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table a: CK level and symptoms

Li
m

b 
gi

rd
le

 s
yn

dr
om

e 
w

ith
 C

en
tr

al
 c

or
es

RY
R1

A
D

15
x 

no
rm

al
, m

ay
 

be
 n

or
m

al
ye

s
m

ay
 b

e 
no

rm
al

ye
s, 

fo
llo

w
in

g 
tr

ig
ge

r
te

en
s

ye
s

no
no

LG
M

D
 u

ns
pe

ci
fie

d
 

 
el

ev
at

ed
 

 
 

 
 

 
 

Fa
ci

os
ca

pu
lo

hu
m

er
al

  
dy

st
ro

ph
y

D
4Z

4 
re

pe
at

 
re

tr
ac

tio
n

A
D

no
rm

al
 (2

5%
) 

to
<

5 
x 

no
rm

al
 

m
ay

 b
e 

no
rm

al
 

co
ng

en
ita

l t
o 

la
te

 a
ge

; m
ea

n 
3r

d 
de

ca
de

no
no

no

M
et

ab
ol

ic
 m

yo
pa

th
ie

s
 

 
 

 
 

 
 

 
 

 

C
ar

ni
tin

e 
pa

lm
i-

to
yl

tr
an

sf
er

as
e 

II 
(C

PT
2)

 d
efi

ci
en

cy

CP
T2

A
R

hi
gh

 a
t r

ha
bo

m
y-

ol
ys

is
 

no
rm

al
/ m

ild
ly

 
el

ev
at

ed
 b

e-
tw

ee
n 

ep
is

od
es

 
<

90
0

ye
s

ad
ol

es
ce

nc
e-

ad
ul

t  
(m

ea
n 

13
 y

; 
ra

ng
e 

1-
40

 y
)

ye
s

ye
s

 

M
yo

ph
os

ph
or

yl
as

e 
de

fic
ie

nc
y 

(M
cA

rd
le

)
PY

G
M

A
R ♂p

re
do

m
in

an
ce

to
 1

2,
00

0
 

55
00

ye
s

us
ua

l<
15

 
 

ye
s

ye
s

Ph
op

ho
fr

uc
to

ki
na

se
- 

de
fic

ie
nc

y
PF

KM
A

R ♂p
re

do
m

in
an

ce
hi

gh
 

 
ye

s
2n

d-
4t

h 
de

ca
de

ye
s, 

pr
ox

i-  
m

al
 le

gs
 

ye
s

 

A
lp

ha
-g

lu
co

si
da

se
  

de
fic

ie
nc

y 
(M

. P
om

pe
)

G
A

A
A

R
<

 1
0x

 n
or

m
al

, 
no

rm
al

 in
 5

%
 a

du
lts

ye
s

 
 

us
ua

l<
15

 
ye

s, 
pr

ox
im

al
 

ye
s

Ph
os

ph
or

yl
as

e-
b 

de
fic

ie
nc

y
PH

KA
1

X 
lin

ke
d/

A
R

2-
10

x
 

<
90

0
ye

s, 
oc

ca
ss

io
na

lly
ch

ild
ho

od
-5

th
 

de
ca

de
ye

s
ye

s
 

A
de

ny
la

te
-d

ea
m

in
as

e-
de

fic
ie

nc
y

A
M

PD
1

A
R

no
rm

al
 to

 s
lig

ht
ly

 
el

ev
at

ed
 

 
 

 
 

ye
s

 

A

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   127 15-9-2014   13:25:47



128

Appendices: Supplementary Tables

Ta
bl

e A
 co

nt
in

ue
d

d
is

o
rd

er

gene

inheritanCe

CK (u/l)

asymPtomatiC 
hyPerCKemia

CK in asymPtomatiC 
 Cases (u/l)

myo- 
globinuria

age Presenting

CramPs

exerCise- 
intoleranCe

Calf hyPertroPhy

M
ito

ch
on

dr
ia

l m
yo

pa
th

ie
s

 
 

 
 

 
 

 
 

w
ith

 e
pi

so
di

c 
H

yp
er

CK
em

ia
M

TT
K

m
ito

ch
on

dr
ia

l
 2

00
-1

1,
00

0 
(e

pi
-

so
di

c)
 

 6
7-

32
0 

(u
su

al
)

 
 

 
15

-6
9 

y
 

 

w
ith

 e
xe

rc
is

e 
in

to
le

ra
nc

e 
an

d 
en

ce
ph

al
op

at
hy

M
TC

O
3

m
ito

ch
on

dr
ia

l, 
co

m
pl

ex
 IV

hi
gh

 o
r n

or
m

al
 

 
ye

s
4-

20
 y

 
 

w
ith

 m
yo

gl
ob

in
-

ur
ia

 a
nd

 e
xe

rc
is

e 
in

to
le

ra
nc

e

M
TC

O
1 

M
TC

YB
m

ito
ch

on
dr

ia
l; 

sp
or

ad
ic

 
m

ito
ch

on
dr

ia
l, 

co
m

pl
ex

 II
I

CK
 n

or
m

al
 a

t r
es

t
 

 
re

cu
rr

en
t 

ye
s

ch
ild

ho
od

-a
du

lt 
ch

ild
ho

od
ye

s 
ye

s
ye

s 
ye

s

In
fla

m
m

at
or

y 
m

yo
pa

th
ie

s 
 

 
 

 
 

 
 

 

Po
ly

m
yo

si
tis

 
sp

or
ad

ic
up

 to
 1

00
x 

no
rm

al
 

 
 

>2
0 

y
 

 

In
cl

us
io

n 
bo

dy
 

m
yo

si
tis

 
sp

or
ad

ic
; 

♂p
re

do
m

in
an

ce
2-

5x
 n

or
m

al
 

 
 

>5
0 

y
 

 

M
ac

ro
ph

ag
ic

 
m

yo
fa

ci
iti

s
 

sp
or

ad
ic

40
%

 in
cr

ea
se

d 
m

ild
ly

 to
 h

ig
h 

 
 

 
 

3t
h-

5t
h 

de
ca

de
 

 

Sa
rc

oi
d 

m
yo

pa
rt

hy
 

sp
or

ad
ic

; 
♀p

re
do

m
in

an
ce

m
od

er
at

el
y 

hi
gh

 
 

 
m

id
dl

e 
ag

ed
 

fe
m

al
es

 
 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   128 15-9-2014   13:25:47



129

Co
ng

en
ita

l m
yo

pa
th

ie
s

 
 

 
 

 
 

 
 

 

Ce
nt

ro
nu

cl
ea

r
D

N
M

2
A

D
/s

po
ra

di
c

ra
re

ly
 m

ild
ly

 h
ig

h
 

 
 

va
ria

bl
e:

 n
eo

na
ta

l 
to

 a
du

lt 
 

 

M
ul

tic
or

e
SE

PN
1

A
R 

/s
po

ra
di

c
no

rm
al

 to
 s

lig
ht

ly
 

el
ev

at
ed

 
 

 
 

ee
ar

ly
 d

el
ay

ed
 

m
ot

or
 m

ile
st

on
es

  
 

 

M
is

ce
lla

ne
ao

us
 

 
 

 
 

 
 

 
 

Pr
ox

im
al

 m
yo

pa
th

y 
 

w
ith

 tu
bu

la
r a

gg
re

ga
te

s
 

A
D

no
rm

al
-m

ild
ly

 h
ig

h
 

 
 

5t
h-

6t
h 

de
ca

de
ye

s
ye

s

Pr
ox

im
al

 m
yo

pa
-

th
y 

w
ith

 tu
bu

la
r 

ag
gr

eg
at

es

 
sp

or
ad

ic
 /A

R
no

rm
al

-m
ild

ly
 h

ig
h

 
 

 
te

en
s

ye
s

 

Th
yr

oi
d 

di
so

rd
er

 
sp

or
ad

ic
; 

♀p
re

do
m

in
an

ce
hi

gh
 in

  
hy

po
th

yr
oi

di
sm

 
no

rm
al

 o
r l

ow
 in

 
hy

pe
rt

hy
ro

id
is

m

 
 

 
ad

ul
t

ye
s

 

M
yo

to
ni

a 
flu

cu
an

s12
5

SC
N

4A
A

D
2-

4x
 n

or
m

al
 

 
 

te
en

s
 

 

M
yo

to
ni

c 
dy

st
ro

ph
y 

 
ty

pe
 2

   
(P

RO
M

M
)12

6,
12

7

ZN
F9

A
D

m
ild

<
 1

0x
 n

or
m

al
ye

s
up

 to
 

14
00

ye
s

8-
60

y
 

ye
s

M
al

ig
na

nt
 

hy
pe

rt
he

rm
ia

90
,12

8

RY
R1

A
D

in
 re

st
 n

or
m

al
 to

 
m

ild
ly

 e
le

va
te

d;
 

CK
 d

ur
in

g 
hy

pe
r-

th
er

m
ia

 v
er

y 
hi

gh
 

up
 to

 1
00

,0
00

 
 

ye
s

re
la

te
d 

to
 e

xp
o-

su
re

 to
 v

ol
at

ile
 

an
d 

de
po

la
riz

in
g 

an
es

th
et

ic
s

 
 

table a: CK level and symptoms - continued

 

A

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   129 15-9-2014   13:25:47



130

Appendices: Supplementary Tables

  ta
bl

e 
b 

 d
is

o
rd

er

Si
gn

s 
D

ia
gn

os
tic

 to
ol

s

w
ea

Kn
es

s P
re

se
n

ti
n

g
sP

eC
if

iC
 

Pr
o

-
g

re
ss

Ca
rd

ia
C  

in
Vo

lV
em

en
t

la
bo

ra
to

ry
 

m
u

sC
le

 bi
o

Ps
y

im
m

u
n

o
lo

g
iC

a
l s

tu
d

ie
s

g
en

e

M
us

cu
la

r d
ys

tr
op

hi
es

 
 

 
 

 
 

 

D
ys

tr
op

hi
no

-

pa
th

y

pr
ox

im
al

.  
 

fir
st

 le
gs

, l
at

er
 a

rm
s

pr
es

en
ta

tio
n 

m
ay

 b
e 

at
yp

ic
al

 

w
ith

 d
ev

el
op

m
en

ta
l d

el
ay

, 

co
gn

iti
ve

 d
efi

ci
t, 

b
eh

av
io

ra
l 

pr
ob

le
m

s 
or

 c
ar

di
ac

 fa
ilu

re

fa
st

 in
 

D
M

D
 

sl
ow

er
 

in
 B

M
D

ye
s,c

ar
di

o-

m
yo

pa
th

y

 
dy

st
ro

ph
y

D
M

D
: I

H
C 

dy
s1

,2
,3

 a
bs

en
t 

BM
D

: I
H

C 
dy

s1
,2

,3
 re

du
ce

d 

W
B 

: i
n 

BM
D

 d
iff

er
en

t s
iz

e 

or
 a

m
ou

nt
 o

f d
ys

tr
op

hi
n 

D
M

D

LG
M

D
 2

B 

M
M

D
1

lim
b 

gi
rd

le
 o

r  

di
st

al
 g

as
tr

oc
ne

m
iu

s

p
os

te
rio

r m
us

cl
es

; l
eg

s>
 a

rm
s 

as
ym

-

m
et

ry
 c

om
m

on
 la

te
r o

ns
et

: v
ar

yi
ng

 

ph
en

ot
yp

es
, a

ls
o 

in
 s

am
e 

fa
m

ily

le
g

no
 

dy
st

ro
ph

y
IH

C
: d

ys
fe

rli
n 

re
du

ce
d 

or
 a

bs
en

t. 
W

B:
 d

ys
fe

rli
n 

ab
se

nt
 o

r r
ed

uc
ed

D
YS

F

LG
M

D
 1

C
pr

ox
im

al
 le

g 
al

so
 m

ut
at

io
n 

sp
ec

ifi
c 

di
st

al
 

m
yo

pa
th

y 
ha

s 
b

ee
n 

de
sc

rib
ed

 

on
se

t a
ge

 3
rd

-5
th

 d
ec

ad
e 

us
ua

l-

ly
 m

ild

m
ut

at
io

n 

re
la

te
d

 
m

ild
 m

yo
pa

-

th
ic

; fi
br

os
is

W
B:

 c
av

eo
lin

-3
 re

du
ce

d
C

AV
3

LG
M

D
 2

A
<1

2y
 s

ho
ul

de
r; 

