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Description

[0001] The present invention generally relates to a magnetic resonance (MR) imaging apparatus and method for
generating a substantially homogenous static magnetic field within a desired spatial region. More particularly the present
invention relates to the magnetic resonance imaging of a desired region of a human body ("anatomy of interest").
[0002] Magnetic resonance imaging relies on the availability of a uniform, homogenous, static magnetic field. In order
to image an "anatomy-of-interest" (e.g. chest, head or female breast etc.) it needs to be placed within the substantially
homogenous zone of the static magnetic field generated by the magnet assembly of the overall magnetic resonance
imaging apparatus. This zone of the magnetic field which is used in the magnetic resonance imaging will be referred to
as the "imaging-field-zone".

[0003] Since the quality of the MR image is very dependent upon the degree of homogeneity achieved within the
imaging-field-zone, a great deal of time and effort is devoted to the design and optimisation of MR imaging magnets to
achieve this. As schematically depicted in Figure 1a, the main objective of the magnet designer is to design a magnet
which generates a static magnetic flux density vector 10;

B(x,y,2)=Byi+B, J + B, k | | (Eq.l)

over the imaging-field-zone which is directed substantially along a single axis only (e.g. the z axis in Figure 1a where B
(0,0, z) = B, k). In Equation 1 above, the vectoral quantities are printed in bold letters and the i, j and k represent unit
vector’ quantities along the x-axis, y-axis and z-axis, respectively. Furthermore, it can be shown that the B, component
(magnitude of the B vector) can be expressed in the form of ;

B;=By+B;+B++B;+...+B, (Eq.2)

where the terms "By + B+, + Bg +.... + B," are collectively referred to as "error terms" or "residuals”. The ultimate
objective of the magnet designer, during the design process, is to get rid of as many of the "error terms" as possible in
order to achieve the ultimate goal of;

Bz = BO (Eq‘3)

However, in practice it is not always possible to obtain the same degree of homogeneity within every point of a given
imaging field-zone. This will be explained with reference to Figure 1 a which is a schematic, longitudinal section of a
prior-art magnet (conventional, six-coil, cylindrical, narrow-bore, axially-long) assembly. A lateral view of the patient is
also included. Conventionally, the patient 1 is arranged to lie on a patient-positioner 7 which is parallel to the z-axis of
the magnet. The conventional whole body scanner magnet assembly comprises a low temperature chamber 21 operating
ataround 4° K (i.e. liquid helium temperature). Superconductive low temperature coils 20 are arranged within the chamber
21. A thermal radiation shield 22 is arranged around the chamber 21 and around the radiation shield 22 is arranged a
high temperature chamber 23 operating at 77K (i.e. liquid nitrogen temperature). Surrounding the high temperature
chamber 23 is a vacuum chamber 24. Within the bore of the magnet of the assembly there is provided an arrangement
26 of room temperature shims, gradient coils and radio frequency (RF) coils.

[0004] The general purpose, conventional, whole-body MR imaging systems are designed with the objective of being
able to image effectively all parts of the human anatomy by using the centre of the thorax as reference-point 28 (i.e. x
=0,y =0andz=0). They are designed as axially symmetric structures. The magnet design process involves the selection
of the number of superconductive coils 20, their axial and radial locations, the magnitude of the current flowing through
the coils, the number of turns, etc. When all these parameters are 'optimally’ selected, then a substantially homogenous
magnetic field within an imaging-field-zone, which is centred at the geometrical centre 28 of the magnet assembly, may
be generated. However, although the magnet designer can achieve theoretically possible maximum homogeneity (i.e.
B, =By) at the geometrical centre 28 of the magnet, inherently the same maximum homogeneity can not be achieved
at other spatial locations. In other words, as schematically illustrated in Figure 2a and 2b, although the field is "pure” at
the geometrical centre 28 of the magnet, the degree of homogeneity decreases gradually at increasing distances away
from the geometrical centre 28. Figuratively speaking, for example the homogeneity calculated in a, say, 10cm diameter
imaging-field-zone is much better that the homogeneity calculated for much larger imaging-field-zones (e.g. say 20cm,
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30cm etc, diameter zones). This is schematically depicted in Figure 2a and 2b where the most homogenous zone within
the magnet’s bore 27 is zone 12a (i.e. zone with the smallest diameter). The homogeneity calculated for the zones 12b,
12¢ and 12d is increasingly much lower that the homogeneity calculated for zone 12a.

[0005] Now, let us assume the anatomy-of-interest which needs to be imaged, with a prior art, conventional whole
body MR scanner, is female breast. More specifically, as depicted in Figures 1a, 1b and 1c, the anatomy-of-interest 2
comprises the left-breast 2a and the right breast 2b of the patient 1. It can be seen that the centre 6 of the anatomy-of-
interest is not at the geometrical centre 28 of the magnet assembly. This means that the area 11 of the anatomy-of-
interest does not lie within the available most homogenous zones of the magnet’s imaging-field. Referring now to Figure
1b and 1c, if one attempts to position the centre of the breast 6 at the geometrical centre of the whole body magnet 28
by lifting the patient upwards, in majority of the cases, this is not permitted by the narrower bore size of the magnet. As
illustrated in Figure 1c, this would not be possible since the arms 4a and 4b of the patient 1 would be required to lie
within the regions provided for the room temperature shim coils, gradient coils and RF coils 26 in a conventional whole
body scanner. For this reason, one could argue that the breast images obtained by a whole body scanner is not always
optimal, since they are not always imaged by making use of the most homogeneous magnetic field available.

[0006] Unfortunately, at present, the clinical application of breast MR imaging is restricted to conventional, general
purpose, whole body scanners (e.g. figure 1a), and the breast referral cases have to compete for scanner time with
many other cases of referrals. The design of the conventional 'whole body’ scanners tend to encapsulate the patient
and only permit limited access to patient by the health care professionals and make the task of performing interventional
procedures more complicated and difficult. Interventional radiologists and surgeons require:

(a) totally 'open-access’ to breast and patient ;

(b) easy image-guided’ diagnostic procedure (fine needle aspiration, core biopsy etc.);

(c) easy 'image-guided’ surgical treatment (e.g. lumpectomy) and other therapeutic procedures (e.g. tumour ablation
using laser, rf, microwave, focused ultrasound energies, etc.).

[0007] The whole body cylindrical magnet based MR scanners (see Figure 1a) does not allow the direct interactive
placements of interventional devices (e.g. biopsy needles and optical/laser fibres used for thermal ablation of tumours)
into the breast. They require the withdrawal of the patient from the bore of the magnet in order to gain access to the
breast. This to gether with the possible movement of the patient may resuit in the imprecise insertion and localisation
of the interventional devices.

