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ABSTRACT
Traditionally, multiple sclerosis (MS) has been considered a white matter disease, but MS lesions are known to occur in grey matter.
Recent immunohistochemical studies have demonstrated extensive grey matter demyelination in chronic MS, grossly underestimated
by standard hystochemical myelin staining methods. Extensive cortical demyelination is associated with the progressive phases of
disease, as less cortical demyelination has been detected in relapsing-remitting MS. The pathology of grey matter lesions differs from
that of white matter lesions. Significant axonal transection and neuronal loss have been demonstrated in grey matter MS lesions.
Current magnetic resonance imaging (MRI) methods are not sensitive for purely cortical MS lesions. Special MRI techniques permit
the visualization of grey matter lesions, and in the future more sensitive MRI methods will help to characterize their clinical significance.
Key words: grey matter; multiple sclerosis; demyelination; cerebral cortex; axonal loss.

Although known for a long time as a white matter
(WM) disease, multiple sclerosis (MS) is characte-
rized by lesions that can occur in all central nervous
system (CNS) parenchymal areas, including cere-
bral cortex and deep grey matter (GM) (1).

In the last decade, new techniques, derived from
conventional magnetic resonance imaging (cMRI,
consisting in dual-echo and post contrast T1-
weighted scans), have proved the existence of the
GM lesions in MS patients (2). For the clinician,
these lesions are important to be known not only
because they can explain a part of the neurological
deficits (for example, the cognitive impairment),
but this allow the correct evaluation of the whole
CNS lesion load. In this respect, the assessment of
the lesion type and total lesion burden (in the WM
and GM) during the evolution of the disease, offers
data about the disease activity and can be studied
in relation with the clinical MS form.

The correlation between the location and size
of the GM lesions and the clinical changes is still
poorly understood. From the clinical point of vue,
some of the MS clinical features were reconsidered
in the nineties (cognitive impairment, symptoms
with cortical origin, fatigue and mood disorders).
Meanwhile, the improvements of the radiological

and hystopathological techniques have facilitated
the understanding of some of the morphological
changes at the origin of the clinical symptoms.
However, the knowledge of each particular item
needs still to be refined.

We will further review the data regarding the
GM damage in MS.

The approach can be structured at three levels:
anatomical, structural and functional.

ANATOMICAL CHANGES

The GM impairment in MS patients is not a recent
discovery. Classical pathology studies using brain
biopsy samples, dating from 19th century and early
20th century (Sander 1889, Dinkler 1904, Schob
1907, Dawson 1916), report findings of extensive
cortical demyelination. In some of studied patients,
the majority of MS lesions were cortical.

In the next period, the GM damage has been
neglected in favour of extensive studies about the
WM lesions, being recovered in the last years,
mainly because of the progress of the MRI techniques.

The characteristic histological changes in MS
consist of discrete areas of myelin, olygodendrocites
and axonal loss, so called „plaques“(3). Although
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they are located more often in the WM, they also
can be found in the central and peripheral GM of
the cerebral cortex, thalamus, striatum, protu-
berance, cerebellum and spinal cord. 5% of them
are estimated to be cortical, especially in the frontal
lobe, 4% involving the deep GM. 17% of the hemi-
spheric lesions are located at the cortico-subcortical
joint. These lesions are underestimated by the
macroscopic examination and can be revealed by
techniques using myelin staining or, better, by
immunohistochemistry.

The plaques involving the inner cortex are the
most difficult to be seen by the eye, the estimated
frequency being 5% from the whole hemispheric
lesions (4). Using myelin staining methods they
appear much more frequent; some authors reporting
up to 30 lesions on a single sample of frontal lobe
parenchyma (5). In other MS patients, GM plaques
are described in a greater number then those in the
WM (6).

Special techniques for tissue staining are ne-
cessary in order to reveal the GM lesions because
of their different pattern versus the WM ones: GM
lesions have less inflammatory cells, the extent of
macrophage and lymphocyte infiltration is low,
perivascular cells are lacking and macrophages are
present in a smaller number than is WM lesions.

Interestingly, in MS purely cortical lesions T-cell
density is not increased and a similar distribution
of B cells and T-cell subsets is observed, when
compared with non-demyelinated areas in MS pa-
tients and controls (7). This finding could suggest
that the presence of local lymphocyte infiltration
in MS lesions is dependent on lesion location (GM
or WM). Complement activation in MS lesions may
also be location-dependent, as it was detected in
chronic MS autopsy material in WM lesions, but
not in GM cortical ones (8).