>
 3

0y
 p

el
vi

c

w
ea

kn
es

s 
m

ild
 to

 s
e-

ve
re

 in
 e

ar
ly

 o
ns

et
 

sl
ow

 
no

 
m

yo
pa

th
ic

 w
ith

 

ne
cr

os
is

 a
nd

 

re
ge

ne
ra

tio
n

W
B:

 C
al

pa
in

-3
 re

du
ce

d
C

A
PN

3

A
lp

ha
 -S

ar
co

gl
y-

ca
no

pa
th

y

pr
ox

im
al

, p
ro

gr
es

si
ve

la
te

 o
ns

et
: l

es
s 

se
ve

re
 p

he
no

ty
p

e 

he
te

ro
zy

go
te

s 
m

ay
 h

av
e 

m
ya

lg
ia

 

an
d 

sc
ap

ul
ar

 w
in

gi
ng

 b
ut

 n
or

m
al

 C
K

ye
s

oc
ca

si
on

al
ly

 
dy

st
ro

ph
y

IH
C

: a
lp

ha
 s

ar
co

-

gl
yc

an
 a

bs
en

t

SG
C

A

LG
M

D
 2

I
pr

ox
im

al
>

 d
is

ta
l

ex
er

tio
na

l p
ai

n 
m

ay
 b

e 
ea

rly
 

sy
m

pt
om

 

m
ild

 fa
ci

al
 w

ea
kn

es
s 

in
 s

om
e

ye
s

ca
rd

io
m

y-

op
at

hy
 is

 

co
m

m
on

 

 
dy

st
ro

ph
y 

ty
p

e 
1 

pr
ed

om
in

an
ce

 

W
B:

 re
du

ce
d 

al
ph

a 

dy
st

ro
gl

yc
an

FK
PR

LG
M

D
 2

L 

 M
M

D
3

pr
ox

im
al

 q
ua

dr
ic

ep
s; 

   

   
   

   
   

   
   

   
   

at
ro

ph
y 

 

p
os

te
rio

r l
ow

er
 le

g

as
ym

m
et

ric
 w

ea
kn

es
s

sl
ow

us
ua

lly
 n

ot
 

dy
st

ro
ph

y
W

B:
 re

du
ce

d 
dy

st
ro

ph
in

 

an
d/

or
 c

al
pa

in
-3

A
N

O
5

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   130 15-9-2014   13:25:47



131

table B: Signs and diagnostic tools

M
yo

fib
ril

la
ry

 

m
yo

pa
th

y 

w
ith

 D
es

m
in

 

m
ut

at
io

n

p
os

te
rio

r l
ow

er
 le

g
ca

rd
ia

c 
fa

ilu
re

 m
ay

 b
e 

pr
es

en
tin

g 

sy
m

pt
om

; e
ve

n 
su

dd
en

 d
ea

th
   

ye
s

fr
eq

ue
nt

ly
 

ar
rh

yt
hm

ia
 

an
d 

he
ar

t 

fa
ilu

re

 
m

yo
pa

tic
; s

ub
sa

r-

co
le

m
m

al
 

 &
 s

ar
co

pl
as

m
ic

 

ag
gr

eg
at

es

M
FM

1

Li
m

b 
gi

rd
le

 

sy
nd

ro
m

e 
w

ith
 

Ce
nt

ra
l c

or
es

pr
ox

im
al

 s
ym

m
et

ric
at

 ri
sk

 fo
r m

al
ig

na
nt

 h
yp

er
th

er
m

ia
 

fo
llo

w
in

g 
an

ae
st

he
si

a.
 D

ur
in

g 

ep
is

od
e 

C
K 

m
ay

 b
e 

up
 to

 1
00

,0
00

   

sl
ow

 
 

ce
nt

ra
l c

or
es

 
RY

R1

LG
M

D
 u

ns
pe

ci
fie

d
pr

ox
im

al
 s

ym
m

et
ric

 
ye

s
 

 
dy

st
ro

ph
y 

 
 

Fa
ci

os
ca

pu
lo

-

hu
m

er
al

 

dy
st

ro
ph

y 

fa
ce

 (e
ye

 a
nd

/o
r l

ip
 

cl
os

ur
e)

; s
ca

pu
la

r 

m
us

cl
es

 a
nd

 b
ic

ep
s

of
te

n 
as

ym
m

et
ric

 ra
re

ly
 p

re
se

nt
at

io
n  

w
ith

 fo
ot

 d
ro

p 
or

 lo
w

er
 li

m
b 

pr
ox

im
al

 w
ea

kn
es

s

ye
s

ar
rh

yt
m

ia
 a

nd
 

co
nd

uc
tio

n 

bl
oc

k 

in
 2

-5
%

 
va

rie
d 

fib
er

 

si
ze

, s
m

al
l a

n-

gu
la

r fi
b

er
s 

an
d 

hy
p

er
tr

op
hi

c 

ty
p

e 
2 

fib
er

s

 
D

4Z
4 

re
p

ea
t 

re
tr

ac
-

tio
n

M
et

ab
ol

ic
 m

yo
pa

th
ie

s 
 

 
 

 
 

 
 

C
PT

2 
de

fic
ie

nc
y

no
, i

n 
la

te
 s

ta
ge

 

w
ea

kn
es

s 
in

 s
om

e 

 
 

 
ac

yl
ca

rn
i-

tin
ep

ro
fil

e

 
 

C
PT

2

M
yo

ph
os

ph
or

yl
-

as
e 

de
fic

ie
nc

y

m
ild

>
 4

0 
y.

 p
ro

xi
m

al
 

>
 d

is
ta

l; 
ar

m
 >

le
g

se
co

nd
 w

in
d 

; r
ha

b
do

m
yo

ly
si

s; 

re
na

l f
ai

lu
re

 1
0%

; m
us

cl
e 

w
as

tin
g 

an
d 

hy
p

er
tr

op
hy

 a
re

 d
es

cr
ib

ed
 

 
 

ex
er

ci
se

 te
st

: 

re
du

ce
d 

la
ct

at
e

 
IH

C
:  

m
yo

ph
os

ph
or

yl
as

e 
 

ab
se

nt

PY
G

M

Ph
op

ho
fr

uc
to

-

ki
na

se
 d

efi
ci

en
cy

la
te

 o
ns

et
 fi

xe
d 

m
yo

pa
th

y 
in

 s
om

e

se
co

nd
 w

in
d 

 
 

ex
er

ci
se

 te
st

: 

re
du

ce
d 

la
ct

at
e

 
 

PF
KM

Ph
os

ph
or

yl
as

e-
 

b 
de

fic
ie

nc
y

di
st

al
 >

 p
ro

xi
m

al
 

 
 

ex
er

ci
se

 te
st

: 

nl
 o

r r
ed

uc
ed

 

ris
e 

la
ct

at
e

 
 

PH
KA

1

A
de

ny
la

te
 d

ea
m

-

in
as

e 
de

fic
ie

nc
y 

 

no
 w

ea
kn

es
s

no
 s

ec
on

d 
 w

in
d

ex
er

ci
se

 te
st

: 

re
du

ce
d 

am
- 

m
on

ia
 ri

se
,

no
rm

al
  la

ct
at

e

no
rm

al
 

m
or

ph
ol

og
y

IH
C

: A
M

PD
A

 a
bs

en
t

A
M

PD
1

B

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   131 15-9-2014   13:25:47



132

Appendices: Supplementary Tables

  Ta
bl

e B
 co

nt
in

ue
d 

 d
is

o
rd

er

Si
gn

s 
D

ia
gn

os
tic

 to
ol

s

w
ea

Kn
es

s P
re

se
n

ti
n

g
sP

eC
if

iC
 

Pr
o

-
g

re
ss

Ca
rd

ia
C  

in
Vo

lV
em

en
t

la
bo

ra
to

ry
 

m
u

sC
le

 bi
o

Ps
y

im
m

u
n

o
lo

g
iC

a
l s

tu
d

ie
s

g
en

e

M
ito

ch
on

dr
ia

l m
yo

pa
th

ie
s 

 
 

 
 

 
 

 

w
ith

 e
pi

so
di

c 

H
yp

er
C

Ke
m

ia

pr
ox

im
al

 s
ym

m
et

ric
ep

is
od

ic
 m

ya
lg

ia
 

 
 

SD
H

+
 &

 C
O

X-
 

m
us

cl
e 

fib
er

s

 
M

TT
K

w
ith

 e
xe

rc
is

e 

in
to

le
ra

nc
e 

& 

en
ce

ph
al

op
at

hy

pr
ox

im
al

 in
 s

om
e 

pa
tie

nt
s

re
cu

rr
en

t e
nc

ep
ha

lo
pa

th
y;

 

m
ig

ra
in

e,
 m

ya
lg

ia
 a

nd
 fa

tig
ue

im
pr

ov
e-

m
en

t 

in
 te

en
s

 
la

ct
at

e 

ac
id

em
ia

CO
X 

re
du

ce
d

ch
ild

ho
od

: C
O

X 
de

fic
ie

ny
 

 2
0y

 R
RF

 a
nd

 C
O

X+
 fi

b
er

s

M
TC

O
3

w
ith

 m
yo

gl
ob

in
-

ur
ia

 a
nd

 e
xe

rc
is

e 

in
to

le
ra

nc
e

no
 w

ea
kn

es
s 

(M
TC

O
1 

m
ut

at
io

n)
  

   m
ild

 p
ro

xi
m

al
 

(M
TC

YB
 m

ut
at

io
n)

 
 

 
se

ru
m

 la
ct

at
e 

no
rm

al
; l

ow
  

ve
no

us
 o

xy
ge

n 

 u
se

 a
t e

xe
rc

is
e 

te
st

.  
 

se
ru

m
 la

ct
at

e 

hi
gh

CO
X 

I&
II 

re
du

ce
d 

    RR
F;

 S
D

H
+

/C
O

X 
+

CO
X 

de
fic

ie
ny

; 

m
ild

 d
ef

ec
ts

 c
om

pl
ex

 1
&

III
 

   de
fic

ie
nt

 c
om

-

pl
ex

 II
I a

ct
iv

ity

M
TC

O
1 

    M
TC

YB

In
fla

m
m

at
or

y 
m

yo
pa

th
ie

s 
 

 
 

 
 

 
 

Po
ly

m
yo

si
tis

pr
ox

im
al

 >
di

st
al

dy
sp

ha
gi

a 
40

%
 

ar
th

rit
is

/a
rt

hr
al

gi
a 

40
%

sl
ow

he
ar

t c
an

 b
e 

in
vo

lv
ed

 

m
yo

ca
rd

iti
s

 
PA

: i
nfl

am
m

at
io

n 
 

 

In
cl

us
io

n 
b

od
y 

m
yo

si
tis

pr
ox

im
al

 le
g,

 d
is

ta
l 

w
ris

t/
fin

ge
r fl

ex
or

in
 c

ou
rs

e 
of

te
n 

dy
sp

ha
gi

a
sl

ow
 

 
PA

: r
im

m
ed

 

va
cu

ol
es

/ 

in
cl

us
io

n 
b

od
ie

s

 
 

M
ac

ro
ph

ag
ic

 

m
yo

fa
ci

iti
s

m
ild

 p
ro

xi
m

al
 4

3%
ES

R 
el

ev
at

ed
 in

 5
5%

 
 

 
PA

: i
nfi

ltr
at

io
n 

 

m
ac

ro
ph

ag
es

 
 

Sa
rc

oi
d 

m
yo

pa
th

y 

pr
ox

im
al

 ±
 d

is
ta

l
 

 
 

 
PA

: g
ra

nu
lo

m
a-

to
us

 m
yo

pa
th

y

 
 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   132 15-9-2014   13:25:47



133

Co
ng

en
ita

l m
yo

pa
th

ie
s 

 
 

 
 

 
 

 

Ce
nt

ro
nu

cl
ea

r
di

st
al

>
pr

ox
of

te
n 

dy
sp

ha
gi

a 
or

 p
to

si
s/

st
ra

bi
sm

us
sl

ow
 

 
ce

nt
ra

l n
uc

le
i

 
D

N
M

2

M
ul

tic
or

e
 

of
te

n 
rig

id
 s

pi
ne

 a
nd

 s
co

lio
si

s 
>1

0 
y

 
 

 
m

ul
tip

le
 

sm
al

l c
or

es

 
SE

PN
1

M
is

ce
lla

ne
ao

us
 

 
 

