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The spinal cord is frequently involved in multiple sclerosis (MS), and

cord damage may be an important contributor to disability. Diffusion

tensor magnetic resonance imaging (DT-MRI) provides quantitative

information about the structural and orientational features of the

central nervous system. In order to assess whether diffusion tensor-

derived measures of cord tissue damage are related to clinical

disability, mean diffusivity (MD) and fractional anisotropy (FA)

histograms from the cervical cord were acquired from a large cohort

of MS patients. Diffusion-weighted sensitivity-encoded (SENSE) echo

planar images of the cervical cord, and brain dual-echo and diffusion-

weighted scans were acquired from 44 patients with MS and 17

healthy controls. Cord and brain MD and FA histograms were

produced. An analysis of variance model, adjusting for cord volume

and patient age, was used to compare cord DT-MRI parameters from

controls and patients. A multivariate linear regression model was

used to identify DT-MRI variables independently associated with

disability. Average cervical cord FA was significantly lower in MS

patients compared to controls. Cord cross-sectional area, average FA

and average MD were all significantly correlated with the degree of

disability (r values ranging from 0.36 to 0.51). The multivariate linear

regression model retained average cord FA and average brain MD as

variables independently associated with disability, with a correlation

coefficient of 0.73 ( P b 0.001). DT-MRI reveals a loss of cervical cord

tissue structure in MS patients. The strong correlation found between

a composite DT-MRI score and disability suggests that a full and

accurate assessment of cervical cord damage in MS provides
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information that usefully contributes to an explanation of the clinical

manifestations of the disease.
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Introduction

The spinal cord is a clinically eloquent site, which is frequently

involved in multiple sclerosis (MS) (Ikuta and Zimmermann, 1976).

A post-mortem study showed cord lesions in 86% of patients with

MS (Ikuta and Zimmermann, 1976), and magnetic resonance

imaging (MRI) cord abnormalities are detected in 47% to 90% of

patients with established disease (Hittmair et al., 1996; Kidd et al.,

1993; Lycklama à Nijeholt et al., 1998; Rocca et al., 1999; Stevenson

et al., 1998a,b; Tartaglino et al., 1995). However, previous studies

have failed to show a significant correlation between the number and

extent of spinal cord lesions seen on conventional T2-weighted MRI

scans and MS disability (Kidd et al., 1993; Stevenson et al.,

1998a,b). This is likely to be a consequence of the limitations of

conventional MRI, which lacks specificity to the heterogeneous

pathological substrates of MS, and does not provide information

about normal appearing white matter damage (Filippi, 1998).

Diffusion-tensor (DT) MRI enables the random diffusional

motion of water molecules to be measured and provides quantitative

indices of the structural and orientational features of tissues

(Pierpaoli et al., 1996). These indices include mean diffusivity

(MD), which is a directionally averaged measure of the apparent

diffusion coefficient, and fractional anisotropy (FA), which summa-

rizes the orientational dependence of diffusivity. The pathological

elements of MS have the potential to alter the permeability and

geometry of structural barriers to water molecular diffusion in the
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central nervous system (CNS). The application of DT-MRI toMS is,

therefore, appealing since it can provide quantities related of the

degree of tissue damage and, as a consequence, could improve our

understanding of the mechanisms leading to irreversible disability.

While DT-MRI has been widely applied to study the brains of MS

patients (Filippi et al., 2003), DT-MRI of the cord presents greater

technical challenges due to the small size of this structure and

artefacts related to magnetic field inhomogeneities, cerebrospinal

fluid (CSF) contamination and cardiac and respiratory motion (Clark

and Werring, 2002; Clark et al., 2000; Mottershead et al., 2003;

Wheeler-Kingshott et al., 2002). As a consequence, spinal cord DT-

MRI has only been applied in a preliminary study of three MS

patients (Clark et al., 2000), which has shown, using a region of

interest (ROI) analysis, increased MD and decreased anisotropy in

MS cord lesions (Clark et al., 2000).

