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Abstract
Objectives—Quantitative measurement of
lesion load on proton density or T2
weighted brain MRI in multiple sclerosis
is a widely used marker of disease pro-
gression in treatment trials and natural
history studies. However, it has proved
diYcult to obtain highly reproducible
measurements. Several factors account
for this, one of which is uncertainties in
lesion identification, particularly very
small white matter abnormalities. This
paper aims to ascertain the significance of
very small white matter abnormalities in
the measurement of lesion load in multi-
ple sclerosis.
Methods—All visible lesion areas identi-
fied by an experienced observer on proton
density weighted spin echo brain MRI
with 5 mm thick slices were measured by
using a contouring technique in 15 pa-
tients with secondary progressive multiple
sclerosis (SPMS) and 13 with relapsing
remitting multiple sclerosis (RRMS). The
size distribution of these lesions was
analysed.
Results—80% of the number of the lesions
were smaller than 80 mm2. Lesions that
were smaller than 10 mm2 (equivalent
diameter <3.5 mm)made up nearly 20% of
all lesions; their relative contribution to
the total lesion load varied from 0.0–5.7%
(mean=1.1%, median=0.65%) in indi-
vidual patients, and was larger when the
total lesion load was smaller (r = −0.65,
P<0.001). Median lesion size was signifi-
cantly smaller in the SPMS group than the
RRMS group.
Conclusions—The results suggest that it is
prudent to identify and measure small
lesions in evaluating treatment eVects,
and that measures are undertaken (for
example, using thinner slices such as 3
mm) to improve their detection.

(J Neurol Neurosurg Psychiatry 1997;63:452–455)
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Quantitative measurement of lesion load on T2
weighted brain MRI in multiple sclerosis is a
widely used marker of disease progression in
treatment trials.1 2 However, it has been
diYcult to measure lesion load with a high
degree of reproducibility. The coeYcient of

variation of measurement of lesion load
reported in the literature ranges from
2%–34%.3–7 This high variability has multiple
causes including diVerences in measurement
techniques, image quality, slice thickness,
scanner and rater performances, and lesion
identification strategy.
At present, no gold standard exists for lesion

identification and delineation. The consensus
review of experienced neuroradiologists has
been suggested as a best available “silver”
standard,8 but inconsistency exists, even in the
decisions of one radiologist made on diVerent
occasions. One particular diYculty is the lack
of consensus on whether very small white mat-
ter abnormalities on MRI are significant and
should be included as lesions for lesion volume
measurement. Throughout this report we use
the term small lesion to refer to white matter
lesions in multiple sclerosis, seen on MRI, that
are no larger than 3.5 mm in diameter.We have
surveyed a data base of multiple sclerosis
lesions to describe the distribution of lesion
sizes to elucidate whether small lesions should
be included and to what extent they influence
overall lesion load measurement.

Materials
PATIENTS

Twenty eight patients with clinically definite
multiple sclerosis9 were studied. The patients
had all been recruited into a double blind, pla-
cebo controlled trial of anti-CD4 antibody; full
details of the criteria for entry to this study are
published elsewhere.10 Fifteen of them had sec-
ondary progressive multiple sclerosis (SPMS)
and 13 relapsing remitting multiple sclerosis
(RRMS). Table 1 shows their clinical data.

MRI

Conventional dual spin echo axial proton den-
sity and T2 weighted MRI images were
acquired for all patients on a GE Signa 1.5T
scanner, using a birdcage head coil. The imag-
ing parameters were: SE 2000/34/90, 5 mm
thick contiguous interleaved slices, 256×256
matrix, 24 cm field of view, 1 excitation. The
total number of slices was 28 for each echo.
The scans were corrected for non-uniformity
of the coil before being analysed.11

