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(57) ABSTRACT 

An orthopedic magnetic resonance imaging system is dis 
closed. This system includes a source of magnetic resonance 
imaging data sets resulting from successive magnetic reso 
nance imaging acquisitions from a diseased joint of a 
patient. A segmentation module segments surfaces in the 
joint based on information contained Within at least one of 
the data sets, and a registration module spatially registers, in 
three dimensions, information represented by a ?rst of the 
data sets With respect to information represented by one or 
more further data sets for the same patient. A comparison 
module detects differences betWeen information represented 
by the data sets caused by progression of the disease in the 
joint of the patient betWeen acquisitions. A cross-patient 
comparison module can compare detected differences for the 
patient With detected differences for at least one other 
patient. 

SEGMENTATION 
MODULE 

(2B 
SUB-PIXEL 
ACCURACY 
PROCESSING 
MODULE 

30) 
BIPARAMETRIC 

FITTING MODULE 
24 

MRI 
ACQUISITION DATABASE 

MRI IMAGING 
CO'L SYSTEM BIPARAMETRIC 

I16 

PHANTOM 

4.. 

MODULE 

(34 
3D CARTILEGE 

IMAGE 
GENERATION 
MODULE 

(36 
SIGNAL 
ANALYSIS 
MODULE 

DIFFERENCE 
MAPPING 
MODULE 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

l 

| 

I 

| 

I 

I 

I 

MAPPING | 
I 

I 

I 

| 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 



Patent Application Publication Apr. 21, 2005 Sheet 1 0f 15 US 2005/0085709 A1 

_ SEGMENTATION 

MODULE 

C28 
SUB-PIXEL 
ACCURACY 
PROCESSING 
MODULE 

30x 

20 

KNEE COIL 
ASSEMBLY 

I I8 

I / 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
I 
, 24 ‘ BIPARAMETRIC 

I 

I 
MRI l 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

FITTING MODULE 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I MRI IQ/SILGING _> ACQUISITION 
I SYSTEM 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

> DATABASE ‘k 

I 

I 

I 

I 

I 

I 

l 

I 

I 

I 

I 

I 

I 

I 

I 

I 

BIPARANIETRIC ' 
# MAPPING I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

