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Abstract
Background: Two-dimensional (2D) measures have been proposed as potential proxies for whole-brain
volume in multiple sclerosis (MS).
Objective: To verify whether 2D measurements by routine MRI are useful in predicting brain volume or
disability in MS.
Methods: In this cross-sectional analysis, eighty-five consecutive Japanese MS patients—relapsing-remitting
MS (81%) and progressive MS (19%)—underwent 1.5 Tesla T1-weighted 3D MRI examinations to measure
whole-brain and grey matter volume. 2D measurements, namely, third ventricle width, lateral ventricle width
(LVW), brain width, bicaudate ratio, and corpus callosum index (CCI), were obtained from each scan.
Correlations between 2D measurements and 3D measurements, the Expanded Disability Status Scale
(EDSS), or processing speed were analysed.
Results: The third and lateral ventricle widths were well-correlated with the whole-brain volume (p<0.0001),
grey matter volume (p<0.0001), and EDSS scores (p= 0.0001, p= .0004, respectively).The least squares
regression model revealed that 78% of the variation in whole-brain volume could be explained using five
explanatory variables, namely, LVW, CCI, age, sex, and disease duration. By contrast, the partial correlation
coefficient excluding the effect of age showed that the CCI was significantly correlated with the EDSS and
processing speed (p<0.0001).
Conclusion:Ventricle width correlated well with brain volumes, while the CCI correlated well with age-inde-
pendent (i.e. disease-induced) disability.
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Introduction
Multiple sclerosis (MS) is a chronic autoimmune
disease of the central nervous system that is character-
ized by focal and diffuse inflammation and neurodegen-
eration leading to axonal loss.1 The brain volume (a
surrogate marker of brain atrophy) has been shown to
be a robust magnetic resonance imaging (MRI)
measure for assessing the neurodegenerative component
of the disease.2 The assessment of brain volume loss,
particularly grey matter (GM) volume loss, is of high
clinical relevance because it has substantial predictive
value with respect to long-term physical disability, cog-
nitive decline and disease progression.3

Several automated tools have been developed for cal-
culating brain volume loss in an accurate and reliable
way.2,4 However, standardized automated quantifica-
tion of the brain volume and its change over time is
not always possible using routine clinical scans
because the process is time-consuming and requires
preliminary preprocessing steps, including manual
or semiautomated segmentation of T2 hyperintense
white matter lesions that could impact brain volume
measurements. Thus, the identification of more
broadly applicable markers of brain volume loss
represents an important challenge to translate the
assessment of brain atrophy into clinical practice.5
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Quantitative two-dimensional (2D) measures, such as
third ventricle width, lateral ventricle width, brain
width, the corpus callosum index (CCI), and the
bicaudate ratio (BCR), have been proposed as poten-
tial proxies for whole-brain atrophy. Quantitative 2D
measures of brain volume include linear measures,
which can be quantified on a single-image section
with a distance tool on a computer workstation or
even by a ruler on hardcopy films.6 These 2D mea-
sures of brain atrophy have shown longitudinal sensi-
tivity to disease progression,7 meaningful correlations
with clinical findings,7,8 and strong associations with
3D measures of whole-brain atrophy.6,9 However, to
date, little data are available regarding which 2D
measure or their combination is the most accurate in
assessing whole-brain volume and disability.

Therefore, in this study, we attempted to clarify (i)
which of the 2D measures are accurate enough to
assess whole-brain volume; (ii) whether the 2D mea-
sures can also predict grey matter volume, physical
disability, and processing speed; and (iii) whether
the combination of several 2D measures would
improve accuracy in predicting whole-brain volume
in MS.

Methods

Patients
Eighty-five consecutive Japanese MS patients were
recruited cross-sectionally from the Department of
Neurology at Tohoku Medical and Pharmaceutical
University Hospital, Sendai, Japan between 2019
and 2020. The inclusion criteria were as follows: 1)
MS diagnosed according to the 2017 revisions of
the McDonald criteria10 and 2) age between 20 and
70 years. The exclusion criteria were as follows: 1)
neuromyelitis optica spectrum disorders (NMOSD)
or myelin oligodendrocyte glycoprotein (MOG)
antibody-associated disorders and 2) a history of psy-
chiatric illness other than stable depressive symptoms.
Aquaporin 4 (AQP4)-IgG and MOG-IgG were
detected with an in-house live-cell-based assay
using full-length human AQP4- or MOG-transfected
HEK 293 cells with IgG gamma-specific secondary
antibodies as performed in our previous reports.11,12

We used the Expanded Disability Status Scale
(EDSS)13 and Multiple Sclerosis Severity Score
(MSSS)14 to measure patient disability. Among the
85 MS patients, 74 who agreed to be evaluated for
their processing speed had undergone cognitive
assessments with CogEval (Biogen Inc.) (https://
apps.apple.com/us/app/cogeval/id1366437045).
CogEval is an iPad-based screening assessment

designed to evaluate cognitive function in patients
with MS and is based on and validated against the
Symbol Digit Modalities Test (SDMT).15,16 The
local institutional ethics committee at Tohoku
Medical and Pharmaceutical University approved
the study protocol (2017-2-011). Written informed
consent was obtained from all participants.

