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A technique for reconstructing a corrected MR image from 
MR images distorted by foreign object induced magnetic 
?elds includes locating a foreign object in a subject and 
de?ning a localized area of a ?eld of vieW about the foreign 
object Where a magnetic ?eld distortion adversely affects a 
?rst magnetic distortion correction technique. The ?rst mag 
netic distortion correction technique is applied to the ?eld of 
vieW other than in the localized area. A second magnetic 
distortion correction technique is applied to the localized area 
and the results of the application of the ?rst and second 
magnetic distortion correction techniques are combined. An 
image is reconstructed based on the results of the application 
of the ?rst and second magnetic distortion correction tech 
niques. 

START 130 

II 
ACQUIRE AN 
MR DATA SET 

V132 

II 
LOCATE IMPLANT 

IN MR IMAGE SPACE 
A134 

II 
INPUT 3—D IMPLANT A136 

INFORMATION 

II 
CREATE MAGNETIC FIELD \_/138 

DISTRIBUTION MAP 

II 
APPLY AT LEAST ONE DISTORTION 
IMPROVEMENT TECHNIQUE TO AT 
LEAST ONE REGION IN AT LEAST 
ONE MR IMAGE TO RECONSTRUCT 
AN IMPROVED IMAGE THEREFROM 





Apr. 30, 2009 Sheet 2 0f 7 US 2009/0108843 Al 

N OE 

Patent Application Publication 



PatentApplication Publication Apr. 30, 2009 Sheet30f7 US 2009/0108843 A1 

FIG. 3 

I30 

ACQUIRE AN 132 
MR DATA SET V 

LOCATE IMPLANT A134 
IN MR IMAGE SPACE 

INPUT 3—D IMPLANT A136 
INFORMATION 

CREATE MAGNETIC FIELD \_/I38 
DISTRIBUTION MAP 

APPLY AT LEAST ONE DISTORTION 
IMPROVEMENT TECHNIQUE To AT A140 
LEAST ONE REGION IN AT LEAST 
ONE MR IMAGE TO RECONSTRUCT 
AN IMPROVED IMAGE THEREEROM 



Patent Application Publication 

I54 
AGQUIRE IST MR IMAGE 
USING POSITIVE READOUT 

AND SLICE-SELEGT 
GRADIENTS 

AGOUIRE 2ND MR 
IMAGE USING NEGATIVE 
READOUT AND POSITIVE 
SLIGE-SELEGT GRADIENTS 

158 

REVERSE LINES OF 
2ND MR IMAGE 

Apr. 30, 2009 Sheet 4 0f 7 

BEGIN WIII-I POSITIVE 
READOUT AND SLICE— 
SELECT GRADIENTS 

OR NEGATIVE READOUT 
AND POSITIVE SLIGE 
SELECT GRADIENTS? 

150 FIG. 4 

US 2009/0108843 A1 

AGQUIRE IST MR IMAGE 
USING NEGATIVE READOUT 
AND POSITIVE SLIGE-SELEGT 

GRADIENTS 

I64 

AGQUIRE 2ND MR IMAGE 
USING POSITIVE READOUT 

AND SLIGE-SELEGT 
GRADIENTS 

1 66 

REVERSE LINES 0F 
IsI MR IMAGE 

A A 1 68 
DEFINE IEsI REGION 
ON BOTH IMAGES A170 

cREAIE A LIMITED FIELD V172 
MAP 



Patent Application Publication Apr. 30, 2009 Sheet 5 0f 7 US 2009/0108843 A1 

132'\ FIG. 5 
I84 

BEGIN WITH 
NEGATIVE READOUT 

AND SLICE—SELECT GRADIENTS 
OR POSITIVE READOUI AND 
NEGATIVE SLICE-SELECT 

GRADIENTS? 

I88 204 

206 

I 
190 

ACQUIRE IST MR INAGE ACQUIRE IsI MR 
USING NEGAIIvE READGIII _ - - - A 196 r _ _ _ INAGE usING PosIIIvE 

AND sIIGE—sEEEGI GRADIENTS I I READOUT AND NEGAIIvE 
I I SLlCE-SELECT GRADIENTS 

l- _ _ _Y_ _ “I Y 

I IREVERSE LINESI r - - - - - - A 

L — — — T — — — J LREVERSE LINESJI 
__T___ 

ACQUIRE 2ND MR INAGE I I : 
USING POSITIVE READOUT AND ‘ _ _ J 212 ; ACQU'RE 2ND IIR 

NEGAIIvE SLlCE-SELECT L > IMAGE USING NEGATIVE 
GRADENTS READOUI AND SLICE—SEI_ECI 

J GRADIENIs 
192 V N 208 

REVERSE LINES 
( REVERSE LINES 

I94 

—¢ ¢ 21 o 
DEFINE TEST 

198“ REGIGN ON BOTH 
IMAGES 

I 
200V CREATE LIMITED 

FIELD MAP 



Patent Application Publication 

FIG. 6 

Apr. 30, 2009 Sheet 6 0f 7 US 2009/0108843 A1 

[132 250 

INPUT CT DATA SET 
CONTAINING REGISTERED 
IMPLANT INFORMATION A232 

I 
ACQUIRE AN MR IMAGE 

CONTAINING DISTORTION THEREIN A234 

I 
REGISTER CT DATA CONTAINING 

REGISTERED IMPLANT INFORMATION 
TO THE MR IMAGE CONTAINING 

DISTORTION THEREIN 

A236 

138x 
FIG. 7 

270 

272A DETERMINE IMPLANT LOCATION IN IMAGE 
SPACE, IMPLANT MAGNETIC SUSCEPTIBILITY, 

AND 3—D IMPLANT INFORMATION 

274 

APPLY MAGNETOSTATIC CALCULATIONS 



Patent Application Publication 

IMPROVEMENT IN ONE 
OR TWO DIRECTIONS? 

Apr. 30, 2009 Sheet 7 0f 7 US 2009/0108843 A1 

FIG. 8 

320 

322 

LDEEINE AREA DEFINE AREA WHERE DEFINE AREA WHERE 
WHERE GIR> 0R 05> 05 
W 68 324 W GR + [306 + (292 
+ N + K332 APPLY LINE INTEGRAL APPLY LINE INTEGRAL 

APPLY LINE INTEGRAL APPLY LINE INTEGRAL TECHN|QUE OUTSIDE TECHNIQUE OUTSIDE 
TECHNIQUE OUTS'DE TECHNIQUE OUTSIDE THE AREA THE AREA 