 
 

 
 

 

Pr
ox

im
al

 m
yo

pa
th

y 
 

tu
bu

la
r a

gg
re

-

ga
te

s 
A

D

pr
ox

im
al

A
D

 d
is

or
de

r; 
al

so
 k

no
w

n 
w

ith
 

yo
un

ge
r o

ns
et

 w
ith

 o
pt

ha
lm

op
le

gi
a 

(li
m

ite
d 

up
ga

ze
) a

nd
 h

ig
h 

C
K 

 
no

 
tu

bu
la

r a
gg

re
-

ga
te

s 

in
 ty

p
e 

2 
fib

re
s

 
 

Pr
ox

im
al

 m
yo

pa
th

y 

tu
bu

la
r a

gg
re

ga
te

s 

sp
or

ad
ic

 /A
R

pr
ox

im
al

 
 

 
 

tu
bu

la
r 

ag
gr

eg
at

es

 
 

Th
yr

oi
d 

di
so

rd
er

m
ild

 p
ro

xi
m

al
hy

p
ot

hy
ro

id
sm

: m
yx

ed
em

a;
 A

PR
 

ab
se

nt
; 

hy
p

er
th

yr
oi

di
sm

: b
ris

k 
re

fle
xe

s

re
so

lv
-

in
g 

af
te

r 

tr
ea

t-

m
en

t

 
TS

H
/F

t4
no

n-
sp

ec
ifi

c
 

 

M
yo

to
ni

a 
flu

ct
ua

ns
no

 w
ea

kn
es

s
m

yo
to

ni
a 

of
te

n 
de

-

la
ye

d 
af

te
r e

xe
rc

is
e 

 
 

 n
ee

dl
e 

EM
G

 
 

SC
N

4A

M
yo

to
ni

c 
dy

st
ro

ph
y 

ty
p

e 
2 

(P
RO

M
M

)

pr
ox

im
al

 le
g>

 a
rm

 

di
st

al
 h

an
d:

 fl
ex

or
s 

of
 

th
um

b 
an

d 
fin

ge
rs

of
te

n 
m

us
cl

e 
pa

in
/ s

tiff
ne

ss
ye

s 

sl
ow

ca
rd

ia
c 

ar
rh

yt
hm

ia

 
ab

no
rm

al
 

ty
p

e 
2 

fib
er

s

 
ZN

F9

M
al

ig
na

nt
 

hy
p

er
th

er
m

ia

 
M

al
ig

na
nt

 h
yp

er
th

er
m

ia
 c

an
 a

ls
o 

b
e 

re
la

te
d 

to
 m

ut
at

io
ns

 in
 io

n 
ch

an
ne

l 

ge
ne

s 
w

ith
 tr

an
si

en
t w

ea
kn

es
s 

an
d 

no
rm

al
 o

r m
ar

gi
na

lly
 e

le
va

te
d 

C
K

 
ye

s, 
ar

rh
yt

h-

m
ia

 

du
rin

g 

ep
is

od
es

 
 

 
RY

R1

 

table B: continued

B

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   133 15-9-2014   13:25:47



134

Appendices

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   134 15-9-2014   13:25:47



135

r

References

reference List
1.  Emery AE, Muntoni F. History of the disease. Duchenne muscular dystrophy. 3rd ed. Oxford University 

Press; 2003:6-25.

2.  de Brouwer AP, Nabuurs SB, Verhaart IE et al. A 3-base pair deletion, c.9711_9713del, in DMD results in 

intellectual disability without muscular dystrophy. Eur J Hum Genet 2013.

3.  Essex C, Roper H. Lesson of the week: late diagnosis of Duchenne’s muscular dystrophy presenting as 

global developmental delay. BMJ 2001;323(7303):37-38.

4.  Mohamed K, Appleton R, Nicolaides P. Delayed diagnosis of Duchenne muscular dystrophy. Eur J Paedi-

atr Neurol 2000;4(5):219-223.

5.  Muntoni F, Di LA, Porcu M et al. Dystrophin gene abnormalities in two patients with idiopathic dilated 

cardiomyopathy. Heart 1997;78(6):608-612.

6.  North KN, Miller G, Iannaccone ST et al. Cognitive dysfunction as the major presenting feature of Becker’s 

muscular dystrophy. Neurology 1996;46(2):461-465.

7.  Tyler KL. Origins and early descriptions of “Duchenne muscular dystrophy”. Muscle Nerve 2003;28(4):402-

422.

8.  Becker PE, Kiener F. A new x-chromosomal muscular dystrophy. Arch Psychiatr Nervenkr Z Gesamte 

Neurol Psychiatr 1955;193(4):427-448.

9.  Hoffman EP, Fischbeck KH, Brown RH et al. Characterization of dystrophin in muscle-biopsy specimens 

from patients with Duchenne’s or Becker’s muscular dystrophy. N Engl J Med 1988;318(21):1363-1368.

10.  Monaco AP, Neve RL, Colletti-Feener C, Bertelson CJ, Kurnit DM, Kunkel LM. Isolation of candidate cDNAs 

for portions of the Duchenne muscular dystrophy gene. Nature 1986;323(6089):646-650.

11.  den Dunnen JT, Grootscholten PM, Bakker E et al. Topography of the Duchenne muscular dystrophy 

(DMD) gene: FIGE and cDNA analysis of 194 cases reveals 115 deletions and 13 duplications. Am J Hum 

Genet 1989;45(6):835-847.

12.  Mah JK, Korngut L, Dykeman J, Day L, Pringsheim T, Jette N. A systematic review and meta-analysis on 

the epidemiology of Duchenne and Becker muscular dystrophy. Neuromuscul Disord 2014;24(6):482-

491.

13.  Bakker E, Jennekens FG, de Visser M, Wintzen AR. Duchenne and Becker Muscular Dystrophies. In: Emery 

AE, editor. Diagnostic Criteria for Neuromuscular Disorders. 2nd ed. Baarn , The Netherlands: European 

Neuromuscular Center; 1997:1-4.

14.  Ciafaloni E, Fox DJ, Pandya S et al. Delayed diagnosis in duchenne muscular dystrophy: data from the Mus-

cular Dystrophy Surveillance, Tracking, and Research Network (MD STARnet). J Pediatr 2009;155(3):380-

385.

15.  Bushby KM, Hill A, Steele JG. Failure of early diagnosis in symptomatic Duchenne muscular dystrophy. 

Lancet 1999;353(9152):557-558.

16.  Bushby K, Finkel R, Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy, part 

1: diagnosis, and pharmacological and psychosocial management. Lancet Neurol 2010;9(1):77-93.

17.  Reimers CD, Schlotter B, Eicke BM, Witt TN. Calf enlargement in neuromuscular diseases: a quantitative 

ultrasound study in 350 patients and review of the literature. J Neurol Sci 1996;143(1-2):46-56.

18.  de Visser M, Bakker E, Defesche JC, Bolhuis PA, van Ommen GJ. An unusual variant of Becker muscular 

dystrophy. Ann Neurol 1990;27(5):578-581.

19.  Norman A, Thomas N, Coakley J, Harper P. Distinction of Becker from limb-girdle muscular dystrophy by 

means of dystrophin cDNA probes. Lancet 1989;1(8636):466-468.

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   135 15-9-2014   13:25:47



136

Appendices

20.  Schwartz M, Hertz JM, Sveen ML, Vissing J. LGMD2I presenting with a characteristic Duchenne or Becker 

muscular dystrophy phenotype. Neurology 2005;64(9):1635-1637.

21.  Alsaman AS, Alshaikh NM. Type III spinal muscular atrophy mimicking muscular dystrophies. Pediatr 

Neurol 2013;48(5):363-366.

22.  Bushby KM, Thambyayah M, Gardner-Medwin D. Prevalence and incidence of Becker muscular dystro-

phy. Lancet 1991;337(8748):1022-1024.

23.  Emery AE. Population frequencies of inherited neuromuscular diseases--a world survey. Neuromuscul 

Disord 1991;1(1):19-29.

24.  Bushby KM, Gardner-Medwin D. The clinical, genetic and dystrophin characteristics of Becker muscular 

dystrophy. I. Natural history. J Neurol 1993;240(2):98-104.

25.  Heald A, Anderson LV, Bushby KM, Shaw PJ. Becker muscular dystrophy with onset after 60 years. Neurol-

ogy 1994;44(12):2388-2390.

26.  Palmucci L, Doriguzzi C, Mongini T, Restagno G, Chiado-Piat L, Maniscalco M. Unusual expression and 

very mild course of Xp21 muscular dystrophy (Becker type) in a 60-year-old man with 26 percent dele-

tion of the dystrophin gene. Neurology 1994;44(3 Pt 1):541-543.

27.  Tselikas L, Rodrigues E, Jammal M et al. [Late onset Becker muscular dystrophy. A case report and litera-

ture review]. Rev Med Interne 2011;32(3):181-186.

28.  Yazaki M, Yoshida K, Nakamura A et al. Clinical characteristics of aged Becker muscular dystrophy pa-

tients with onset after 30 years. Eur Neurol 1999;42(3):145-149.

29.  Brooke MH, Fenichel GM, Griggs RC et al. Clinical investigation in Duchenne dystrophy: 2. Determination 

of the “power” of therapeutic trials based on the natural history. Muscle Nerve 1983;6(2):91-103.

30.  Malhotra SB, Hart KA, Klamut HJ et al. Frame-shift deletions in patients with Duchenne and Becker mus-

cular dystrophy. Science 1988;242(4879):755-759.

31.  Bakker E, van BC, Bonten EJ et al. Germline mosaicism and Duchenne muscular dystrophy mutations. 

Nature 1987;329(6139):554-556.

32.  Helderman-van den Enden AT, van den Bergen JC, Breuning MH et al. Duchenne/Becker muscular dys-

trophy in the family: have potential carriers been tested at a molecular level? Clin Genet 2011;79(3):236-

242.

33.  Hoogerwaard EM, Bakker E, Ippel PF et al. Signs and symptoms of Duchenne muscular dystro-

phy and Becker muscular dystrophy among carriers in The Netherlands: a cohort study. Lancet 

1999;353(9170):2116-2119.

34.  Emery AE. The muscular dystrophies. Lancet 2002;359(9307):687-695.

35.  Bushby K, Finkel R, Birnkrant DJ et al. Diagnosis and management of Duchenne muscular dystrophy, part 

2: implementation of multidisciplinary care. Lancet Neurol 2010;9(2):177-189.

36.  Nigro G, Comi LI, Politano L et al. Evaluation of the cardiomyopathy in Becker muscular dystrophy. Mus-

cle Nerve 1995;18(3):283-291.

37.  Neri M, Torelli S, Brown S et al. Dystrophin levels as low as 30% are sufficient to avoid muscular dystrophy 

in the human. Neuromuscul Disord 2007;17(11-12):913-918.

38.  Schade van Westrum SM, Hoogerwaard EM, Dekker L et al. Cardiac abnormalities in a follow-up study on 

carriers of Duchenne and Becker muscular dystrophy. Neurology 2011;77(1):62-66.

39.  Hoogerwaard EM, van der Wouw PA, Wilde AA et al. Cardiac involvement in carriers of Duchenne and 

Becker muscular dystrophy. Neuromuscul Disord 1999;9(5):347-351.

40.  Cardiovascular health supervision for individuals affected by Duchenne or Becker muscular dystrophy. 

Pediatrics 2005;116(6):1569-1573.

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   136 15-9-2014   13:25:47



137

r

References

41.  Bobo JK, Kenneson A, Kolor K, Brown MA. Adherence to american academy of pediatrics recommen-

dations for cardiac care among female carriers of duchenne and becker muscular dystrophy. Pediatrics 

2009;123(3):e471-e475.

42.  Cotton SM, Voudouris NJ, Greenwood KM. Association between intellectual functioning and age in chil-

dren and young adults with Duchenne muscular dystrophy: further results from a meta-analysis. Dev 

Med Child Neurol 2005;47(4):257-265.

43.  Hendriksen JG, Vles JS. Are males with Duchenne muscular dystrophy at risk for reading disabilities? 

Pediatr Neurol 2006;34(4):296-300.

44.  Billard C, Gillet P, Barthez M, Hommet C, Bertrand P. Reading ability and processing in Duchenne muscu-

lar dystrophy and spinal muscular atrophy. Dev Med Child Neurol 1998;40(1):12-20.