[0008] Furthermore, in addition to the problem of patient inaccessibility within the bore of the conventional whole body
scanner, the claustrophobic nature of the design due to patient encapsulation is also a factor affecting patient-acceptance
rate of whole body scanners, All of these limit the widespread use and the exploitation of the full potential MR modality
in the overall management of patients, in particular the patients with breast cancer.

[0009] One attempt to reduce the problem of patient encapsulation is described in US Patent No. 4,701,736. This
patent discloses a so-called planar magnet design in which the axial length of the magnet assembly is reduced. In
particular, it discloses a mri apparatus comprising a magnet assembly forming a bore extending along an axis, and a
plurality of coaxially arranged coils surrounding said bore. The reduction in axial length of the bore reduces patient
encapsulation. However, here, the motivation is to replace the conventional, solenoidal, axially long magnet with a shorter
magnet but the narrow bore size still kept the same. This patent also discloses magnetic arrangements where the
imaging-field-zone is projected outside the bore of the magnet to avoid any encapsulation at all.

[0010] A similar technigue is disclosed in UK Patent No. 2285313 and US Patent No 5,596,303. In these patents an
improved magnet assembly is provided which uses close-in high temperature superconducting correction coils to provide
the required homogenous field within the bore of the magnet or extending beyond the bore of the magnet. This arrange-
ment provides a similar benefit of reduced patient encapsulation as provided by the arrangement of the US Patent No.
4,701,736.

[0011] The problem of patient encapsulation is also considered in International patent publication WO 94/06034. The
arrangement discloses a frustoconical magnetic resonance imaging magnet assembly which provides a large opening
to allow a healthcare professional access to the patient. Further, the patient can be inclined relatively within the frusto-
conical magnetic assembly to further enhance patient accessibility. Although this reduces the degree of patient encap-
sulation, it requires a large magnetic assembly having a large axial length.

[0012] Further attempt to reduce patient encapsulation while still providing whole body scanning is disclosed in Inter-
national patent publication WO 98/00726. In this arrangement a toroidal shaped magnetic assembly is used to form a
sequence of cross-section images of an object and to form a complete image of the object by scanning.

[0013] EP 0 359 374 discloses a magnetic resonance apparatus which allows easier access to a body under exami-
nation by providing a transverse magnet arrangement having spaced apart poles arranged on opposite sides of an
examination region for producing a static magnetic field. A patient on a support platform may be positioned during imaging
with his or her head-to-toc direction at any desired orientation in a plane perpendicular to the static magnetic field.
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[0014] The present invention provides an improved magnetic resonance imaging technique for imaging a region of a
patient which requires a minimum patient encapsulation and which provides a large bore, axially short magnet which
enables the patient and the magnet to be relatively positioned in three dimensions and in relative inclination to enable
the desired region of a patient to be positioned at the most homogenous region of the magnetic field within the bore of
the magnet. The positioning of the centre of the anatomy of interest to be imaged of the patient at the centre of the region
of homogeneity i.e. at the region of highest homogeneity, ensures an image of the highest fidelity will be produced. The
apparatus according to the invention is defined in claim 6. A corresponding method is set out in claim 1.

[0015] Inthe presentinvention either the patient can be manoeuvred in three dimensions within the bore, orthe magnet
assembly can be moved three dimensionally relative to the patient to provide the relative positioning. An added advantage
of the large bore of the magnet assembly is that there is a minimum patient encapsulation and healthcare professionals
are provided with good access to the region of the patient being imaged.

[0016] In the prior art axially short magnet based magnetic resonance imaging systems, although there is some
improvement to the accessibility of the patient, the size of the bore is insufficient to enable all regions of the patient to
be imaged to be placed within the most homogeneous region. In this aspect of the present invention, because of the
large bore provided by the magnet assembly, it is possible to image any body part of the patient within the most homo-
geneous zone of the imaging-field-zone.

[0017] The bore of the magnet may have a diameter which is preferably larger than twice the length measured between
the iso-centre of the breast of an average height female and the tip of her head. The bore diameter is, in one preferred
embodiment, at least 110cms. In one preferred embodiment the axial length of the bore is less than 40cms. Thus in one
preferred embodiment of the present invention the ratio of the diameter to the axial length is at least 1.5.

[0018] According to the present invention a patient can be positioned in the bore of a large bore magnet so that the
patient is inclined relative to the axis of the magnet assembly so that a desired slice of the anatomy-of-interest of the
patientthatistobe imagedispositioned in a prefered imaging plane within the imaging-field-zone of the magnet assembly.
The ability to relatively incline the patient and the magnet assembly enables a health care professional to obtain an
image of a desired slice of the anatomy-of-interest of high quality because of positioning of the slice of the anatomy-of-
interest an imaging-plane of highest homogeneity within the imaging-field-zone.

[0019] Thus in accordance with this aspect of the present invention, the large size of the bore enables a patient to be
imaged in an inclined position within the bore of the magnet to enable a healthcare professional to select the direction
of the imaging-plane to coincident with the desired slice of the anatomy-of-interest to be imaged.

[0020] In the present invention a patient is placed in the bore of the magnet and then relative rotation between the
patient and the magnet assembly takes place such that the patient is relatively rotated in 3D (three dimensions) in the
bore about a pivot point on the axis at the geometric centre of the bore, whilst maintaining the anatomy of the interest
of the patient in the imaging field zone of the magnet assembly. Thus, in accordance with the present invention, a
healthcare professional can select the angle of inclination and in one embodiment of the present invention, more than
one image can be taken at different angles of inclination with the anatomy-of-interest of the patient being kept centred
on the centre of the imaging-field-zone having the highest homogeneity.

[0021] Thus in accordance with the present invention, the relative inclination of the patient and the magnet assembly
provides the benefit of enabling the healthcare professional to select the angle of the image plane in the anatomy-of-
interest of the patient, and provides the healthcare professional with a greater accessibility to the region of the patient
being imaged.

