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[ Abstract] Objective To analyze the characteristics of fat infiltration into the muscles of patients with Bec-
ker and Duchenne muscular dystrophy (DMD) so as to provide a guide for rehabilitation therapy. Methods Twen-
ty-three children with Becker muscular dystrophy (BMD) and 47 with DMD who had never been treated with glu-
cocorticoids were enrolled. MRI was performed on both of their thigh muscles. T, weighted images were used to assess
the fat infiltration of their thigh muscles using a 0-5 modified version of Mercuri’s scale. The progression of fatty infil-
tration of the thigh muscles in BMD was analyzed using descriptive statistics. The differences in fat infiltration between
BMD and DMD were analyzed using rank sum tests. Results In patients with BMD the adductor magnus most often
showed severe fat infiltration, followed by the biceps femoris, quadriceps, semimembranosus and semitendinosus,
while the sartorius, gracilis and adductor longus had the lowest percentages of severe fat infiltration. Among the BMD
patients the adductor magnus, biceps femoris and quadriceps showed moderate to severe involvement at the age of 8 to
9. The semimembranosus and semitendinosus showed moderate to severe involvement at the age of 10 to 11, and the
sartorius, gracilis and adductor longus showed mild to moderate involvement after 15 years of age. Among the age
groups of 8, 9, 10 and 11 years old, the median total fat infiltration scores were 10, 22, 28 and 25 respectively a-
mong the BMD patients, and 29, 34, 34 and 30 respectively among the DMD patients. At age 8 significant differ-
ences between the BMD and DMD patients were observed in the infiltration scores of the adductor magnus, biceps

femoris, vastus lateralis, rectus femoris, vastus medialis, vastus intermedius and in the total scores. At age 9 signifi-
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cant differences persisted in the scores of the adductor magnus, rectus femoris, vastus medialis, vastus intermedius

and the total scores. Conclusions The muscle MRIs showed significant differences in the degree of fatty infiltration

between BMD and DMD patients. These findings may be useful when designing therapeutic regimens and rehabilitation

programs for patients with BMD and DMD.

[ Key words] Muscular dystrophy; Muscles, Skeletal;

DR WLE #2 AS BAE ( Becker muscular dystrophy,
BMD) 5t FR LS F2 A B AE ( Duchenne muscular dystro-
phy, DMD) ¥JJ& i T Xp21 etk b 44 L 2= 44
FARREE R X &SR VS R A
R FLXOAE T 00 AF 8 TN & 90 R AN [R], DMD £
5 RIS BT s SR TE AR R (13 ~
33)/10 J3 ; BMD fE 4 WA Jig 4F i B2, G I3 AR AT T
7~50 & B, HImRRMZE 7K, KRN (3~6)/10
D7, T K s AL 35 K S22 67 BMD
DMD 4 hriE™ BB ILRE 3L IR 4% ( magnetic reso-
nance imaging, MRI ) iT 52k 8 )7 12 i H T BMD 71
DMD (432 Wi F % P4 ) . BMD 1 DMD 7E 5 i il
MRI | % 2 300 B4 0L B 2 5 5
KU1, BMD F1 DMD 3515 # LA MRT HA7 R Ak i
A5 RN WL B 532 2R HLIR I 35 1 A 32 e ™
L SEDE AL A UL B LA G R BR R R BE
AR B4R H TR DMD B 0 B 8% WU 5 12
{52 FREA S E AR 2L, B H AT E X BMD &
HEHE UL MRI AR A4 s B4 L /D | P A0k ) 4 i
() BMD 5 DMD A3 5 i UL MRT B2 1) 22 53 F 58 0
/b AW RS 23 9] BMD SR #E B9 L MRI 2
AR R 8~ 11 2/ BMD 4 5 DMD 3%
ZIA) R - % WUA U7 32 e A 32 1) 22 5, 5 8 R A X2
FRAIRIT HR bR AR

