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%ZC NMR-CT # Fn RS, KERRE X O TRHOAHAIC 81T 2H6EFIR (R) ZR/EL, b5,
R 317 % B BKOARREEN & EITHIC B0 B IR REOBEZHE T 5 cdiz, SKRS L UNEN
LR NS 2HOEMELRT T 2 — 5 DHEHERR 2.

DMD fEf)] 21§, EHEBTF 154, ER%T 10§l X 0 DMD carrier 19235 & LTAEZEA L
el B, HOMCBT 5 EKRORERME L ETRMICHT 2B HAIC BT 2 EIERELOE L4583
EHBICIERT A2 Z LA TE, SRR OMREEZ bRREhe. 7 LAEORA TIRRTRRIC

X % carrier BONEEIXI TE A o7,

L FC®IC

HETHER Y 2 b v 7 4 —iE, ¥z DMD izown
TR STRIE 75 £ B EARMBHE L LT
fThh, HEEAL EIZE VETE X 39580
FEARASHh, BEESHE L LT XHECT &
EWMERENRTWS A, FEREEROEMREED
FHIEE L s X Ok, HEBNICRERLICE
> THEL 2 B HAKOHEMPLETHIC ERICA T
5 EORE 2, FEBLMAICEICERNH S
WIRERMICRHIET 2 F LR hE TR ST
W7z vy,

zz tAEPbhbhii NMR-CT iz & v JE#i

* ORETRE AR A DT IERTER AR ITZE
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R E R T S ERERITEENR
Zf:6146H25H
BimZf 61498 1 H
BIREERSE | TEHNI 49-1 (B 260)

TR E A T FETER IR ERR
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BB AR OEMEE R MIET 2 FEEBRL,
LI X 2 REAESTEE (Table 1)V 35 X UMEH: & @
g 21T - T, BHZH, RE2EBS L OR
BEHEREENTHD LW ITWAELAZD
TZZIit®ET 3.

IL HREFE

M4 Iz X % preclinical stage 7> & stage 7 @
DMD JEH) 21 ] (1 g2 5 14 55 0 B F), DMD
carrier 19 ] (30 24> & 55 O L F) & xt B4 25
Bl GiEh b 4T ROBELRLFI0H) &xtge L
7z. 7= 77 L DMD JE#] D HERk % preclinical stage
145, stage 1, 4 {5], stage 2, 6 {5, stage 3, 4 {4,
stage 4~7, 6 f5] T & V carrier ® ¥R i3 definite
carrier 4 ], probable carrier 4 {§, possible carrier
11 flTchotz.

NMR-CT i3 0.1 Tesla fif. Mark-J &AL, i
FEICZBRAB S 0SEHTWH T1 (Td=300 mm b,
Tr=1,000 mm ) &5 & Fv 722, JIEELL)I
HY LOFHRIHELT, BE, KRBRPRELS IV

Presented by Medical*Online



1732 B EF

Table 1 The disability stages in Duchenne type mus-
cular dystrophy by Ueda (1968)V

Stage 1 Climbs stairs without assistance.

Stage 2 Needs support for stairs.

Stage 3 Cannot climb stairs, but can stand up from a
standard chair.

Stage 4 Cannot stand up from a standard chair, but
able to walk.

Stage 5 Cannot walk, but still able to move around
indoors on all fours.

Stage 6 Cannot crawl on all fours, but still able to
move by squatting-sliding.

Stage 7 Cannot move around, but can maintain a
squatting position without back support.

Stage 8 Cannot maintain a Squatting position without

back support.

23 % 12 5 (1986)

TEREA 1 274 2 & L, KEFHAE (gluteus
maximus PAF glu.), KEBPUTEAS (quadriceps fem-
oris PAF quad.), NEzfEf (adductors LL T add.),
W& T #j (sartorius LL T sar.), 7 f% (gracilis LT
gra.), MEfE A5 (gastrocnemius LL T gas.) iZ-2 W\
T, ThZAFHANKE & I2IE U TERH) ROI
(region of interest) LB %#1T-> T, T1 EDHEIE %
TV, TROFECIVEHLHEWE -7 £ —
% 2T, EHORHSEB X U4 L ol
2TV, REFROEICOVWTXBRAICER :
nxz.