[0022] Embodiments to the present invention will now be described with reference to the accompanying drawings, in
which:

Figure 1ais aschematic longitudinal section of a prior art magnet assembly and a lateral view of the patient illustrating
the displacement between the centre of the anatomy of interest and the geometrical centre of the magnet assembly;
Figure 1b is a schematic cross sectional view of the prior art magnet depicted in Figure 1a;

Figure 1cis a schematic cross sectional view of the prior art magnet assembly depicted in Figure 1aand 1billustrating
an attemptto relocate the centre of the anatomy-of-interest to be coincident with the geometrical centre of the magnet;
Figure 2a is a schematic lateral view of the patient drawn to illustrate the zones of varying degrees of homogeneity
which is present within the bore of the magnet assembly;

Figure 2b is a schematic cross-sectional view of the patient drawn to illustrate the zones of varying degrees of
homogeneity which is present within the bore of the magnet assembly;

Figure 3a is a schematic longitudinal section of an embodiment which can be used in the present invention;
Figure 3b is a schematic cross sectional view of the embodiment of Figure 3a in which the centre of the anatomy-
of-interest which comprises the two breasts of the patient is arranged coincident with the geometrical centre of the
magnet;

Figure 3¢ is a schematic cross sectional diagram of the embodiment of Figure 3a in which the centre of the anatomy-
of-interest comprising single breast of the patient is arranged coincident with the geometrical centre of the magnet
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assembly;

Figure 4 is a schematic longitudinal sectional view of the first embodiment of the present invention illustrating the
flexibility provided by the magnet assembly in being able to image different parts of the human anatomy;

Figure 5 is a schematic longitudinal sectional view of a second embodiment of the present invention;

Figure 6 is a longitudinal sectional view of a third embodiment of the present invention in which the magnet assembly
is inclined relative to the patient;

Figure 7 is a schematic longitudinal view of the embodiment of Figure 6 illustrating typical contour plots of the B,
component of the magnetic field flux density vector B(x,y,z);

Figure 8 is a schematic longitudinal sectional view of a fourth embodiment of the present invention in which the
magnet assembly is arranged vertically and the patient is inclined relative thereto;

Figure 9 is a schematic longitudinal sectional view of a fifth embodiment of the present invention in which the magnet
assembly is tilted and the patient is arranged in a semi-erect posture;

Figure 10 is a schematic longitudinal sectional view of a sixth embodiment of the present invention in which the
patient is positioned in the bore of the magnet assembly on their back (supine position);

Figure 11 is a schematic longitudinal sectional view of a seventh embodiment of the present invention wherein the
magnet assembly is of rectangular cross section and is inclined relative to a prone patient;

Figure 12a is a diagram illustrating a method of rotating the magnet assembly of the embodiment of Figure 6 to
enable the imaging plane to be selected;

Figure 12b is a diagram illustrating an arrangement for rotation of the magnet assembly in the method illustrated in
Figure 12a;

Figure 13 is a diagram illustrating an alternative method of relatively inclining the patient and the magnet assembly
by rotating the patient within the bore of the magnet assembly; and

Figure 14 is a schematic diagram of a MR imaging system of an embodiment of the present invention utilising the
MR imaging magnet assembly.

[0023] Referring to Figures 3a, 3b and 3¢, a magnet assembly 40 with four groups of coils is illustrated. As it will be
appreciated the size and complexity of the magnet assembly 40 in terms of number of conductors will very much be
dependent on the specification (size, location) of the imaging-field-zone’ 11. The magnet assembly of Figure 3a, 3b and
3c comprises firstly a group of ’primary-coil(s)’ 30a situated about the imaging-field-zone 11 which generate the main
bulk of the static magnetic field over the anatomy-of-interest (e.g. breast (2)). The coils within the primary-coils group
are made low-temperature (~4°K-10°K/liquid helium) super conductor material such as Niobium Titanium (NbTi) or
Niobium Tin (NbsS,)). This assembly may also comprise a second group of ‘coarse-correction-coil(s)’ 30b which are
positioned coaxially within the primary-coil(s) 30a and some or all may carry currents which flow in the opposite direction
to the current carried by the primary-coil(s). The function of the ’coarse-correction’ coil(s) 30b is to apply a first degree
(coarse) correction/shimming on the field generated by the primary-coil(s). Again the coarse-correction coil(s)’ 30b are
made of low-temperature superconductive materials. The third set of coils within this assembly are the ‘fine-correction
coil(s)’ 30c. These coils are positioned much more closely to the 'imaging-field-zone’ 11 and again disposed coaxially
with respect to the primary 30a and coarse-correction coil 30b groups, and their function is to apply fine correction/
shimming to the field within the imaging-field-zone 11. If the degree of field homogeneity is desired to be increased
further, a forth set of finer-correction coil(s)’ 30d may potentially be incorporated into assembly of the magnet. These
finer-correction coil(s)’ may be made of high-temperature (>70°K- 80°K/liquid nitrogen) superconductive materials such
as YBCO (Yttrium-Barium-Copper-Oxide) or BSCCO (Bismuth-Strontium-Calcium-Copper-Oxide) and may be disposed
much more closely to the imaging-field-zone 11 by placing them within the liquid nitrogen chamber 33 of the cryostat in
order to enhance their contribution to the finer correction process. And finally, there is the option of positioning ‘finest-
correction coil(s)’ 37 withinthe bore ofthe magnet assembly which couldtake the form of using, thistime, roomtemperature
(RT) conductors made of copper (Cu) material. These last group of correction coils may be disposed even more closer
to the imaging-field-zone 11 by placing them within the zone 36 allocated also for other subsystems (e.g. gradient-coil
and radio-frequency antenna) of the MR scanner. The zone 36 is not inside the cryostat but outside the superconductive
magnet assembly and therefore is room temperature.

[0024] The primary-coil group 30a, the coarse-correction-coil group 30b and the fine-correction-coil group 30c are
arranged within a low temperature chamber 31 at ~4°K-10°K (i.e. liquid helium temperature range). Surrounding the low
temperature chamber 31 is a thermal radiation shield 32 and surrounding the thermal radiation shield 32 is a high
temperature chamber 33 at 70°K- 80°K (i.e. liquid nitrogen temperature range).

Surrounding the high temperature chamber 33 is a vacuum chamber 34 contained within an outer enclosure 35 which
is exposed to ambient room temperature.

[0025] The magnet assembly 40 tapers in axial length radially towards the magnet axis on which the geometrical
centre 28 of the magnet lies. This tapering improves access to the patient 1 lying along the axis on the patient positioner
7. The centre 6 of the anatomy-of-interest 2 is coincident with the geometrical centre 28 of the magnet. Thus, a healthcare
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professional 5 is able to easily access the anatomy-of-interest 2 of the patient 1 whilst it is positioned within the imaging-
field-zone 11 of the magnet assembly.

[0026] In the bore of the magnet assembly 40, there is provided a region 36 for room temperature shim coils 37,
gradient coils (not shown) and radio frequency coils (not shown) which are required as is well understood by a skilled
person in the art of magnetic resonance imaging.

[0027] As can be seen in Figure 3b and 3c, in view of the large bore 27 of the magnet assembly 40, the patient can
be manoeuvred laterally relative to the axis of the bore 27 within the bore 27 to place the centre 6 of the anatomy-of-
interest 2 coincident with the geometrical centre 28 of the magnet. Figure 3a also illustrates that the patient can be
inclined in any direction to the axis. In Figure 3b, the anatomy-of-interest comprises both breasts 2a and 2b whereas in
Figure 3c the anatomy-of-interest comprises a single breast 2a. In order to be able to place the centre of the anatomy-
of-interest constant with the axis 28 and thus the centre 6 of the imaging-field-zone 11, the bore of the magnet must be
substantially larger than anything available in the prior art. The reason for placing the centre of the anatomy of interest
at the centre of the imaging field zone 11 is that the centre of the imaging field zone will have a homogeneity which is
highest at its centre. The homogeneity gradually decreases moving away from the centre. Thus the highest fidelity
images can be obtained by placing the centre of anatomy of interest at the centre of the imaging field zone. This selective
positioning of the anatomy-of interest to provide the highest fidelity images possible is not something which has been
considered in the prior art.