MODULE ____> L 
3D CARTILEGE 

IMAGE 
GENERATION 
MODULE 

(36 

PHANTOM 

SIGNAL 
# ANALYSIS 

39 MODULE 

/ 38w 
DIFFERENCE 
MAPPING 
MODULE 



Patent Application Publication Apr. 21, 2005 Sheet 2 0f 15 US 2005/0085709 A1 

40 f ?4 66 
ACOUIRE 

POSITION > fog/x253??? : REPOSITION SECOND 3D 
PATIENT PATIENT PATIENT IMAGE OF 

PATIENT 
i 

F “ _ “ _ _ _ * __| _ _ _ _ _ _ — __I 

I SEGMENT BONE I ACOUIRE l 
iAggLi?oF?sTg SURFACE FOR : SECOND ;_______ 

L ______ __I PATIENT |___|_NIALG_E __: 70 

i 46 [ 
SEGMENT 68 v ‘ 

44 CARTILAGE 
SURFACE FOR \48 REPOSITION 

FIRST IMAGE OF BONE AND 
PATIENT > CARTILAGE 

SURFACES FOR 
V SECOND IMAGE 
FIT OF PATIENT 

BIPARAMETRIC 
50f SURFACE TO 

BONE SURFACE V 

i DETERMINE 
DEFORMATION 

REPRESENT 72/ OF CARTILAGE 
BONE SURFACE 

/ WITH NEW SURFACE FOR 

SURFACE 

1' I, 
REPRESENT 
CARTILAGE GENERATE 

SURFACE WITH 74/ MAPPING 
NEW 

GENERATENEW BIPARAMETRIC \54 
3D IMAGES OF SURFACE 
CARTILAGE y 58 II 

DERIvE SUB- M GENERATE 
v PIXEL = DIFFERENCE 

POSITIONS FOR MAPPING 
PERFORM FIRST IMAGE 
SIGNAL SURFACES 3 
ANALYSIS I 76 I, 

: GENERATE _ DISPLAY 

MAPPING MAPPING 

60 \ 

625 78) 
Fig. 2 



Patent Application Publication Apr. 21, 2005 Sheet 3 0f 15 US 2005/0085709 A1 

Fig. 3 



Patent Application Publication Apr. 21, 2005 

90 

Sheet 4 0f 15 

I00 

POSITION 
THREE-DIMENSIONAL 
POSITION MARKERS 

92 

CENTER KNEE IN 
HORIZONTAL PLANE 

94 

V 

CENTER KNEE ALONG 
LONGITUDINAL AXIS 

OF COIL 

96 

CONSTRAIN HEEL WITH 
HEEL CONSTRAINT 

98 

CONSTRAIN KNEE 
WITH SPACERS 

I___________ 

Fig. 4 

v/ 
NOTE POSITIONING ISSUES 

I02 

ACOUIRE SCOUT SCAN 

I04 

ACQUIRE CORONAL 
SCOUT SCAN 

P6 i _ _ _ _ _ _ _ _ — _ _ — _ _ _'\ 

I ACQUIRE SE TI 
: SAGITAL SCAN 
| 
| 

ACQUIRE 3D 
SAGITAL SCAN 

US 2005/0085709 A1 



Patent Application Publication Apr. 21, 2005 Sheet 5 0f 15 US 2005/0085709 A1 

JL 

X V, G G 

ZOEEDP/Qm PE Om 
G2 

ADC 

Fig. 5 



Patent Application Publication Apr. 21, 2005 Sheet 6 0f 15 US 2005/0085709 A1 



Patent Application Publication Apr. 21, 2005 Sheet 7 0f 15 US 2005/0085709 A1 



Patent Application Publication Apr. 21, 2005 Sheet 8 0f 15 US 2005/0085709 A1 



Patent Application Publication Apr. 21, 2005 Sheet 9 0f 15 US 2005/0085709 A1 

Fig. 9B 
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Fig. 11 



Patent Application Publication Apr. 21, 2005 Sheet 12 0f 15 US 2005/0085709 A1 

192 



Patent Application Publication Apr. 21, 2005 Sheet 13 0f 15 US 2005/0085709 A1 



Patent Application Publication Apr. 21, 2005 Sheet 14 0f 15 US 2005/0085709 A1 



Patent Application Publication Apr. 21, 2005 Sheet 15 0f 15 US 2005/0085709 A1 

MAGNETIC 
RESONANCE 
IMAGING DATA 

SETS 

| \ 

I 
I 

REGISTRATION 
MODULE 

250 

I \ 
l 252 

I 
COMPARISON 
MODULE 

I \ 
254 

l 
I 

CROSS-PATIENT 
COMPARISON 
MODULE 

\ 
256 

FIG. 15 



US 2005/0085709 A1 

EVALUATING DISEASE PROGRESSION USING 
MAGNETIC RESONANCE IMAGING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. Ser. No. 
10/430,800, ?led May 6, 2003, Which is a continuation of 
US. Ser. No. 09/704,269, ?led Nov. 1, 2000, Which claims 
the bene?t of US. Provisional Application No. 60/162,871, 
?led Nov. 1, 1999, all of Which are herein incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods and apparatus for 
tracking disease progression using magnetic resonance 
imaging, including methods and apparatus for ef?ciently and 
precisely tracking the progression of rheumatic diseases 
affecting cartilage. 

BACKGROUND OF THE INVENTION 

[0003] Osteoarthritis is a prevalent disease characteriZed 
mainly by cartilage degradation that is clinically re?ected by 
a gradual development of joint pain, stiffness, and loss of 
motion. Osteoarthritis is extremely frequent in the general 
population, and it is estimated that its radiological preva 
lence is close to 50% overall. This ?gure is even higher in 
the elderly, With as much as 75% of the population betWeen 
ages of 55 and 64 exhibiting some degree of radiological 
osteoarthritis in one or more joints. Although this disease is 
often benign, severe degenerative changes may cause seri 
ous disability. 

[0004] Clinical osteoarthritis is noW understood to be a 
complex interaction of degradation and repair of the carti 
lage, bone, and synovium, With secondary components of 
in?ammation. The biochemical changes of osteoarthritis 
affect several cartilage components, including major matrix 
constituents, proteoglycans, and collagens. Decreased pro 
teoglycan content in conjunction With damaged collagen 
structure leads to functional loss of normal matrix physi 
ologic properties. Although the etiology of osteoarthritis is 
multiple and includes mechanical and biochemical factors, it 
appears that these culminate in an increased synthesis of 
proteolytic enZymes by the chondrocytes, Which in turn 
leads to cartilage destruction. 