THE AREA M AREA 

+ + + K308 +/294 
APPLY CONSERVATION APPLY coNsERvATToN 

Ag?LglccNa'?iE‘?ggN APPLY CONSERVATION 0F SIGNAL METHOD OF SIGNAL METHOD 
TO AREA OF SIGNAL METHOD TO AREA To AREA 

To AREA 
+ K310 + (296 

326 DEFINE 2ND AREA WHERE DEFINE 2ND AREA WHERE 
334 G13> Gs CIR) GR 

+ [312 + (298 
APPLY LINE INTEGRAL APPLY LINE INTEGRAL 
NETHoD OUTSIDE THE METHOD OUTSIDE THE 

2ND AREA 2ND AREA 

APPLY coNsERvATIoN Agggléqai'fag?gg'i 
OF SIGNAL NETHoD T0 

2ND AREA T0 2ND AREA 

‘ 314 300 
RECONSTRUCT 

’ IMAGE ‘ 

\_/336 

142 



US 2009/0108843 A1 

METHOD AND APPARATUS FOR 
CORRECTING DISTORTION IN MR IMAGES 

CAUSED BY METALLIC IMPLANTS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to magnetic 
resonance (MR) imaging and, more particularly, to a method 
of correcting distortion in an MR image caused by an implant. 
[0002] When a substance such as human tissue is subjected 
to a uniform magnetic ?eld (polarizing ?eld BO), the indi 
vidual magnetic moments of the spins in the tissue attempt to 
align With this polarizing ?eld, but process about it in random 
order at their characteristic Larmor frequency. If the sub 
stance, or tissue, is subjected to a magnetic ?eld (excitation 
?eld Bl) Which is in the x-y plane and Which is near the 
Larmor frequency, the net aligned moment, or “longitudinal 
magnetization”, MZ, may be rotated, or “tipped”, into the x-y 
plane to produce a net transverse magnetic moment Mt. A 
signal is emitted by the excited spins after the excitation 
signal B l is terminated and this signal may be received and 
processed to ?ll a data acquisition or k-space matrix. The data 
stored in the k-space matrix may then be processed to form an 
image. 
[0003] When utilizing these signals to produce images, 
magnetic ?eld gradients (GK, Gy, and G2) are employed. Typi 
cally, the region to be imaged is scanned by a sequence of 
measurement cycles in Which these gradients vary according 
to the particular localization method being used. The result 
ing set of received NMR signals are digitized and processed 
to reconstruct the image using one of many Well knoWn 
reconstruction techniques. 
[0004] It is Well knoWn that, in the presence of a foreign 
object, the magnetic ?elds used in MR imaging often induce 
magnetic ?elds about the foreign object that can cause notice 
able distortion in the resulting MR image. All materials have 
some form of magnetism, Which is measured by its respective 
magnetic susceptibility, X. Magnetic susceptibility is a mea 
sure on hoW a material reacts to external magnetic ?elds. This 
“reaction” of materials to magnetic ?elds is fundamentally 
manifested in the magnetic ?eld they induce in response to the 
external ?eld. Higher magnitudes of magnetic susceptibility 
induce more severe magnetic ?elds. In magnetic resonance, a 
very large magnetic ?eld of relative spatial homogeneity is 
used to polarize nuclear (or electronic) spins. When a material 
is placed in this magnetic ?eld, its magnetic susceptibility 
distribution causes an induced magnetic ?eld. It is this 
induced magnetic ?eld that can cause distortion in MR 
images. On its oWn, the human body induces such ?elds. 
HoWever, the magnetic susceptibilities of organic tissue and 
air have magnitudes roughly 10-100 times less than the rela 
tive magnetic susceptibilities of metallic implant components 
and their surrounding tissue, depending on the type and shape 
of the metal used in the implant. Therefore, the magnetic 
?elds induced by metallic implants are far more severe and 
troublesome than the induced ?elds typically dealt With in 
biological magnetic resonance applications. 
[0005] Techniques have been developed to correct distor 
tion caused by a substance’s induced magnetic ?eld. One such 
technique is the “line-integral” technique. The basic principle 
of this technique is described hereinafter and assumes distor 
tion in a single dimension. 
[0006] First, tWo images [Il(xl) and I2(x2)] are acquired 
With equal and opposing imaging gradients in the desired 
direction of desired distortion correction (i.e. the phase-en 
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code direction in EPI images or the readout direction of 
spin-echo images near metal implants). The image distortion 
then occurs in opposite directions, but With different charac 
ter due to the added superposition of imaging gradient ?elds 
With opposite sign. For each line in the distorted direction, a 
boundary is found at one of the images and then the distance 
betWeen this boundary and the corresponding point in the 
other image is estimated by integrating each image in the 
distorted direction. Where the integrals match, is Where the 
tWo points correspond to one another. The midpoint of the tWo 
points is then the point Where signal Would lie in a non 
distorted image [IO(x)]. This process is repeated until a full 
mapping of points in each image is uncovered: 

This is effectively the same as knowing the magnetic ?eld 
map at each point in the image, since: 

x1:x+0.BO(x), and X2:X—OLBO(X); [2] 

Where 0t is a knoWn constant, and: 

x:(xl+x2)/2. [3] 

[0007] Equation [3] is the mathematical basis of the line 
integral method previously described. Knowing this map 
ping, the intensity of the non-distorted image is also uncov 
ered as: 

[0008] On its oWn, the line-integral method has not been 
successfully demonstrated or utilized near metallic implants 
in spin-echo images. There is a clear reason for this lack of 
application. Equations [2-4] are valid under the assumption 
that the mappings generally expressed in Equation [1] are 
monotonic (i.e. the distorted images map back to one and only 
one point in the non-distorted image). This mathematical 
condition is violated Where the extraneous magnetic ?eld 
inhomogeneity gradient is greater than the gradient used to 
encode the MR images in the distorted direction. In regions 
Where this inequality is violated, both the mappings and the 
intensity calculation [4] become invalid. That is, the map 
pings and intensity calculation become invalid for correcting 
distortions in the slice direction if the magnetic ?eld inhomo 
geneity gradient is greater than the slice-select gradient. This 
inequality violation also occurs in the readout direction When 
the magnetic ?eld inhomogeneity gradient in the readout 
direction is greater than the readout gradient. Unfortunately, 
these very inequalities are quite often encountered near 
metallic implants. Therefore, the typical line-integral based 
repair of distorted images cannot be used in such regions. 
Furthermore, it is generally believed not possible for the 
typical line-integral method to perform any “self-diagnosis” 
in identifying regions Where its methods are limited. This 
quandary renders the standard application of the line-integral 
method virtually useless near metallic implants. Extra infor 
mation Would be needed to tell the line-integral method Where 
to evaluate Equations [2-4] and Where other methods should 
be implemented. An operator could determine regions by 
guessing Where the inequality is not violated and then apply 
the method in those regions. HoWever, as one skilled in the art 
Will readily acknoWledge, this guessing game Would be 
unsuccessful in accurately de?ning the boundaries of the 
regions. 
[0009] One skilled in the art Would immediately appreciate 
the bene?t of accurately determining regions Where the 
inequality is valid and not valid in spin-echo images. If the 
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regions are de?ned accurately, more robust MR images of 
areas Where implants are present can be created. For example, 
in the ?eld of arthroplasty, implants are often used for joint 
repair. Most often, there is a strong need for accurate MR 
images of the implant and areas in the immediate vicinity of 
the implant. Without accurately determined regions, accurate 
conventional MR images are currently unattainable. 
[0010] It Would, therefore, be desirable to have a method of 
determining a region Where the line-integral method can be 
successfully implemented and determining another region 
Where other methods can be successfully applied to repair 
distorted MR images. 

