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a b s t r a c t

Previous neuroimaging studies have demonstrated structural brain alterations in blind subjects, but most
have focused on primary open angle glaucoma or retinopathy of prematurity, used low-field scanners, a
limited number of receive channels, or have presented uncorrected results. We recruited 10 blind and 10
age and sex-matched controls to undergo high-resolution MRI using a 3T scanner and a 32-channel
receive coil. We evaluated whole-brain morphological differences between the groups as well as manual
segmentation of regional hippocampal volumes. There were no hippocampal volume differences between
the groups. Whole-brain morphometry showed white matter volume differences between blind and
sighted groups including localised larger regions in the visual cortex (occipital gyral volume and thick-
ness) among those with blindness early in life compared to those with blindness later in life. Hence, in
our patients, blindness resulted in brain volumetric differences that depend upon duration of blindness.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Whilst brain structure has been extensively examined in nor-
mal subjects, relatively few studies have investigated patients with
blindness (Table 1). Many of these studies have reported regions of
increased size or thickness in blind subjects, whilst others have
found the opposite. For example, using a whole brain voxel-
based morphometry approach, Chen and colleagues [1] reported
that a bilateral advanced glaucoma study group (N = 15) compared
to a control group (N = 15) showed significantly decreased gray
matter volume in widespread regions such as the lingual gyrus,
calcarine gyrus, postcentral gyrus, and an array of frontal regions;
gray matter volume was significantly larger in the study group
than in the control group in occipital and parietal gyri, and left
occipital gyri. Zikou and colleagues [2] found reduction in the left

visual cortex volume, left LGN, and chiasm in those with POAG
(N = 18). Similarly, Yu and colleagues [3] found POAG patients
(N = 36) to show significant bilateral cortical thinning in the ante-
rior half of the visual cortex around the calcarine sulci (left BA17
and BA18, right BA17) and in some smaller regions located in the
left middle temporal gyrus (BA37) and fusiform gyrus (BA19) when
compared to 40 matched controls. In a smaller sample, Bridge and
colleagues [4] reported the banks of the calcarine sulci to be signif-
icantly thicker in six anophthalmic subjects compared with con-
trols. The authors hypothesized that a lack of visual input in
these patients from an early age may have prevented axonal and
synaptic pruning in this region hence resulting in thicker cortex.
Other groups have also found increased cortical thickness in these
regions in early/congenital blind subjects [5–8].

As Table 1 indicates, field strength, number of receive channels,
and voxel dimensions have been inconsistent in morphometric
MRI studies of blindness, as have the analysis methods employed.
Cause of blindness has also been heterogeneous. All of these factors
prevent strong conclusions from being formed.

http://dx.doi.org/10.1016/j.jocn.2016.01.040
0967-5868/� 2016 Elsevier Ltd. All rights reserved.

⇑ Corresponding author. Tel.: +61 3 9076 2404; fax: +61 3 9076 8545.
E-mail address: jerome.maller@monash.edu (J.J. Maller).

Journal of Clinical Neuroscience 33 (2016) 89–95

Contents lists available at ScienceDirect

Journal of Clinical Neuroscience

journal homepage: www.elsevier .com/ locate/ jocn

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocn.2016.01.040&domain=pdf
http://dx.doi.org/10.1016/j.jocn.2016.01.040
mailto:jerome.maller@monash.edu
http://dx.doi.org/10.1016/j.jocn.2016.01.040
http://www.sciencedirect.com/science/journal/09675868
http://www.elsevier.com/locate/jocn


Ta
bl
e
1

Pr
ev

io
us

st
ru

ct
ur

al
br
ai
n
M
RI

st
ud

ie
s
in

bl
in
d
pa

ti
en

ts

St
u
dy

C
li
n
ic
al

N
(M

:F
),
ag

e
(y
ea

rs
)

C
on

tr
ol

N
(M

:F
),
ag

e
(y
ea

rs
)

C
au

se
of

bl
in
dn

es
s

Sc
an

n
er

an
d
T1

-w
ei
gh

te
d

pa
ra
m
et
er
s

A
n
al
ys
is

te
ch

n
iq
u
e

Fi
n
di
n
gs

C
om

m
en

ts

A
n
u
ro
va

(2
01

5)
12

(5
:7
),
34

–5
8,

X
=
49

±
9.
2

12
(5
:7
),
X
=
45

±
10

.9
EB

3T
,1

2
ch

an
n
el

h
ea

d
co

il
,1

m
m

is
ot
ro
pi
c

B
ra
in
V
oy

ag
er

Q
X
C
or
ti
ca
l
th
ic
kn

es
s;

pr
es
el
ec
te
d
R
O
Is

"O
cc
ip
it
al
,f
ro
n
ta
l
ST

G
,s
u
pe

ri
or

pa
ri
et
al
,a

n
te
ri
or

ci
n
gu

la
te

12
ch

an
n
el

h
ea

d
co

il

B
ri
dg

e
(2
00

9)
6
(4
:2
),
18

–3
1,

X
=
24

.2
±
5.
2

6
(3
:3
),
X
=
27

.0
±
6.
0
an

d
20

(1
0:
10

),
20

–3
5,

X
=
28

.0
±
4.
6

A
n
op

h
th
al
m
ia

3T
,1

2
ch

an
n
el

h
ea

d
co

il
,1

m
m

is
ot
ro
pi
c.

