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wFBT5H. RIC, HEE)ORLBICHEL /SR —
VORI PEB OB - & 62T, @/
% & COPD (chronic obstructive pulmonary
disease) M3 DM WRHEY DO HEMEIC DV T
AL, RET BB HM: FME O A A
MR L 72D THET 5.

] &

1. x4

LR & L ORI 5 B (23~40 7%,
SE 30.4 %) & COPD FB&#E 24 il (55~82
%, P T0R) wxige s L7z, COPD &1
W DB & 23RS OB R TH D,
GOLD 7 ¥H1DC stage 1 75 4 fi, stage IL 25 10
i, stage M 75 8 {5, stage N3 2 5l T - 7-.
R, AUFEIL, MEEZESE (WRIEZEER
WIFRER YV X —) OREE/B L DI,
ZMELEB LIV XEFICIARBELZE TITbN
7z
2. Wl st

FAZEEL 1.5T v A5 A (Intera Philips)
C cardiac synergy coil & i\ /2. KBFE Tl
L 7- MR #if§13, balanced FFE (fast field
echo sequence) T FOV =45 cm, matrix size
=128 %256, A5 4 AJE=10mm, TR=2.2
ms, TE=1.1ms, #&[ElE=0.28 s/frame T
B0, R iR A EI O RARWT G % R S &
7RG 80 7 L— A g L TR L /2.
3. By IETE B O & Bk

80 7V —LDDh, FEmENRERL 1K
A OB E N2 79 7 L — ADBE{R %R/ RIT
f#¥T % 1T - 7=. Balanced FFE #£IC & 5 MR &
BRI 7% & DK % BE D Difs 5 I i
THEHEBEETS - TED?, MFHNOEIE 2 HE
Kigffli & THETE 5. MBFAOIMED S
I EBIC G- (30 RA v ) #&EL, 7LV —

LT LI COFHIAOB) & 28 L 7o, BEFIC
X, EEOOT IV — T THIZE L 7 EUEB B
2 A5 A Track!® %\, HEREMRSEL <
Z a7V E—FTEEL.
4. NHEFPEE) O B HEME O fRHT

WO, FHEFN ORI S TN TOB) & 2= T
ROl EE) NS — O/ RD L. KIS, Th
LI XRTOEE HFTEDREE TET/2DICNEE
IR NOMER S Z — ORAEHES LEFEL,
BHES LR S E OBIRIC DWW TR 3 5.

INENDEITR LT, Pz IEE - L7
B = ORRAE(LEE T TV HIVIER () = (n,
X2, ey Xty o, XN) "B Z S (Fig. ). f(6) N
BOEZZ L > TWALI D, TNTNOE
FOM % FEREAE & 4 5 N KkouZEb Eo—>2>0
BHELTEHEINA., CorE, REBELS
MR OB & axf()1%, N KITL2ER L TIEA
A EM oM T 5 (Fig. 1A). L7zh-
T, TRTCOFHM SR E—D/ 2 — o T < &
EFiid, NKRICZEMOBER EOS OG5 &7
L. —H, f@) LRI L8 — 1 THY iR
bxg(t) 13, Basfflbom L THMHd 5.
ORI, )L gt) DR TIEL N B EH
Hi#RiZ, Fig. 1B TRJ &1 N koM LT
F@)E gt)DFRTEREROLNSFH EDO& &7
B. L72ho T, &R0+ TOBHLFR
N RTEZER /g P L, ZOEBEIE
ENLMPERAERDL L2k - T, TR
S S A OB) & %2l 9 2B 7 — 1 H R
OLHLIEMNTES. FEICE, —D0EF /N
A=/ CRHli ST X COBEE G L 72 & 2D
S FRRBE DR & T D BEE S A — L T
N7 PV NRIEZEE LETRD, KIZ, 20
N7 FIVICHEAST AR O TR RN OE
BN —Vm RO L. TNEIEKREDESIT X
W UUF, BB Z — By L E L CER
5.

