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PRIORITY CLAIM
[0002] This application claims the benefit of U.S. Provisional Patent
10 Application Serial No. 60/431,1786, filed December 4, 2002, the entirety of
which is herein incorporated by reference.

TECHNICAL FIELD
[0003] This invention relates generally to medical imaging, and
more specifically to medical imaging that facilitates analysis in more than
15 one dimension, e.g. magnetic resonance imaging (MRI). More particularly
the invention relates to isotropic imaging techniques used in medical

imaging, such as MRI, to improve quantitative image analysis.

BACKGROUND OF THE INVENTION

[0004] Magnetic resonance imaging (MRI) is a noninvasive imaging
20 technique that provides clinicians and diagnosticians with information

about the anatomical structure and condition of a region of interest within a

subject. See, for example, U.S. Patent No. 5,671,741 to Lang et al. issued
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[0005] Conventional MRI scans produce a data volume, wherein the
data volume is comprised of voxels having three-dimensional '
characteristics. The voxel dimensions are determined by the physical
characteristics of the MRl machine as well as user settings. Thus, the

25 image resolution of each voxel will be limited in at least one dimension,
wherein the loss of resolution in at least one dimension may lead to three-
dimensional imaging problems.

[0006] There are many applications in which depth or three-
dimensional (“3D”) information is useful for diagnosis and formulation of

30 treatment strategies. For example, in imaging blood vessels, cross-
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vol ume effects. Partial 25 volume effects are caused
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new and improved magnetic resonance imaging techniques.

[0009] An additional problem not addressed by 6urrent 3D MRI
scanning methods is the reduction of partial volume effects. Partial

25  volume effects are caused when a voxel falls within the boundary between
two scanned objects. For example, if a patient’s knee is being sagittally
scanned, a voxel may be orientated such that part of the voxel falls within
the femur and part falls within a space outside of the femur. MR imaging

will average the overall gray value over the entire voxel. The lower the
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i npact of the partial volune effects is greatly

i ncreased. Thus, there is a need for nethods of
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The structure of 3-dimensional objects cannot be described with the same

20 accuracy in all three dimensions. Partial volume effects affect
interpretation and measurements in the z-dimension to a greater extent
than in the x-y plane. Thus, resolution and accuracy of multiplanar

reformations depend on the slicing direction through the volumetric data.

[0012] In addition, the invention also addresses the issue of

25 increasing accuracy of tissue segmentation and/or quantitative analysis of
images, such as MR images. For example, after obtaining an isotropic or
nlear—isotropic three-dimensional MR image (e.g., using pulse sequence

acquisition techniques described herein and known in the field), particular
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not quantitative and, additionally, are often

i naccurate. [0013] Thus, in one aspect, a nethod of

i nproving resolution of 5 inmages, such as MR i mges,

is provided. In certain enbodidrents, the nethod

i ncludes, for exanple, obtaining at least two MR scans

(€. Otissueat@ihd éktr%%feBQWh EHéI ﬁ'@g@lv\ﬁlﬂeg%atgr 2@

and merging the scans, hereby i ncreasing fesdlu on
| n afmpredverigee rreaniitatived @Jtrﬁhﬁbdvmleb@ Smbjetcmﬁ gisiaal Sngpegtion

e L TbuBL AR nof Rn BRI, BARGLR), are e Bhepe "

axi al I magl ng anes

subs Z&Ht Et SCaf%,sCRANRI 43 gctf E%%h&# Smng &ﬂ:#)ge %8 ufion of

slic cover the entli
seanimagas; sher apMR inageariy podviddde Imeetiaid emteslonériedhe

h
e SO ReRRS RLAIAE. orldih B Eak hotir Whf fA
whi CBCERI’B lnwtpmlwla(rofanae)amf d Isadyrpepi an)d metblriga&ea;cans
of - S edaRBbaFRANRE, W ekl ol (e metaPaisagpaT herein the
det esmm; mgy azgmt“ ayy Mlahel,efon‘ eio(anqﬂ@{sajgmaﬁ Ircr:g(o‘éi)al @ﬁ?/bmﬁ

a 0 n certain enmbodi nents e
0 oy G BlenP Pealab e torhoortor g sRg s sirtain 2
posi Eufﬁblehﬁnlﬁﬁ)@“ﬂﬂ@ﬁcéSQD cWver(the eﬁfﬂ’b?iﬁm &¥drievl Bf meaﬁrétrs@gh

e scans

fuci BrtemSe on 20V by Bereons B5sq R s i ghta optained
( conrtrbm thE YW@ ORMhoYSR EEES dré @Hbs%lqu@ﬁlg ﬁargbeatt@ forﬁ1 8 hQ\Qlo%ta

gray value %g% and (d) assigning
any $¢lUMReW H%t§§tr6@§ é‘?rl nsegisedpeichandihgs ﬁlf%qwloﬂl ssue

¢&N c@@eédﬁmGFh@ to *tﬁ@nh%ﬁ&es&%oﬂ‘@lt81 i 5ed Mé?ﬂmg MY S

bones and/or organs (e.g., brain Iver, kid
hear tnclusieotod evarspiel §etemnmga?c@ray walge)for @@h[\mgls(}/ ) pfithe

accohg\ﬁgﬁ]%rdéwﬁlaafar\fbl&ﬁgsm trl.'Fgl:l @rﬂ%&&eﬁ{%ﬁfh% drdy values are

provi de scanni n

conppbigingg,bypéa) fd@tefmrrgnmthel positionil 3Bcpace i Va (hoxbyaining
S:Lte é .,egrofn' tbﬁ)ggllngpsecanwgi \/QIUEFSf ’E‘h'ers%gn%\/gillorscﬁgus&on at
2@ cotids ppyitia 4e) nat(erndﬂmpdd;mtpxamg) gnaya/all&edr@ndsmlaad &2 into

Whergéﬁl/gﬁ)%grgg%%%%GWndS@)?lass%enr?r?é 53,2 second i mage

[0014] In any of the methods described herein, any living tissue can
be imaged, including, but not limited to, joints, bones and/or organs (e.g.,
brain, liver, kidney, heart, blood vessels, Gl tract, etc.).

25 [0015] In accordance with the present invention there is provided a
MRI scanning method, the method comprising, performing a first MRI scan
of a body part in a first plane, wherein the first MRI scan generates a first
image data volume; performing a second MRI scan of the body part in a

second plane, wherein the second MRI scan generates a second image
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20 plane, wherein the first image generates a first image data volume;
obtaining a second image of the body part in a second plane, wherein the
second image generates a second image data volume; and combining the
first and second image data volumes to form a resultant image data
volume, wherein the resultant image data volume is isotropic. Additionally,

25 first and second gray values can be obtained from the first and second
image data volumes at one or more three-dimensional positions. That data
can then be interpolated to provide a resultant gray value which is then
assigned to a voxel in the three-dimensional position of the resultant data
volume. As will be appreciated by those of skill in the art, the angle
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[0020] A method is included for generating a three dimensional data
volume. Generally, this method includes acquiring at least two data
volumes from at least two images performed in two different planes;

combining the data volumes to form a resultant data volume; selecting a
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V\HO? be ap @? f%%}noﬁﬁ’é%fe@%rﬁf e¢ Q%Qﬂqn@ﬁé%‘tg is also
gr eadsclosdadm' hislfhetHoel mkﬂﬂ':umsl dbteﬁ:ﬁmg|aﬁrbﬂmagéﬁ}982&st/ﬁwne
i g’PC' é :f %ahod] hscl 0 ? [ ncI udes t he
epBrO BH LT GAE RN B e apﬂéﬁf@ Wiengogimingsecond
i n aimageaiata secbhd ﬁtan§|p@é@cnr@f@sé\:oﬁ@%@@vcﬂb@@%thvméH@fé&lt
theflrﬁ‘i Elan gga@’é a first image data vol une
and [978"WEBRSH Solth ?f&%%%coadgé@o\mﬁum%wreav@a
vol Ufé%ult@ﬁdja?é)vdlﬂmbl thenesditant dath %lu?rréihmw"gf@ fodurBgie

dat a volurrestoforma resultant i nmage a vol une,

wher ESRIYIRR: ARWlibeArPredieige faatrtasubtanuﬁéolugon iscareapr than

{9028 d¥ta fe86I0AéA. Ve | mage anal ysis nethod is al so
di scl osed that includes obtaining at |east one inage

of ajopgsly partadimagk énﬁ%rs rAethbd &l difIGRR théﬂHclé‘dés%%”d

pl ane, wherein the first plane generates a first 1mage
dat aSteBs PhPRIABINGR! 1@t oBe Hbaee ¢ abedypattinat taasha §itst plede
' migﬁndjéts@cdﬁa plake, vﬁw?lnqmspblgﬂ? %;Qﬁ?rgferssé flrépﬁa%gco%?éj

I mage data vol urres to forma resu

vol uyRlumgirad dheysespadrdang generatesragecord mag@mamvolsme and

¥ AT combining the first and second image data volumes to form a resultant

image data volume, wherein the resultant image data volume is isotropic. '

[0023] An alternative image analysis method is also disclosed that
includes obtaining at least one image of a body part in at least a first plane
and a second plane, wherein the first plane generates a first image data

