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Description

[0001] The invention relates to a model for use in an
imaging technique based on the interaction of the model
with an electromagnetic radiation.

Background

[0002] Phantom models are used, inter alia, in radiol-
ogy and radiation therapy for calibration and validation
of devices for conducting imaging techniques, for plan-
ning of radiation therapy treatment, and for training of
medical staff. Therein, the phantom models are sup-
posed to display the properties of human tissue with re-
spect to the interaction with electromagnetic radiation as
realistically as possible.
[0003] Phantom models are used with methods em-
ploying ionizing radiation (x-rays and radioscopy, com-
puter-assisted tomography, therapeutic irradiation), for
magnetic resonance tomography (MRT), and in ultra-
sound.
[0004] Therein an image of the phantom model, which
is used for example for calibration or for quality control
of the device, is generated using the respective imaging
technique.
[0005] Simple geometric models exist, the purpose of
which is not the exact simulation of a specific tissue, but
which are primarily supposed to provide reliable material
properties. Materials are normally used, which have in-
teraction properties that hardly resemble human tissue.
[0006] Moreover, anthropomorphic models, which are
supposed to simulate the anatomy, morphology, and tis-
sue properties of the human body in the context of the
respective imaging technique, are known in the art. Such
models can be equipped with dosimeters for dose meas-
urement and can be combined with simple geometric
models.
[0007] In particular, anthropomorphic models for ion-
izing techniques have a broad area of application in dose
calibration, validation, and reduction. Measurements us-
ing such phantoms verify computer models for therapy
planning in radiation therapy. Computer-assisted tomog-
raphy protocols are established and optimized based on
phantom scans.
[0008] Currently most computer-assisted tomography
users mainly use geometric models for dose calibration
and therapy planning. However anthropomorphic models
are also used with the aim of more precise calibration
and therapy planning compared to geometric models.
[0009] Current anthropomorphic models according are
made by laborious and expensive methods, wherein ma-
terials resembling human tissue are used. From these
materials, organs are shaped and assembled, such that
a part of the body (i.e. only the upper abdomen), or the
whole torso/ body can be simulated.
[0010] In addition, current anthropomorphic models
display the real anatomy and interaction properties with
electromagnetic radiation of the simulated body and or-

gans only in an idealized manner. Since the individual
sections of the anthropomorphic models are respectively
replicated from only one homogeneous material, no het-
erogeneities, which are typically found in reality, exist
within the organ model. Generally, only a limited number
of tissues are simulated, for example lung, bone, and soft
tissue.
[0011] Consequently, images generated by means of
anthropomorphic models also deviate substantially from
images of real patients. Therefore, calculations for
dosimetry, protocol optimization, and device calibration
are potentially subject to substantial sources of error. For
instance in therapy planning using known phantom mod-
els, the exact radiation dose that a patient receives can-
not be verified using patient individual phantoms.
[0012] An exact calculation of the administered radia-
tion dose is especially important in the area of radiation
therapy. In this application very high radiation doses are
administered to tumour tissue, whereas surrounding tis-
sue is supposed to be preserved. To this end technically
sophisticated systems are available by now. The possi-
bility however to empirically test the actual dose deposi-
tion in individual patients is lacking in radiation therapy.
[0013] In order to eliminate these uncertainties, to ob-
tain reliable measurement data and to test these empir-
ically, a new generation of realistic phantoms is needed.
The current methods of manufacture are unable to dis-
play the individual human anatomy accurately. In conse-
quence a completely new approach for the manufacture
of realistic models is necessary.
[0014] Radiation dense contrast agents are known, the
functional principle of which is based on the high atomic
number of the elements contained in the contrast agent,
whereby a large number of electrons exists around the
nucleus, which absorb the incoming electromagnetic ra-
diation. In particular, these contrast agents are used in
computer-assisted tomography and x-ray diagnostics.
[0015] In a publication, Theodoraku describes printing
of geometric shapes and two-dimensional x-ray images
of a real patient using a potassium iodide solution as a
contrast material on paper (Theodoraku et al., Phys.
Med. Biol. 49 (2004), 1423-1438). Subsequently, two di-
mensional x-ray images of the printouts were generated.
[0016] Therein, sheets of paper were printed repeat-
edly in some cases in order to deposit a larger amount
of contrast material. Since every individual sheet allows
only a certain amount of printing events, sheets of paper
imprinted with the same arrangement of contrast material
were stacked on top of each other in some cases in order
to achieve a higher radiation density of the model. No
three-dimensional structures however were modelled us-
ing this method.
[0017] 3D printing methods facilitate a fast and cost-
efficient production of individualized products and there-
fore are utilized for example for the development of pro-
totypes. The different 3D printing methods have in com-
mon that two-dimensional elements are stacked on top
of each other in a specific arrangement and thereby give
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rise to a three-dimensional object. One of these methods
is based on stacking of simple printing paper. Thereby,
each individual sheet can be imprinted and for example
cut by a laser, such that the desired shape and colour of
the object is generated in the end.
[0018] Documents of related art: US 2010/202001 A1,
DE 10 2012 205193 A1, and US 2014/312535 A1.

Objective

[0019] An objective of the invention is to provide a mod-
el for use in an imaging technique based on the interac-
tion of the model with an electromagnetic radiation, par-
ticularly wherein the model is adapted to resemble the
interaction of a human or animal body or a part thereof
with an electromagnetic radiation as accurately as pos-
sible, and wherein the model is characterized by a low
production cost.
[0020] A further objective of the invention is to provide
a cost efficient method for manufacturing a model for use
in an imaging technique based on the interaction of the
model with an electromagnetic radiation, particularly
wherein the model is adapted to resemble the interaction
of a human or animal body or a part thereof with an elec-
tromagnetic radiation as accurately as possible.
[0021] This objective is attained by the subject matter
of the independent claims. Embodiments of the invention
are described in the dependent claims.
[0022] A three-dimensional model comprising a plural-
ity of volume elements is provided, wherein each volume
element exhibits a defined interaction intensity with an
electromagnetic radiation.
[0023] The defined interaction intensities are facilitated
by providing defined portions of contrast material at de-
fined positions of the three-dimensional model.
[0024] For example, the model may comprise a plural-
ity of layers of a supporting material, particularly paper,
wherein each layer comprises a defined arrangement of
portions of the contrast material.
[0025] Portions of a contrast material can be applied
to the layers by means of a printing method. Particularly,
the layers can be stacked on top of each other, and op-
tionally, neighbouring layers of the stack can be connect-
ed, particularly glued, to each other.
[0026] Optionally, the model can be brought into a de-
sired shape, particularly cut into a desired shape.

Advantages

[0027] By means of the present invention it is possible
to provide especially realistic phantom models, which ac-
curately display the three-dimensional distribution of the
interaction intensities of a real human body with electro-
magnetic radiation.
[0028] The layers of the model can be imprinted with
distributions of contrast material, which resemble sec-
tional images of a real patient generated by computer-
assisted tomography. By stacking of the layers a model

is generated, which results in a very similar image in a
computer-assisted tomography scan compared to a real
patient with all physiological and pathological details.
[0029] Therein the achievable resolution in represen-
tation of small structures and inhomogeneities of the pa-
tient tissue in the model is only limited by the resolution
of the imaging technique and by the resolution of the
template and the printing method in fabricating the model.
[0030] One advantage of a model according to the in-
vention is the significantly faster and more cost efficient
production compared to anthropomorphic models of the
state-of-the-art. Furthermore tissues of the human body,
particularly a patient, can be displayed in smallest details
and tissue inhomogeneities using the model according
to the invention in contrast to known geometric and an-
thropomorphic models of the state-of-the-art, which al-
lows a more precise calibration and validation of devices
and higher safety in therapy planning for radiation ther-
apy.
[0031] Moreover, a model according to the invention
also allows completely new areas of application. For in-
stance it was never possible to empirically test the actual
dose in the patient in computer-assisted tomography or
radiation therapy. This possibility is significantly im-
proved by use of a model according to the invention with
integrated dosimeters. Using this method dose deliveries
can be determined more reliably, which could previously
only be approximated by measurements using simplified
phantoms and calculation models based thereon.
[0032] Furthermore models according to the invention
can be used for simulation of surgical interventions,
which are executed under fluoroscopy/radioscopy using
computer-assisted tomography devices or conventional
x-ray devices.
[0033] Wherever alternatives for single separable fea-
tures are laid out herein as "embodiments", it is to be
understood that such alternatives may be combined free-
ly to form discrete embodiments of the invention dis-
closed herein.