[0028] Figure 4 is an illustration of the arrangement of the first embodiment of the present invention illustrating the
flexibility provided by the large bore magnet assembly. As can be seen in this figure, the patient 1 arranged on the
patient-positioner 7 can be moved to position any part of the patient’s anatomy at the geometrical centre 28 of the
magnet. Thus in this example, the patient is moved from the position to image the breasts to a position to image the
head. Whatever part of the patient’s anatomy is placed at the geometrical centre forimaging, the large bore of the magnet
enables the healthcare professional 5 to easily gain access to the anatomy-of-interest. In order to provide the relative
movement between the magnet assembly 40 and the patient 1, it is possible to provide actuator means (e.g. hydraulic,
pneumatic,electrical or mechanical) to move the patient on the patient positioner 7 within the bore of a fixed magnetic
assembly 40. The means can comprise any suitable controlled actuator for moving the patient positioner 7. Alternatively,
the patient positioner 7 could be held stationary and the magnet assembly 40 can be moved in three dimensions to be
positioned such that its geometric centre is positioned at the centre of the anatomy-of-interest. The magnet assembly
can be movedby any suitable controlled actuatorto provide three axis control of the movement of the magnet assembly 40.
[0029] Figure 5 illustrates an alternative embodiment to the present invention in which the coil family 30 comprises
only the primary-coil group 30a, the coarse-correction-coil group 30b and a single fine-correction-coil group 30c all
formed of low temperature superconductive material and arranged within the low temperature chamber 31. This em-
bodiment is otherwise similar to the first embodiment.

[0030] Figure 6 illustrates a third embodiment of the present invention in which the patient 1 is positioned in a prone
position on the patient-positioner 7 as in the first and second embodiments. However, in this embodiment, magnet
assembly of the second embodiment is used at an inclined angle to the patient 1 rather than being vertical. This config-
uration permits an even more open access to the patient 1 for the healthcare professional 5. As in the first and second
embodiments, the patient 1 is positioned in the prone position which is a preferred posture during breast MR imaging.
As can be seen in Figure 6, the diameter of the bore of the magnet assembly 40 is sufficiently enlarged that it enables
the breast of a patient to be positioned on the axis whilst the patient is rotated at relatively large angles. In order to
accomplish this the bore has a radius greater than the distance 13 between the iso-centre of the breast 2 of the patient
1 and the tip of her head. As can be seen in Figure 6, this enables the patient to be pivoted about the isocentre of the
breast to maintain the breast at the centre of the imaging field zone 11 of the magnet assembly 40.

[0031] Figure 7 illustrates schematically typical contour plots of B, component of the magnetic flux density vector B
(x,y,z) for the arrangement of Figure 6.

[0032] Figure 8 illustrates a fourth embodiment of the present invention which uses the same magnet assembly as in
the second and third embodiments. The magnet assembly is arranged vertically as in the second embodiment but in
this embodiment the patient 1 is arranged inclined on a patient-positioner 7 in a semi-erect posture. This posture is also
a preferred posture in breast MR imaging. It can clearly be seen from this that the healthcare professional 5 is provided
with free and easy access to the breasts being imaged.

[0033] Referring now to Figure 9, which illustrates a fifth embodiment of the present invention, in this arrangement
the magnetassembly comprisesthe same magnetassembly 40 as described forthe second, third andfourth embodiments
of the presentinvention. The magnet assembly 40 is tilted and the patient 1 is positioned bent over in a semi-erect posture.
[0034] Figure 10 illustrates a sixth embodiment of the present invention similar to the second embodiment of the
present invention except that the patient 1 is in a supine position.

[0035] Figure 11 illustrates a seventh embodiment of the present invention in which the magnet assembly 400 has a
rectangular cross section rather than the tapered cross section of the previous embodiments. Otherwise the general
structure of the magnet assembly is the same. The magnet assembly comprises a superconductive coil family 300
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comprising a primary-coil group 300a, a coarse-correction-coil group 300b and a fine-correction-coil group 300c arranged
in a low temperature chamber 310 which is surrounded by a thermal radiation shield 320. The thermal radiation shield
320 is surrounded by a high temperature chamber 330 which is in turn surrounded by a vacuum chamber 340. The
vacuum chamber 340 is enclosed within an enclosure 350 which is exposed to ambient room temperature. Radially
inwards of the superconductive coil family 300 there is provided a region 360 for the room temperature shim coils (not
shown) gradient-coils (not shown) and radio frequency coils (not shown).

[0036] As can be seen in Figure 11, even with a magnet assembly 400 of rectangular cross section, because of the
short axial length of the magnet assembly, the healthcare professional 5 is able to gain easy access to the anatomy-of-
interest 2. This is particularly so when the magnet assembly and the patient are relatively inclined.

[0037] Figure 12a illustrates a method of relatively inclining the patient and the magnetic assembly of the third em-
bodiment of the present invention. Within the bore the imaging-field-zone is disk shaped and centred on the geometric
centre of the magnet assembly. It can be seen from Figure 12a that any anatomy of interest can be positioned at the
centre of the imaging-field-zone in the region of highest homogeneity and the position and relative direction of the image
plane in the anatomy of interest can be selected by the relative inclination of the patient and the magnet assembly. This
enables a healthcare professional to select the image plane. As can be seen in Figure 12a, the imaging field zone 11
extends more radially than axially within the bore. The homogeneity within the imaging field zone gradually decreases
across the imaging field zone and because the radial length is greater than the axial length of the imaging field zone,
the region of high homogeneity is greater in the radial direction than in the axial direction. Therefore the homogeneity
within a trans-axial (transverse) plane tend tobe relatively better than other imaging planes (e.g. sagital-plane, coronal-
plane or an oblique plane) within the imaging-field-zone. Thus a healthcare professional can select and make use of the
imaging plane with the highest homogeneity (e.g. transverse-plane) and as a result obtain an image of the anatomy-of-
interest with even more improved fidelity.

[0038] Figure 12billustrates an arrangement for achieving the rotation of the magnet assembly 40 about a pivot axis
500 coincident with the centre of the imaging field zone of the magnet assembly 40. As can be seen in Figure 12b, the
means to rotate the magnet comprises two pivotal support members 501 and 502 and an actuator 503. Any suitable
actuator can be used to rotate the magnet assembly 40 in the pivot support members 501 and 502.

