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(57) ABSTRACT 

A method for registering a non-patient-characteristic three 
dimensional magnetic resonance data set (MR data set) to 
patient-characteristic data includes: producing or providing a 
non-patient-characteristic three-dimensional generic model 
of a body or body part containing body structure data; ascer 
taining or providing two-dimensional patient-characteristic 
detection data of a patient; using a transformation protocol for 
data-linking the body structure data of the three-dimensional 
generic model to the two-dimensional patient-characteristic 
detection data to change or adapt the generic model of the 
body or body part based on the ascertained two-dimensional 
patient-characteristic detection data, Wherein the three-di 
mensional generic model is at least correlated With a three 
dimensional MR reference data set; and changing or deform 
ing at least a part of the three-dimensional MR reference data 
set by using the transformation protocol to generate a patient 
characteristic three-dimensional MR data set that is regis 
tered to the ?uoroscopic images. 
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REGISTERING MR PATIENT DATA ON THE BASIS 
OF GENERIC MODELS 

RELATED APPLICATION DATA 

[0001] This application claims priority of US. Provisional 
Application No. 60/822,706 ?led on Aug. 17, 2006, Which is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method and device 
for registering a non-patient-characteristic three-dimensional 
magnetic resonance (MR) data set to patient-characteristic 
image data, and more particularly, to at least tWo ?uoroscopic 
images of the patient. Based on these image data, it is then 
possible to perform computer-assisted medical navigation. 

BACKGROUND OF THE INVENTION 

[0003] When examining a patient or preparing for surgery, 
in particular surgery in the region of bones such as, for 
example, spine, hip joint or knee operations, x-ray recordings 
or computer tomography (CT) recordings of the affected 
body structure are taken. From these recordings, the body 
structures can be clearly displayed. A drawback to such meth 
ods, hoWever, is that x-ray radiation used to generate the 
images can be a burden to the patient’s health. 

[0004] Magnetic resonance or nuclear spin tomography 
recordings (MR recordings) can be produced Without any 
burden to the health of a patient. Such imaging techniques are 
suitable for displaying soft tissue. Bone structures, hoWever, 
generally are poorly identi?ed or not identi?able in MR 
recordings. 
[0005] In order to display both bone structures and soft 
tissues, it may be necessary to register or fuse CT recordings 
or x-ray recordings to MR recordings of a patient. This, 
hoWever, can incur signi?cant costs since computer tomo 
graphs and magnetic resonance tomographs are very expen 
sive both to purchase, maintain and operate. Further, a plu 
rality of CT recordings typically are produced, Which can 
place a high radiation load on the patient. 

[0006] Attempts have been made to develop systems that 
can be used Without separately detected patient body struc 
ture data, for example on the basis of generic models of image 
data sets for body structures. HoWever, such systems can lack 
the required accuracy for the patient to be treated in each case. 

[0007] EP 1 348 394 relates to a method for computer 
assisted, medical navigation in Which the current position of 
a patient or part of a patient’s body and the positions of 
medical treatment apparatus or treatment-as sisting apparatus 
are detected by means of a position detection unit. The 
detected position data are assigned to body structure data in 
order to jointly use the body structure data and assigned 
position data Within the framework of treatment assistance. 
Body structure data are used that are obtained on the basis of 
a three-dimensional generic model, Wherein the model is 
adapted by data-linking on a tWo-dimensional plane With 
patient-characteristic, tWo-dimensional detection data. 

[0008] These generic models, hoWever, are not primarily 
based on MR data sets. Therefore, generic MR data cannot be 
correspondingly deformed and registered to the ?uoroscopic 
images. 
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SUMMARY OF THE INVENTION 

[0009] In a method for registering a non-patient-character 
istic three-dimensional magnetic resonance (MR) data set to 
patient-characteristic image data, such as With image data of 
at least tWo ?uoroscopic images of a patient, a three-dimen 
sional generic or statistical model, in particular a surface 
model, of a body or body part is produced or provided. CT 
recordings, MR recordings, x-ray recordings or other images 
recorded by means of medical imaging systems, for example 
of average bodies or body parts, or of a particular group such 
as persons of a particular siZe or age, can be used to generate 
the generic or statistical model. These recordings can be 
stored in a database and retrieved in order to generate the 
generic or statistical model. Generic or statistical models that 
have already been produced and, for example, are based on 
body parts or body structures of a particularperson sub-group 
also can be used. The generic or statistical models can be 
surface models of a body or body part. 

[0010] TWo-dimensional patient-characteristic detection 
data of a patient also can be ascertained, for example, by 
recording or providing at least tWo ?uoroscopic images of the 
patient. The ?uoroscopic images of the patient may have been 
recorded during previous examinations and/or surgery and 
stored in a database. 

[0011] The non-patient-speci?c three-dimensional generic 
model, for example, maps the typical shape and/or structure 
ofa body or body part and can be based on body parts or body 
structures of a plurality of persons and, thus, is not speci?c to 
a particular body or patient. The patient-speci?c ?uoroscopic 
recordings contain patient-speci?c tWo-dimensional image 
data Which are characteristic of a particular body or patient. 

