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Abstract
Purpose—To investigate the utility of multimodal quantitative magnetic resonance imaging
(qMRI) and atlas-based methods to identify characteristics of lesion-driven injury and
neurodegeneration in relapsing remitting multiple sclerosis (RRMS)

Materials and Methods—This work is health insurance portability and accountability act
compliant. High resolution T1-weighted, dual echo and fluid-attenuated inversion recovery and
diffusion tensor MRI images were prospectively acquired on 68 RRMS patients (range 25–58
years) and 68 age-matched controls. The data were analyzed using standardized human brain atlas-
based tissue segmentation procedures to obtain regional volumes and their corresponding T2
relaxation times and DTI maps.

Results—Group-averaged brain atlas-based qMRI maps of T2, fractional anisotropy and
diffusivities are visually presented and compared between controls and RRMS. The analysis
shows a widespread injury in RRMS. Atrophy of the CC was substantial in RRMS. The qMRI
attributes of the neocortex in combination with the CC such as T2 and diffusivities were elevated
and correlated with disability.

Conclusion—Using a standardized multimodal qMRI acquistion and analyses that accounted for
lesion distribution we demonstrate that cerebral pathology is widespread in RRMS. Our analysis
of CC and neocortex qMRI metrics in relation to disability points to a neurodegenerative injury
component that is independent from lesions.
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volumetry; Macrostructure; microstructure

Introduction
Histopathological studies in multiple sclerosis (MS) provide evidence for both lesion-
centered inflammatory and neuronal-axonal injury in normal-appearing brain tissue (NABT)
that appears independent of focal lesions (1, 2). In the past 30 years (3, 4), in vivo
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quantitative magnetic resonance imaging (qMRI) has provided important biomarkers of MS
disease (5) and therapeutic effects, but no single MRI modality can provide specific
information about the pathological hallmarks of MS (6).

Quantitative MRI metrics applied to NABT include macrostructural volumetry or atrophy
measures (5, 7, 8) and microstructural measures (5). Microstructural metrics include (see
extensive review in 5) magnetization transfer ratio, spectroscopy, perfusion, relaxation time,
myelin water density (10), diffusion anisotropy, mean diffusivity (MD), axial diffusivity
(AD) and radial diffusivity, RD, (5, 7). In general, demyelination without axonal loss of
compact normal-appearing white matter (NAWM) has been marked by increase in
relaxation time (10, 11) and increase in radial diffusivity (12). Elevation of mean diffusivity
and relaxation time in normal-appearing gray matter (NAGM) may index the presence of
edema (5, 9). Increase in iron content in gray matter results in reduced relaxation times (10,
13). In animal models, axonal dysfunction without demyelination has been characterized by
axial diffusivity (14, 15). The co-presence of iron, reactive gliosis and edema may create
counter effects on relaxation measurements in both white and gray matter (10, 11, 13).

The interpretation of qMRI findings in the normal living tissue in terms of the biophysical
contributors remains a challenge (16). The application of qMRI to a complex pathology such
as MS where lesion-driven inflammation, gliosis, demyelination and neurodegeneration
coexist is yet more challenging (17–20).

Most qMRI methods reported to date were applied in isolation and used different analysis
approaches (5) such as whole brain histogram, region-of-interest, voxel or tract-based
statistics, tensor-based morphometry, volume-based, and focused on selected tissue types
such as gray or white matter (5). As a consequence, it is not clear which MRI approach or
metric best correlates with disease activity or physical disability. The use of multi-modal
qMRI approaches in combination with standardized brain and lesion mapping methods has
been recommended (5, 6, 21).

In this work multi-modal MRI images were obtained on relapsing remitting multiple
sclerosis (RRMS) patients and age-matched healthy volunteers. Data were extracted and
analyzed using a brain atlas to automatically define subcortical or deep gray matter (DGM),
cortex, deep WM (e.g. corpus callosum, periventricular WM), and lobar WM volumes. The
primary goals of this work were to (a) present atlas-based qMRI pictorial of the RRMS brain
with respect to healthy controls using several qMRI metrics and to (b) investigate the
correlations between qMRI metrics, whole brain lesions and expanded disability status score
(EDSS) to examine the possibility of separating direct lesion-related injury from age-
independent neurodegenerative neuronal or axonal loss (17–20). We used EDSS as our
primary clinical outcome measure as it has been related to other cognitive and quality of life
measures (22).

