than in conventional computed tomography apparatus, in which
the patient is set to lay down on an imaging platform.

Especially an object of the invention is an arrangement which eases
positioning of a patient in situations in which one needs to image an
anatomy at more than one location so as to get the entire desired
volume imaged.

Essential features of the invention are described in the accompanying
claims., Bapecially easential for the invention is to arrange a means
to the imaging apparatus to take photographs or video images of the
imaging area of the apparatus and, on the other hand, a means to pre-
sent such camera image on a display in a specific way.

PCT/F12014/050938
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The invention facilitates positioning of a patient and can make it
unnecegsary to use e.g. scout x-ray images, which are taken by using
a small radiation dose, for positioning purposes.. The invention can
aleo be arranged to speed up processing of image information to com-
bine the partial volumes imaged after the imaging, as there is at
least moderately accurate information available regarding how the
sets of coordinates of the partial volumes imaged have located in re-
lation to each other.

Next, the invention and its preferable embodiments will be described
in more detail and also with reference to the enclosed figures,

BRIEF DESCRIPTION OF FIGURES

Fig. 1 shows photographing a first partial volume of an object posi-
tioned in an imaging area of an imaging apparatus,

Fig. 2 shows an image in which the image shown in Fig. 1, taken when
the object 1as located at an imaging position for the first partial
volume, is projected as placed in a new desired location considering
imaging the next partial volume,

Fig. 3 demonstrates an image being presented on a display in which
the object being imaged is being positioned at a new locatien for im-
aging the next partial volume.

Fig. 4 demonstrates a gituation in which the object has been managed
to be positioned at the new location for imaging the next partial
volume.

Figa, 5 and 6 show solutions for apparatus applicable for use in the
invention.

Fig. 7 ehows, as simplified, how the structure according to Figs. 5
and 6 can be arrangad with a camesra aligned at the imaging area of
the apparatus,

PCT/F12014/050938
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DETAILED DESCRIPTION OF INVENTION

The process demonstrated by Pigs. 1-4 can be thought of as a method
for positioning an anatomy for imaging, in which method a first par-
tial volume is imaged first and a second partial volums after that.
These partlal volumes are imaged such that the mutual poeitioning of
the anatomy and the imaging means is changed between the imagings.
Thig change in the positicning can be implemented such that the first
and the second partial volumes will partially cover a same volume of
the anatomy being imeged, but the invention can also enable a con-
trolled positioning of partial volumes such that the partial volumes
do not intersect each other.

During imaging of the first partial volume (Fig., 1), a photograph or
a still video image is taken of the anatomy positioned at the imaging
station by a camera arranged in connection with the imaging station,
which image is presented on the display as moved to a new position in
relation to the imaging station (Fig. 2). Then, this image and a real
time image of the imaging station are presented on the display one
upon another, and positioning of the anatomy being imaged (Fig. 3) to
meet the image of the first partial volume presented on the display
as moved into the new poeition is observed from the display (Fig. 4).

Figs. 1-4 are not intended to show any particular ewmbodiment of the
invention but only to desmonstrate the invention. Thus, e.g. the
outermost rectangles of Figs. 1-4 plotted by a continuocus line can be
thought of as demonstrating a display screen, the area of the imaging
area or of the imaging station seen by the camera, or the field of
view (FOV) from which a tomographic image can be reconstructed using
x-ray image information the imaging apparatus generates.

The smaller rectangular areas of Figs. 1-4 can in tum be thought of
as relating to the image transfer process according to the invention
guch that the dashed line area of Fig. 1 represents an area (anatomy)
of the image taken by the camera from the imaging station selected to
be transferrved, and Fig, 2 shows how the image taken of the area
(anatomy) selected in Fig, 1 has been transferred (the area defined
by the continuous line), Fig. 2 has been used as a base for Figs. 3

PCT/F12014/050938
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and 4 and hence they also include the area of Fig. 1 plotted by the
dashed line. Concerning the steps shown in Figs. 3 and 4, the area of
Fig. 1 plotted by the dashed line has no particular function but to
demonstrate the process, also that area is carried over to Pigs. 3
and 4. Essential to Figs. 3 and 4 is presenting the image taken dur-
ing the phase shown in Fig. 1, that is the image located at a trans-
ferred position according to Fig. 2 (the image shown within the area
defined by the continuous line), on a display in a camara picture
taken from the imaging area.