[0012] The generic model is adapted to the tWo-dimen 
sional patient-speci?c ?uoroscopic image data or patient 
characteristic detection data. The image data or body struc 
ture data of the generic model can be adapted to the tWo 
dimensional patient-characteristic detection data by means of 
a transformation protocol. In other Words, the image data of 
the generic model can be deformed or changed in order to 
ensure an approximation of the three-dimensional generic 
model or of a tWo-dimensional projection of the generic 
model to the patient-speci?c detection data. 

[0013] One Way of adapting the generic model to the 
patient-speci?c detection data, such as the at least tWo 
patient-speci?c ?uoroscopic image data sets, is described in 
the European patent application number 06012256, belong 
ing to the Assignee of the present application, entitled “Shape 
reconstruction using x-ray images”, the contents of Which is 
hereby incorporated by reference in its entirety. According to 
EP 06012256, a general three-dimensional model of a struc 
ture is obtained, at least tWo tWo-dimensional images of the 
structure are obtained, and at least one image feature in the 
image is determined. The orientation of the general three 
dimensional model of the structure With respect to the at least 
tWo tWo-dimensional images of the structure is determined 
such that the at least one image feature of a tWo-dimensional 
projection of the three-dimensional model matches the tWo 
dimensional image feature or is very similar to it. Once the 
orientation of the three-dimensional model has been deter 
mined, the three-dimensional model is morphed or deformed 
in order to adapt the shape of the three-dimensional model to 
the at least tWo tWo-dimensional images. 

[0014] In accordance With the methods, there is a correla 
tion betWeen the generic model and, for example, at least one 



US 2011/0270072 A9 

generic, average or typical MR reference data set of a body or 
body part or body structure. The generic model preferably is 
at least based on the at least one MR reference data set and, in 
particular, also can be based on other reference data sets, such 
as CT reference data sets. 

[0015] By adapting the generic model or the tWo-dimen 
sional projection of the generic model onto the patient-spe 
ci?c ?uoroscopic image data, a transformation protocol can 
be obtained, by means of Which the body structure data of the 
generic model may be changed or deformed. At least a part of 
the three-dimensional MR reference data set can be deformed 
or changed by means of this transformation protocol. The MR 
reference data set thus can be adapted to the patient-speci?c 
or body-speci?c ?uoroscopic image data. A patient-charac 
teristic three-dimensional MR data set that is adapted to or 
registered to the ?uoroscopic images thus can be generated or 
ascertained from the MR reference data set. 

[0016] Both the at least partially adapted generic model and 
an at least partially patient-characteristic three-dimensional 
MR data set generated therefrom or corresponding thereto 
also can be linked to another patient-characteristic three 
dimensional MR data set by a rigid transformation. This can 
enable navigation based on patient-characteristic three-di 
mensional MR data. 

[0017] An advantage of the method is that When a generic 
or statistical model is used that has been adapted to the 
patient, it is no longer necessary, for a treatment in Which 
medical navigation is to be provided, to produce a separate 
data set for the body structure. On the one hand, this spares the 
patient a high radiation load, for example from recording 
numerous x-ray or CT images, and on the other hand, the cost 
of producing such data sets can be minimiZed. Further, link 
ing the generic body structure data With patient-characteristic 
detection data provides a data set that can be used to provide 
very accurate medical navigation. The generic model, Which 
can be a universal model for the relevant body structure that 
includes all relevant data, does not from the outset comprise 
any data that are speci?cally tailored to the relevant patient. 
The generic model, hoWever, once adapted With the aid of 
patient-characteristic detection data, does comprise su?icient 
anatomical or body structure data to provide a suf?ciently 
accurate basis for medical navigation. 

[0018] It is possible to Work With the adapted image data set 
or model as With an image data set of the patient that is 
pre-operatively produced at signi?cant cost and radiation 
load. For example, it is conceivable to use a generic model 
that comprises a typical or average body structure, for 
example a simple model representation of a vertebra, upper 
arm bone, loWer arm bone, upper leg bone, loWer leg bone or 
pelvic bone or other osseous body structure and/or soft tissue 
structure. The generic model also can comprise a statistical 
model of the body structure, in particular based on statistical 
evaluations of an inde?nite number of image data sets, for 
example actual vertebra image data sets. 

[0019] There also exists the possibility of directly provid 
ing the generic model as a kind of package of models for a 
plurality of body structures of the same type. In such a case, 
it is possible When adapting the model to select, from the 
plurality of models in the package, the one Which best ?ts the 
patient-characteristic detection data, such that the model only 
need be slightly adapted (e. g., With computer assistance). 
[0020] The generic model can comprise a tWo-dimensional 
or three-dimensional data set of a body structure, and in 

Nov. 3, 2011 

particular a geometric model. In other Words, the generic 
model can be both three-dimensional data (for example, a 
vertebra model) and tWo-dimensional data (for example, vir 
tual x-ray images) or also a model in the form of geometric 
data. These data, for example, can be angles and/or trajectory 
information that is displayed to the physician and indicates to 
the physician the ideal position of an implant. 

