R =&

b2 7 b A X =2 ¥ 7RI X BRI RO E BRIl
—Duchenne BF; 2 A b v 7 4 —REIC BT B RET —

{=FHH

B

BIRRFGRR

i L &Iz

Duchenne B Y 2 b 17 4 —f (DMD) i

AL 2> & FAER DA, BE5E, ARAGAHRC &
ZEESIETLTWRETHY, BRNRZ
OFFIR DOET DILE I BER OMREREE S
®, X CT Z20EGZHPR SN T» s,
LL, Zh56DHETIRIFROETEEOHE
BEREEHECZLL, XBCTIRLTHBIZE
57 —F 7727 bDleDIEBHROLIEERL,
TRETHR IR O 72 D W B ORRE 13T VB,
BT, MRI BFERETZOE B> T
AN, BICEABT—F 777 NBRWIcOARE
BOZWHICBVWTREATHS LIRESNTE
D, ZOHETREEOHEEIC T, ElHET ST
09 L»L, T, fEE, #HEho7 o g
HOFERELZRT b O THETOXSE, B
g OZEALOW S OFELRZT, HBOEERE
DBV REE R HED D 5.

4a, EFH1Z MRl O—FETHLEEY 7+
A X —Y > 7 (chemical shift imaging ; CSI)
HTick D, KEREWE2SBL CTEERLEITOH
FERRA D EBIG & DB & AE B OETEE %
BT 5 2 L 2EAat, 22 TCSIkE 3AEE

DEFTH->THZOHEREIZ LD ZOKD
T—ET7RABERELL ZERFIBELT, BE
REEDEL 2 [RF %58 L CHEERIL T 5 MRI D
—FHThB, T, AEREFENRICKLIE
FEOSHESTONTEY, BOhDFENS
TREE SN T2, [EIHEOEERIFHE 2
T WCRES>THRWL, RINCEEE, HIT
BUERT L OFFAFRD b £, [LEAEY OERS
DOARE—1T X 2AHEE(LOFIE, BXUEED
B Lo TR 54 7y MiifHIz Xk B
EALBRRIE L2551 T CSI 3D EEWME 28
HIHS, KEBEBOSESTHITHY ZDE
EMOFHBRIT 2 B o7z, DD, LIRS
EZDERIZDWTHE LR, SRYOE
W DE N X 2 A EOFIIEDLEME 27
Wiz, ZhZED W THIEWERT O ILARE IIHE
ROFEWZ TRHRY)OBEWEOE N L D
RIFZEAL 2 HEIE L 72 CSI 319 2BEFEL, Zhi
L0+ KEEOSBERTIREE ko T, %
2T, EEHIIAER AT EBER O 5B G
REE L, BFEGRI DV EoNIEEHRELS
IRl EDOERRITS eI fElES5RE (S.L
) %2EPEEL, #OEBIRE 2RAT.
ZORER, SIEOHIERIMZ AR CSL I Lo
THRBEENERNTMETE2 2, 51T,

F—1— F chemical shift imaging, Duchenne muscular dystrophy, fat image, MRI, muscle
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DMD D@z 81 2 RIEOH A DWW TR
L7z THET 5.

i B

1) ERERIRRES

BE R & O & B RIRHIl O BRI O 72 012,
EERBEOREL 2K -BIF7 7 > b AR EEL
Uz, £3, A 4.4mm OFY) 7oL ol
OHEICERM CEfEMl : FeLThvA Vg,
V=NV BEHAL, RZZORY oy
VEIOME 1~ 9 R E2EHREASHA I NI
W1E 50 mm D7 7 U VB RS SN s
PEELCHRELE. 20X 2L TEEIER
BRI EL D ofEEDK - Bl 7 > b
SRR L 72 (Figl), HIE T 2 BEOEEBN O
HERF OERELLDY 2 %25 18.1% & 752 L 5 12f8
DEEE R RY 7u vty yEoONE RS EE 31
mm OMEERICEREL, £4 5ETOEEL
TAKEGR & RRRAFEGR R L 72, & SChERAE
BEVBoNIEEEErOK BT 7> b
LANODIEIFEZER L T2,

tube enclosing fat

Fig.1. The scheme of a water/fat phantom.