BHSTTIE
— BTG

K BEHLE 7 2 L 6B 2011 4F 8 A & 2015 4F 8
A eI st RK2E— E B sk i2 0 BMD 2 23 il ( BMD
2H) F1 DMD 3% 47 (] (DMD 4) ., &M AR
15 . QP ; Q=B F B I ARIE R ARAFE S 52 56 25 K A 45
B4 BMD 5, DMD B2 bR > @4 JE A
B WIAF DTS 40 26 1 3 R 2848 ; DA 20 1 o %
IR OHBS AV R B MERE R, B&
HEBRFR AL FE . O P i P RAELIE AN BEAT MRI KA ; @
it F B A RE R & 58 B MR Kt

BMD 418 — el Q2 F#s 8~37 2, i
AERS 11 % Hob 8~ 11 219 BMD H& 0 12 4, @ %
WS 7~23 5 AR 7 % QR EE 1~19 4F i
JREE 3 4F; WArA BMD B 7~23 LR A

Fatty infiltration

TS AARTC )T, RN 1% 5 #6 | A9 0155
G115 WL FR 18 B ( creatine kinase, CK) 7K FE7E 1485 ~
32700 IU/L,

DMD 45 E — 7k O 2 ik 8~ 11 %,
PIAEIE 8 % s QRIRAEMS 2~5 % P AAEIR 2 % %%
i 3~9 4 PR 7 4F ;@A DMD B HI7E 2~5
A W T e AR T 0, R s B R B IR &
TS Bk TIRE 2 BRI XE | AR RE AR e
AT ; GILE CK KF-AE 1455~43 150 IU/L,

B IL MRI KA B 07 2 i AR A O ik

S A RN R R - % LAT 1.5 T 8 3.0 T MRI
Ky, 3E At e B T AN AT T, AU &, AL I
TEAR BB S B UG W 2 T FR B AR ol KL Y Mercuri
R HAEATFRUEN O X RS B Sk L AL
JB BB A AL R IL 2 JEE L 2 i L 4 I
WL BT L B A B3, 11 e 3-8 WL ) B ol 52 i R
HATPESY

JI 0 2 W R B P4 AR YE L0 A, E R LI R
U A s S N = R NS N =R R
Wkt ;2 43 B AR WL BT WLECTE R A S b, 32 Sk
INF LR 30% 53 43, B 8% WL AT L HC7E il

Gkl 32 Bk LA TR 30% ~ 60% 54 41, B

L AT LK 7 R Rl 5 = 05 5 A, 52 B kk s i
WL T 60% ;5 53, B 8% LY 2380 Ry ok 18 & 5 55 0
ko Hrpo~1 s REFSBNRIERIRE,2~3 5
RFEE WL BERG IR, 4~ 5 AR F B B8 WL
JR i e

= R bR

HR i b R b o BT A5 09 i % DILAR 32 i R R T
O AR R AR B Y BMD 2 % Il DMD i 3% 10 15
He AR BE B 85 WL Mercuri 43 2% 2F 43 B o5 5 49 L, 43 510
ZLBMD B 8~9 % 10~11 % [15~37 % = MER
BYFI DMD B35 8~9 % 10~ 11 % BGANE IS BB R
LA 3= B8 A . 3155 BMD F1 DMD # 8.9.10.11
% PUASAE WS B B B R B R 11 B KRR L
Mercuri 7343 B A1, LA KBRS 4 0% B 9 T4 e il
By H AL B BMD 5 DMD YA 4R 1% B 22 18] 3 43
S B 22 5, 9F E— 20 [tk BMD 5 DMD Y
AMEW BEZ A RO B — Sk L B A AL B B L
B A L A0 B AR TE] UL Mercuri 23 2% PE 4 B9 22 5 DL K



rpAEY B R S 5 A 25 2016 4F 9 HAE 38 B4 9 W Chin J Phys Med Rehabil, September 2016, Vol. 38, No.9

- 699 -

W BHR 25,
W Gt ik

Xof T A E U 8 B SPSS 17.0 BR G5 i1 5k 1k #4755
TFEE T AL B, R R PSS 1T 43 M BMD B
DMD F8 & KR 85 WU 712 i p ok A, R Ak
ARG AN 43 BT BMD AT DMD 5 41 2 [i] K i -1 %
WMercuriZy 9043 1) 22 5+, P<0.051A 2 54 4 it