[0005] There is no knoWn cure for osteoarthritis, and 
current treatments are essentially limited to reliving the 
patient’s symptoms. Research is under Way, hoWever, to ?nd 
a therapeutic agent that Will sloW or stop the progression of 
the disease. One current approach to developing pharmaco 
logical treatments for osteoarthritis focuses on subchondral 
bone sclerosis, Which is a Well-recognized manifestation of 
osteoarthritis that could play a major role in the onset and/or 
progression of the disease. 

[0006] Unfortunately, evaluating the ef?cacy of such 
agents is not an easy, straightforWard process. For many 
years, studies of drug interventions on symptomatic knee 
osteoarthritis focused only on clinical parameters like pain 
and joint function, Without assessing the anatomical impact 
of the disease (i.e., cartilage degradation and bone sclerosis). 
Simple radiographs are noW often used in clinical trials for 
osteoarthritis to establish inclusion criteria, but such trials 
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have not employed them to assess disease progression. More 
complex radiographic methods have also been proposed for 
measuring joint space Width, such as the Buckland-Wight 
method, Which may be used in clinical trials. Arthroscopy 
appears reliable and sensitive to changes, but it only alloWs 
for evaluation of the cartilage surface. It also appears to be 
someWhat subjective even When independently trained 
evaluators revieW video recordings of the procedures, and, 
above all, it is invasive. 

[0007] A number of academic researchers have evaluated 
the use of Magnetic Resonance Imaging (MRI) for ortho 
pedic investigations over the last ten years. Some research 
ers have proposed using MRI to reproducibly quantify 
articular dimensions to folloW disease progression, and 
thereby assess Whether proposed treatments may be respon 
sible for changing the rate of cartilage loss. But the actual 
application of these proposed systems to the complex prob 
lem of making meaningful measurements on acutal diseased 
joints has not been shoWn to be entirely successful. This may 
be due to one or more of a variety of shortcomings, including 
extensive manual treatment and interpretation of data, 
excessive reliance on subjective human judgment, insuf? 
cient accuracy or repeatability to achieve meaningful results 
When used on actual diseased joints, inability to distinguish 
secondary symptoms, and/or excessively long scan times. 

SUMMARY OF THE INVENTION 

[0008] Several aspects of the invention are presented in 
this application. These relate to methods and apparatus for 
tracking disease progression using magnetic resonance 
imaging, including methods and apparatus for ef?ciently and 
precisely tracking the progression of rheumatic diseases 
affecting cartilage. 

[0009] In one general aspect, the invention features an 
orthopedic magnetic resonance imaging system that 
includes a source of magnetic resonance imaging data sets 
250 resulting from successive magnetic resonance imaging 
acquisitions from a diseased joint of a patient. A segmenta 
tion module is responsive to the source of magnetic reso 
nance imaging data sets and operative to segment surfaces in 
the joint based on information contained Within at least one 
of the data sets. A registration module 252 is responsive to 
the source of magnetic resonance imaging data sets and 
operative to spatially register, in three dimensions, informa 
tion represented by a ?rst of the data sets With respect to 
information represented by one or more further data sets for 
the same patient. Acomparison module 254 is responsive to 
the registration module and operative to detect differences 
betWeen information represented by the data sets caused by 
progression of the disease in the joint of the patient betWeen 
acquisitions. 