AT A — & OB MK, MORERIE
Ri (1/Ty) 1%, Z0ME 2RARLBEL 125
a, ThERORSERO RUEOEERIZL 3

a
© so0f
('S
100F
A B c D group
Fig. 1 Muscle degeneration parameter values of normal male control groups, W.C.P.

is the water concentration parameter F.C.P. is the fat concentration parameter.
Screen tone shows normal range that is F.C.P. 0 to 30%.

Group A is the 3 to 6 year old group n=4, group B is the 7 to 10 year old group
n=4, group C is the 11 to 14 year old group n=4, group D is the 29 to 47 year old

group n=3.

As same as other figures —o—] is the gluteus maximus (glu.), —=—] is the quad-
riceps femoris (quad.), |—@—]is the adductors (add.), —»—]is the sartorius (sar.),
|—— is the gracilis (gra.) and —— is the gastrocnemius (gas.).
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Fig. 2 Muscle degeneration parameter values of normal and Duchenne type muscular
dystrophy (DMD) carrier female. Their parameter values are almost within nor-

mal range.

Group A is the normal 39+ 12 year old female group n=10, group B is the definite
or probable carriers 42+ 7 year old female group n=38, group C is the possible car-
riers 4245 year old female group n=11, group D is the carriers with high creatine
kinase (CK) group 44 4-7 year old female n=8, group E is the carriers with normal
CK values 4145 year old female n=11.

MEFHL LTGELT 52 N TEZ0T, Ky
ad RifE% Ra, FFL%L a, b D RLfEE
Rb, 8EF%BLL, MIELLAEAKDO RLiEZE
Rt L4235 L 2nFho Ry fED Fullerton ® b
W % fast exchange model IZHf Y3 24Kk 0 35 &
TR AR T B2,

Rt=ca - Ra+ - Rb—(Al)
=L

a+p=1——-(Al)
Th5.

* 725841 exchange D A WHHEEDRA D&

h, KETHYTWS Ty fED 1 SRIERE TR

Al R X ZEPMAIETH 5. Tbb,
BRAGERLPEMBL I 1 1IENLAZ LE
zbh, Pl Eb/hEW R OFRZHBE R
2175 RufEIEF, #AlPaniEREO RifE &
DRELS LB LIHEEEDVFRW.

22T, bhbhoEBIZXIVELNLEEE
O RUED D BF /NS 7013249 1/0.3 (sec™?)
THBDT, Rt<1/0.3 (sec™l) i A, i a
*AfERL L L Ra=1/0.3 (sec™), pRk4rb 2 HHEK
R4 e L Rb=1/2.7 (sec™1)® ¢ LTREEEL %
hE A=tV bRFLT, ThEEKRS T 21—
# (water concertration parameter, P F W.C.P.),
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23 % 12 5 (1986)

-
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>
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Fig. 3 Muscle degeneration parameter values of the DMD patients by the age. Group A
is the one year old male n=1, group B is the 3 to 6 year old male group n=4,
group C is the 7 to 10 year old male group n=10, group D is the 11 to 14 year old
male group n=>5. With these parameters the progressing muscle degeneration pat-

tern on the age indicated clearly.