Detailed description

[0034] A first aspect of the invention relates to a model,
particularly for use in an imaging technique based on the
interaction of the model with an electromagnetic radia-
tion. Therein the model comprises a plurality of volume
elements, wherein a volume, a spatial position, and an
interaction intensity with an electromagnetic radiation is
allocated to each of the volume elements. The interaction
intensity relates to an electromagnetic radiation with a
defined wavelength and radiation intensity from a defined
source of radiation. The interaction intensities of two
neighbouring volume elements are distinguishable by
means of an imaging technique.
[0035] The model comprises a plurality of first volume
elements, and a plurality of second volume elements,
wherein the first volume elements comprise a supporting
material, and wherein the second volume elements com-
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prise a supporting material and a contrast material, and
wherein the second volume elements exhibit a higher
interaction intensity with the electromagnetic radiation
than the first volume elements by means of the contrast
material, and wherein at least the second volume ele-
ments have been generated by a printing method.
[0036] In the context of the present specification, the
term volume element is used in its meaning known in the
art of mathematics and physics. The term volume ele-
ment describes a partial volume of a body, wherein the
total volume of the body can be at least approximately
determined by addition of all volume elements.
[0037] In particular, the first volume elements may also
comprise a contrast material. Preferably, however, the
second volume elements comprise a larger amount of
contrast material than the first volume elements.
[0038] In the context of the present specification, the
term electromagnetic radiation is used in its meaning
known in the art of physics. Without any claim to com-
pleteness, electromagnetic radiation may comprise ion-
ising radiation, particularly x-rays or gamma radiation,
ultraviolet (UV) radiation, visible light, infrared radiation,
microwaves, and/or radio waves.
[0039] In the context of the present specification, the
term interaction is used in its meaning known in the art
of physics. In the context used herein, the term interaction
designates an interplay between an electromagnetic ra-
diation and/or electromagnetic wave, with matter. In par-
ticular, this comprises absorption and scattering proc-
esses, or an excitation of a nuclear spin, wherein energy
transported by the electromagnetic wave is taken up by
an atom or molecule. In the context of the present spec-
ification, the term imaging technique is used in its mean-
ing known in the art of medicine, diagnostics, and equip-
ment technology. The term designates a method, by
means of which a plurality of data based on the interaction
of an electromagnetic radiation with the matter of a hu-
man or animal body, is measureable, by means of which
an image of the body can be generated or calculated.
For example, imaging techniques comprise x-rays, com-
puter-assisted tomography, or magnetic resonance tom-
ography.
[0040] In the context of the present specification, the
term contrast material describes a substance, which
gives rise to a contrast in using an imaging technique,
particularly a computer-assisted tomography method,
based on an interaction of an electromagnetic radiation,
particularly x-rays, with the substance, and wherein the
substance is adapted to be applied onto a supporting
material, or mixed with a supporting material. Therein,
the imaging technique is based on the electromagnetic
radiation. The term contrast material is not restricted to
contrast agents used in medical diagnostics.
[0041] Therein, the contrast material comprises a de-
fined interaction with the electromagnetic radiation.
[0042] As further described herein, the term printing
method describes a technical method for transmitting a
contrast material to a supporting material, or for mixing

the supporting material with the contrast material. In par-
ticular, printing methods comprise "ink jet printing" and
"3D printing".
[0043] In certain embodiments, the volume of each of
the second volume elements is smaller than 1 mm3, pref-
erably smaller than 1·10-3 mm3, more preferably smaller
than 1.25 10-4 mm3, or even smaller than 8 10-6 mm3.
[0044] In particular, this corresponds to a cube having
an edge length of less than 1 mm, preferably less than
0.1 mm, more preferably less than 0.05 mm, or even less
than 0.02 mm.
[0045] In certain embodiments, the interaction intensi-
ty is a linear attenuation coefficient, or a computer-as-
sisted tomography (CT) number, which particularly may
be specified in Hounsfield units (HU).
[0046] Therein, the term Hounsfield units is used in its
meaning known in the art of radiology. The term indicates
a number, which is determined by calculating a difference
by subtraction of the linear attenuation coefficient of wa-
ter and the linear attenuation coefficient of a tissue, de-
termining a value by dividing the difference by the linear
attenuation coefficient of water, and multiplication of the
value by 1000.
[0047] In the context of the present specification, the
term linear attenuation coefficient is used in its meaning
known in the art of physics. It designates a measure for
the reduction of the intensity of an electromagnetic radi-
ation while passing through a given material.
[0048] According to a further embodiment, the first vol-
ume elements have also been generated by a printing
method.
[0049] According to a further preferred embodiment,
the first volume elements have been generated by a 3D
printing method, wherein particularly also the second vol-
ume elements have been generated by a printing meth-
od.
[0050] According to a preferred embodiment, the av-
erage interaction intensity of the first volume elements
deviates from the average interaction intensity of the sec-
ond volume elements by ≥1 %, preferably ≥20%.
[0051] According to a further preferred embodiment,
the model comprises a shape, wherein the shape is sim-
ilar to a part of a human or animal body.
[0052] For example, this facilitates a use of the model
for realistic simulation of surgical interventions, or for
training of medical staff.
[0053] According to a further preferred embodiment,
the imaging technique is a computer-assisted tomogra-
phy method.
[0054] In particular, a model according to the invention
can be utilized as a phantom model for calibration and
quality control of a computer-assisted tomography de-
vice, or for simulation of a medical intervention using a
computer-assisted tomography device, or for training of
staff in operation of a computer-assisted tomography de-
vice.
[0055] According to a preferred embodiment, the sup-
porting material is arranged in layers, particularly of a
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thickness of 25-1000 mm, preferably 50-500 mm, most
preferably 80-500 mm.
[0056] According to a preferred embodiment, the sup-
porting material comprises cellulose, cotton, paper,
and/or a foil, particularly wherein the foil comprises pol-
yethylene terephthalate, cellulose acetate, polypropyl-
ene, polyurethane, polyethylene, or polyvinyl, with a
weight portion of at least 0.01 %.
[0057] The mentioned supporting materials are suita-
ble to be imprinted with a contrast material.
[0058] According to a further preferred embodiment,
the model comprises an essentially two-dimensional ar-
rangement, namely an arrangement in a layer, of portions
of a contrast material, wherein the contrast material com-
prises a defined interaction with the electromagnetic ra-
diation, on which the imaging technique is based.
[0059] In particular, the essentially two-dimensional ar-
rangement of portions of the contrast material may be
generated by applying contrast material onto a layer of
supporting material, particularly paper, by means of a
printing method.
[0060] According to a further preferred embodiment,
an essentially two-dimensional arrangement of portions
of a contrast material is added to the supporting material,
wherein the contrast material comprises a defined inter-
action with the electromagnetic radiation, on which the
imaging technique is based.
[0061] According to a further preferred embodiment,
the portions of contrast material are applied onto the sup-
porting material, such that the supporting material carries
the portions of contrast material.
[0062] According to a preferred embodiment, the lay-
ers of supporting material are stacked on top of each
other.
[0063] By stacking of layers of a supporting material,
particularly sheets of paper, a three-dimensional model
according to the invention may be easily fabricated.
[0064] According to a further preferred embodiment,
neighbouring layers of a stack of layers of the supporting
material are connected, particularly glued, to each other.
[0065] Gluing the layers is advantageous, because the
stability of a model according to the invention is increased
in this manner.
[0066] According to a further preferred embodiment,
the supporting material comprises a polymer, preferably
a synthetic polymer.
[0067] According to a preferred embodiment, the sup-
porting material has been mixed with the contrast mate-
rial.
[0068] In particular, the supporting material and the
contrast material mixed with the supporting material may
be mixed by means of a 3D printing method.
[0069] According to a preferred embodiment, the con-
trast material exhibits a solubility of at least 5 g·l-1 at a
temperature of 20 °C in a solvent, preferably water, eth-
anol, methanol, isopropanol, dimethyl sulfoxide, dimethyl
formamide, or acetonitrile, most preferably water or eth-
anol.