[0010] In preferred embodiments, the comparison module 
can be operative to detect changes in cartilage thickness 
Within the joint. The comparison module can be operative to 
detect changes in cartilage volume Within the joint. The 
comparison module can be operative to detect changes in 
characteristics of cartilage material Within the joint, Which 
can be re?ected in changes in magnetic resonance signal 
from the cartilage material. The system can further include 
a cross-patient comparison module 256 responsive to the 
comparison module to compare detected differences for the 
patient With detected differences for at least one other 
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patient. The system can further include a multi-patient 
database With the cross-patient comparison module includ 
ing a statistical analysis module operative to derive statis 
tical information about the progression of disease in the 
joints of a number of patients. The registration module can 
be operative to spatially register the data sets to Within an 
average RMS value of about 50 microns, or even 10 
microns. The registration module can include an automatic 
registration module operative to perform at least a three 
dimensional preliminary spatial registration independent of 
user input. The registration module can be operative to 
perform the registration based on previously acquired mag 
netic resonance imaging data for the same patient. The 
segmentation module can be an automatic segmentation 
module responsive to the source of magnetic resonance 
imaging data sets and operative to automatically segment 
anatomical features in the patient With substantially only 
supervisory and artifact-correcting user input. The source of 
magnetic resonance imaging data can be operative to pro 
vide data sets optimiZed for the detection of at least bone and 
cartilage. The source of magnetic resonance imaging data 
can include a magnetic resonance imaging system operative 
to acquire the data sets using a sequence is less than about 
30 minutes in duration. The source of magnetic resonance 
imaging data sets can include a magnetic resonance imaging 
system and a support assembly operative to immobiliZe the 
diseased joint Within the magnetic resonance imaging sys 
tem With the joint at a predetermined three-dimensional 
position. The magnetic resonance imaging system can 
include a knee coil With the support assembly including a 
heel constraint and at least tWo ?exible Wedges that are each 
operative to interact With a leg of the patient and the knee 
coil. The support assembly can be operative to repeatedly 
immobiliZe the joint at predetermined three-dimensional 
positions that fall Within a range of less than 17 or even 7 
millimeters along the longitudinal axis of the magnetic 
resonance imaging system. The system can further include a 
differential display module operative to generate a difference 
map depicting differences betWeen the data sets detected by 
the comparison module. The joint can be a load-bearing 
joint, With the imaging data sets include imaging data for at 
least the majority of the load bearing surfaces of the joint. 
The segmentation module can employ an active contour 
algorithm. The active contour algorithm can be a subpixel 
active contour algorithm. The segmentation module can 
employ an active contour algorithm con?gured to segment 
open contours With minimal operator intervention. The 
segmentation module can employ a three-dimensional gra 
dient-driven active contour algorithm. The comparison mod 
ule can be operative to detect differences betWeen informa 
tion represented by the data sets Within one or more sub 
regions of a surface of the joint caused by progression of the 
disease in the joint of the patient betWeen acquisitions. The 
sub-regions can be based on polar coordinates or Cartesian 
coordinates. 

[0011] In another general aspect, the invention features a 
method of monitoring disease progression in a joint that 
includes obtaining successive images of a same joint for 
each of a plurality of patients, Where at least some of the 
joints are diseased. The method also includes the steps of 
segmenting joint surfaces Within at least one of the images 
for each patient, and, for each of the patients, spatially 
registering joint features for one of the successive images 
With another of the successive images. Differences are 
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detected betWeen the registered successive images for each 
of the individual patients, and the differences are compared 
for different ones of the patients. 

[0012] In preferred embodiments, the method can further 
include the step of administering a therapeutic agent to at 
least some of the patients before the acquisition of at least 
some of the successive images, and evaluating the differ 
ences betWeen the registered successive images to obtain a 
measure of the efficacy of the therapeutic agent. The method 
can further include the step of evaluating the differences 
betWeen the registered successive images to determine hoW 
to treat individual ones of the patients. The therapeutic agent 
can be designed to treat rheumatic diseases affecting the 
cartilage. The step of obtaining can include performing a 
magnetic resonance imaging acquisition and can further 
include the step of immobiliZing the diseased joint With the 
joint at a predetermined ?exion angle during the step of 
performing a magnetic resonance imaging acquisition. The 
step of obtaining can include performing a magnetic reso 
nance imaging acquisition and further include the step of 
completely immobiliZing the diseased joint With the joint at 
a predetermined three-dimensional position during the step 
of performing a magnetic resonance imaging acquisition. 
The step of immobiliZing can be operative to repeatedly 
immobiliZe the joint at predetermined three-dimensional 
positions that fall Within a range of less than 17 or even 7 
millimeters along the longitudinal axis of the magnetic 
resonance imaging system used to perform the magnetic 
resonance imaging acquisition. The step of obtaining can 
include performing a magnetic resonance imaging acquisi 
tion, a step of positioning one or more markers proximate 
the joint during the magnetic resonance imaging, and a step 
of evaluating image distortion for the joint based on 
acquired image data for the markers. The step of obtaining 
can include performing a magnetic resonance imaging 
acquisition, a step of positioning one or more markers 
proximate the joint during the magnetic resonance imaging, 
and further including a step of evaluating patient movement 
artifact for the joint based on acquired image data for the 
marker. The step of positioning can position a pair of 
cylinders in orthogonal locations proximate the joint. The 
steps of detecting differences and comparing the differences 
can be operative to detect differences betWeen information 
represented by the data sets Within one or more sub-regions 
of a surface of the joint. The sub-regions can be based on 
polar coordinates or Cartesian coordinates. 