2) ERIRAIRET

FEARGI & U CIEFE SRS (BIRIFI, 6~11
%, T 10%%) L DMD &R (BR 2141, 5
~16 7%, ¥ 9.7 %) O T BRE ARG O MW

et Lz, EENREES L 0 DMD B
DWTIEAAB L UHRICEEDOHARL L UE
BEOWTHEAL L ETTHE2E CRE R FH
L7-. DMD BR1ZEAEHEEOEBEERE
EESPFCEITOTRAT—YHEET- 2.
stage 1 IZFO#iB % < BBERO B ENTIRETH %
BT 141, stage 2 IZREERORBEICF ORERIAL
FECHDEET 3, stage 3 1ZFEEAIH S DFEITHS
FEETHBEET 3 W, stage 4 IIHITHHIBETH
ZEEC 1, stage 5 1IVADEVASHRETH B
T5#l, stage 6 ZVWE DEITHAEETH BEET
2 fll, stage 7 I3 DOFFEAIETHLFET6
HIThHs, =B, stage 8 IZFERIDHFEHATHE
BEETHS (Table 1),

vl %

i 132 0.5 T /%8 HE MRI 258& (HAL G-
50) 2 v T{T7%% vy, modified multi spin echo
PVARINOZ X VACESY T M A R—=Y T
(chemical shift imaging : CSI) %17- 7z.

¥ ¢, AKBF%eCH Vv 72 modified multi spin
echo 12 DWW TEHIAT 3, Fig.2 iZ modified
multi spin echo JED SV AR RRT, AL
ARHNESY 4 2 DR 2 2 OO multiple
echo BTN L VR I TWwD (1807 VA DH]
ms 42> 7%36 L7 Fig2A L@ O spin
echo %% T#h % Fig.2B). Fig2A O n k&
FeFo7a s > 2 ¥ v ORI 90" ONERE % 3% 8
THRETH Y, AEEICH W TIIKREEHD
7a b CHIBREEED T S v T Ny (570,
5Hz) 3%, #11.8ms £ LTw3, 0O
R, ETHIERILEE O spin echo FEDOHEL
B L DR 3. 6ms B kol bithkhd, nid
AKEREED 7T b > 2> ORI 360" DA
PERETHEMTHY, 8. 9Ims £ LT3,

Fig.2A ¥ Fig.2B » SV ARH & 0 &3tk
¥, Fig2A 12X D echo.l & echo.2 %,

19904F12H 4 H52HE 19914 2 A18HMKET

BIRIFERSE  T791-02 ZREUBSEREGIEE/] BRAZRFMBSRESRE (CHH 9

90



B2y 7 b4 XA =Y ¥ 7z & 3 BIE O ERATHE

Table 1. Normal controls and DMD patients

stage disability number age (mean)

normal No disability 9 10.0+1.41

stage 1 Climb stairs without assistance 1 6.0

stage 2 Needs support for stairs 3 5.34+0.58

stage 3 Cannot climb stairs 3 8.7+1.53
Can stand up from a chair

stage 4 Cannot stand up from a chairs 1 7.0
Able to walk

stage 5 Cannot walk 5 12.4+2.88
Able to move around on all fours

stage 6 Cannot crawl on all fours 2 11.0+4.24
Able to move by squatting-sliding

stage 7 Cannot move around 6 10.84+1.94

Can maintain a squatting position

¥ stage 8 Cannot maintain a squatting position without backsupport
T T T T
. . A ] T2
90 180° 180°
‘RF —\—
Gy —JT \ 7\
A | Gy &
Gx [\ 2 D N R A S
L FID #jk;evcho 1 o '.:cho. 2
90° j\j 80° J\jiO °
B RF 1“/

Gz T\ \ I\
B| Gy
Gx -
_FID JV;C}IO.EX Weci

m
i
wy

]
)

4

Fig.2. The modified multi spin echo sequence for CSI. It is made up of two separate
multiple-echo sequences.