[0070] According to a preferred embodiment, the con-
trast material comprises a substance, particularly a salt,
with a weight portion of at least 0.01 %, wherein the sub-
stance exhibits a solubility in water or ethanol of 5 g·l-1
to 2000 g·l-1, preferably
100 g·l-1 to 1500 g·l-1, more preferably 200 g·l-1 to 1500
g·l-1, even more preferably 500 g·l-1 to 1500 g·l-1, most
preferably 1000 g·l-1 to 1500 g·l-1, at a temperature of 20
°C.
[0071] According to a preferred embodiment, the con-
trast material comprises an element with an atomic
number of ≥19, preferably iodine, lead, bromine, bismuth,
stannic, antimony, gold, caesium, barium, rubidium,
strontium, yttrium, zirconium, cerium, thorium, gadolin-
ium, niobium, molybdenum, ruthenium, rhodium, palla-
dium, silver, cadmium, indium, hafnium, or tantalum,
more preferably iodine, lead, bismuth, caesium, barium,
rubidium, strontium, or gadolinium, most preferably io-
dine, lead, bismuth, caesium, or gadolinium, with a
weight portion of ≥0.01 %.
[0072] In particular, substances comprising elements
with an atomic number ≥19 are used in x-ray diagnostics
and computer-assisted tomography for contrast genera-
tion, since the interaction intensity of x-rays with atoms
depends on the number of electrons of the atoms.
[0073] In certain embodiments, the contrast material
comprises potassium iodide, sodium iodide, barium io-
dide, caesium iodide, caesium carbonate, caesium chlo-
ride, caesium fluoride, lead(II) acetate, bismuth(III) io-
dide, or strontium iodide, preferably potassium iodide,
with a weight portion of ≥0.01 %.
[0074] In particular, contrast agents containing iodine
are administered to patients in x-ray diagnostics and di-
agnostics using computer-assisted tomography orally or
intravenously, and are therefore readily available.
[0075] In certain embodiments, the contrast material
comprises sodium chloride with a weight portion of ≥0.01
%.
[0076] In certain embodiments, the contrast material
comprises a glue with a weight portion of ≥0.01 %.
[0077] Surprisingly it was found that structures of a
model printed with glue as a contrast material can be
visualized by means of a computer-assisted tomography
method, wherein it was also surprising that the glue was
printable by means of an inkjet printer.
[0078] According to a preferred embodiment, the mod-
el comprises at least one cavity, wherein gas, particularly
air, which is located in the cavity, exhibits a defined in-
teraction with the electromagnetic radiation, on which the
imaging technique is based.
[0079] A second aspect of the invention relates to a
system comprising a model according to the first aspect
of the invention, and a three-dimensional image of a
body, particularly a human or animal body, wherein the
three-dimensional image comprises a plurality of voxels,
wherein each of the voxels comprises a spatial position,
a volume, and a voxel intensity, and wherein the voxel
intensity represents an interaction intensity of a body vol-
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ume element of the body with an electromagnetic radia-
tion measured by means of the imaging technique.
[0080] Therein, each volume element of the model is
allocated to a voxel of the three-dimensional image, and
the spatial position of each volume element of the model
corresponds to the spatial position of the respective al-
located voxel.
[0081] In particular, each volume element of the model
has the same position as the allocated voxel, wherein
the positions of the volume elements of the model refer
to a first reference point, and the positions of the voxels
refer to a second reference point, and wherein the posi-
tion of the first reference point may differ from the position
of the second reference point.
[0082] Alternatively, the distance of each volume ele-
ment from the first reference point may differ from the
distance of the respective allocated voxel from the sec-
ond reference point insofar as the distance of each vol-
ume element of the model from the first reference point
can be derived by multiplication of the distance of the
respective allocated voxel from the second reference
point by a scaling factor.
[0083] In particular, the value of the scaling factor is
0.001 to 1000, preferably 0.01 to 100, more preferably
0.1 to 10, or even 0.5 to 2.
[0084] In the context of the present specification, the
term human or animal body is used in its meaning known
in the art of medicine. In addition to complete humans or
animal bodies, the term human or animal body comprises
parts of human or animal bodies, for example, but not
exclusively, body parts, organs, or parts of organs.
[0085] In particular, the voxel intensity of the voxel is
proportional to the interaction intensity of the interaction
intensity of the respective volume element of the body
measured by means of the imaging technique.
[0086] In particular, a voxel intensity may comprise at
least one grey value or at least one colour value of a voxel.
[0087] According to a preferred embodiment, the
three-dimensional image is a computer-assisted tomog-
raphy image of a human or animal body, or a part thereof.
Therein, particularly, the three-dimensional image con-
sists of layers, wherein each layer comprises at least one
two-dimensional image.
[0088] According to a preferred embodiment of the sys-
tem, the model comprises at least a first set of second
volume elements and a second set of second volume
elements, wherein the ratio of the average interaction
intensity of the volume elements of the first set to the
average interaction intensity of the volume elements of
the second set deviates from the ratio of the average
voxel intensity of the voxels allocated to the volume ele-
ments of the first set to the average voxel intensity of the
voxels allocated to the volume elements of the second
set by ≤200 %, preferably ≤100 %, more preferably ≤50
%, even more preferably ≤20 %, most preferably ≤10 %.
[0089] Therein, particularly, the plurality of volume el-
ements may comprise any number of further sets of sec-
ond volume elements, wherein the average interaction