MRI acquisition
All study subjects were scanned on the same whole-
body 1.5 Tesla MRI system (MAGNETOM Aera,
Siemens, Germany) using a standardized acquisition
protocol, including a high-resolution sagittal
3-dimensional (3D) T1-weighted magnetization-
prepared rapid gradient-echo (MPRAGE) sequence
(repetition time (TR): 2730 ms; echo time (TE):
3.3 ms; inversion time (TI): 1000 ms; 176 slices;
field of view (FoV): 256 mm; measured isotropic
voxel size: 1× 1× 1 mm) and a sagittal 3D
fluid-attenuated inversion recovery (FLAIR)
sequence (TR: 5000 ms; TE: 335 ms; TI: 1800 ms;
176 slices; FoV: 256 mm; measured isotropic voxel
size: 1× 1× 1 mm).

Measurements of whole-brain and grey matter
volume and lesion volumes by icometrix
The 3D FLAIR and 3D T1 MPRAGE datasets
obtained from each patient were analysed using the
program “icobrain ms” by uploading the DICOM
data to the Icometrix website (http://icometrix.com)
as previously described.17 The IcoBrain MS quanti-
fies cross-sectional volumes with software based on
Nifty Seg.4

MRI postprocessing to measure 2d measures of brain
volume
Measurement of third ventricle width was performed
by measuring the width along the anteroposterior
midpoint of the third ventricle6 (Figure 1A). Lateral
ventricle width was determined along a plane corre-
sponding to the anteroposterior midpoint of the ven-
tricle on an anatomical level from an axial slice at
which the septum pellucidum remained thin6

(Figure 1B). Brain width was determined as the dis-
tance between two points on the cortical surface, mea-
sured at the same level and along the same line as the
lateral ventricle width6 (Figure 1C). The BCR was
defined as the minimum intercaudate distance
divided by brain width along the same line. The
BCR was measured in the FLAIR axial slice, where
the heads of the caudate nuclei were most visible
and closest to one another8 (Figure 1D). The CCI
was calculated according to the method proposed by
Figueira et al.18: on a mid-sagittal T1-weighted
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magnetic resonance image, a straight line was drawn
across the greatest anteroposterior axis of the CC, and
another straight line was drawn across its craniocaudal
axis at its midpoint, leading to points a, a’, b, b’, and
c, c’. The anterior, middle, and posterior segments of
the CC were then measured and normalized to the great-
est anteroposterior diameter of the CC based on the
formula CCI= (aa’+ bb’+ cc’)/ab19,20 (Figure 1E).
Each 2D measure of brain volume was examined manu-
ally and calculated by experienced readers (SA and JF).
Interrater agreement was studied by comparing the
ratings of two examiners.21 All MRI ratings were per-
formed in a randomized order while blinded to the clin-
ical assessments and the assessment of the other raters.

Longitudinal analysis
The whole-brain volumes, as obtained using the pre-
diction formula in conjunction with several 2D mea-
surements and clinical variables and as evaluated by
3D measurements, were evaluated chronologically
in patients for whom data were available at more
than three time points.

Statistical analysis
Statistical analyses were performed using JMP
version 16.0 software. For the assessment of normal
distributions, the Shapiro–Wilk test for normality
was used. Distributions of normally distributed quan-
titative variables are described as the mean (standard

Figure 1. Two-dimensional measures of brain atrophy.
Third ventricle width (A), lateral ventricle width (B; arrows), brain width (C; arrows), bicaudate ratio (BCR) (D), and corpus
callosum index (CCI) (E). (A) Measurement of third ventricle width was performed by measuring the width along the
anteroposterior midpoint of the third ventricle. (B) Lateral ventricle width was determined along a plane corresponding to the
anteroposterior midpoint of the ventricle on an anatomical level from an axial slice at which the septum pellucidum remained
thin. (C) Brain width was determined as the distance between two points on the cortical surface, measured at the same level
and along the same line as the lateral ventricle width. (D) The BCR was defined as the minimum intercaudate distance [solid
line] divided by brain width along the same line [dashed line]. The BCR was measured in the FLAIR axial slice, where the
heads of the caudate nuclei were most visible and closest to one another. (E) The CCI was calculated according to the method
proposed by Figueira et al.18: On a mid-sagittal T1-weighted magnetic resonance image, a straight line was drawn across the
greatest anteroposterior axis of the CC, and another straight line was drawn across its craniocaudal axis at its midpoint,
leading to points a, a’, b, b’, and c, c’. The anterior, middle, and posterior segments of the CC were then measured and
normalized to the greatest anteroposterior diameter of the CC, according to the formula (CCI= (aa’+ bb’+ cc’)/ab).
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deviation), whereas those of nonnormally distributed
quantitative variables are described as the median
(interquartile range). Interrater agreement analysis
was performed using the intraclass correlation coeffi-
cient (ICC). ICC values of <0.40 were considered
poor, 0.40–.75 fair to good, and >.75 excellent
based on statistical convention.21 Comparisons of
numerical variables between two disease groups
were performed by the Mann–Whitney U test, and
comparisons of categorical variables were performed
by the chi-square test Nonparametric correlations
between two quantitative variables were evaluated
using Spearman’s rank correlation coefficient (rho).
In the multivariate correlation analysis, we computed
the partial correlation coefficient. Statistical signifi-
cance was defined using an α level of 0.05, which,
after Bonferroni correction with a factor of 50 for
multiple comparisons, was equivalent to 0.001 for
this hypothetical exploratory study. A least squares
regression model was used for multiple regression
analysis. 2D measurements (of the third ventricle
width, lateral ventricle width, brain width, BCR,
and CCI), age, sex, and disease duration were consid-
ered as variables. To construct the final model, a step-
wise method was followed to select the best set of
predictors.