2009 -4 H 6 HZH 200947 A 7 HHET
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B
Je=f(tt) Q&=s§i)
& 14

xn=a fOO+b-gl)

Fig. 1. Multi-dimensional representation of
lung field motions

(A) Same motion patterns with different ampli-
tude are placed on a single line, (B) Motions
composed of two kinds of patterns are placed on
a plane, two dimensional subspace, in multi-
dimensional space.

KDOLEE X =" a (BT FIV),
ff BP9 O &5 A OB & (N RIGZER LD n
oL xi(i=1~n)45¢, azdd N
KRIGZER EOBEM T iz BlL 72 & & D
TIFERESIE,
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TROOENS (EMFO T FEEELYRT). 18,
VMBS THS. CoT, Y et
i1

Thirh1rb, SER/NMNITH-0ICT a'Va &
MKETHarRONIT I, IBIT, atBE
BT HEMICE L CSER/NETHNT BV
wRDLH. FHIC, TNHICERE T AHZEHETS
TN ETHNT FIVEIRKRKRD L. COEH
FERERG D OE 2 H ERAETHD, P

f# % %31 e R AT 3 (= ®)
i-1

(xi—X)TICR AT, AFETIIMHETHI VO
EEME A1, A2, -, Av (72720, Ai=>A2>-=>Aw)
LREIBEXNT RV (FEEGNZ FV) 4, az, -,
av KDL, O, a1, az, -, an D3 73R
B x— SRR, A1, Az, o, AnE, 5ERD
a, az, o, ay A OEE)S T — Ve AT b
TWA T 5P FEBEICHINT 5. Licdi->
T, Livi+dive++An) &, iFHETOR
T 75 By S 2 — 2 TR R R O3 X TOH)
T4y P LIcE EOPHFEEL LA,
*7z, AS= (hiv1+Aive+ -+ An) /[ (A1+ A2+ -+
+An) BT 5P REEOEETHD,
1-AS 35 i B ORBEHFGHRICHIET 5.
ARUGE T, T A OEBOEHENE & LT
9 5P FEEOEEGH—EM (22T
5%) LNk B/ POFEE/NZ— O % H
W, il ERE & COPD BFOPEBGES) IC D\ T
BMEME A HEGHIE L 72, 361, tlREB LU
one way ANOVA IiR'Ex H\, HEEKELY
(p<0.05) #HFEXEEL THAMITL 7-.

& R

i (5@F1) & COPD B (24 fl) OB
W% R ORE R MR Ei 52 i, Fifii g Bl
30 DR & & BER L TN & 1T - 72 (Riffio
ST, N=79,#=30 Th5). Fig. 2A 5k
U'BiL, #nxh, f#i+% L stage N COPD
EFNCOWT, ARBRKD T U — LI BT HFE



T P38 B 0D B 4 R

Fig. 2. Sample points used for motion analysis
30 points on lung blood vessels are selected
from a frame of MRI at maximal inspiration
during deep breathing. (A) Normal volunteer,
(B) COPD patient at stage N based on the
GOLD guideline.

i SOMEZRLIZHDTHS. KIS, Tnb
DOFM S OB & % % RO LD S & An L
T, MABTTA V OREEME EBHFE N7 FVE K
®7-. Fig. 313, % 3 EWH £ TD 3 KILH S
R CEMli S AER L7 DT, Fig. 2 2ELU
W% (Fig. 3A 13fdt% %, Fig. 3B i3 COPD
EF) OfERTHhHS5. XY, ZHhiE, zhz
n, F1, F2, FEIXXHT L GEEp/S
A—) THH, HOMmT, MR ERETOFF
i SEOEE S R OB ICHINL T, HMXF
T, BB EFTHAHZ LEBRL 5. EEE
DOBEE, A X GF 1E/ % —v) I«
B o BRI T 55, COPDEHFIC
WTiE, Yl O Z G RIC ok & v

CEDHERTES.