intensity of the second volume elements of each set
measured by means of the imaging technique deviates
from the average interaction intensity of the second vol-
ume elements of any other set measured by means of
the imaging technique by ≥1 %, preferably ≥5 %, more
preferably ≥10 %, even more preferably ≥20%.
[0090] For example, the deviation between the inter-
action intensity measured by means of the imaging tech-
nique and the average voxel intensity of a voxel is a result
of measurement errors of the imaging technique, or in-
accuracies in fabricating the model, particularly inaccu-
racies of a printing method.
[0091] According to a preferred embodiment of the sys-
tem, the interaction intensity of a volume element of the
model measured by means of the imaging technique de-
viates from the average voxel intensity of the respective
allocated voxel of the three-dimensional image by ≤ 200
%, preferably ≤100 %, more preferably ≤50 %, even more
preferably ≤20 %, even more preferably ≤10 %.
[0092] According to a further preferred embodiment of
the system, each of the volume elements of the model
comprises a portion of a contrast material, wherein the
amount of contrast material in the portion is proportional
to the voxel intensity of the voxel allocated to the volume
element. Therein the contrast material comprises a de-
fined interaction with the electromagnetic radiation, on
which the imaging technique is based.
[0093] A third aspect of the invention relates to a meth-
od for fabricating a model according to the first aspect of
the present invention, wherein the model comprises a
plurality of layers, and wherein the layers comprise a sup-
porting material and a contrast material, wherein the con-
trast material exhibits an interaction with an electromag-
netic radiation, which deviates from the interaction of the
supporting material with the electromagnetic radiation,
and wherein the model comprises a plurality of spatial
positions.
[0094] Therein the method comprises applying a plu-
rality of defined portions of the contrast material at a plu-
rality of positions of the layers as a first step, and stacking
the layers as a second step.
[0095] According to a preferred embodiment, a first
step of the method comprises generating a three-dimen-
sional image, particularly from a plurality of sectional im-
ages of a human or animal body. Therein, using an im-
aging technique based on the interaction of components
of the body with an electromagnetic radiation, a plurality
of interaction intensities of the body with the electromag-
netic radiation comprising a first plurality of positions is
measured. From these measurements, a plurality of vox-
el intensities, particularly grey values or colour values,
of the three-dimensional image of the body comprising
a second plurality of positions is generated, such that
each interaction with a first position is allocated to a re-
spective voxel intensity with a respective second posi-
tion, and wherein each of the voxel intensities is propor-
tional to the allocated interaction intensity.
[0096] In a second step, a plurality of portions compris-
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ing a defined amount of contrast material is applied at a
third plurality of positions of the respective layer, such
that the amount of contrast material at a third position is
proportional to the voxel intensity at the respective sec-
ond position.
[0097] In a third step of the method, the layers of sup-
porting material are stacked in an arrangement, such that
the interaction intensity of the portion of contrast material
with the electromagnetic radiation at the third position
essentially corresponds to the interaction intensity of the
body with the electromagnetic radiation at the respective
first position. Therein "essentially corresponds" is meant
as "deviates by ≤200 %, preferably ≤100 %, more pref-
erably ≤50 %, even more preferably ≤20 %, even more
preferably ≤10 %.
[0098] According to a further preferred embodiment,
the method comprises fabricating a plurality of mixtures
of a supporting material and a contrast material as a first
step, wherein the contrast material exhibits an interaction
with an electromagnetic radiation, which deviates from
the interaction of the supporting material with the elec-
tromagnetic radiation. A second step of the method is
generating a three-dimensional, preferably solid, struc-
ture from the plurality of mixtures.
[0099] According to a further preferred embodiment,
at least one step of the method is executed by means of
a 3D printer. Therein, preferably, a first supporting ma-
terial is mixed with the contrast material. During the print-
ing procedure, mixtures of the first supporting material
with a second supporting material are prepared, and par-
ticularly arranged in layers. The amount of contrast ma-
terial in a volume element of the 3D printed model is
preferably derived from the grey value or colour value of
a 3D image to be printed, preferably of a scan image
generated by means of the imaging technique.
[0100] Therein, particularly, the amount of contrast
material in a volume element of the 3D printed model is
proportional to the grey value or colour value of the 3D
image to be printed.
[0101] According to a further preferred embodiment,
the method comprises applying a plurality of defined por-
tions of the contrast material onto a plurality of layers,
such that the amount of the contrast material in the por-
tion at the third position is proportional to the voxel inten-
sity at the respective second position as a first step, and
stacking the layers as a second step.
[0102] According to a further preferred embodiment,
at least one step of the method is executed by means of
an inkjet printer. Therein the contrast material is filled into
the cartridge of an inkjet printer, and is applied onto the
supporting material during the printing procedure in a
density, which preferably corresponds to the grey value
or colour value of an image to be printed, preferably a
sectional image generated by means of the imaging tech-
nique. Therein, preferably, paper or textiles serve as sup-
porting material.
[0103] According to a further preferred embodiment of
the method, the model is brought into the shape, partic-

ularly cut into the shape of a part of a human or animal
body.
[0104] According to a further preferred embodiment of
the method, the imaging technique is a computer-assist-
ed tomography method.
[0105] According to a further preferred embodiment of
the method, each of the layers exhibits a thickness of
25-1000 mm, preferably 50-500 mm, most preferably
80-500 mm.
[0106] According to a further preferred embodiment of
the method, the supporting material comprises cellulose,
or paper, or a foil, particularly wherein the foil comprises
polyethylene terephthalate, cellulose acetate, polypro-
pylene, polyurethane, polyethylene, or polyvinyl, with a
weight portion of at least 0.01 %.
[0107] According to a further preferred embodiment of
the method, the layers of supporting material are stacked
on top of each other.
[0108] According to a further preferred embodiment of
the method, neighbouring layers of the supporting mate-
rial are connected, particularly glued, to each other.
[0109] According to a further preferred embodiment,
the model is fabricated by connecting, particularly gluing,
plugging, or binding of at least two models.
[0110] Thereby, advantageously, scaling limitations of
a printing method can be circumvented.
[0111] According to a further preferred embodiment of
the method, a contrast material comprising a substance,
which exhibits a solubility of at least 5 g·l-1 at a temper-
ature of 20 °C in a solvent, preferably water, ethanol,
methanol, isopropanol, dimethyl sulfoxide, dimethyl for-
mamide, or acetonitrile, most preferably water or ethanol,
is used.
[0112] Thereby, the contrast material can be applied
onto a supporting material from a solution by means of
a printing method. Therein, the solvent serves as a carrier
of contrast material, and is removed from the model by
drying following the printing process.
[0113] According to a further preferred embodiment of
the method, a contrast material comprising a substance,
particularly a salt, with a weight portion of ≥0.01 %,
wherein the substance exhibits a solubility in water or
ethanol of 5 g·l-1 to 2000 g·l-1, preferably 100 g·l-1 to 1500
g·l-1, more preferably 200 g·l-1 to 1500 g·l-1, even more
preferably 500 g·l-1 to 1500 g·l-1, most preferably 1000
g·l-1 to 1500 g·l-1, at a temperature of 20 °C, is used.
[0114] According to a further preferred embodiment of
the method, a contrast material comprising an element
with an atomic number of ≥19, preferably iodine, lead,
bromine, bismuth, stannic, antimony, gold, caesium, bar-
ium, rubidium, strontium, yttrium, zirconium, cerium, tho-
rium, gadolinium, niobium, molybdenum, ruthenium, rho-
dium, palladium, silver, cadmium, indium, hafnium, or
tantalum, more preferably iodine, lead, bismuth, caesi-
um, barium, rubidium, strontium, or gadolinium, most
preferably iodine, lead, bismuth, caesium, or gadolinium,
with a weight portion of ≥0.01 %, is used.
[0115] According to a further preferred embodiment of
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the method, a contrast material comprising potassium
iodide, sodium iodide, barium iodide, caesium iodide,
caesium carbonate, caesium chloride, caesium fluoride,
lead(II) acetate, bismuth(III) iodide, or strontium iodide,
preferably potassium iodide, with a weight portion of
≥0.01 %, is used.
[0116] According to a further preferred embodiment of
the method, the contrast material comprises sodium chlo-
ride with a weight portion of ≥0.01 %.
[0117] According to a further preferred embodiment of
the method, the contrast material comprises glue with a
weight portion of ≥0.01 %.
[0118] According to a further preferred embodiment of
the method, recesses are created in individual layers,
preferably cut or left out from individual layers, during
fabrication of the model, such that after assembly of the
model, particularly by stacking, and/or connecting the
layers, at least one cavity is created within the model.
[0119] The invention is further illustrated by means of
the following examples displayed as figures, from which
further embodiments and advantages of the invention
can be drawn. These examples are meant to illustrate
the invention but not to limit its scope.