PD
(f
or

LG
N
):

2
�

0.
75

�
0.
75

m
m

W
h
ol
e
br
ai
n
;
V
B
M

FS
L
an

d
FS

V
B
M
:
N
ot
h
in
g
w
h
en

co
rr
ec
te
d;

(u
n
co

rr
ec
te
d:

"P
ri
m
ar
y
vi
su

al
co

rt
ex

)
FS

:
"T

h
ic
kn

es
s
an

d
G
M

vo
lu
m
e

(c
or
re
ct
ed

)
ca
lc
ar
in
e
su

lc
u
s,
M
TG

,
pu

ta
m
en

.W
M
:
;t
h
al
am

u
s,

in
te
rn

al
ca
ps

u
le
,o

cc
ip
it
al
.S

m
al
le
r
LG

N
s.

12
ch

an
n
el

h
ea

d
co

il
;
ve

ry
sm

al
l

sa
m
pl
e

C
h
eb

at
(2
00

7)
10

(5
:5
),
23

–4
8,

X
=
38

.6
10

,2
4–

49
,X

=
34

.0
EB

1.
5T

,1
m
m

�
0.
94

�
0.
94

m
m

D
is
pl
ay

(o
n
ly

h
ip
po

ca
m
pu

s)
;
R
h
ip
po

ca
m
pa

l
ta
il

1.
5T

,l
ow

in
tr
a-
cl
as
s
re
li
ab

il
it
ie
s

(0
.7
3�

0.
98

)
C
h
en

(2
01

3)
15

(9
:6
),
40

–5
0,

43
.3

±
4.
1

15
(9
:6
),
X
=
43

.9
±
3.
8

PO
A
G

3T
,8

ch
an

n
el

h
ea

d
co

il
,1

m
m

is
ot
ro
pi
c

SP
M

;
G
M

li
n
gu

al
,c

al
ca

ri
n
e,

p
o
st
ce

n
tr
al
,S

FG
,I
FG

,r
ol
an

di
c

op
er
cu

lu
m
,i
n
fe
ri
o
r
o
cc
ip
it
al
,

pa
ra
ce
n
tr
al
,s
u
pr
am

ar
gi
n
al
,c

u
n
eu

s
"M

TG
,I
PG

,a
n
gu

la
r,
pa

ri
et
al
,

pr
ec
u
n
eu

s,
m
id
dl
e
oc

ci
pi
ta
l

8
ch

an
n
el

h
ea

d
co

il
;
fi
rs
t
re
du

ce
d

th
e
n
u
m
be

r
of

vo
xe

ls
en

te
ri
n
g
th
e

st
at
is
ti
ca
l
co

m
pu

ta
ti
on

D
ai

(2
01

1)
26

(2
1:
5)
,2

5–
58

,
X
=
35

.4
26

(2
1:
5)
,2

1–
57

,X
=
35

.4
PO

A
G

3T
,8

ch
an

n
el

h
ea

d
co

il
,1

m
m

is
ot
ro
pi
c,

PD
:
1.
8
�

0.
64

�
0.
64

(f
or

LG
N

m
ea

su
re
m
en

ts
)

A
dv

an
ta
ge

w
or
ks
ta
ti
on

(o
n
ly

LG
N
)

;L
G
N

h
ei
gh

t
an

d
vo

lu
m
e

8
ch

an
n
el

h
ea

d
co

il

Fo
rt
in

(2
00

8)
12

EB
(9
:3
),
19

–5
5,

X
=
33

.8
7
LB

(4
:3
),
22

–5
7,

X
=
33

.9

19
(1
3:
6)
,1

9–
56

,X
=
36

.0
EB

an
d
LB

1.
5T

,1
m
m

is
ot
ro
pi
c

D
is
pl
ay

(o
n
ly

h
ip
po

ca
m
pu

s)
"h

ip
po

ca
m
pa

lh
ea

d
(i
n
bo

th
EB

an
d

LB
co

m
pa

re
d
w
it
h
co

n
tr
ol
s)