Another distinguishable feature concerns the
major histocompatibility complex antigens: the
MHC class II-positive cells in GM lesions have the
features of activated microglia, while in the WM
lesions MHC class II-positive cells mainly have the
morphology of phagocytic macrophages (7,9).

Even classically the most frequent location of
the GM lesions was considered to be the border
between GM and WM, recent studies using
immunohistochemical techniques have identified
the subpial regions as the most common location
of cortical SM lesions (9,10,11,12).

Recently, Bö et al. used myelin basic protein
(MBP) immunohistochemistry to study the extent
and distribution of GM demyelination in a brain
autopsy material from 20 chronic MS patients,

examining 4 samples from each brain, with or
without macroscopic changes. The percentage of
demyelinated area in the cortex was 25% (median
14%), whereas in the subcortical and periventricular
WM was 5% (median 0%). The cortical lesions have
been classified in a descriptive manner according
to their distribution in the cerebral cortex and sub-
cortical WM (9). Four different cortical lesion types
were identified. The most common type, affecting
the largest cortical extent and accounting for 67%
of the total demyelinated area, was a subpial lesion
(type 3). These type 3 lesions commonly appear as
long ribbons of subpial demyelination, often
affecting several adjacent gyri. In 25% of the pa-
tients, this subpial demyelination was extensive in
all the four widely spaced tissue blocks selected,
indicating a widespread superficial loss of cortical
myelin, that was termed by Bö as „general cortical
subpial demyelination“ (GSD). Apparently para-
doxical, in these patients there was not found an
increase in the „lesion burden“ of the WM (7,12).
This lack of quantitative correlation between the
two types of lesions (in the WM and the GM respec-
tively), is revealed also by other studies which are
emphasising the presence of GSD especially in
patients with progressive forms of MS (13,14).

Usually, the cortical/WM junction lesions are
small in size and, in contrast with the periventricular
plaques of the WM, without tendency to increase
their volume. These junction lesions are round or
ovoid in shape, including both the U fibres and the
profound layer of the cortex (6). This latter charac-
teristic is another distinguishable feature when com-
paring with the WM plaques, which usually spear
the U fibres.

Morphologically, if we don’t take to account the
cortex-WM junction lesions and the giant plaques
from Schindler disease that can touch sometimes
the GM, one can describe four types of cortical
plaques:

– conic shape, with pial basement,
– like a circle, surrounding a vessel,
– „in the mirror“, located on a each side of a

sulcus (sometimes surrounding a leptomenin-
geal vessel),

– confluent, “moth-eaten-like”, like “cortical
caries”.

Cortical cerebellar plaques are the same in shape
as the ones above.

The brain stem GM plaques are developing in
the same manner, the superficial ones usually conic
in shape, and the inner ones usually spherical
surrounding a vessel. The most affected areas are
the interapeductal GM and the ceiling of the IVth
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ventricle. At the level of the median raphe, pontine
olives, spinal cord and the emergence point of the
cranial nerves, especially the Vth and the VIIIth
pairs, the lesions may be bilateral, more or less
symmetrical.

It is accepted that 86% of the MS patients present
GM lesions. In these patients, the GM lesions can
reach 26% from the entire damaged cerebral
parenchyma (11)

Since axonal degenerescence is certitude in MS,
new imunohistochemistry techniques have de-
veloped for the study of axonal damage, detecting
neurophilaments or A-beta precursor protein (APP)
which is transported by the axonal flux (15,16,17).
A disruption in the axonal flux can determine the
accumulation of APP. There are many recent stu-
dies using this method that demonstrate the im-
portance and precocity of axonal damage in MS,
as well as the secondary axonal lesions evolving
by retrograde degenerescence from a initially de-
myelinated zone (18,19,20).

The neuronal density correlates with the extent
of cortical demyelination, decreasing with 18-23%
in MS patients with extensive cortical demyelination
(14). In more profound structures as thalamus, the
axonal loss can reach about 35% when compared
to healthy people (21).