[0013] In a further general aspect, the invention features 
an orthopedic magnetic resonance imaging system that 
includes means for obtaining successive images of a same 
joint for each of a plurality of patients, Wherein at least some 
of the joints are diseased. Also included are means for 
segmenting joint surfaces Within at least one of the images 
for each patient, means for spatially registering joint features 
for one of the successive images With another of the suc 
cessive images for each of the patients, means for detecting 
differences betWeen the registered successive images for 
each of the individual patients, and means for comparing the 
differences obtained for different ones of the patients. 

[0014] In another general aspect, the invention features an 
orthopedic magnetic resonance imaging system that 
includes a source of magnetic resonance imaging data 
resulting from magnetic resonance imaging acquisitions 
from a diseased joint of a patient. The system also includes 
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a segmentation module that is responsive to the source of 
magnetic resonance imaging data and to segmentation result 
storage, and that is operative to detect a boundary betWeen 
tWo anatomical features of the joint in three dimensions 
based on both three-dimensional information from the dis 
eased joint of the patient and prior segmentation results 
stored in the segmentation result storage. 

[0015] In preferred embodiments, the system can further 
include a registration module responsive to the source of 
magnetic resonance imaging data and operative to spatially 
register three-dimensional image data from a ?rst acquisi 
tion for the patient and three-dimensional image data from 
a later acquisition for the same patient. 

[0016] In a further general aspect, the invention features a 
method of monitoring disease progression in a joint that 
includes obtaining a ?rst magnetic resonance imaging data 
set resulting from magnetic resonance imaging acquisition 
of a joint of a patient, segmenting a boundary betWeen tWo 
anatomical features of the joint based on the ?rst magnetic 
resonance imaging data set, and saving segmentation infor 
mation derived during the step of segmenting. A second 
magnetic resonance imaging data set resulting from a mag 
netic resonance imaging acquisition of the same joint for the 
same patient is then obtained, and the boundary betWeen the 
same tWo anatomical features of the same joint of the same 
patient is segmented based on both the second magnetic 
resonance imaging data set and the segmentation informa 
tion saved in the step of saving. 

[0017] In preferred embodiments, the method can further 
include the step of administering a therapeutic agent for the 
disease to a plurality of patients, With the steps of obtaining, 
the steps of segmenting, and the step of saving being 
performed for a plurality of patients, and the method can 
further include the step of evaluating the effect of the 
therapeutic on the disease based on results of the steps of 
obtaining, the steps of segmenting, and the step of saving. 

[0018] In another general aspect, the invention features an 
orthopedic magnetic resonance imaging system that 
includes means for obtaining a ?rst magnetic resonance 
imaging data set resulting from magnetic resonance imaging 
acquisition of a joint of a patient and for obtaining a second 
magnetic resonance imaging data set resulting from a mag 
netic resonance imaging acquisition of the same joint for the 
same patient. Also included are means for segmenting a 
boundary betWeen tWo anatomical features of the joint based 
on the ?rst magnetic resonance imaging data set, means for 
saving segmentation information derived by the means for 
segmenting, and means for segmenting the boundary 
betWeen the same tWo anatomical features of the same joint 
of the same patient based on both the second magnetic 
resonance imaging data set and the segmentation informa 
tion saved by the means for saving. 

[0019] In a further general aspect, the invention features 
an orthopedic magnetic resonance imaging system that 
includes a source of magnetic resonance imaging data 
resulting from magnetic resonance imaging acquisitions 
from a diseased joint of a patient, and a segmentation 
module that is responsive to the source of magnetic reso 
nance imaging data sets and is operative to detect a boundary 
betWeen tWo anatomical features of the joint in three dimen 
sions by detecting an outline in each of a plurality of at least 
generally parallel planes Within the volume, Wherein the 
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outline in at least some of the planes is based on data from 
at least one other of the planes. 