FIBEIC LT Rt>1/0.3 (sec™!) o3& i3rk4 b 25
PR E LT, bhbho¥EBick 2 EE KL T
fio RifEX Y Rb=1/0.19 (sec™?) & L T B &3
HlLzhe -2 bR LT, ThEENL
RNF 2 — & (fat concentration parameter, PLTF
F.CP) L L7. 7272 L Rt=1/0.3 (sec™!) ® B i
WFhDORT 2= 3 L $iz209% & L,Rt=1/0.19
(sec™l) P A1ziT F.CP. #100% L 72 2%, %&
F— 2 OEHEOFHE T RLETRDZ LD 2 A
N r—r2EHRIZHWE.

m. #% £
B LB (W.CP. 38X F.CP) ic

SWT, EHfE LEHERZEL Figs. 1~4 IR L7z,

Fig. | REFMEHIEFIc> T FmBERICRL
bDTHB, Fig. 2 BEEHSEHELTFB L
DMD carrier iz -5 W\~ T, Fig. 3 |3 DMD JEH

BExERRIC, Fig. 4 3R EESEIC X 395
AR LD TH B, FHADOFKRIZANL,
glu.,, AMUAA quad., 2,28 add., B =4 2% sar.,
BHpufggra,. L TH=AMN gas. ;L TW 5.

EER&RETE Fig. 1 IR+ o, WFho
R, WThoERicsnw Ty, F.CP. 250 5
B30I L, REICAMEMEIC RS IezER s
Wz k&, BEMAFA—25 W.CP. 27T
FRENEWND 2 G THo. ZoZ e n
> AERIE DS & Lz 6 ORIz >V T,
E##H% F.CP.0~30% & % & L, % Figure
A7 YV—v b=V TRLT.

Figure 2 D IE% 3 X 8 DMD carrier & & +
IZoWTi, glu., quad., gas. ® 3FEDHAEIZHOW
THIEZITo 7225, WTFNOBELHEME T A —
FREFHEATD - 7c.

Figure 3 o A4S T, 1®IET W.CP.
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Fig. 4 Muscle degeneration parameter values of the DMD patients by Ueda’s disability
stage. Group A is the preclinical stage n=1, group B is the stage 1 n=4, group C
is the stage 2 n=3, group D is the stage 3 n=4, group E is the stage 4 to 7 n=6.
These degeneration parameters indicates more typical and clearer pattern of the
muscler degeneration with Ueda’s disability stage than with patients’ age.

BETOFHTI2~TY L BREEEZRL, 3% ~6
BOB /' V—7T% F.CP.i3/h& < glu PN
2fkic W.CP. fEL L TREEEZFTHA?HIR
T23HEEEDY, TE~10FD C S L—7Ti3HK
FIABRE DN T A —F DRAERIER Y, FFiC glu.
FCP. k&< 5, RiZllg~14FND
N—7"TiX glu. & & 412 quad., gas. iZ>W TP
F.CP. i KDffm &R L.

Figure 4 D J7#A%4¥H <1 preclicical stage ® A
I n—7T W.CP. L LTHHAKEME®EZRL,
stage 1 ®» B /'L — 7T glu., gas. (ZIEFFHIC
b5, M W.CP. fEL LTREHEERT
F.CP. fEinoE 2R3 EHmMIZH v, stage2 » C
7 N—7"Tix glu. ® F.CP. D k%D 5 23,
2 IER 2> W.C.P. fEE b ¥ 2R L THRAEK
HAMEAICH 5. stage 3 » D 7 — 7Tl glu,
quad., add. ® F.CP. ¥§ K &7 25, fifiix

W.CP. T A zfF>TW5b. & 50 stage
AP L EDE 7' Vv—7"TiZ glu, quad., add. L & $ (T
gas. ® F.C.P. ¥NHBA 5 T, stage 3 £ TIEFE
2 W.CP. % R L B HAEMERZR-> Tk
sar., gra. 2>\ T % F.C.P. kDR %R L7z,

Iv. & =

DMD 23 385134 H £ THEL TR T
E7eh, RECZOHEITEELSE, 2V IEE
Bx b oI HEERRREDH LT, REOHK
BIZLBBE-oTHVORERTHS. L L, EE
MRS IZEIc oW T, EIEREREIC L 53
FTEE DR, P D FREAARRFERIZSMEBE O 1R
Fr+aiciThh, WIFRLIHEREOEESR
FEAOFEN2Y E LTRHASh TS,

£ Eb b 2SR A 72 IR B E BAFHE R 3,
PERATEREEE R ERIC L » TWIEITE 0
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Table 2 The scheme of histrogical changes in muscu-
ler dystrophy by Pearson (1962)%

Original biochemical lesion
)
Efflux of sarcoplasmic constituens including enzymes
!
Increase in rate of muscle protein turnover
\3
Hyaline change with swelling of some fibers
J
Due to cumulative effects of some fibers
)
Partial or segmental necrosis of some fibers
!
Regeneration of new fibers from viable
fragments of necrotic ones
!