[0021] The generic model can be correlated With at least 
one MR reference data set, such that changes or deformations 
of adaptations of the generic model by means of the transfor 
mation protocol can be applied analogously to the at least one 
MR reference data set. This enables the MR reference data set 
to be changed so as to generate an MR data set that is at least 
almost patient-characteri stic. 

[0022] The generic model also can be formed from at least 
one three-dimensional CT reference data set and the at least 
one three-dimensional MR reference data set. In this manner, 
the CT reference data set and the MR reference data set can so 
to speak form three-dimensional CT reference representa 
tions, CT reference models, MR reference representations 
and/ or MR reference models corresponding to the generic 
model, Wherein the corresponding CT and MR reference data 
sets preferably are registered to each other. 

[0023] The generic or statistical model can be formed from 
a plurality of CT reference data sets and a plurality of corre 
sponding MR data sets that are or can be registered to each 
other. 

[0024] A plurality of CT reference data sets preferably are 
ascertained or provided in order to form the generic model. 
Also, MR reference data sets corresponding to the plurality of 
CT reference data sets preferably are ascertained or provided, 
and the MR reference data sets preferably are registered to 
their corresponding CT reference data sets. The generic 
model can be produced, for example, as a surface model from 
these data sets that are registered to each other, Wherein a CT 
reference model can be produced from the plurality of CT 
reference data sets and an MR reference model can be pro 
duced from the plurality of MR reference data sets. These data 
sets can be correlated With the generic model or de?nitively 
assigned, or underlie the generic model. 

[0025] If the generic model is deformed due to being 
adapted to the patient-speci?c image data or detection data, 
this deformation obeys a transformation protocol or mapping 
protocol. By deforming the generic model, a model that is 
adapted to the actual body structures of the patient can be 
produced. If the transformation protocol is applied to the MR 
reference data sets that are correlated With the generic model, 
or to the MR reference model, then an MR representation that 
is approximated to the body structures of the patient results. 
This establishes a relationship betWeen the ascertained MR 
representation and the ?uoroscopic images of the patient, 
such that the MR reference data that are approximated to the 
actual patient data or the adapted MR reference model can be 
registered to the ?uoroscopic images. The transformation 
protocol also can be applied to the CT reference model in 
order to obtain a CT reference model that is adapted to the 
actual patient data. 

[0026] In addition, the adapted generic model also can be 
registered to a corresponding patient-characteristic MR data 
set by means of a ?xed registration or transformation. The 
adapted generic model thus can be additionally adapted or 
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approximated to the actual patient structures, in particular the 
actual soft tissue structures. It is also possible to only register 
the adapted three-dimensional MR reference model to the 
patient-characteristic MR data set by means of a ?xed regis 
tration, in order to obtain a more accurate or more patient 
speci?c MR model. 

[0027] It is also possible to produce or provide a plurality of 
CT reference data sets, from Which the generic model is or can 
be generated. A CT reference data set, for example, can be 
selected as a CT main shape reference data set from the 
plurality of CT reference data sets. An MR main shape refer 
ence data set corresponding to this CT main shape reference 
data set can be produced or provided, Wherein the CT main 
shape reference data set can be registered to the MR main 
shape reference data set. 

[0028] The generic model thus can be generated exclu 
sively from or by means of CT reference data sets, such that 
the generic model can be accurately and quickly adapted to 
the patient-speci?c ?uoroscopic images. The generic model 
can be generated from the plurality of CT reference data sets, 
such as CT training reference data sets, and the CT main 
shape reference data set. One MR main shape reference data 
set preferably is registered to the CT main shape reference 
data set, Wherein a correlation exists betWeen the generic 
model and the MR main shape reference data set. 

[0029] It is possible to produce a plurality of CT reference 
data sets of the thoracic vertebra of various persons, for 
example, such as tWo, three, four, ?ve, six, seven, eight or 
more CT reference data sets. By Way of example, six CT 
reference data sets of thoracic vertebrae of various persons 
can be read from a database or otherWise ascertained, Wherein 
one of the six CT reference data sets preferably is selected as 
the CT main shape reference data set. An MR main shape 
reference data set that is registered to the CT main shape 
reference data set preferably also is read off from the data 
base, or an MR main shape reference data set that corresponds 
to the CT main shape reference data set is produced and is 
registered to the CT main shape reference data set. Based on 
the other ?ve CT reference data sets, the generic model, for 
example, can be ascertained only using the extracted surface 
information of the ?ve CT reference data sets so as to produce 
a surface model as the generic model. One Way of producing 
the generic model as a surface model is described in: M. 
Fleute and S. Lavalle, “Building a complete surface model 
from sparse data using statistical shape models: Application 
to computer-assisted knee surgery”, in MlCCAl, pages 878 
887, 1998, Which is incorporated by reference in its entirety. 

[0030] By deforming at least a part of the generic model, 
the generic model can be adapted to the patient-speci?c ?uo 
roscopic images by means of an adaptation protocol or trans 
formation protocol, such as a three-dimensional transforma 
tion protocol. Such three-dimensional transformation 
protocol describes or speci?es hoW a part of the generic 
model or the entire generic model has to be shifted or repo 
sitioned in order to achieve the greatest possible match 
betWeen the generic model and the patient-speci?c image 
data. 