Fig. 1 shows a model according to the invention,
Fig. 2 shows an example of a fabrication procedure

for a model according to the invention, and
Fig. 3 shows an application example for a model ac-

cording to the invention.

[0120] Specifically, Fig. 1 shows a model 1 according
to the invention with a first layer 11, a second layer 12,
and a third layer 13, wherein the first layer 11, the second
layer 12, and the third layer 13 comprise a supporting
material, and are part of a stack, wherein further layers
are positioned between the first layer 11 and the second
layer 12, and between the second layer 12 and the third
layer 13. The first layer 11 comprises a first portion of
contrast material 20, which covers a part of the surface
of the first layer 11. The portion of contrast material 20
is distributed on the surface of the first layer 11, such that
by means of different densities of the contrast material
at different positions of the surface of the first layer 11 a
first structure 21, a second structure 22, a third structure
23, and a background 24 are formed. Therein the densi-
ties of the first structure 21, the second structure 22, and
the third structure 23 differ from the density of the back-
ground 24, such that by means of an imaging technique,
particularly a computer-assisted tomography method,
the first structure 21, the second structure 22, the third
structure 23, and the background 24 can be displayed
as a result of the respective interaction intensities with
an electromagnetic radiation, particularly x-rays.
[0121] The second layer 12 comprises a second por-
tion of contrast material, wherein the second portion of
contrast material is distributed on the surface of the sec-
ond layer 12, such that by means of different densities
of the contrast material at different positions of the sur-

face of the second layer 12 structures and a background
can be formed, wherein the densities of the structures
differ from the density of the second background, such
that the structures can be displayed by means of an im-
aging technique, particularly a computer-assisted tom-
ography method.
[0122] In analogy, also the third layer, and optionally
further layers comprise portions of contrast material and
structures, such that in each layer structures can be dis-
played by means of the imaging technique.
[0123] Thus, for example a three-dimensional image
of the model 1 can be constructed by means of the im-
aging technique, and optionally by means of further cal-
culations.
[0124] Specifically, Fig. 2 shows a two-dimensional im-
age and a first layer 11 with a first portion of contrast
material 20. Therein the image comprises a first image
structure 31, a second image structure 32, and a third
image structure 33.
[0125] In particular, the two-dimensional image may
have been generated by means of an imaging technique
using an electromagnetic radiation, particularly by means
of a computer-assisted tomography method, wherein the
image displays the interaction intensities of a section of
a human or animal body or a part thereof with the elec-
tromagnetic radiation. Particularly, the image may dis-
play different interaction intensities as different voxel in-
tensities, particularly grey values, or colour values.
[0126] The first layer 11 comprises a first portion of
contrast material 20, wherein the first portion of contrast
material covers a part of the surface of the first layer 11.
The first portion of contrast material 20 is distributed on
the surface of the first layer 11, such that by means of
different densities of the contrast material at different po-
sitions of the surface of the first layer 11 a first structure
21, a second structure 22, a third structure 23, and a
background 24 are formed. Therein, the first image struc-
ture 31 is represented by the first structure 21, the second
image structure 32 is represented by the second struc-
ture 22, and the third image structure 33 is represented
by the third structure 23. For example, the first portion of
contrast material 20 can be applied onto the first layer
11 by a printing method, wherein for example the car-
tridge of an inkjet printer is filled with a contrast material,
such that the contrast material can be applied onto the
first layer by means of the printer.
[0127] Specifically, Fig. 2 B shows a model 1 according
to the invention, wherein the model 1 comprises a stack
comprising the first layer 11, and further layers, and
wherein the layers are stacked on top of each other.
[0128] Specifically, Fig. 2 C shows a connected model
40 according to the invention, wherein the model com-
prises a stack comprising the first layer 11 and further
layers, and wherein the layers are stacked on top of each
other, and wherein the stacked layers are connected,
particularly glued. Furthermore, Fig. 2 C shows a cut
model 50 according to the invention, wherein the cut mod-
el 50 constitutes a part of the connected model 40, and
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wherein the cut model 50 has been generated from the
connected model 40 by a cutting procedure.
[0129] Specifically, Fig. 3 A shows a cut model 50 ac-
cording to the invention and a computer-assisted tomog-
raphy device 80, wherein the model 50 is arranged in the
computer-assisted tomography device 80, such that a
computer-assisted tomography scan of the model 50 can
be generated by means of the computer-assisted tom-
ography device 80, such that the interaction intensities
of the volume elements of the cut model 50 with x-rays
can be displayed by means of the computer-assisted to-
mography scan by means of the computer-assisted to-
mography device 80.
[0130] Specifically, Fig. 3 B shows a computer-assist-
ed tomography scan 60 of the cut model 50, wherein the
scan 60 comprises a first scan layer 61, a second scan
layer 62, and a third scan layer 63. Therein each of the
layers represents the interaction intensities of one or sev-
eral layers of the model 50.
[0131] Specifically, Fig. 3 C shows a detailed view of
the first scan layer 61 with a first scan image 70, wherein
the first scan image 70 comprises a first scan image struc-
ture 71, a second scan image structure 72, and a third
scan image structure 73.
[0132] Respectively, further scan image structures of
the scan 60 not shown in Fig. 3 may represent further
structures of the model 50 not shown in Fig. 3. Therein,
particularly, the scan structures of each scan layer rep-
resent the structures of one or several layers of the model
50.
[0133] For fabrication of a specific example of the in-
vention, negative images of sectional images from a com-
puter-assisted tomography scan of a patient were gen-
erated first. To this end, light grey values corresponding
to high interaction intensities with x-rays of the computer-
assisted tomography device were converted into dark
grey values by inverting.
[0134] The negative images were then printed using a
commercial inkjet printer, wherein a potassium iodide so-
lution was filled into the cartridge of the inkjet printer.
Commercial 80 g printing paper, or photographic paper
of the strengths 105 g, 120 g, 150 g, 170 g, and 180 g
were used.
[0135] The layers were stacked on top of each other
and glued or connected by compression. Subsequently,
the model was scanned using a computer-assisted tom-
ography device.
[0136] Herein, the anatomy of the patient was dis-
played accurately and at high resolution. In particular, all
details such as organ contours and tissue inhomogenei-
ties, the entire variety of the tissues of the human body
as well as pathological processes were displayed.
[0137] A model was also generated by imprinting tex-
tiles with a potassium iodide solution. The textile layers
were subsequently stacked and sewed. Using the gen-
erated model, the periradicular therapy, a common CT
intervention, could be successfully simulated by means
of a computer-assisted tomography device.

[0138] For fabrication of further models, caesium con-
taining, lead containing, and gadolinium containing aque-
ous solutions were used.
[0139] Furthermore, models were imprinted with com-
mercial glue from natural product polymers, in part in
combination with other contrast materials, wherein the
glue served as a contrast material.

Claims

1. A printed three-dimensional phantom (1) for use in
an imaging technique based on an interaction of said
printed three-dimensional phantom (1) with an elec-
tromagnetic radiation,
wherein said printed three-dimensional phantom (1)
comprises a plurality of volume elements, and
wherein each of said volume elements has a volume,
a spatial position, and an interaction intensity with
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the electromagnetic radiation such that interaction
intensities of two neighbouring volume elements are
distinguishable by means of the imaging technique,
wherein said printed three-dimensional phantom (1)
comprises a plurality of first volume elements, and
a plurality of second volume elements, wherein said
first volume elements comprise a supporting mate-
rial, wherein said second volume elements comprise
the supporting material and a contrast material,
wherein the supporting material is arranged in layers
imprinted with distributions of the contrast material,
and
wherein by means of said contrast material said sec-
ond volume elements exhibit a higher interaction in-
tensity with said electromagnetic radiation than said
first volume elements.

