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Abstract: A particular segmentation algorithm based on
IARD method was developed to estimate the total lesion
volumes of multiple sclerosis (MS) plaques. The method
has proven to be accurate, efficient, fast, and user
friendly. This study was successfully conducted in the
Ragnar Granit Institute with co-operation from Tampere University Hospital.
INTRODUCTION

Multiple Sclerosis is a demyelinating disease of the central nervous system characterizedby several (multiple) scars
(sclerosis). It is a disease of moderate climates which especially occurs in North America, northern Europe and New
Zealand

(l).

Sign and symptoms include fatigue, optic neu-

ritis, internuclear opthalmoplegia, chronic myelopathies,
Lhermittes sign, urge-incontinence, psychiatric and cognitive def-ects (2). It occurs more often in women than in men.
Fixed disability usually occurs at a given moment in time
and is expressed as EDSS score (Expanded Disability Status
Scale- a l0 point scale estimated by the clinician) (3).
Involvement of the immune system is suggested by CSF laboratory findings (raised IgG, OB,T cell changes) and serumfindings (changes in subsets of lymphocytes with reduction
in suppressor T8 T cells). The cardinal pathological f-eatures
are inflammation, edema, demyelination, gliosis and axonal
loss in the brain and spinal cord. All of these features will
increase the water content and produce high signal lesions
on T2 weighted MRI.

effbcts and blurring of the edge of the lesion can significantly be improved by reducing the slice thickness to 2 mm
and using 3-DT2 Fast Spin Echo sequences, thus increasing
the efficacy of volume estimation by MR segmentation.

METHODS AND MATERIALS
This prospective study of 12 patients with clinically confirmed chronic progressive Multiple Sclerosis is a part of ar
larger study of 25 patients with MS disease to be treated
with Beta-Interf-eron and followed up fbr the duration of 3
years. In addition to clinical and neuropsychological examinations the patients will undergo MR examination evely
year and a total volume estimation made by serniautomated
MR segmentation technique. The patients ages varied fiom
35 to 50 years. A detailed planned MR examination of every
patient included Tl,T2, Proton Density wei-qhted and
FLAIR sequences and contrzrst enhanced Tl weighted
images in the axial plane. In addition, ar 3-D last spin echo
(FSE) sequence was performed where twenty-one 2 mm
axial images were taken zrt a constant level in all patients
(fi'om the floor of the 4th ventricle to thc level o1'circumllex
semiovale). The parameters in this sequencc used to make

the volume estimation were TR=2000 ms, TE= 150 ms,
matrix =1921224, NEX= | , FOV=22 cm, and ETL= 16. Then
these images were transf'erred tcl another

UNIX workstation.

Segmentation was carried out utilizing a specific segmentation software developed in the Ragnar Granit Institute
[5]. The program was originally dcveloped to se-qment the
tissues of the brain but after some modilications it was able
to segment MS plaques semiuutomatically.

Segmentation proce dure consists o1' sevcral stages:
optional low-pass filtering, multiple amplitude segmentations, manual editing, and integration. At lrrst the original
MR image was amplitude segmented three times using dif-

l. T2 weighted MR image of the brain showing MS
plaques. On the right side, the plaques are emphasized.

Figure

To be useful MRI should be able to detect more disease

activity than is apparent clinically and should be predictive
of the clinical outcome. Apart from the rather good correlation of brain MR imaging abnormalities with neuropsychological impairment, the correlation of MR abnormalities
with EDSS score is variable but usually positive (4). Volume
estimates of the lesions from MR images serve as an important measure of the disease burden in long term fbllow-up of
patients. Precise determination of total multiple sclerosis
volume load is essential for assessment of disease progression and treatment efficacy. The problem of partial volume

ferent threshold coefficients. The results wcrc stored as three
independent bitmaps representing plaques (Fig. 2). Thereafter the images were modified manually usin,e particular editing tools, e.g., line drawing, polygcln lilling, rcgion growing,
etc. After editing, the three bitmaps were integrated to represent the MS plaques (Fig. 2).The reason why three bitmaps
were applied instead of one was due to difl'erent appearance
of MS plaques in intensity; When three threshold coefficient
were used, different plaques were detected with great accuracy. However, if the plaques appeared similar in intensity,
only one bitmap together with threshold coefficient was
used.

After segmentation the program enables three-dimensional displaying of the MS plaques (Fig. 3). Furthermore,
volumes of the plaques are reported. In addition, the segmented data can be stored and used later.

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 1, 1996

The 1Oth Nordic-Baltic Conference on Biomedical Engineering, June 9-13, 1996, Tampere, Finland

241

{""\
f

$o'

:'*

i.\

i_.\
.'LåA

r'l
i J.,
\b..

fl,

*,"

${
:,

\,;.

:'.*

:^1

al

':;..u .
+. '"
t

a\
:.r

"

R

\.;

r#

,*..
.'.1),-,

' \l".;

Å

..,
*i
*' ':'\

N
\}{

S)

-44

r

"(f

Patient

\,r li4

f

Patient

f'

.t\
i.t*

t'*

\,

$.$
'b

s
i-

\\
\

;'',-..

,li,

hS

,'}ii

-t*:

r:;i'.
S's-"-

' !,*J

Patient 4

Patient 5

Figure 2. The se-qmentation program together with three
amplitude segmented bitmaps.

Figure 3. Three-dimensional presentation of the

seg-

mented MS plaques in axial plane.

RESULTS AND DISCUSSION

Volume estimation made manually on the main console without segmentation is a very inaccurate and timeconsuming procedure. With the use of MR segmentation
using this 2 mm 3-D FSE technique the inaccuracies created by partial volume effect and lesion blurring can be
avoided and thus accurate estimation of plaque volume
load and effect of treatment on the volume load can be
made. In the future improvements shall be stressed on
minimizing the time consumed in volume estimation, 3-D
imaging of the plaques in all three, axial, coronal and sag-

Also total volume estimation of gliotic MS plaques in
chronic progressive MS disease and enhancing plaques in
acute MS disease shall be made because in both the diseases they bear a direct correlation to the patients prognosis.

Segmentation procedure has proved to be useful in
many medical applications including estimation of MS
plaque volumes, tumor volumes, brain atrophy, and the
volumes of the ventricular and subarachnoidal liquor.

ittal planes and eradicate the possibility of false lesions.
Table

l.

Comparison of total MS plaque load volumes and
clinical findinss

No

148
247
346
436
550
645
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par.
age

SvmDtoms/Slsns

EDSS
^
Score

Lesion

[ ] Barkhof Frederik. Gadolinium enhanced magnetic
resonance imaging in multiple sclerosis.
press, Amsterdam 1992

I

vol. cm'

spastlc paraparesls

4.5

1,220

spastic paraparesis

4.5

9,014

spastic.paraparesis

6.0

7,918

spastic paraparesis

5.0

17,316

spastic paraparesis

5.0

7

spastic paraparesis

6.0

I 1,315

))7
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