Table 112, ¥ XTOEREDOE 1 HHH 3
BN S X — v OFEREE 2 #B X — D
B 5EAYRT. E7-, Table 2 31fEHE
J U COPD BF DB AR L LT, FNOF
BFGR &2 OBEEREYRT. F1EBHN
B =V DEHGREOHNEIERE L2562 EF) /N
B—VDORBEHGHR B L1EENZ— L2
HEE) X — 1 OFEROR) ORFNEEEFE%
HRB L, TXRTOFTEE NSV, F:,
fltis ETE & stage [ 70 5 stage N O K FEDOH 2
HEY S —V ORBEFHROFHL, Thith
97.1%, 93.6%, 92.8%, 93.4%, 88.6% L 755 T

Table 1. Contribution Ratio of Principal Motion Pat-
tern for All Subjects

Contribution ratio (%) Cumulative c.r.(%)

.
R T—— 3rd 1st+2nd
N 909 64 07 97.3
N 935 32 05 96.7
N 938 39 04 97.7
N 952 19 04 97.1
N 954 14 03 96.8
I 923 24 07 94.7
I 884 21 14 90.5
I 81 79 17 93.0
I 937 28 10 96.4
I 82 37 09 88.9
I 706 154 25 86.0
T 921 26 07 94.8
I 8.7 85 06 95.2
I 8.3 92 06 95.5
I 915 25 08 94.1
T 883 46 06 92.9
T 938 27 05 96.4
I 938 35 06 97.2
T 829 44 17 87.3
m 932 50 05 98.2
m 917 29 04 94.6
m 8.9 28 15 89.7
m 827 68 15 89.5
M 940 34 05 97.3
mo 917 18 13 93.5
M 920 30 04 95.0
m o 8.9 27 11 89.6
V831 47 35 87.8
N 794 100 13 89.4

* N: normal, I-IV: stage number based on the GOLD
guideline!” .

WA, T, BN TTERRL 72 R TOED
B &2 = OOMEE)/ N X — U DA THHFRE
BENZN 2.9%, 6.4%,7.2%,6.6%, 11.4% D
FECTEST I ENTELILAERLTWS. O
CC, COWEIZ I S I PUED) % S
BEDLYX (Tabb, BEFGEIBY) UL
DIEIE THRT OICLIEIER) N X — o O,
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Table 2. Average and SD (standard deviation) within Subgroup of Con-
tribution Ratio

Group* Number of Contribution ratio (%) ** (Ell.llf.n(l%l)ti*‘;e
sample 1st 2nd 3rd Tst+2nd

N 5 93.8+1.8 3.3£2.0 0.5%0.2 97.1+£0.4

I 4 89.9+3.9 3.8+2.7 12+04 93.6+2.5

I 10 87.1+6.9 57+4.2 0.9+0.7 92.8+4.0

il 8 89.9+3.9 35+1.6 0.9+05 93.4+3.5

N 2 81.2+2.6 7.4+37 24+16 88.6+1.1

* Symbols are the same as in Table 1.

** shown as average + SD.

et % Clx 1, stage I 7 5 stage I Tt 5,
stage NCIE 8 TH 5. F/z, FE2EF/Sx—
VOBRBHERICOWT, tHRES XU one
way ANOVA #E D5 R, i #H & stage 1
(p=0.52), stage II (p=0.15), stage Il (p=
0.30) OENCIZEEZEDL L, @Y & L stage
V (p=0.033) OFICIZAEEZE (p<0.05) #
RD BN,

Z £

AT, Bl P O 2&ETHili S OB & % 37
T 5B N — v O ERGER OHEME S L E
L, BHOFMS OB = & K/NF OB/
B =/ OIGAICEBL 5 HEICOW TR L
7-.