25 volume and the second plane generates a second image data volume; and
combining the first and second image data volumes to form a resultant
image data volume, wherein the resultant image data volume is near-
isotropic.
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I n accordance with the present invention there is

w@e@nvosisodl a et hod for generating three di menBCDOS1003/038682

MRl scan data, the nethod conprising: performng a
first MRl scan in a first plane producing a first

data volunme with a default resolution; performng a
second MRl scan in a 5 second 9l ane produci ng a second
data volunme with the default resolution; conbining

the foozaf and Iﬁ%@@cﬁl@aﬁi@é@ltwm%%ﬁt%ﬁhmﬁré‘ls provided a
resultant data volume, the resultant data vol unme

havi R§taPd 105 gererating thees dimessionaiREseanstate Aire aretiar
THE  Ebisrig: [&Pﬂ%ﬁhn@'ﬁlrsthRll ke lﬁaatiﬁéts;g > o uélfl&%sﬁrst

illustrating data vol unes
scan§a@heigne wih @r%ﬁfawlyre@elutlmgv@rfgrmldgg seskeaet MR scan in a

pk an@écd?\%rpﬁérlueeﬂ)roﬁ%lg‘ng‘é deBbid é‘é\ta%ﬂﬁlﬂe %uce? %{f thift re%olu’u%n

illustrates hree voxel's

scan cpmbingtarthe ifirgy aad semob@@edolynmte pl’cuwgeia reElﬁlt'bZl’i]jata
FI G ol it [ vV

pr od e, SR Beta loime févifl o ot ERl 3G Bon,, o
conmponent. [0028] FIG 4 illustrates a second set of
three voxel s produBREFRESSRIPTIOMAFIHE FIGURES| ustrating a
z-axi s conponent. [0029] FIG 5 illustrates a

resufdoast set ., ﬂmnﬁrét@%%smmQ@ér%tum%tr%)in%HQ @gﬁ&d&

i n accordance with the present invention

£ G apd BR| eadhvefitee S%@l@cﬁﬁ’@Wﬁ@plbr@uw&ﬂryageralwsddm in
extr ﬁféﬁ@gpalfaﬁl&%ttl’{@méﬁ?%r?cans [0031] FIG 7

illustrates a three-dinensional inplant design

genefgabgd fromata nigsttdted ¥Ref m%e%ﬁéﬁ grcgoqgéa}o eh(ﬁﬁ]age

8A-c illustrate flow charts 1llustrating proces
t he s¢a illysieating &R .INGERSEOIO#ANS Ik®gth. PCT/ US2003/ 038682

[0027] FiG. 3 illustrates a first set of three voxels produced by an
15 image scan illustrating a z-axis component.

[0028] FiG. 4 illustrates a second set of three voxels produced by an

image scan illustrating a z-axis component.

[0029] Fic. 5 illustrates a resultant set of nine voxels generated by
the methods in accordance with the present invention.

20 [0030] FiG. 6 illusirates a combined boundary image data extracted
from two image scans.

[0031] FIG. 7 illustrates a three-dimensional implant design

generated from at least two image scans.

[0032] FiGs. 8A-c illustrate flow charts illustrating processes of the
25  invention.



10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

[ 0033] The follow ng description is presented to
wepabigiany person skilled in the art to nakeP@ntiS2988038682

the invention. Various nodifications to the

enbodi nents described will be readily apparent to

those skilled in the 5 art, and the generic principles

defined herein can be appliedi0o other enbodiments

and applications w thout departing fromthe spirit and

scope of tDETARSPERSCRIFNGE Al BErERRE D e OHIMERS
alms.Thus, “The _present T Vet o T<not

appended cl al ns presen Y
jted to the enbodi nents shown, but

inte %glto bel_ll
i's tgb g accor %”W@%@P“%bﬁﬁe%ﬁ%&@?ﬁbl@d\ﬁ'ﬁmPQFﬁ@n
pri nékméd?ﬁ) tA@drt1 mkatdndesedhs Fvesish. %F@u@mogﬂcétgﬁs to

ext ent sary to achjeve a conplete understa

of t 't’ﬂPB dsspbesswi betrpadilyppafant ia these skitled in the
ds aWaﬂQéndDﬂ'xe Rnkrié ?ﬁh@ﬂe@ aéﬁ{gd%er&ﬂtcgﬁtbe hé&fbt SRES

and patent applications cit ["'cat1on are
i nco PE)‘@PQ‘(@H“%@’F%?PP'@?“CPW\W@% depé[rmwft?mAbe wpirit afrbscope

appr geinatpekdny |ﬁvl§ﬁ§cgw & déflﬂelj Pﬁerﬂfe{i cléﬁE:‘ﬂ‘Plfs fﬂes

recited herein ma carrle n any ordei
reci P@@eet\ﬁ@mrﬁiomm Bet infegdedty hﬁallrhweqo’@ébe embodimsentebhown,

t
Fangotiap Wby BEodttdF nelinlu3ebEs oottt s gt oo
éQ'er ieaimrtaé diselosed henem UEQ tHeesxiard netdmsaqptpe;rchmvd d conglete
| t at. .
| nt el e B Ao s e RoBL B cwsrawipas o
wi t halhisshed @gtentsy patehopubliddtioms, arid patestapptioationt eded tathis
ntive variations

j f
32!0?‘?@0 ‘?rrla@'febﬁééié&a?e&qq{e'grpa rsf%é‘?riﬁ?d i ndependent | vy,
or i nmbi nat,_an. he features
desc[hoggd her ésq"""#ﬁé’@g ‘Pg\‘@@éﬁf’% ‘ﬂ(?/ght%'fa@ﬁt Mmethadsy
et hedited herrmgmayrbalcyzsfiesj dudat anycardebes tHs @é’cltfearevents Wthh
! Qi e TR L DL

corrbwhem 4 smge fof MaIues IsPeE8ed,lids ARBéreiddhatibvery mtervenlng
resol n | n {')’ﬁ t hr ee-di nensi onal directions.” The

pri n\‘f‘i‘ &PRET B lowver frait ok thab Eangie iy ptines
the ﬂét‘é‘dﬁmntéﬂiéﬂmgl\@me |Watl%%t&ﬂarn%6 |§8ﬁ€d'n$§é§99d Withfh the

é‘gf erence to the acconpanyl n%t descCri tl ons.
ata

4inyentien, Pdgog. iids cortempistesd ny optlonal feature of the

inventive variations described may be set forth and claimed independently,

or in combination with any one or more of the features described herein.

[0035] The present invention is of a method of image analysis that
can be used for improving tissue segmentation and/or quantifying image
25 - analysis. Specifically, the present invention combines two or more images
to achieve high resolution in all three-dimensional directions. The
principles and operation of the method according to the present invention

may be better understood with reference to the accompanying
descriptions.



11 [0036] 1. 0GENERAL OVERVI EW [ 0037] According to the
present invention, a nethod of inproving resol ution
wW@na4os130i ssue segnent ati on of i mages taken of PEI/D8IY3/038682

part is described. This nmethod typically involves
acquiring at least two images in 5 different planes

and conbining the images to achieve the sane (e.g.,

hi gh) degree of resolution iflall directions. The

i mages can be acquired, for exanple, by using an MR

Howeymig) as otfier igEg@rRRAJOVEMISES Pbecome avail able,
those of skill in the art will appreciate that these

techyyoavies camccBRIiRy @he Brbdeht iﬁ?é}ﬁroni ARG Slﬁmtpﬁcgﬁng

as well,” without departing fromthe 10 scope of

i nvefseliion poglesfissieeseamentation s snragasdakerota bogy part ide
| SOt HERUrBeqr THIS ﬁ’feThéoZ% fcaIR/ iﬁvél@és‘)%rﬁ'@; U0 eli?ﬁ)’/ggte% in

I n |rr_proved t1ssue se [ .ntatllon. ¢ curren .
e?p| eifetent plaigs and spadiningnthehages fosachiaykltye same (e.g., high)

. . ' . T i be
LSS5 o B GRecif COBL AT BER L,
t he exanoplachy vsinglnadiids Howavet, desihgninodging %m&mﬁéfme
[ . | RE
[ ooaBTgle b ot stk B i Fpeblinal ek irapbiieh can
wi t hbe ptavidedgo othies smeginp deeicesias whineatHoutagmeting from the
{@'”eg{op%r}{q.tli@ing?ﬁt ndomy giving rise 20 to no net
Zati on

nmagnet’ ( " ection. Wen a specinen is placed
Wi t h0r63§]he magpetl e e|éj AL & RE, l\/RprscI nnert thcgar neat-
or ot onlcont i nuig TR ASSs PIGH! PIONIdRLRqtipRic
par aisbtopicresmhitionperrie feslitd in inbroveitiesid Ssynddntait®. Unlike
Lt S R Bt R R RS e
exanmettode andxorrpdsitibriedessibyd h&kln fiel gRnliBlive bid,

o the 25 s%pl e froma transmtter coil

plied % _ ] _

| Pt U b FERT Kl 260utasY Bhdiaraosihand gegg Akireataent
monefegnéd.y tilted out of alignment; the precession of
the 1induced net transverse magnetization around the

axi s[00$9]t he stiaf i cMRAGNETIE REsORAMEUMREING ém’il} age across
the ends of the receiver coil which is detected as

t he MBI gnal Dekoribig BRIET genHaISEHES i Brétbnd RNAGSING

WR tPsrslugg hg\llee gn In e?eon #a%g%tig r}mment and spin randomly giving rise

20  to no net magnetization or direction. When a specimen is placed within the
magnetic field of the MR scanner, the protons continue to spin but align
themselves parallel or anti-parallel to the direction of the field (Bo)
corresponding to low and high-energy states respectively. In the course of
an MR examination, a radiofrequency (RF) pulse (B+) is applied to the

25  sample from a transmitter coil orientated perpendicular to B and the
protons are momentarily tilted out of alignment; the precession of the
induced net transverse magnetization around the axis of the static B, field
produces a voltage across the ends of the receiver coil which is detected

as the MR signal. For a general discussion of the basic MR principles



12 PCT/ US2003/ 038682 and techni ques, see MRl Basic
Princi ples and Applications, Second Edition, Mark A
w®eemisand Richard C. Senel ka, W/ ey-Liss, | ncPCT/LSH9)/038682

see, also, U S Patent No. 6,219,571 to Hargreaves, et
al. [0041] 1.1 H GH RESOLUTI ON 3D MRI PULSE SEQUENCES

5 [0042] MRl enploys pul se sequences that allow for
better contrast of different 1@arts of the area being

i maged. Different pul se sequences are better suited

for o) ' I ; .G ps . [
{ han g dZerriies P lEs BabiE ToL pREHIADIBLERS, SORLR,
t i me Ediiopy N@f‘k 4i BrovgsarsiRioharddd. fSemalka, Wigyelssfing i @99);