[0031] This transformation protocol, for example, can be 
applied to the entire MR main shape reference data set to 
obtain from the MR reference data set an approximate 
patient-characteristic MR representation that is related to the 
?uoroscopic image data. The transformation protocol also 
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can be analogously applied to the CT main shape reference 
data set, in order to transform or deform its image data. 

[0032] The transformation protocol also can be applied to a 
part of the MR main shape reference data set that is registered 
to the CT main shape reference data set, or to a main shape 
reference data set formed from the CT main shape reference 
data set and the MR main shape reference data set. The 
transformation protocol preferably is only applied to the 
regions or structures of the main shape reference data set or 
MR main shape reference data set that can be de?nitively 
identi?ed or referenced in the ?uoroscopic image data and/or 
the generic model, such that an accurate or reliable transfor 
mation can be ensured With respect to these points. The struc 
tures, such as soft tissue structures, muscles or skin structures, 
that are not displayed in the ?uoroscopic images and/or the 
generic model (e. g., the generic model generated from the CT 
data sets) can remain unchanged (e. g., they are not subjected 
to the transformation). An MR main shape reference data set 
that is registered to the CT main shape reference data set can 
be ascertained. Alternatively, a main shape reference data set 
that is formed from the CT main shape reference data set and 
the MR main shape reference data set can be generated. In the 
generated data sets, only the structures or parts that Were 
signi?cantly adapted or deformed are adapted to the patient 
speci?c image data. The image data for Which it is uncertain 
Whether a deformation is necessary, such as image data that 
cannot be identi?ed or displayed in the ?uoroscopic images 
and/or the generic model, preferably remain unchanged. 

[0033] The main shape reference data set approximated to 
the actual patient structures or the MR main shape reference 
data set can be improved or additionally adapted to the actual 
patient structures. This may be accomplished by registering 
the already adapted main shape reference data set or MR main 
shape reference data set to a corresponding patient-character 
istic MR data set by means of a ?xed registration or transfor 
mation. This enables the regions of the adapted MR main 
shape reference data set that initially remained unchanged to 
be ?lled in or changed. 

[0034] This approach exhibits an array of advantages. Non 
patient-speci?c CT data sets that are easy to ascertain or 
record can be used to produce the generic model. In this 
approach, only the main shape reference data set comprises 
an MR main shape reference data set and a CT main shape 
reference data set, Which results in a signi?cant reduction in 
labor and costs. Also, only the data of the main shape refer 
ence data set that also can be displayed in the ?uoroscopic 
images and/or the generic model, and the patient-speci?c 
position of Which can thus be correctly ascertained to a high 
probability, may be changed based on the ascertained trans 
formation protocol. The ?xed registration of the adapted main 
shape reference data set to the patient-speci?c MR data set 
also represents a simple, accurate and quick process. 

[0035] Various types of patient-characteristic data that can 
be used to adapt the generic model are outlined beloW. Also, 
it is alWays possible to use combinations of such data, referred 
to beloW as diagnostic data. 

[0036] The patient-characteristic data can be x-ray image 
data, such as from x-ray images produced beforehand or 
during the treatment, in particular bi-planar or multi-planar 
x-ray images. One example Would be Where x-ray images are 
already available for the patient that Were produced Within the 
frameWork of previous examinations. Data concerning body 
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structures from these “old” x-ray images are particularly suit 
able if deviations in shape as compared to the generic model 
are to be factored in. 

[0037] It is, hoWever, also possible to produce individual 
x-ray images of the patient even during the treatment and to 
then incorporate this information into adapting the generic 
model. An advantage as compared to conventional “x-ray 
navigation” is that it is not necessary to produce a large 
number of x-ray images, as used in x-ray image based navi 
gation. By contrast, it is suf?cient to produce only one or very 
feW x-ray images in order to adapt the generic model, Which 
in addition can be limited to a very small portion of the body. 
This signi?cantly reduces the radiation load as compared to 
conventional x-ray navigation. 

[0038] The above also applies similarly to computer 
tomography or nuclear spin tomography image data. It is 
possible to use image data obtained from tomography detec 
tions produced much earlier, but the information of Which is 
suf?cient to suitably adapt the generic model. 

[0039] It is not necessary, hoWever, to use complicated 
patient-characteristic detection data or diagnostic data in this 
Way to su?iciently adapt the generic model. It canbe perfectly 
suf?cient to use acquired point position information on the 
body structure of the patient, in particular natural or arti?cial 
landmarks. The patient-characteristic diagnostic data, for 
example, can be just the distance betWeen tWo landmarks (for 
example bone extensions) Which alone can provide suf?cient 
information as to hoW the generic model is to be restructured. 
Data concerning the siZe, Weight or body portion lengths or 
limb lengths of the patient can also be used as a basis for to 
adapt the generic model. 