WAANS, RFEO A Z Y% RGEE T 5 7
&, BMOESS ATy I l—Y a3 /I
XA WEEHE A 4T - 7. T2 T, U DICEE
DO DODOER/ N X — f(t), gt)ITHE n
&) % 2 TEBOFEE) mi; (t) #(ER T 5.

mii(t) =aif (1) +big(t) +n(t)

ai ¥ LU b I3 AR R OEBI 7 DK E S TH
L. INHOBFGEFICK L CTAFERE HVCH
TS REBY S X — OHEE ATV, KD
RESITHEL R %E Fig. 4 127 7.
T, f(t), g, #%RFH (V) OU#HE)

—
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D1 HEBNZ— L5282 — 1 (R
BIXEHRELINTNS) THD, a=_80, 85,
--------- , 125 (Fig. 4A, B) #7-1% 110 (Fig. 4C,
D), kU, b=-25 —15, - ,25 8L, n
(O TR AIRIE 5 BiFRO— R A=, %
7=, Fig. 4A,B & Fig. 4C,D & (35l S D E
HEZTYIalb—yvaVvaE{fToERTH
L. CROHORERLD, WIFnbFEEIORS
HRAE IS HERE CIELK#HEEIND T &0
R TE, KN FED I M4 PHGEET & 7.
WIS, T OFExERIZELE S iFEE OEBRE
M #H 5720, RIFRKEOKRSR7] MR B
G GBI O M OEBY A BB L, B &R
L COPD BH#RHZ OV TCEMEE) S X — v D
Ry e L. B % Fig.5icE &
T\W5%. Fig. 5A 358 1 E#y/ XX — L DZ 53K,
Fig. 5B (355 1 3 LUV 2 38/ S % — v O AR
FHEROEHOVHME L EERFEY RS, W
N, WADOESTICHE - TP TR R
ICd 50, EAROSEIC DWW TR S &
stage V Tlx/h& <, stage I /2 5 stage M D
BETEREV. Tobb, HHOMETICHS
T, Ny PEE) & 7Bl A EE) S 2 — v DA
4 2, stage T 70 5 stage I O FE TILEH) /8
B =V OFNAARI O/ T DX D5 2 Ehb
% O R, OB S SE AR HE
WD BOER OB /S 7 — /I ZH ST
T, EBFHTIE D OMMEE) X — 5, P
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EDEALT % & ZOMOER) 2 — v R E I
HnztE20N 570, HEFE T, stage V
DIEGIE AV I T 25, BT O AN
ThH5h. EBSF— 1 LIFRBEEEOBI R 2
i, DNEUEICEI DT L AEMmAYICE 2,
F3IOEENNI—VERDANSZ LT, H
R THIEREZ R T E LA AE 2 Hh
5. 5tk enEnOMEE) 2 — DEENT D
WL 72\,

MRI % FIFH U 7= Bili 85 P4 35 0D 0 W8 5 B A 1
DNWTIEHWL DL DOFEPRESIN TV S,
FEPR I L 723 5134 70 104D | IR E
E 3 RTEMREHTHY, »ORG EFELT

Y Y
A B
ol
o _ ol .
Xs z x" T T2

Fig. 3. Motions of sample points in three-
dimensional subspace composed of the 1st, the
2nd, and the 3rd principal motion vectors, X, Y,
and Z, respectively

(A) Normal volunteer and (B) COPD patient,
who are the same subjects in Fig. 2.

$535 >
w

Contributionratio (156
H
lati (1st+2nd)
§ H

H
Cumulativec.rf

§

ay
Q

. 5. Average and SD within subgroup ver-
sus stage of COPD

(A) Contribution ratio of the 1st motion pat-
tern, (B) Cumulative contribution ratio of the
1st and the 2nd motion patterns. Symbols of
groups are the same as in Table 1.

Fig. 6. Motion-pattern contribution map for
the same subjects in Fig. 2

Blue and red colors represent respectively the
strong and weak contribution of the 2nd prin-
cipal motion pattern. (A) Normal volunteer
represented in Fig. 2A, (B) COPD patient
represented in Fig. 2B.