[0039] Figure 13 illustrates alternative method of achieving the relative rotation of the patient 1 and the magnetic
assembly 40. In this embodiment the patient is held on a patient positioner 7 and the patient positioner 7 is mounted so
as to be relatively rotatable within the bore. The patient positioner 7 can be held by a suitable support and driven by any
suitable actuator under control of any suitable control means. As can be seen in Figure 13 the relative rotation is preferably
capable of maintaining any anatomy of interest of the patient at the geometric centre of the magnet assembly 40. This
can be achieved by allowing the three dimensional movement of the patient positioner 7 within the bore and the relatively
rotation of the patient positioner 7 in the bore. A suitable array of actuators and associated controllers can be used to
achieve this movement of the patient positioner 7.

[0040] In both the embodiments of figures 12a, 12b and 13, the patient and the magnet assembly can be relatively
positioned about the axis of the bore or relatively inclined to the axis prior to the patient being inserted in the bore i.e.
before the relative movement of the magnet assembly and the patient along the axis of the bore. Alternatively, the relative
positioning can take place once the patient is in the bore.

In the embodiments illustrated hereinabove, the diameter 38 of the bore is sufficiently large to receive a patient 1 within
the bore and to allow for the positioning of any part of the patient to be imaged on the axis on the centre 28 of the bore.
In one embodiment of the present invention, the bore of the magnet has a diameter 38 larger than twice the length 13
measure between the centre 6 of the breast of a female with an average height and the tip of her head. Accordingly, in
the preferred embodiment the diameter 38 of the bore is at least 110cm. The axial length 39 of the bore is a maximum
of 40cm. The overall outer diameter (not shown) of the magnet assembly is in the region of 2.0 to 2.5 metres. It can thus
be seen that although the magnet assembly is radially large, axially it is short. The use of large radial dimensions ensures
that a large bore can be provided in order to provide for a flexible MR imaging system which can image any part of the
body whilst allowing access to that part of the body by healthcare professionals 5.

[0041] It can be seen from the foregoing embodiments that the large bore and axially short magnet assembly permits
the preferred positioning of the anatomy-of-interest. For example, there is a general consensus within the healthcare
profession that imaging of the female breast is carried out when the patient is in a prone position where the female breast
hangs naturally under gravity. The semi-erect position is also a preferred posture for the same reason and also a
comfortable posture for the patient. It can be seen from the foregoing embodiments that such postures are provided for
whilst maintaining the anatomy-of-interest within the most homogenous region of the magnetic field.

[0042] Itwould also be apparent from the foregoing embodiments that the large bore magnet allows totally free access
to the patient by healthcare professionals during imaging. Access to the patient is highly desirable for the purposes of
performing;

(a) interventional diagnostic procedures e.g. a fine needle biopsy, or core biopsy under MR imaging guidance i.e.
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the procedure is carried out whilst imaging in real-time or near real-time.,

(b) open surgical treatment procedures, e.g. lumpectomy, and

(c) minimally invasive treatment procedures e.g. ablation or tumours using localised laser, radio frequency energy
and focused ultrasound energy.

[0043] The large bore and axially short magnet assembly also permits the imaging of the anatomy-of-interest whilst
under exercise. For example, itis highly desirable to be able to image and study the functions of the heart, cardiovascular
system and skeletal system whilst the patient is exercising e.g. on a treadmill.

[0044] An MR imaging system incorporating the magnet assembly 40 (or 400) in accordance with an embodiment of
the present invention will now be described with reference to Figure 14. The superconductive magnet assembly 40
together with the other subsystems of the MR imaging system housed in zone 36 (i.e. room temperature shim-coils 37,
gradient coils (not shown) and RF coils (not shown)) will be referred to as 'MR Front-End’ 50. Apart from the magnet
assembly 40, the MR imaging system of Figure 14 is of conventional form.

[0045] A magnet power supply 48 is provided for ramping the magnetic field of the magnet assembly 40 up (or down)
by applying current to the coils of the magnet assembly. The shim power supply 49 adjusts the current within the room
temperature shim coils 37 (also referred to as ‘finest correction coils’) thus adjusting the homogeneity of the magnet
assembly. A cryocooler 47 is provided to cool the cryogenic fluids within the magnet to eliminate boil off of cyogenic
fluids and the attendant costs. The shim power supply 49, the magnet power supply 48 and the cryocooler 47 are all
under the control of a processor 53 within a control unit 60.

[0046] Gradient magnetic fields are generated by the X, Y and Z gradient coils (not shown but housed inside the zone
36 and forms part of the MR Front-End 50) which are driven by the X, Y and Z gradient amplifiers 43, 44 and 45. Gradient
waveforms are generated by a gradient waveform circuit 55 which is part of the control unit 60.

[0047] RP waveforms are generated by a RF exciter 56 in conjunction with a frequency synthesiser 57. The RF
waveforms are passed to a RF power amplifier 46 to be amplified. The amplified RF signals are passed through transmit/
receive (T/R) switch 51 to drive the RF coil (not shown but housed inside the zone 36 and forms part of the MR Front-
End 50). Since the same RF coil may be used for both to transmit RF energy into the patient and to receive the magnetic
resonance signal back from the patient, the provision of a T/R switch 51 is necessary. A low-noise preamplifier 52 is
provided in order to amplify the magnetic resonance signals picked up by the RF coil when it is operating in 'receive-
mode’. The signal amplified by the amplifier 52 is mixed by an RF mixer 59 within the control unit 60 to a frequency
where it can be sampled in a data acquisition system 58 within the control unit 60 and converted into digital form for
further processing by the processor 53.

[0048] The processor 53 orchestrates all the various sub-systems. Once data has been received back through the
data acquisition system 58, the processor 53 uses, typically, a Fourier transform to reconstruct one or more cross
sectional images of the patient. Images are stored on a disk 54 and may also be hard copied onto a filming unit 61. A
control console and display 42 is provided to allow an operator to control the system while monitoring the patient. Images
may also be displayed onthe control console and display 42, both for diagnosis, and forthe monitoring ofimage acquisition.
[0049] Although the present invention has been described hereinabove with reference to specific embodiments, it will
be apparent to a skilled person in the art that modifications are possible within the scope of the present invention.
[0050] It would be apparent to a skilled person in the art of magnet design for MR imaging that, in order to control the
extent of magnetic field generated by the magnet and prevent the fringing of the field beyond the boundaries of a given
space (i.e. the room in which the magnet is sited), active and/or passive magnetic shielding method can be used such
as those described in GB 2285313.

[0051] It will also be apparent to a skilled person in the art of magnet design for magnetic resonance imaging that, in
order to maintain the magnet of the current invention at low temperatures, in addition to the use of liquid helium and
liquid nitrogen, one or more cryocoolers may be used, or the magnet of the present invention may be cooled purely by
one or more cryocoolers without the use of any cryogenic fluids.