A : the pulse shift, 7, is chosen to introduce a 90° phase difference between water and fat
magnetizations. The pulse shift, z,, is chosen to a 360°phase difference. B : it is a conventional
multiple-spin echo sequence.
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Fig.2B 12 £ D echo.3 & echo.4 %8, echo.l »
5HER S, %, echo.2 »5HE(ES, #, echo.3 »
SHER S; % echod oGRS, 2/E8lT 2, [H
BRIC LTI 190 mm D4 7 A MG I
PAER AL TERLY) 77 Vv A7 7
Y MAEREL, echol 5B S,’, echo.2
SHEERS,’, echo.3 »5EERS,’, echo.d »5[H
BSS/EEREL, &F SHOEGE2EE ST 2 (R
1-8).
Si(xy) = {ow(xy) +ip(x,y)} X
exp{-iyE(x,y) Ary +ia (x,7) +i6}, (1)
S, (xy) = {pw(xy) +p:(x,y)} X
expl-iyE(x,y) A, +ia, (x,y) +i6:},  (2)
S; (x,y) = {ow(x,y) +p: (x,y)}

xXexp{ia (x,y) +16:}, (3)
Si(xy) = {pw(xy) +p: (x,y)}

Xexplia, (x,y) +i6,}, (4)
S’ (xy) =pc (x,y) exp{-iyE (x,y) Any

+ia’ (x,y) +i6,}, (5)
S.’ (x,y) =pr (x,y) exp{-iyE (x,y) Az,

i’ (x,y) +i6,’}, (6)
Sy’ (x,y) =pr (x,y) expliar’ (x,y) +i6,’}, (7)

Sy (x,y) =pc(xy) explia’ (x,y) +16,'}, (8)
ZZTy BEHSEEELT, wxy), ony)
IR DK LB DA Y DBET, p(xy)
BIZ77VURAT7 7Y NADKDAY Y DEE
T, b, 6 6, 6 IFEBORKECLIVEIS
F 7%y MItET, i 3EERTHS:, An, An
BRI TEES (K 9-10).

An=271=n/2 yHio (9)

A, =2(n,-7) =4 An, 10
ZZTH, 3#HSEETHY, o iZkEEHD
ZEY 7 v THY, ppm TRY, Exy), E(x,
VIZERELE ) 77 VA7 7 v b AOERS
TE—THY, LITD L > BRSO,

E(xy) =E'(x,y) +Es (x,y), 1
ZZTE(xy) 3D BEEDE NI LB
ﬁ&z‘%@$@~f%é. a (X,Y)9 [22) (X:Y)a a’
xy), &’ (xy) EEEAEEEC L 2850
BH—Thh, BHSHEBCBOCIHEE% 5
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B, FHFEBECB TR VMEE RS
WA, KETIEA 7y MEEIC X 3L
OFFIERFICFRRICHES L TW» 5,

KRB ORI I X 2K « fRRss BT
F DA 72y Mtk 20HEE, 2) B
AE—2 X BA0HEZME, 3) SHTRYIDBRERDE
WIZ & B AAEE L S REE R O E R 2B
¥RHERELEZ oD, KETIE, £371) 7
7y MIHIE L 2 AEE(LORIESR S, &£ S,,
S; &S, SESY, Sk S ik hikAoEE
ik ofrs (R12).

T1:S1><Ss*/ | S; | ’

T2:82XS4*/ r S, I ’

Tl’:SI’XSS’*/ l Sy’ I )

T, =S,%xS*/ | S|, 12
ZZTSs*, Si* S, SOIEERMETHS.
Pz tigsnizEs T, T, T,, TS/&d
5. RIZ2) BHEGAE—1 X 2 MR DR
EzT & Ty, Tt T,y w X DIRROBEEIZT
15 (X 13).

U1:T1XT1’*/ | Ty | s

Uzszfo*/ l T, l » (13
ZZTTYY TR ETH S, DlhicT
‘BonkEHE U, U, 35, U, Uik
DkirwekRanz (K14, 15).