Regarding the optic pathway, the correlation
between axonal loss of the optic nerve and mor-
phological derangement in the parvocellular layer
of the lateral geniculate nucleus is suggesting that
the GM neuronal damage would be the conse-
quence of the WM axonal lesions (22). This is em-
phasized by the decrease in the mitochondrial
functions in the non-demyelinated cortical neurons,
possibly secondary to the downstream WM de-
myelination (23).

Neuronal apoptosis is also involved in the ge-
nesis of the GM lesions, playing a role in the
demyelination pathway rather than in the in-
flammatory process (9). The most of the apoptotic
neurons are large and pyramidal, and located in
the cortical layers 3 and 5. By confocal double-
labelling microscopy, it was found that microglia
extended processes to ensheathed neuritic elements
and apoptotic neuronal cell bodies (9).

The lesional process, whose etio-pathogenic
mechanisms are not fully understood, must not be
seen as a unidirectional one. The immunohisto-
chemical techniques reveal elements suggesting the
regenerative capacity of the neurons neighbouring
the subaccute plaques. This regenerative activity is
also sustained by the expression of the transcription
factors, like Jun (24).

As a conclusion, the morphologic changes of
GM are extensive, especially in progressive MS,
the subpial lesions being the most frequent type of
cortical lesions.

Although the GM damage has been described
in most of the studies before the 2000’s as a selec-
tive process of myelin loss with less inflammation
and cyto-architecture derangements than in the WM
lesions, the existence of neuronal and axonal damage
occurring in the middle of the cortical lesion areas
must be emphasized.

MACROSCOPIC FEATURES IN IRM

It has to be said from the start that conventional
MRI has a low sensitivity for GM lesions, and GM
can look normal even if affected. This is the mainly
reason why the extension of the cortical damage is
difficult to be established in vivo (11,25).

Indeed, the GM hypersignals in T2-weighted
images are difficult to be seen because of their small
size and the partial volume effect given by the
subarachnoid spaces, but also secondary to the fact
that relaxation characteristics offer a low contrast
with the surrounding GM (11). This lesions are
better visualized in FLAIR sequences T2-wieghted
which annihilate the CSF signal (26,27,28).

The frequency of the GM lesions estimated by
cMRI is variable, Gadolinium (Gd) - enhanced T1-
wieghted images allow one to reveal but the mean
is 9,6 lesions/patient, located mainly in the frontal
lobe (29). The sensitivity of the cMRI for GM cor-
tical lesions is 3-5%, and bigger for the more pro-
found lesions: 10-40% (25,30). With 140% more
lesions comparing with the T2-weighted ones, 16%
of them cortical and 26% sub- or juxta-cortical (10).
T2-weighted hypo-intensity has been described re-
cently in the central grey nuclei, so called black-T2
or BT2 (31). This kind of image can also be found
in other cerebral structures where the GM prevails,
as the red nucleus and thalamus. Interestingly, it
was never described in locus niger. It seem to be
connected to iron deposits secondary to neuronal
degenerescence, the latter one as a consequence of
the toxic free radicals generated by electron transfer,
a mechanism similar to those in neurodegenerative
diseases (2).

STRUCTURAL CHANGES

New MRI techniques, including magnetization
transfer MRI (MT-MRI) and diffusion-weighted
MRI (DW-MRI), allow a better evaluation of the
structural damage in MS (32).
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MT-MRI is based on the interactions between
protons in a relatively free environment with those
which motion is restricted (bounded to the myelin
macromolecules and the cell membranes). Off-
resonance irradiation is applied, which saturates the
magnetization of the less mobile protons, thus
reducing the signal intensity from the observable
magnetization. Thus, a low MT ratio (MTR) indi-
cates a reduced capacity of macromolecules in the
CNS to exchange magnetization with the surroun-
ding water molecules, reflecting damage to myelin
or to the axonal membrane. Decreased MTR
correlates with axonal and myelin loss (33).