In this study we focused on the cerebral neocortex gray matter and corpus callosum (CC)
white matter as these domains are functionally and structurally related. The methodology
adopted fused T2 relaxation time, lesions and diffusion tensor imaging (DTI) derived maps
with FreeSurfer atlas-based volumetry (7).

Materials and Methods
Study Population

The MRI protocol of this prospective study was approved by our Institutional Review
Board. Written informed consent was obtained from each subject. Sixty eight (15 men and
53 women) RRMS patients age = 41.6 ± 8.5 years (mean ± standard deviation; see Table 1).
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Median EDSS of the RRMS patients was 1.5 (range = 0–4.5). The median disease duration
of the RRMS was 8.4 years (range = 0.2–36.8 years). The median whole brain lesion load
(LL) of the RRMS cohort was 6.2 mL (range = 0.2–44 mL). At the time of their imaging
session, 47% of RRMS patients were using glatiramer acetate, ~ 22% an interferon beta
preparation (73.7% a subcutaneous product), and ~ 25% were not on any disease modifying
therapy. In addition, 68 healthy adult controls (29 men and 39 women; age 40.0 ± 8.6 years)
were recruited from the local community and university staff. All control subjects were
screened for history of trauma, surgery, chronic illness, alcohol and/or drug abuse,
neurological illness, and current pregnancy. None of the controls in this study reported any
neurological conditions and their fluid-attenuated inversion recovery (FLAIR) images were
judged to be normal.

MRI Data Acquisition
All MRI studies were performed on a 3.0 T Philips Intera scanner with a dual quasar
gradient system with maximum gradient amplitude of 80 mT/m and an eight channel
SENSE-compatible head coil (Philips Medical Systems, Best, Netherlands).

Conventional MRI
The MRI protocol included a whole brain high resolution axial 3D T1-weighted volume
(voxel size = 0.9375 mm × 0.9375 mm × 0.9375 mm) for automatic brain atlas-based
volumetry (23). In addition, dual fast spin-echo (FSE) images were acquired with echo (TE)
and repetition times of (TR) of TE1/TE2/TR = 8.2/90/6800 ms to compute the T2 relaxation
time (T2). A FLAIR sequence with (TE/TI/TR = 80/2500/8000 ms) was used for lesion
localization. The slice thickness for both FSE and FLAIR data was 3.0 mm with 44
contiguous axial slices covering the same inferior-to-superior prescription of the 3D T1-
weighted sequence and a square field-of-view (FOV) of 240 mm × 240 mm.

Diffusion Tensor Imaging Data Acquisition
DTI data were acquired using a single-shot spin-echo diffusion sensitized echo-planar
imaging sequence with balanced Icosa21 tensor encoding scheme with twenty-one
uniformly-distributed orientations over the unit hemisphere (24) with b-factor = 1000 sec
mm−2, TR/TE = 7100/65 msec. The in-plane data acquisition voxel size was ~ 2.1 mm which
was interpolated after k-space image construction to ~ 0.94 mm. The slice thickness, FOV
and spatial coverage matched the FSE and FLAIR images.

Conventional MRI and DTI Data Processing
All MRI data sets were masked to remove non-brain tissues and estimate the intracranial
volume (ICV) for each subject (8, 25). Figure 1 illustrates all analysis steps applied on one
MS patient; a detailed account of these procedures is described elsewhere (26). In brief, all
MRI data were inspected, prepared, and processed to obtain quantitative maps. The
quantitative MRI volumes along with lesion maps were saved in standardized binary image
volume formats (26). The volumes were subsequently aligned and mapped to each subejct
T1-weighted native space where a brain volume-based atlas was obtained as described
below.