BRIEF DESCRIPTION OF THE INVENTION 

[0011] The present invention provides a method and appa 
ratus that overcome the above-mentioned limitations. A 
region Where the magnetic ?eld inhomogeneity in a particular 
direction is less than the slice-select or readout gradient in 
such direction is determined in an imaging ?eld of vieW such 
that distortion correction may be applied thereto. 
[0012] In accordance With one aspect of the present inven 
tion, an MR apparatus determines regions Where various 
magnetic distortion correction techniques can be used. The 
apparatus locates a foreign object in a subject and de?nes a 
localiZed area of a ?eld of vieW about the foreign object Where 
magnetic ?eld distortion adversely affects a ?rst magnetic 
distortion correction technique. An appropriate correction 
technique is applied to the localiZed area. In addition, another 
?rst magnetic distortion correction technique is be applied to 
the ?eld of vieW other than in the localiZed area. The results of 
each distortion correction technique are combined and an 
image is reconstructed therefrom. 
[0013] In accordance With another aspect of the present 
invention, a technique for improving magnetic ?eld distortion 
caused by a foreign object in a subject is implemented. The 
technique includes computing a magnetic ?eld distribution 
map of a ?eld of vieW containing distortion therein from the 
foreign object. Using this full magnetic ?eld distribution 
map, an inhomogeneity gradient region is located. In addi 
tion, at least one region for distortion improvement in an MR 
image is de?ned using the magnetic ?eld distribution map 
With the located inhomogeneity region. 
[0014] In accordance With yet another aspect of the present 
invention, a computer readable storage medium having stored 
thereon a computer program comprising instructions Which 
When executed by a computer cause the computer to deter 
mine a coordinate system of a ?eld of vieW containing dis 
tortion therein. The computer further determines a location of 
an object magnetic ?eld in the coordinate system and registers 
the object magnetic ?eld to the location. Further, at least one 
area of distortion space in the coordinate space in the coordi 
nate system is de?ned and the area on an MR image is located. 
[0015] Various other features and advantages of the present 
invention Will be made apparent from the folloWing detailed 
description and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The draWings illustrate embodiments presently con 
templated for carrying out the invention. 
[0017] In the draWings: 
[0018] FIG. 1 is a schematic block diagram of an MR 
imaging system for use With an embodiment of the present 
invention. 
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[0019] FIG. 2 depicts a subject on a scanning table of the 
system of FIG. 1 and shoWs a ?eld of vieW created by the 
system of FIG. 1. 
[0020] FIG. 3 is a How chart depicting an overvieW pres 
ently contemplated for carrying out an embodiment of the 
invention. 
[0021] FIG. 4. is a How chart depicting another embodi 
ment for carrying out an aspect of the present invention. 
[0022] FIG. 5 is a How chart depicting yet another embodi 
ment of the present invention. 
[0023] FIG. 6 is a How chart depicting still another embodi 
ment of the present invention. 
[0024] FIG. 7 is a How chart depicting yet another embodi 
ment of the present invention. 
[0025] FIG. 8 is a How chart depicting another embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0026] Referring to FIG. 1, the major components of a 
preferred magnetic resonance imaging (MRI) system 10 
incorporating an embodiment of the present invention are 
shoWn. The operation of the system is controlled from an 
operator console 12 Which includes a keyboard or other input 
device 13, a control panel 14, and a display screen 16. The 
console 12 communicates through a link 18 With a separate 
computer system 20 that enables an operator to control the 
production and display of images on the display screen 16. 
The computer system 20 includes a number of modules Which 
communicate With each other through a backplane 20a. These 
include an image processor module 22, a CPU module 24 and 
a memory module 26, knoWn in the art as a frame buffer for 
storing image data arrays. The computer system 20 is linked 
to disk storage 28 and tape drive 30 for storage of image data 
and programs, and communicates With a separate system 
control 32 through a high speed serial link 34. The input 
device 13 can include a mouse, joystick, keyboard, track ball, 
touch activated screen, light Wand, voice control, or any simi 
lar or equivalent input device, and may be used for interactive 
geometry prescription. 
[0027] The system control 32 includes a set of modules 
connected together by a backplane 3211. These include a CPU 
module 36 and a pulse generator module 38 Which connects to 
the operator console 12 through a serial link 40. It is through 
link 40 that the system control 32 receives commands from 
the operator to indicate the scan sequence that is to be per 
formed. The pulse generator module 38 operates the system 
components to carry out the desired scan sequence and pro 
duces data Which indicates the timing, strength and shape of 
the RF pulses produced, and the timing and length of the data 
acquisition WindoW. The pulse generator module 38 connects 
to a set of gradient ampli?ers 42, to indicate the timing and 
shape of the gradient pulses that are produced during the scan. 
The pulse generator module 38 can also receive patient data 
from a physiological acquisition controller 44 that receives 
signals from a number of different sensors connected to the 
patient, such as ECG signals from electrodes attached to the 
patient. And ?nally, the pulse generator module 38 connects 
to a scan room interface circuit 46 Which receives signals 
from various sensors associated With the condition of the 
patient and the magnet system. It is also through the scan 
room interface circuit 46 that a patient positioning system 48 
receives commands to move the patient to the desired position 
for the scan. 
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[0028] The gradient Waveforms produced by the pulse gen 
erator module 38 are applied to the gradient ampli?er system 
42 having Gx, Gy, and G2 ampli?ers. Each gradient ampli?er 
excites a corresponding physical gradient coil in a gradient 
coil assembly generally designated 50 to produce the mag 
netic ?eld gradients used for spatially encoding acquired 
signals. The gradient coil assembly 50 forms part of a magnet 
assembly 52 Which includes a polarizing magnet 54 and a 
Whole-body RF coil 56. A transceiver module 58 in the sys 
tem control 32 produces pulses Which are ampli?ed by an RF 
ampli?er 60 and coupled to the RF coil 56 by a transmit/ 
receive sWitch 62. The resulting signals emitted by the excited 
nuclei in the patient may be sensed by the same RF coil 56 and 
coupled through the transmit/receive sWitch 62 to a pream 
pli?er 64. The ampli?ed MR signals are demodulated, ?l 
tered, and digitiZed in the receiver section of the transceiver 
58. The transmit/receive sWitch 62 is controlled by a signal 
from the pulse generator module 38 to electrically connect the 
RF ampli?er 60 to the coil 56 during the transmit mode and to 
connect the preampli?er 64 to the coil 56 during the receive 
mode. The transmit/receive sWitch 62 can also enable a sepa 
rate RF coil (for example, a surface coil) to be used in either 
the transmit or receive mode. 