ANALYSIS

The lesions were identified and then seg-
mented on the proton density weighted
scans—under the supervision of a radiologist
(MG-C)—by a neurologist who had two years
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of experience in lesion load measurement
(H-ML). The technique used for lesion
segmentation is a contouring method provided
by D Plummer (Dispimage@DPlummer, Uni-
versity College London). This semiautomated,
local thresholding method has been fully
described elsewhere,4 and was shown to
provide a good within and between rater
reproducibility. Lesion areas were obtained by
calculating the area of the regions of interests
identified. The rater used both the proton den-
sity weighted and T2 weighted images to iden-
tify multiple sclerosis lesions but segmentation
was performed only on proton density images.
The rater was able to view the neighbouring
slices simultaneously on the computer worksta-
tion to assist lesion identification whenmeasur-
ing but was blinded to the patients’ clinical
subgroup. (Small hyperintense areas of uncer-
tain cause—for example, possible small blood
vessels—were not included in the analysis.)
The within rater coeYcient of variation of

measurement of lesion volume was 3.0%. This
was obtained from 10 measurements on five
patients, two measurements on each patient
with a two week interval in between.
For this study, we have defined lesions as

regions or areas of signal abnormality seen on
single slices. These regions or lesion areas are
the nearest approximation we have to actual
pathological lesions on two dimensional MRI.
If a single large pathological lesion actually
extended over several slices we have counted it
as a separate MRI lesion on every slice that it
appeared.
The distribution in size for 1568 lesions in

15 patients with SPMS and 1198 lesions in 13
patients with RRMS was investigated. Lesion
area was measured after it had been delineated
using the contouring technique on a slice by
slice basis. The nominal diameter of a lesion
was then calculated by assuming that it had a
circular shape. The purpose of calculating a
nominal diameter was to help understand the
comparisons of lesion sizes. The nominal
diameter was not used in calculating the lesion
area. Figure 1 shows an example of lesions
delineated using the contouring technique.
Lesion volumes were calculated by multiplying
the slice thickness by the lesion areas of deline-
ated lesion regions only because it is the

conventional unit of measurment. All compari-
sons in size were carried out on lesion areas.

Results
Figure 2 depicts the distribution of the
percentage of lesions of diVerent sizes. It is evi-
dent that the distribution is skewed towards
smaller size.
About 80% of all the lesions were smaller

than 8 mm in nominal diameter. The average
lesion size was about 36 mm2 (7 mm in nomi-
nal diameter). About 20% of lesions were small
(nominal diameter <3.5 mm). Their contribu-
tion to the total lesion loads varied consider-
ably from one subject to another (range
0–5.7%; mean 1.1%; fig 3); it was largest when
total lesion loads were small. Thus the
percentage contribution of small lesions to the
total lesion volume correlated inversely with
the total lesion volume (Spearman coeYcient
of correlation r=−0.65, P<0.001).
Table 2 shows the results for the two clinical

subgroups. Lesion sizes were on average
smaller in the SPMS group (P<0.001, Mann-
Whitney rank sum test) although there were
wide overlapping ranges of individual lesion
sizes. The total lesion volumes in each
subgroup were not significantly diVerent.

Discussion and conclusions
Our evaluation of lesion size was based on the
areas of the regions delineated on a slice by
slice basis. This practice tends to bias towards
the smaller lesion areas, as a confluent biologi-
cal lesion going through several slices is treated
as several smaller lesion regions. This may
partly explain why the distribution of the
number of lesions was skewed towards smaller
sizes. However, as most of the lesion quantifi-
cation methods used currently are based on
region identification on individual slices on two
dimensional images, we think that this ap-
proach is relevant.
Our findings suggest that small lesions

should not be ignored in measurement of
lesion volume. They can be quantitatively

Table 1 Patient information

Subgroup Sex (F:M) Median EDSS Mean disease duration (y) Mean age (y)

RRMS 8:5 3.5 (2.0 - 6.0) 6.9 (1 - 22) 35.5 (26 - 47)
SPMS 7:8 6.0 (3.5 - 8.0) 10.3 ( 2 - 29) 40.5 (30 - 53)

RRMS=Relapsing-remitting multiple sclerosis; SPMS=secondary progressive multiple sclerosis;
EDSS=expanded disability status scale.15

Values in parentheses are range.

Table 2 Results of analysis

Measurement RRMS SPMS DiVerence*

Total lesion volume(ml) 35.7 (2.1 - 116.0) 42.4 (4.2 - 151.0) NS
Median lesion size (mm2) 40.9 (9.7 - 1011.6) 32.5 (1.8 - 3549.9) P < 0.0001
Median No of lesions 75 (15 - 227) 96 (25 - 242) NS
†SLV/TLV (%) 1.0 (0.0 - 4.7) 1.3 (0.0 - 5.7) NS

*Significance inferred from Mann-Witney rank sum test.
†SLV/TLV=small lesion volume × 100 / total lesion volume.
Results are given as mean (range).