Results

Patient clinical profiles and MRI measurements
MS patients in the study (female/male= 64/21)
included those with relapsing-remitting MS (RRMS)
(n= 69, 81%) and progressive MS (PMS) (n= 16,
19%) (Table 1). The mean age of the patients was
40.7± 8.99 years, and the median disease duration
was 9 (IQR, 5.17–14.9) years. The median EDSS
score was 2.0 (IQR, 1.0–3.0), and the median MSSS
score was 1.76 (IQR, 0.57–3.94). In total, 78 of the
MS patients (92%) were being treated with disease-
modifying therapy (DMT): 2 patients were receiving
interferon beta (2%), 36 received fingolimod (43%),
33 received dimethyl fumarate (39%), and 7 received
natalizumab (8%). None of the patients had longitudi-
nal spinal cord lesions or sequelae of severe visual
impairment.

The mean whole-brain volume and grey matter
volume were 1482 (75.9) ml and 876 (43.9) ml,
respectively. The median FLAIR hyperintensity
volume was 4.25 (IQR, 2.02–10.2) ml. The median
lateral ventricle width, third ventricle width, CCI,
BCR, and brain width were 27.78 (IQR, 25.6–30),
4.44 (IQR, 3.33–6.12), 0.37 (IQR, 0.32–0.43), 0.14
(IQR, 0.12–0.16), and 133 (IQR, 130–138),

respectively. The interrater ICCs for the 2 raters
were 0.95, 0.95, 0.98, 0.97, and 0.95 for lateral ven-
tricle width, third ventricle width, CCI, BCR, and
brain width, respectively.

Patients with PMS had significantly longer disease
duration, higher EDSS and MSSS scores, and lesion
loads. They also showed more severe whole-brain
and grey matter volume loss when evaluated with
3D and 2D measurements.

MS patients evaluated for processing speed included
those with RRMS (n= 60, 81%) and PMS (n= 14,
19%) (Table 1). The mean age of the patients was
41.4 (8.8) years, and the median education level
was 14 (IQR, 12–15) years. The median raw score
of processing speed was 55.5 (IQR, 47–62). Clinical
and imaging profiles did not significantly differ
between the 74 MS patients evaluated for processing
speed and the 85 MS patients.

Correlation between MRI measurements and physical
disability or cognitive function
Age was significantly correlated with the whole-brain
volume (rho=−0.38, p= 0.0003) and grey matter
volume (rho=−0.63, p < 0.0001) (Table 2,
eFigure 1). Age was also significantly correlated
with the EDSS scores (rho= 0.4237, p= 0.0002).
The disease duration was found to be significantly
correlated with the whole-brain volume (rho=
−0.42, p< 0.0001), grey matter volume (rho=
−0.38, p= 0.0004), and EDSS (rho= 0.39, p=
0.0002) (eTable 1).

EDSS scores were significantly correlated with
whole-brain volume (rho=−0.52, p < 0.0001) and
grey matter volume (rho=−0.57, p < 0.0001), third
ventricle width (rho= 0.40, p= 0.0001), lateral ven-
tricle width (rho= 0.38, p= 0.0004), and BCR (rho
= 0.35, p= 0.0009) (Table 2, eFigure 2). In contrast,
the partial correlation coefficient excluding the
effect of age showed that the EDSS score significantly
correlated with whole-brain volume (rho=−0.48, p <
0.0001), grey matter volume (rho=−0.36, p=
0.0008), third ventricle width (r= 0.37, p= 0.0005),
and CCI (rho=−0.42, p< 0.0001).

The raw processing speed score was significantly cor-
related with whole-brain volume (rho= 0.45, p <
0.0001) and grey matter volume (rho= 0.45, p <
0.0001) (Table 3, eFigure 3). The correlation
between processing speed and age was not statisti-
cally significant (r=−0.3163, p= 0.006). The
partial correlation coefficient excluding the effect of

Multiple Sclerosis Journal—Experimental, Translational and Clinical

4 www.sagepub.com/msjetc



T
ab

le
1.

C
lin

ic
al

pr
ofi

le
s.

C
lin

ic
al

pr
ofi

le
s

M
S
(n
=
85

)
R
R
M
S
(n
=
69

)
P
M
S
(n
=
16

)

C
om

pa
ri
so
ns

be
tw
ee
n
R
R
M
S

an
d
P
M
S
(p

va
lu
e)

M
S
pa
tie
nt
s
ev
al
ua
te
d

fo
r
pr
oc
es
si
ng

sp
ee
d
(n
=
74

)

S
ex

(F
/M

)
64

/2
1

54
/1
5

9/
7

0.
07

a
55

/1
9

A
ge

*
40

.7
(8
.9
9)

39
.2

(8
.3
1)

46
.9

(9
.4
2)

0.
00

49
b

41
.4

(8
.8
)

D
ur
at
io
n
(y
ea
rs
)
**

9
(5
.1
7–

14
.9
)

8
(4
.2
1–

13
.3
)

17
.7

(9
.3
7–

25
)

0.
00

09
b

9.
13

(5
.2
5–

15
.4
)

E
D
S
S
sc
or
e
**

2
(1
–3
)

1
(0
–2

)
6
(3
.7
5–

6.
5)

<
0.
00

01
b

2
(1
–3
)

M
S
S
S
sc
or
e
**

1.
76

(0
.5
7–

3.
94

)
1.
13

(0
.4
2–

2.
88

)
5.
1
(3
.7
1–

8.
69

)
<
0.
00

01
b

1.
73

(0
.4
8–

3.
94

)
In
te
rf
er
on

be
ta

n
=
2
(2
%
)

n
=
2

n
=
0

n
=
2
(3
%
)