R 2 R E Rl T Ve S e shed
are Rl EP et [%néﬁkﬁggﬂﬁi*%ﬁﬁmﬂgéé‘?@%‘% 2ge.
i 5l weRafonveniizpBabio g% p@%g s-le:ﬁ &fé&%@aﬁ%llg\ﬁ'f&' bet& Qontrast

I magi ng, gradient r
rmgn@f fifferand parts phihefasea keing maaged( l\/ﬂ)(ﬁ)erenmglseg;,eqﬂames are

A e T ML
i mag poige sgraehentandehemploged af the tsamier‘tmheh eA$)héBdiS(CUSS|on of
st at driven equil

tr ang e{’eﬁ:’[\)%f pu%ggse HYCRS '3 W@g@ep %@tﬁaa{Q% RAteghes
a0e WeblicskionWOt02/200e 4 4bd Afskiahdier 61 al.lp@ibRdHed Margh 21, 2002,
sonmeone having an advanced degree in inmaging

thechmmfﬁgy edRdutine MREpulsssstiuentys 2@ angiléfdrimaging
erei.nafter

S
REL ASRHeRI 59 891 1RGN UG PO OB J0 ANehES Welahted spin-
not i etho trﬂiaglmg @i’éﬂle@tmaMIeWebhd) (GRE) Radfhe nhé'gfh%tlzatlon
coherence wt Thi s Ioss of _coherence
¢ oo Iraasie; fiortshsh AT GL iAot oS! b s ohaMEHE X Giocinee cRntast
$5 gnahhdricedainebing! @p?c&éd@;utéﬂmné@xgtﬁarpéhﬁéﬁeaméﬁtctF@AﬁE
one |s the rate at which the energized spins |ose

exceldRagiggr @‘},‘ePfe?C(S‘Pﬁ?GU'ﬁ@Oﬂ Helhe steaeyditaie (GRASS), and
envi Elﬁ\%l‘?é’(ﬁunlb-FfﬂlhiSF@uW%ﬁ%ﬁn ?I@EF?ﬂma}quAE%ééeQﬁTagﬁmb

Tl relaxation, affects nainl neti Zat on para
to Bichaigyes akarwel bn(aNm’@toﬂedQ‘S‘?kdifln éeeart\e.d.rsomeohe haping

syst ﬁﬁ‘admé)&e@%g@éalﬁQ%agmg technology, each is discussed only

20 generally hereinafter.
[0044] 1.2. MEASUREMENT OF T1 AND T2 RELAXATION

[0045] As a result of random thermal motion, the proton spins within
a sample lose coherence with one another. This loss of coherence results
in signal decay. The time taken for the MR signal to return to zero depends
25 on many factors, one is the rate at which the energized spins lose excess
energy relative to their immediate environment. This phenomenon called
spin-lattice, or T1 relaxation, affects mainly magnetization parallel to By

and leads to a net loss of energy from the spin system.



13 PCT/ US2003/ 038682 [0046] Anot her phenonenon that is
observed is that the spins of neighboring protons

wao esvd/ossodri ft out of alignment with one anot hBCT/EHS2083/038682
result of slight differences in frequency. This causes
a loss in phase coherence, referred to as spin-spin
or T2 relaxation. T2 relaxation affects 5 the
transverse conponent of the nd@neti zati on but does not
cause a net |oss of energy. [0047] Conventional TI

d ht .

e, AtF 90 K0P R 08 S0 BT g
gr os §eighbeitmpreins temhiogdit oubiod alignnsait Withiometamettar s a

| T
cou Rl 28, IR B0
T1- weblggrenck, irefeged ts lasmpleaepeﬂ d)reTagtrelamtrcm- Fuhdeiion affects

t t
oot M e ke Hnon St grthimeBEtauSh Budesdit st e e

depi ttss@h enérgyoi nt effu3| ons and thus surface
cartilage abnormalities. 15 [0048] 1.3
GRAD[@MT} RECALCHFDeRRMAl T GaR) ﬂzméiglhi@d[l\mld&]plct I|v1n% tissue

ona gtk ad Siliar SRR didfEh ddihldin SRedn anrigiese
wi t hmoeﬂﬂailmgéeblyamjwr tOrfegg_lskllltlms g%%rt Ec%ttlid féﬁi@lﬂy ﬁglgétdae'gﬁor
BRoZREh B BERSAN 5p e Shichirg i RE A Reed. dekargmple.
f or t E(ﬂ;&véﬂ@qtd@grg??gescﬁhowf es{&?éﬁédt ﬂﬂracﬁlﬂstdn%g ?ngﬁ’)ﬁﬁ& Hétaﬁ ‘6‘? h
VAGETTIATFIY SO ASTERI T FTAST WA GG gitet maging

Magngiiovisesisetier ABSERIN bGiRt SELSFHR Jp@ tH e
arti gul ar cartil aglzl frnomdj acent jol ntée']??hl angﬁégﬁ

mfl%%rf@y%?w um 25 [0052] 1.5 FAST SPI N- ECHO ( FSE)

{é/AGI [0053] Fast SBI n-echo (FSE) I%@ng i s anot her
190430l se st quSiRA 'EN'RIRELCéb'FﬁﬂE:ﬁI@(Q IMasINg|
magnetl zation transfer contrast contributes to the

si gni048har act@¥rrisni-tesaliad eghor(SRE)dpreing brs 3Deepebilitirnd
VO 2@1@%&Wﬁpérowde high resolution images with relatively short scan

times. Fat suppressed 3D spoiled gradient echo (FS-3D-SPGR) imaging
has been shown to be more sensitive than standard MR imaging for the

20  detection of hyaline cartilage defects such as those typically occurring in

the knee.
[0050] 1.4  MAGNETIZATION TRANSFER CONTRAST IMAGING
[0051] Magnetization transfer imaging can be used to separate

articular cartilage from adjacent joint fluid and inflamed synovium.
25 [0052] 1.5  FAST SPIN-ECHO (FSE) IMAGING

[0053] Fast spin-echo (FSE) imaging is another useful pulse
sequence MRI technique. Incidental magnetization transfer contrast

contributes to the signal characteristics of on fast spin-echo images and



14 PCT/ US2003/ 038682 can enhance the contrast between
tissues. Sensitivity and specificity of fast

W@ pionAdsIsho | magi ng have been reported to be 87RP6HN/0931053682
in a study wth arthroscopic correlation. [0054] 1.6
ECHO PLANAR | MAG NG (EPI') 5 [0055] Echo pl anar inmaging
(EPI') is an imaging technique in which a series of
echoes is rapidly induced fol Hewi ng a single
radi of requency (RF) pulse. Mire specifically, an RF

pul se;RBANGhE! the Roftfdf BE \Agzr ?qiégﬂc%s aéeﬁwsit@ﬁglahﬁ gg%ccfﬁcity of

exci ta Fesonance Pmrast Dgf I'ce an
encoéhst sginsatherimagisg hppé be@h tepopthd sebe AU 3% in a study

resomﬂ%%récgﬁ ANEo) Ior1;requency 10 encode or read
t

gr adi ents 0 ernating polarity is applied in

succ f apgi OIECHQlin’L gRﬁﬁAq.ﬂ\l gradl ent, a

rragn C resonance Sl gna or ecC read out .

T onb eRe phaca o Rh iffing P v @*%ginga%%h*’%@ pgvhich

| ncr ergeries Dh@cf}@hageraembomdn@djbllowmg arsiregen amlrﬁrdmaeacy

I1 {5 ng QE,?)I FSGL]J% fanf;e?sgp%%f%%“yegg Ij;#e%ﬂ%e %HP%E s E%egneiect gradient are

pr oj eppliedrto @(cmmmsemrme il asstefaclidt dliea adt @Nthakb %nb@tﬁd

axi s, .second ..i e Fouri,er, transform al on
phas gra@he@g blse%Ppé'gﬁx apﬁeo?ﬂcagg e SIS @g&rf] frgguency
$pat eatodecsraosk g@dne'ﬁj!épd)fcmﬂel'r)etmg pel=piReis @ppItOi &uccessive

gradient blips are s d of an appropriate
rragnr"‘lsﬁi%‘ {9 gael rqaqﬁfgrg e85 BRYNtic £pEPNBNCE, Fighal a5 echo

t aker$ r%@d bat. IBewewh @”mhe%gﬁédhéiﬁ .a IRt psbr @W&Hd‘ﬁhe
time det erm ne t he "nunber of sanpl ed points

per plgaast? m&?@mdd%m@tsn%aﬁmr?éép ingrepaRlsee PB?ﬁﬁ)@!@Odmg of
gr adirtessiRee bylDiNebh tHECEIeMOd YR JA'B?‘%' d?l%eﬁéﬁfnﬁé]qiﬁverse

echo_pl anar imaging techniques to nultiple planes

1 1 eFopiaraniiony of Rachupeiraraeides piseeleelionef 25 shianar
| MROHREILSRGHSIBAS thérelH SR, A5 e%r')d)LP?/ér%@gro%nérelf%{lg&ﬁyalong

phase encoding axis Is applied

secoigaipsp igasedasirab@ps gravidess sespag dinensidrecfespatial
enco r l,ar t
hase B, T0PicaN: P fheRS RO, SR bibs oIf oRleklERiof o
gr adarpTepidte pragnitede ﬁppﬂa‘redorb@mmplﬂteem&dh of vzi'aw igtaidn ent

3@ StRBWngBcRRE pilise. TheltbE SdhBiRgMime is determined by the
number of sampled points per read gradient and the number of phase
encode gradient steps.