[0029] The MR signals picked up by the RF coil 56 are 
digitiZed by the transceiver module 58 and transferred to a 
memory module 66 in the system control 32. A scan is com 
plete When an array of raW k-space data has been acquired in 
the memory module 66. This raW k-space data is rearranged 
into separate k-space data arrays for each image to be recon 
structed, and each of these is input to an array processor 68 
Which operates to Fourier transform the data into an array of 
image data. This image data is conveyed through the serial 
link 34 to the computer system 20 Where it is stored in 
memory, such as disk storage 28. In response to commands 
received from the operator console 12, this image data may be 
archived in long term storage, such as on the tape drive 30, or 
it may be further processed by the image processor 22 and 
conveyed to the operator console 12 and presented on the 
display 16. 
[0030] The present invention is directed to determining 
regions Where computed magnetic ?eld inhomogeneity gra 
dients in the direction of the slice-select gradient or the read 
out gradient is less than the applicable gradient: the slice 
select gradient or the readout gradient, respectively. One 
skilled in the art Would appreciate that this information also 
informs as to Where the magnetic ?eld inhomogeneity gradi 
ents are too large. By computing a full magnetic ?eld distri 
bution map of the region With its included implant, the inven 
tion generally provides more accurate determination of 
regions Where speci?c distortion repair methods can be 
applied to spin-echo MR images. In turn, this results in a more 
robust distortion repair procedure. 
[0031] Referring noW to FIG. 2, a subject 100 is depicted 
prone on a scanning table 102. A ?eld-of-vieW (FOV) 104 of 
the MRI system 10 of FIG. 1 is shoWn generally about a 
foreign object 108 With metallic properties, such as an 
implant. The boundary 106, determined by the MRI system of 
FIG. 1, Which Will be more fully set forth hereinafter With 
respect to FIG. 4, de?nes a localiZed area 110, FIG. 2, about 
the foreign object 108. In addition, an area 112 other than the 
localiZed area 110 is also determined by the MRI system of 
FIG. 1. It is in these areas 110, 112 of FIG. 2, Where appro 
priate correction techniques can be applied. 
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[0032] The MRI system of FIG. 1 determines or de?nes the 
areas 110, 112 of FIG. 2 by determining magnetic inhomo 
geneity gradients corresponding to the FOV 104. Area 112, 
other than the localiZed area 110, is Where the magnetic ?eld 
inhomogeneity gradient in a particular imaging direction is 
less than the respective imaging gradient. As such, the previ 
ously mentioned line-integral method can be successfully 
applied to this area 112. The particular imaging direction and 
respective imaging gradient used in the above inequality 
depend on the chosen direction of the improvement tech 
nique. That is, if the distortion improvement technique is 
performed in the slice direction, then this is the area 112 
Where a magnetic ?eld inhomogeneity gradient in a slice 
direction is less than a slice-select gradient. On the other 
hand, if the distortion improvement technique is to be per 
formed in the readout direction, then this is the area 1 12 Where 
a magnetic ?eld inhomogeneity gradient in a readout direc 
tion is less than a readout gradient. The line-integral tech 
nique may be applied, separately, in either the readout or slice 
direction. HoWever, applying this technique in both the read 
out and slice direction generally results in an MR image With 
more robust distortion improvement. 

[0033] The localiZed area 110, in contrast, is Where the 
MRI system of FIG. 1, determines a magnetic ?eld inhomo 
geneity gradient in a particular imaging direction is greater 
than the respective imaging gradient. In this localiZed area 
110 of FIG. 2, the Well knoWn line-integral technique, With its 
line integration, is generally knoWn by those in the art to fail. 
As a result, other distortion improvement techniques must be 
used for distortion improvement. For example, a signal con 
servation method that is knoWn in the art may be used. This 
method uses the condition that the integral across each line in 
a particular gradient direction, slice or readout direction, must 
be the same for tWo input images and the ?nal corrected 
image. After correcting the valid regions Where the line 
integral technique may be used, any remaining signal needed 
to satisfy this condition is added (equally or proportionally) to 
the regions not corrected by the line-integral technique. As 
With the line-integral technique, a more robust distortion 
improvement may be achieved by applying the signal conser 
vation method in doth the readout and slice direction. 

[0034] Also depicted in FIG. 2 is a test region boundary 
116, determined by an operator of the MRI system of FIG. 1, 
Which de?nes the test region 114. This test region 114 is 
de?ned prior to, and separately from, the localiZed area 110 
and the area 112 other than the localiZed area 110 and Will be 
more fully set forth hereinafter in FIGS. 4 and 5. 

[0035] Referring noW to FIG. 3, an embodiment of the 
present invention is shoWn in a How chart that depicts a 
technique implemented by an MRI system 10, FIG. 1, to 
reconstruct 140, FIG. 3, an image With distortion improve 
ment. Starting at 130, the subject 100, FIG. 2, is prepared for 
an MR image study. Next, referring back to FIG. 3 and Which 
Will be more fully described later With respect to FIGS. 4, 5, 
and 6, an MR data set is acquired 132. As Will also be 
described more fully With respect to FIGS. 4, 5, and 6, the 
implant is then located 134 in MR image space. After locating 
134 the implant in MR image space, three-dimensional 
implant information is input 136 into the MRI system. It is 
contemplated, hoWever, that the three-dimensional informa 
tion may be input 136 during or before implant location 134, 
MR data set acquisition 132, or even before preparation of the 
subject 100, FIG. 1, for MR image study. The MRI system 
also creates 138 a magnetic ?eld distribution map, Which Will 
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be more fully set forth With respect to FIG. 7. Once created 
138, the magnetic ?eld distribution map aids in the applica 
tion 140 at least one distortion improvement technique to at 
least one region in at least one MR image to reconstruct an 
improved image therefrom. This application 140 of at least 
one distortion improvement technique and image reconstruc 
tion Will be more fully set forth hereinafter With respect to 
FIG. 8. After image reconstruction of 140, FIG. 3, the at least 
one distortion improvement technique implemented by the 
MRI system ends 142. 
[0036] Referring noW to FIG. 4, another embodiment is 
depicted that shoWs a technique for acquiring 132 an MR data 
set that is used to locate 134, FIG. 3, an implant in MR image 
space. In addition, the results of the MR data set acquisition 
132 are used to create 138, FIG. 3, a magnetic ?eld distribu 
tion map. Starting at 150, FIG. 4, a determination 152 is made 
as to Whether to begin MR acquisition With a positive readout 
gradient and slice-select gradient 154 or begin With negative 
readout and positive slice-select gradients 162. If the decision 
152, 154 is made to begin With both positive gradients, then an 
MR image is acquired 156 using a positive readout and slice 
select gradients. Then a second MR image is acquired 158 
using a negative readout and positive slice-select gradients. 
After the second image is acquired 158, its lines in image 
space are reversed 160. 