A more global evaluation of the extent and severity of cervical

cord damage with DT-MRI might provide a more complete picture

of cord damage in MS and, as a consequence, might improve our

ability to monitor MS. In this study, we obtained MD and FA

histograms of a large portion of the cervical cord from a cohort of

MS patients to investigate the magnitude of the correlation between

diffusion histogram-derived metrics and patients’ disability.
Patients and methods

Patients

We studied 44 patients with definite MS (McDonald et al., 2001)

(33 women and 11 men; mean age = 38.9 years, SD = 9.6 years);

median disease duration = 9 years, range = 1–27 years; median

Expanded Disability Status Scale (EDSS) score (Kurtzke, 1983) =

4.5, range = 1.0–7.5). Twenty-one patients had relapsing–remitting

MS (RRMS) and 23 secondary progressiveMS (SPMS) (Lublin and

Reingold, 1996). The demographic and clinical characteristics of the

two groups of patients are presented in Table 1. Seventeen sex- and

age-matched healthy volunteers (12 women and 5 men; mean age =

35.5 years, SD = 11.4 years) with no history of neurological

disorders and a normal neurological examination served as controls.

Local Ethical Committee approval and written informed consent

from all individuals were obtained before study initiation.

Image acquisition

Using a 1.5 T system (Magnetom Vision, Siemens, Erlangen,

Germany), the following pulse sequences were acquired from the
Table 1

Main demographic and clinical characteristics of the MS patients studied

RRMS SPMS Pa

Mean age (SD)

[years]

33.1 (6.2) 43.9 (9.6) 0.001

Median disease

duration (range)

[years]

6.0 (1.0–13.0) 12.0 (4.0–37.0) P b 0.0001

Median EDSS

(range)

2.5 (1.0–5.5) 6.0 (3.0–7.5) P b 0.0001

MS = multiple sclerosis, RR = relapsing remitting, SP = secondary

progressive, SD = standard deviation, EDSS = expanded disability status

scale score.
a Two-tailed Student’s t test for not-paired data.
cervical cord of all subjects, using a tailored cervical spine phased

array coil for signal reception:

(1) Fast-short-tau inversion recovery (fast-STIR) (TR = 2288,

TE = 60, TI = 110, ETL = 11, FOV = 280 � 280 mm, matrix

size = 264 � 512, number of signal averages = 4; number of

slices = 8; sagittal plane; slice thickness = 3 mm; inter-slice

gap = 0.3 mm).

(2) Pulsed-gradient, diffusion-weighted (DW) sensitivity

encoded (SENSE) single-shot EPI (reduction factor, R =

2; TR = 7000, TE = 100; FOV = 240 � 90 mm; matrix =

128 � 48; echo train = 40 ms; number of slices = 5; sagittal

plane; slice thickness = 4 mm). This sequence collects 16

images per section, including two images with no diffusion

weighting (b c 0 s/mm2) and 14 images with the same b

factor of 900 s mm�2, but with gradients applied in different

directions. The non-diffusion-weighted images are needed

to compute the diffusion tensor, and the gradient orienta-

tions were chosen according to the algorithm proposed by

Jones et al. (1999), which was designed to optimize DT-

MRI acquisition. The measurement was repeated four times

to improve the signal-to-noise ratio (SNR). Three saturation

bands were used, positioned in the anterior part of the neck

and transversely at the edges of the FOV in the superior–

inferior direction. A detailed description of this sequence is

given elsewhere (Cercignani et al., 2003).

(3) Sagittal T1-weighted 3D magnetization-prepared rapid

acquisition gradient echo (MP-RAGE) sequence (TR =

9.7, TE=4, flip angle = 128, slab thickness = 160 mm, FOV

= 280 � 280 mm, number of partitions = 128).

In the same scanning session, the following pulse sequences

were used to image the brain using a birdcage head coil of ~300

mm diameter for RF transmission and signal reception:

(1) Dual-echo turbo spin echo (TSE) (TR = 3300, TE first echo =

16, TE second echo = 98, echo train length = 5).

(2) Pulsed-gradient DW EPI (inter-echo spacing = 0.8, TE =

123), with diffusion-weighting gradients applied in 8

different directions (Filippi et al., 2001). As in the cervical

cord, only two b factors were used: b1c0, and b2 = 1044 s

mm�2 (Bito et al., 1995).

For the TSE, 24 contiguous interleaved axial slices were

acquired with 5 mm slice thickness, 256 � 256 matrix and

250 � 250 mm FOV. The slices were positioned to run parallel

to a line that joins the most infero-anterior and infero-posterior

parts of the corpus callosum. For the DW scans, 10 axial slices

with 5 mm slice thickness, 128 � 128 matrix and 250 � 250

mm FOV were acquired, with the same orientation as the dual

echo scans, and with the second-last caudal slice positioned to

match exactly the central slices of the dual-echo set. This brain

portion was chosen since these central slices are less affected by

the distortions due to B0 field inhomogeneity, which can affect

image co-registration.