F
in
go

lim
od

n
=
36

(4
3%

)
n
=
24

n
=
12

n
=
33

(4
5%

)
D
im

et
hy

l
fu
m
ar
at
e

n
=
33

(3
9%

)
n
=
32

n
=
1

n
=
28

(3
8%

)
N
at
al
iz
um

ab
n
=
7
(8
%
)

n
=
6

n
=
1

n
=
7
(9
%
)

N
on

e
n
=
7
(8
%
)

n
=
5

n
=
2

n
=
4
(5
%
)

W
ho

le
-b
ra
in

vo
l
(m

l)
*

14
82

(7
5.
9)

15
06

(5
6.
4)

13
80

(6
2.
8)

<
0.
00

01
b

14
80

(7
4.
8)

G
re
y
m
at
te
r
vo

l
(m

l)
*

87
6
(4
3.
9)

88
8
(3
6.
8)

83
1
(4
3.
4)

<
0.
00

01
b

87
5
(4
0.
9)

F
L
A
IR

hy
pe
r
in
te
ns
ity

vo
l
(m

l)
**

4.
25

(2
.0
2–

10
.2
)

3.
73

(1
.4
3–

7.
45

)
15

.9
(6
.5
9–

20
.9
)

0.
00

01
b

5.
03

(2
.1
7–

11
.0
)

L
at
er
al

ve
nt
ri
cl
e
w
id
th

(m
m
)
**

27
.8

(2
5.
6–

30
)

26
.7

(2
5–

27
.8
)

31
.7

(2
8.
3–

37
.8
)

<
0.
00

01
b

27
.8

(2
5.
6–

30
)

T
hi
rd

ve
nt
ri
cl
e
w
id
th

(m
m
)
**

4.
44

(3
.3
3–

6.
12

)
4.
44

(2
.2
2–

5)
7.
78

(5
.5
6–

8.
89

)
<
0.
00

01
b

4.
44

(3
.3
3–

6.
67

)
C
or
pu

s
ca
llo

su
m

in
de
x
**

0.
37

(0
.3
2–

0.
43

)
0.
39

(0
.3
5–

0.
43

)
0.
26

(0
.2
–0
.3
2)

<
0.
00

01
b

0.
37

(0
.3
1–

0.
43

)
B
ic
au
da
te

ra
tio

**
0.
14

(0
.1
2–

0.
16

)
0.
13

(0
.1
1–

0.
15

)
0.
2
(0
.1
6–

0.
21

)
0.
00

02
b

0.
14

(0
.1
2–

0.
16

)
B
ra
in

w
id
th

(m
m
)
**

13
3
(1
30

–1
38

)
13

3
(1
30

–1
38

)
13

2
(1
28

–1
34

)
0.
23

b
13

3
(1
30

–1
38

)

A
bb
re
vi
at
io
ns
:
R
R
M
S
,
re
la
ps
in
g-
re
m
itt
in
g
M
S
;
P
M
S
,
pr
og
re
ss
iv
e
M
S
;
E
D
S
S
,
E
xp
an
de
d
D
is
ab
ili
ty

S
ta
tu
s
S
ca
le
;
M
S
S
S
,
M
S
S
ev
er
ity

S
co
re
;
vo
l,
vo
lu
m
e.

*M
ea
n
(s
ta
nd
ar
d
de
vi
at
io
n)
.*
*
M
ed
ia
n
(i
nt
er
qu
ar
til
e
ra
ng
e)
.p

va
lu
e
a ,
p
va
lu
e
ev
al
ua
te
d
by

P
ea
rs
on
’s
ch
i-
sq
ua
re
d
te
st
p
va
lu
e
b
,p

va
lu
e
ev
al
ua
te
d
by

th
e
M
an
n–
W
hi
tn
ey

U
te
st
.

Ajitomi et al.

www.sagepub.com/msjetc 5



age showed that the raw processing speed score was
significantly correlated with whole-brain volume
(rho= 0.53, p< 0.0001), third ventricle width (rho=
−0.43, p= 0.0001), lateral ventricle width (r=
−0.40, p= 0.0005), BCR (r=−0.40, p= 0.0004),
and CCI (r= 0.50, p < 0.0001).

Correlation between 3d and 2d measurements
Among the five 2D measurements, lateral ventricle
width (rho=−0.67, p < 0.0001), third ventricle
width (rho=−0.62, p < 0.0001), CCI (rho= 0.60, p
< 0.0001), and BCR (rho=−0.57, p < 0.0001) sig-
nificantly correlated with whole-brain volume
(eFigure 4). Among the five 2D measurements,
third ventricle width (rho=−0.55, p < 0.0001),
lateral ventricle width (rho=−0.52, p < 0.0001),
and BCR (rho=−0.44, p < 0.0001) significantly
correlated with grey matter volume (eFigure 5,
Table 4).

Multiple regression analysis to predict whole-brain
volume
The least squares regression model revealed that approxi-
mately 78% of the variation in the whole-brain volume
could be explained by the regression equation using five
explanatory variables, namely, the lateral ventricle width,
CCI, age, sex, and disease duration (Figure 2). This com-
bination was found to be the best among several combina-
tions of explanatory variables to predict whole-brain
volume. The prediction formula was as follows:

Whole brain volume = 1605.7559289− 5.596965994

∗ lateral ventricle width
+ 368.87008708 ∗ CCI − 2.473944217 ∗ age
− 0.818994327 ∗ disease duration

+ Match (sex) (‘‘F" ⇒ 20.751685342, ``M}

⇒−20.75168534)
.