[0040] The generic model can be adapted by one or more of 
the folloWing methods: 

[0041] manually adapting With the aid of image repre 
sentation assistance, in particular by displacing points 
and landmarks or shifting, rotating, expanding or com 
pressing the generic model on a screen output by means 
of a user interface; 

[0042] automatic image fusion methods that are in par 
ticular based on automatically identifying particular 
anatomical features; 

[0043] image data of the generic model, in particular 
digitally reconstructed x-ray images, and image data 
from computer tomography or nuclear spin tomography 
image data sets can be superimposed or fused together. 

[0044] A deformation and/or rotation protocol can be used 
as the transformation protocol of the generic model. 

[0045] The generic model thus can be fused With patient 
speci?c information or image data either automatically, for 
example by automatically identifying particular anatomical 
features that are critical for fusing, or also manually, for 
example by shifting, rotating, and/or stretching/Warping. If 
the generic model is fused With actual patient information 
With the aid of acquiring an inde?nite number of items of 
point information on the patient (landmarks), it is possible to 
use a so-called surface matching method, e.g., a computer 
assisted image adapting method, to fuse the image data. 
Detecting the diagnostic data and adapting the generic model 
from the various methods described above can be combined 
such that in addition to the diagnostic data (for example, 

Nov. 3, 2011 

intra-operatively acquired x-ray images), additional points on 
the patient also are recorded in the form of landmarks or 
randomly acquired points and used to accurately detect and 
adjust the position of the model or even its shape, so as to 
enhance navigation accuracy. 

[0046] Generally speaking, the position data obtained by 
ascertaining the patient-characteristic detection data, in par 
ticular by acquiring landmark positions or by x-ray image 
recordings registered in a navigation system, can be used in 
the method to register the adapted body structure data in the 
navigation system and to graphically represent or use treat 
ment apparatus or treatment-assisting apparatus registered to 
the adapted body structure. In other Words, the step of detect 
ing the diagnostic data can be simultaneously used to register 
the patient and the adapted generic model for navigation. As 
soon as the data of the model have been fused With registered 
data, e.g., data Which have been de?nitively determined in 
their spatial position, for example registered ?uoroscopic 
images of an x-ray navigation softWare, or as soon as the data 
of the model have been registered to landmarks, or a combi 
nation of both methods, they can be used for computer-as 
sisted surgery and for minimally invasive operations, e.g., by 
displaying instruments or implants in relation to a fused 
model. 

[0047] Also provided is a computer program Which, When it 
is loaded onto a computer or is running on a computer, per 
forms a method as described above, and to a program storage 
medium or computer program product comprising such pro 
gram. 

[0048] A device for registering a three-dimensional mag 
netic resonance (MR) data set to at least tWo ?uoroscopic 
images of a patient comprises a data detection device, a navi 
gation system for ascertaining the three-dimensional spatial 
position of the data detection device, and a computational unit 
such as a computer connected to the navigation system. 
Patient-speci?c detection data such as ?uoroscopic images 
can be recorded by the data detection device, Wherein the 
navigation system serves to ascertain the three-dimensional 
spatial position of the data detection device relative to the 
body structure to be recorded. 

[0049] The computational unit preferably is connected via 
a Wire connection or Wirelessly to the navigation system. All 
the method steps described above that utiliZe computational 
operations can be performed or ascertained by the computa 
tional unit. The computational unit can ascertain a three 
dimensional generic model, in particular a surface model, for 
bodies or body parts of various persons, Wherein the generic 
model contains patient-speci?c body structure data. The 
three-dimensional generic model can contain or be based on 
at least one three-dimensional MR reference data set or can at 
least be correlated With the three-dimensional MR reference 
data set. The computational unit can change or deform or 
adapt the generic model based on the ascertained tWo-dimen 
sional patient-characteristic detection data by means of a 
transformation protocol for data-linking the body structure 
data of the three-dimensional generic model to the tWo-di 
mensional patient-characteristic detection data. The compu 
tational unit can also change or adapt at least a part of the 
three-dimensional MR reference data set by means of the 
transformation protocol, in order to generate or ascertain a 
patient-characteristic three-dimensional MR data set Which is 
registered to the ?uoroscopic images. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] The forgoing and other features of the invention are 
hereinafter discussed With reference to the drawing. 

[0051] FIG. 1 is a ?oW diagram illustrating an exemplary 
method in accordance With the invention. 

[0052] FIG. 2 is a ?oW diagram illustrating another exem 
plary method in accordance With the invention. 

[0053] FIG. 3 illustrates an exemplary device for imple 
menting the method in accordance With the invention. 

[0054] FIG. 4 is a block diagram of an exemplary computer 
system that can be used in the device of FIG. 3. 