2 R

— .BMD 411 DMD 21 235 1) KR -5 8% LIS 7 3=
TR

BMD 41 8~9 % - Be i R IMIL I — =L WL,
JEEAMUAIL B UL 8 PR A LR 8 H Fa L vT I, v 8 1) B
JEE R M, 2 B UL AN 2 Jide UL T D 2 5 3] v g g iy 32
T, 0 4% T WL B 9 AL R s B U AR X O 32 B (A
TA) 2 PRBEURIERELZE 10~ 11 3 4F % BET L b )
NG ;15 % LUg , 280 WL B LA R s L my

- PR

DA% R v B B i (8 1B FIEL 1C) TR 1,

ANFVAES B, BMD 4 H3 UV B 58 g 1 4= 11
BT 5 B 0 et i, T A2 B AGIKON B 3k L JBES M
WL B ELIL B WL 18w TR AL 2 B LR 2 g AL, i
G LB LA S UL %) 2 88 G i 9231 T o B 43 L
B, HERE L,

AR B, DMD 20 825 R B8 LA 2 5 A 5
Rz 25 BMD B3 B SO, AR b AR %
WA R 4F 84 B Mercuri 43743 T o5 ' 49 b 0 B AR %R
PEEILR 2,

. .BMD 415 DMD 4 B FH 0] 8 ~ 11 5 F A5 B
Mercuri 7 PE5 B A 22 5

BMD 21 F7E 8.9.10 1 11 2 £ 414 B Mercuri
ST 53 S A BRI R 10,2228 F1 25 435 1
DMD #HH# 75 8 .9 .10 Fl 11 % &4 BE Mercuri 434%
Vo SR B S BT R 29 34 34 F130 43, Geit4h
WEIRTE 8~ 11 B ILAFEIRRBLN, BMD 41 Mercuri 43
HPESr BAMEET DMD 4, LA 2,

AN 9 HBE TR BRI T ;B O 15 % B, il IR WIS SR e i, Lk

DLEE T L BOHLAN LA A 52 BIFAE R

A S WURBEIE Sk WL € O 20 % /83, T

B 1 BMD & KRB AL MRI R W1 5]

F 1 23 ] BMD 4 A IR B3 A [R14F 3 BE Mercuri 2324343 T 5 H 40 e (%)

8 i 8~9 BB 43

4 ] 10~ 11 Z 4R B4

11 ] 15~37 4R BaESy

HHEIL

5 4 3 2 1 0 5 4 3 2 1 0 5 4 3 2 1 0
KWL 0 50 25 13 12 0 50 25 0 25 0 0 82 9 0 9 0 0
=3k o 25 13 38 12 12 25 25 25 0 25 0 55 36 0 0 0 9
BAMUL 0 25 13 38 2 12 25 25 25 0 25 0 36 46 9 9 0 0
B E L 0 25 13 12 25 25 25 25 25 0 0 25 37 36 0 9 9 9
BEpL o 13 25 12 25 25 25 25 25 0 0 25 36 46 0 0 18 0
B EAL 0 13 25 12 25 25 25 25 25 0 25 36 46 0 0 0 18
2RI 0 0 0 25 25 50 0 25 25 25 25 28 27 18 18 9 0
R 0 0 0 25 12 63 0 25 0 0 50 25 9 0 18 37 18 18
2T WL 0 0 0 12 50 38 0 0 25 25 25 25 0 37 27 27
JRC L 0 0 0 0 25 75 0 0 0 0o 75 25 0 0 9 18 27 46
KL 0 0 0 0 12 88 0 0 25 0 0 75 19 0 27 27 27




- 700 -

FRA Y o 5 B A 2 2016 4F 9 A4 38 45 9 Chin J Phys Med Rehabil, September 2016, Vol. 38, No.9

Fz 2 47 15 DMD 21 3 R R R A% AL [R) 454 B
Mercuri 4343 B di B 43 (%)
41 ] 8~9 B AR BOT 4 6 B 10~ 11 B4R BEPES