[0056] Echo volume imaging extends echo planar imaging
techniques to multiple planes. After performing the above-described echo
25  planar imaging sequence, a pulse or blip along a secondary phase
encoding axis is applied. Typically, the secondary phase encoding blips
step the phase encoding along an axis perpendicular to the primary phase
encode and read axes. Thereafter, phase encode gradient blips are

applied between each read gradient to step line by line in the primary



WO 2004/ 051301 15 PCT/ US2003/ 038682 phase encode
di rection. Because the phase encode blips in the first
wa200gfozise1 pl ane nove the phase encoding to OnePERUSHENB038682

edge of the field of view, the phase encoding blips
in the second k-space plane in the secondary phase
encode direction are typically of the opposite

polarity to 5 step the phase d@8coding back in the
opposite direction. In this manner, the nultlple

I an .
o) anBRadt Enclab o Dk ALARE o RLELERRCH ! D first -

pl an&padenplgne yoae theeptiasewaricadiag |t<malge agirerheetige qliee fiek of

(Rl o Sk DO e SBSSE LpHH 808 3 «
c aus escqmaaepfmsemnbdmdlreonea arel@xptobw ofttA8 opPEsiet pdidtity to

oo HeBdhe Rliges dnciBingiiack 1 P Soppile.arEeona 7S mander, ine
y- gr elitipte planés e, aligned, buabfisd ir Bl%gé l[r?tﬂbtzLdPFé%horﬁ @ge

usoi da varying an
1 e BPEN a8 3G 565va SPraaarampeRo aldeahs kApmeTmaging
comehaigues istthet tae FafRICtaRy tHrb@%HCk §ﬂ>z§i:eqfs réve%d%ﬁ t.ﬁ{%ﬂfor
splrglls out ward, coyering view al ong a

spi r dferRatepliase epe ee'trieér%? V'eﬂ*?eTB’ﬁ C@H@ewmmmumes

i I tlat s esplt anakostiAggi Ng, however, is that it is a
single slice tec%«rin qﬂg To obtain multi ple slices, the

spir ﬁ)|05‘ﬁC ho  @prBRéchorREHdrmEGRE '&EthH%ub§ aF@é’lE?kﬁS\Nn in

mul ti An RF excitation pulse and

sel e¥pic EF%P%FHPdeoPPGBWa%W@LHﬁ%oi &laglPyg ther tyadiiprahtead
| i neard yhade dritetearés) Gre sinlsbidaghagi We%rl?%réggng

h bR
for eacg slice to achieve coverage @Q %e VO
i nt elndgis, m?ms]ata_Samdmmwsnema@u@ne@ntmtm@mﬁg]ew

e éﬁiﬁs&falé?é\ﬂ%hf‘ 'cH%rln@ thg‘ﬁgl'drb@ v'%ﬁrc’alglgfg s@{r’&llé éé)dacl n

several different forns.
r esoifetery (Re @@%@@Wb@@f%@prlraMDeulanaalrdaglug ehowever is
irec
"ot o PMIsEBngle MBS RAAALG Mo L UGG Ttks, e iR bene
car t plpagydmaging te¢tmiguetis rezma&ﬂwmcltlblemmbs AndRF ezctltaMSh
ive. intravenou

art hﬁlﬁ% 319@¥hcev§ef&t 85 df"e%‘? fd Ig?l\/llaé &)y St%laglfjﬁ ngﬂ RYAdiggarly

i njection een a
20  increasing x and y-gradients are applied for each slice to achieve

coverage of the volume of interest.
[0058] 1.7  CONTRAST ENHANCING IMAGING

[0059] The use of gadolinium in imaging has been applied in
several different forms. For example, direct magnetic resonance (MR)
25  arthrography, wherein a dilute solution containing gadolinium is injected
directly into a tissue (e.g., joint), improves contrast between cartilage and
the arthrographic fluid. Indirect MR arthrography, with a less invasive
intravenous injection, can also been applied. Gadolinium enhanced

imaging has the potential to monitor glycosaminoglycan content, which



i magi ng has the potential to nonitor glycosam noglycan

content, which WO 2004/051301 16 PCT/ US2003/ 038682 nay
whawe/0513pl | cati ons for | ongitudi nal eval uati onBCD1S2003/038682

injured soft tissue such as cartilage. [0060] 1.8

DRI VEN EQUI LI BRI UM FOURI ER TRANSFORMATI ON [ 0061]

Anot her 3D i magi ng nmet hod that has been devel oped is 5

based on the driven equilibriud® Fourier transform

(DEFT) pul se sequence (U.S. Pat. No. 5,671,741 to

Lang nedy idve im@ﬁéﬁiﬁns%ﬁﬁtl@dﬂﬂﬁﬂingpe\/_aﬁ%%&? 8ﬁigﬂlred"§‘c¥ft P&ue

specifically utilized for soft tissue
car t SPERyEs Cgrﬁ'ﬁ’@?ng. DEFT provides an effective
tradeof f between T2/ Tl wei ghting and spin density
cont NORSP1 {hat I i MEAEAEQUIKBRINFOUBIES T RANSFORMATION
Cont E@?-to-no' se ratio 10 may, in certain
ti ssU®Lk¢ r uctAnalRer R2imaging methadithatbesbeen geveloped is
sPpoi baskd o & @Ven @eMbliRRERUr] | R
n FHlrieQFnErdr @Eﬂ)ﬁ)ﬁgsgﬁegagnce

approach to SPGR FT contrast Is ver
to i gk A§t e Pdlilai4 1dartens gy al. issyedSeplentblena, 1997), and

hi ghnigy i o ' ticpl ar.cantil age
e or iy o shaalnchll) aepd tor Bt (o4 @icgd lnef%G, pEFT
| i pi BFViges angifectesadenti bejween 32/T4 avaightingemdlspirpadrasty

006 : LMAGI NG
ig06§%”fk%&*@f e hp sl sl S aigmessago
BgnBtay, Bsrtain ti$gua$/sHJ@MreBm$g®etegwIEh®§EHE ﬁéla'rﬁ vgﬂ\'xlqspoliqled
S th.t - [
5 S BTG, SRR Mk 5 Wb B
ri secontesst js.vePy well stitedVB imegiog reficu cartitdje. BRAEREISIUId is

vy nonh 580 aEhth, 2 AARRIE o Eeiniseediieun Sl

appr injensity. éBgnelis dakgahd dpits B aRpPrédd tu@in%;.rbﬁfﬁ Khtlration
te{)qgl markers can be included in the field of view
or abY ‘iﬁ"magi ng studies. Patients can be placed in the

Trmoi02o0 ar el B RERER e EGuRE REMR GG  anc

220 ohBh, TH 5 R ok TS ool BSE kbt

exci oeraiing 4NEIGId stradgth vf 2567 (AR 8ighlacfige kamplel, 84 GHpPdd

Vi eww{tifg\é)GE SR-120 high speed gradients [2.2 Gauss/cm in 184 psec

20  risetimes]). Prior to MR imaging, external markers filled with Gd-DTPA
(Magnevist. RTM., Berlex Inc., Wayne, N.J.) doped water (T1 relaxation
time approximately 1.0 sec) can be applied to the skin. External markers
can be included in the field of view of all imaging studies. Patients can be
placed in the scanner in supine position and the appropriate area imaged.

25  After an axial scout sequence, coronal and sagittal T1-weighted images
can be acquired using the body coil (spin-echo, TR=500 msec, TE=15
msec, 1 excitation (NEX), matrix 256 x128 elements, field of view (FOV)
48 cm, slice thickness 7 mm, interslice spacing 1 mm). The scanner table

can then be moved to obtain coronal and sagittal images using the same



48 cm slice thickness 7 nm interslice spacing 1 nm.
The scanner table can then be noved to obtain coronal
wa@ea4®s30t t al | mages using the same WO 2004/ 05EGDUSAE3/038682

PCT/ US2003/ 038682 sequence paraneters. These

T1-wei ghted scans can be enployed to identify axes

that can be used later for defining the geonetry of

the tissue. A rapid scout scdid can be acquired in the
axi al plane using a gradient echo sequence (GRASS, 2D

ol et e T T i
eI gﬁﬂaﬂﬂgfy e |ﬂafat@an\heewed e fop defining thiei gomdtiyc estistio
VLB G?sca% B%ga Ul in ¢ BQ aﬁ(ta}sﬁlgHé ggfr:@tnq %%Qle

used to determ ne sequen
i magealp sewlfane é@Ré@& éDdibweeTrmhberﬂDFwﬁﬂR 50 msec,

T

prescription rovi
sof t akenents, Hieldsafoisw QKBM) aemhaicp thickress Tram, hadrslicy! |

| uded t f f
the  RPaind BESTL T ol e o blmingenlioubpatuent
sevehmjh resalutich mmgtn@msqdencdsrbsh&tréd BUEdhe be@PParti Mage.

d trast, between different tissues
o AR50 Hfee PR e Heeed SequarcapeescrBton mode

del i p&ﬂdde@ﬁmﬁﬂtﬂe%@émts@ftwa% ffe ddoat S@infcandfliSto érﬂ;urebthat
addlt‘| if there are external nar kers, these nust

vi sudll Piemal mareraale ingludad s fieldeaf wiawsaiiae high regolutien

a t hpyeesshjusabsd.onal spoil ed gradient-echo sequence in
the sagittal plane with the foll ow ng paraneters

( SPCRO6BDFT, fraers ateldedbrflisstESRIMBRIEr lnTc%tg‘infﬁg%Cg(o
flip, angle 40, 1 20 exmtaﬂon(Né%Ff mat ri x 160
el enthd af@dﬁ%ﬁ-gaﬂa?d FeRjrash bgtwegn erersﬂtiss,@e& lmtm(m@md
153 gﬂ@alﬂ%&e‘ﬂté fRNitatd R MSInEERSh Ald & %5

ese paraneters, one cadn o taln conp

c oV e?@ﬁe 'rh%‘?%ti.@ ﬂfﬁberetﬁﬁ@?x@fr@é manieers Hbess mesiag wsuahzed
mar kehg viRRith a'(jﬂré%?%ége%éﬂeglls Sﬂ% a? fé ?@g@fsﬁ:{nﬁg#on

di rection whil e achieving
25 coirdieasechysemyienge rraﬂﬁecsggltmhrdam@wnbmmioﬁo\mgwrms

fﬁ?:wﬁn’ens otfgt sé{fneageof GH?I %ﬁgrgs%rc' ﬁﬁégﬁqn ol f'nS’ 2hgie 40°, 1

20 excitation (NEX), matrlx 256 x 160 elements, rectangular FOV 16 x 12 cm,
slice thickness 1.3 mm, 128 slices, acquisition time approximately 15 min).
Using these parameters, one can obtain complete coverage across the
body area and the external markers both in mediolateral and
anteroposterior direction while achieving good spatial resolution and