DETAILED DESCRIPTION 

[0055] FIG. 1 is a ?oW diagram illustrating a ?rst exem 
plary method for registering patient data on the basis of 
generic models. At least tWo ?uoroscopic images of a body 
region of a patient are initially recorded in step S10. These 
?uoroscopic images contain patient-speci?c data such as 
patient-speci?c structures or shapes. A non-patient-speci?c 
adaptive generic model, Which, for example, can include a 
plurality of data sets such as CT data sets, MR data sets, x-ray 
data sets or other data sets, is adapted to the ?uoroscopic 
image data in step S11 by means of a transformation protocol. 
The transformation protocol at least partially adapts the ini 
tially non-patient-speci?c generic model to the actual patient 
speci?c structures apparent from the ?uoroscopic images. In 
the next step, step S12, the generic model, Which has already 
been partially adapted, is registered With respect to a patient 
speci?c MR data set, or conversely, the patient-speci?c MR 
data set is registered With respect to the generic model that has 
already been partially adapted. Preferably, a rigid registration 
that does not deform the generic model and, for example, can 
?ll in previously inde?nite structures or regions is used. An 
MR reference data set contained in the generic model is 
therefore also registered to the patient-speci?c image data. In 
a subsequent step, step S13, it is possible to navigate based on 
the ?uoroscopic images, the generic model and the patient 
speci?c MR data set. 

[0056] FIG. 2 is a ?oW diagram illustrating a second exem 
plary method for registering patient data on the basis of 
generic models. As explained in relation to FIG. 1, ?uoro 
scopic images of a patient are produced in step S20. A non 
body-speci?c generic model also is ascertained that is based 
on CT data sets of a plurality of individuals. This generic 
model is adapted to the ?uoroscopic images in step S21 by 
means of a transformation, such that those regions of the 
generic model are deformed that are formed or shaped differ 
ently in the body-speci?c ?uoroscopic images. 

[0057] A transformation protocol is therefore ascertained 
in step S21 that describes the deformation of the non-body 
speci?c generic model for adapting it to the body-speci?c 
image data. By means of this transformation protocol, an MR 
reference data set that is related to the generic model is 
deformed in step S22, Wherein preferably only those regions 
of structures of the MR reference data set are deformed that 
are also formed or displayed in the generic model. It is pos 
sible to navigate based on the partially adapted MR reference 
data set alone. 

[0058] Alternatively or additionally, the MR reference data 
set that has already been partially adapted is registered in step 
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S23, preferably rigidly or ?xedly, to an ascertained patient 
speci?c MR data set. Alternatively, the patient-speci?c MR 
data set is registered, preferably rigidly, to the MR reference 
data set that has already been partially adapted. The data sets 
are registered such that While previously unchanged regions 
or regions of the MR reference data set that are different 
relative to the MR data set are ?lled in or changed, the MR 
reference data set is not hoWever deformed. The MR refer 
ence data set is thus registered to the patient-speci?c data and 
to the ?uoroscopic images. In a subsequent step, step 24, it is 
possible to navigate based on the ?uoroscopic images, the 
generic model and the patient-speci?c MR data set. 

[0059] FIG. 3 shoWs an embodiment of a device for imple 
menting the methods described herein, comprising an x-ray 
device 2 formed as a C-arm, by means of Which ?uoroscopic 
images of a patient on Whom a reference star 10 is preferably 
arranged can be recorded (such as recordings of the thoracic 
vertebra 1 of a patient). The x-ray device comprises a radia 
tion source 3, an image ampli?er 4 and an x-ray screen or 
x-ray equipment 5, by means of Which registered ?uoroscopic 
images can be produced. The device also comprises a navi 
gation system 9, by means of Which the position of the x-ray 
device 2 With respect to the patient can be ascertained by 
detecting the reference star 10 arranged on the patient. The 
navigation system 9 is connected to a computer 7 Which 
comprises a memory or database and can perform computa 
tional operations needed to perform the method in accordance 
With the invention. 

[0060] Moving noW to FIG. 4 there is shoWn a block dia 
gram of an exemplary computer 7 that may be used to imple 
ment one or more of the methods described herein. The com 
puter 7 may include a display 22 for vieWing system 
information, and a keyboard 24 and pointing device 26 for 
data entry, screen navigation, etc. A computer mouse or other 
device that points to or otherWise identi?es a location, action, 
etc., e. g., by a point and click method or some other method, 
are examples of a pointing device 26. Alternatively, a touch 
screen (not shoWn) may be used in place of the keyboard 24 
and pointing device 26. The display 22, keyboard 24 and 
mouse 26 communicate With a processor via an input/ output 
device 28, such as a video card and/or serial port (e.g., a USB 
port or the like). 

[0061] A processor 30, such as an AMD Athlon 64® pro 
cessor or an Intel Pentium IV® processor, combined With a 

memory 32 execute programs to perform various functions, 
such as data entry, numerical calculations, screen display, 
system setup, etc. The memory 32 may comprise several 
devices, including volatile and non-volatile memory compo 
nents . Accordingly, the memory 32 may include, for example, 
random access memory (RAM), read-only memory (ROM), 
hard disks, ?oppy disks, optical disks (e.g., CDs and DVDs), 
tapes, ?ash devices and/or other memory components, plus 
associated drives, players and/or readers for the memory 
devices. The processor 30 and the memory 32 are coupled 
using a local interface (not shoWn). The local interface may 
be, for example, a data bus With accompanying control bus, a 
netWork, or other subsystem. 