Figure 1 Example of lesions delineated using the
contouring technique. The lesion sizes are 16.2, 129.7, and
17.2 mm2 respectively from left, middle, and right. The
corresponding nominal diameters are 4.5, 12.9, and 4.7
mm.
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important, especially in patients with small
total lesion loads. A subgroup of patients with
multiple sclerosis in whom small lesions are
especially prominent are those with primary
progressive disease;12 13 it follows that quantifi-
cation of small lesions in this subgroup should
always be attempted. There may also be a case
for considering patients with small, moderate,
and large lesion loads separately.
The current study applies to 5 mm thick

slices. Recent work on 3 mm thick slices14

found an 8% increase in total lesion load which
is likely to reflect a contribution from small
lesions. The increasing use of thinner slices for

clinical trials is likely to result in identification
of additional small lesions with important
eVects on measured lesion load; in the near
future sequences such as three dimensional fast
spin echo should provide isotropic resolution.
In the SPMS group a slightly higher

proportion of the total lesion load was made up
by small lesions and the median lesion size was
significantly smaller compared with the RRMS
group (table 2). Patients with SPMS also
exhibited a diVerent pattern of small lesion
load contribution in relation to total lesion load
from that of RRMS, as shown graphically in fig
3. Small lesions should be investigated more
fully to ascertain whether their number and
proportion are related to the clinical evolution
of the disease. It is not inconceivable, for
example, that the accumulation of mainly small
lesions, none of which alone is suYcient to
cause an acute relapse, might result in a slowly
progressive increase in clinical disability. Fu-
ture prospective studies are needed to consider
this question.
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Figure 2 Distribution of the number of lesions in size.
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140

6

0
0

Lesion volume (ml)

S
m

al
l l

es
io

n
 lo

ad
/t

o
ta

l l
es

io
n

 lo
ad

 (
%

)

20 40 60 80 120

2

4

100

Secondary
progressive

Relapsing
remitting

6

2

4

454 Wang, Lai, Thompson,Miller

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.63.4.452 on 1 O

ctober 1997. D
ow

nloaded from
 

http://jnnp.bmj.com/


6 Fillipi M, Horsfield MA, Tofts PS, et al. Quantitative assess-
ment of MRI lesion load in monitoring the evolution of
multiple sclerosis. Brain 1995;118:1601–12.

7 Wang, L, Thorpe JW, Tofts PS. Evaluation of cluster analy-
sis in multiple sclerosis lesion segmentation. Proceedings of
the Annual Conference of Society of Magnetic Resonance in
Medicine 1995;2:709.

8 Evans A, Frank JA, Antel J, Miller DH. The role of MRI in
clinical trials of multiple sclerosis: comparison of image
processing techniques. Ann Neurol 1997;41:125-32.

9 Poser CM, Paty DW, Scheinberg L, et al. New diagnostic
criteria for multiple sclerosis: guidelines for research proto-
cols. Ann Neurol 1983;13:227–31.

10 van Oosten BW, Lai M, Barkhof F, et al. A phase II trial of
anti-CD4 antibodies in the treatment of multiple sclerosis .
Multiple Sclerosis 1996;1:339–42.

11 Wicks DAG, Barker GJ, Tofts PS. Correction of intensity
non-uniformity in MR images of any orientation. Magn
Reson Imaging 1992;11:183–96.

12 Thompson AJ, Kermode AG, MacManus DG, et al.
Patterns of disease activity in multiple sclerosis: clinical and
magnetic resonance imaging study. BMJ 1990;30:631–4.

13 Thompson AJ, Kermode AG, Wicks DAG, et al. Major dif-
ferences in the dynamics of primary and secondary
progressive MS. Ann Neurol 1991;29:53–62.

14 Filippi M, Horsfield MA, Campi A, et al. Resolution-
dependent estimates of lesion volumes in magnetic
resonance imaging studies of the brain in multiple sclerosis.
Ann Neurol 1995;38:749–54.

15 Kurtzke JF. Rating neurological impairment in multiple
sclerosis: an expanded disability status scale (EDSS). Neu-
rology 1983;33:1444–52.

Distribution of MS lesion size 455

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.63.4.452 on 1 O

ctober 1997. D
ow

nloaded from
 

http://jnnp.bmj.com/