1.
5T

G
u
pt
a
(2
00

9)
10

(3
:7
),
52

–7
6,

X
=
63

.1
±
7.
7

8
(3
:5
),
46

–7
1,

X
58

.6
±
10

.0
PO

A
G

1.
5T

,8
ch

an
n
el

h
ea

d
co

il
,4

m
m

ga
p

10
m
m
,P

D
:
2
m
m

an
d
A
v
=
5
(f
or

LG
N

m
ea

su
re
m
en

ts
)

M
ag

ic
w
eb

(o
n
ly

LG
N
)

;L
LG

N
h
ei
gh

t
1.
5T

,8
ch

an
n
el

h
ea

d
co

il

Ji
an

g
(2
00

9)
17

EB
(9
:8
),
15

–3
1,

X
=
22

.6
±
4.
0

19
LB

(1
2:
7)
,1

8–
35

),
X
=
24

.2
±
5.
0

29
(1
5:
14

),
X
=
22

.6
±
3.
1

EB
an

d
LB

3T
,1

m
m

is
ot
ro
pi
c

Fr
ee

Su
rf
er
;
w
h
ol
e
br
ai
n

;
L
te
m
po

ra
l
lo
be

"E
B
pr
im

ar
y
vi
su

al
co

rt
ex

(c
om

pa
re
d
w
it
h
co

n
tr
ol
s
or

LB
)

"E
B
L
fu
si
fo
rm

(c
om

pa
re
d
to

LB
)

A
n
al
ys
es

be
tw

ee
n
EB

an
d
LB

n
ot

co
rr
ec
te
d
fo
r
m
u
lt
ip
le

co
m
pa

ri
so

n
s

Le
po

re
(2
00

9)
22

(1
4:
8)
,

X
=
36

.9
±
11

.0
28

(1
7:
11

),
X
=
34

.1
±
10

.6
N
S

1.
5T

,0
.9
8
m
m

(n
ot
e:

th
is

is
N
S,

bu
t

m
at
ri
x
=
25

6
�

25
6
an

d
FO

V
=
25

0
m
m
)

D
is
pl
ay

(o
n
ly

h
ip
po

ca
m
pu

s)
"R

h
ip
po

ca
m
pa

l
h
ea

d
;
h
ip
po

ca
m
pa

l
ta
il

1.
5T

Le
po

re
(2
01

0)
16

EB
(1
0:
6)
,1

9–
55

,
X
=
36

.2
±
9.
8

16
LB

(1
0:
6)
,2

2–
56

,
X
=
38

.2
±
10

.2
)

32
(2
0:
12

),
di
vi
de

d
in
to
:

16
(1
0:
6)

22
–4

4,
35

.3
±
9.
5
(m

at
ch

ed
fo
r
EB

)
16

(1
0:
6)
,2

2–
57

,X
=
38

.2
±
10

.3
(m

at
ch

ed
fo
r
LB

)

EB
an

d
LB

1.
5T

,1
m
m

is
ot
ro
pi
c

A
N
IM

A
L,

M
u
lt
it
ra
ce
r
(f
or

C
C
),

B
ra
in
Su

it
e
(w

h
ol
e
br
ai
n
)

;
(E
B
an

d
LB

,b
u
t
gr
ea

te
r
in

EB
)
V
1/

V
2,

ci
n
gu

la
te
,L

SM
A
,P

M
A
,L

en
to
rh

in
al

"p
re
fr
on

ta
l,
pa

ri
et
al

su
bc

or
ti
ca
l

W
M
,c

er
eb

el
lu
m

;
(o
n
ly

EB
)
C
C
(s
pl
en

iu
m
,i
st
h
m
u
s)

1.
5T

M
an

ar
a
(2
01

4)
11

(6
:5
),
6–

45
,X

=
23

19
(6
:5
),
X
=
23

(6
–4

3)
A
ls
tr
om

Sy
n
dr
om

e
1.
5T

,3
2d

,1
m
m

is
ot
ro
pi
c

(r
ec
on

st
ru

ct
ed

to
1
�

0.
66

�
0.
66

m
m
)

SP
M
;
w
h
ol
e
br
ai
n

;G
M

an
te
ri
or

pa
rt

ca
lc
ar
in
e
co

rt
ex

an
d
fu
si
fo
rm

gy
ri

1.
5T

Pa
n
(2
00

7)
14

(7
:7
),
38

–5
8,

X
=
47

.1
±
5.
8

16
(8
:8
),
42

–5
5,

49
.8

±
4.
1

EB
1.
5T

,1
.2

�
0.
94

�
0.
94

m
m
,A

v
=
2.