U, (x,y) = {pw(x,y) +ipe(x,y)}

Xexp{-iyEr (x,y) A} , 1
U, (x,y) = {pw(xy) +p: (x,y) }
Xexp{-iyEr (x,y)A 4 7} , (15

Z & THOBEEGROEENT 3V THRY OB
DEWIZ L NS BEEIC R Y, 057
N—EDHHZEZ 2 b DTHNITHEEE B D
ERINSESR L 0 %, 22T, [UkE5H 4 yEp
(x,y)An B—EDOHHENICB XD 2 LERDH S,
RKETIE, TR 15 0N RYOBREDE
2 & BAZEAL 6 (x,y) IZIRRD L Sk sh
5.

6 (x,y) =arg {U.(x,y) Xexp([ibos) }, (16)
Z T T bogr AT 2 —E DHFHANICE SO
572D 72y MIMHTHS, bon ZLAT D%



LY 7 b A 2= > 7HRIC & 5 BRRA 2 O E R HVFHE

R 17) WMEEh2 LOREETE, 6(x,
V) DEHRAAHNBIZHETR K5,
7t e <4 yEp (X,7) ATy <7+ Bost 1Y)
- T, BHERMELE R LicX 14 &R 16 &
0 SHRY DBEREERE DE T & B A L ORIIE
BB ot/ RIS BEEER S (xy) HNRAD
Erwkpons,
Sx,y) =U:(xy) Xexp [-1 {#(x,y) ~Bots}/4]
=pw (x,y) +ip (x,y) 19
LIEDE 21 C U TERTH L AKES pw (x,y) &
FEER T o 2 FERFER o (x,y) BOBETE /2 &
Erb,

TR 11000 ms, TE X 25ms, X774 XAEiZ
10 mm, HE~ b 7 21k 256X256, INEEIE
X2 B, FOV (field of view) 1250 mm &
L, N&E250mm ® QD (quadrature detec-
tion) AR I A Wi T—HEMTEOHREETT R >
7. %1z, &FIOR—WE® T, i858 SE Rz
gL,

WRARICE ENZEHERHET 270k
A GEfEm) 2 AL AR 20 mm OB
BTHERE T 7 ¥ D ARIER LT, TORE¥ET 7

b A BRBRE L ERCRE L, 55 niiEl
EfRD & RSB L UEE Y 7 >~ b A DfEE5HE
ErRHEL:, 22T, EHIEEY 7 MA
DEFEE R —EDME (1000) HEL, ZTh
WS A HRIRDEESRERRD 2 Z £ BER
L, ZhxfEfES@E (SLE) it
L7z, ZOERBHEGROA L DRDTHED
THREDOBEMERNOEIFE DR 2K E
ThY, EEET 7 A DEREMLT
VBT E L B RAR T LB AETH B,
#-T, IO LD EENFHTIOS I & E 2
shie. WREOIELESEE (SIME) i3 CSI
12T B N7 fE BB B T OBRE OB LSRR
B2 EEHREOVHE (M) &Rk L R
R U TAAERRNG 7 7 v b A DEETRE D
Bl (P) Z/KEHDZWIESE FHe2d LicLT
B EE 2R DR PV —AT 5 Lo
HELTHZEL, KRAWFE-> THE L (Fig.
3).

S.I.= (M/P) X 1000

BIDERE LTI, KR-JBii77 > ba, IE
xR & DMD O BB TFEEOBHER, t 7 X

B

Fig.3. The measurement of signal intensity of each muscle and the standard fat

phantom on the fat image.

A : ROI (region of interest) was decided on the water image or the SE image. B : the

same ROI was measured on the fat image.
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-

et

‘gastrocnemius m.
:soleus m.
‘peroneus longus m.

rextensor digitorum
longus m.

AN -

ol

‘tibialis anterior m.
6 :tibialis posterior m.

Fig.4. The scheme of the lower leg.

i, REFER, RigME, ATICEE, RIKEEH
Z#EATZ (Figd).