2. The printed three-dimensional phantom (1) accord-
ing to claim 1, characterized in that said volume of
each of said second volume elements is < 1 mm3,
preferably <1.25·10-4 mm3, preferably <8·10-6 mm3.

3. The printed three-dimensional phantom (1) accord-
ing to claim 1 or 2, characterized in that the average
interaction intensity of said first volume elements de-
viates from the average interaction intensity of said
second volume elements by ≥1 %, preferably ≥20%.

4. The printed three-dimensional phantom (1) accord-
ing to any one of the preceding claims, character-
ized in that said supporting material is arranged in
layers of a thickness of 25-1000 mm, preferably
50-500 mm, most preferably 80-500 mm.

5. The printed three-dimensional phantom (1) accord-
ing to any one of the preceding claims, character-
ized in that said contrast material exhibits a solubility
of at least 5 g·l-1 at a temperature of 20°C in a solvent,
preferably water, ethanol, methanol, isopropanol,
dimethyl sulfoxide, dimethyl formamide, or ace-
tonitrile, most preferably water or ethanol.

6. The printed three-dimensional phantom (1) accord-
ing to any one of the preceding claims, character-
ized in that said contrast material comprises an el-
ement with an atomic number of ≥19, preferably io-
dine, lead, bromine, bismuth, stannic, antimony,
gold, caesium, barium, rubidium, strontium, yttrium,
zirconium, cerium, thorium, gadolinium, niobium,
molybdenum, ruthenium, rhodium, palladium, silver,
cadmium, indium, hafnium, or tantalum, more pref-
erably iodine, lead, bismuth, caesium, barium, rubid-
ium, strontium, or gadolinium, most preferably io-
dine, lead, bismuth, caesium, or gadolinium, with a
weight portion of ≥0.01 %.

7. A system comprising
a printed three-dimensional phantom (1) according

to any one of the preceding claims, and
a three-dimensional image of a body, particularly a
human or animal body, wherein said three-dimen-
sional image comprises a plurality of voxels, wherein
each of said voxels has a spatial position,
a volume, and
a voxel intensity, which represents an interaction in-
tensity of a body volume element of said body with
an electromagnetic radiation measured by means of
the imaging technique, wherein each of the first and
second volume elements of said printed three-di-
mensional phantom (1) corresponds to a voxel of
said three-dimensional image, such that the spatial
position of said volume elements corresponds to the
spatial position of a respective voxel in said image.

8. The system according to claim 7, characterized in
that said printed three-dimensional phantom (1)
comprises at least a first set of second volume ele-
ments and a second set of second volume elements,
wherein the ratio of the average interaction intensity
of the volume elements of said first set to the average
interaction intensity of the volume elements of said
second set deviates from the ratio of the average
voxel intensity of the voxels corresponding to said
volume elements of said first set to the average voxel
intensity of the voxels corresponding to said volume
elements of said second set by ≤200 %, preferably
≤100 %, more preferably ≤50 %, even more prefer-
ably ≤20 %, most preferably ≤10 %.

9. The system according to claim 7 or 8, characterized
in that the interaction intensity of a volume element
of said printed three-dimensional phantom (1) meas-
ured by means of the imaging technique deviates
from the voxel intensity of a respective voxel of said
three-dimensional image by ≤200%, preferably
≤100%, more preferably ≤50%, even more prefera-
bly ≤20%, most preferably ≤10%.

10. The system according to any one of the claims 7 to
9, characterized in that each of the volume ele-
ments of said printed three-dimensional phantom (1)
comprises a contrast material, which interacts with
the electromagnetic radiation of the imaging tech-
nique, wherein the amount of contrast material in
said portion is proportional to the respective voxel
intensity.

11. A method for fabricating a printed phantom accord-
ing to any one of the claims 1 to 6, wherein the meth-
od comprises the following steps:

(i) generating a three-dimensional image of a
body, particularly from a plurality of sectional im-
ages of a human or animal body using the im-
aging technique,
(ii) measuring a plurality of interaction intensities
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of said body comprising a first plurality of posi-
tions with the electromagnetic radiation,
(iii) generating a plurality of voxel intensities of
the three-dimensional image of said body com-
prising a second plurality of positions, such that
each interaction intensity of a first position cor-
responds to a respective voxel intensity of a re-
spective second position, and wherein each of
said voxel intensities is proportional to the cor-
responding interaction intensity, and
(iv) applying a plurality of portions of a defined
amount of contrast material at a third plurality of
positions of layers of supporting material, such
that said amount of contrast material at a third
position of the respective layer is proportional to
the voxel intensity of a respective second posi-
tion, and
(v) stacking said layers of supporting material in
an arrangement, such that said interaction in-
tensity of said portion of contrast material at said
third plurality of positions corresponds to the in-
teraction intensity of the body at the respective
first plurality of positions.

12. The method according to claim 11, wherein the meth-
od comprises the steps of:

fabricating a plurality of mixtures of a supporting
material and a contrast material, which exhibits
an interaction with an electromagnetic radiation,
which deviates from the interaction of said sup-
porting material with said electromagnetic radi-
ation, and
generating a three-dimensional, preferably sol-
id, structure from said plurality of mixtures.

Patentansprüche

1. Gedrucktes dreidimensionales Phantom (1) zur Ver-
wendung in einem bildgebenden Verfahren, welches
auf einer Wechselwirkung des gedruckten dreidi-
mensionalen Phantoms (1) mit elektromagnetischer
Strahlung beruht,
wobei das gedruckte dreidimensionale Phantom (1)
eine Vielzahl von Volumenelementen umfasst, und
wobei jedes Volumenelement ein Volumen, eine
räumliche Position und eine Wechselwirkungsinten-
sität mit der elektromagnetischen Strahlung besitzt,
dergestalt, dass die Wechselwirkungsintensitäten
zweier benachbarter Volumenelemente mit dem
bildgebenden Verfahren unterscheidbar sind,
wobei das gedruckte dreidimensionale Phantom (1)
eine Vielzahl von ersten Volumenelementen und ei-
ne Vielzahl von zweiten Volumenelementen um-
fasst, wobei die ersten Volumenelemente ein Trä-
germaterial umfassen, wobei die zweiten Volumen-
elemente ein Trägermaterial und ein Kontrastmittel

umfassen, wobei das Trägermaterial in Schichten
angeordnet ist, welche mit Verteilungen des Kon-
trastmittels bedruckt sind, und
wobei die zweiten Volumenelemente durch das Kon-
trastmittel eine höhere Wechselwirkungsintensität
mit der elektromagnetischen Strahlung aufweisen
als die ersten Volumenelemente.

2. Das gedruckte dreidimensionale Phantom (1) nach
Anspruch 1, dadurch gekennzeichnet, dass das
Volumen eines jeden zweiten Volumenelements <1
mm3, vorzugsweise <1,25 . 10-4 mm3, vorzugsweise
<8 · 10-6 mm3 ist.

3. Das gedruckte dreidimensionale Phantom (1) nach
Anspruch 1 oder 2, dadurch gekennzeichnet, dass
sich die mittlere Wechselwirkungsintensität der ers-
ten Volumenelemente von der mittleren Wechselwir-
kungsintensität der zweiten Volumenelemente um
≥1 %, vorzugsweise ≥20 %, unterscheidet.

