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COMMENTARY

Regional Assessment of Brain Atrophy:
A Novel Approach to Achieve a More
Complete Picture of Tissue Damage
Associated with Central Nervous
System Disorders?

The progressive development of brain atrophy is a well-
known feature of many central nervous system (CNS) dis-

orders and can be measured in vivo accurately and reliably
using MR imaging. Therefore, during the last decade or so, a
number of MR imaging-based methods and postprocessing
analysis tools have been developed for quantifying global and
regional brain tissue loss associated with neurologic condi-
tions. In general, there has been a move from seminal methods
based on subjective visual ratings, which were time-consum-
ing, labor-intensive, and poorly reproducible, to the use of
sophisticated computerized tools that have made brain atro-
phy measurements reproducible and potentially applicable to
routine clinical activity. The massive body of work performed
in this field has convincingly shown that there is a strict cor-
relation between the extent of overall brain tissue loss with the
clinical manifestations, in terms of both neuropsychologic im-
pairment and locomotor disability, detected in patients af-
fected by various neurologic diseases. This has been shown to
be the case not only in neurodegenerative diseases, such as
Alzheimer disease (AD),1 but also in inflammatory-demyeli-
nating disorders, such as multiple sclerosis (MS).2 However,
given the fact that neurologic disorders may affect the brain
unevenly, and given the availability of novel technical ap-
proaches, a large amount of research work has been devoted to
achieve a more complete picture of the extent of brain tissue
loss on a regional basis, with the ultimate goal of developing
more sensitive neuroimaging markers of disease-related
pathology.

The initial strategy to define the topography of brain tissue
loss with MR imaging in neurologic patients was based on
region-of-interest analysis, which, however, is extremely time-
consuming and poorly reproducible, especially when a cross-
sectional assessment is performed. Recently, these limitations
have been overcome, at least partially, by the development and
application of fully automated techniques, such as “voxel-
based morphometry” (VBM).3 VBM involves a comparison,
on a voxel-by-voxel basis, of the regional “attenuation” of gray
matter (GM) and white matter of the brain among groups of
subjects. VBM is relatively insensitive to large-scale volumet-
ric differences in gross anatomy and is based on a spatial nor-
malization of high-resolution images from all study subjects
into the same stereotactic space, which removes spatial and
volume differences among individual subjects. Furthermore
and most importantly, VBM does not require any a priori
hypothesis on the localization of group differences, and this
has led to a series of “unexpected” findings that might prove to
be central in the reshaping of our understanding of the patho-
biology of CNS damage with potentially important implica-
tions for the development of novel treatment strategies. For

instance, the use of VBM in the assessment of topographic
patterns of irreversible brain tissue loss in patients with AD has
shown that areas of decreased GM attenuation extend well
beyond the classic targets of this disease (ie, the hippocampus
and the entorhinal cortex) and involves several regions of the
frontal and parietal lobes.4 Similar patterns of regional brain
atrophy changes, albeit at a lower magnitude, were also found
in patients with mild cognitive impairment and were shown to
have the potential to contribute to the identification of those
patients with an increased risk to convert to AD in a short time
frame.5

Against this background, the study by Mezzapesa et al6

published in the present issue of AJNR represents an addi-
tional piece of evidence that, though human neurodegenera-
tive conditions show a marked regional “preference,” they
tend to involve the brain more globally than previously
thought. Indeed, Mezzapesa et al6 show elegantly that in non-
demented patients with amyotrophic lateral sclerosis (ALS),
mild volume loss over the whole brain can be detected as well
as a pattern of regional atrophy that involves several areas in
the frontal and temporal lobes, outside the classic motor net-
work. Therefore, this study strengthens the notion that ALS is
a multisystem disorder of the CNS, which is more pronounced
in the motor/premotor cortices and along the corticospinal
tracts, but not limited to them. Because reduced GM densities
of areas located in the frontal and temporal lobes seem to be
more severe in cognitively impaired ALS patients,7 the study
by Mezzapesa et al6 raises the intriguing question of whether
subtle GM changes in these regions, which can be disclosed by
VBM, might have a prognostic value in the identification of
patients at high risk to develop frontotemporal dementia.7

Longitudinal VBM studies of ALS patients are now warranted
to respond to this clinically important question.

Another intriguing aspect of the study by Mezzapesa et al6

is that they did not find selective tissue loss in the primary
motor cortex of their patients. Previous MR imaging studies
did not reach firm conclusions regarding the presence of mo-
tor and premotor cortex atrophy in ALS, and 2 possible factors
are readily apparent to explain such a discrepancy. First, the
intrinsic heterogeneity of the pathologic process should be
considered.8 Second, the different clinical characteristics of
the cohorts of patients studied may be responsible for the con-
flicting results. Because Mezzapesa et al6 studied patients with
a moderately disabling ALS and a reduced GM attenuation
was found in ALS patients with more severe disability,7 a
tempting speculation is to suggest that reactive gliosis might
have occurred in the sample of Mezzapesa et al6 at a degree
enough to “mask” tissue loss in this cortical region. The pro-
gressive loss of tissue might then counterbalance the “pseudo-
normalizing” effect of gliosis in the extremely disabled cases.7

This again calls for longitudinal MR imaging studies of ALS
patients with a multiparametric MR approach (eg, VBM anal-
ysis might be applied not only to define patterns of reduced
GM attenuation but also to map diffusivity changes in the
remaining tissue) to gain additional insights into the nature of
the GM damage associated to this condition as well as on the
timing of the different CNS structure involvement and its im-
pact on the disease-related neurologic manifestations.

260 Commentary � AJNR 28 � Feb 2007 � www.ajnr.org



References
1. Ramani A, Jensen JH, Helpern JA. Quantitative MR imaging in Alzheimer

disease. Radiology 2006;241:26 – 44
2. Miller DH, Barkhof F, Frank JA, et al. Measurement of atrophy in multiple

sclerosis: pathological basis, methodological aspects and clinical relevance.
Brain 2002;125:1676 –95

3. Good CD, Johnsrude IS, Ashburner J, et al. A voxel-based morphometric study
of ageing in 465 normal adult human brains. NeuroImage 2001;14:21–36

4. Masdeu JC, Zubieta JL, Arbizu J. Neuroimaging as a marker of the onset and
progression of Alzheimer’s disease. Neurol Sci 2005;236:55– 64

5. Bozzali M, Filippi M, Magnani G, et al. The contribution of voxel-based mor-
phometry in staging patients with mild cognitive impairment. Neurology
2006;67:453– 60

6. Mezzapesa DM, Ceccarelli A, Dicuonzo F, et al. Whole-brain and regional

brain atrophy in amyotrophic lateral sclerosis. AJNR Am J Neuroradiol
2007;28:255–59

7. Chang JL, Lomen-Hoerth C, Murphy J, et al. A voxel-based morphometry
study of patterns of brain atrophy in ALS and ALS/FTLD. Neurology
2005;65:75– 80

8. Ince PG. Amyotrophic lateral sclerosis. In: Brown RH, Meininger V, Swash M,
eds. Neuropathology. London: Martin Dunitz; 2000:83–112

Massimo Filippi, Federica Agosta, and Maria A. Rocca

Neuroimaging Research Unit

Department of Neurology

Scientific Institute and University Ospedale San Raffaele

Milan, Italy

CO
M

M
EN

TA
RY

AJNR Am J Neuroradiol 28:260 – 61 � Feb 2007 � www.ajnr.org 261