45.  Hendriksen JG, Vles JS. Neuropsychiatric disorders in males with duchenne muscular dystrophy: fre-

quency rate of attention-deficit hyperactivity disorder (ADHD), autism spectrum disorder, and obses-

sive--compulsive disorder. J Child Neurol 2008;23(5):477-481.

46.  Pane M, Lombardo ME, Alfieri P et al. Attention deficit hyperactivity disorder and cognitive function in 

Duchenne muscular dystrophy: phenotype-genotype correlation. J Pediatr 2012;161(4):705-709.

47.  Schneider H, Eisenberg D. Who receives a diagnosis of attention-deficit/ hyperactivity disorder in the 

United States elementary school population? Pediatrics 2006;117(4):e601-e609.

48.  Wu JY, Kuban KC, Allred E, Shapiro F, Darras BT. Association of Duchenne muscular dystrophy with autism 

spectrum disorder. J Child Neurol 2005;20(10):790-795.

49.  Magri F, Govoni A, D’Angelo MG et al. Genotype and phenotype characterization in a large dystrophino-

pathic cohort with extended follow-up. J Neurol 2011;258(9):1610-1623.

50.  Chamova T, Guergueltcheva V, Raycheva M et al. Association between loss of dp140 and cognitive im-

pairment in duchenne and becker dystrophies. Balkan J Med Genet 2013;16(1):21-30.

51.  Young HK, Barton BA, Waisbren S et al. Cognitive and psychological profile of males with Becker muscu-

lar dystrophy. J Child Neurol 2008;23(2):155-162.

52.  Sawyer MG, Arney FM, Baghurst PA et al. The mental health of young people in Australia: key findings 

from the child and adolescent component of the national survey of mental health and well-being. Aust 

N Z J Psychiatry 2001;35(6):806-814.

53.  Silvestri NJ, Wolfe GI. Asymptomatic/pauci-symptomatic creatine kinase elevations (hyperckemia). Mus-

cle Nerve 2013;47(6):805-815.

54.  Brewster LM, Mairuhu G, Sturk A, van Montfrans GA. Distribution of creatine kinase in the general popu-

lation: implications for statin therapy. Am Heart J 2007;154(4):655-661.

55.  Zatz M, Rapaport D, Vainzof M et al. Serum creatine-kinase (CK) and pyruvate-kinase (PK) activities in 

Duchenne (DMD) as compared with Becker (BMD) muscular dystrophy. J Neurol Sci 1991;102(2):190-196.

56.  Melis MA, Cau M, Muntoni F et al. Elevation of serum creatine kinase as the only manifestation of an intra-

genic deletion of the dystrophin gene in three unrelated families. Eur J Paediatr Neurol 1998;2(5):255-261.

57.  Lilleng H, Abeler K, Johnsen SH et al. Variation of serum creatine kinase (CK) levels and prevalence of 

persistent hyperCKemia in a Norwegian normal population. The Tromso Study. Neuromuscul Disord 

2011;21(7):494-500.

58.  Needham M, Mastaglia FL. Statin myotoxicity: A review of genetic susceptibility factors. Neuromuscul 

Disord 2014;24(1):4-15.

59.  Voermans NC, Lammens M, Wevers RA, Hermus AR, van Engelen BG. Statin-disclosed acid maltase defi-

ciency. J Intern Med 2005;258(2):196-197.

60.  Tsivgoulis G, Spengos K, Karandreas N, Panas M, Kladi A, Manta P. Presymptomatic neuromuscular disor-

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   137 15-9-2014   13:25:47



138

Appendices

ders disclosed following statin treatment. Arch Intern Med 2006;166(14):1519-1524.

61.  Brancaccio P, Maffulli N, Limongelli FM. Creatine kinase monitoring in sport medicine. Br Med Bull 

2007;81-82:209-230.

62.  Noakes TD. Effect of exercise on serum enzyme activities in humans. Sports Med 1987;4(4):245-267.

63.  Kenney K, Landau ME, Gonzalez RS, Hundertmark J, O’Brien K, Campbell WW. Serum creatine kinase 

after exercise: drawing the line between physiological response and exertional rhabdomyolysis. Muscle 

Nerve 2012;45(3):356-362.

64.  Gilchrist JM. Time course of serum CK immediately before and after a single muscle cramp. Muscle 

Nerve 2003;27(6):766.

65.  Wokke JH. [Raised creatine-kinase serum activity: not necessarily a sign of disease]. Ned Tijdschr Ge-

neeskd 2003;147(41):1998-2000.

66.  Mougios V. Reference intervals for serum creatine kinase in athletes. Br J Sports Med 2007;41(10):674-678.

67.  Lee KN, Csako G, Bernhardt P, Elin RJ. Relevance of macro creatine kinase type 1 and type 2 isoenzymes 

to laboratory and clinical data. Clin Chem 1994;40(7 Pt 1):1278-1283.

68.  Kleppe B, Reimers CD, Altmann C, Pongratz DE. [Findings in 100 patients with idiopathic increase in 

serum creatine kinase activity]. Med Klin (Munich) 1995;90(11):623-627.

69.  de Keijzer MH. [Raised creatine-kinase serum activity: not necessarily a sign of disease]. Ned Tijdschr 

Geneeskd 2004;148(3):153.

70.  Rowland LP, Willner J, DiMauroS, Mranda A. Approaches to the membrane theory of Duchenne muscular 

dystrophy. In: Angelini C, Danieli GA, Fontarni D, editors. Muscular Dystrophy- advances and new trends. 

Amsterdam: Excerpta Medica; 1980:3-13.

71.  Capasso M, De Angelis MV, Di MA et al. Familial idiopathic hyper-CK-emia: an underrecognized condi-

tion. Muscle Nerve 2006;33(6):760-765.

72.  Brewster LM, de VM. Persistent hyperCKemia: fourteen patients studied in retrospect. Acta Neurol Scand 

1988;77(1):60-63.

73.  D’Adda E, Sciacco M, Fruguglietti ME et al. Follow-up of a large population of asymptomatic/oligosymp-

tomatic hyperckemic subjects. J Neurol 2006;253(11):1399-1403.

74.  Reijneveld JC, Notermans NC, Linssen WH, Wokke JH. Benign prognosis in idiopathic hyper-CK-emia. 

Muscle Nerve 2000;23(4):575-579.

75.  Lilleng H, Abeler K, Johnsen SH et al. Clinical impact of persistent hyperCKemia in a Norwegian general 

population: a case-control study. Neuromuscul Disord 2013;23(1):29-35.

76.  Prelle A, Tancredi L, Sciacco M et al. Retrospective study of a large population of patients with asymp-

tomatic or minimally symptomatic raised serum creatine kinase levels. J Neurol 2002;249(3):305-311.

77.  Dabby R, Sadeh M, Herman O et al. Asymptomatic or minimally symptomatic hyperCKemia: histopatho-

logic correlates. Isr Med Assoc J 2006;8(2):110-113.

78.  Fernandez C, de Paula AM, Figarella-Branger D et al. Diagnostic evaluation of clinically normal subjects 

with chronic hyperCKemia. Neurology 2006;66(10):1585-1587.

79.  Kleinsteuber K, Rocco P, Herrera L et al. [Post exercise myalgias as presentation form of dystrophinopa-

thy]. Rev Med Chil 2000;128(7):772-777.

80.  Gospe SM, Jr., Lazaro RP, Lava NS, Grootscholten PM, Scott MO, Fischbeck KH. Familial X-linked myalgia 

and cramps: a nonprogressive myopathy associated with a deletion in the dystrophin gene. Neurology 

1989;39(10):1277-1280.

81.  Yokota R, Shirotani M, Kouchi I et al. Subclinical Becker’s muscular dystrophy presenting with severe 

heart failure. Intern Med 2004;43(3):204-208.

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   138 15-9-2014   13:25:47



139

r

References

82.  Zwaigenbaum L, Tarnopolsky M. Two children with muscular dystrophies ascertained due to referral for 

diagnosis of autism. J Autism Dev Disord 2003;33(2):193-199.

83.  Morandi L, Angelini C, Prelle A et al. High plasma creatine kinase: review of the literature and proposal for 

a diagnostic algorithm. Neurol Sci 2006;27(5):303-311.

84.  Kyriakides T, Angelini C, Schaefer J et al. EFNS guidelines on the diagnostic approach to pauci- or asymp-

tomatic hyperCKemia. Eur J Neurol 2010;17(6):767-773.

85.  Nardin RA, Zarrin AR, Horowitz GL, Tarulli AW. Effect of newly proposed CK reference limits on neuromus-

cular diagnosis. Muscle Nerve 2009;39(4):494-497.

86.  Pfeffer G, Chinnery PF. Diagnosis and treatment of mitochondrial myopathies. Ann Med 2013;45(1):4-16.

87.  Neuromuscular homepage. Alan Pestronk, editor.  2014.  Washington University, St. Louis, MO USA . Ref 

Type: Online Source

88.  Simmons Z, Peterlin BL, Boyer PJ, Towfighi J. Muscle biopsy in the evaluation of patients with modestly 

elevated creatine kinase levels. Muscle Nerve 2003;27(2):242-244.

89.  Malandrini A, Orrico A, Gaudiano C et al. Muscle biopsy and in vitro contracture test in subjects with 

idiopathic HyperCKemia. Anesthesiology 2008;109(4):625-628.

90.  Joy JL, Oh SJ. Asymptomatic hyper-CK-emia: an electrophysiologic and histopathologic study. Muscle 

Nerve 1989;12(3):206-209.

91.  Dubowitz V, Sewry CA. Muscle biopsy a practical approach. 3rd ed. Saunders Elsevier; 2007:293-323.

92.  Nicholson LV. The “rescue” of dystrophin synthesis in boys with Duchenne muscular dystrophy. Neuro-

muscul Disord 1993;3(5-6):525-531.

93.  Arechavala-Gomeza V, Kinali M, Feng L et al. Immunohistological intensity measurements as a tool to 

assess sarcolemma-associated protein expression. Neuropathol Appl Neurobiol 2010;36(4):265-274.

94.  Taylor LE, Kaminoh YJ, Rodesch CK, Flanigan KM. Quantification of dystrophin immunofluorescence in 

dystrophinopathy muscle specimens. Neuropathol Appl Neurobiol 2012;38(6):591-601.

95.  Beekman C, Testerink J, Giannakopoulos S et al. An objective method for immunofluorescence analysis 

of dystrophin levels in muscle from DMD patients in clinical studies. Neuromuscul.Disord. 23[9], 812-813. 

2013. Ref Type: Abstract

96.  Aartsma-Rus A. Dystrophin analysis in clinical trials. Journal of Neuromuscular Diseases 2014;1:41-53.

97.  Hoogerwaard EM, Ginjaar IB, Bakker E, de VM. Dystrophin analysis in carriers of Duchenne and Becker 

muscular dystrophy. Neurology 2005;65(12):1984-1986.

98.  Prior TW, Bartolo C, Papp AC et al. Dystrophin expression in a Duchenne muscular dystrophy patient 

with a frame shift deletion. Neurology 1997;48(2):486-488.

99.  Ginjaar IB, Kneppers ALJ, von der Meulen JDM et al. Dystrophin nonsense mutation induces different 

levels of exon 29 skipping and leads to variable phenotypes within one BMD family. European Journal of 

Human Genetics 2000;8(10):793-796.

100.  Schwartz M, Duno M. Multiplex ligation-dependent probe amplification is superior for detecting dele-

tions/duplications in Duchenne muscular dystrophy. Clin Genet 2005;67(2):189-191.

101.  Ginjaar HB, den Dunnen JT, Bakker E. DMD and BMD: Diagnostic Principles. In: Chamberlain J RT, editor. 

Duchenne Muscular Dystrophy: Advances in Therapeutics. New York: Taylor & Francis Group; 2006:77-90.

102.  Koenig M, Beggs AH, Moyer M et al. The molecular basis for Duchenne versus Becker muscular dystro-

phy: correlation of severity with type of deletion. Am J Hum Genet 1989;45(4):498-506.

103.  Roest PA, Roberts RG, Sugino S, van Ommen GJ, den Dunnen JT. Protein truncation test (PTT) for rapid 

detection of translation-terminating mutations. Hum Mol Genet 1993;2(10):1719-1721.