[0020] In another general aspect, the invention features a 
method of monitoring disease progression in a joint that 
includes obtaining a ?rst magnetic resonance imaging data 
set resulting from magnetic resonance imaging acquisition 
of a joint of a patient, and segmenting an outline of a 
boundary betWeen tWo anatomical features of the joint of the 
patient in three dimensions by detecting an outline in each 
of a plurality of at least generally parallel planes Within the 
volume, Wherein the outline in at least some of the planes is 
based on data from at least one other of the planes. 

[0021] In a further general aspect, the invention features 
an orthopedic magnetic resonance imaging system that 
includes means for obtaining a ?rst magnetic resonance 
imaging data set resulting from magnetic resonance imaging 
acquisition of a joint of a patient, and means for segmenting 
an outline of a boundary betWeen tWo anatomical features of 
the joint of the patient in three dimensions by detecting an 
outline in each of a plurality of at least generally parallel 
planes Within the volume, Wherein the outline in at least 
some of the planes is based on data from at least one other 
of the planes. 

[0022] In another general aspect, the invention features a 
magnetic resonance imaging system that includes a source 
of magnetic resonance imaging data resulting from magnetic 
resonance imaging acquisition from an imaging volume for 
a patient, a ?tting module operative to ?t a biparametric 
surface to an anatomical feature described by the data for the 
patient, and a projection module responsive to the magnetic 
resonance imaging data source and operative to project at 
least a portion of the data representing the three-dimensional 
anatomical feature onto the biparametric surface. 

[0023] In preferred embodiments, the surface can be a 
biparametric surface having a three-dimensional topology. 
The system can further include a display module responsive 
to the projection module to display the tWo dimensional 
surface on a planar display. The anatomical feature can 
include at least the condyles of the femur With the surface 
being a cylinder. The anatomical feature can include at least 
the plateau regions of the tibia and Wherein the surface is a 
plane. The anatomical feature can include at least the 
posterior surface of the patella and Wherein the surface is a 
cylinder. The system can further include means for perform 
ing image manipulations on data representing the tWo 
dimensional surface. The system can further include a 
repositioning module operative to user input to project the 
three-dimensional anatomical feature onto a further bipara 
metric surface layers proximate the biparametric surface. 
The system can further include an inter-patient comparison 
module responsive to the projection module to compare 
results derived from the projections from the projection 
module for a plurality of different patients. The system can 
further include a display module responsive to the inter 
patient comparison module to display comparison informa 
tion for the projections. 

[0024] In a further general aspect, the invention features a 
magnetic resonance imaging method that includes obtaining 
a magnetic resonance imaging data set resulting from a 
magnetic resonance imaging acquisition from an imaging 
volume for a patient, ?tting a biparametric surface to an 
anatomical feature described by the data set for the patient, 
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and projecting at least a portion of the data representing the 
three-dimensional anatomical feature onto the biparametric 
surface. 

[0025] In preferred embodiments, the method can further 
include repeating the steps of obtaining, ?tting, and project 
ing for a plurality of different patients, and can further 
include the steps of comparing resulting projections for the 
plurality of different patients. 

[0026] In another general aspect, the invention features a 
magnetic resonance imaging system that includes means for 
obtaining a magnetic resonance imaging data set resulting 
from a magnetic resonance imaging acquisition from an 
imaging volume for a patient, means for ?tting a bipara 
metric surface to an anatomical feature described by the data 
set for the patient, and means for projecting at least a portion 
of the data representing the three-dimensional anatomical 
feature onto the biparametric surface. 

[0027] In a further general aspect, the invention features a 
phantom for a magnetic resonance imaging system that 
includes a body de?ning a ?rst cavity for holding a ?rst 
material that has at least one magnetic resonance property 
that is substantially similar to that of cartilage, and a second 
cavity for holding a second material that has at least one 
magnetic resonance property that is substantially similar to 
that of an anatomical feature that is adjacent to cartilage. 

[0028] In preferred embodiments, the cavities can be on 
the order of the thickness of joint features to be imaged using 
magnetic resonance imaging. The cavities can be on the 
order of 0.125 inches thick. The body can de?ne a ?rst 
partition separating the ?rst and second cavities. The parti 
tion can be on the order of less than 100 microns thick. The 
body can further de?ne a third cavity for holding a third 
material, With the body including a second partition sepa 
rating the second and third cavities. 