& ES

1) ERERmea

Ex DK BB T 7 > b ADAKE B IZA
2 XD KE &R, FRRERRI BIFICOBES R, BE
BRI B W T EEAREKEIRESIC, XY 7
oV rENENORBRIEES s
7z (Figh). 77 ¥ b AOBLBEBRNCEENS
FERf & 2 fEE & b, [ERAHEgRD 55 6 h 7B
DEBANOREIES8E (S1E) % #Htd
LoT7uy hLzb 0% Figh lomd, MEE
WIEr=0.987 L HERFRS A S5, KR
Bi7 7 >~ b AN OIERFEDSEINT 212 L 725
SIMEIF—XREHBINTIEIMLI, ZOZEpBR
HIC & 3 SILEOHIE R XD B EOE &IV
NHEETH B Z LIRS NI,
2) EGIRAIRET
a) 7K/BERA 5 BEE R DR ES
IEENREICB W TIE, SHEIIKERICT
FRFC R L@ E B i S v 2 EE S
KEEDXKT 7> v & (W) HANEFETIX
HBHbODO, FEEOFEERE L THH S,
FERFE G CIIZIZEGE SR L LT ah
(Fig.7).
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DMD EIRizBWwTiE, SHEHIKEGRIC TR
B OFHEERT AL —REEEHE2ELTEY,
[FEEB IXAE TR TRRD 5 W IR OEES
Be L t#tashTtns (Figs, 9, 10). Fig.8
/X stage 3 BIROATEROKE GRS L O IR
Brrd, PRI CHEER I SR B 5 W iR
ROBEM O E R T EESEIA NS, Fig.
9 X stage 5 BIRDATREOKE &S L OH5 15 H
Gernd. IRRFEG CHIER, © o 25, B
B, RENS, fiREHCSESELAN
5., BREEHIZEHERICB W TRIZRES &
o5 Tw3%, Figl0 i stage 7 BROA TR
AESRB L UIEFE G 2R, IEIEHRTIZE
AEDFRICEEDSESBSA SN,

DX EHEIC T, BIEGRCE A5
BEBOEENE-TEY, BEFBLUES
A CEHEFEOBEEI®WEICH - 7z,
7z, BHEEOIRHEN 2R3 BESER IR
PETT 2 REEE L TERICH- 72, B
B R 7 0 AT T 2 & CHEIE MR
bEO@EDONT»oTZ,

b) FERGESTRE (SIfE) OfES

IEFSHREE T3S i1 S.LAEIZFEYRS 15 &
528 THRETOEREBHOD 67T L2 TTIOLTT
BHote, BHEOFHRE Figll iond. BHER
T DMD stage 1,2 £ CRIEEFI L =2
ino iz, stage 3, 4, SEETIXSIEZIZEA
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S.I.
2004

1504

1004

50

Fig.5. A : water image, B : fat image of the water/fat phantom.
Water in bottle and lipid in tubes are separated clearly into a water
image and a fat image. A standard water phantom (W) and a standard
fat phantom (F) are separated, too.

Fig.6. The correlation between the S. 1.

and fat content in water/fat phantoms.

¥=9.86-X-4. 08
r=0. 987

2 4 6 g 10 12 14 16 18 %
fat content

Fig.7. A : water image, B : fat image of the right lower leg of a
normal control. Subcutaneous fat tissue, a standard water phantom

(W), and a standard fat phantom (F) are separated clearly into a
water image and a fat image. Each muscle are described as signal void

on the fat image.
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Fig.8. A : water image, B : fat image of the right lower leg of a DMD
patient in clinical stage 3. Linear high signal intensity areas are shown

in the gastrocnemius muscle.

B

A

Fig.9. A :water image, B : fat image of the right lower leg of a DMD
patient in clinical stage 5. Linear high signal intensity areas are shown
in the gastrocnemius, the soleus, the peroneus longus, the extensor
digitorum longus, and the tibialis anterior muscle on the fat image.

Fig.10. A : water image, B : fat image of the right lower leg of a
DMD patient in clinical stage 7. All muscle except the tibialis poste-
rior muscle are shown as high signal intensity areas on the fat image.
Their signal intensity is higher than that of patients in the lower grade

of clinical stage.
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gastrocnemius muscle soleus muscle
SL . SL
1000 A 10004
. H
3 L
5001 . 5001 .,
. . o .
] :‘0 . e
0 233 eer * 0 a%3¢,, o ..' L
N 1 2 3 4 5 86 7 N 1 2 3 4 5 86 T
stage stage
peroneus longus muscle extensor digitorum longus muscle
S SIL
1000 A 1000
hd a0
500 500 .
. L]
(1] .. [ .
L]
o . o . .
0 YT S S 0 222932 PN ORI °
N 1 2 3 4 5 6 7 N 1 2 3 4 5 &6 7
stage stage
tibialis anterior muscle tibialis posterior muscle
S.IL S.IL
1000+ 10004
500 o 5001 -
® .
- . s . L34 H
0 PLYY VPSR . N ) 0 ean3le o s 'Y IRt
N 1 2 3 4 5 6 7 N 1 2 3 4 5 6 7
stage stage