104.  Tuffery-Giraud S, Saquet C, Chambert S et al. The role of muscle biopsy in analysis of the dystrophin 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   139 15-9-2014   13:25:48



140

Appendices

gene in Duchenne muscular dystrophy: experience of a national referral centre. Neuromuscul Disord 

2004;14(10):650-658.

105.  van Deutekom JC, Janson AA, Ginjaar IB et al. Local dystrophin restoration with antisense oligonucle-

otide PRO051. N Engl J Med 2007;357(26):2677-2686.

106.  Preisler N, Laforet P, Madsen KL et al. Fat and carbohydrate metabolism during exercise in late-onset 

Pompe disease. Mol Genet Metab 2012;107(3):462-468.

107.  Hogrel JY, Laforet P, Ben YR, Chevrot M, Eymard B, Lombes A. A non-ischemic forearm exercise test for 

the screening of patients with exercise intolerance. Neurology 2001;56(12):1733-1738.

108.  Kazemi-Esfarjani P, Skomorowska E, Jensen TD, Haller RG, Vissing J. A nonischemic forearm exercise test 

for McArdle disease. Ann Neurol 2002;52(2):153-159.

109.  Jensen TD, Kazemi-Esfarjani P, Skomorowska E, Vissing J. A forearm exercise screening test for mitochon-

drial myopathy. Neurology 2002;58(10):1533-1538.

110.  Ryan JF, Tedeschi LG. Sudden unexplained death in a patient with a family history of malignant hyper-

thermia. J Clin Anesth 1997;9(1):66-68.

111.  Brislin RP, Theroux MC. Core myopathies and malignant hyperthermia susceptibility: a review. Paediatr 

Anaesth 2013;23(9):834-841.

112.  Keating KE, Quane KA, Manning BM et al. Detection of a novel RYR1 mutation in four malignant hyper-

thermia pedigrees. Hum Mol Genet 1994;3(10):1855-1858.

113.  Weglinski MR, Wedel DJ, Engel AG. Malignant hyperthermia testing in patients with persistently in-

creased serum creatine kinase levels. Anesth Analg 1997;84(5):1038-1041.

114.  Sunohara N, Takagi A, Nonaka I, Sugita H, Satoyoshi E. Idiopathic hyperCKemia. Neurology 1984;34(4):544-

547.

115.  Hoffman EP, Brown RH, Jr., Kunkel LM. Dystrophin: the protein product of the Duchenne muscular dys-

trophy locus. Cell 1987;51(6):919-928.

116.  Koenig M, Hoffman EP, Bertelson CJ, Monaco AP, Feener C, Kunkel LM. Complete cloning of the 

Duchenne muscular dystrophy (DMD) cDNA and preliminary genomic organization of the DMD gene in 

normal and affected individuals. Cell 1987;50(3):509-517.

117.  Bennett RR, den DJ, O’Brien KF, Darras BT, Kunkel LM. Detection of mutations in the dystrophin gene via 

automated DHPLC screening and direct sequencing. BMC Genet 2001;2:17.

118.  Flanigan KM, von NA, Dunn DM, Alder J, Mendell JR, Weiss RB. Rapid direct sequence analysis of the 

dystrophin gene. Am J Hum Genet 2003;72(4):931-939.

119.  Muntoni F, Torelli S, Ferlini A. Dystrophin and mutations: one gene, several proteins, multiple pheno-

types. Lancet Neurology 2003;2(12):731-740.

120.  Taylor PJ, Betts GA, Maroulis S et al. Dystrophin gene mutation location and the risk of cognitive impair-

ment in Duchenne muscular dystrophy. PLoS ONE 2010;5(1):e8803.

121.  Felisari G, Martinelli BF, Bardoni A et al. Loss of Dp140 dystrophin isoform and intellectual impairment in 

Duchenne dystrophy. Neurology 2000;55(4):559-564.

122.  Manzur AY, Kinali M, Muntoni F. Update on the management of Duchenne muscular dystrophy. Arch Dis 

Child 2008;93(11):986-990.

123.  Richtlijn gebruik van corticosteroiden bij Duchenne muscular dystrophy. www.vsn.nl: Vereniging Spier-

ziekten Nederland (VSN), 2004

124.  Moxley III R.T. Clinical overview of Duchenne muscular Dystrophy. In: Chamberlain J, Rando T, editors. 

Duchenne Muscular Dystrophy: Advances in Therapeutics. New York: Taylor & Francis Group; 2006:1-20.

125.  Ricker K, Moxley RT, III, Heine R, Lehmann-Horn F. Myotonia fluctuans. A third type of muscle sodium 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   140 15-9-2014   13:25:48



141

r

References

channel disease. Arch Neurol 1994;51(11):1095-1102.

126.  Meola G, Sansone V. A newly-described myotonic disorder (proximal myotonic myopathy--PROMM): 

personal experience and review of the literature. Ital J Neurol Sci 1996;17(5):347-353.

127.  Ricker K, Koch MC, Lehmann-Horn F et al. Proximal myotonic myopathy: a new dominant disorder with 

myotonia, muscle weakness, and cataracts. Neurology 1994;44(8):1448-1452.

128.  Quinlivan R, Jungbluth H. Myopathic causes of exercise intolerance with rhabdomyolysis. Dev Med Child 

Neurol 2012;54(10):886-891.

129.  Rotthauwe HW, Kowalewski S. [A benign X-chromosomal hereditary muscular dystrophy. I. Examinations 

of symptom-carriers]. Humangenetik 1966;3(1):17-29.

130.  Bradley WG, Jones MZ, Mussini JM, Fawcett PR. Becker-type muscular dystrophy. Muscle Nerve 

1978;1(2):111-132.

131.  Bushby KM, Gardner-Medwin D, Nicholson LV et al. The clinical, genetic and dystrophin characteristics 

of Becker muscular dystrophy. II. Correlation of phenotype with genetic and protein abnormalities. J 

Neurol 1993;240(2):105-112.

132.  Melacini P, Fanin M, Danieli GA et al. Myocardial involvement is very frequent among patients affected 

with subclinical Becker’s muscular dystrophy. Circulation 1996;94(12):3168-3175.

133.  Bushby KM. Making sense of the limb-girdle muscular dystrophies. Brain 1999;122 ( Pt 8):1403-1420.

134.  Mitsuhashi S, Kang PB. Update on the genetics of limb girdle muscular dystrophy. Semin Pediatr Neurol 

2012;19(4):211-218.

135.  Almomani R, van der Stoep N, Bakker E, den Dunnen JT, Breuning MH, Ginjaar IB. Rapid and cost effective 

detection of small mutations in the DMD gene by high resolution melting curve analysis. Neuromuscul 

Disord 2009;19(6):383-390.

136.  Daoud F, Angeard N, Demerre B et al. Analysis of Dp71 contribution in the severity of mental retardation 

through comparison of Duchenne and Becker patients differing by mutation consequences on Dp71 

expression. Hum Mol Genet 2009;18(20):3779-3794.

137.  Vandenhende MA, Bonnet F, Sailler L, Bouillot S, Morlat P, Beylot J. [Dilated cardiomyopathy and lip-

id-lowering drug muscle toxicity revealing late-onset Becker’s disease]. Rev Med Interne 2005;26(12):977-

979.

138.  Deburgrave N, Daoud F, Llense S et al. Protein- and mRNA-based phenotype-genotype correlations in 

DMD/BMD with point mutations and molecular basis for BMD with nonsense and frameshift mutations 

in the DMD gene. Hum Mutat 2007;28(2):183-195.

139.  Dent KM, Dunn DM, von Niederhausern AC et al. Improved molecular diagnosis of dystrophinopathies 

in an unselected clinical cohort. Am J Med Genet A 2005;134(3):295-298.

140.  Amato AA, Griggs RC. Overview of the muscular dystrophies. 101 ed. 2011:1-9.

141.  Aartsma-Rus A, Fokkema I, Verschuuren J et al. Theoretic applicability of antisense-mediated exon skip-

ping for Duchenne muscular dystrophy mutations. Hum Mutat 2009;30(3):293-299.

142.  White SJ, den Dunnen JT. Copy number variation in the genome; the human DMD gene as an example. 

Cytogenet Genome Res 2006;115(3-4):240-246.

143.  Beenakker EA, Maurits NM, Fock JM, Brouwer OF, van der Hoeven JH. Functional ability and muscle 

force in healthy children and ambulant Duchenne muscular dystrophy patients. Eur J Paediatr Neurol 

2005;9(6):387-393.

144.  Morandi L, Mora M, Confalonieri V et al. Dystrophin Characterization in Bmd Patients - Correlation of 

Abnormal Protein with Clinical Phenotype. Journal of the Neurological Sciences 1995;132(2):146-155.

145.  Saengpattrachai M, Ray PN, Hawkins CE, Berzen A, Banwell BL. Grandpa and I have dystrophinopathy? : 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   141 15-9-2014   13:25:48



142

Appendices

Approach to asymptomatic hyperCKemia. Pediatric Neurology 2006;35(2):145-149.

146.  Torelli S, Brown SC, Jimenez-Mallebrera C, Feng L, Muntoni F, Sewry CA. Absence of neuronal nitric oxide 

synthase (nNOS) as a pathological marker for the diagnosis of Becker muscular dystrophy with rod do-

main deletions. Neuropathol Appl Neurobiol 2004;30(5):540-545.

147.  Lesca G, Testard H, Streichenberger N et al. Family study allows more optimistic prognosis and genet-

ic counselling in a child with a deletion of exons 50-51 of the dystrophin gene. Archives de Pediatrie 

2007;14(3):262-265.

148.  Morandi L, Mora M, Tedeschi S et al. Dmd and Bmd in the Same Family Due to 2 Distinct Mutations. 

American Journal of Medical Genetics 1995;59(4):501-505.

149.  Sironi M, Bardoni A, Felisari G et al. Transcriptional activation of the non-muscle, full-length dystrophin 

isoforms in Duchenne muscular dystrophy skeletal muscle. J Neurol Sci 2001;186(1-2):51-57.

150.  Beggs AH, Koenig M, Boyce FM, Kunkel LM. Detection of 98% of DMD/BMD gene deletions by poly-

merase chain reaction. Hum Genet 1990;86(1):45-48.

151.  Chamberlain JS, Gibbs RA, Ranier JE, Nguyen PN, Caskey CT. Deletion screening of the Duchenne mus-

cular dystrophy locus via multiplex DNA amplification. Nucleic Acids Res 1988;16(23):11141-11156.

152.  Schwartz M, Duno M. Improved molecular diagnosis of dystrophin gene mutations using the multiplex 

ligation-dependent probe amplification method. Genet Test 2004;8(4):361-367.

153.  Bies RD, Caskey CT, Fenwick R. An intact cysteine-rich domain is required for dystrophin function. J Clin 

Invest 1992;90(2):666-672.

154.  Rafael JA, Cox GA, Corrado K, Jung D, Campbell KP, Chamberlain JS. Forced expression of dystrophin 

deletion constructs reveals structure-function correlations. J Cell Biol 1996;134(1):93-102.

155.  Ferreiro V, Giliberto F, Muniz GM et al. Asymptomatic Becker muscular dystrophy in a family with a mul-

tiexon deletion. Muscle Nerve 2009;39(2):239-243.

156.  Miyazaki D, Yoshida K, Fukushima K et al. Characterization of deletion breakpoints in patients with dys-

trophinopathy carrying a deletion of exons 45-55 of the Duchenne muscular dystrophy (DMD) gene. J 

Hum Genet 2009;54(2):127-130.

157.  Nakamura A, Yoshida K, Fukushima K et al. Follow-up of three patients with a large in-frame deletion of 

exons 45-55 in the Duchenne muscular dystrophy (DMD) gene. J Clin Neurosci 2008;15(7):757-763.

158.  Cotton RG, Auerbach AD, Axton M et al. GENETICS. The Human Variome Project. Science 

2008;322(5903):861-862.

159.  Cyrulnik SE, Fee RJ, Batchelder A, Kiefel J, Goldstein E, Hinton VJ. Cognitive and adaptive deficits in young 

children with Duchenne muscular dystrophy (DMD). J Int Neuropsychol Soc 2008;14(5):853-861.

160.  Lidov HG, Byers TJ, Watkins SC, Kunkel LM. Localization of dystrophin to postsynaptic regions of central 

nervous system cortical neurons. Nature 1990;348(6303):725-728.