R

5 4 3 2 1 0 5 4 3 2 1 0
Kl 58 22 15 5 0 0 8 17 0 0O 0 O
Bkl 2 61 25 5 5 2 0100 0 0 0 0
BAMUAL 5 56 22 10 7 0 17 8 0 0 0 0
BEWM 0 52 22 17 7 2 0100 0 0 0 O
WML 5 56 20 7 12 0 0100 0 0 0 O
Bl 5 55 20 5 15 0 0100 0 O O O
EEEIL 0 15 19 39 22 5 0 33 5 0 17 0
FEM 0 5 10 34 41 10 0 0 17 17 66 0
47 0 0 5 32 53 10 0 0 0 5 50 o0
B 0 o0 7 59 32 0 0 0 0 67 33
KypL o 7 19 15 22 37 0 033 17 0 50

40
35 |

30

25
20 } B BMD#4
DMD#
15
10
0
8% 9% 104 1%

&2 BMD 411 DMD 215 8~ 11 % £ 4F 4 B B LG 5 12
TR B PR BR LR

8 BAEWYEL, 5 DMD 41 F AL, BMD 4l & K
WSS (P=0.017) =3 WLEE4F (P=0.013) JB4h
MALEES> (P=0.021) S EWLIESS (P=0.007) B Py
WIS (P=0.008) I WLPFE 43 (P=0.009) & ¥F- 4
SAI(P=0.011) A 2 RIA ST E ;9 4%
Bt,5 DMD B F A, BMD 4H 58 2 KU WLIESr (P =
0.007) JEEWLIES (P=0.013) BN ALIE 2 (P=

LR B R AR BT 4 BAICAD)

0.028) JB& Hh [E] JLITF 43 (P=0.028) K iF 43 Sl Fl (P=
0.020) RYZH a] 22 F A Goit=2 2 X 10 B A1 11 %
IO B, AT AL ) 22 R TG TR E (P>
0.05), L3,

i

BMD F1 DMD 9 il PR 3¢ B8 B AG Al K S o ke, 7
FE R A P Ik S | AR AR 25 R R IR
705 SR TT 45 7 AR A AR R 22 59 AR R
BEWL MRI R ICRI M 2 0E K rl o A R S o, Pl
Sk Z 9 T BMD AT DMD B s R D B A
ST s BMD S5 E BB WL MRI T 7B 8 WLz
PR AR LE IR BN T BMD BE A
B IL MRI 22855 5, O & BLIR) 41 BMD 5 DMD &
HHEBSL MRI MU FEAE 255

Faridian-Aragh %' %t 33 5] BMD 8 % #F 47 DU
BRIl MRI (BIF5E A& 30, A [6] B 8% LD NS i = T R
TEAEZE S AR 5E 0 % B0, BMD H 25 4 A [5) JR JR -1
WLZ B AEBR W IR AR B () 22 5, X Ahi B8R LAY 22 5%
Pz B U T I R I2 W7 KOs 1 vF Al HoA R KA
SCURT D BMD SRE B LR R 52 BATAE S5
RIRU R ez B Hoz B aE e, Hok Ol i — Sk L
R U Sk WL, i 4% D AL A LA BV ILAR X AN 32 22
Xz X 5 E AR E AL E R E NG RRE
ARG ST BMD B 85 L MRI A9 228 4% 25, BMD
DCRRERRR A LG W i b X, ) P e & B
Il ARAE PR AH R 2L A2 T /Y BMD JR & K, A
FE AW A NS W . IR WA D7 i 1 Y
AT RE S XS LA E LE A K & F s AR
e 5 SRR G, RSO 8 Y Sk LR e 28 LY sk 2 5 F
LRASGES DR A A Kl dm ) HLAE HOR AR TS TR s
FHIX BRI 75 b AT 16 3h 0 i 2 B UL B
o I i P i

H AT, BN A 8% WL MRI BF 5% £ 80 0t &1 Xt

=3 BMD 41 DMD 4l 8~ 11 & £5AF R B -85 AIUIR W= AR B 17433 Bl b (49)

R LB 0 15 e B DYy

4151 %k

KL il SN JREAMUAL B ELWL B JeHh E] AL B>

BMD £
8 % 3 2~3% 1~2° ~2 0~1¢ 0~1¢ 0~1¢ 6~11°
9% 5 1~4° 0~4 ~4 0~3" 0~4" 0~4" 1~32b
10 % 2 4~5 3~4 4 3~4 3~4 3~4 25~31
1% 2 2~5 1~5 5 1~5 0~5 0~5 4~45