4. Das gedruckte dreidimensionale Phantom (1) nach
einem der vorhergehenden Ansprüche, dadurch
gekennzeichnet, dass das Trägermaterial in
Schichten mit einer Dicke von 25-1000 mm, vorzugs-
weise 50-500 mm, am meisten bevorzugt 80-500
mm, angeordnet ist.

5. Das gedruckte dreidimensionale Phantom (1) nach
einem der vorhergehenden Ansprüche, dadurch
gekennzeichnet, dass das Kontrastmittel bei einer
Temperatur von 20°C eine Löslichkeit von mindes-
tens 5 g·l-1 in einem Lösungsmittel, vorzugsweise
Wasser, Ethanol, Methanol, Isopropanol, Dimethyl-
sulfoxid, Dimethylformamid, oder Acetonitril, am
meisten bevorzugt Wasser oder Ethanol, aufweist.

6. Das gedruckte dreidimensionale Phantom (1) nach
einem der vorhergehenden Ansprüche, dadurch
gekennzeichnet, dass das Kontrastmittel ein Ele-
ment mit einer Ordnungszahl ≥19, vorzugsweise Iod,
Blei, Brom, Bismut, Zinn, Antimon, Gold, Caesium,
Barium, Rubidium, Strontium, Yttrium, Zirconium,
Cerium, Thorium, Gadolinium, Niob, Molybdän, Ru-
thenium, Rhodium, Palladium, Silber, Cadmium, In-
dium, Hafnium oder Tantal, mehr bevorzugt Iod, Blei,
Bismut, Caesium, Barium, Rubidium, Strontium oder
Gadolinium, am meisten bevorzugt Iod, Blei, Bismut,
Caesium oder Gadolinium, mit einem Gewichtsanteil
von ≥0,01 % umfasst.

7. System umfassend
ein gedrucktes dreidimensionales Phantom (1) nach
einem der vorhergehenden Ansprüche, und
ein dreidimensionales Bild eines Körpers, insbeson-
dere eines menschlichen oder tierischen Körpers,
wobei das dreidimensionale Bild eine Vielzahl von
Bildvolumenelementen umfasst, wobei jedes Bildvo-
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lumenelement eine räumliche Position,
ein Volumen, und
eine Bildpunktintensität aufweist, welche die, mittels
eines bildgebenden Verfahrens gemessene, Wech-
selwirkungsintensität eines Körpervolumenele-
ments des Körpers mit einer elektromagnetischen
Strahlung darstellt, wobei jedes der ersten und zwei-
ten Volumenelemente des gedruckten dreidimensi-
onalen Phantoms (1) einem Bildvolumenelement
des dreidimensionalen Bildes entspricht, dergestalt,
dass die räumliche Position des Volumenelements
der räumlichen Position des ihm zugeordneten Bild-
volumenelements in dem Bild entspricht.

8. Das System nach Anspruch 7, dadurch gekenn-
zeichnet, dass das gedruckte dreidimensionale
Phantom (1) mindestens einen ersten Satz von zwei-
ten Volumenelementen und einen zweiten Satz von
zweiten Volumenelementen umfasst, wobei das
Verhältnis der mittleren Wechselwirkungsintensität
der Volumenelemente des ersten Satzes zur mittle-
ren Wechselwirkungsintensität der Volumenele-
mente des zweiten Satzes von dem Verhältnis der
mittleren Bildpunktintensität der den Volumenele-
menten des ersten Satzes entsprechenden Bildvo-
lumenelementen zur mittleren Bildpunktintensität
der den Volumenelementen des zweiten Satzes ent-
sprechenden Bildvolumenelementen um ≤200 %,
vorzugsweise ≤100 %, mehr bevorzugt ≤50 %, noch
mehr bevorzugt ≤20 %, am meisten bevorzugt ≤10
%, abweicht.

9. Das System nach Anspruch 7 oder 8, dadurch ge-
kennzeichnet, dass die, mittels eines bildgebenden
Verfahrens gemessene, Wechselwirkungsintensität
eines Volumenelements des gedruckten dreidimen-
sionalen Phantoms (1) von der Bildpunktintensität
des ihm zugeordneten Bildvolumenelements des
dreidimensionalen Bildes um ≤200 %, vorzugsweise
≤100 %, mehr bevorzugt ≤50 %, noch mehr bevor-
zugt ≤20 %, am meisten bevorzugt ≤10 %, abweicht.

10. Das System nach einem der Ansprüche 7 bis 9, da-
durch gekennzeichnet, dass jedes Volumenele-
ment des gedruckten dreidimensionalen Phantoms
(1) ein Kontrastmittel umfasst, welches mit der elek-
tromagnetischen Strahlung des bildgebenden Ver-
fahrens wechselwirkt, wobei die Menge des Kon-
trastmittels proportional zur entsprechenden Bild-
punktintensität ist.

11. Verfahren zur Herstellung eines gedruckten Phan-
toms nach einem der Ansprüche 1 bis 6, wobei das
Verfahren die folgenden Schritte umfasst:

(i) Erzeugen eines dreidimensionalen Bildes ei-
nes Körpers, insbesondere aus einer Vielzahl
an Schnittbildern eines menschlichen oder tie-

rischen Körpers, mittels eines bildgebenden
Verfahrens,
(ii) Messen einer Vielzahl von Wechselwir-
kungsintensitäten des Körpers, welcher eine
erste Vielzahl von Positionen umfasst, mit der
elektromagnetischen Strahlung,
(iii) Erzeugen einer Vielzahl von Bildpunktinten-
sitäten des dreidimensionalen Bildes des Kör-
pers, welcher eine zweite Vielzahl von Positio-
nen umfasst, dergestalt, dass jede Wechselwir-
kungsintensität einer ersten Position einer ent-
sprechenden Bildpunktintensität einer ihr zuge-
ordneten zweiten Position entspricht, und wobei
jede der Bildpunktintensitäten proportional zur
entsprechenden Wechselwirkungsintensität ist,
und
(iv) Auftragen einer Vielzahl von Portionen einer
definierten Menge von Kontrastmittel auf eine
dritte Vielzahl von Positionen auf Schichten aus
Trägermaterial, dergestalt, dass die Menge des
Kontrastmittels an einer dritten Position auf der
entsprechenden Schicht proportional zur Bild-
punktintensität einer entsprechenden zweiten
Position ist, und
(v) Stapeln der Schichten aus Trägermaterial in
einer Anordnung, dergestalt, dass die Wechsel-
wirkungsintensität der Portion von Kontrastmit-
tel an der dritten Vielzahl von Positionen der
Wechselwirkungsintensität des Körpers an der
entsprechenden ersten Vielzahl an Positionen
entspricht.

12. Das Verfahren nach Anspruch 11, wobei das Ver-
fahren folgende Schritte umfasst:

Herstellen einer Vielzahl von Gemischen von
Trägermaterial und Kontrastmittel, welches eine
Wechselwirkung mit elektromagnetischer
Strahlung zeigt, welche von der Wechselwir-
kung des Trägermaterials mit der elektromag-
netischen Strahlung abweicht, und
Erzeugen einer dreidimensionalen, vorzugswei-
se festen, Struktur aus der Vielzahl von Gemi-
schen.