A B C D
30 115 30

125 £ 3 i I T
-] = 2 =3 =

15 i 31 £ 105 3 15 i
3 I - 2 I 8
< < i < 1
2 105 2 = s z 1 3
g T Eo . g % i £ o
. : . 8
B 95 £ ] 5 z 2 z
°© iy a5 x 9 85 { 045 £
; 85 - A
E; 7t < |, ) x 4 N

75 30 75

225 415 -5 5 15 25
b, referenced

80 90 100 110 120
a, referenced

&
S

80 90 100 110

25 415 5 5 15 25
a, referenced

b, referenced

Fig. 4. Comparison of contribution between referenced and estimated motion patterns based on

the proposed method

(A) and (B) are respectively the 1st and the 2nd motion patterns in case of 30 points, (C) and
(D) are in case of 21 points. a and b are amplitudes of the 1st and the 2nd motion patters, respec-

tively.
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ZOWMMP R A AT Y =V A RT 7280,
N EBMCTHE T 5 DOPREETH - 7. 4
TTF 4 T A= E I NE TOEB
BRTIE, TN ZNO TV —AITEBWTET
EEMLEEXT FLAELNLR, RO
M RIRED B - 7o, RamSCTHRE L 2@ Fik
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i 5 & ATREIC 5. Fig. 6 1%, Fig. 2
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FEBY S X — o DAL FR I K & W FTHil R A
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flifz&FBTEL WA, Tniw MPC (mo-
tion pattern contribution) ~ v 7/ &5 &IC
3 %. Fig. 6 D MPC < v /55, [HBFHO%
WCTEOEFNZ =V RN TS0 E TR T
HTEBMTEAS. MPC~ v /IC kb Ll
BLRUBE & D ICERWICER OB £ A8in 5
C Db KRFER, BEROFHE S OEE)
W OB A+ 5 C L AR TH A7
&, FHi G OFHil S OMEENC IR D BB HHE
RERICEE LTS, WRESII A
FFANC ARG 1) 45 L OVRiTR T MIC B3 C
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WK RIIE G A FIHTE NI, KRFEEL 3
RIE~HEHT 5T ERAEETH 5.
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MM EFHREOHBEITRD N - 7. 4h
AP BOREFZHWHHTHD, BEE L
COPD 8% L DFFfZED H > 7=, ZOfh, FF
fifi ROBIRCEI T AL & LT, mAEMIC
ZaTIVEBBEMEALTRY, BEREORR
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7=. ¥ HIZ, COPD E# Ci, Wikl & D
AN & OB A O M 230 < 73 - THE 25 8
LK 75720, 7 —AMORIGHE R
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We propose a new method for evaluating the complexity of breathing movements in the lung field
using time-sequence magnetic resonance (MR) images. Complexity of lung field motion is defined as
the number of required principal motion patterns.

After extraction of motion patterns for sample points in the field from lung frame sequences, a set
of optimum (principal) motion patterns is obtained by minimizing the total mean square error be-
tween original motions of the sample points and those reproduced from the combination of the prin-
cipal motion patterns.

We applied this method to time sequential MR sagittal images with 79 frames taken at the mid por-
tion of the right lung during deep breathing with balanced fast field echo (FFE) sequence for 5 nor-
mal volunteers and 24 patients with chronic obstructive pulmonary disease (COPD) (4, stage I ; 10,
stage 1[; 8, stage Il[; 2, stage IV based on the Global Initiative for COPD [GOLD] guideline), and
estimated the contribution ratios of principal motion patterns for all subjects.

Lung field motion is not complex, but represented with only a few principal motion patterns. We
evaluated the differences in complexities among the 5 groups as the average within the subgroup of
the cumulative contribution ratios of the first and second motion patterns: normal, 97.1+0.4%; stage

1,93.6£2.5%; stage II, 92.8£4.0%; stage I, 93.4£3.5%; and stage IV, 88.6 £1.1%. The contri-
bution ratios of the first principal motion patterns between the normal volunteers and the patients
with stage IV COPD were significantly different.

Motion of each part of the lung field is visualized as a motion-pattern contribution map for normal
and stage NV subjects.
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