Table 2. Correlation coefficients between EDSS scores and MRI measurements.

Age EDSS

Whole-brain
volume

r=−0.3801, p= 0.0003 r=−0.5153, p < 0.0001 (r=−0.4796, p< 0.0001)

Grey matter
volume

r=−0.6258, p < 0.0001 r=−0.5712, p < 0.0001 (r=−0.3600, p= 0.0008)

Third ventricle
width

r= 0.2492, p= 0.0214 r= 0.4013, p= 0.0001 (r= 0.3703, p= 0.0005)

Lateral ventricle
width

r= 0.1367, p= 0.2122 r= 0.3750, p= 0.0004 (r= 0.2736, p= 0.0118)

Bicaudate ratio r= 0.1358, p= 0.2153 r= 0.3545, p= 0.0009 (r= 0.3411, p= 0.0015)
Corpus callosum
index

r=−0.0334, p= 0.7613 r=−0.3332, p= 0.0018 (r=−0.4234, p< 0.0001)

Brain width r=−0.033, p= 0.7644 r=−0.0816, p= 0.4580 (r=−0.1102, p= 0.3183)

Values in parentheses indicate partial correlation coefficients and p values excluding the effect of age.

Table 3. Correlation coefficients between processing speed and MRI measurements.

Processing speed

Whole brain volume r= 0.4547, p < 0.0001 (r= 0.5284, p < 0.0001)
Grey matter volume r= 0.4470, p < 0.0001 (r= 0.3585, p= 0.0018)
Third ventricle width r=−0.3641, p= 0.0014 (r=−0.4322, p= 0.0001)
Lateral ventricle width r=−0.2468, p= 0.034 (r=−0.3970, p= 0.0005)
Bicaudate ratio r=−0.3386, p= 0.0032 (r=−0.4042, p= 0.0004)
Corpus callosum index r= 0.2946, p= 0.0108 (r= 0.5005, p < 0.0001)
Brain width r= 0.0746, p= 0.5278 (r= 0.1183, p= 0.3187)

Values in parentheses indicate partial correlation coefficients and p values excluding the effect of age.
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Table 4. Correlation coefficients between 3D and 2D measurements.

Whole-brain volume Grey matter volume

Third ventricle width r=−0.6263,
p< 0.0001

(r=−0.6687,
p < 0.0001)

r=−0.5537,
p < 0.0001

(r=−0.5784,
p < 0.0001)

Lateral ventricle width r=−0.6669,
p< 0.0001

(r=−0.7383,
p < 0.0001)

r=−0.5174,
p < 0.0001

(r=−0.5566,
p < 0.0001)

Bicaudate ratio r=−0.5709,
p< 0.0001

(r=−0.6519,
p < 0.0001)

r=−0.437,
p < 0.0001

(r=−0.5104,
p < 0.0001)

Corpus callosum index r= 0.5995,
p< 0.0001

(r= 0.7256,
p < 0.0001)

r= 0.2653,
p= 0.0141

(r= 0.408,
p= 0.0001)

Brain width r=−0.0170,
p= 0.8776

(r=−0.0076,
p= 0.9456)

r=−0.25,
p= 0.021

(r=−0.3198,
p= 0.003)

Values in parentheses indicate partial correlation coefficients and p values excluding the effect of age.

Figure 2. Multiple regression analysis.
The least squares regression model revealed that approximately 78% of the variation in the whole-brain volume could be
explained by the regression equation using five explanatory variables, namely, the lateral ventricle width, CCI, age, sex, and
disease duration. The prediction formula was as follows:
Whole brain volume = 1605.7559289− 5.596965994 ∗ lateral ventricle width
+368.87008708 ∗ CCI − 2.473944217 ∗ age− 0.818994327 ∗ disease duration
+Match (sex) (‘‘F" ⇒ 20.751685342, ``M} ⇒ −20.75168534).
R squared (R2) estimates the proportion of variation in the response that can be attributed to the model rather than to random
error. An R2 closer to 1 indicates a better fit to the data than an R2 closer to 0. The root-mean-square error (RMSE) estimates
the standard deviation of the random error.
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Whole-brain volume predicted by the abovemen-
tioned prediction formula and that evaluated by 3D
measurement mostly matched in each MS patient
(Figure 3).

Chronological changes in whole-brain volume
predicted by 2d measurements and evaluated by 3d
measurements
The whole-brain volumes, as obtained by the above-
mentioned prediction formula and as evaluated by
3D measurements, were also evaluated chronologic-
ally for two clinically stable patients for whom data
were available at more than three time points.
Patient 1 was a 38-year-old female RRMS patient
with a disease duration of 12 years and an EDSS
score of 3.5, and patient 2 was a 38-year-old female
RRMS patient with a disease duration of 14 years
and an EDSS score of 2. The changes in the whole-
brain volumes, as obtained using the abovementioned
prediction formula and as evaluated by 3D measure-
ments, with time were similar for patient 1 but slightly
different for patient 2 (Figure 4).

Discussion
In this study, we evaluated five 2D measures (third
ventricle width, lateral ventricle width, brain width,
CCI, and BCR) for the assessment of EDSS, proces-
sing speed, whole-brain volume, and grey matter
volume in MS. We found that whole-brain volume
was significantly correlated with lateral ventricle
width, third ventricle width, CCI, and BCR, while
the lateral and third ventricle widths showed stronger
correlations than others. In contrast, grey matter
volume and EDSS were significantly correlated with

third ventricle width, lateral ventricle width, and
BCR, while the third and lateral ventricle width
showed stronger correlations than others. These
results indicated that the third and lateral ventricle
widths could be considered the most useful measure-
ments for the assessments of EDSS, whole-brain
volume, and grey matter volume in our MS cohort.
In contrast, when we excluded the effect of age,
both EDSS and processing speed were significantly
correlated with third ventricle width and CCI, while
both were most significantly correlated with CCI.
Furthermore, a prediction formula using five explana-
tory variables, namely, the lateral ventricle width,
CCI, age, sex, and disease duration, most effectively
explained the whole-brain volume when assessed
cross-sectionally and possibly over time.