DMD 4
8 4 28 2~5 0~5 1~5 1~5 1~5 9~40
9% 13 2~5 1~4 1~4 1~4 1~4 7~38
10 % 4 5~5 4~4 4~4 4~4 4~4 4~4 33~37
1% 2 4~5 4~4 4~5 4~4 4~4 4~4 29~31

. 5 DMD 4 8 HAEIRBLILHR,*P<0.05; 5 DMD 2H 9 % 4E 8 Be L4k, P<0.05



rpAEY B R S 5 A 25 2016 4F 9 HAE 38 B4 9 W Chin J Phys Med Rehabil, September 2016, Vol. 38, No.9

- 701 -

BMD' ' sk DMD! | A A B 5T LA BMD 5 DMD
Z 1A % WL MR 248 19 5 (6], A BIF 9 X6 [R) 4F i Bt
BMD F1 DMD f83 1058 WU 7 4= 8 72 B D i 47 Lk
BRI, 8~9 HAEREL BMD 5 DMD H & 18 KWL %
AMIL e ELE 0 B BT A 1 s WL 3 6 Fn 2 A] H %
122 S A G 2F i L (P<0.05) , #2785 BMD 5 DMD
()E A5 WL MRI U A2 5, X T 8~9 % 1) BMD
5 DMD BRIk, R FH M R B A7 I R DL
FREE T W07 R 22 54k PR 8% WL MRI Pr
A7 BN 732 A B DA, T LBl 0 0 g 15 7 ™ R A
g RHITREIRIT L,

TR, R IAIT AT LATBE KOs/ BMD A
KIERAE, R E R AR RS R, R
PRI VAL MG A IR IR IT 7 5% BMD B MR
JEAEAR A EE R X Sveen Z BYBFSE AN T
TN ZRnT LI 446 s A2 & BMD B3 1Y) de KA AL i
LS, AR 15 7™ 5 AR AN [R) AR 8 AN R i R ok
T, 7 T2 R B A o B8 AR 236 174 3 A I 2, 1 e A G
FgE A Ja BRI AR B R U2 5B UL MRT A
454y Dk — B4R BMD £ 5 S 1 5 B &1 P 1Y)
FREBIT SR,

ZE LR, ARWF Y45 R R, BMD fR A 1Y KR
BEHILIE IR A AE — e 52 B, 8 ~9 %/ 1) BMD
5 DMD B Ha B NG D I R R A A o 22 5 i
L MRI 7] 38 BMD Az DMD #1612 Wt F 1575 37
A7, T ELAE A 5 BT I AR 56 S il 11 42 3 97 S it
AT VE Ry 4 B PEAS BT Bt

& % x #t

[1] B5, 200 52 WA, S5 AR G/ D RIUE TR A RAE 433 KR 15
I ZAS ST )] AR 2%k ,2016,96 (16) 1 1261-1269. DOL: 10.
3760/ cma.j.issn.0376-2491.2016.16.008.

[2] Manzur AY,Muntoni F. Diagnosis and new treatments in muscular dys-
trophies[ J]. J Neurol Neurosurg Psychiatry, 2009, 80 (7) : 706-714.
DOI:10.1136/jnnp.2008.158329.

[3] E4Eh M M] A AR TPA R, 2013 :1560-1567.

[4] Na SJ, Kim WJ, Kim SM, et al. Clinical, immunohistochemical,
Western blot, and genetic analysis in dystrophinopathy [ J]. J Clin
Neurosci, 2013, 20 (8) : 1099-1105. DOI: 10. 1016/]. jocn. 2012. 09.
021.

[5] Finanger EL,Russman B,Forbes SC,et al. Use of skeletal muscle MRI
in diagnosis and monitoring disease progression in Duchenne muscular
dystrophy [ J]. Phys Med Rehabil Clin N Am,2012,23(1) . 1-10.
DOI. 10.1016/j.pmr.2011.11.004.