[0037] The properly applied line-integral technique, 
described in the BACKGROUND, is used in this technique of 
acquiring an MR data set 132. Referring back to FIG. 2, in 
order to properly apply the line-integral technique, a test 
region of an area 114 must be de?ned 116 by the user far 
enough aWay from the implant 108, to ensure that the implant 
magnetic ?eld (not shoWn) alloWs for the application of the 
line-integral technique. That is, the test region must be an area 
114 of the FOV 104 not adjacent to the foreign object 108: 
implant 108. Referring back to FIG. 4, the test regions of FIG. 
2, are de?ned 170 in the ?rst and second acquired 156, 158 
MR images. A limited ?eld map is then created 172 by apply 
ing the line-integral method to each de?ned 170 region of the 
tWo acquired 156, 158 MR images. 
[0038] The acquisition 132 of an MR data set can be 
acquired in a similar manner if the choice 152, 162 is made to 
begin MR acquisition With negative readout and positive 
slice-select gradients. In this case, a ?rst MR image Would be 
acquired 164 using negative readout and positive slice-select 
gradients. FolloWing acquisition 164 of the ?rst image, a 
second MR image is acquired 166 using positive readout and 
slice-select gradients. Next, the lines of the ?rst MR image are 
reversed 168. One skilled in the art Would understand that, in 
order to apply the line-integral technique to the tWo acquired 
164, 166 MR images, the lines of an image acquired 164 With 
at least one negative gradient should be reversed 168. It is, 
hoWever, contemplated that the lines of the ?rst acquired 164 
MR image could be reversed 168 during or immediately after 
the acquisition 164 of the ?rst MR image. In any event, after 
the acquisition 164, 166 of the tWo MR image and the reversal 
168 of the ?rst MR image’s lines, the test regions are de?ned 
170 on both images. The line-integral method is then applied 
to the de?ned 170 test regions in order to create 172 a limited 
?eld map. The creation 172 of the limited ?eldmap completes 
the acquisition 132 of an MR data set. 

[0039] This limited ?eld map that is created 172 contains 
magnetic ?eld distribution information of the FOV 104 
described in FIG. 2. As such, the created 172, FIG. 4 limited 
?eld map contains implant location information and implant 
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magnetic susceptibility information. Using the implant loca 
tion information, the implant 108, FIG. 2, is located 134, FIG. 
3, in image space such that its orientation is estimated. As 
Would be appreciated by those in the art, the steps set forth in 
FIG. 4 could be repeated multiple times, using the iterations 
to more accurately determine implant location and implant 
magnetic susceptibility. With regard to the magnetic suscep 
tibility information, and Which Will be described more fully 
With respect to FIG. 7, the magnetic ?eld distribution map is 
created 138, FIG. 3 using the magnetic susceptibility infor 
mation. 

[0040] Referring to FIG. 5, yet another embodiment is 
depicted that shoWs a technique for acquiring an MR data set 
132 that is used to locate 134, FIG. 3, an implant in MR image 
space. In addition, the results of this MR data set acquisition 
132 are also used to create 138, FIG. 3, a magnetic ?eld 
distribution map. Starting at 184, FIG. 5, a determination 186 
is made as to Whether to begin MR acquisition With negative 
readout and slice-select gradients 188 or Withpositive readout 
and negative slice-select gradients 204. If the choice 186, 188 
is made to begin With negative readout and slice-select gra 
dients, the ?rst MR image is acquired 190 using these gradi 
ents. After the ?rst MR image is acquired 190, a second MR 
image is acquired 192 using positive readout and negative 
slice-select gradients. Next, the lines of each image are 
reversed 194. An alternative technique is contemplated, in 
Which the lines of the ?rst acquired 190 MR image are 
reversed 196 immediately folloWing its acquisition 190. In 
this case, only the lines of the acquired 192 second MR image 
Would be reversed 194 folloWing its acquisition 192. In either 
alternative, a test region, as described above With respect to 
FIG. 4, is then de?ned 198, FIG. 5, on both images. Following 
the de?nition 198 of the regions, a limited ?eld map is created 
200 using the line-integral technique. 
[0041] Alternatively, it may be decided 186, 204 to begin 
MR acquisition With positive readout and negative slice-se 
lect gradients. In this case, the ?rst MR image is acquired 206 
using positive readout and negative slice-select gradients. 
After the ?rst MR image is acquired 206, a second MR image 
using negative readout and slice-select gradients is acquired 
208. Next, the lines of each MR image are reversed 210. An 
alternative technique is contemplated, hoWever, in Which the 
lines of the ?rst acquired 206 MR image are reversed 212 
immediately folloWing its acquisition 206. In this case, only 
the lines of the second acquired 208 MR image Would be 
reversed 210 folloWing its acquisition 208. Next the test 
region, as described above With respect to FIG. 4, is de?ned 
198, FIG. 5, on both acquired 206, 208 MR images. FolloW 
ing the de?nition 198 of the regions, a limited ?eld map is 
created 200 using the line-integral technique, completing the 
acquisition of the MR data set 132. 

[0042] As With the limited ?eld map created 172 using the 
technique shoWn in FIG. 4, the limited ?eld map that is 
created 200, FIG. 5, contains magnetic ?eld distribution 
information of the FOV 104 described in FIG. 2. As such, the 
created 200, FIG. 5 limited ?eld map contains implant loca 
tion information and implant magnetic susceptibility infor 
mation. Using the implant location information, the implant 
108, FIG. 2, is located 134, FIG. 3, in image space such that 
its orientation is estimated. With regard to the magnetic sus 
ceptibility information, and Which Will be described more 
fully With respect to FIG. 7, the magnetic ?eld distribution 
map is created 138, FIG. 3 using the magnetic susceptibility 
information. As Would be appreciated by those in the art, the 



US 2009/0108843 A1 

steps set forth in FIG. 5 could be repeated multiple times, 
using the iterations to more accurately determine implant 
location and implant magnetic susceptibility. 
[0043] Referring noW to FIG. 6, still another embodiment is 
depicted that shoWs a technique for acquiring an MR data set 
132 that is used to locate 134, FIG. 3, an implant in MR image 
space. Starting at 230, FIG. 6, a CT data set containing reg 
istered implant information is input 232 into the MRI system 
10, FIG. 1. Next, an MR image, containing implant distortion 
therein, is acquired 234, FIG. 6. As an alternative, it is con 
templated that the MR image can be acquired 234 during or 
before the input 232 of the CT data set containing registered 
implant information. Referring back to the present technique, 
folloWing MR image acquisition 234, the input 232 CT data 
containing registered implant information is then registered 
232 to the MR image. It is noted, that the registered implant 
information in the acquired 238 CT data set includes three 
dimensional implant information along With implant location 
information. In addition, it Would be appreciated by those in 
the art, that multi-plane x-ray data containing registered 
implant information could be input 232 and registered 236 
instead of the CT data containing registered implant informa 
tion. After the CT data (or multi-plane x-ray data) is registered 
236 to the MR image, the MR data acquisition 132 is com 
plete. 
[0044] This acquired 132 MR data set is then used to locate 
134, FIG. 3 the implant 108, in image space such that its 
orientation is estimated. In addition, the input 232, FIG. 6, CT 
data set, containing registered implant information, also 
serves as the step or act of inputting 138, FIG. 3 three dimen 
sional implant information. 
[0045] In yet another embodiment, an MR data set is 
acquired 132, FIG. 3, by ?rst acquiring tWo MR images 
containing magnetic distortion from an implant, With each 
MR acquisition using differing gradients. One MR image is 
acquired using positive readout and slice-select gradients and 
second MR image acquired as the ?rst but With a slightly 
temporally shifted refocusing pulse. From the tWo MR 
images, magnetic ?eld estimates are determined, completing 
a technique for acquiring 132, FIG. 3, an MR data set. As With 
the MR data set acquired 132 With regard to FIGS. 4, 5, and 6, 
this MR data set also contains implant location information 
and is used to locate 134, FIG. 3 the implant in image space 
such that orientation can be estimated. In addition, as With the 
MR data set acquired 132 using the technique shoWn in FIG. 
4 or 5, this MR data set contains implant magnetic suscepti 
bility information, in Which the susceptibility can be deter 
mined therefrom. 