25  contrast-to-noise ratios. The fat-saturated 3D SPGR sequences can be
used for rendering many tissues in three dimensions, e.g. cartilage. The
3D SPGR sequence can then be repeated in the sagittal plane without fat
saturation using the identical parameters and slice coordinates used
during the previous acquisition with fat saturation. The resultant non-fat-

30 saturated 3D SPGR images demonstrate good contrast between low



3D SPGR sequence can then be repeated in the sagittal

pl ane wi thout fat saturation using the identical
w@ananeer s and slice coordi nates used during BEEUS2003/038682

previ ous acquisition with fat saturation. The

resultant non-fat- 30 saturated 3D SPGR i mages

denonstrate good contrast between | ow WO 2004/ 051301

18 PCT/ US2003/ 038682 signal irBensity cortical bone

and high signal intensity bone nmarrow thereby

faci kighat lhféﬁs%%drﬁéléi ®oh8 Qn@ﬁw gthrﬁgrfe@ Wérﬁglt?q BBHe Erﬁé?l’o@\}

bone contours. is to be understood

appr SEERPY @CF'@\BF‘%’?QH?Q@WV@ @frihe femegral aﬂdritbsalzmae cohioutsd It

Lt St ) 0 M A ) iy

(O 5¥hoyldnebhe KNRwed®rgilimitingdn aay s@ybe performed using a
5 T verticall en MR unit (GE Signa SP, General
E@ec{QOiGél M | &l {!k éf QNE§IC)RWAucmAqmvEngcswmﬁN
Prior to MR i ppg %?e}ernal mar kers filled vvltth

10 DTPA (l\/hgnew st. I‘Qq‘ Berlex Inc., Wayne, N.J.

dope er (T t]

seI([:)) fbé)\gﬁ]t o g MR lﬁlgblﬂg@ah%@okqe?er@ﬁﬁégﬁklgpec Xcan%%ally

pl acepen MRJmlt Sigmei 3R, dserienaliEdecttid) dVivegiree,. Wihjearkioa MR

art r pendi ¢ t | ngtic field

A 2ok AR PERE LS KT nelitg, AalfBL MR Blediuln Bed

m t aé”Péa@demawspﬂzme ReFSE InCTRAY 4004 NL3,) oeped waier 251

nsec t ra n gt.h .

exci {elng'% 3R p&éﬂpﬁ%@kﬁéggcdpa&ﬁe ?‘?fﬂ'g%? ﬁ'@e%%’bér&eng

0.5 mejea:tmenlb)e Radeddn LRAghtelositen irsside thelnebgﬁet VTR Edy part

cm n,acqui sition

©r hehe PMEDIRORT P8 o ettt ficlis e fF sein echo

sequ pmselsemed@e can tpei dogdired i thEeagitgl 1§Iérﬂé O EamRﬂfU?dl) n

Lol B85 TEgBuBecc. BaRBIIcH hP Kb rato teTakraing: Ricitatons,

?l i lcghcegthllckﬂféb%%mﬁ‘l tershigd épe?élr%@5h1rﬂt2§aﬁ|&%'3@ 92

ie 0 C ora resol ution

seg/ ?'ﬁf@é‘f ?;Ydqualew & W&w;apl@gcwwﬁltw withbaean nlane

or defradién

superr% | nfger%?o?tegﬁ‘[ﬁ;lé o é%’b&@ t W&s@%\éﬁ&@g% b8 acquired
in the sagittal plane or |n the axial plane (GRASS, TR=14 msec, TE=5

20  mseg, flip angle 40 degrees, bandwidth 32 kHz, 1 excitation, slice
thickness 4 mm, matrix 256 x 128 elements, field of view 20 cm, temporal
resolution 2 sec/image). A field of view of 20 cm can be chosen in order to

achieve sufficient anatomic coverage in superoinferior.
[0067] 2.0  FUSING IMAGES

25 [0068] Despite the existence of these imaging techniques,
resolution in more than one plane remains difficult. In accordance with the
present invention there is provided methods to overcome resolution

difficulties wherein at least two data volumes from two separate images,



25 [0068] Despite the existence of these inmaging

techni ques, resolution in nore than one plane remains
walpdoftiossbt . | n accordance with the present i NRENUSIN3/038682

there is provided nmethods to overcone resol ution

difficulties wherein at |east two data vol unes from

two separate i nages, WO 2004/051301 19

PCT/ US2003/ 038682 such as MRI 19cans, are conbined to

forma single data vol ume having isotropic or

near shéiphd ORI ScaRs Al biRbind BB FEGE HalAdiie hyng

FI G ere I's shown at

vol uiRe¥ogie of 0eamisdirglic Pa0Iujiener at ed by at Ieast two 5
separate inages. As illustrated here, each data vol une
100, [0869 has Refpiringaiomty Fos. 1d£’leie‘m$hm&sat1WtM6)
200( f

o1 coemuigra Sttt STRor bRt Wa ke lea by Riicsstgvo
cdr opeparpledmages.whs lilkisiB2ted eem ehoimdataofolimd rtee, 200 Hds a

t ak nth e
5o Pt o2 Ol MPELF 200024 Shanl Bl he stackngiiine
12 Ioinh@'eI sllﬁlesmdens ,andmagk lof ahxee@pmte@kaﬁﬂdh@&orbhéﬁﬁar@‘

[ e art ar j ations an
7ol b lihsaiEeR ol Hinas hint gt ViR SP0abp Bngin thine
e opexan‘lplbhs1 anu S2droakehGl pRhe&a afl:.apapéﬁdnélmar t@)&h%ch

%guq_{ gNﬁlbrreny ons in two i rensi ons, fo

06 ot HoneVar aadvil baageroaied By e Phak HeihgBrAteon
in &@erﬂaﬁdﬁsf%ddplm@léiﬁnslﬂpﬁca#bé‘&!séd wltﬁo&ro%géﬁﬁﬂtﬁla)ﬁp
those in the first two dinensions, in this ca

x- axi& s¢Ape f tedaventiang preferred enbodi nent a second
scan can be t ken at an angl e between, for exanple,
about0%%l and &H@EﬁY%V@eﬁ?@hév%lswalw@amgﬁlra@mnnson two

and GithenkfoRd libr &(érﬁﬂé%etx%dw §>§%n¢/vhllé‘ﬁ1%qH gfhg' oﬁmePsmn in

descri bed using at 1east two scans,
£ki | f thivdl dimengipp. @) F-axipop Qfﬁaé@refh@fhﬁtosﬁm ﬁwesﬂramtwoc an

be ugifftngioh8oHhid %Q@é fh'e@@aflé R kté%sc‘cﬂ'ﬁg p%ffeljrébeemb?%ment
i nvention. Thus, ditional scans In sane 0

pl an%§e‘@9ﬂdcﬁqa@@?h@@éak‘,eihata&lrmng!mbetwleem foeexample, about 0°
anal o i f the first scan 1§ acquired

in t%’éae?%%gq}dt a?r%g?o?%ﬁql%ﬂetwgegé’b tu& néq n the

cor 0[88‘7110" ax| ?t‘wouéﬁi &enpgegen?mver?tlon is described using at least

20 two scans, a person of skill in the art will appreciate that more scans can
be used without departing from the scope of the invention. Thus,
additional scans in the same or other planes or directions can also be
obtained and analyzed. For example, if the first scan is acquired in the

sagittal direction, a second scan in the coronal or axial imaging plane can
25  then be acquired.

[0072] Itis possible that the second scan would have the same in-
plane resolution as the first scan. The second scan could then contain a
sufficient number of slices to cover the entire field of view of the first scan,



25 then be acquired. [0072] It is possible that the

second scan woul d have the sane in- plane resolution
wa@sgooths130i r st scan. The second scan coul d t henPCDOSA031038682

a sufficient nunber of slices to cover the entire

field of viewof the first scan, W 2004/051301 20

PCT/ US2003/ 038682 thereby resulting in tw data

volumes with information from20he sane 3D space.

[0073] As described above, the data vol unes generat ed

f r omieRely rdsRIEE it MEd 18 vilumés Mt?ﬂnf%rrﬂﬁh&n £89 éﬁ'é B2h& 3D

data, wherein as shown in FIG e X an axl's
dat a5pPacs: sotropic while the z-axis data is

non- |sotrop|c Thi s, phenonenon is better shown in

FI G [®7dher e t"f‘ﬁa?%scf'?e@ﬁw Hie daig ypymesygeserated fromrazeh

voxelrfagdciage R PRy c@&d{}ﬁg e @&QWNI’]%S 613%13{0%% Fic. 1

Wi t h the present invention voxel s
» e xpand wiRsigvatrisrigpiwpicamhite: the ziaxig dafa is mon-sotropic.

vvher ?h@ ﬁtﬁﬁoﬁ%h@ﬁ"lszﬂ&te‘r Qﬁéﬁ@hqqmlé) w‘hgfe t?u?.he i Sh g\gﬁ Kness

of the inmage, I's case an MR &M1200
f ur t BEMPplae %ﬁi@f ﬁmrwy@tmzoo asermoﬂaced by be MRYesged in As

th cpoudtaddBonith b et B AT friNoBtCaddhron F HE S

i t emBE2ghowm I@mng; nﬂ@ﬁdteders;thetzsaxm Mermre&w}rcm: 290 Aelicated
9 it G ER BBLETH ) WA 378
i P?rw@er oluderat pfa/lsncablt&mezefclf B@trﬁage@l Atail’{dv\ﬁi in\FRg. W can
effe r on rt o

obj o0t BT el ol T Y8R fueRed s odrdBnaeneiia e

is apwmﬂemmaweomag@d reguns intde¢fodbed)ack@ab®. As
shown in FIG 2, a partial volunme effect occurs when a

p| xe[OOM] voxelin Iaddlﬂam to ;adténytlamly anssesldgraeinotiar PRIRSH whth
t he voxel 200 is disposed

B | el Sl tldRies ot erehes phARIial VOhE SRS A

gr aypa/raialumlwmé bffet cRUGEAaRA-a Vdkel GlY€BvdrE aRGF Uh IBRCLo
of p effects, the present invention

rtial
Fecunegteg! SisdBe oRvORRE ey voite eraged e gt being a
r edunu@greiyh,@ldd ki sHReindHic. 28 ghayeae %IuHeoé'ﬁé&?bE&rs when a
parti.al l c}/ sposed on the object to be i maged
pixel or voxel is partially disposed over an object to be lmaged 220. Since
20  the voxel 200 is disposed partially over the object to be imaged the voxel's
gray value will be averaged. To reduce the occurrence of partial volume
effects, the present invention reduces the slice thickness of the scan,
thereby reducing the likelihood of each voxel from being partially disposed

on the object to be imaged.