FreeSurfer Anatomical Labels and Regional Volumetry Masks
The 3D T1-weighted volumes were prepared for subsequent processing, segmentation and
anatomical labeling using FreeSurfer (23) software
(http://surfer.nmr.mgh.harvard.edu/fswiki/FreeSurferWiki). FreeSurfer provided volume
masks on ~ 180 regions that included cerebrum, cerebellum, brain stem, and cerebrospinal
fluid (CSF). The FreeSurfer anatomical labels and their cortical classification are described
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by Desikan et al. (27). In brief, the frontal cortex is composed of 11 subdivisions that
include the caudal middle, lateral, medial orbitofrontal, paracentral, parsopercularis,
parsorbitalis, parstriangularis, precentral, rostral middle frontal, superior frontal and frontal
pole gray matter. The temporal cortex is composed of 9 subdivisions that include the banks
of the superior temporal sulcus (bankssts), entorhinal, fusiform inferior, middle, superior,
transverse temporal cortices, temporal pole and parahippocampal cortical gray matter. The
parietal cortex is composed of 5 subdivsions that include the postcentral, supramrginal,
precuneus, inferior and superior parietal gray matter. The occipital cortex is composed of 4
subdivsions that include cuneus, pericalcarine, lingual, and lateral occipital gray matter. The
cingulate cortex is composed of 4 subdivsions that include the caudal anterior, rostral
anterior, isthmus and posterior cingulate gray matter. The neocortex includes the frontal,
temporal, parietal and occipital cortices and does not include the cingulate or insular gray
matter.

Figure 2 illustrates the majority of deep brain subcortical, cortical gray matter and deep and
lobar white matter structures generated by FreeSurfer using the brain T1-weighted data from
one healthy control.

To simplify the analyses and reduce the number of comparisons we pooled some structures
based on their laterality and proximity. The corpus callosum (CC) midsagittal subdivisions
or anterior (aCC), middle anterior (maCC), middle (mCC), isthmus iCC and splenium (sCC)
were volume-averaged. The qMRI metrics of the neocortical subdivisions were volume-
averaged to obtain a single metric that characterize the frontal, temporal, parietal, and
occipital cortices (see Fig. 2).

Transverse Magnetization Relaxation Time (T2) Estimation
The T2 relaxation time values were estimated from the early (TE1) and late echo (TE2)
volumes, according to standard spin-echo procedures assuming a single compartment model
(10, 11, 28).

Lesion Load Segmentation and Lesion Probability Map Estimation
Whole brain lesion load was quantified in the RRMS group using the coregistered multi-
spectral dual FSE and the FLAIR volumes (29). The lesion volumes were saved as binary
masks to enable fusion with other multimodal volumes acquired from the same subject.
Lesion probability maps (LPM) were obtained as described previously (30–34). The lesion
probability masks were visualized in MRIcroN (http://www.nitrc.org/projects/mricron/) and
were fused as described below with all qMRI metric data and their correlations with age,
expanded disability status scale (EDSS) score, disease duration (DD) in the RRMS group.

DTI Data Processing
Diffusion-weighted images were intra-registered to the baseline “b0” images (without
diffusion weighting) to correct for the eddy-current-induced image distortions (24). The
results of DTI pipeline included b0, FA, mean or average diffusivity (Dav), radial and axial
diffusivity maps.

Multimodal MRI Data Fusion
All conventional MRI-derived volumes (T2, lesion masks) and DTI-derived data volumes
(FA, mean, axial and radial diffusivities) were coregistered to the T1-weighted volume.
Lesion masks were used to null out the atlas-based volume results (12, 35). The last step
assured that all cerebral parenchyma tissue used is normal-appearing and lesion free. The
qMRI data corresponding to lesions are not analyzed here and only normal-appearing
cerebral parenchymal tissue are included.
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Validation and Data Quality Assurance
Conventional and DT-MRI data quality and scanner stability were monitored over the 5 year
span of data collection. We collected serial data on RRMS patients and healthy controls to
assure reproducibility and monitor age-related changes in qMRI metrics (data not shown).
All data outputs were inspected at all processing steps to assure the accuracy of volume
estimation, alignment of multi-modal MRI and fusion with lesion maps. Lesions were
manually checked by a trained rater. DTI reproducibility and quality control measures
utilized same subject serial data and water phantom data (24).

Statistical Analysis
Correlations between age, volume-to-ICV percentage, and whole brain lesion load (LL),
disease duration (DD), T2 values and DTI-derived metrics were computed using the Pearson
correlation coefficient. Age-adjusted correlations between EDSS score and all other qMRI
variables were computed using the Spearman coefficient. For EDSS covariance with age and
lesion load multivariate analysis of covariance or generalized linear models was used (36).
Slopes and rates of change of MRI metrics with age were compared using the r to z-Fisher
transform (37). Comparisons between group means and medians were performed using
ANOVA (t-test; F=t2) and the Mann-Whitney U-test. Statistical significance accounted for
multiple comparisons (i.e. 0.05/Number of comparisons). All group qMRI comparison
differences and statistical significance were computed volume-wise in native data space and
were presented in standard space for visual inspection and fusion with the lesion probability
maps. All statistical analyses used MATLAB R12.1 Statistical Toolbox v 3.0 (The
Mathworks Inc, Natick, MA).