Revendications

1. Un fantôme tridimensionnel imprimé (1) destiné à
être utilisé dans une processus d’imagerie basé sur
l’interaction dudit fantôme tridimensionnel imprimé
(1) avec un rayonnement électromagnétique,
dans lequel ledit fantôme tridimensionnel imprimé
(1) comprend une pluralité d’éléments de volume, et
dans lequel chaque élément de volume a un volume,
une position spatiale, et une intensité d’interaction
avec le rayonnement électromagnétique telle que
les intensités d’interaction de deux éléments de vo-
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lume adjacents peuvent être distinguées par le pro-
cessus d’imagerie,
dans lequel ledit fantôme tridimensionnel imprimé
(1) comprend une pluralité de premiers éléments de
volume, et une pluralité de seconds éléments de vo-
lume, dans lequel lesdits premiers éléments de vo-
lume comprennent un matériau de support, dans le-
quel lesdits seconds éléments de volume compren-
nent un matériau de support et un agent de contras-
te, dans lequel le matériau de support est disposé
en couches imprimées avec des distributions de
l’agent de contraste, et
dans lequel lesdits seconds éléments de volume ont
une plus grande intensité d’interaction avec ledit
rayonnement électromagnétique que lesdits pre-
miers éléments de volume en raison de l’agent de
contraste.

2. Le fantôme tridimensionnel imprimé (1) selon la re-
vendication 1, caractérisé en ce que ledit volume
de chaque deuxième éléments de volume est <1
mm3, de préférence <1,25 . 10-4 mm3, de préférence
<8 · 10-6 mm3.

3. Le fantôme tridimensionnel imprimé (1) selon la re-
vendication 1 ou 2, caractérisé en ce que l’intensité
moyenne d’interaction desdits premier éléments de
volume diffère de l’intensité moyenne d’interaction
desdits seconds éléments de volume de ≥1 %, de
préférence de ≥20%.

4. Le fantôme tridimensionnel imprimé (1) selon l’une
quelconque des revendications précédentes, carac-
térisé en ce que ledit matériau de support est dis-
posé en couches d’une épaisseur de 25-1000 mm,
de préférence de 50-500 mm, plus préférablement
de 80-500 mm.

5. Le fantôme tridimensionnel imprimé (1) selon l’une
quelconque des revendications précédentes, carac-
térisé en ce que ledit agent de contraste a une so-
lubilité d’au moins 5 g · l-1 à une température de 20°C
dans un solvant, de préférence l’eau, l’éthanol, le
méthanol, l’isopropanol, le diméthyle sulfoxyde, le
diméthyle formamide ou l’acétonitrile, de préférence
l’eau ou l’éthanol.

6. Le fantôme tridimensionnel imprimé (1) selon l’une
quelconque des revendications précédentes, carac-
térisé en ce que ledit agent de contraste comprend
un élément ayant un numéro atomique de ≥19, de
préférence l’iode, le plomb, le brome, le bismuth,
l’ètain, l’antimoine, l’or, le césium, le baryum, le ru-
bidium, le strontium, l’yttrium, le zirconium, le cérium,
le thorium, gadolinium, niobium, molybdène, ruthé-
nium, rhodium, palladium, argent, cadmium, indium,
hafnium ou tantale, de préférence iode, plomb, bis-
muth, césium, baryum, rubidium, strontium ou ga-

dolinium, de préférence iode, plomb, bismuth, cé-
sium ou gadolinium, avec une partie en poids de
≥0.01 %.

7. Système comprenant
un fantôme tridimensionnel imprimé (1) selon l’une
des revendications précédentes, et une image tridi-
mensionnelle d’un corps, en particulier un corps hu-
main ou animal, dans laquelle ladite image tridimen-
sionnelle comprenant une pluralité de voxels, dans
laquelle chaque desdits voxels a
une position spatiale,
un volume, et
une intensité de voxel qui représente une intensité
d’interaction d’un élément de volume dudit corps
avec un rayonnement électromagnétique, mesurée
au moyen d’une processus d’imagerie, dans laquelle
chaque des premiers et deuxième éléments de vo-
lume dudit fantôme tridimensionnel imprimé (1) cor-
respondant à un voxel de ladite image tridimension-
nelle, de sorte que la position spatiale desdits élé-
ments de volume correspond à la position spatiale
d’un voxel qui lui est associé dans ladite image.

8. Le système selon la revendication 7, caractérisé en
ce que ledit fantôme tridimensionnel imprimé (1)
comprend au moins un premier ensemble d’élé-
ments de second volume et un second ensemble
d’éléments de second volume, dans lequel le rapport
de l’intensité d’interaction moyenne desdits élé-
ments de volume dudit premier ensemble à l’inten-
sité d’interaction moyenne desdits éléments de vo-
lume dudit second ensemble s’écarte du rapport de
l’intensité de voxel moyenne desdits voxels corres-
pondant auxdits éléments de volume dudit premier
ensemble à l’intensité de voxel moyenne desdits
voxels correspondant auxdits éléments de volume
dudit second ensemble par ≤200 %, de préférence
≤100 %, plus préférablement ≤50 %, encore plus
préférablement ≤20 %, plus préférablement ≤10 %.

9. Le système selon la revendication 7 ou 8, caracté-
risé en ce que l’intensité d’interaction d’un élément
de volume dudit fantôme tridimensionnel imprimé
(1), mesurée au moyen d’un processus d’imagerie,
s’écarte de l’intensité de voxel d’un voxel de ladite
image tridimensionnelle qui lui est associée par
≤200%, de préférence ≤100%, plus préférablement
≤50%, encore plus préférablement ≤20%, plus pré-
férablement ≤10%.

10. Le système selon l’une quelconque des revendica-
tions 7 à 9, caractérisé en ce que chaque des élé-
ments de volume dudit fantôme tridimensionnel im-
primé (1) comprend un agent de contraste, qui inte-
ragit avec le rayonnement électromagnétique du
processus d’imagerie, dans lequel la quantité
d’agent de contraste étant proportionnelle à l’inten-
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sité de voxel correspondant.

11. Procédé pour fabrication un fantôme imprimé selon
l’une quelconque des revendications 1 à 6, dans le-
quel le procédé comprend les étapes suivantes:

(i) générer d’une image tridimensionnelle d’un
corps, en particulier à partir d’une pluralité d’ima-
ges en coupe d’un corps humain ou animal, au
moyen d’une processus d’imagerie,
(ii) mesurer une pluralité d’intensités d’interac-
tion dudit corps, qui comprend une première plu-
ralité de positions avec ledit rayonnement élec-
tromagnétique,
(iii) générer une pluralité d’intensités de voxels
de l’image tridimensionnelle dudit corps com-
prenant une deuxième pluralité de positions, de
telle sorte que chaque intensité d’interaction
d’une première position corresponde à une in-
tensité de voxel respective d’une deuxième po-
sition respective, et dans lequel chaque desdi-
tes intensités de voxels est proportionnelle à l’in-
tensité d’interaction correspondante, et
(iv) appliquer une pluralité de portions d’une
quantité définie d’agent de contraste à une troi-
sième pluralité de positions sur de couches de
matériau de support, de telle sorte que ladite
quantité d’agent de contraste à ladite troisième
position de la couche respective soit proportion-
nelle à l’intensité du voxel à ladite deuxième po-
sition correspondante, et
(v) l’empilement desdites couches de matériau
de support dans un arrangement telle que ladite
intensité d’interaction de ladite portion de l’agent
de contraste à ladite troisième pluralité de posi-
tions correspond à l’intensité d’interaction dudit
corps à la première pluralité de positions corres-
pondante.

12. Le procédé selon la revendication 11, dans laquelle
la procédé comprend les étapes suivantes:

fabriquer une pluralité de mélanges de matériau
de support et d’agent de contraste, qui présen-
tent une interaction avec un rayonnement élec-
tromagnétique, qui s’écarte de l’interaction dudit
matériau de support avec ledit rayonnement
électromagnétique, et
générer une structure tridimensionnelle, de pré-
férence solide, à partir de ladite pluralité de mé-
langes.
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