When it was noted above that the dashed line area of PFig. 1 can be

considered presenting an area of the image taken by the camera se-
lected to be transferred, it is also possible to consider that the

camera has been arranged to photograph only the dashed line area,

which picture as such will then be arranged to be shown on the dig-

play at a new position, If only this dashed line area is photographed
and if only it is presented on the display during the steps which
Figs. 3 and 4 present, the area of the anatomy whose positioning to a

desired location can then be followed is correspondingly smaller.

Within limits the camera arrangement of an apparatus and the dimen-
slons of its imaging area allow for, a controlled repositioning of
the anatomy can also be made concerning partial volumes which do not
intersect. Considering e.g. a situation in which there are two pointa
of interest in an extremity, located at distance fxom each other and
including a partial volume in-between regarding which there is no
need to acquire actual x-ray image information, As one knows when
proceading as described above how the photograph taken during the
step according to Fig. 1 bhas been transferred to the location accord-
ing to Fig.2, one also knows where the partial volume imaged accord-
ing to step 4 locates in relation to the first partial volume imaged
in the step according to Fig. 1.

The basic idea of the invention is preferable to be applied for exam-
ple in an imaging apparatus according to Fig. 5. The basic structure
of the apparatus includes a support construction (1) which supports a
substantially ring-shaped structure (2), inside which the x-ray imag-
ing means (21, 22) of the apparatus are positioned and which in this

PCT/F12014/050938
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context is also referred to as an O-arm., To this Q-arm (2) ie ar-
ranged an examination opening (4) into which the anatomy to be imaged
is positioned. Fig. 1 further shows a patient support handlebar (S)
arranged to the support construction (1), a user interface (6) being
in functional connection with a ocontrol system of the apparatus, a
possibly detachably attached pedestal or base part (7) projecting
substantially in the direction of the O-arm, and a positioning sup-
port (8) arranged in the examination opening (4). According to the
embodiment of the invention shown in Fig. 1, the display (11) belong-
ing to the apparatus is arranged substantially on the gurface of the
ring-shaped structure (2}, at its upper edge.

Mounting of the structures (2) supporting the imaging weans to the
support construction (1) can be arranged to enable adjustment of the
height position of the O-arm (2). Furthermore, this O-arm (2} can be
arranged to be turnable in at least one direction for at least 90 de-
grees from the vertical position, shown in Fig. (1}, to a horizontal
position. The control of these manoeuvres can be arranged implementa-
ble, aside from the user interface (6) being comnected with the con-
trol system of the apparatus also by means of a joy stick (9) ar-
ranged in connection with the O-arm (2) and/or the support frame (1},

Fig. 6 shows two altermative ways to position the display (11) in
comection with the apparatus. The display is preferably positioned
to the apparatus at a location which is vigible to the patient when
e.g. a patient’'s leg 18 being imaged. The display (11) can be ar-
ranged to the ring-shaped structure (2} both as fixed and as movably
attached. The comection can be arranged to enable either adjusting
orientation of the display (11) with respect to the ring-shaped
structure (2), adjusting clearance and/or location of the display
(11) with respect to the ring-shaped structure (2), or it can be ar-
ranged with some or all of these degrees of freedom of movement. Al-
termatively, the display (11} can be attached to the supporting
structure (1), or a separate display {11) can be set to the support-
ing structure (1) which display (11) can be arranged with the degrees
of freedom of movement as described above but with respect to the
supporting structure (1).