[0062] The memory may form part of a storage medium for 
storing information, such as application data, screen informa 
tion, programs, etc., part of Which may be in the form of a 
database. The storage medium may be a hard drive, for 
example, or any other storage means that can retain data, 
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including other magnetic and/or optical storage devices. A 
network interface card (NIC) 34 allows the computer 7 to 
communicate with other devices. 

[0063] A person having ordinary skill in the art of computer 
programming and applications of programming for computer 
systems would be able in view of the description provided 
herein to program a computer system 7 to operate and to carry 
out the functions described herein. Accordingly, details as to 
the speci?c programming code have been omitted for the sake 
of brevity. Also, while software in the memory 32 or in some 
other memory of the computer and/ or server may be used to 
allow the system to carry out the functions and features 
described herein in accordance with the preferred embodi 
ment of the invention, such functions and features also could 
be carried out via dedicated hardware, ?rmware, software, or 
combinations thereof, without departing from the scope of the 
invention. 

[0064] Computer program elements of the invention may 
be embodied in hardware and/or in software (including ?rm 
ware, resident software, micro-code, etc.). The invention may 
take the form of a computer program product, which can be 
embodied by a computer-usable or computer-readable stor 
age medium having computer-usable or computer-readable 
program instructions, “code” or a “computer program” 
embodied in the medium for use by or in connection with the 
instruction execution system. In the context of this document, 
a computer-usable or computer-readable medium may be any 
medium that can contain, store, communicate, propagate, or 
transport the program for use by or in connection with the 
instruction execution system, apparatus, or device. The com 
puter-usable or computer-readable medium may be, for 
example but not limited to, an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system, appara 
tus, device, or propagation medium such as the Internet. Note 
that the computer-usable or computer-readable medium 
could even be paper or another suitable medium upon which 
the program is printed, as the program can be electronically 
captured, via, for instance, optical scanning of the paper or 
other medium, then compiled, interpreted, or otherwise pro 
cessed in a suitable manner. The computer program product 
and any software and hardware described herein form the 
various means for carrying out the functions of the invention 
in the example embodiments. 

[0065] Although the invention has been shown and 
described with respect to a certain preferred embodiment or 
embodiments, it is obvious that equivalent alterations and 
modi?cations will occur to others skilled in the art upon the 
reading and understanding of this speci?cation and the 
annexed drawings. In particular regard to the various func 
tions performed by the above described elements (compo 
nents, assemblies, devices, compositions, etc.), the terms 
(including a reference to a “means”) used to describe such 
elements are intended to correspond, unless otherwise indi 
cated, to any element which performs the speci?ed function 
of the described element (i.e., that is functionally equivalent), 
even though not structurally equivalent to the disclosed struc 
ture which performs the function in the herein illustrated 
exemplary embodiment or embodiments of the invention. In 
addition, while a particular feature of the invention may have 
been described above with respect to only one or more of 
several illustrated embodiments, such feature may be com 
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bined with one or more other features of the other embodi 
ments, as may be desired and advantageous for any given or 
particular application. 

What is claimed is: 
1. A method for registering a non-patient-characteristic 

three-dimensional magnetic resonance data set (MR data set) 
to patient-characteristic data, comprising: 

producing or providing a non-patient-characteristic three 
dimensional generic model of a body or body part con 
taining body structure data; 

ascertaining or providing two-dimensional patient-charac 
teristic detection data of a patient; 

using a transformation protocol for data-linking the body 
structure data of the three-dimensional generic model to 
the two-dimensional patient-characteristic detection 
data to change or adapt the generic model of the body or 
body part based on the ascertained two-dimensional 
patient-characteristic detection data, 

wherein the three-dimensional generic model is at least 
correlated with a three-dimensional MR reference data 
set; and 

changing or deforming at least a part of the three-dimen 
sional MR reference data set by using the transformation 
protocol to generate a patient-characteristic three-di 
mensional MR data set that is registered to the ?uoro 
scopic images. 

2. The method according to claim 1, wherein the patient 
characteristic data includes at least two ?uoroscopic images 
of a patient. 

3. The method according to claim 1, wherein producing or 
providing the non-patient-characteristic three-dimensional 
generic model of the body or body part includes producing or 
providing a surface model of the non-patient-characteristic 
three-dimensional generic model of a body or body part. 

4. The method according to claim 1, wherein ascertaining 
or providing two-dimensional patient-characteristic detec 
tion data of the patient includes using at least two ?uoroscopic 
images as the two-dimensional patient-characteristic detec 
tion data. 

5. The method according to claim 1, wherein producing or 
providing the non-patient-characteristic three-dimensional 
generic model includes forming the generic model from at 
least one computer tomography reference data set (CT refer 
ence data set) and the at least one MR data set, said CT 
reference data set and MR data set being registered to each 
other. 

6. The method according to claim 1, wherein producing or 
providing the non-patient-characteristic three-dimensional 
generic model includes forming the generic model from a 
plurality of CT reference data sets and a plurality of corre 
sponding MR data sets, said CT reference data set and MR 
data set being registered to each other. 

7. The method according to claim 5, wherein producing the 
generic model includes forming from the at least one CT 
reference data set a three-dimensional CT reference data rep 
resentation that is correlated with the generic model and/or 
forming from the at least one MR reference data set a three 
dimensional MR reference data representation that is corre 
lated with the generic model. 