SP
M
;
w
h
ol
e
br
ai
n

;
G
M

V
1
an

d
cu

n
eu

s/
li
n
gu

al
gy

ru
s

;
W

M
bi
la
te
ra
lo

pt
ic

ra
di
at
io
n
an

d
R

an
te
ri
or

te
m
po

ra
l
lo
be

1.
5T

Pa
rk

(2
00

9)
21

EB
(1
6:
5)
,1

7–
36

,
X
=
27

.1
±
5.
4

12
LB

(7
:5
),
18

–3
8,

X
=
28

.8
±
6.
6

35
(2
1:
14

),
22

–3
7,

26
.7

±
4.
1

C
B
an

d
LB

3T
,1

.2
�

0.
98

�
0.
98

m
m

Fr
ee

su
rf
er
;
w
h
ol
e
br
ai
n

C
B
:
"p

er
ic
al
ca
ri
n
e,

la
te
ra
l

o
cc
ip
it
al
,l
in
gu

al
;
L
so

m
at
os

en
so

ry
R
au

di
to
ry

co
rt
ex

(c
om

pa
re
d
to

LB
an

d
co

n
tr
ol
s)

Pt
it
o
(2
00

8)
11

(6
:5
),
22

–6
8,

X
=
33

.0
21

(1
1:
10

),
20

–5
4,

X
=
35

.6
C
B

1.
5T

,1
m
m

�
0.
94

�
0.
94

m
m

SP
M
;
w
h
ol
e
br
ai
n

;
w
h
ol
e
br
ai
n
G
M

an
d
W

M
;
G
M
:L

G
N
an

d
R
pu

lv
in
ar
s,
bi
la
te
ra
l

B
A
17

/1
8/
19

,M
TG

,c
au

da
te
,

po
st
er
io
r
H
ip
po

ca
m
pu

s,
R
SF

G
,R

IT
G
,R

la
te
ra
l
or
bi
ta
l,
R
in
su

la
r

;
W

M
:
sp

le
n
iu
m

C
C
,I
LF

,O
R
,f
or
n
ix

"W
M
:
FO

F,
SL

F,
ge

n
u
C
C

1.
5T

Sh
im

on
y
(2
00

6)
5
(3
:2
),
27

–5
4,

X
=
40

.4
7
(4
:3
),
20

–5
6,

X
=
34

.7
EB

1.
5T

,4
8d

,S
l=

1
�

1
�

1.
25

m
m

re
fo
rm

at
te
d
to

2.
5
m
m

is
ot
ro
pi
c

In
-h

ou
se
,3

D
Sl
ic
er
,a
n
d
A
n
al
yz

e;
LG

N
,

V
1/
V
2
W

M
an

d
G
M

;W
M

V
1/
V
2
(b
u
t
n
o
t
G
M
)

Sm
al
l
sa
m
pl
e
si
ze

;
1.
5T

;
T1

-
w
ei
gh

te
d
da

ta
re
fo
rm

at
te
d
to

lo
w

re
so

lu
ti
on

Tr
am

pe
l
(2
01

1)
13

(6
:7
),
21

–7
0,

X
=
46

15
(8
:7
),
20

–3
1,

X
=
25

C
B

7T
,2

4
ch

an
n
el

h
ea

d
co

il
,0

.5
m
m

is
ot
ro
pi
c

Si
gn

al
in
te
n
si
ty

of
St
ri
a
of

G
en

n
ar
i

St
ri
a
of

G
en

n
ar
i
is

de
te
ct
ab

le
in

C
B

su
bj
ec
ts

7T

V
os

s
(2
01

1)
14

EB
(1
0:
4)
,2

0–
59

,
X
=
38

.2
±
13

.8
13

LB
(5
:8
),
29

–6
0,

X
=
46

.6
±
8.
5

19
(8
:1
1)
,3

7.
6
±
12

.0
EB

an
d
LB

3T
,1

m
m

is
ot
ro
pi
c

C
IV
ET

EB
"L

li
n
gu

al
an

d
R
la
te
ra
lo

cc
ip
it
al

(c
om

pa
re
d
w
it
h
co

n
tr
ol
s)

LB
;
li
n
gu

al
,c

u
n
eu

s,
L
in
fe
ri
or
/

m
id
dl
e
oc

ci
pi
ta
l
(c
om

pa
re
d
w
it
h

co
n
tr
ol
s)

LB
;
li
n
gu

al
,c

u
n
eu

s,
fu
si
fo
rm

,
la
te
ra
lo

cc
ip
it
al

(c
om

pa
re
d
w
it
h
EB

)

90 J.J. Maller et al. / Journal of Clinical Neuroscience 33 (2016) 89–95



Download English Version:

https://daneshyari.com/en/article/5630013

Download Persian Version:

https://daneshyari.com/article/5630013

Daneshyari.com

https://daneshyari.com/en/article/5630013
https://daneshyari.com/article/5630013
https://daneshyari.com