[6] Torriani M, Townsend E, Thomas BJ, et al. Lower leg muscle involve-
ment in Duchenne muscular dystrophy: an MR imaging and spectrosco-
py study[ J].Skeletal Radiol,2012,41(4) .437-445. DOI:10.1007/
s00256-011-1240-1.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

Forbes SC, Willcocks RJ, Triplett WT, et al. Magnetic resonance ima-
ging and spectroscopy assessment of lower extremity skeletal muscles in
boys with Duchenne muscular dystrophy: a multicenter cross sectional
study[ J]. PLoS One,2014,9(9) :e106435. DOI; 10.1371/journal.
pone.0106435.
Li W, Zheng Y, Zhang W, et al. Progression and variation of fatty in-
filtration of the thigh muscles in Duchenne muscular dystrophy, a mus-
cle magnetic resonance imaging study[ J |. Neuromuscul Disord,2015,
25(5) :375-380. DOI:10.1016/j.nmd.2015.01.003.
ZESCAT AR At A i N U TR R LRGSR
FE[J]. P 2RI 25,2014, 47(1) :16-20. DOI;10.3760/cma.].
1ssn.1006-7876.2014.01.005.
Mathur S, Lott DJ, Senesac C, et al. Age-related differences in lower-
limb muscle cross-sectional area and torque production in boys with
Duchenne muscular dystrophy[ J]. Arch Phys Med Rehabil,2010,91
(7):1051-1058. DOI.:10.1016/}.apmr.2010.03.024.
Kinali M, Arechavala-Gomeza V , Cirak S, et al. Muscle histology vs MRI
in Duchenne muscular dystrophy [ J]. Neurology,2011,76 (4 ) ; 346-
353. DOI:10.1212/WNL.0b013e318208811f.
Valle KL, Davidson ZE, Kennedy RA, et al. Physical activity and the
use of standard and complementary therapies in Duchenne and Becker
muscular dystrophies[ J]. J Pediatr Rehabil Med,2016,9( 1) :55-63.
DOI.10.3233/PRM-160364.
Faridian-Aragh N, Wagner KR, Leung DG, et al. Magnetic resonance
imaging phenotyping of Becker muscular dystrophy[ J]. Muscle Nerve,
2014,50(6) :962-967. DOI; 1002/ mus.24246.
Tasca G,lannaccone E,Monforte M, et al. Muscle MRI in Becker mus-
cular dystrophy[ J]. Neuromuscul Disord, 2012, 22 ( Suppl2) : S100-
S106. DOI:10.1016/j.nmd.2012.05.015.
R, R, W LR BRI TR B 25 WA YT Duchenne BUJLE
FEARREIL30 GI[T]. ey B 5 HEE 24, 2015,37(6)
446-448. DOI.:10.3760/ cma.j.issn.0254-1424.2015.06.013.
1.8 B LA s 7 203 mdx /N RALA B 85T [ D] BF
B IR, 2012:39-48.
Wokke BH,van den Bergen JC, Versluis MJ, et al. Quantitative MRI
and strength measurements in the assessment of muscle quality in
Duchenne muscular dystrophy[ J]. Neuromuscul Disord,2014,24(5) .
409-416. DOI;10.1016/j.nmd.2014.01.015.
T, B R AL RPEIVE FRA RAEZ Sh D REIT e Bk e[ J ] Ak
WP S SRR iR, 2015, 37 (3) :235-238. DOI; 10.3760/ cma. j.
issn.0254-1424.2015.03.022.
Schreiber-Katz O, Klug C, Thiele S, et al. Comparative cost of illness
analysis and assessment of health care burden of Duchenne and Becker
muscular dystrophies in Germany[ J]. Orphanet J Rare Dis,2014,9.
210-210. DOI; 10.1186/s13023-014-0210-9.
Sveen ML, Jeppesen TD, Hauerslev S, et al. Endurance training im-
proves fitness and strength in patients with Becker muscular dystrophy
[J]. Brain, 2008, 131 ( Pt 11).2824-2831. DOI. 10. 1093/brain/
awn189.
Pandya SK, Campbell KA, Andrews JG, et al. Health services received
by individuals with Duchenne/Becker muscular dystrophy[J]. Muscle
Nerve,2016,53(2) :191-197. DOI.:10.1002/mus.24727.

(&1 H #:2016-07-20)

(ASCHIIE )