Results
Population Demographics and Clinical Information

Table 1 compares the demographics and MRI whole brain volumetry on the 68 RRMS
patients and 68 healthy controls. There were no significant age differences between controls
and RRMS patients (p = 0.26). The two cohorts did not significantly differ (p = 0.33) in the
total intracranial volume (ICV). The ICV was used to normalize the regional volume
measurements on each subject to minimize skull size variability (25). The percentage
volume (VOLp) is defined as VOL/ICV *100 (%).

Visualization of Lesions and Atrophy in RRMS
Figure 3 shows the lesion probability map on the 68 RRMS at two selected levels that show
the deep cerebral and supratentorial structures. Figure 3 highlights the regions with the
highest lesion frequency such as the posterior corona radiata and optic radiations. Lesions
were least frequent in the thalamus proper and amygdalae. Figure 4 shows the lesion map
along with the volume atrophy map which is the difference in normalized volume between
RRMS and controls divided by the healthy control average values. The statistical inference
is shown in Fig 4C as a -log(p) map (e.g. a significant p value = 10−4 is mapped as 4). The
percentage VOLp difference between RRMS and controls was largest in the periventricular
white matter and the isthmus of the corpus callosum.

Brain Atlas of qMRI Maps of Healthy Controls
Figure 5 shows the atlas-based group average normative values of T2, FA, mean, radial and
axial diffusivities, respectively at one level that shows the deep and cortical structures. Note
the spatial heterogeneity of these qMRI maps.
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Regional qMRI Statistical Differences between Controls and RRMS Patients
Figure 6 shows the statistical differences or p values of the five qMRI metrics between
normal healthy tissue (Fig. 5) and normal-appearing tissue in RRMS. The number of regions
shown is ~ 170 (see Fig. 2) and the number of independent qMRI metrics were 3 (T2
relaxation, axial and radial diffusivities). Regions with significance > 0.1 were not color-
coded and statistical significance was considered at p < 0.0001 (i.e. 0.05/(number of
structures*number of independent qMRI metrics = 0.05/(170*3) ~ 1 × 10−4). Note the
spatial distribution of injury on the qMRI maps and the significant widespread differences
on mean diffusivity and T2 maps (RRMS > Controls; significant p < 10−4). The lateral
orbitofrontal cortex seems to be spared on all qMRI metrics (p > 0.24; Fig 4B and Fig. 6).
The poster CC is significantly atrophic in RRMS along with increased T2 relaxation time
and radial diffusivities. The anterior CC is not atrophic (p>0.1) yet the T2 relaxation and
DTI metrics and in particular the axial diffusivities indicate that this region is abnormal.

Illustration of Regional qMRI Results using Neocortical GM and Corpus Callosum
To illustrate the utility of the atlas-based results, we pooled all neocortical GM and CC
subregions (see Fig. 2). Table 2 summarizes and compares the average VOLp, T2, FA,
mean, axial and radial diffusivities between RRMS patients and controls on the neocortical
GM and CC. Note that despite a non-significant difference in neocortical GM atrophy (p =
0.97; see Fig. 7A), the microstructural qMRI metrics are elevated in RRMS on T2 (p = 0.05)
and the tensor diffusivities (p < 0.00001). The CC volume is reduced in RRMS (p =
0.000001; Fig. 7B). The average CC T2 relaxation time (p < 1×10−7) and radial diffusivity
(p < 1×10−8) are elevated in RRMS.

Clinical Correlations of qMRI metrics of neocortical GM and lobar WM
Table 3 summarizes the correlations of qMRI metrics in the neocortical GM and CC WM
with clinical (DD, EDSS) and whole brain LL on the RRMS patients. The Table also
provides the qMRI vs. EDSS correlations upon adjusting for age and LL. Adjusting for age
effects is crucial as gray matter volume decreases rapidly in both RRMS and controls (Fig.
7A). Note that the age and LL adjusted EDSS correlated strongly with neocortical GM
diffusivities (Spearman r = 0.35; p = 0.005; Figure 7C), while the age and LL adjusted
EDSS correlated strongly with the CC volume percentage (r = −0.39; p=0.0001) and axial
diffusivity (r =0.29; p=0.02; Figure 7D).