Fig.11. S. 1. of muscles of normal controls and DMD patients. A : S. I. of the gastrocnemius muscles.
B : S. I of the soleus muscles. C : S. L. of the peroneus longus muscles. D : S. I. of the extensor
digitorum longus muscles. E : S. L. of the tibialis anterior muscles. F : S. I. of the tibialis posterior
muscles.
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Table 2. The staging of DMD by S. L

gastro- soleus m. peroneus extensor tibialis tibialis
cnemius m. longus m.  digitorum anterior m, posterior m.
longus m.

stage 1 - — — - — —
stage 2 +,/ = +,/ = +/ = - - —
stage 3 ++ + + - - -
stage 4 ++ ++ + - - -
stage 5 ++ ++ + + + -
stage 6 +++ ++ ++ + + -
stage 7 +++ +++ +++ ++ ++ +
— :normal (S. L : <70), + : minimal fatty replacement (S. L. : 71~200),

++ : mild fatty replacement (S. I.:201~400),

m. : muscle

¥ 201~400 O&FN TIEH AN LR EH L T
7-. stage 6, 7 BECIE SLEIXIZIF 401 Bl R B
HLTw/iz(Figll-A)., © 7 A TIE SIHEIZ

stage 1, 2B TRIEEF & EZE2RO Lo T,

stage 3 BECIXIER Pl b~ S.LAEIZ 71~200 D
EFTEE FH L Tz, stage 4, 5, 6 BTl
IZ & A E 201~400 OFEFHT SIMEZ LA L Tw
Jz. stage 7TEECIZSIMEIR 401 AL LR LT
Wiz, (Fig.1l1-B). EBFEHCIE S.I{HIZ stage
1, 2 BEZIEE I L Z e iino Tz, stage 3, 4,
SEETIIEEMICERSIMEIZITEA E 7T1~200
DO TERE FAH L Twiz, stage 6T
201~400 OHFIFH T S.LIEIZ EH LTz, stage
7THEECIE S LA 401 BLEWR EH LT/, (Fig.
11-C). Efe{#f5 Tl stage 1 Bp o 4 BHE TI
SIEREREM EZ2BD R Mmooz, stage 5, 6
BTRSBED2HCB W TEEFEXATaxg
WHDODIFEAE I LD SIED LA ZED

7o, stage TEECIX 1 FI%ER = 201 A LD S.L{E
O LA %FD 7 (Figll-D), HIKEEH T3

stage 1 Bip 5 4 FEZ T STMEIZIEEH L =5
o Tz, stage b, 6 BETIZ S BHEO 2 flick
WTIEEM L XBITERWH DD 71 LLED SL
fEo LA %58 &)71 stage 7THETIZ 201 LLED S.
1D LR %D (Figll-E), BEFHTIR
stage 1 #0256 E?i’(“ SITEIFIERER L Z %2

[0

98

+++ :sever fatty replacement (S.I.:401<)

Wiz, stage TEETIE 71 A LD SLED
He@Reoi (Figll-F).
C) SI{Ewc & % DMD DfEiA48

Fig.ll OfE&REE2d £ LT S.IEX 025 70
FTRIEHR, 7125 200 £ CEEE, 201 »5
400 FCHEHERE, 401 YU LA EEREEEET
%k, Table2 1iZ/RT & 512 stage 1 #HIFETD
EEDSIER CThH 54, 2 FIIPEER, t 7 285,
EREEFOWT IO B ERIFEE 2R 55,
3ERIBEER S, T A8, BEFEMH
%FH%%W'@%M B 5%, JFEIPEER, ¢
AICPEE, ERFEMCREREEZERRS
2%, SEEIBHER, t o AMcHhEE, B
B, AR, A %ﬁ?ﬁ VR A R 7R
O5HFE, 6FIIBHERCEE, I A8, B
BEICHEE, REMHEH, fESHCBERR

KD 5E, THEIVHRERS, t7 48, &
PrEm B, RGN, BIECERIChEE,

BREHCREOEREE 2RO 2E LT 52
EWTEL, UL LTHEL SIHEIC
X 2R R I L BRI L O
W RIFZFEENEED & i (Fig12).