Claims

1. A magnetic resonance imaging method for providing an image of an anatomy of interest (2) comprising part of a
patient (1) using a magnet assembly (40) forming a bore (27) extending along an axis into which said anatomy of
interest (2) can be placed, and a plurality of coaxially arranged coils (30a, b, ¢, d) surrounding said bore (27), said
bore (27) having a minimum diameter (38) larger than the axial length (39) of said bore (27), the method comprising:

three-dimensionally positioning a platform on which said patient is held or said magnet assembly (40) so that
a predefined centre (6) of said anatomy of interest (2) is positioned at a centre (28) of an imaging-field-zone
(11) of said magnet assembly (40) on said axis of said bore (27) in said bore (27);
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relatively rotating said platform and said magnet assembly (40) about a pivot point (28) coincident with said
centre (28) of said imaging-field-zone (11) to allow an image to be taken of said anatomy of interest (2) when
said platform and the axis of said bore are mutually inclined;

inducing current flow in said coils (30a, b, ¢, d) so as to produce a substantially homogeneous magnetic field
in said imaging-field-zone (11) within said bore (27);

forming gradient magnetic fields in said imaging-field-zone (11);

generating RF, fields in said imaging-field-zone (11);

receiving a magnetic resonance signal from said anatomy of interest (2) in said imaging-field-zone (11); and
processing said signal to generate an image of said anatomy of interest (2) in said at said inclination.

2. A magnetic resonance imaging method according to claim 1, further including:

relatively rotating said patient (1) and said magnet assembly (40) about said pivot point (28) to maintain said
anatomy of interest (2) of said patient (1) in said imaging-field-zone (11) of said magnet assembly (40) and to
allow an image to be taken of said anatomy of interest (2) at a second inclination;

inducing current flow in said coils (30a, b, ¢, d) so as to produce a homogeneous magnetic field in said imaging-
field-zone (11) within said bore (27);

forming gradient magnetic fields in said imaging-field-zone (11);

generating RF waveforms in said imaging-field-zone (11);

receiving a magnetic resonance signal from said anatomy of interest (2) in said imaging-field-zone (11); and
processing the signal to generate a second image of said anatomy of interest (2) at said second inclination.

3. A magnetic resonance imaging method according to claim 1 or claim 2, wherein said diameter (38) of the bore (27)
is at least 110cm.

4. A magnetic resonance imaging method according to any preceding claim, wherein the axial length (39) of said bore
(27) is less than 40cm.

5. A magnetic resonance imaging method according to any preceding claim, wherein said magnet assembly (40) has
a reduced axial length (39) nearer said axis of said bore (27).

6. A magnetic resonance imaging apparatus for providing an image of an anatomy of interest (2) comprising part of a
patient (1), the apparatus comprising:

a magnet assembly (40) forming a bore (27) extending along an axis into which said anatomy of interest (2)
can be placed, and a plurality of coaxially arranged coils (30a, b, ¢, d) surrounding said bore (27), said bore
(27) having a minimum diameter (38) larger than the axial length (39) of said bore (27);

a platform for holding said patient

means for three-dimensionally positioning said platform or said magnet assembly (40) so that a predefined
centre (6) of said anatomy of interest (2) is positioned at a centre (28) of an imaging-field-zone (11) of said
magnet assembly (40) on said axis of said bore (27) in said bore (27) and for relatively rotating said platform
(1) and said magnet assembly (40) about a pivot point (28) coincident with said centre (28) of said imaging-
field-zone (11) to allow an image to be taken of said anatomy of interest (2) when said platform and the axis of
said bore are mutually inclined;

current means (48) forinducing current flow in said coils (30a, b, ¢, d) so as to produce a homogeneous magnetic
field in said imaging-field-zone (11) within said bore (27);

means (43, 44, 45) for forming gradient magnetic fields in said imaging-field-zone (11);

RF generating means for generating RF fields in said imaging-field-zone (11);

receiving means for receiving a magnetic resonance signal from said anatomy of interest (2) in said izuaging-
field-zone (11); and

processing means arranged to process the received signal to generate an image of said anatomy of interest
(2) at said inclination.

7. A magnetic resonance imaging apparatus according to claim 6, wherein said positioning means (7) comprises
translational positioning means for relatively translationally positioning said patient (1) and said magnet assembly
(40) so that said patient (1) is in said bore (27) with said centre (28) of said anatomy of interest (2) coincident with
said pivot point (28).
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Amagnetic resonance imaging apparatus according to claim 6 or claim 7, wherein said means for rotating is arranged
to allow the relative rotation of said patient (1) and said magnet assembly (40) about said pivot point (28) to maintain
the anatomy of interest (2) in said imaging-field-zone (11) of said magnet assembly (40) and to allow an image to
be taken of said anatomy of interest (2) at a second inclination ; said receiving means is adapted to receive a
magnetic resonance signal from said anatomy of interest (2) in said imaging-field-zone. (11) at said second inclination;
and said processing means is adapted to process the received signal to generate a second image of said anatomy
of interest (2) at said second inclination.

Patentanspriiche

1.

Magnetresonanz-Bildgebungsverfahren zum Bereitstellen eines Bildes einer Anatomie von Interesse (2), die einen
Teil eines Patienten (1) umfasst, unter Verwendung einer Magnetbaugruppe (40), die eine sich l&ngs einer Achse
erstreckende Bohrung (27) bildet, in welche die Anatomie von Interesse (2) gebracht werden kann, und mehrerer
koaxial angeordneter Spulen (30a, b, ¢, d), welche die Bohrung (27) umgeben, wobei die Bohrung (27) einen
minimalen Durchmesser (38) hat, der gréBer ist als die Axiallange (39) der Bohrung (27), wobei das Verfahren
Folgendes umfasst:

dreidimensionales Anordnen einer Plattform, auf welcher der Patient gehalten wird, oder der Magnetbaugruppe
(40) so, dass eine vordefinierte Mitte (6) der Anatomie von Interesse (2) an einer Mitte (28) einer Bildgebungs-
feldzone (11) der Magnetbaugruppe (40) auf der Achse der Bohrung (27) in der Bohrung (27) angeordnet wird,
relatives Drehen der Plattform und der Magnetbaugruppe (40) um einen Drehpunkt (28), der mit der Mitte (28)
der Bildgebungsfeldzone (11) Ubereinstimmt, um zu erméglichen, dass ein Bild der Anatomie von Interesse (2)
aufgenommen wird, wenn die Plattform und die Achse der Bohrung wechselseitig geneigt sind,

Induzieren eines Stromflusses in den Spulen (303, b, ¢, d), um so in der Bildgebungsfeldzone (11) innerhalb
der Bohrung (27) ein wesentlich homogenes Magnetfeld zu erzeugen,

Formen von Gradienten-Magnetfeldern in der Bildgebungsfeldzone (11),

Erzeugen von HF-Feldern in der Bildgebungsfeldzone (11),

Empfangen eines Magnetresonanzsignals von der Anatomie von Interesse (2) in der Bildgebungsfeldzone (11)
und

Verarbeiten des Signals, um ein Bild der Anatomie von Interesse (2) bei der Neigung zu erzeugen.