Progressive numerical loss of muscle fibers
and replacement by fat and connective tissue
!

Clinical muscular weakness appears

!

Advanced weakness and loss of muscle tissue

B, HEABCEORE?» SR X T X Y &8N
o EREIEBIMAIC, HEMORE L PFER
RIZRIEL7ZbDTH 3.

%3 % L, DMD TiZEERMERHIR T 5 LAl
25T TRHAORERBFNIE I RE->TH
D, EANICIFHRECTEHBERIHETLTNS
LDOThBNEDPRETIRETH 509,

72 DMD B W TIE, =Dk BBtk
T ARERIRMES D 0, T & V4R E V RAL
BeED0, —HHHT2bLEHPRIGL Y
ETE £ TRABREX RN S & ) R E
BT 359,

LZANZDX D nHENEOHEITREIE L Table
2IRTEHIRY, WTFHhOBRIZEWT LT
EOEWCIZRENEMAEZ Zbh, AWK
Z3On REENSEBIC I AEE LA L
V. FTRE U TIBEEITINHE LB L TE S 2 B
BRIE %50 2 HIERHE, HRED KNARE, H
DEZARME ORI & 5 AR ISR oI B X
VAR E TH 569,

DEDZ MDA E - HERA TR

23 % 12 5 (1986)

BT RO MBI L BENER KR IR S
H, WEBCRAHEBCIEIER ML TIT< &
LRbhB. EnhczhEHic3mEgto 8
BN L, ETHNICIIIEHEROMMAEAR
BIRELTWRZ LIk b, £z 0k ) Rl
2T, ML & LISETT A L0 TH B,
BAZERDZDIIYRTHE. Z0OZLnbMT
L b HRRO RSB R E H/KS AR & EfICH
ETEBLEMLAEND, Al RIZ31F5 Ra,Rb
DEFHIZ DMD JEFI DM ERR I £ L T
WBEHAITE, BT ORI S 0% S L EEK
RADESDRE > X i fHm & ERAMICHET 5
TLRTETHBLELDNS.

ZZThbhbh OB LIFEES S 2 -5,
W.CP. L F.CP. nfa% R 5% &, Fig. 3 TiZFm
X BEEM AT A =7 OELERL, L
L L ICHETT AN & OAERE 2 ARSI T &
BH, REVEFTAF—VOEANECLVEHO
NS A= DOREBPKEL Lo2TND., LTAHN
FHSEE Ol #1F - 72, Fig. 4 Ti3, Fig. 31
HRT RS A—FZOHEMA/NEL, LVHALIR
TRHEIEATEE & O IEERL TS, & b Fig. 4
G preclinical stage Iz33W\W T, JIELZL£TD
BRTIIE—IEIC W.CP. BiizRL, Z iR
BEOWTVBNHRHICBWT LA TR, &
Dz EFALEMITBNTT TITHEMEMSEL, L
B b BV AREALSS o5 72 < (2 FRIRFIC B 48
FTBZLERLTVWSEEZEZLNSDT, Kikid
BEOLREMEI VT TIAELTWREELZLN
3HENY, JEBHEACIE G S ATREM 2RI L
TW3EEZLNB.

iz stage | Tl LRz W.CP. iz b ¥ 2 iz
FTH0LH 50, WFhoBA L 2 FEFHE
D FCP. fiz;rL TH Y, ZOHIIREED
ARz & KRR, L2 A0 REARCT
F AL E /o ostage 2 TiX, 42 glu. o F.CP. fH
FEMBRELM LY, stage3 TIX X 5T add. R
quad. 7D FCP. fEEFLEO Hh 5, stage 4
UETidgas. m EOEMLETLTVND & & A
HEShT.
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DX )i stage I XHBECT itk 3Kk%E0
HETHCTHHEICEYITI>EY H, NMR o Rl
iz X 2T B ERME L FFRERICTChTWS
LEZLNS.