[0046] In yet another embodiment, an MR data set is 
acquired 132, FIG. 1, With a technique that uses a saline 
solution phantom. In this embodiment, a saline-solution 
phantom is placed outside the subject 100 of FIG. 2, but 
Within the ?eld of vieW (not shoWn) that contain distortion 
from an implant. The MRI system of FIG. 1 then measures the 
reduced ?eld distribution in the saline-solution phantom, 
completing the acquisition of the MR data set. With the 
reduced ?eld distribution information, implant magnetic sus 
ceptibility can be determined as Well as the location 136 of the 
implant in MR image space, as Will be shoWn With respect to 
FIG. 7, to create the magnetic ?eld distribution map 140, FIG. 
3. 

[0047] As mentioned, the implant can be located 134 in 
image space from an MR data set acquired 132, FIG. 3, using 
any of the techniques mentioned, including those With respect 
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to FIGS. 4, 5, and 6. HoWever, it is contemplated that each 
technique shoWn in FIGS. 4, 5, and 6, or any combination of 
the mentioned techniques, can be used to determine implant 
location 134, FIG. 3, in image space. Comparing the implant 
location 134 results determined from each technique, or any 
combination of these techniques, Will alloW for the location 
134 of the implant in MR image space to be determined more 
accurately. 
[0048] Referring noW to FIG. 7, still another embodiment is 
shoWn in a How chart depicting a technique to create 138 a 
magnetic ?eld distribution map. Starting at 270, determine 
272 implant location in image space, implant magnetic sus 
ceptibility, and three-dimensional implant information. 
[0049] As mentioned, implant location can be determined 
from any of the above-mentioned techniques, including those 
With respect to FIGS. 4, 5, and 6. Implant magnetic suscep 
tibility, hoWever, can be determined from any of the tech 
niques mentioned above, except the technique mentioned 
With respect to FIG. 6 (using Ct data or multi-plane x-ray 
data). If the MR data set Were acquired 132 using the tech 
nique set forth in FIG. 6, in Which CT data or multi-plane 
x-ray data Were used, the implant magnetic susceptibility is 
determined from a source outside of the MR data acquired 
132 using such technique. For example, the implant magnetic 
susceptibility may be acquired from the implant manufac 
turer. In addition, it is contemplated that this implant mag 
netic susceptibility information may be acquired at any time 
during or before the creation 138 of a magnetic ?eld distri 
bution map. If any of the other techniques Were used, besides 
the technique set forth in FIG. 6, the implant magnetic sus 
ceptibility is determined from the respective MR data set, as 
mentioned under the respective technique description. 
[0050] The three-dimensional implant information may 
also be determined in a variety of different Ways. If using the 
MR data set acquired 132 using the technique set forth With 
respect to FIG. 6, the three-dimensional implant information 
is determined from the MR image that has CT data containing 
registered implant information registered 236 to it. If the MR 
data set Was acquired 132 using any of the other techniques, 
the three-dimensional implant information is determined 
from an outside source, such as the implant manufacturer. It is 
contemplated, hoWever, that the three-dimensional implant 
information could come from any source, even a database that 
is part of the MRI system 10, FIG. 1. That is, the determined 
272, FIG. 7 three-dimensional implant information may be 
input 136, FIGS. 2, 7, into the MRI system 10, FIG. 1 prior to 
or during the steps set forth in FIG. 2. 
[0051] After locating the implant in MR image space, 
determining implant magnetic susceptibility, and the implant 
three-dimensional information is determined 272, any of the 
Well-known three dimensional magnetostatic calculations are 
applied 274 to create a magnetic ?eld distribution map 138. 
As mentioned, any of the three-dimensional magnetostatic 
calculations knoWn in the art may be used. For example, the 
folloWing equation may be applied to create a magnetic ?eld 
distribution map: ABO(x):FFT_l[BO*FFT[(l/3—kZ2/|k|2)X 
(x)]]; Where x:(x, y, Z), FFT is a fast-Fourier transform (or its 
inverse FFT_l), k:(kx, ky, k2) is the Fourier transform space 
coordinate, B0 is the applied static magnetic ?eld strength (i.e. 
1.5, 3.0, 7.0 Tesla), and X is the magnetic susceptibility. 
[0052] One skilled in the art Will appreciate that, by apply 
ing 274 the magnetostatic calculations, the magnetic ?eld of 
the implant 108, FIG. 2, is computed to create a magnetic ?eld 
distribution map 138. Alternatively, but in a similar manner, it 
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can be interpreted that the magnetostatic calculations 274 
estimate the magnetic ?eld of the implant 108, FIG. 2, and 
registers it to the coordinate system created from an acquired 
132, FIG. 3, MR data set. As Will also be appreciated by one 
skilled in the art, the magnetic ?eld distribution map 140, 
FIG. 7 contains magnetic ?eld inhomogeneity information. 
[0053] NoW referring to FIG. 8, still another embodiment 
depicts, With a How chart, a technique to apply 140 at least one 
distortion improvement technique to at least one area on at 
least MR images to reconstruct an image therefrom. Starting 
at 280 With the created 138, FIG. 3 magnetic ?eld distribution 
map, it is determined 282 Whether to improve magnetic dis 
tortion in only one direction 316 or tWo directions 284. If 
correction in tWo directions is chosen 282, 284, then it is 
determined 286 Whether to begin distortion improvement in 
the slice direction 288 or readout direction 302. If the slice 
direction is chosen 286, 288 an area is de?ned 290 in the 
slice-select direction Where the inhomogeneity gradient in the 
slice direction (GIs) is greater than the slice-select direction 
gradient (Gs) on the magnetic ?eld distribution map 140, FIG. 
3. Next, the line-integral technique is applied 292, FIG. 8, to 
an area 112, FIG. 3, outside the de?ned 290 area, to the tWo 
acquired MR images, as set forth With respect to FIG. 4 or 5. 
Then, the conservation of signal method, previously 
described, is applied 295: adding any remaining signal (pro 
portionally or equally) to the de?ned 290 area. FolloWing the 
application 294 of the conservation of signal method, a sec 
ond area is de?ned 296 Where the inhomogeneity gradient in 
the readout direction (G IR) is greater then the readout gradient 
(GR) on the magnetic ?eld distribution map 140 of FIG. 3. 
Next, the line-integral technique is applied 298 the second 
de?ned 296 area. After this line-integral technique is applied 
in the readout direction 298, the conservation of signal 
method is applied 300 to the second de?ned 296 area. The 
technique is completed at 142, after an image is reconstructed 
336. 