8. The method according to claim 6, wherein producing the 
generic model includes forming from the at least one CT 
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reference data set a three-dimensional CT reference data rep 
resentation that is correlated With the generic model and/or 
forming from the at least one MR reference data set a three 
dimensional MR reference data representation that is corre 
lated With the generic model. 

9. The method according to claim 1, further comprising 
using a ?xed registration or transformation to register the 
adapted generic model to a corresponding patient-character 
istic MR data set. 

10. The method according to claim 1, Wherein producing or 
providing a non-patient-characteristic three-dimensional 
generic model includes: 

producing or providing a plurality of CT reference data 
sets; 

selecting or ascertaining a CT reference data set as a CT 
main shape reference data set from the plurality of CT 
reference data sets; 

producing or providing an MR main shape reference data 
set corresponding to the CT main shape reference data 
set; 

registering the CT main shape reference data set to the MR 
main shape reference data set; and 

generating the generic model from the other CT reference 
data sets of the plurality of CT reference data sets. 

11. The method according to claim 10, further comprising 
applying the transformation protocol of the generic model to 
at least a part of the MR main shape reference data set that is 
registered to the CT main shape reference data set to generate 
the patient-characteristic three-dimensional MR data set. 

12. The method according to claim 1 1, further comprising 
applying the transformation protocol to the part of the MR 
main shape reference data set that contains structures Which 
are also displayed in the ?uoroscopic images and/ or the 
generic model. 

13. The method according to claim 1 1, further comprising 
using a ?xed registration of transformation to register the 
generated MR data set to a corresponding patient-character 
istic MR data set. 

14. The method according to claim 12, further comprising 
using a ?xed registration of transformation to register the 
generated MR data set to a corresponding patient-character 
istic MR data set. 

15. The method according to claim 1, Wherein using the 
transformation protocol for data-linking includes using a 
deformation and/or rotation protocol as the transformation 
protocol. 

16. The method according to claim 1, Wherein the generic 
model exhibits at least one of a typical and/or average body 
structure; 

a statistical model of a body structure; 

a plurality of body structures of the same type; 

a tWo-dimensional or three-dimensional data set of a body 
structure. 

17. The method according to claim 16, Wherein exhibiting 
a statistical model of the body structure includes a statistical 
model based on statistical evaluations of an inde?nite number 
of image data sets. 

18. The methods according to claim 1 6, Wherein exhibiting 
a tWo-dimensional or three-dimensional data set includes a 
geometric model. 

19. The method according to claim 1, Wherein changing or 
adapting the generic model of the body or body part includes 
at least one of: 
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manually adapting the generic model With the aid of image 
representation assistance; 

using an automatic image fusion method based on auto 
matically identifying particular anatomical features; 

superimposing or fusing image data of the generic model, 
20. The method according to claim 19, Wherein manually 

adapting includes adapting by displacing points and land 
marks or shifting, rotating, expanding or compressing the 
generic model on a screen output by via a user interface. 

21. A computer program embodied on a machine readable 
medium for registering a non-patient-characteristic three-di 
mensional magnetic resonance data set (MR data set) to 
patient-characteristic data, comprising: 

code that produces or provides a non-patient-characteristic 
three-dimensional generic model of a body or body part 
containing body structure data; 

code that ascertains or provides tWo-dimensional patient 
characteristic detection data of a patient; 

code that uses a transformation protocol for data-linking 
the body structure data of the three-dimensional generic 
model to the tWo-dimensional patient-characteristic 
detection data to change or adapt the generic model of 
the body or body part based on the ascertained tWo 
dimensional patient-characteristic detection data, 

Wherein the three-dimensional generic model is at least 
correlated With a three-dimensional MR reference data 
set; and 

code that changes or deforms at least a part of the three 
dimensional MR reference data set by using the trans 
formation protocol to generate a patient-characteristic 
three-dimensional MR data set that is registered to the 
?uoroscopic images. 

22. A device for registering a non-patient-characteristic 
three-dimensional magnetic resonance data set (MR data set) 
to patient-characteristic detection data, comprising: 

a data detection device for recording at least tWo ?uoro 
scopic images containing tWo-dimensional patient 
characteristic detection data; 

a navigation system for ascertaining a three-dimensional 
spatial position of the data detection device relative to a 
body or body part to be recorded; and 

a computational unit communicatively coupled to the navi 
gation system, said computational unit con?gured to 

produce a three-dimensional generic model of a body or 
body part 

containing body structure data, Wherein the three-dimen 
sional generic model is at least correlated With a three 
dimensional MR reference data set; 

use means of a transformation protocol for data-linking the 
body structure data of the three-dimensional generic 
model to the tWo-dimensional patient-characteristic 
detection data to change or adapt the generic model of 
the body or body part, based on the ascertained tWo 
dimensional patient-characteristic detection data; and 

change or deform at least a part of the three-dimensional 
MR reference data set using the transformation protocol 
to generate a patient-characteristic three-dimensional 
MR data set that is registered to the ?uoroscopic images. 

* * * * * 