Image analysis

All MRI analysis was performed by two experienced observers

by consensus, unaware to whom the scans belonged. Cervical cord



Table 2

Means and ranges of intra-observer coefficients of variation of cord DT-

MRI quantities

CoV Ranges

Average MD 1.2% 0.1–3.1%

MD peak height 7.7% 4.8–11.9%

Average FA 2.7% 0.6–6.8%

FA peak height 8.7% 3.4–10.8%

CoV = coefficient of variation, MD = mean diffusivity, FA = fractional

anisotropy.
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hyperintense lesions were identified on the fast-STIR scans and

marked on the hardcopies. Cervical cord DT-MRI data were

reconstructed offline, as described by Pruessmann et al. (1999).

Once the wrapping in the phase-encoded direction was corrected,

the diffusion-weighted images were magnitude averaged to

improve the SNR. The images were then corrected for distortions

introduced by the DW gradient pulses, as previously described

(Cercignani et al., 2003). The DT was calculated for each voxel by

using linear regression (Basser et al., 1994), and the eigenvalues

and eigenvectors of the tensor matrix were derived. The

eigenvalues were averaged to give the MD and used to calculate

the FA (Pierpaoli and Basser, 1996).

From cervical cord MD and FA maps, the cord from C1 to C5

was segmented using a segmentation technique, which has been

described previously (Rovaris et al., 1997). The influence of signal

intensity artefacts at the edges of the images was carefully

excluded. To reduce partial volume effects from the CSF, only

the central slice of the sagittal images was used for the analysis.

Hyperintense brain lesions were identified on the proton-

density (PD) weighted scans and marked on the hardcopies. The

corresponding T2-weighted images were always used to increase

confidence in lesion identification. Then, lesion volumes were

measured using a segmentation technique based on local thresh-

olding, as previously described (Rovaris et al., 1997). DW images

were first corrected for distortions introduced by DW gradient

pulses using an algorithm which maximizes mutual information

between the diffusion un-weighted and weighted images (Stud-

holme et al., 1997). Then, the diffusion tensor was calculated, and

MD and FA derived for every pixel, as for the cord.

The final step of MD and FA analysis was the production of

brain and cervical cord histograms (bin width of 0.03 � 10�3 mm2

s�1 for MD histogram and of 0.01 for FA histogram). To correct for

the between-patient differences in cord and brain volume, each

histogram was normalized by dividing the height of each histogram

bin by the total number of pixels included. For each histogram, the

following measures were derived: the average MD and FA and the

histogram peak height. To test intra-observer reproducibility, a
Table 3

Cervical cord MD and FA histogram-derived metrics from MS patients and contr

Control subjects All MS patien

Average MD (SD) 1.222 (0.08) 1.282 (0.13)

MD peak height (SD) 107.3 (16.2) 105.7 (21.2)

Average FA (SD) 0.43 (0.03) 0.36 (0.06)

FA peak height (SD) 63.6 (16.5) 65.7 (13.5)

SD = standard deviation, MD = mean diffusivity, FA = fractional anisotropy, MS

Note. Average MD of the diffusivity histogram is expressed in units of mm2 s�1 �
by �103.
a Test for heterogeneity between groups corrected for cord cross-sectional area a
single observer segmented the cord tissue twice from all the

healthy volunteers. MD and FA metrics were then derived. For

each metric, the intra-observer variability was calculated by using

the coefficient of variation (CoV), defined as the standard deviation

of a random variable divided by its mean value.

Reformatting of the original MP-RAGE data was performed

using the standard, vendor-supplied multiplanar reformatting

software available on the operator’s console of the scanner. For

each subject, a set of five contiguous, 3-mm thick axial slices

(perpendicular to the spinal cord) was reconstructed using the

center of the C2–C3 disc as the caudal landmark. Then, a semi-

automated technique developed by Losseff et al. (1996) was used

to segment the cord tissue and to measure the cross-sectional cord

area at the level of each slice. Values from the five slices were

averaged to obtain a single value for each subject.