PCT/F12014/050938
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In the embodiment presented in Fig, 7, a video camera (12) aligned
inside the examination opening (4) is arranged in connection with the
ring-shaped structure (2) of the . In principle, the camera (12) can
be arranged to the ring-shaped structure (2) outside ite cover, par-
ticularly at the opposite side of the examination opening from which
the extremity to be imaged is designed to be brought into the exami-
nation opening, but in a preferable embodiment of the invention the
video camera (12) is arranged inside the ring-shaped structure (2)
and at least a part of an inner surface of the said ring-shaped
structure (2) is arranged transparent or to comprise an opening
through which the camera (12) is alignad at the examination opening
(4), like substantially at a positioning support (8) arranged in the
examination opening,

However, it is eassential that the apparatus has at least one photog-
raphy or video camera (12) which is arranged to image an imaging area
of the apparatus and the control system of the apparatus presents on
a display (11) one upon another a first image taken of an abject po-
gitioned for tomographic imaging and an essentially real time image
taken of the imaging area such that the object visible in the first
image positioned for tomography imaging is moved to a position in the
imaging area different from where it was in when the first image was
taken. The camera can be arranged inside the ring-shaped structure
(2) and at least part of an immer surface of the ring-shaped struc-
ture (2) is arranged transparent or to contain an opening through
which the camera (12) is aligned or can be aligned at the examination
opening (4). If there is a positioning support (8) arranged in the
examination opening (4) for positioning an anatomy to be imaged for
x-ray imaging, the camera (12) 1z preferably aligned or arranged to
be aligned substantially at the positioning support (8).

It is abvious for one skilled in the arxt that as for its details, the
present invention may be lmplemented also in other waya than accord-
ing to the embodiments of the invention described above.

PCT/F12014/050938
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CLAIMS

1. Method for positioning an anatomy for imaging, in which method,
firgt, a first partial volume is imaged and then a second partial
volume after that, characterized in that in con-
nection with imaging of the first partial volume, a photograph or a
8till video image of the anatomy positioned in an imaging station ie
taken by a camera arranged in comnection with the imaging station,
which image of sald anatomy is presented on a display as moved into a
new pogition in relation to the imaging atation, after which this im-
age and real time image of the imaging station are presented on said
display one upon another and positioning of the anatomy being imaged
to meet the image of the firxst partial volume presented on the disg-
play as moved into the new position is cbeerved from the display.

2. The wethod according to claim 1, characterized 1in
t hat between the imagings, mutual positioning of the anatomy and
imaging means is changed such that the first and the second partial
volume parxtially cover a same partial volume of the anatomy being im-
aged.

3, Medical computed tomography imaging apparatus, which apparatus in-

cludes

~ a support construction (1), which is arranged to support a substan-

tially ring-shaped structure (2} supporting imaging means, which im-

aging means include a source of radiation (21) and a recelver of im-

age information (22), which imaging means are arranged inside eaid

substantially ring-shaped structure (2) supporting the imaging means

substantially on opposite sides, and to be moved inside said ring-

shaped structure (2) supporting the imaging means,

- a control system for controlling at least some of the functions of
the apparatus,

~ which apparatus includes in said ring-shaped structure (2) sup-
porting the imaging means an examination opening (4), in which the
chject to be imaged is positionable for imaging,

which apparatus is arranged with at least one photography or video

camera {12) and at least one display (11) arranged in functional con-

nection with paid at least one photography or video camera (12),

PCT/F12014/050938
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which at least one photography or video camera (12) is arranged in
connection with said substantially ring-shaped structure (2) and as
aligned or to be aligned inside sald examination opening (4),
characterized in that said at least one photography
or video camera (12) is arranged to image an imaging area of the ap-
paratus and the control system of the apparatus to present on said at
least one display (11) one upon another a first image taken of an ob-
ject pogitioned within the imaging area for tomographic imaging and
an essgentially real time image taken by said camera of said imaging
area such that the cbject visible in said first imags positioned for
tomographic imaging is moved within the imaging area into a position
different from where it was when the first image was taken.

4. The imaging apparatus according to claim 3, character -
ized in that said at least one camera is arrangsd inside
said substantially ring-shaped structurs (2) and at least a portion
of an inner surface of said substantially ring-shaped structure (2)
hag been arranged transparent or to comprise an ¢pening through which
gaid at least one camera is aligned or can be aligned at said exami-
nation opening (4).

5. The imaging apparatus according to claim 3 or 4, charac-
terized 1n that a positioning support (8) is arxranged in
gaid examinatlion opening (4) for positioning an anatomy to be imaged
for x-ray imaging and said at least one camera (12) is aligned or ar-
ranged to be aligned substantially at said positioning support (8).

PCT/F12014/050938
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