TS ORGER, BEEC X D IRIFEEOE
fT538 D, SLEOHEIE & D EEWNZ, »D
2 DMD OO EDRIGER 2 L 2R T
yorEZSNZ, UL, FIHIOFEFITIXS.
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7 HH
X

.6 R
- .o
U)5 L )
34 e o
o)
g :
w2 :.

1] @ °

1 2 3 4 5 6 7
clinical stage of DMD

Fig.12. The correlation of the clinical stage of
DMD and the stage of DMD by S. L.

LEEFIERG L OFIcEERZZRBDB»o T2,

z ES

SEAE, Dixon &Y 2L bk7m sl 0
MU OERBEEEHENEL L I ERFAL, K

(OH %) EfgRs (CH,Z) %43BE L THfRIL
T 2%y 7 v A4 A—Y > 7 (chemical shift
imaging : CSI) & BRFE S, IEITEDOEERR
FbHAASNDLE LD KR, LrL, €O
Ei &AL DIEFEIZ T opposed & Gk LERF 7o h
v OAIFEE R 180 IR E L TR o B KB
DEDG) T TELNTAKEEFOEDGFTN
HodER S N2 72D, BBIFOFESHAKDES L
DREVBECIAKEEBHSHICERREINS
b, FECESBDOTRAR®oT. 20
#%, Dixon IEOWEY H 2D TTHED T 3
¥ sn, ERICOWTREIFRERNIHE S
NTWw3P, EERNBRENC D W TITERE &
Ty,

SEF W5 T, IUEAEY O/FETO
BB —I X AL OME, 472y
MR & B AHZE L OFIEICIZ, RO
BHEEOE I L B AR 2MHIET 5 2 L i

£ 0 BAFK/BRIESBEEGR 2155 Z £ TE S
kot iz, BoNIEEIERITHES
LT 5 e {EERznsDT, T.fE T,
HEOEEPRFIEZDESET b VEZDY
OrREFTZEERS, UL, TiE, T 0%
BrRseeIc R 2 & IXREET, FEHETES
POEER R, HOo@EYamERME L5
91 TR # 1000 ms i TE % 25 ms IZR&E L
THRERfTR -7, 28, TRIZEHEO T.(#E»
200 ms & D720 TR 531000 ms AL TiEH
T TEOEERZ TR wicd, FRERK
1000 ms PA_ETIRHIE Uicfiddo S 1EicE s
R T2) 1000 ms & L, TE 38, 2%
L DEEE TORIKICERE T & 5 IADKHH 25
ms THs720H25ms & L7z,

TE R 3 & BB IA ORI & LT
BBk L R I OTER L 7% 7
VhAREEL, BoNIEE G SELET 7
¥ M AT s EmAEOESEE (B ESH
FE D S.L{E) EROTCHETL, 0 SLEREK
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Quantitative Analysis of Fat Content using Chemical Shift Imaging
—The Study for Duchenne Muscular Dystrophy—

Akira NIIDA

Department of Radiology, Ehime University
Shizukawa, shigenobu, Onsen-gun, Ehime 791-02

A chemical shift imaging (CSI) technique was developed to separate the water and fat images,
and was applied for the quantitative analysis of fat content in skeletal muscles. The fatty
replacement was quantitatively analyzed in skeletal muscles of lower limbs in 21 Duchenne
muscular dystrophy (DMD) patients and 9 normal controls using this CSI technique. The
gastrocnemius muscle and the soleus muscle were disordered in the early clinical stage of DMD.
The tibialis posterior muscle was not disordered until in the severly advanced clinical stage. The
fatty replacement in each muscle was stronger as the clinical stage of DMD progressed. It was
concluded that this CSI technique was useful in deciding the clinical stage of DMD patients.
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