161.  Feener CA, Koenig M, Kunkel LM. Alternative splicing of human dystrophin mRNA generates isoforms at 

the carboxy terminus. Nature 1989;338(6215):509-511.

162.  Dubowitz V, Crome L. The central nervous system in Duchenne muscular dystrophy. Brain 1969;92(4):805-

808.

163.  Jagadha V, Becker LE. Brain morphology in Duchenne muscular dystrophy: a Golgi study. Pediatr Neurol 

1988;4(2):87-92.

164.  Sbriccoli A, Santarelli M, Carretta D, Pinto F, Granato A, Minciacchi D. Architectural changes of the corti-

co-spinal system in the dystrophin defective mdx mouse. Neurosci Lett 1995;200(1):53-56.

165.  Carretta D, Santarelli M, Sbriccoli A, Pinto F, Catini C, Minciacchi D. Spatial analysis reveals alterations of 

parvalbumin- and calbindin-positive local circuit neurons in the cerebral cortex of mutant mdx mice. 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   142 15-9-2014   13:25:48



143

r

References

Brain Res 2004;1016(1):1-11.

166.  Carretta D, Santarelli M, Vanni D et al. Cortical and brainstem neurons containing calcium-binding pro-

teins in a murine model of Duchenne’s muscular dystrophy: selective changes in the sensorimotor cor-

tex. J Comp Neurol 2003;456(1):48-59.

167.  Kreis R, Wingeier K, Vermathen P et al. Brain metabolite composition in relation to cognitive function and 

dystrophin mutations in boys with Duchenne muscular dystrophy. NMR Biomed 2011;24(3):253-262.

168.  Lee JS, Pfund Z, Juhasz C et al. Altered regional brain glucose metabolism in Duchenne muscular dystro-

phy: a pet study. Muscle Nerve 2002;26(4):506-512.

169.  Rae C, Scott RB, Thompson CH et al. Brain biochemistry in Duchenne muscular dystrophy: a 1H magnetic 

resonance and neuropsychological study. J Neurol Sci 1998;160(2):148-157.

170.  Lv SY, Zou QH, Cui JL et al. Decreased gray matter concentration and local synchronization of spon-

taneous activity in the motor cortex in Duchenne muscular dystrophy. AJNR Am J Neuroradiol 

2011;32(11):2196-2200.

171.  Brooke MH, Fenichel GM, Griggs RC et al. Clinical investigation of Duchenne muscular dystrophy. Inter-

esting results in a trial of prednisone. Arch Neurol 1987;44(8):812-817.

172.  Snow WM, Anderson JE, Jakobson LS. Neuropsychological and neurobehavioral functioning in 

Duchenne muscular dystrophy: a review. Neurosci Biobehav Rev 2013;37(5):743-752.

173.  Goodman A, Goodman R. Strengths and difficulties questionnaire as a dimensional measure of child 

mental health. J Am Acad Child Adolesc Psychiatry 2009;48(4):400-403.

174.  Hendriksen JG, Poysky JT, Schrans DG, Schouten EG, Aldenkamp AP, Vles JS. Psychosocial adjustment in 

males with Duchenne muscular dystrophy: psychometric properties and clinical utility of a parent-re-

port questionnaire. J Pediatr Psychol 2009;34(1):69-78.

175.  Cyrulnik SE, Fee RJ, De Vivo DC, Goldstein E, Hinton VJ. Delayed developmental language milestones in 

children with Duchenne’s muscular dystrophy. J Pediatr 2007;150(5):474-478.

176.  Smith SM, Jenkinson M, Woolrich MW et al. Advances in functional and structural MR image analysis and 

implementation as FSL. Neuroimage 2004;23 Suppl 1:S208-S219.

177.  Smith SM. Fast robust automated brain extraction. Hum Brain Mapp 2002;17(3):143-155.

178.  Zhang Y, Brady M, Smith S. Segmentation of brain MR images through a hidden Markov random field 

model and the expectation-maximization algorithm. IEEE Trans Med Imaging 2001;20(1):45-57.

179.   Explore DTI: a graphicaltoolbox for processing, analyzibng and visualizing diffusion MR data. 17th Annu-

al Meeting of Intl Soc Mag Reson Med.: 2009.

180.  Smith SM, Jenkinson M, Johansen-Berg H et al. Tract-based spatial statistics: voxelwise analysis of 

multi-subject diffusion data. Neuroimage 2006;31(4):1487-1505.

181.  Benjamini Y, Hochberg Y. Controlling the false discovery rate- a practicle and powerful approach to 

multiple testing. Journal of the Royal Statistic Society Series B-Methological 1995;57(1):289-300.

182.  Good CD, Johnsrude IS, Ashburner J, Henson RN, Friston KJ, Frackowiak RS. A voxel-based morphometric 

study of ageing in 465 normal adult human brains. Neuroimage 2001;14(1 Pt 1):21-36.

183.  Bullmore ET, Suckling J, Overmeyer S, Rabe-Hesketh S, Taylor E, Brammer MJ. Global, voxel, and cluster 

tests, by theory and permutation, for a difference between two groups of structural MR images of the 

brain. IEEE Trans Med Imaging 1999;18(1):32-42.

184.  Courchesne E, Chisum HJ, Townsend J et al. Normal brain development and aging: quantitative analysis 

at in vivo MR imaging in healthy volunteers. Radiology 2000;216(3):672-682.

185.  Reiss AL, Abrams MT, Singer HS, Ross JL, Denckla MB. Brain development, gender and IQ in children. A 

volumetric imaging study. Brain 1996;119 ( Pt 5):1763-1774.

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   143 15-9-2014   13:25:48



144

Appendices

186.  Assaf Y, Pasternak O. Diffusion tensor imaging (DTI)-based white matter mapping in brain research: a 

review. J Mol Neurosci 2008;34(1):51-61.

187.  Song SK, Yoshino J, Le TQ et al. Demyelination increases radial diffusivity in corpus callosum of mouse 

brain. Neuroimage 2005;26(1):132-140.

188.  Vandermosten M, Boets B, Wouters J, Ghesquiere P. A qualitative and quantitative review of diffusion 

tensor imaging studies in reading and dyslexia. Neurosci Biobehav Rev 2012;36(6):1532-1552.

189.  Moizard MP, Toutain A, Fournier D et al. Severe cognitive impairment in DMD: obvious clinical indication 

for Dp71 isoform point mutation screening. Eur J Hum Genet 2000;8(7):552-556.

190.  LeBel C, Walker L, Leemans A, Phillips L, Beaulieu C. Microstructural maturation of the human brain from 

childhood to adulthood. Neuroimage 2008;40(3):1044-1055.

191.  Brown ES, Woolston DJ, Frol AB. Amygdala volume in patients receiving chronic corticosteroid therapy. 

Biol Psychiatry 2008;63(7):705-709.

192.  Coburn-Litvak PS, Tata DA, Gorby HE, McCloskey DP, Richardson G, Anderson BJ. Chronic corticosterone 

affects brain weight, and mitochondrial, but not glial volume fraction in hippocampal area CA3. Neuro-

science 2004;124(2):429-438.

193.  Marden FA, Connolly AM, Siegel MJ, Rubin DA. Compositional analysis of muscle in boys with Duchenne 

muscular dystrophy using MR imaging. Skeletal Radiol 2005;34(3):140-148.

194.  Kornegay JN, Childers MK, Bogan DJ et al. The paradox of muscle hypertrophy in muscular dystrophy. 

Phys Med Rehabil Clin N Am 2012;23(1):149-72, xii.

195.  Richards P, Saywell WR, Heywood P. Pseudohypertrophy of the temporalis muscle in Xp21 muscular 

dystrophy. Dev Med Child Neurol 2000;42(11):786-787.

196.  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. Arch Phys Med Rehabil 2010;91(7):1051-

1058.

197.  Akima H, Lott D, Senesac C et al. Relationships of thigh muscle contractile and non-contractile tissue 

with function, strength, and age in boys with Duchenne muscular dystrophy. Neuromuscul Disord 

2012;22(1):16-25.

198.  Geiser M, Trueta J. Muscle action, bone rarefaction and bone formation; an experimental study. J Bone 

Joint Surg Br 1958;40-B(2):282-311.

199.  Eckardt L, Harzer W. Facial structure and functional findings in patients with progressive muscular dys-

trophy (Duchenne). Am J Orthod Dentofacial Orthop 1996;110(2):185-190.

200.  Matsuyuki T, Kitahara T, Nakashima A. Developmental changes in craniofacial morphology in subjects 

with Duchenne muscular dystrophy. Eur J Orthod 2006;28(1):42-50.

201.  Botteron S, Verdebout CM, Jeannet PY, Kiliaridis S. Orofacial dysfunction in Duchenne muscular dystro-

phy. Arch Oral Biol 2009;54(1):26-31.

202.  Vilmann H, Juhl M, Kirkeby S. Bone-muscle interactions in the muscular dystrophic mouse. Eur J Orthod 

1985;7(3):185-192.

203.  Vilmann H, Kirkeby S, Moss ML. Skull development in the muscular dystrophic mouse. Eur J Orthod 

1989;11(3):206-213.

204.  Spassov A, Gredes T, Gedrange T, Lucke S, Pavlovic D, Kunert-Keil C. Histological changes in masticatory 

muscles of mdx mice. Arch Oral Biol 2010;55(4):318-324.

205.  Sarrazin E, von der HM, Schara U, von AK, Kaindl AM. Growth and psychomotor development of patients 

with Duchenne muscular dystrophy. Eur J Paediatr Neurol 2014;18(1):38-44.

206.  King WM, Kissel JT, Visy D, Goel PK, Matkovic V. Skeletal health in Duchenne dystrophy: Bone-size and 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   144 15-9-2014   13:25:48



145

r

References

subcranial dual-energy X-ray absorptiometry analyses. Muscle Nerve 2014;49(4):512-519.

207.  Aagaard P. Making muscles “stronger”: exercise, nutrition, drugs. J Musculoskelet Neuronal Interact 

2004;4(2):165-174.

208.  Byers RK, Bergman AB, Joseph MC. Steroid myopathy. Report of five cases occurring during treatment of 

rheumatic fever. Pediatrics 1962;29:26-36.

209.  Kissel JT MJ. The endocrine myopathies. In: Rowland LP DS, editor. Handbook of Clinical Neurology. 

18(62) ed. Amsterdam: Elsevier Science; 21992:527-551.

210.  Duchenne GB. Studies on pseudohypertrophic muscular paralysis or myosclerotic paralysis. Arch Neurol 

1968;19(6):629-636.

211.  Manzur AY, Kuntzer T, Pike M, Swan A. Glucocorticoid corticosteroids for Duchenne muscular dystrophy. 

Cochrane Database Syst Rev 2004;(2):CD003725.

212.  de Groot IJ. [Guideline on the use of corticosteroids in Duchenne muscular dystrophy from paediatric 

neurologists, neurologists and rehabilitation physicians]. Ned Tijdschr Geneeskd 2006;150(12):684-685.

213.  Mendell JR, Moxley RT, Griggs RC et al. Randomized, double-blind six-month trial of prednisone in 

Duchenne’s muscular dystrophy. N Engl J Med 1989;320(24):1592-1597.

214.  Griggs RC, Moxley RT, III, Mendell JR et al. Prednisone in Duchenne dystrophy. A randomized, controlled 

trial defining the time course and dose response. Clinical Investigation of Duchenne Dystrophy Group. 

Arch Neurol 1991;48(4):383-388.

215.  Fenichel GM, Mendell JR, Moxley RT, III et al. A comparison of daily and alternate-day prednisone therapy 

in the treatment of Duchenne muscular dystrophy. Arch Neurol 1991;48(6):575-579.

216.  Angelini C, Pegoraro E, Turella E, Intino MT, Pini A, Costa C. Deflazacort in Duchenne dystrophy: study of 

long-term effect. Muscle Nerve 1994;17(4):386-391.

217.  Merlini L, Cicognani A, Malaspina E et al. Early prednisone treatment in Duchenne muscular dystrophy. 

Muscle Nerve 2003;27(2):222-227.

218.  Biggar WD, Politano L, Harris VA et al. Deflazacort in Duchenne muscular dystrophy: a comparison of two 

different protocols. Neuromuscul Disord 2004;14(8-9):476-482.

219.  Connolly AM, Schierbecker J, Renna R, Florence J. High dose weekly oral prednisone improves strength 

in boys with Duchenne muscular dystrophy. Neuromuscul Disord 2002;12(10):917-925.