[0029] In another general aspect, the invention features a 
magnetic resonance imaging method that includes obtaining 
and processing a magnetic resonance image of a phantom of 
knoWn geometry that simulates the contrast level betWeen 
cartilage and at least one anatomical feature adjacent to 
cartilage, obtaining a magnetic resonance image of a joint of 
a patient, and processing results of the step of obtaining a 
magnetic resonance image of a joint of a patient based on 
results of the step of obtaining and processing a magnetic 
resonance image of a phantom. 

[0030] In preferred embodiments, the step of processing 
can be a step of verifying that results of the step of obtaining 
a magnetic resonance image of a joint of a patient fall Within 
a predetermined contrast range based on results of the step 
of obtaining a magnetic resonance image of a phantom. The 
step of processing can be a step of correcting results of the 
step of obtaining a magnetic resonance image of a joint 
based on results of the step of obtaining an image of a 
phantom. The step of obtaining a magnetic resonance image 
of a phantom and the step of obtaining a magnetic resonance 
image of a joint can be performed using a ?rst magnetic 
resonance imaging con?guration, and the method can fur 
ther include a further step of obtaining a magnetic resonance 
image of a phantom of knoWn geometry that simulates the 
contrast level betWeen cartilage and at least one adjacent 
anatomical feature and a further step of obtaining a magnetic 
resonance image of a joint of a patient. The step of obtaining 
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a magnetic resonance image of a phantom can be performed 
for a ?rst material that has at least one magnetic resonance 
property that is substantially similar to that of bone and a 
second material that has at least one magnetic resonance 
property that is substantially similar to that of cartilage. The 
step of obtaining a magnetic resonance image of a phantom 
can be performed for a phantom that includes volumes on 
the order of the volumes of joint features to be imaged using 
magnetic resonance imaging. 

[0031] In a further general aspect, the invention features a 
phantom for a magnetic resonance imaging system that 
includes ?rst means having at least one magnetic resonance 
property that is substantially similar to that of cartilage, and 
second means having at least one magnetic resonance prop 
erty that is substantially similar to that of an anatomical 
feature that is adjacent to cartilage. 

[0032] In another general aspect, the invention features a 
magnetic resonance imaging system that includes a source 
of three-dimensional magnetic resonance imaging data sets 
resulting from magnetic resonance imaging acquisition from 
a joint of a patient, a segmentation module that is responsive 
to the source of magnetic resonance imaging data sets and is 
operative to detect a boundary betWeen tWo anatomical 
features of the joint in three dimensions based on three 
dimensional information from a ?rst of the data sets, and a 
comparison module responsive to the segmentation module 
and to a second of the data sets and operative to compare 
boundary surface data resulting from segmentation by the 
segmentation module for the ?rst data set With volumetric 
data from the second data set. 

[0033] In preferred embodiments, the comparison module 
can be included in a second segmentation module operative 
to segment the same boundary betWeen the same anatomical 
features in the second data set. The comparison module can 
be included in a registration module operative to spatially 
register the boundary betWeen the anatomical features seg 
mented in the ?rst data set With the second data set. 

[0034] In a further general aspect, the invention features a 
magnetic resonance imaging method that includes obtaining 
a ?rst three-dimensional magnetic resonance imaging data 
set resulting from magnetic resonance imaging acquisition 
from a joint of a patient, segmenting a boundary betWeen 
tWo anatomical features of the joint of the patient based on 
the ?rst magnetic resonance imaging data set, obtaining a 
second three-dimensional magnetic resonance imaging data 
set resulting from a magnetic resonance imaging acquisition 
of an imaging volume for the same joint of the same patient, 
and comparing surface data resulting from the step of 
segmenting With volumetric data resulting from the second 
data set. 

[0035] In preferred embodiments, the step of comparing 
can be part of a step of segmenting the same boundary 
betWeen tWo anatomical features of the patient based on the 
second magnetic resonance imaging data set. The step of 
comparing can be part of a second step of spatially regis 
tering the boundary betWeen the anatomical features seg 
mented in the ?rst data set With the second data set. 

[0036] In another general aspect, the invention features a 
magnetic resonance imaging system that includes means for 
obtaining a ?rst three-dimensional magnetic resonance 
imaging data set resulting from magnetic resonance imaging 




