[0054] On the other hand, if the readout direction is chosen 
286, 302 for the starting improvement direction, an area 110, 
FIG. 3 is de?ned 304, FIG. 8, in the readout direction Where 
the inhomogeneity gradient in the readout direction (GIR) is 
greater than the readout direction gradient (GR) on the mag 
netic ?eld distribution map 140, FIG. 3. Next, the line-inte 
gral technique is applied 306, FIG. 8, to an area 112, FIG. 3, 
outside the de?ned 304 area to the tWo acquired MR images, 
as set forth With respect to FIG. 4 or 5. Then, the conservation 
of signal method, previously described, is applied 308 to the 
de?ned 304 area: adding any remaining signal (proportion 
ally or equally) to the de?ned 304 area. Following the appli 
cation 308 of the conservation of signal method, a second area 
is de?ned 296 Where the inhomogeneity gradient in the read 
out direction (GIR) is greater then the readout gradient (GR) on 
the magnetic ?eld distribution map 140 of FIG. 3. Next, the 
line-integral technique is applied 312 to an area 112, FIG. 3, 
outside the second de?ned 310 area. After this line-integral 
technique is applied 312 in the readout direction, the conser 
vation of signal method is applied 300 to the second de?ned 
310 area. The technique is completed at 142, after an image is 
reconstructed 336. 

[0055] As an alternate to improving distortion in tWo direc 
tions, improvement in only one direction may be chosen 282, 
316. In this case, it needs to be determined 318 Whether to 
cause improvement in the slice direction 320 or the readout 
direction 328. If the slice direction is chosen 318, 320, an area 
Where the inhomogeneity gradient (GI s) in the slice direction 
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is greater than the slice-select gradient (Gs) is de?ned 322. 
One skilled in the art Will appreciate that this step actually 
de?nes N+l areas in distortion space, Where N is an integer 
greater than Zero. Next, using tWo MR images from the data 
set of FIG. 4 or 5, the line-integral technique is applied 324 
outside the de?ned 322 area, Where the inhomogeneity gra 
dient in the slice direction (GIs) is less than the slice-select 
gradient (Gs). Next, the conservation of signal method is 
applied 326 to the de?ned area 322. The technique is com 
pleted at 142, after an image is reconstructed 336. 

[0056] On the other hand, it may be determined 318 to 
improve distortion in the readout direction 328. In this situa 
tion, an area in image space, such as the space created by the 
magnetic ?eld distribution map 140 of FIG. 3, Where the 
inhomogeneity gradient in the readout direction (GIR) is 
greater than the readout gradient (GR) is de?ned 330. One 
skilled in the art Will appreciate that this step or act actually 
de?nes N+l areas in distortion space, Where N is an integer 
greater than Zero. Next, using tWo MR images from the data 
set 132 of FIG. 4 or 5, apply 332 the line-integral technique 
area 112 FIG. 3 outside the de?ned 330 area, Where the 
inhomogeneity gradient in the readout direction is less than 
the readout gradient. Next, apply 334 the signal conservation 
method to the chosen tWo MR images from MR data set 132 
of FIG. 4 or 5, in the readout direction in the de?ned 330 area. 
This technique is completed at 142 after an image is recon 
structed 336. 

[0057] In yet another embodiment, the MR system of FIG. 
1 corrects distortion in MR images using four acquired MR 
images containing distortion therein from an implant. In a 
?rst set, the MR system acquires tWo spin-echo MR images: 
one is acquired With positive readout and slice-select gradi 
ents and the second is acquired With a negative readout gra 
dient and positive slice-select gradient. A second set of spin 
echo MR images is then acquired: one acquired With positive 
readout and negative slice-select gradients and the second is 
acquired With negative readout and slice-select gradients. 
Since the order in Which the images are acquired may be 
changed, all variations of the above order are contemplated. 
After the images are acquired, a limited ?eld map is created, 
as described above With respect to FIGS. 4 and 5, using the 
?rst set of MR images. In addition, a second limited ?eld map 
is created using the second set of MR images. The tWo limited 
?eld maps are compared and ?eld estimates in agreement are 
identi?ed. Using the ?eld estimates in agreement, the implant 
is located in a coordinate system de?ned by the image space, 
such that its orientation is estimated. In addition, implant 
magnetic susceptibility is determined. Next, using magneto 
static ?eld calculations, limited ?eld map information, and 
given information about the implants three-dimensional char 
acteristics, a magnetic ?eld distribution map is computed. A 
region Where the inhomogeneity gradient in the readout 
direction is greater than the readout gradient is de?ned using 
the magnetic ?eld distribution map. The line-integral method 
is then used on the ?rst and second set of MR images to create 
?fth and sixth image. Then, using the signal conservation 
method already described, areas not previously de?ned can 
be improved, resulting in tWo MR images With magnetic 
distortion improved in the readout direction. 
[0058] In addition, similar steps may be applied to cause 
improvement in the slice-select direction. In this case, a 
region Where the inhomogeneity gradient in the slice direc 
tion is greater than the slice-select gradient is de?ned using 
the magnetic ?eld distribution map. The line-integral method 
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is then used on the ?rst and second set of MR images to create 
seventh and eighth image. Then, using the signal conservation 
method already described, areas not previously de?ned can 
be improved, resulting in tWo MR images With magnetic 
distortion improved in the slice direction. 
[0059] It is also contemplated that the above technique can 
be applied in both the readout and slice-select direction for a 
more robust distortion improvement. 
[0060] A technical contribution for the disclosed method 
and apparatus is that it provides for a computer implemented 
program to cause a computer de?ne at least one region, in an 
MR image With distortion caused by an implant therein, for 
distortion correction and to apply a distortion correction tech 
nique the at least one region. 
[0061] Therefore, according to one embodiment of the 
present invention, an MR apparatus determines regions Where 
various magnetic distortion correction techniques can be 
used. The apparatus locates a foreign object in a subject and 
de?nes a localiZed area of a ?eld of vieW about the foreign 
object Where magnetic ?eld distortion adversely affects a ?rst 
magnetic distortion correction technique. An appropriate cor 
rection technique is applied to the localiZed area. In addition, 
another ?rst magnetic distortion correction technique is be 
applied to the ?eld of vieW other than in the localiZed area. 
The results of each distortion correction technique are com 
bined and an image is reconstructed therefrom. 
[0062] In accordance With another embodiment of the 
present invention, a technique for improving magnetic ?eld 
distortion caused by a foreign object in a subject is imple 
mented. The technique includes computing a magnetic ?eld 
distribution map of a ?eld of vieW containing distortion 
therein from the foreign object. Using this full magnetic ?eld 
distribution map, an inhomogeneity gradient region is 
located. In addition, at least one region for distortion 
improvement in an MR image is de?ned using the magnetic 
?eld distribution map With the located inhomogeneity region. 
[0063] In accordance With yet another embodiment of the 
present invention, a computer readable storage medium hav 
ing stored thereon a computer program comprising instruc 
tions Which When executed by a computer cause the computer 
to determine a coordinate system of a ?eld of vieW containing 
distortion therein. The computer further determines a location 
of an object magnetic ?eld in the coordinate system and 
registers the object magnetic ?eld to the location. Further, at 
least one area of distortion space in the coordinate space in the 
coordinate system is de?ned and the area on an MR image is 
located. 