Discussion
This is likely the first comprehensive report of volumetry and corresponding T2 relaxation
time, fractional anisotropy, mean, axial and radial diffusivity measurements of the cerebral
subcortical, lobar white and cortical gray matter subdivisions in relatively large cohort of
controls and RRMS patients. Regional macrostructural or atrophy measures were
determined to obtain volumetry in addition to microstructural attributes of normal-appearing
tissue using FreeSurfer (7, 38). Volume or atrophy measures were fused with lesion maps,
T2 relaxation, and DTI-derived maps in each subject’s native space.

The standardized normative brain atlas-based qMRI heterogeneity of the deep and cortical
brain tissue relaxometry (28, 39, 40) and anisotropy (41) is consistent with numerous earlier
normative qMRI reports using different methods such as region-of-interest, histogram,
voxel-or volume-based. In this work, the mean diffusivity and relaxation time have been
shown to be quite abnormal in RRMS whereas regional tissue volume and in particular
neocortical GM volume was only slightly reduced. Consistent with a previous report in MS
(42), we also found that FA was a less sensitive predictor of disability than was mean
diffusivity. This particular finding is not surprising as FA is a ratio measure of two variables
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(axial and radial diffusivities) that could be affected equally by factors such as edema which
would have increased both axial and radial diffusivities (43).

This report provides comprehensive multimodal qMRI evidence for widespread regional
tissue atrophy and increased mean diffusivity in deep and cortical gray and lobar white
matter (44, 45). In general, these system-level findings consolidate a plethora of in vivo
reports in MS using several qMRI methods (5, 7–12). The findings of abnormal and
widespread injury in MS are consistent with previous histopathological (1, 2, 46, 47) and in
vivo hypoperfusion reports (48–50) of widespread brain tissue injury when investigating MS
patients with different stages or with different phenotypes.

The spatial distribution of lesion maps on this RRMS cohort are similar to previous reports
(30–33) in which lesions were shown to be more frequent in periventricular white matter as
has also been reported postmortem (51).

We illustrated the application of our atlas-based approach by focusing on the qMRI metrics
of the cerebral neocortex and the CC in relation to age, lesion load, disease duration and
clinical disability. The CC was selected as it is the major interhemispheric commissure that
is involved in cortico-cortical communication (52). The fibers in the anterior CC are less
myelinated and may be more vulnerable than those in the more myelinated posterior CC
fibers (52) and this may explain the region specific injury patterns seen (Fig. 4B and Fig. 6).
Irreversible loss of tissue of this deep WM structure due to inflammatory lesions or
axonopathy as marked by volume loss would lead to Wallerian degeneration and
subsequently cortical gray matter loss (46). Our atlas-based qMRI data support the notion
that deep brain structures are more severely atrophic than cortical regions. The elevated
cortical T2 relaxation and diffusivities may indicate the presence of some pathological
mechanisms (e.g. diaschisis, axonal-dendrite transection, cortical demyelination) that
eventually lead to detectable neuronal loss (47). The T2 values and diffusivities may provide
early biomarkers of such pathological mechanisms.

An important finding of this work is the elevated normal-appearing cortical mean diffusivity
which correlated strongly with EDSS adjusted for age and whole brain lesion load (Table 3
and Fig. 7). Cortical volumetry did not show this relationship (47), likely because cortical
gray matter also undergoes age-related changes (25). Decoupling age-related degeneration is
important to separate the confounding effect of natural aging on the lesion-driven pathology.
The CC white matter subregions showed significant correlation with EDSS adjusted for age
and lesion load. Another important finding in this work is that the CC volume reduction, CC
elevation in T2, increased mean and axial diffusivities was decoupled from lesion load and
age-related degeneration. The observation that the age and lesion load adjusted axial callosal
diffusivity was significantly correlated with EDSS indicates that this metric is sensitive to
chronic axonal injury or degeneration as has been reported on the CC using spectroscopy
(53), DTI (12, 53, 54), histopathology (46) and using animal models of tissue injury (15).