Statistical analysis

An analysis of variance model with a priori contrasts was used

to compare the cervical cord and brain DT-MRI histogram

parameters from controls and patients with different clinical

phenotypes. The analyses of cervical cord DT-MRI derived metrics

were corrected by including in the model the subject’s age and the

mean cross-sectional cord area to minimize the effect of cord

atrophy on such metrics. The analysis of brain DT-MRI derived

metrics was also corrected for subject’s age. The following a priori

contrasts were chosen: control subjects vs. MS patients and RRMS

vs. SPMS. The number of the a priori contrasts was determined by

the available degrees of freedom, and their nature was chosen on

the basis of clinical considerations. Univariate correlations were

assessed using the Spearman rank correlation coefficient (SRCC).

A multivariate linear regression model was used to identify MRI

variables independently correlated with the EDSS (rank trans-

formed). To this end, all the MRI variables significantly correlated

with the EDSS in the univariate analysis were included in the

model. The variables retained in the final model were correlated

with the EDSS using the SRCC.
Results

No abnormalities were seen on the conventional brain and

cervical cord MR images obtained from normal volunteers.

Hyperintense lesions on fast-STIR scans of the cord were detected

in 35 MS patients (15 patients with RRMS and 20 patients with

SPMS). The median number of lesions per patient was 2 (range =

0–5). No difference was found in the number of cervical cord

lesions between patients with RRMS and those with SPMS (data

not shown).
ols

ts RRMS SPMS Pa

1.256 (0.10) 1.304 (0.14) 0.9

110.7 (19.2) 101.1 (22.3) 0.7

0.39 (0.05) 0.34 (0.05) 0.01

66.3 (11.7) 65.2 (15.1) 0.2

= multiple sclerosis, RR = relapsing remitting, SP = secondary progressive.

10�3; FA is a dimensionless index, MD and FA peak heights are multiplied

nd age (see text for further details).



Fig. 1. Sagittal mean diffusivity (A) and fractional anisotropy maps (B)

obtained from a patient with relapsing remitting MS. In this patient, who

was mildly disabled, cord anisotropy is clearly preserved (B).
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In MS patients, dual-echo lesion load in the brain was 18.6 ml

(SD = 17.1). It was 16.4 ml (SD = 18.1 ml) in RRMS patients and

21.0 ml (SD = 16.1 ml) in SPMS patients (P = n.s.).

The mean values and ranges of the intra-observer CoVs for the

cord diffusivity metrics are reported in Table 2.

In Table 3, cervical cord DT-MRI histogram metrics from

healthy volunteers and MS patients are reported. In Fig. 1, an

example of a MD and FA maps obtained from a patient with

RRMS is shown. Cervical cord cross-sectional area was 84.9 mm2

(SD = 10.2 mm2) in healthy volunteers and 76.4 mm2 (SD = 13.2

mm2) in MS patients (P = 0.03). Cervical cord cross-sectional area

was significantly lower in SPMS (mean area = 70.7 mm2; SD =

12.6 mm2) than in RRMS (mean area = 82.6 mm2; SD = 11.1 mm2)

patients ( P = 0.002). Average cervical cord FA was also

significantly different among the three study groups (P = 0.01).

MS patients had significantly lower average cord FA than healthy
Fig. 2. Average MD (A) and FA (B) histograms of the cervical cord from healthy

with SPMS (dashed-dotted lines). See the text for further details. Note that these

presented in Table 2, because the average histogram also reflects the differences
volunteers (P = 0.008), but no difference was found between

RRMS and SPMS patients (P = 0.20). In Fig. 2, the average MD

and FA histograms from control subjects, RRMS and SPMS

patients are shown.

Average brain MD, MD peak height and average brain FAwere

significantly different between groups (Table 4); the contrasts

between controls and all MS patients were significant for all these

variables (P b 0.001), while there was a significant difference

between RRMS and SPMS patients for MD only (P = 0.02).

In the entire MS patient cohort, significant univariate correla-

tions were found between EDSS score and cord cross-sectional

area (r = �0.51, P = 0.001), average cord FA (r = �0.48, P =

0.001) and average cord MD (r = 0.36, P = 0.02). EDSS score was

also significantly correlated with average brain MD (r = 0.37, P =

0.02) and average brain FA (r = �0.35, P = 0.03). No significant

correlations were found between cord DT-MRI histogram derived

metrics and conventional and DT-MRI metrics derived from the

brain (data not shown).