220.  Beenakker EA, Fock JM, Van Tol MJ et al. Intermittent prednisone therapy in Duchenne muscular dystro-

phy: a randomized controlled trial. Arch Neurol 2005;62(1):128-132.

221.  Sansome A, Royston P, Dubowitz V. Steroids in Duchenne muscular dystrophy; pilot study of a new 

low-dosage schedule. Neuromuscul Disord 1993;3(5-6):567-569.

222.  Kinali M, Mercuri E, Main M, Muntoni F, Dubowitz V. An effective, low-dosage, intermittent schedule of 

prednisolone in the long-term treatment of early cases of Duchenne dystrophy. Neuromuscul Disord 

2002;12 Suppl 1:S169-S174.

223.  The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and 

adolescents. Pediatrics 2004;114(2 Suppl 4th Report):555-576.

224.  Balaban B, Matthews DJ, Clayton GH, Carry T. Corticosteroid treatment and functional improvement in 

Duchenne muscular dystrophy: long-term effect. Am J Phys Med Rehabil 2005;84(11):843-850.

225.  King WM, Ruttencutter R, Nagaraja HN et al. Orthopedic outcomes of long-term daily corticosteroid 

treatment in Duchenne muscular dystrophy. Neurology 2007;68(19):1607-1613.

226.  Pradhan S, Ghosh D, Srivastava NK et al. Prednisolone in Duchenne muscular dystrophy with imminent 

loss of ambulation. J Neurol 2006;253(10):1309-1316.

227.  DeSilva S, Drachman DB, Mellits D, Kuncl RW. Prednisone treatment in Duchenne muscular dystrophy. 

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   145 15-9-2014   13:25:48



146

Appendices

Long-term benefit. Arch Neurol 1987;44(8):818-822.

228.  Emery AE, Muntoni F. Duchenne muscular dystrophy. New York: Oxford University Press; 2003.

229.  Eagle M, Baudouin SV, Chandler C, Giddings DR, Bullock R, Bushby K. Survival in Duchenne muscular 

dystrophy: improvements in life expectancy since 1967 and the impact of home nocturnal ventilation. 

Neuromuscul Disord 2002;12(10):926-929.

230.  Bakker JP, de Groot IJ, Beelen A, Lankhorst GJ. Predictive factors of cessation of ambulation in patients 

with Duchenne muscular dystrophy. Am J Phys Med Rehabil 2002;81(12):906-912.

231.  Mendell JR, Csimma C, McDonald CM et al. Challenges in drug development for muscle disease: a stake-

holders’ meeting. Muscle Nerve 2007;35(1):8-16.

232.  Hoffer MM, Feiwell E, Perry R, Perry J, Bonnett C. Functional ambulation in patients with myelomeningo-

cele. J Bone Joint Surg Am 1973;55(1):137-148.

233.  McDonald DG, Kinali M, Gallagher AC et al. Fracture prevalence in Duchenne muscular dystrophy. Dev 

Med Child Neurol 2002;44(10):695-698.

234.  Vestergaard P, Glerup H, Steffensen BF, Rejnmark L, Rahbek J, Moseklide L. Fracture risk in patients with 

muscular dystrophy and spinal muscular atrophy. J Rehabil Med 2001;33(4):150-155.

235.  Goemans NM, Tulinius M, van den Akker JT et al. Systemic administration of PRO051 in Duchenne’s mus-

cular dystrophy. N Engl J Med 2011;364(16):1513-1522.

236.  Moizard MP, Billard C, Toutain A, Berret F, Marmin N, Moraine C. Are Dp71 and Dp140 brain dystrophin iso-

forms related to cognitive impairment in Duchenne muscular dystrophy? Am J Med Genet 1998;80(1):32-

41.

237.  Hinton VJ, De Vivo DC, Nereo NE, Goldstein E, Stern Y. Poor verbal working memory across intellectual 

level in boys with Duchenne dystrophy. Neurology 2000;54(11):2127-2132.

238.  Cotton S, Voudouris NJ, Greenwood KM. Intelligence and Duchenne muscular dystrophy: full-scale, ver-

bal, and performance intelligence quotients. Dev Med Child Neurol 2001;43(7):497-501.

239.  Anderson JL, Head SI, Rae C, Morley JW. Brain function in Duchenne muscular dystrophy. Brain 

2002;125(Pt 1):4-13.

240.  Morel-Verdebout C, Botteron S, Kiliaridis S. Dentofacial characteristics of growing patients with 

Duchenne muscular dystrophy: a morphological study. Eur J Orthod 2007;29(5):500-507.

241.  Ingervall B, Bitsanis E. A pilot study of the effect of masticatory muscle training on facial growth in long-

face children. Eur J Orthod 1987;9(1):15-23.

242.  Kiliaridis S. Masticatory muscle influence on craniofacial growth. Acta Odontol Scand 1995;53(3):196-202.

243.  Kiliaridis S, Tzakis MG, Carlsson GE. Effects of fatigue and chewing training on maximal bite force and 

endurance. Am J Orthod Dentofacial Orthop 1995;107(4):372-378.

244.  Manzur AY, Kuntzer T, Pike M, Swan A. Glucocorticoid corticosteroids for Duchenne muscular dystrophy. 

Cochrane Database Syst Rev 2008;(1):CD003725.

245.  Ricotti V, Ridout DA, Scott E et al. Long-term benefits and adverse effects of intermittent versus daily glu-

cocorticoids in boys with Duchenne muscular dystrophy. J Neurol Neurosurg Psychiatry 2013;84(6):698-

705.

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   146 15-9-2014   13:25:48



147

r

References

246.  Lebel DE, Corston JA, McAdam LC, Biggar WD, Alman BA. Glucocorticoid treatment for the prevention 

of scoliosis in children with Duchenne muscular dystrophy: long-term follow-up. J Bone Joint Surg Am 

2013;95(12):1057-1061.

247.  Schrans DG, Abbott D, Peay HL et al. Transition in Duchenne muscular dystrophy: An expert meeting 

report and description of transition needs in an emergent patient population: (Parent Project Muscular 

Dystrophy Transition Expert Meeting 17-18 June 2011, Amsterdam, The Netherlands). Neuromuscul Dis-

ord 2013;23(3):283-286.

248.  Cirak S, Arechavala-Gomeza V, Guglieri M et al. Exon skipping and dystrophin restoration in patients with 

Duchenne muscular dystrophy after systemic phosphorodiamidate morpholino oligomer treatment: an 

open-label, phase 2, dose-escalation study. Lancet 2011;378(9791):595-605.

249.  Finkel RS, Flanigan KM, Wong B et al. Phase 2a study of ataluren-mediated dystrophin production in 

patients with nonsense mutation Duchenne muscular dystrophy. PLoS ONE 2013;8(12):e81302.

250.  Leung DG, Herzka DA, Thompson WR et al. Sildenafil does not improve cardiomyopathy in Duchenne/

Becker muscular dystrophy. Ann Neurol 2014.

251.  Witting N, Kruuse C, Nyhuus B et al. Effect of sildenafil on skeletal and cardiac muscle in Becker muscular 

dystrophy. Ann Neurol 2014.

252.  Kyriakides T, Angelini C, Schaefer J et al. EFNS review on the role of muscle biopsy in the investigation of 

myalgia. Eur J Neurol 2013;20(7):997-1005.

253.  Miller TM, Layzer RB. Muscle cramps. Muscle Nerve 2005;32(4):431-442.

254.  Witting N, Duno M, Vissing J. Deletion of exon 26 of the dystrophin gene is associated with a mild Becker 

muscular dystrophy phenotype. Acta Myol 2011;30(3):182-184.

255.  Samaha FJ, Quinlan JG. Myalgia and cramps: dystrophinopathy with wide-ranging laboratory findings. J 

Child Neurol 1996;11(1):21-24.

256.  Mostacciuolo ML, Miorin M, Pegoraro E et al. Reappraisal of the incidence rate of Duchenne and Becker 

muscular dystrophies on the basis of molecular diagnosis. Neuroepidemiology 1993;12(6):326-330.

257.  Na SJ, Kim WJ, Kim SM, Lee KO, Yoon B, Choi YC. Clinical, immunohistochemical, Western blot, and genet-

ic analysis in dystrophinopathy. J Clin Neurosci 2013;20(8):1099-1105.

258.  Doriguzzi C, Palmucci L, Mongini T, Chiado-Piat L, Maniscalco M, Restagno G. Systematic use of dystro-

phin testing in muscle biopsies: results in 201 cases. Eur J Clin Invest 1997;27(4):352-358.

259.  Nicholson LV, Johnson MA, Davies KE. Integrated dystrophin analysis using immunocytochemical, bio-

chemical and genetic techniques. Basic Appl Histochem 1990;34(3):169-175.

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   147 15-9-2014   13:25:48



148

Appendices

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   148 15-9-2014   13:25:48



149

cv

Curriculum vitae

Curriculum Vitae

Chiara Straathof was born on 6 December 1963 in Eindhoven. She grew up in Valkenswaard 

and in 1973 she moved to The Hague where she graduated from high school (Gymna-

sium β) at the Aloysius College in 1982. After this, she started her medical training at the 

Rijksuniversiteit Leiden. In 1987 she worked for six months as a research student at the 

Department of Neurology at the Johns Hopkins University, Baltimore, U.S.A. (prof. D.S. Zee) 

and studied the Optokinetic After-nystagmus in healthy subjects. The report was awarded 

a “Hippocrates studiefonds-prijs” in 1988. In 1990 she followed a clinical fellowship Neu-

rology at the National Hospital for nervous diseases, Queen Square, London (dr. A.E. Hard-

ing) for three months. After obtaining her medical degree in May 1990 she worked as a 

house officer in Internal Medicine at “Ziekenhuis de Lichtenberg”, at present Meander MC, 

in Amersfoort (dr. H.Ch. Hart). 

From 1992 to 1998 she was resident in Neurology at the Dijkzigt Hospital, at present Eras-

mus MC, in Rotterdam (Prof. dr. F.G.A. van der Meché). In 1994 she received a research 

fellowship from the Dutch Cancer Society (de Nederlandse Kankerbestrijding) and did a 

research project on chemotherapy for malignant glioma in a rat model at the Daniel den 

Hoedkliniek in Rotterdam (Prof. dr J.H.M. Schellens, Prof. dr M.J. van den Bent), followed by 

an internship Neuro-oncology (dr. Ch.J. Vecht) in the same clinic. 

As a neurologist she worked for six months at the Erasmus MC, at the departments of 

Neurology and Clinical Neurophysiology. From 1999 to 2002 she worked as a neurologist 

in the Bronovo Ziekenhuis in The Hague and since 2002 she is member of the clinical staff 

Neurology at the Leiden University Medical Center (LUMC). She received a clinical fellow-

ship Neuro-myology from the Prinses Beatrix Spierfonds and was trained at the LUMC 

(Prof. dr. J.J.G.M. Verschuuren), the Academic Medical Center (Prof. dr. M. de Visser) and the 

University Medical Center Utrecht (Prof. dr. J. Wokke), followed by registration as neuro- 

myologist in 2006. 

In 2007 she started the studies for her PhD (Prof. dr. J.J.G.M. Verschuuren). 

At present she is involved in the care of adult patients with neuromuscular disorders in the 

LUMC and participates in the multidisciplinary clinic for young adults with muscular dys-

trophies. Concurrently she is head of the Outpatient Department of Neurology since 2011.

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   149 15-9-2014   13:25:48



150

Appendices

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   150 15-9-2014   13:25:48



151

pUB

List of publications

List of publications

N. Doorenweerd, C.S.M. Straathof, E.M. Dumas, P. Spitali, I.B. Ginjaar, B.H. Wokke, D.G. 

Schrans, J.C. van den Bergen, E.W. van Zwet, A. Webb, M.A. van Buchem, J.J. Verschuuren, 

J.G. Hendriksen, E.H. Niks, H.E. Kan. Reduced cerebral grey matter and altered white matter 

in boys with Duchenne muscular dystrophy. 

Ann Neurol 2014 epub Jul 10. doi: 10.1002/ana.24222. 

J.C. van den Bergen, H.B. Ginjaar, A.J. van Essen, R. Pangalila, P.J. Wijkstra, M.P. Zijnen, N.A.M. 