Regarding the third ventricle width, a recent study
reported a positive moderate correlation between the
third ventricle width and EDSS scores (rs = 0.42, p<
0.01), whereas the correlation between CCI and EDSS
scores was statistically significant but weak (rs = −
0.36, p<0.01).2 In contrast, the study also reported that
the correlations of third ventricle width and CCI with nor-
malized brain volume were similar (approximately r=
−0.55 and r=0.55, respectively).2 These results were
basically in accordance with our results. In contrast, our
study also found that third ventricle width was signifi-
cantly correlated with grey matter volume.

A recent analysis of 2D linear measures of ventricular
enlargement, such as frontal horn width, intercaudate
distance, third ventricle width, and 4th ventricle
width, in relapsing-remitting MS patients also

Figure 3. Whole-brain volume predicted by 2D measurements and that evaluated by 3D measurements.
The horizontal axis represents the 85 MS patients included in this study. The y-axis represents the whole-brain volume.
Whole-brain volume predicted by the prediction formula using 2D measurements and that evaluated by 3D measurements
mostly matched in each MS patient.
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reported that normalized intercaudate distance and
third ventricle width showed moderate negative corre-
lations with normalized brain volume (rho= − 0.484,
p < 0.001; rho= − 0.439, p< 0.001, respectively).5

Moreover, after accounting for age, sex, and disease
duration, EDSS scores were moderately associated
with normalized intercaudate distance (adjusted R2
= 0.203, p < 0.001) and third ventricle width (adjusted
R2= 0.276, p < 0.001).5 Since whole-brain volume
loss mainly reflects the degree of diffuse supratentor-
ial brain volume loss in MS,17 we assumed that lateral
ventricular enlargement would represent whole-brain
volume loss in MS.

In contrast, when we excluded the effect of age, the
CCI was most significantly correlated with EDSS
and processing speed. The corpus callosum is the
primary commissural region of the brain consisting
of white matter tracts that connect the left and right
cerebral hemispheres. In MS, the corpus callosum is
significantly affected by both focal lesions and
Wallerian degeneration. Meanwhile, the corpus callo-
sum is normally relatively resistant to age-related
changes in healthy individuals.21 Indeed, in our
study, the correlation with age was lower in CCI
than in third and lateral ventricle width and BCR. A
recent study also suggested that the influence of

normal ageing on volume loss might not be equivalent
in various anatomical sites.22 Therefore, we consid-
ered that CCI might be less affected by age among
2D measurements.

Structural disconnection of the corpus callosum due
to axonal damage is thought to contribute to the devel-
opment of cognitive dysfunction in MS. Corpus callo-
sum has been widely appreciated in MS and correlates
with the level of cognitive impairment.23 A recent
investigation of white matter microstructure in MS
showed that processing speed function is associated
preferentially with the level of integrity of commis-
sural and frontal associative white matter tracts: the
body of the corpus callosum, the anterior thalamic
radiations and the inferior fronto-occipital fascic-
ulus.24 Since the corpus callosum must be involved
in processing speed and is less affected by age, CCI
can be one of the most useful 2D measurements to
evaluate disease-induced and age-independent
declines in processing speed, while processing
speed can be decreased by normal ageing.

We also showed that a prediction formula using five
explanatory variables, namely, the lateral ventricle
width, CCI, age, sex, and disease duration, could
effectively explain the whole-brain volume.

Figure 4. Chronological changes in whole-brain volume predicted by 2D measurements and evaluated by 3D
measurements.
The whole-brain volume predicted by 2Dmeasurements and that evaluated by 3Dmeasurements were evaluated over time in
patient 1 (a 38-year-old female RRMS patient with a disease duration of 12 years and an EDSS score of 3.5) and patient 2
(a 38-year-old female RRMS patient with a disease duration of 14 years and an EDSS score of 2). The changes in the
whole-brain volumes, as obtained using the abovementioned prediction formula and as evaluated by 3D measurements, with
time were similar for patient 1 but slightly different for patient 2.
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Although the whole-brain volume evaluated by 3D
measurements transiently increased mildly, that pre-
dicted by 2D measurements did not. Brain volume
measurements might have been affected by biological
factors, such as lifestyle habits (e.g. alcohol, smoking,
dehydration), and concomitant pathologic conditions
that need to be taken into account when interpreting
brain atrophy, particularly in the assessment of indivi-
dual patients.1,25,26 However, since we demonstrated
longitudinal observation in only a few patients, we
need to conduct further study in a large number of
patients to confirm the discrepancy.

Our study has several limitations. First, this investiga-
tion was a single-centre study performed with a limited
sample of Japanese MS patients; therefore, the results
might have been influenced by selection bias.
Furthermore, this categorization scheme may not be
appropriate for other cohorts, since Japanese MS
patients may have a slightly milder clinical course27

and a slower rate of atrophy than Caucasian patients.28

However, there is general agreement that the
Western-type MS observed in Asia is not fundamentally
different from that observed in typical MS of the
Caucasian population once NMO and NMOSDs have
been excluded.29 Furthermore, this study is primarily
cross sectional - a significant limitation for a study of
brain atrophy. In the future, a multicentred longitudinal
dataset is needed to perform a complete assessment of
these measures and to obtain generalizability of the
results. Moreover, a healthy control group should be
included to validate the stability of those surrogate mea-
sures of brain tissue volumes.