Diffusion in the microscopic random transla-
tional motion of molecules in a fluid system. In the
CNS, diffusion is influenced by the micro-structural
components of tissue, including cell membranes and
organelles. The diffusion coefficient of biological
tissues (which can be measured in vivo by MRI) is,
therefore, lower than that of the water and, for this
reason, it is named as apparent diffusion coefficient
(ADC). Pathological processes, resulting in a loss
or increased permeability of „restricting“ barriers,
can determine an increase of the ADC. Since some
cellular structures are aligned on the scale of an
image pixel, the measurement of diffusion is also
dependent on the direction in which diffusion is
measured. As a consequence, diffusion measure-
ments can give information about the size, shape,
integrity and orientation of the tissues. A measure
of diffusion, which is dependent of the orientation
of structures, is provided by the mean diffusivity
(MD), the average of the ADCs measured in three
orthogonal directions. A full characterization of
diffusion can be obtained in terms of a tensor, a
3x3matrix which accounts for the correlation
existing between molecular displacements along
orthogonal directions. From the tensor, it is possible
to derive MD, equal to the one-third of its trace,
and some other dimensionless indices of anisotropy,
one of the most used being fractional anisotropy
(FA). The MD is isotropic in the GM and very
anisotropic in the WM.

The decrease of MTR and the increase of MD in
normal-appearing-MRI GM are signs of the loss of
tissue integrity and the structural damage of the
barriers for water movement (34). These changes
can be secondary to the GM lesions and/or the
wallerian degenerescence in the fibres that make
the connection with the WM. One can establish
which of the two hypotheses the real one at a time
is for one patient by comparing the lesion burden
in T2 on one side, and MTR and MD on the other
side. If there are not any lesions in the WM but

MTR and MD are abnormal, there is a high
possibility of GM lesions secondary to the disease
but not to the WM lesions. The FA is decreased in
the WM at both levels, supra- and infra-tentorial,
but increased in the grey nuclei in MS patients (35).

CLINICAL CORRELATIONS

There is a significant correlation, especially for
secondary progressive SM patients, between the
cortical and juxta-cortical anomalies detected in the
FLAIR sequences and the age of the disease (29).
Naturally, the frequency of the cortical hypersignals
in FLAIR in a certain region correlates with the
presence of the cortical atrophy in that region.

It is a fact that the extensive cortical damage is
associated with chronic and advanced forms of the
disease and, meanwhile, it is present in a lesser
extend in remittent forms (12,13,14).

As we have said before, the IRM techniques
show better the presence and the extension of the
juxtacortical lesions, with a higher sensitivity than
for the cortical ones. For some authors, the presence
of this lesions correlates with the cognitive im-
pairment, depression, affective disorders, cortical
symptoms and epilepsy in MS patients
(36,37,38,39).

The same correlations have been described,
however inconstantly, as regarding the cortical lesions,
which are associated with memory troubles, cortical
symptoms, depression and affective disorders (36).
Other studies suggest that the anomalies of the
cortex and the deep GM, representing 5,7% and
4,6% respectively from the total lesion burden in
MS, don’t correlate nor with the cognitive im-
pairment or the EDSS (40). On the other hand, the
indirect markers of the neuronal loss (the black
wholes in T1 sequences and the cerebro-medullar
atrophy) seem to correlate with the clinical deficit
(41,42,43). Other association was found between
the T2 lesion burden and the cognitive impairment
and the decrease in the cerebral metabolism,
measured by positron emission tomography (44).

The T2-weighted hypointensity images (BT2)
deserve to be treated separately. BT2 could be ex-
plained by the wallerian degenerscence prolonging
the T2 but not the T1 sequences, and by the iron
deposition. Their presence seems to be correlated
with the degree of the handicap and the clinical
evolution, but not with the age of the disease or the
cerebral atrophy (31). BT2 are highly predictive
(more than the T2 lesion burden and the T1 black
wholes) for the degree of handicap and the clinical
evolution. Moreover, the BT2 situated in the nucleus
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caudatum are highly predictive for the enlargement
of the third ventricle. This cerebral atrophy marker
can predict the degree of handicap (31).
Interestingly, the BT2 allow differentiating the
remittent forms from the secondary progressive
forms of MS, but correlate neither with the lesion
activity nor with black holes. Finally, the localisation
of BT2 in thalamus, nucleus caudatum and putamen
is considered predictive for clinical evolution, and
the presence of BT2 in globus pallidus correlates
with the global lesion burden in T2 (31). Very recent
data suggest that BT2 lesions detected in the globus
pallidus and the caudate nucleus with 3T MRI
correlate significantly with EDSS and therefore be
a useful MRI measure associated with disability in
MS and warrants further study (57).