We used brain atlas and volume-based methods previously validated using postmortem data
(55) and applied on both controls and MS patients (56, 57, 58, 59) using high resolution T1-
weighted data fused with relaxation time (60) and DTI-derived data (61). However, this
study has some limitations due to the possible presence of undetected lesions on MRI. The
use of 3mm sections for lesion localization, segmentation and spatial mapping could have
reduced sensitivity to intracortical lesions compared to thinner or isotropic voxel sizes (62).
The analysis strategy described in this work in combination with high magnetic fields and
higher spatial resolutions warrant future applications to serial data and extension to other
MS phenotypes.
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In conclusion, using a standardized brain atlas approach and multi-modal qMRI data and
analyses that accounted for lesion distribution and natural aging we were able to
demonstrate that pathology is widespread over the cerebrum in RRMS. Moreover, we were
able to identify in vivo MRI signature of demyelination and axonal loss.
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Figure 1.
A schematic illustration of the MRI data acquisition and processing pipeline using brain data
from one RRMS patient. The DSE data are used to obtain T2 relaxation time and in
combination with FLAIR are used to localize and quantify lesions (shown in red). The DTI
data are used to obtain several maps such as FA which in combination with the tensor
orientation can be used to obtain the fiber tracks traversing the corpus callosum (anterior CC
green, posterior blue). The T1-weighted data are used to obtain an anatomically labeled atlas
on each subject. All derived qMRI maps are coregistered with the T1-weighted data for
subsequent volume-based regional analyses.
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Figure 2.
Illustration of the FreeSurfer generated deep and cortical brain regions on one healthy
control.
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Figure 3.
Spatial distribution of lesions or lesion probability map viewed in standard Montreal
Neurological Institute (MNI) image space. Note the areas of high lesion frequency (posterior
corona radiate) and regions with low lesions (e.g. thalamus proper).
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Figure 4.
(A) Lesion probability map on the 68 RRMS patients (B) The percentage ICV-normalized
normal-appearing volume difference (significant atrophy RRMS < Controls). Note that
largest normal-appearing tissue atrophy (volume loss) is in deep periventricular white
matter. Note that lesions in our RRMS cohort were least frequent in the thalamus yet the
volume difference is significant. The color map (minimum dark blue) in the upper views
corresponds to the percentage (maximum about 28% (bright red) in periventricular white
matter and corpus callosum isthmus and (C) the corresponding the group difference p values
(analysis-of-variance).
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Figure 5.
Normative atlas-based average qMRI maps of (A) T2 relaxation Time, (B) FA (c) mean
diffusivity, (D) radial and (E) axial diffusivities
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Figure 6.
The statistical significance of difference between RRMS patients and normative atlas-based
average qMRI maps of (A) T2 relaxation time, (B) FA (c) mean diffusivity, (D) radial and
(E) axial diffusivities. Note that this is shown as −log(actual p) (e.g. 10−4 is mapped as 4).
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Figure 7.
Representative illustration of age-dependence of qMRI metrics in RRMS and controls using
scatter plots and linear regression (A) volume percentage of the cerebral neocortex GM (B)
volume percentage of the entire corpus callosum. The scatter plots of EDSS with axial
diffusivity are shown in (C) for the cerebral neocortex and (D) Corpus callosum. Note the
rapid decrease in cortical gray matter volume with age in both controls (r= −0.53;
p<0.000004) and RRMS patients (r=−0.56; p<0.0000007).
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Table 1

Main demographic, clinical and MRI-derived brain lesion load (or volume) and intracranial volume average
values of the RRMS patients and healthy controls.

RRMS Patients Healthy Controls
% Difference (RRMS-HC)/HC
(×100) P value

Number 68 68 0

F:M (F/M Ratio) 53:15 (3.54) 39:29 (1.34) 0.0006

Age (years) 41.6 ± 8.5 [25.4–56.6] 40.0 ± 8.6 [25.5–56.9] 4.0 0.26

Disease Duration (years) 10.2 ± 8.9 [0.2–36.8]
Median = 8.4

N. A N. A N. A

EDSS 1.5 ± 1.3 [0.0–4.5]
Median =1.5

N. A N. A N. A

T2 Lesion Load (mL) 10.7 ± 10.9 [0.2–44.8]
Median = 6.2

N. A N. A N. A

ICV (mL) 1466.5 ± 133.3 [1175.3 – 1921.4]
Median = 1438

1489.9 ± 146.3
[1220.9 – 1747.4]
Median = 1518.0

−1.5 0.33
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