2. Magnetresonanz-Bildgebungsvertfahren nach Anspruch 1, das ferner Folgendes einschlieBt:

relatives Drehen des Patienten (1) und der Magnetbaugruppe (40) um den Drehpunkt (28), um die Anatomie
von Interesse (2) des Patienten (1) in der Bildgebungsfeldzone (11) der Magnetbaugruppe (40) zu halten und
zu ermdglichen, dass ein Bild der Anatomie von Interesse (2) bei einer zweiten Neigung aufgenommen wird,
Induzieren eines Stromflusses in den Spulen (30a, b, ¢, d), um so in der Bildgebungsfeldzone (11) innerhalb
der Bohrung (27) ein wesentlich homogenes Magnetfeld zu erzeugen,

Formen von Gradienten-Magnetfeldern in der Bildgebungsfeldzone (11),

Erzeugen von HF-Wellenformen in der Bildgebungsfeldzone (11),

Empfangen eines Magnetresonanzsignals von der Anatomie von Interesse (2) in der Bildgebungsfeldzone (11);
und

Verarbeiten des Signals, um ein zweites Bild der Anatomie von Interesse (2) bei der zweiten Neigung zu
erzeugen.

Magnetresonanz-Bildgebungsverfahren nach Anspruch 1 oder Anspruch 2, wobei der Durchmesser (38) der Boh-
rung (27) wenigstens 110 cm betrégt.

Magnetresonanz-Bildgebungsverfahren nach einem der vorhergehenden Anspriiche, wobei die Axiallange (39) der
Bohrung (27) weniger als 40 cm betragt.

Magnetresonanz-Bildgebungsverfahren nach einem der vorhergehenden Anspriiche, wobei die Magnetbaugruppe
(40) néher zur Achse der Bohrung (27) eine verringerte Axiallange (39) hat.

Magnetresonanz-Bildgebungsvorrichtung zum Bereitstellen eines Bildes einer Anatomie von Interesse (2), die einen
Teil eines Patienten (1) umfasst, wobei die Vorrichtung Folgendes umfasst:
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eine Magnetbaugruppe (40), die eine sich langs einer Achse erstreckende Bohrung (27) bildet, in welche die
Anatomie von Interesse (2) gebracht werden kann, und mehrere koaxial angeordnete Spulen (30a, b, ¢, d),
welche die Bohrung (27) umgeben, wobei die Bohrung (27) einen minimalen Durchmesser (38) hat, der gréBer
ist als die Axiallange (39) der Bohrung (27),

eine Plattform zum Halten des Patienten

Mittel zum dreidimensionalen Anordnen der Plattform oder der Magnetbaugruppe (40) so, dass eine vordefinierte
Mitte (6) der Anatomie von Interesse (2) an einer Mitte (28) einer Bildgebungsfeldzone (11) der Magnetbaugruppe
(40) auf der Achse der Bohrung (27) in der Bohrung (27) angeordnet wird, und zum relativen Drehen der
Plattform und der Magnetbaugruppe (40) um einen Drehpunkt (28), der mit der Mitte (28) der Bildgebungsfeld-
zone (11) Ubereinstimmt, um zu ermdglichen, dass ein Bild der Anatomie von Interesse (2) aufgenommen wird,
wenn die Plattform und die Achse der Bohrung wechselseitig geneigt sind,

Strommittel (48) zum Induzieren eines Stromflusses in den Spulen (30a, b, ¢, d), um so in der Bildgebungsfeld-
zone (11) innerhalb der Bohrung (27) ein homogenes Magnetfeld zu erzeugen,

Mittel (43, 44, 45) zum Formen von Gradienten-Magnetfeldern in der Bildgebungsfeldzone (11),
HF-Erzeugungsmittel zum Erzeugen von HF-Feldern in der Bildgebungsfeldzone (11),

Empfangsmittel zum Empfangen eines Magnetresonanzsignals von der Anatomie von Interesse (2) in der
Bildgebungsfeldzone (11); und

Verarbeitungsmittel, dafiir eingerichtet, das empfangene Signal zu verarbeiten, um ein Bild der Anatomie von
Interesse (2) bei der Neigung zu erzeugen.

Magnetresonanz-Bildgebungsvorrichtung nach Anspruch 6, wobei das Positioniermittel (7) Translationspositionier-
mittel zum relativen Translationspositionieren des Patienten (1) und der Magnetbaugruppe (40) umfasst, so dass
sich der Patient (1) in der Bohrung (27) befindet, wobei die Mitte (28) der Anatomie von Interesse (2) mit dem
Drehpunkt (28) Ubereinstimmt.

Magnetresonanz-Bildgebungsvorrichtung nach Anspruch 6 oder Anspruch 7, wobei das Mittel zum Drehen dafiir
eingerichtet ist, ein relatives Drehen des Patienten (1) und der Magnetbaugruppe (40) um den Drehpunkt (28) zu
ermdglichen, um die Anatomie von Interesse (2) in der Bildgebungsfeldzone (11) der Magnetbaugruppe (40) zu
halten und zu ermdglichen, dass ein Bild der Anatomie von Interesse (2) bei einer zweiten Neigung aufgenommen
wird, das Empfangsmittel dafiir eingerichtet ist, ein Magnetresonanzsignal von der Anatomie von Interesse (2) in
der Bildgebungsfeldzone (11) bei derzweiten Neigung zu empfangen, und das Verarbeitungsmittel daflir eingerichtet
ist, das empfangene Signal zu verarbeiten, um ein zweites Bild der Anatomie von Interesse (2) bei der zweiten
Neigung zu erzeugen.