DT L LAREIEEREERE ICIEFISHIS L
TR OBEEAS Y — vk, HEKOHEM(W.CP.)
LB DTREE (F.CP) &\ 5 AR /L R
MBI E, HIkFOF V7 MEERAWE
(b XD ERMZEFHEBE BRKD 50T
RERAFEREIC X 2 2R ET MIT X D, R
RADZEPAETHHZLERLTVWS. Lo
ELZhBDRFA—Z23VWTFRL THfEXVE
HahkzboThsoT, TifEiznl Dzt 3
SELYURAETH 22, I EZO LD X VE
BHEEHL, IOHEHORELEBELAKTS
TLEHML LEFTCERBRH D LELT VS,

X o TAEIZ X v DMD EF0IEBHBIIEE
AR TEE A FEETH 5, LA LEEIT-
7= DMD carrier B2 WT 1%, i EM AT A —
FFECEF@RBECHY, L L LB
Bz &z & 5 nBEFNETEL TV
WD rE x b h, Kk % DMD carrier
RHEIITE Lo 7.

LAaLZ ok ) is{&RES ¢, DMD JERID A
L DRRE) 2FHE LG 2 = L 3BETbh
TW3BFEE, T7abb XBRCTRFEKER, 5
VWRERREBICE I ALV T FELTLY
Auided, X VIERENFRICLIIVHELSE

BAREMEZIR LIcR T, BEVP DD LE LRI,

V. ¢ 8
DMD iz LT NMR-CT iz X 2 L2815 -
EBMGEMN 7 2 — 2 EHEEZEZE L, DMD
FE & XtREE R X O DMD carrier F£22 W T 5

ROEZMEOFMEZ TV, LT XS iEint B
Y
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ESELORIEHBBHAL»TH Y, FEIREYIE
B LToREMEI RS T
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3. AKX DMD carrier B iz T X 7
Mhoiz.
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Summary

The Quantitative In Vivo Analysis of the Muscle Degeneration
in Duchenne Type Muscular Dystrophy Using NMR-CT

Hiroo IKEHIRA*, Yoshio Aok1**, Kiichiro MATSUMURA*** Nobuo FUKUDA¥*,
Teruko YAMANE*, Hitoshi SHINOTOH*, Toru MATSUMOTO*, Masahiro ENDO¥,
Takeshi IINUMA* and Yukio TATENO*

* Division of Clinical Research, ** Division of Hospital,
National Institute of Radiological Sciences, Chiba, Japan
*** Department of Neurology, Shimoshizu National Hospital, Chiba, Japan

In order to develop a simple noninvasive method
to determine progressive stages of Duchenne type
muscular dystrophy (DMD), we proposed two
muscular degeneration parameters calculated from
NMR-CT data. The parameters are W.C.P. (water
concentration parameter) and F.C.P. (fat concen-
tration parameter). We examined 15 normal male
and 10 normal female volunteers, 19 carrier females
and 21 DMD patients. The normal value indicated
0 to 30% F.C.P., while the results of DMD pa-

tients showed abnormally high W.C.P. at the early
stage and increased F.C.P. corresponding to the
clinical stages (Ueda’s disability stages). But there
was not any difference between the DMD carrier’s
data and the control data. The present study sug-
gested the possibilities of clinical stagings and early
detection of DMD with the parameters.

Key words: Duchenne type muscular dystro-
phy, NMR-CT, Clinical staging, Fatty degenera-
tion, Muscle degeneration parameter.
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