In conclusion, in the treatment of MS patients, routine
brain volume measures are valuable for the early evalu-
ation of treatment responses and the prediction of
disease evolution.4 In an ideal setting, or in best practice,
3D scans should be acquired, even if 2D atrophy mea-
surements are applied, as has been performed in most
large MS centres. However, the acquisition of 3D
scans is not always possible, especially in facilities
other than large MS centres. Our study suggests that
in these facilities 2D measurements obtained by
routine MRI can be used to conveniently predict brain
volume or disability in routine clinical practice.
Although 3D measurements, such as those obtained
using Icometrix, provide a more precise and detailed
evaluation of the brain volume than 2D measurements,
approximately 4–10 min is typically required to obtain
additional 3D MRI images with additional costs. By
contrast, 2D measurements do not involve 3D MRI
images or additional costs and only take a few
minutes when performed manually. Among several

2D measurements, the third and lateral ventricle
widths were the most useful measurements to evaluate
whole-brain and grey matter volume and physical dis-
ability. Furthermore, a prediction formula using 2D
measurements couldmore effectively explain the whole-
brain volume cross-sectionally and possibly over time.
In contrast, when we excluded the effect of age, the
CCI was most significantly correlated with physical dis-
ability and processing speed. Therefore, the CCI might
best reflect age-independent (i.e. disease-induced)
changes in physical disability and processing speed.

Acknowledgements

None.

Declaration of conflicting interests

IN is serving on scientific advisory boards for Biogen Japan
and Novartis Pharma and is receiving honouraria for speak-
ing engagements with Biogen Japan, Mitsubishi Tanabe
Pharma, Novartis Pharma, Takeda Pharmaceutical, and
Eisai. JF and SA report no disclosure.

Funding

IN is receiving research support from LSI Medience and is
funded by MHLW Program Grant Number 20FC1030 and
JSPS KAKENHI Grant Number 20K07892. JF and SA
report no disclosure.

Ethics approval

All procedures followed were in accordance with the ethical
standards of the responsible committee on human experi-
mentation (institutional and national) and with the
Helsinki Declaration of 1964, as revised in 2013.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of
interest with respect to the research, authorship, and/or publica-
tion of this article: Xxxxxxx. IN is serving on scientific advis-
ory boards for Biogen Japan and Novartis Pharma and is
receiving honouraria for speaking engagements with Biogen
Japan, Mitsubishi Tanabe Pharma, Novartis Pharma, Takeda
Pharmaceutical, and Eisai. JF and SA report no disclosure.

Funding

The author(s) disclosed receipt of the following financial
support for the research, authorship, and/or publication of
this article: This work was supported by the Japan Society
for the Promotion of Science (grant number 20K07892,
20FC1030).

ORCID iDs

Juichi Fujimori https://orcid.org/0000-0001-7170-7853
Ichiro Nakashima https://orcid.org/0000-0002-2612-
8948

Multiple Sclerosis Journal—Experimental, Translational and Clinical

10 www.sagepub.com/msjetc

https://orcid.org/0000-0001-7170-7853
https://orcid.org/0000-0001-7170-7853
https://orcid.org/0000-0002-2612-8948
https://orcid.org/0000-0002-2612-8948
https://orcid.org/0000-0002-2612-8948


Supplemental material

Supplemental material for this article is available online.

References

1. Zivadinov R, Jakimovski D, Gandhi S, et al. Clinical
relevance of brain atrophy assessment in multiple
sclerosis. Implications for its use in a clinical routine.
Expert Rev Neurother 2016; 16: 777–793. 2016/04/23.

2. Cappelle S, Pareto D, Tintoré M, et al. A validation
study of manual atrophy measures in patients with mul-
tiple sclerosis. Neuroradiology 2020; 62: 955–964.

3. Fujimori J, Fujihara K, Wattjes M, et al. Patterns of cor-
tical grey matter thickness reduction in multiple sclero-
sis. Brain Behav 2021; 11: e02050. 2021/01/29.

4. Sastre-Garriga J, Pareto D, Battaglini M, et al.
MAGNIMS Consensus recommendations on the use
of brain and spinal cord atrophy measures in clinical
practice. Nat Rev Neurol 2020; 16: 171–182.

5. Pontillo G, Cocozza S, Di Stasi M, et al. 2D Linear
measures of ventricular enlargement may be relevant
markers of brain atrophy and long-term disability pro-
gression in multiple sclerosis. Eur Radiol 2020; 30:
3813–3822.

6. Bermel RA and Bakshi R. The measurement and clin-
ical relevance of brain atrophy in multiple sclerosis.
Lancet Neurol 2006; 5: 158–170. 2006/01/24.

7. Simon JH, Jacobs LD, Campion MK, et al. A longitu-
dinal study of brain atrophy in relapsing multiple
sclerosis. The multiple sclerosis collaborative research
group (MSCRG). Neurology 1999; 53: 139–148.
1999/07/17.

8. Bermel RA, Bakshi R, Tjoa C, et al. Bicaudate ratio as a
magnetic resonance imaging marker of brain atrophy in
multiple sclerosis. Arch Neurol 2002; 59: 275–280.
2002/02/15.