Revendications

Procédé d’'imagerie par résonance magnétique pour fournir une image d’une région anatomique d’intérét (2), com-
prenant une partie d’un patient (1), par l'intermédiaire d’'un assemblage magnétique (40) en formant une ouverture
(27) s’étendant le long d’un axe dans laquelle ladite partie anatomique d'intérét (2) peut étre placée, et plusieurs
bobines a agencement coaxial (30a, b, ¢, d) entourant ladite ouverture (27), ladite ouverture (27) ayant un diamétre
minimal (38) supérieur a la longueur axiale (39) de ladite ouverture (27), le procédé comprenant les étapes ci-
dessous:

positionnement tridimensionnel d’'une plate-forme sur laquelle ledit patient est retenu ou dudit assemblage
magnétique (40), de sorte qu’un centre prédéfini (6) de ladite partie anatomique d’'intérét (2) est positionné au
niveau d’un centre (28) sur une zone du champ de formation d’image (11) dudit assemblage magnétique (40)
sur ledit axe de ladite ouverture (27) dans ladite ouverture (27);

rotation relative de ladite plate-forme et dudit assemblage magnétique (40) autour d’un point de pivotement
(28) coincidant avec ledit centre (28) de ladite zone du champ de formation d’image (11) pour permettre la prise
d’une image de ladite partie anatomique d’intérét (2) lorsque ladite plate-forme et 'axe de ladite ouverture sont
mutuellement inclinés;

induction de I'écoulement d’'un courant dans lesdites bobines (30a, b, ¢, d), de sorte a produire un champ
magnétique pratiquement homogéne dans ladite zone du champ de formation d’image (11) dans ladite ouverture
27);

formation de champs magnétiques de gradient dans ladite zone du champ de formation d'image (11);
production de champs RF dans ladite zone du champ de formation d'image;

réception d’un signal de résonance magnétique de ladite partie anatomique d’intérét (2) dans ladite zone du
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champ de formation d’image (11); et
traitement dudit signal pour produire une image de ladite partie anatomique d’intérét (2) au niveau de ladite
inclinaison.

2. Procédé d'imagerie par résonance magnétique selon la revendication 1, englobant en outre les étapes ci-dessous:

rotation relative dudit patient (1) et dudit assemblage magnétique (40) autour dudit point de pivotement (28)
pour maintenir ladite partie anatomique d’intérét (2) dudit patient (1) dans ladite zone de champ de formation
d’image (11) dudit assemblage magnétique (40) et pour permettre la prise d’'une image de ladite partie anato-
mique d’intérét (2) au niveau d’une deuxiéme inclinaison:

induction d’un écoulement de courant dans lesdites bobines (30a, b, ¢, d), de sorte a produire un champ
magnétique homogéne dans ladite zone du champ de formation d’image (11) a I'intérieur de ladite ouverture
27);

formation de champs magnétiques a gradient dans ladite zone du champ de formation d’'image (11);
production de formes d’ondes RF dans ladite zone du champ de formation d'image (11);

réception d’un signal de résonance magnétique de ladite partie anatomique d’intérét (2) dans ladite zone
du champ de formation d’'image (11); et

traitement du signal pour produire une deuxiéme image de ladite partie anatomique d’intérét (2) au niveau
de ladite deuxiéme inclinaison.

3. Procédé d'imagerie par résonance magnétique selon les revendications 1 ou 2, dans lequel ledit diamétre (38) de
ladite ouverture (27) est au moins de 110 cm.

4. Procédé d'imagerie par résonance magnétique selon 'une quelconque des revendications précédentes, dans lequel
la longueur axiale (39) de ladite ouverture (27) est inférieure a 40 cm.

5. Procédé d'imagerie par résonance magnétique selon I'une quelconque des revendications précédentes, dans lequel
ledit assemblage magnétique (40) a une longueur axiale réduite (39) en un point plus proche dudit axe de ladite
ouverture (27).

6. Appareil d'imagerie par résonance magnétique pour produire une image d’une partie anatomique d’intérét (2),
comprenant une partie d’un patient (1), 'appareil comprenant:

un assemblage magnétique (40) formant une ouverture (27) s’étendant le long d’'un axe dans lequel ladite partie
anatomique d’intérét (2) peut étre placée, et plusieurs bobines a agencement coaxial (30a, b, ¢, d) entourant
ladite ouverture (27), ladite ouverture (27) ayant un diamétre minimal (38) supérieur a la longueur axiale (39)
de ladite ouverture (27);

une plate-forme pour retenir ledit patient;

unmoyen pour assurer le positionnement tridimensionnel de ladite plate-forme ou dudit assemblage magnétique
(40), de sorte qu’un centre prédéfini (6) de ladite partie anatomique d'intérét (2) est positionné au niveau d’un
centre (28) d’'une zone de champ de formation d'image (11) dudit assemblage magnétique (40) sur ledit axe
de ladite ouverture (27) dans ladite ouverture (27) et pour assurer |a rotation relative de ladite plate-forme et
dudit assemblage magnétique (40) autour d’'un point de pivotement (28) coincidant avec ledit centre (28) de
ladite zone du champ de formation d’image (11) pour permettre la prise d’'une image de ladite partie anatomique
d'intérét (2) lorsque ladite plate-forme et 'axe de ladite ouverture sont mutuellement inclinés;

un moyen de courant (48) pour induire I'écoulement d’'un courant dans lesdites bobines (30a, b, ¢, d), de sorte
a produire un champ magnétique homogéne dans ladite zone du champ de formation d’image (11) dans ladite
ouverture (27);

un moyen (43, 44, 45) pour former des champs magnétiques a gradient dans ladite zone du champ de formation
d’image (11);

un moyen de production RF pour produire des champs RF dans ladite zone du champ de formation d’image (11);
un moyen de réception pour recevoir un signal de résonance magnétique de ladite partie anatomique d’intérét
(2) dans ladite zone du champ de formation d’'image (11); et

un moyen de traitement destiné a traiter le signal regu pour produire une image de ladite partie anatomique
d'intérét (2) au niveau de ladite inclinaison.

7. Appareil d’imagerie par résonance magnétique selon la revendication 6, dans lequel ledit moyen de positionnement
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(7) comprend un moyen de positionnement par translation, pour assurer le positionnement par translation relatif
dudit patient (1) et dudit assemblage magnétique (40), de sorte que ledit patient (1) est placé dans ladite ouverture
(27), ledit centre (28) de ladite partie anatomique d’intérét (2) coincidant avec ledit point de pivotement (28).

Appareil d'imagerie par résonance magnétique selon les revendications 6 ou 7, dans lequel ledit moyen de rotation
est arrangé pour permettre la rotation relative dudit patient (1) et dudit assemblage magnétique (40) autour dudit
point de pivotement (28), pour retenir la partie anatomique d’'intérét (2) dans ladite zone du champ de formation
d’image (11) dudit assemblage magnétique (40) et pour permettre |a prise d’une image de ladite partie anatomique
d’intérét (2) au niveau d’'une deuxiéme inclinaison; ledit moyen de réception étant destiné & recevoir un signal de
résonance magnétique de ladite partie anatomique d’intérét (2) dans ladite zone du champ de formation d’image
(11) au niveau de ladite deuxieme inclinaison; ledit moyen de traitement étant destiné a traiter le signal regu pour
produire une deuxiéme image de ladite partie anatomique d’intérét (2) au niveau de ladite deuxiéme inclinaison.
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