Going back to the MRI imagistic parameters
mentioned above (mean diffusivity – MD, magne-
tization transfer ratio – MTR and fractional
anisotropy - FA), it has been proved that the cog-
nitive impairment correlates with the increase of
MD and the decrease of MTR in the GM (34).
Furthermore, MD seems to correlate with EDSS and
the age of the disease, and a decrease of MTR in
the normal appearing GM is found especially in
recurrent-remittent forms of MS (35,45). As for FA,
it diminishes in the WM but is increased in the
region of the grey nuclei, especially in putamen
and thalamus (35).

Finally, an emphasis must be placed on the
heterogeneity of the imagistic examination para-
meters for which correlations with the clinical
features were described. In the future, a standar-
disation of these parameters is necessary prior to
include them in the MS diagnostic algorithms.

FUNCTIONAL CONSEQUENCES

The GM damage in MS can be direct (due to
lesions), or indirect, secondary to WM lesions.

The physiopathology of MS implies tissue
destruction and degenerescence with focal irre-
versible lesions of the WM, diffuse axonal loss and
cerebral atrophy (17,46). The cerebral atrophy is
precocious and a consequence of either the WM
lesions alone or the WM and GM damage together
(47). The axonal-neuronal damage is involved in
the appearance and worsening of the clinical handicap.

Spectroscopy MR (SMR) shows a decrease of
N-acetyl-aspartate (NAA) in acute plaques. NAA
is a marker of axonal integrity and it’s decrease is
reversible and correlated with the clinical deficit
(48,49). In normal appearing WM, the NAA is
irreversible decreased and correlates with the

increase of handicap in MS patients. This type of
changes seems to have topographic specificity (50).
The axonal loss is more severe in secondary
progressive forms and correlates with disease age
and clinical handicap. However, the speed of NAA
decrease is higher in secondary progressive forms
of MS (49,51). A decrease of NAA has also been
observed in the normal appearing GM in recent MS
patients, with a disease start under 3 years.

There is a correlation between the decrease of
MTR and NAA, thus between myelin and axonal
damage in the plaques, especially in the secondary-
progressive forms (52).

The degree of the neuroplasticity and the functio-
nal adaptative capacity of the axons are more
important in the brain than the spinal cord. Com-
bined studies including functional-MRI (fMRI) and
SMR have shown an important increase of the
neuronal activation, of almost 5 times, in the sen-
sory-motor cortex, that correlates with a decrease
of NAA. Thus, the increase of this neuronal acti-
vation helps the functional preservation in the
presence of axonal damage. The remission of the
deficit precedes that of the axonal damage in the
lesion area, and is accompanied by an increase of
the recruitment in the motor ipsilateral cortex (53).
In this respect, fMRI can be a method to follow-up
the recovery after the attack, the reorganization of
the neuronal circuits, and thus to estimate the
adaptative cortical changes provoqued by the
presence of the lesion (54,55,56,59).

THERAPY AND GM IN MS

It is uncertain whether the immunopathogenic
mechanisms underlying GM damage in MS are
limited by currently available disease-modifying
therapies (58). It is also unknown if GM invol-
vement has any relationship with the proposed
classification of WM MS lesion subtypes (60). Focal
new WM lesions are associated with blood-brain
barrier damage, inflammation, and acute axonal
injury both in the lesion and distal to the lesion site
due to Wallerian degeneration. This type of injury
is likely to be limited by immunomodulatory and
immunosuppressant drugs. However, diffuse global
brain injury including GM involvement is likely
associated with a localised inflammatory response
that occurs typically behind an intact blood–brain
barrier in the absence of ongoing focal WM de-
myelination. The limited benefit of anti-inflamma-
tory or immunomodulatory therapy in the chronic
slowly progressive phase of MS may in part be
explained by this pattern of compartmentalization
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of the inflammatory reaction in the CNS. Additional
studies targeting GM damage are needed to better
understand the pathogenic mechanisms and to ela-
borate more effective therapeutic strategies.

CONCLUSION

Known, but unfair neglected, the GM damage
in MS is confirmed by recent IRM data. The
neuronal-axonal damage is precocious; the accu-
mulation of axonal loss can explain the progression

of the handicap. In response to the GM lesion there
is a degree of cortical adjustment, precocious as
well as the lesion. Further studies are necessary to
establish if these adaptative changes are much more
important in recurrent-remitting forms of MS than
in progressive and advanced ones. A better
knowledge about the GM damage in MS is
important at anatomic, structural and functional
levels, not only to understand the MS as a complex
pathogenic entity, but because of the potential
therapeutic emerging approaches.
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