Cobben, M.J. Kampelmacher, B.H.A. Wokke, I.F.M. de Coo, J.M. Fock, A.M.C. Horemans, M. 

van Tol, E.Vroom, M.E.B. Rijlaarsdam, C.S.M. Straathof, E.H. Niks, J.J.G.M. Verschuuren. For-

ty-five years of Duchenne muscular dystrophy in the Netherlands. 

Journal of Neuromuscular diseases 2014; 1: 99-110

C.S.M. Straathof, N. Doorenweerd, B.H.A. Wokke, E.M. Dumas, J.C. van den Bergen, M .A. 

van Buchem, J.G.M. Hendriksen, J.J.G.M. Verschuuren, H.E. Kan. Temporalis muscle hyper-

trophy and reduced skull eccentricity in Duchenne muscular dystrophy. 

J Child Neurology. 2014 epub March 19

J.C. van den Bergen, S.M. Schade van Westrum, L. Dekker, A. J. van der Kooi, M de Visser, 

B.H. Wokke, C.S.M. Straathof, M.A. Hulsker, A. Aartsma-Rus, J.J. Verschuuren, H.B. Ginjaar. 

Clinical characterisation of Becker muscular dystrophy patients predicts favourable out-

come in exon-skipping therapy. 

J Neurol Neurosurg Psychiatry. 2014;85:92-8 

A.J. van der Kooi, L. ten Dam, W.S. Frankhuizen, C.S.M. Straathof, P.A. van Doorn, M. de 

Visser, I.B. Ginjaar. ANO 5 mutations in the Dutch limb girdle muscular dystrophy popula-

tion. Neuromuscul Disord. 2013;23:456-60 

K. Anthony, S. Cirak, S. Torelli, G. Tasca, L. Feng, V. Arechavala-Gomeza, A. Armaroli, M. Gug-

lieri, C.S.M. Straathof, J.J. Verschuuren, A. Aartsma-Rus, P. Helderman-van den Enden, K. 

Bushby, V. Straub, C. Sewry, A. Ferlini, E. Ricci, J.E. Morgan, F. Muntoni. Dystrophin quantifi-

cation and clinical correlations in Becker muscular dystrophy:implications for clinical trials. 

Brain. 2011;134:3547-59 

 

J.C. van den Bergen, C.S.M. Straathof, A.Aartsma-Rus, H.B. Ginjaar en J.J.G.M. Verschuuren. 

Experimentele therapie bij Duchenne-spierdystrofie. NTVG 2009;153:870-5

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   151 15-9-2014   13:25:48



152

Appendices

A.T.J.M. Helderman-van den Enden*, C.S.M. Straathof*, A. Aartsma-Rus, J.T. den Dunnen, 

B.M. Verbist, E. Bakker, J.J.G.M. Verschuuren, H.B. Ginjaar. Becker muscular dystrophy pa-

tients with deletions around exon 51; a promising outlook for exon skipping therapy in 

Duchenne patients. Neuromuscul Disord. 2010 Apr;20(4):251-4 

*) both authors contributed equally

C.S.M. Straathof, W.C.G. Overweg-Plandsoen, G.J. van der Burg, A.J. van der Kooi, J.J.G.M. 

Verschuuren, I.J.M. de Groot. Prednisone 10 days on/10 days off in patients with Duchenne 

Muscular dystrophy. J Neurol. 2009;256:768-73

C.S.M. Straathof, L.M. Kortbeek, H. Roerdink, P.A.E. Sillevis Smitt, M.J. van den Bent. A soli-

tary spinal cord toxoplasma lesion after peripheral stem-cell transplantation. 

J.Neurol. 2001;248:814-815

C.S.M. Straathof, H.G. de Bruin, D.W.J. Dippel, Ch.J. Vecht. The diagnostic accuracy of MRI 

and cerebrospinal fluid cytology in leptomeningeal metastasis. 

J. Neurol.1999;246:810-814

C.S.M. Straathof, M.J. van den Bent, W.J. Loos, Ch.J. Vecht, J.H.M. Schellens. The accumu-

lation of topotecan in 9L glioma and in brain parenchyma with and without dexametha-

sone administration. 

J Neurooncol.1999; 42:117-122

C.S.M. Straathof, M.J. van den Bent, J. Ma, P.I.M. Schmitz, J.M. Kros, G. Stoter, Ch.J. Vecht, 

J.H.M. Schellens. The effect of dexamethasone on the uptake of cisplatin in 9L glioma and 

the area of brain around tumor. 

Journal of Neurooncol.1998;37:1-8

J.P. Flipse, C.S.M. Straathof, J. van der Steen, A.F. van Leeuwen AF, P.A. van Doorn, F.G. van 

der Meché, H. Collewijn. Binocular saccadic eye movements in multiple sclerosis. 

J. Neurol Sci. 1997;148:53-65

M.A. Tijssen, C.S.M. Straathof, T.C. Hain, D.S. Zee. Optokinetic afternystagmus in humans: 

normal values of amplitude, time constant, and asymmetry. 

Ann Otol Rhinol Laryngol. 1989;98:741-6

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   152 15-9-2014   13:25:48



153

pUB

List of publications

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   153 15-9-2014   13:25:48



154

Appendices

c-straathof-binnenwerk_zw_100gprint_3mmbleed-versie2.indd   154 15-9-2014   13:25:48



155

D

Dankwoord 

Dankwoord

Dit proefschrift was niet tot stand gekomen zonder de bereidheid van patiënten om mee 

te werken aan de studies. Ik wil hierbij de jongens met Duchenne spierdystrofie en hun 

ouders bedanken voor hun deelname aan de MRI brein studie, hun geduld en hun altijd 

goede humeur.

Voor de retrospectieve studies naar Becker spierdystrofie waren patiënten bereid, soms 

jaren nadat zij voor het eerst een neuroloog bezocht hadden, opnieuw hun verhaal te 

vertellen en zich te laten onderzoeken. Mijn waardering hiervoor is groot. 

Veel respect verdient de patiëntenvereniging Duchenne Parent Project en haar voorzitter 

Elizabeth Vroom om de niet aflatende inzet voor de patiënten met Duchenne spierdystro-

fie en de ondersteuning van wetenschappelijke studies naar dystrofinopathie. 

Een van de leukste kanten van het doen van onderzoek is voor mij het contact en de 

samenwerking met collega’s van andere afdelingen. Ik was vanaf het begin betrokken 

bij het MRI breinonderzoek bij Duchenne spierdystrofie. Het is fantastisch om te zien 

hoe dit project zich ontwikkeld heeft met fulltime inzet van Nathalie Doorenweerd en 

onder constructieve leiding van met name dr. Hermien Kan. Inmiddels is er een grote MRI 

onderzoeksgroep die zich bezighoudt met onderzoek van brein en spieren bij dystrofi-

nopathie. Van die groep wil ik met name bedanken voor de samenwerking Janneke van 

den Bergen, Nathalie Doorenweerd, dr. Eve Dumas, dr. Jos Hendriksen, dr. Hermien Kan, 

dr. Erik Niks en Beatrijs Wokke.

Het idee voor de studie uit hoofdstuk 6 ontstond toen ik samen met dr. Truus Plandsoen 

tijdens de startfase van ons multidisciplinair spreekuur voor kinderen met chronische spier-

ziekten meeliep met het Duchenne spreekuur van dr. Imelda de Groot destijds in revalidatie-

centrum De Trappenberg. Ik kijk terug op een fijne samenwerking met beiden. 

Daarnaast hebben ook vele anderen geholpen om bij de retrospectieve studies patiënten te 

traceren en oude, papieren, statussen na te slaan; zonder hun inzet waren de studies uit de 

hoofdstukken 2 en 3 niet mogelijk geweest. In het bijzonder wil ik de collega’s werkzaam in 

andere centra noemen: dr. Esther Brusse, prof. dr. Pieter van Doorn, Elly Ippel, dr. Anneke van 

der Kooi, Jan Post, dr. Aad Verrips, prof. dr. Marianne de Visser en dr. Nicol Voermans. 

De ideeën voor de studies van de hoofdstukken 2 en 3 zijn gegroeid bij de gezamenlijke 

besprekingen met de afdeling klinische genetica. Dr. Ieke Ginjaar heeft mij wegwijs ge-
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maakt in de genetische onderwerpen en geholpen met het interpreteren van data die 

zeer lang geleden zijn ingestuurd. Ik denk ook met plezier terug aan de samenwerking 

met dr. Paula Helderman bij ons gezamenlijke artikel uit hoofdstuk 3. 

Mijn belangstelling voor de neuromusculaire ziekten werd gewekt in Leiden, mede door 

het enthousiasme van prof. dr. Jan Verschuuren, die nu mijn promotor is. Het fellowship 

neuromusculaire ziekten was de kers op de taart, waarbij ik de gelegenheid kreeg om in 

drie centra klinische ervaring op te doen. Het was inspirerend en leerzaam de verschillen 

in stijl van werken te zien. 

De status aparte als staflid met promotieopdracht was niet altijd gemakkelijk. “It always 

seems impossible until it’s done” (Nelson Mandela) kan ik beamen. Ik heb het gewaardeerd 

dat mijn collega’s niet steeds vroegen hoe mijn proefschrift vorderde.

Hierbij wil ik gebruik maken van de gelegenheid om twee clinici waarvan ik veel geleerd 

heb postuum te noemen: dr. Peter Kreek, in leven internist in Amersfoort, en mijn eer-

ste supervisor. Zijn stijl van opleiden had iets onconventioneels, en hij nam het altijd op 

voor de (jonge) assistenten. Hij kwam, ook als hij geen dienst had, op zaterdag visite lo-

pen bij zijn eigen patiënten. Van zijn klinische blik heb ik veel geleerd en zijn lijfspreuk  

“Il faut cultiver notre jardin” (Voltaire) in herinnering gehouden.

Prof. dr. Herman Busch, in leven neuroloog in Rotterdam. Hij had een schat aan klinische 

kennis en ervaring en als assistent kon je altijd bij hem terecht met een vraag. Hij liet je 

overigens vooral zelf het antwoord te bedenken. 

Zonder een stabiel thuisfront was de eindfase niet bereikt. Lisette Visser is al ruim 10 jaar 

het rustpunt thuis na schooltijd voor de kinderen en zij zorgt dat wij als gezin in elk geval 

de helft van de week ’s-avonds op tijd warm eten. Ronald, rots in de branding, is er altijd 

wanneer nodig en ook bereid de flexibiliteit op te brengen die nodig is in een gezin met 

twee werkende ouders en schoolgaande kinderen. Tot slot, Laurine en Reinier, jullie zijn 

een bron van heel veel vreugde, en dankzij jullie is het gemakkelijker een hoop zaken 

relatief te zien.
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List of abbreviations

List of abbreviations 
aD   Autosomal dominant

aDHD  Attention-deficit and hyperactivity disorder 

aON  Antisense oligonucleotide

ar   Autosomal recessive

axD  Axial diffusivity

BMD  Becker muscular dystrophy

CK   Creatine kinase

CPt2  Carnitine palmitoyltransferase II

DM1  Myotonic dystrophy type 1

DM2  Myotonic dystrophy type 2

DMD  Duchenne muscular dystrophy

DtI  Diffusion tensor imaging

ECG  Electrocardiography

EFNS  European federation of neurological societies

EMG  Electromyography

Fa   Fractional anisotropy

FSIQ  Full scale intelligence quotient

Hr- MCa High resolution melting curve analysis

ICV  Intracranial volume

LDGa  Laboratory for Diagnostic Genome Analysis 

LGMD  Limb girdle muscular dystrophy

MD  Mean diffusivity

MH  Malignant hyperthermia

MLPa   Multiplex ligation-dependant probe amplification 

MMD   Miyoshi-type muscular dystrophy

MND   Motor neuron disease 

M-PCr  Multiplex-Polymerase chain reaction 

MrI   Magnetic resonance imaging 

NPE   Neuropsychological examination 

OCD   Obsessive-compulsive disorder 

PrOMM  Proximal myotonic myopathy 

rD   Radial diffusivity 

SD    Standard deviation 

SDS   Standard deviation score

SDQ   Strengths and Difficulties Questionnaire

SEM   Standard error of the mean

SMa   Spinal muscular atrophy 

SMN1   Survival motor neuron 1 

tBV  Total brain volume

U/l   Units/liter 

VBM   Voxel based morphometry 

WB   Western Blot analysis 

WCB   Wheelchair bound
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