[0064] The present invention has been described in terms of 
the preferred embodiment, and it is recognized that equiva 
lents, alternatives, and modi?cations, aside from those 
expressly stated, are possible and Within the scope of the 
appending claims. 

1. A magnetic resonance (MR) apparatus comprising: 
a plurality of gradient coils positioned about a bore of a 
magnet to impress a polarizing magnetic ?eld about a 
subject to be imaged, and an RF transceiver system and 
an RF sWitch controlled by a pulse module to transmit 
RF signals to an RF coil assembly to acquire MR 
images; and 

a computer programmed to: 

locate a foreign object in a subject; 
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de?ne a localiZed area of a ?eld of vieW about the foreign 
object, Where a magnetic ?eld distortion adversely 
affects a ?rst magnetic distortion correction tech 
nique; 

apply the ?rst magnetic distortion correction technique 
to the ?eld of vieW other than in the localiZed area; 

apply a second magnetic distortion correction technique 
to the localiZed area; and 

combine results of the application of the ?rst and second 
magnetic distortion correction techniques and recon 
struct an image therefrom. 

2. The apparatus of claim 1 Wherein the ?rst magnetic 
distortion correction technique is performed With line inte 
gration. 

3. The apparatus of claim 1 Wherein the computer is further 
programmed to create a magnetic ?eld distribution map, 
Wherein the magnetic ?eld distribution map contains mag 
netic ?eld inhomogeneity information. 

4. The apparatus of claim 3 Wherein the localiZed area is 
de?ned Where a magnetic ?eld inhomogeneity gradient in a 
readout direction is greater than a readout gradient and the 
?eld of vieW other than the localiZed area is de?ned Where a 
magnetic ?eld inhomogeneity gradient in a readout direction 
is less than a readout gradient. 

5. The apparatus of claim 3 Wherein the localiZed area is 
de?ned Where a magnetic ?eld inhomogeneity gradient in a 
slice direction is greater than a slice-select gradient and the 
?eld of vieW other than the localiZed area is de?ned Where a 
magnetic ?eld inhomogeneity gradient in a slice direction is 
less than a slice-select gradient. 

6. The apparatus of claim 1 Wherein the computer is further 
programmed to acquire a ?rst MR image having distortion 
therein from the foreign object. 

7. The apparatus of claim 6 Wherein the computer is further 
programmed to acquire a second MR image having distortion 
therein from the foreign object. 

8. The apparatus of claim 7 Wherein the computer is further 
programmed to apply the ?rst correction distortion technique 
to an area of the ?eld of vieW not adjacent to the foreign object 
of the ?rst and second MR images to create a limited ?eld 
map. 

9. The apparatus of claim 8 Wherein the computer is further 
programmed to compute a magnetic ?eld distribution map 
based on a magnetic ?eld of the foreign object and the limited 
?eld map. 

10. The apparatus of claim 9 Wherein the computer is 
further programmed to identify the localiZed area in the mag 
netic ?eld distribution map. 

11. A technique for correcting magnetic ?eld distortion 
caused by a foreign object in a subject comprising: 

computing a magnetic ?eld distribution map of a ?eld of 
vieW containing distortion therein from the foreign 
object; 

locating an inhomogeneity gradient region in the magnetic 
?eld distribution map; and 

de?ning at least one region for distortion improvement in 
an MR image using the magnetic ?eld distribution map 
With the located inhomogeneity gradient region. 

12. The technique of claim 11 further comprising locating 
the foreign object in a limited ?eld map, Wherein the limited 
?eld map contains location information. 

13. The technique of claim 12 Wherein the magnetic ?eld 
distribution map is computed from foreign object magnetic 
?eld information and limited ?eld map information. 
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14. The technique of claim 13 Wherein the foreign object 
magnetic ?eld information is computed from foreign object 
magnetic susceptibility. 

15. The technique of claim 11 Wherein the inhomogeneity 
gradient region is at least one of an area Where a readout 
gradient is less than an inhomogeneity gradient and an area 
Where the readout gradient is greater than the inhomogeneity 
gradient. 

16. The technique of claim 11 Wherein the inhomogeneity 
gradient region is at least one of an area Where a slice-select 
gradient is less than an inhomogeneity gradient and an area 
Where the slice-select gradient is greater than the inhomoge 
neity gradient. 

17. The technique of claim 11 further comprising applying 
a distortion improvement technique to the at least one region 
to create the MR image With reduced distortion about the 
foreign object. 

18. A computer readable storage medium having stored 
thereon a computer program comprising instructions Which 
When executed by a computer cause the computer to: 

determine a coordinate system of a ?eld of vieW containing 
distortion therein; 

determine a location of an object magnetic ?eld in the 
coordinate system; 

register the object magnetic ?eld to the location; 
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de?ne at least one area of distortion space in the coordinate 
system; and 

locate the area on an MR image. 
19. The computer readable storage medium of claim 18 

further comprising instructions to cause the computer to com 
pute the object magnetic ?eld and a limited ?eld map of the 
?eld of vieW. 

20. The computer readable storage medium of claim 19 
further comprising instructions to cause the computer to 
determine the coordinate system from the limited ?eld map. 

21. The computer readable storage medium of claim 18 
Wherein there are N+l located areas of distortion space. 

22. The computer readable storage medium of claim 21 
further comprising instructions to cause the computer to 
improve distortion in the N+l areas of distortion space. 

23. (canceled) 
24. The computer readable storage medium of claim 18 

Wherein the location of the object magnetic ?eld is deter 
mined from the one of CT data containing registered object 
information and multi-planar X-ray data containing registered 
object information. 

25. The computer readable storage medium of claim 18 
Wherein the at least one area of distortion space de?ned in the 
coordinate system surrounds at least a portion of the object 
magnetic ?eld registered to the location. 

* * * * * 