25  [0075] Referring now to FiGs. 3-5, there is shown an exemplary
embodiment of producing an isotropic or near-isotropic voxel in
accordance with the present invention. As shown in FiG. 3, there is shown

a set of three voxels 300 produced by an image scan, wherein the voxels



25 [0075] Referring nowto FIGS. 3-5, there is shown

an exenplary enbodi nent of producing an isotropic or
wme@r/ssot r opi ¢ voxel in accordance with the PCEESU3/038682

invention. As shown in FIG 3, there is showmn a set

of three voxels 300 produced by an i mage scan, wherein

t he voxel s WD 2004/ 051301 21 PCT/ US2003/ 038682 are

shown having a z-axis 310 of gfeater length than the

x-axis 315 and y- axis 320. [00761 Referring nowto

FI.G. arb sHAWRT Bavirty & RIS Py 055 Gl .

330 pr.oduced by®a second Oﬁﬁnage es'?ghgmv\ll?] rhfh%‘? @ﬁ?ﬁégndy

seco%éls§3 9n 5 was taken at an angle O reI atlve to the

first scan As_di scussed above, 0 can range from for

exanf0&8! anoutRei®Ting nawdaFia.dodherags showm aisecendset4f three

the 66&M936plodatey Wﬁ'séc&ﬁ%ﬁ ﬁé s@éh Swﬁérgggﬁé V\gco%g! scan

greater than its x-axis “axis
the Waai‘(a@n@i@n@ﬂgtm@r%wem@itfwe‘trskﬁcamomlchcmesed Asove, 0

orie ne different than at of theflrst
set g:%rﬁa Slf'[szm? @57% aRRp tPr?&Owa{ A Epewnin FiG. 4

t her theisecohdwst af voRéls tas atz-Hiis difmedkon .ﬁ@%r&é’c@ﬁﬂéh'ut@ 9<-ax13
of n gi er S, ein the third set of voxels

has BREANTY Siutpth Pheisiuie gt 440 5T ths Seamit set bl can
set Sb@bn&rﬁé@d&n aeieadifferehthbin triatlof tHéatrat L of \%(efs' rst

set has been conbined with x-axis or y-axis data from

tthe momnd s etReMrriv@XeWdo Fis. BOTHEY@is$dwh
t he {)&# t of vogel S (:)LS 60 vvhléqr ein taﬁ@ré Séﬁ&s\}&%?ls

t he SiRka " 96 VRx&Isavhesaithe Eiiskget pbvaels Aadhasbeen
eqUaﬂorrh@d b @brrfbfnnrﬁd“ﬁeﬁrrépéha s%ggnc%gs $f %Sée% mgrem the z-

t herefore produci ng voxels aV|ng I sotrop

near g deiegiite Ushesidosheen ponbape leﬂﬁé&aMQor yrgms data from
per fiaeRBHorRt sdt@ATbxdISR ﬁﬁﬁ%snew Qgﬁl‘é':ﬁ@ of g%t thﬁlatsgt of voxels

vol upe sets as shown in

e 9. ey thene-pyis @éﬁ@éhmﬂ M@@l 370has d I@mﬂaeqmlmmr as
S hOVWédrIS} dau&o tRatf tHe k-Sxis 795 lébﬁ %xwd%? tl)(ec}gﬁwre producmg

i sotropic or near-isotropicC W a reso

cor réXplsving iseirapieor meaplisatopiceimensionsy of S1 and S2.
The ay value for each voxel of the third data

vol ngw Is pr eﬁﬁﬁhm\gingzmr&umaﬂ@dlwstwéoamsprc(om):mg two

det ejfh USIuH?eese“PQQ% Elluﬁ/[lh 3D P65 G5 VSR 958! (D)

det erm ne
20 subsequently merged into a third data volume as shown in FiGs. 3-5. This

resultant data volume is isotropic or near-isotropic with a resolution
corresponding to the in-plane resolution of 87 and S2. The gray value for
each voxel of the third data volume is preferably calculated as follows: (a)
determine the position in 3D space for each voxel; (b) determine (e.g., look
25 up)the gray values in 87 and S2 at this position; (c) employ an
appropriate interpolation scheme to combine the two gray values into a

single gray value; and (d) assign each determined gray value to each
voxel in the resultant data volume.



25 up) the gray values in S1 and S2 at this position;
(c) enploy an appropriate interpolation schene to
W@ oooioss0t he two gray values into a single gregr/usiong938682

and (d) assign each determ ned gray value to each

voxel in the resultant data volunme. WO 2004/ 051301 22
PCT/ US2003/ 038682 [ 0079] These mani pul ati ons may be
repeated for nore scans. Fur®Bernore, to conpensate

for differences in positioning between S1 and S2 of

the fwaoned Stllbie%étrnarﬁp@atlo%%éypo b&f&d f8r more scans.

regi stration techniq such as principal -axi's or
vol ufieterdaie, ﬁa@empﬁgsﬁaﬁprw@‘feagmqse@ Positiprind bptv@eo ST and

TI SSb oplf{dEhAdH ShbEQ08 %] d%é‘toqﬂﬁf?&p anegi s%ﬁc{ﬁ t@@hqlgl% o

alternative enbodi nent o resent nve

i s pPes] @ﬁalﬂfe@lnﬁéﬁhﬁwr&ﬂlumﬂﬂﬁ@dn’gatcblog cepbe appligtear -
|sotro§| c MR scan_data fromat |east two inmage scans.
[D08H08Ms desck@ bedISSHE SESMENTATIM e, two i ndi vi dual
data volunmes are 10 obtained fromtwo separate inage
scanB08iher ei AN agegidaice; with @Eaﬁ@’na’&mﬁeemmbmen’aﬁém ptesent

an apgbgidh t'h@lLe% cﬁndegi §ﬁ1%nwo%td?%!}oddc{hga|s&%g>f eé r}egts-l

enbodi nent, eco scan
t akeﬁOHﬂplaM%Jrﬂylae data fern wé leastiolimage anahsl 80 nor e
preferably between an angl e between about 0 and 90.
VWher B0B2leach d¥s daseribarhigeletallabover dliodividnali datalvalimas are

f-’@t aoE/thn‘éH‘?r%n?ﬁVd %‘%)aﬁ‘atelfmaﬁgca%sc\?/g?%ﬂg%aq% Ii%?clfaglaltr{%%e

nmponents are i1's
and b¢fm wkalx pbars augle idgelatied &r eachexdhdry lit bq:)r@flerré@

O A A e oG e
app! pé&ithebA aBSH BRCENdOMD° Aore ﬁ%f@i‘a e'tt\izéé’rfén Eﬁ@@bgpl oe?]'nr

more images. This can be ac |eve classiYrca
of pabat§°end Y% eVherdin aactedfdbe inage samatpooducalindindgs)

di
6F ottt voliee iling0y: Bl FRaidnes Pl Bty
an at mmmrlenﬁ :arec:miroelcnusr rrearltnismabpmrandfthé F-XI$a5760i6
:QZL% ercf’rﬂl']ed g%i%ec%lﬁégﬁglﬁ{%gp%%@@ ﬁ’1 01U I?c()jlr ex';%rple, the MRI

machine.

[0083] Tissue segmentation means can be applied to extract one or
20  more tissues from one or more images. This can be achieved with
classification of pixels or voxels of an electronic anatomical image (e.g. x-
ray, CT, spiral CT, MRI) into distinct groups, where each group represents
a tissue or anatomical structure or combination of tissues or anatomical
structures or image background. For example, as described above, every
25  data point of the first and second data volumes were combined to form a
resultant data volume. Segmentation can then be performed on the entire
data volume or subportions of the data volume. While effective in
producing an isotropic or near-isotropic resultant data volume, the amount
of data processing is great. Therefore, the method above requires a fairly



25 data point of the first and second data vol unes

were conbined to forma resultant data vol une.
w@egamsisat i on can then be perfornmed on the entPCEUSHAL/E38682

vol une or subportions of the data volunme. Wile

effective in producing an isotropic or near-isotropic

resul tant data vol une, the anobunt of data processing

is great. Therefore, the nethd@d above requires a

fairly W 2004/ 051301 23 PCT/ US2003/ 038682 substanti al

anpuBlibRantRP BRGLIST of RORPEERS ipP&e@%ﬁE@ bofer 48l 88 g‘HerES to

conpl ete the mathemati cal cal cu ifons require

[ 00849MRsttheiMgthamatiead calrdations tegpiced.s shown an
exent)plga%f/ embodi ment of a three-di nensional MR scan
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20  common coordinate system. This can be achieved by explicitly computing
a transformation matrix for one or more of the data sets through the use of
anatomical or other user defined landmarks or through a priori knowledge
of the image position and orientation, such as the information provided by
the DICOM imaging standard. To define a transformation in 3D space, the