A multivariate regression model with EDSS as the dependent

variable was run, including cord mean cross-sectional area, average

cord FA, average cord MD, average brain FA and average brain

MD as the independent variables. The final model retained average

cord FA (P b 0.001) and average brain MD (P = 0.02) as variables

influencing independently the EDSS score. The correlation with

EDSS of the composite score obtained combining these two

variables was 0.73 (P b 0.001).
Discussion

Involvement of the spinal cord, a common finding in MS

(Hittmair et al., 1996; Ikuta and Zimmermann, 1976; Kidd et al.,

1993; Lycklama à Nijeholt et al., 1998; Rocca et al., 1999;

Stevenson et al., 1998a,b; Tartaglino et al., 1995), is likely to

contribute to the accumulation of disability, particularly locomotor

impairment, which is one of the main clinical hallmarks of the

progressive phenotypes of the disease. However, previous studies

found no correlations between the number and extent of lesions

visible on conventional MRI and clinical disability (Kidd et al.,

1993; Lycklama à Nijeholt et al., 1998; Stevenson et al., 1998a,b).

This discrepancy is most likely the result of the inability of

conventional MRI to quantify accurately the degree of cord tissue
controls (continuous lines), patients with RRMS (dashed lines) and patients

average histograms do not necessarily show the same trend as the statistics

in the position of the peak of the histogram among patients.



Table 4

Brain MD and FA histogram-derived measures from MS patients and controls

Control subjects All MS patients RRMS SPMS Pa

Average MD (SD) 0.901 (0.05) 1.001 (0.09) 0.990 (0.09) 1.011 (0.10) 0.001

MD peak height (SD) 121.3 (14.6) 91.6 (19.7) 93.4 (18.7) 89.9 (21.1) b0.001

Average FA (SD) 0.22 (0.01) 0.20 (0.02) 0.20 (0.01) 0.19 (0.02) 0.002

FA peak height (SD) 46.2 (4.18) 47.7 (3.82) 47.4 (3.56) 48.0 (4.14) 0.2

SD = standard deviation, MD = mean diffusivity, FA = fractional anisotropy, MS = multiple sclerosis, RR = relapsing remitting, SP = secondary progressive.

Note. Average MD of the diffusivity histogram is expressed in units of mm2 s�1 � 10�3, FA is a dimensionless index, MD and FA peak heights are multiplied

by �103.
a Test for heterogeneity between groups corrected for age (see text for further details).
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damage. As in the brain (Allen and McKeown, 1979; Arstila et al.,

1973; Evangelou et al., 2000), post-mortem studies have shown

convincingly that cord damage is not limited to macroscopic

lesions visible on conventional images (Bergers et al., 2002;

DeLuca et al., 2004; Lovas et al., 2000). Widespread axonal loss

has indeed been detected in the spinal cord of MS patients, which

was independent of findings on T2-weighted scans (Bergers et al.,

2002; Lovas et al., 2000). These changes were found to be more

severe in the cervical portion of the cord and in patients with SPMS

(Lovas et al., 2000). Loss of axons is likely to be the pathological

substrate of cord atrophy, often observed in these patients

(Lycklama et al., 2003).

While the recent application of DT-MRI to the brain in MS has

helped in our understanding of the pathophysiology of the disease

(Filippi et al., 2003), at present, only one study has been performed

to assess, in vivo, the diffusivity characteristics of the cervical cord

of three MS patients (Clark et al., 2000). Using an ROI analysis,

Clark et al. (2000) found increased MD and reduced FA values in

T2-visible lesions of MS patients compared to normal cord white

matter of healthy subjects. This study was limited by the very small

sample of patients studied and by ROI analysis, which is operator-

dependent, has poor reproducibility and is unable to provide an

estimate of the overall disease-related damage in the cord. On the

other hand, histogram analysis provides multiple parameters

influenced by both the macro- and microscopic damage, thus

resulting in a more global picture of the disease burden in MS

patients. The application of DT-MRI histogram analysis to the

assessment of brain pathology in MS has shown that DT-MRI

histogram-derived metrics from MS patients are altered when

compared to healthy individuals and that these abnormalities vary

according to the disease phenotype (Filippi et al., 2001, 2003). The

findings from the brain, from the current study, agree with these

previous observations and show that DT-MRI of the brain gives an

important contribution to the understanding of MS pathology,

which is not overcome by the assessment of cord diffusivity,

perhaps because of the multifocal nature of the disease coupled

with the technical limitations, which are still associated to cord

imaging.