9. Sharma J, Sanfilipo MP, Benedict RH, et al.
Whole-brain atrophy in multiple sclerosis measured
by automated versus semiautomated MR imaging seg-
mentation. AJNR Am J Neuroradiol 2004; 25: 985–996.
2004/06/19.

10. Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis
of multiple sclerosis: 2017 revisions of the McDonald
criteria. Lancet Neurol 2018; 17: 162–173. 2017/12/26.

11. Sato DK, Callegaro D, Lana-Peixoto MA, et al.
Distinction between MOG antibody-positive and
AQP4 antibody-positive NMO spectrum disorders.
Neurology 2014; 82: 474–481. 2014/01/15.

12. Takahashi T, Fujihara K, Nakashima I, et al.
Anti-aquaporin-4 antibody is involved in the pathogen-
esis of NMO: a study on antibody titre. Brain, J Neurol
2007; 130: 1235–1243. 2007/04/24.

13. Kurtzke JF. Rating neurologic impairment in multiple
sclerosis: an expanded disability status scale (EDSS).
Neurology 1983; 33: 1444–1452. 1983/11/01.

14. Roxburgh RH, Seaman SR, Masterman T, et al.
Multiple sclerosis severity score: using disability and
disease duration to rate disease severity. Neurology
2005; 64: 1144–1151. 2005/04/13.

15. Rao SM, Losinski G, Mourany L, et al. Processing speed
test: validation of a self-administered, iPad(®)-based tool
for screening cognitive dysfunction in a clinic setting.
Mult Scler 2017; 23: 1929–1937. 2017/01/13.

16. Kalb R, Beier M, Benedict RH, et al.
Recommendations for cognitive screening and manage-
ment in multiple sclerosis care. Mult Scler 2018; 24:
1665–1680. 2018/10/12.

17. Fujimori J, Fujihara K, Ogawa R, et al. Patterns of regio-
nal brain volume loss in multiple sclerosis: a cluster ana-
lysis. J Neurol 2020; 267: 395–405. 2019/10/28.

18. Figueira FF, Santos VS, Figueira GM, et al. Corpus cal-
losum index: a practical method for long-term
follow-up in multiple sclerosis. Arq Neuropsiquiatr
2007; 65: 931–935. 2007/12/21.

19. Fujimori J, Uryu K, Fujihara K, et al. Measurements
of the corpus callosum index and fractional anisot-
ropy of the corpus callosum and their cutoff values
are useful to assess global brain volume loss in multi-
ple sclerosis. Mult Scler Relat Disord 2020; 45:
102388. 2020/07/14.

20. Goncalves LI, Dos Passos GR, Conzatti LP, et al.
Correlation between the corpus callosum index and
brain atrophy, lesion load, and cognitive dysfunction
in multiple sclerosis. Mult Scler Relat Disord 2018;
20: 154–158. 2018/02/08.

21. Granberg T, Bergendal G, Shams S, et al. MRI-defined
corpus callosal atrophy in multiple sclerosis: a compari-
son of volumetric measurements, corpus callosum area
and index. J Neuroimaging 2015; 25: 996–1001. 2015/
03/20.

22. Azevedo CJ, Cen SY, Jaberzadeh A, et al. Contribution
of normal aging to brain atrophy in MS. Neurol
Neuroimmunol Neuroinflamm 2019; 6 2020/04/25.
DOI: 10.1212/nxi.0000000000000616.

23. Huang SY, Fan Q, Machado N, et al. Corpus callosum
axon diameter relates to cognitive impairment in multi-
ple sclerosis. Ann Clin Transl Neurol 2019; 6: 882–892.

24. Manca R, Stabile MR, Bevilacqua F, et al. Cognitive
speed and white matter integrity in secondary progres-
sive multiple sclerosis. Mult Scler Relat Disord 2019;
30: 198–207. 2019/02/26.

25. SormaniMP, Kappos L, Radue EW, et al. Defining brain
volume cutoffs to identify clinically relevant atrophy in
RRMS. Mult Scler 2017; 23: 656–664. 2016/07/15.

26. De Stefano N, Airas L, Grigoriadis N, et al. Clinical
relevance of brain volume measures in multiple sclero-
sis. CNS Drugs 2014; 28: 147–156. 2014/01/22.

27. Piccolo L, Kumar G, Nakashima I, et al. Multiple sclero-
sis in Japan appears to be a milder disease compared to
the UK. J Neurol 2015; 262: 831–836. 2015/01/22.

28. Akaishi T, Nakashima I, Mugikura S, et al. Whole brain
and grey matter volume of Japanese patients with multi-
ple sclerosis. J Neuroimmunol 2017; 306: 68–75. 2017/
04/08.

29. Polman CH, Reingold SC, Banwell B, et al. Diagnostic
criteria for multiple sclerosis: 2010 revisions to the
McDonald criteria. Ann Neurol 2011; 69: 292–302.
2011/03/10.

Ajitomi et al.

www.sagepub.com/msjetc 11

http://dx.doi.org/10.1212/nxi.0000000000000616

	 Introduction
	 Methods
	 Patients
	 MRI acquisition
	 Measurements of whole-brain and grey matter volume and lesion volumes by icometrix
	 MRI postprocessing to measure 2d measures of brain volume
	 Longitudinal analysis
	 Statistical analysis

	 Results
	 Patient clinical profiles and MRI measurements
	 Correlation between MRI measurements and physical disability or cognitive function
	 Correlation between 3d and 2d measurements
	 Multiple regression analysis to predict whole-brain volume
	 Chronological changes in whole-brain volume predicted by 2d measurements and evaluated by 3d measurements

	 Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