25  coordinates of four points in the original data volume and its corresponding
location in the new data volume needs to be identified. These coordinate
pairs are used to set-up a linear system of the form:

AXT=B,
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in the new data vol unme needs to be identified. These
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PCT/ US2003/ 038682 where A is tHe matrix with the _
original coordinates, T is the transformation nmatrix

and Byhejetahig tr‘i@ﬁnl’atr?k Wit the ldRBinBPYS S @ALES n'l"“set‘ée ér-gngformgtlon

solution to the above s¥stem|s gi ven by:
[ 0088NatAK pad By ithamptrixavith the Sevr enardioateselne solatiom théhe

i pl i by perform ng a surface
regi seiyﬁg%}éoﬁébg%&g%ﬁ%yhe data sets. A surface

regi stration al gorithm ner gesTERB xtAb data vol umes by

MsNi MhddeP9 2 ,&I‘Pérhatg\}égfta't%sfo?rlﬁ%ﬁ?rﬁ%ﬁﬁ%%%g tifg‘ﬁlaﬁ)ﬂgltly

di stance transform and’t hus
dat a.cafugtedsby perwmang exaﬁarteeregfstratumrelsetbvbamthedddta séfd. A

noar Setaes sl pRh bR o RS PSRRIy Fimirang

i n- pleesost fwastndnutsuohnasb Eﬁiibllm cﬁé‘tan{:@ﬁ&?s‘roﬂnmaﬁdlﬂid%er

ot o RO g By EHFR 5% o cBaiin et swampl ol cgpiat data

USi ngofures eTlsemselharﬁ daaa:quumetls RBtreFE BNRESLiSotrd1AE with a
provi de“':l;;[ 3D rat D Fourier 15 Transform

P oS ot el BhPsaig %Ehfe "opefe sl fogyiend sz
WO Oor nore
oottt o " Rdhgtreh eRBouTEr ot Bierbyingon, &S0 M) Eige s
r ef erostameoausnmny m@ele tachivided) f@ﬁ“ee(aﬁiplés@suﬁ@bﬁllé,e %ééuérﬁ:e
Q resqlution. Simlarl é{ term
nea?%%‘ﬁ'f'?'&ﬁ?@'ﬂ%%rﬁl lRtinspvide A 3Pasather apre RRdiper 'Bh
WBi crandgorsl aqpiditinokREB6tr6lNe or HéHr-I%Rﬁ)ﬁgreQBIEgoﬁ rb‘?rt‘)g

2xX the, i | ane resol ution, nore preferab
t han “i'”@gu %1 O WOr Apere ZLLacsIURAsS. zi’ﬁdJS@dé\ermnaotrOplc

pr ef essiltdoniefers™r 4h MR Mdge2RwHid ek Ryl Mtk

: nghq:LF equal to
resol ution. The isotropic or near-isotropic
i nagith?gmpnh@rseeregyelem@hc%lmllads, theverrt "asgeelsmromc respiutiont o

par t katbravBldMagy §f @AeicA%he SfeithitknasQ!d8E not exceed more than

20  2xthe in-plane resolution, more preferably not more than 1.5x the in-plane
resolution and even more preferably not more than 1.25x the in-plane
resolution. The isotropic or near-isotropic 3DFT imaging pulse sequence
has advantages with regard to partial volume averaging. Partial volume

averaging is typically not greater in slice direction (z-direction) than in the
25 imaging plane (x and y-direction).

[0088] Non-limiting examples of pulse sequences suitable for
obtaining near-isotropic or isotropic images include 3D FSE, 3D
MFAST/3D SS-SPGR, 3D FIESTA/3D SSFP, 3D FEMR, 3D DESS, 3D
VIBE, and 3D SSFP. The preferred in-plane resolution of the 3DFT
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[0092] One exemplary, but not limiting, approach uses a 3D surface

20  detection technique that is based on a 2D edge detector (Wang-Binford)
that has been extended to 3D. This surface detection technique can
generate surface points and their corresponding surface normal. To
smooth the contour, the program samples 25 percent of the surface points
and fits a cubic spline to the sample points. The program can compute the

25  curvature along sample spline points and find two sample points that have
the maximum curvature and are separated by about half the number of
voxels on the contour. These points partition the spline into two
subcontours. For each subcontour, the program can compute the average
distance between the points and the center of the mass.
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t he isosurface can then be calculated that corresponds to the boundary

20 elements of the volume of interest. A tesselation of this isosurface is
calculated, along with the outward pointing normal of each polygon of the
tesselation. These polygons can be written to a file in a standard graphics
format (e.g. Virtual Reality Modeling Language Version 1.0: VRML output
language) and visualized on a computer screen.

25  [0097] Visualization programs are also available, for example, user
controllable 3D visual analysis tools. These programs read in a scene,
which scene consists of the various 3D geometric representations or
"actors." The program allows the user, through the use of the mouse

and/or keyboard, the ability to observe the scene from arbitrary angles; to
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20 by optional repeat steps 8217, 823.

[0100] A method is also described for producing isotropic or near-
isotropic image volume from images. This method is shown in FIG. 8B.
The first step is to obtain an image data volume 830. As shown by optional
repeat step 831, this step can be repeated such that multiple image data
25  volumes are obtained. Once the image data volume or volumes have been
obtained boundary image data is extracted 840.The extraction process
can be repeated one or more times, as desired, 841. The extracted data
volumes are combined to form isotropic image volumes 842, or near-

isotropic image volumes 844. As will be appreciated by those of skill in the
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Simplicity in Performing Total and Partial Joint Arthroplasty,” the entirety of
which is herein incorporated by reference.

[0103] Alternatively, it may be determined after having generated a
three-dimensional surface such as that shown in FiG. 7, that this type of
25 implant is not necessary or cannot be utilized. Thus, a therapy may be
chosen as an alternative or in addition to this type of implant. Examples of
therapies include: drug therapy such as pain medication,
chondroprotective agents, chondroregenerative agents, bone protective

agents, bone regenerating agents, bone anabolic agents, bone osteoclast
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which is herein incorporated by reference. [0103]
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a first plane, wherein the first inmage generates a

first imge data volunme; obtaining a second i mage of

the body part in a second plane, wherein the second

i mage generates a second i nage0data vol une; and

conmbi ning the first and second inage data vol unmes to

forma resultant inage datagygyme, wherein the

resul tant inmage data volunﬁ‘%s—Tsotropic. 2. The

net h accor di ng to claim1l1, wherein the conbining
step E taining fromsaid first and second
i mage data volume first and second gray val ues at a

t hr ee- di nensi mlmmﬁalm methobi®oRPrigingNg a resul tant
gray val ue frog%ﬂsal d first and second gray val ues;
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2. The method according to claim 1, wherein the combining
step comprises:

obtaining from said first and second image data volume first
and second gray values at a three-dimensional position;

interpolating a resultant gray value from said first and second
gray values; and

assigning said resultant value to a voxel at said three-
dimensional position of said resultant data volume.

3. The method according to claim 1, wherein said second
image is taken at an angle between about 0 and about 180 degrees from
the first image.

4. The method of claim 1, wherein the first image is taken at a
first angle and the second image is taken at a second angle, and further
wherein the first angle does not equal the second angle.

5. The method of claim 1, wherein the first image is taken at a
first time and the second image is taken at a second time.
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met hod of claim 1, further including: selecting a '

therapy in response to the resultant inage data
volunme. 8. The nethod of claim 1, further including:
selecting a treatnent in resp@ise to the resultant

i mage data volune. 9. The nethod of claim1, further
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a body part in a plane efent 1t I=at
wher @én@nglecbeideen rbeil0 anthajwut §@ degreee froamthaditsttimagel
i mge data volunme, wherein the additional data volune

s combi ned Wity okl 8t drpheORdubmRge data

volunmes to forma resultant data vol une. “10. The

met hod of claim 1, further includi n%: extracting a
P

boundary i mag&e&ting 3 diaiARY INresRANE te Heuesiliant imegsedata

dat ayy@hiere. 11. A method for producing isotropic or
near-i sotropic imge data conprising: obtaining ?.
first i e data volune froma first inmage in a i rst
pl ane; gg%ainiHﬁ*@eg@eéﬁabﬁﬂﬁg%mﬁﬁ&@CWQWGhe froma
second image in a second plane; extracting boundary

i mage data fresaketefa dbatnfentin feSpormitdo 156 FEHahtTRESe data
dat a vol ur@ﬁ;@e and WD 2004/ 051301 PCT/ US2003/ 038682 32

conbi ni ng” ‘extracted boundary inage data to form a

9. The method of claim 1, further including:

obtaining at least one additional image of a body part in a
plane different than other planes, wherein the additional image
generates an additional image data volume, wherein the additional
data volume is combined with the first and second image data

volumes to form a resultant data volume.

10.  The method of claim 1, further including:

extracting a boundary image data volume from the resulting image
data volume.

11. . A method for producing isotropic or near-isotropic image
data comprising:
obtaining a first image data volume from a first image in a
first plane;
obtaining a second image data volume from a second image
in a second plane;

extracting boundary image data from each of the first and
second image data volumes; and



resultant inmage data volune. 12. The nethod of claim
11, further including: obtaining at | east one
wadaknsonal i nage data volune fromat | east OPET/US2003/038682

additional image in a plane different than the first

pl ane and the second plane; extracting an additi onal
boundary i mage data fromthe additional inage data

vol une; and conbi ni ng the addi3d onal boundary i nmage

data volunme with the resultant inage data vol une. 13.

e et 00 o, Ebbfinbtne BRELALAbE ik Bk Ao |TBAR

data volune isS near-iso
cl ai m 11, redsuiiapi lmagbeiataemmmant i mage dat a volune is
isotropic. 15. The nmethod of claim 11, wherein the

first pI a‘i‘?. 'STﬁén%rlh | Faim A ?.&{h\év\btcﬁld e second

pl ane. he net claim erel ' the angle
is betvveen abcﬂhtaln(;mga?fhdiaaabau& addoreht pmaEsdatad Yoluiiteefrom at

0 and abolieb Tl ids RURERTFelsh: BEIRE T ARe

three di rrend'rthmsecoddtpdaaneol unme corrprl sing: acquiring

at | east two data vol une east t

performed in tS0 gl "?9%?3%? '?ﬂagh 3&6%@ V% ?ﬁa“ @'ﬁta
vol umes taddiﬁomalana@esdbﬁaamunﬂataadvol ume; selecting a
therapy using the.resultant.data vol une.