The novelty of this study lies in the demonstration that it is both

feasible and rewarding in terms of understanding MS pathobiology

to obtain MD and FA histograms of the cervical cord. Since

cervical cord atrophy is a frequent finding in MS (Filippi et al.,

1996; Lycklama et al., 2003; Nijeholt et al., 2001; Stevenson et al.,

1998b) as also shown by the present study, and since, when

atrophy is present, there is an increased likelihood of partial

volume effect from the CSF on the MD and FA histograms derived

metrics, we ran the a priori contrast analysis with correction for

cord cross-sectional area. Contamination from the CSF was further

minimized by considering in the analysis only pixels coming from
the central slice of the sagittal slab and by including only pixels

from C1 to C5. This inevitably was at the price of restricting the

portion of the cervical cord studied, but we believe that it made our

observations more robust and reliable. This is confirmed by the

results of the analysis of intra-observer reproducibility, which

match those obtained in a previous MTR study of the brain

(Sormani et al., 2000).

In line with previous studies (Filippi et al., 1996; Losseff et al.,

1996), we found that cord atrophy is correlated with the level of

disability in MS. However, the most intriguing finding of this study

was that the residual cord tissue is not spared by MS pathology and

that an important factor which is likely to cause permanent

disability in MS is loss of integrity of fiber bundles, as indicated by

the correlation found between the reduction in average cord FA and

the EDSS score.

We found that, in comparison to healthy subjects, MD of the

cervical cord of MS patients was increased (albeit not significantly)

and that FA was markedly reduced. In the light of the results of a

recent post-mortem study (Mottershead et al., 2003), which

demonstrated a strong correlation between axonal density in the

spinal cord of MS patients with decreased diffusion anisotropy but

only a weak correlation with increased apparent diffusion

coefficient, our findings suggest that reduced cord FA reflects a

loss of the alignment of nerve fibers in the cord of MS patients,

which in turn is likely to be the result of axonal pathology. The

partial mismatch between MD and FA findings might be secondary

to glial proliferation (Nijeholt et al., 2001), which would lead to a

bpseudo-normalizationQ of MD values, but which would reduce

FA, since glial cells do not have the same anisotropic morphology

as the tissue they replace. With this in mind, an important issue is

whether the cord axonal pathology results from intrinsic cord

damage or rather is secondary to Wallerian degeneration of long

fiber tracts passing through brain lesions. Although this study can

only give a partial answer to this question, it is likely that

anterograde degeneration does not play a major role, given the lack

of a correlation between cord and brain metrics, which is consistent

with the results of previous studies (Lycklama à Nijeholt et al.,

1998; Rovaris et al., 2000).

The discrepancy between our DT-MRI findings of the cord

(markedly reduced FA but only mildly increased MD) and previous

findings obtained from DT-MRI assessment of brain pathology

(reduced FA and increased MD at a similar magnitude) (Filippi

et al., 2003) is likely due to the different anatomical organization of

these two structures: cord fibers are indeed highly compact with a

definite direction (cranial/caudal or caudal/cranial), thus resulting

in a marked tissue anisotropy, whereas brain fibers bundles are

more heterogeneous in terms of direction and also the amount of

gray matter regions is much higher than in the cord. All of this is

likely to limit the ability to detect marked FA changes in the brain.
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Using a composite MR model, in which brain and cord

measures reflecting the severity of MS-related abnormalities were

combined, we found that the degree of tissue damage in the cord

(expressed as average FA) and in the brain (expressed as average

MD) independently influenced the EDSS. The independent

contributions of brain MD and cord FA are likely to be the

result of the different sensitivity of these two quantities in

detecting irreversible tissue damage in the brain and cord, which,

in turn, might be due to the different white matter fiber geometry

of these CNS structures. Taken together, these variables help to

explain about 50% of the variance of patients’ disability.

Although this observation needs to be replicated in other

diffusion studies, these results, combined with those of previous

studies performed using different MR-based techniques (Mainero

et al., 2001; Rovaris et al., 2001), suggest that the use of an

MRI composite score, in which the extent of brain and cord

damage is quantified through the combination of various MR

modalities, might be the best way to more accurate monitoring

of MS.
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