2004/ 051301 PC?P/“%@?B@%?%%‘%&@? E%O%@afyﬂﬂ@gﬁ%uoleme with
cl ai m 18, theheselkant imegseahivaiuig. step conpri ses:

obtai ning gray values for each data point in each of
the data 13.  The method of claim 11, wherein the resultant image data

volume is near-isotropic.

14.  The method of claim 11, wherein the resultant image data

volume is isotropic.

15.  The method of claim 11, wherein the first plane is at an angle
relative to the second plane.

16.  The method of claim 15, wherein the angle is between about
0 and about 180 degrees.

17.  The method of claim 16, wherein the angle is between about
0 and about 90 degrees.

18. A method for generating a three dimensional data volume
comprising:
acquiring at least two data volumes from at least two images
performed in two different planes;
combining the data volumes to form a resultant data volume:

selecting a therapy using the resultant data volume.



vol unes; interpolating a resultant gray value from

gray values; and assigning the resultant value to
weawh/osigbrn poi nt of the resultant data vol unePCR0S20081638682

met hod of claim 19, further including;, extracting data

corresponding to a surface to be scanned in each of

t he pl anes before conbining said data. 21. The nethod

of claim 18, wherein the two $8ans are perforned at

ni nety degrees relative to one another. 22. A nethod

for gener &y ngTA AR JTRIERH QBN h SR h@%@;ﬂ{dﬂg@

obtaining a first image in a first plane pro
firsCodRf'aesSvol une with a default resol ution;

obtaining a s i UG
second dat a vg%%gw\%@ﬁy\tlﬂgesg@?g%wgr SD%F.FE W&%&&ﬂﬂ@dg’(a
combi ni ngveld@esj r st and second data vol unes to produce

havi noa osul TR ech R LRI hofi3hRy ¥lied g
cl ai m 22, wherassigningéhe essultarativelueds @auh data paint o tieat er
t han the %%Lﬁé%ttdafaeg‘cg{lﬁ%' on. 24. An inmage fanal ysi s

met hod conprising arning at |east one imge of a
body part in at least a first plane and a second
pl ane, wh&@.ei nThehmethodsif clairar@, iygheriatleding; f | rst

i mge data vol ene

second image egg?%{[ﬂ@dqat@&ﬁeesﬁgﬂs{baggaﬂl %‘i% B’ Soafined in
PCT/ US2008#¢)ga8e plahes baforarcargbinimg daid ¢dtaand second

I mage data volunmes to forma resultant inmage data

vol ure, Wre'fh&.hsthroa%%ﬂaﬁma'ms nO{ﬂ g;g' Uftqerﬁ' S

i sotropic Fmage. anal ysi's et
performed at ninety degrees relatlve to one another

22. A method for generating three dimensional data comprising:

obtaining a first image in a first plane producing a first data
volume with a default resolution;

obtaining a second image in a second plane producing a
second data volume with the default resolution;

combining the first and second data volumes to produce a
resultant data volume, the resultant data volume having a resultant
resolution.

23. The method of claim 22, wherein the resultant resolution is
greater than the default resolution.

24, An image analysis method comprising:

obtaining at least one image of a body part in at least a first
plane and a second plane, wherein the first plane generates a first
image data volume and the second plane generates a second
image data volume; and



obtaining at |east one image of a body part in at
| east a first plane and a second plane, wherein the

Wwo prgspbane generates a first inage data vol ROBUSI03/038682
the second pl ane generates a second inmage data
vol une; and conmbining the first and second i mage data
volunes to forma resultant inage data vol une,
wherein the resultant imge dada volune is
near-isotropic. 26. A nethod for generating a three

di mensi onal dajombifhy iR fir%réﬁbg@im g%%té \/Q@maet&&%form a

| east a first data vol une secon _
from at | Eassttant image datanpliemenwheseisdoe resultanigeage data

wherein t I hipge is obtained in a first plane
and the sgggﬁ% l%?lgggﬂfﬁs obtained in a second pl ane

and further wherein the first plane is not equal to
the secomtP-pl aiveimzgsanahisigmethedicomprisisgt a vol une and

the second da v . data '
vol une; noni tg??@%%ﬁ%%@g%%?@??ﬁ?ﬁébi ﬁ%lf P‘eagd?qséﬁtﬂmt
dat a vol udane and asreonsenlarer] Wfereih ﬂheﬁi@ﬁplam@gemrﬁte;sfmﬁrst
combi ni n j o) I.ni ra alues fo
cach dat aTREE Rete ARG BA in R olheiralSs & SEoond

i nt er pol diMagg data edume;aand gray val ue fromhg(rja%/ val _uef;
and assignin ; I value to ea a poin

of the rgsul ?; gﬁ?ﬁg{a%etgg\%ﬁq%hg.Sede'W@Fd%i%mume to form a
PCT/ US200350686 $8a@sd2t8 vollime, netichaal tref reehlearmdrﬁgge (tzlata
further ingluding. extracting data corresponding to a
surface to @gé%'genaﬁ'%otﬁoﬁ'c'each of the planes before

combi ning said data. 29. The nethod of claim 26,
wher ei n t2% t vometmddorgeneratingfthreddiaiensionalt datsl eQIUERS

rel a&émsrighqg:one anot her.
acquiring at least a first data volume and a second data
volume from at least a first image and a second image, wherein the
first image is obtained in a first plane and the second image is
obtained in a second plane and further wherein the first plane is not

equal to the second plane;

combining the first data volume and the second data volume
to form a resultant data volume;

monitoring a therapy utilizing the resultant data volume.

27.  The method of claim 26, wherein the combining step
comprises:

obtaining gray values for each data point in each of the data
volumes;
interpolating a resultant gray value from gray values; and

assigning the resultant value to each data point of the
resultant data volume.



30. The nethod of claim 26, wherein said treatnent
i ncludes a drug. 31. The nethod of claim 26, wherein

wa a00d/osx3ent ment i ncl udes a bioactive agent. 32CT/TRI03/038682
nmet hod of claim 26, wherein said treatnent includes
surgery. 33. The nethod of claim 26, wherein the first
data volune is obtained at a first tine point T1 and
t he second data volune is obtasned at a second tine
point T2. 34. A nethod for generating a three

di mensi on d I si.ng.:. uiring at

| east tvvoé%at ?r\?eo'?ﬁgr@g%ff ﬁﬁ%? ﬁ’gﬁg‘i 'n?lbfgmpnages
performed in textacliryfdatnorredpandiy to amshifata® thdscahaka in
opl ant ubri't o g PlRE® Pellt edb sk ine. 35, The |
nmet hod of claim 34, wherein the conbining step .
conpr i ses29.obt Hieninathod mwaimlzaewhérem tEacNuo dedras gpei nt

Lgsﬁl%ggﬂﬁ%&r%%@% Sgrfeggﬁgqgﬁva?yto\?)tgr% télngg gssi gni ng

the resultant value to each data poi nt of the WO

2004/ 051380 PdThdJSE’(D(OE/O@B@BS263ﬁheremaj®tneatdmnaincludes a
vol u 36. The nethod of claim 35, further including;
extrgﬁ%q'ng data corresponding to a surface to be
scanned in each of the planes before conbining said
data. 37.3The The meihodiof claim 26 3ahenainesaid treathrent includes a

scang; ormed at ninety degrees relative to one
anot ?g)%gﬁ\é%ggéﬁtrret hod for generating a three

di nrensi onal data vol une
32. The method of claim 26, wherein said treatment includes

surgery.

33.  The method of claim 26, wherein the first data volume is
obtained at a first time point T1 and the second data volume is obtained at

a second time point T2.

34. A method for generating a three dimensional data volume
comprising:
acquiring at least two data volumes from at least two images
performed in two different planes;
combining the data volumes to form a resultant data volume;

selecting an implant utilizing the resultant data volume.

35.  The method of claim 34, wherein the combining step
comprises: '
obtaining gray values for each data point in each of the data
volumes;
interpolating a resultant gray value from gray values; and
assigning the resultant value to each data point of the



conprising: acquiring at |east two data volunmes from
at least two images perfornmed in two different
w@bk@namst3oconbi ni ng the data vol unes to form a PEBUF10831038682

data volune; deriving an inplant shape utilizing the
resultant data volunme. 39. The nethod of claim 38,
wherein the conbining step conprises: obtaining gray

val ues for each data point in3gach of the data

vol unmes; interpolating a resultant gray value from

gray val u?ééult&ﬂ%aﬁ‘ﬁﬂéﬂgi ng the resultant value to

each data point o resul tant data vol ume. 40. The
met hod of claim 39, further including; extracting data
correspond®.ng the methodfdd clairmn 35bkirtberingledingn  each of

t he pl anes bef [+ i . t .
o P 38 \REcRIEi bhfesttnfind3) & suftace 5. EARH in
ni nety dega@esf thepkanes betore oprobiaimgt daid data.

37. The method of claim 34, wherein the two scans are

performed at ninety degrees relative to one another.

38. A method for generating a three dimensional data volume
comprising:
acquiring at least two data volumes from at least two images
performed in two different planes;
combining the data volumes to form a resultant data volume;

1

deriving an implant shape utilizing the resultant data volume.

39.  The method of claim 38, wherein the combining step
comprises:
obtaining gray values for each data point in each of the data
volumes;
interpolating a resultant gray value from gray values; and
assigning the resultant value to each data point of the

resultant data volume.

40.  The method of claim 39, further including;
extracting data corresponding to a surface to be scanned in
each of the planes before combining said data.

41, The method of claim 38, wherein the two scans are

performed at ninety degrees relative to one another.



