








necessity non-concurrent, as MEG and fMRI cannot
be acquired simultaneously).18

MEG correlates of neurodegeneration
Focal slowing in temporoparietal regions was an
expected finding in early MEG studies of Alzheimer’s
disease, and was furthermore correlated with cogni-
tive measures.19 Attempts to model the source of
spontaneous α band activity also noted an anterior
shift from parieto-occipital regions to predominantly
temporal-lobe generators in Alzheimer’s disease versus
controls; this was interpreted to reflect somehow a
loss of cholinergic transmission.20 Another study pro-
vided more convincing evidence that described left
temporal MEG activity deficits, which correlated with
ipsilateral hippocampal atrophy and behavioural
measures.21

Surface EEG had already described abnormalities in
preattentive auditory processing of deviant tones in
neurodegenerative disease. These excessive evoked

response potential (ERP) abnormalities, perhaps
reflecting a failure to inhibit or adapt to irrelevant
stimuli, were convincingly replicated and localised in
MEG studies of Parkinson’s disease,22 Alzheimer’s
disease23 and amyotrophic lateral sclerosis.24

Subjects with Parkinson’s disease, even without
dementia, also show widespread oscillatory slowing.25

Furthermore, in combination with invasive local
recordings, MEG identified a dopamine-responsive
long-distance network operating in the β band that
showed coherence between prefrontal cortex and sub-
thalamic nuclei, in contrast to a spatially and spec-
trally distinct network in the α band connecting
brainstem with temporoparietal cortex.26

Global resting-state networks in neurodegeneration
A growing number of MEG studies have described
neurodegenerative alteration to functional connectiv-
ity during resting-state recordings, complementing
findings from fMRI. Resting-state networks describe

Figure 7 Comparison of resting-state networks identified from magnetoencephalography and fMRI data independently. (A) Default
mode network, (B) left lateral frontoparietal network, (C) right lateral frontoparietal network, (D) sensorimotor network. (Adapted
from Brookeset al14).
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the temporally coordinated, but often anatomically
disparate, spontaneous fluctuations in brain activity
that are present even at rest within distinct functional
brain networks.27 Although such networks are obvi-
ously engaged during relevant task activity, study of
resting-state networks is particularly appealing within
patient populations as impaired task performance is
no longer a possible confounding factor.
Alzheimer’s disease has been most frequently scruti-

nised using resting-state measures. A study of 18
patients (mean Mini-Mental State Examination Score
19.2) noted a loss of long-distance interhemispheric
connectivity (measured as synchronisation likelihood)
within the α and β bands. This correlated with cogni-
tive impairment and was not consequent to anticholi-
nesterase treatment.28 A repeat study focused on the
modular organisation of resting-state networks
(decomposed into functional subnetworks), and noted
Alzheimer’s disease to cause decrement of intermodu-
lar connectivity but also intramodular damage
restricted to certain cortical regions.29

Such graph-theory concepts could, in principle, be
employed to transfer descriptions of a ‘connectome’
(our unique neural fingerprint that defines us as indivi-
duals) across different modalities, including fMRI and
diffusion tensor imaging (DTI) studies.30 However,
results from these connectivity studies often conflict,
perhaps reflecting differing population samples, but also
implying a mismatch between functional and structural
connection strength,31 which may hint at underlying
pathological mechanisms, such as interneuronal dys-
function in amyotrophic lateral sclerosis.32

Oscillatory signatures in neurodegeneration
The suitability of MEG to capture neuronal activity
during relevant motor or cognitive tasks has encour-
aged parallel investigation of induced changes in oscil-
latory activity—perturbations of spontaneous brain
activity patterns are fundamental to all our experi-
ences, decisions and actions.1 A block-design study of
patients with Alzheimer’s disease or dementia with
Lewy bodies contrasted their cortical spectral power
during periods of either rest or repeated auditory
attention tasks. In both conditions, there were large
group differences from anterior sensors in a 3–7 Hz θ
band.33 An event-related experimental design was
used to study visual working memory tasks attempted
by Alzheimer’s disease and vascular dementia
patients.34 Those dementia subjects still able to com-
plete the task successfully demonstrated (against con-
trols) significantly delayed and stronger amplitude α
desynchronisation during the task epochs (albeit with
limited topographical localisation), in keeping with
the comparatively higher burden of cognitive process.
Task-based MEG recordings of 12 subjects with fron-

totemporal dementia were compared with controls,
while making categorical semantic judgements about
visually presented objects. There was an early

difference in temporoparietal cortex activity followed
by a later reduction in frontoparietal activity in each
task epoch, interpreted as corresponding to semantic
information processing and subsequent action selec-
tion.35 This result highlights the high temporal reso-
lution achievable in MEG recordings such that
component parts of a rapid cognitive task can be distin-
guished with confidence in time and anatomical space.
Even swallowing has proved to be an informative

motor task in the study of neurodegenerative disease
with MEG. An investigation of Parkinson’s disease sub-
jects with and without dysphagia found evidence for
compensatory adaptive cerebral changes to involve
wider cortical regions.36 The same researchers have
noted right hemispheric lateralisation of swallow-related
activity in amyotrophic lateral sclerosis37 and Kennedy’s
syndrome,38 perhaps reflecting plasticity in the face of
progressive neurodegeneration.

Biomarker potential
MEG has been used to predict whether subjects were
more likely to progress to clinically defined
Alzheimer’s disease on the basis of more widespread
power changes during a memory task, in a study of a
small number of subjects with minimal cognitive
impairment.39 A larger (117 Alzheimer’s disease sub-
jects) multicentre MEG study was subsequently per-
formed; 1 min of resting-state data was sufficient to
detect increased functional connectivity.40 Ten-month
interval assessment of 31 subjects detailed progressive
abnormalities, correlating with worsening neuropsy-
chometry. A longitudinal study of Parkinson’s disease
showed progressive slowing of oscillatory activity over
a 4-year follow-up period in 59 initially non-
demented Parkinson’s disease subjects.41 These
changes were particularly associated with mild cogni-
tive decline and, furthermore, MEG signals, above
and beyond neuropsychometry, predicted subsequent
conversion to Parkinson’s disease dementia, as borne
out at the 7-year follow-up time point.42

CONCLUSION
In combination with the increasingly high structural
resolution offered by MRI, MEG has unique potential
as part of a multimodal approach to brain disorders
that is sensitive to time as well as space. It seems clear
from presymptomatic studies across a range of neuro-
degenerative disorders, that the earliest events occur
many years, possibly decades, before the onset of
symptoms. Primary prevention of neurodegeneration
will require sensitivity to very subtle changes in brain
activity that seem likely to operate at the network
level.43 As well as studying the patterns of brain activ-
ity in the resting state, cognitive or motor MEG-based
tasks could reveal key pathological or compensatory
patterns of activity that might form the basis for early
intervention, including pharmacodynamic biomarkers
of therapeutic intervention.
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Key points

▸ Magnetoencephalography (MEG) is non-invasive, safe
and comfortable.

▸ MEG offers unsurpassed temporal resolution; it can
probe neuronal oscillation activity that is fundamen-
tal to brain function in health and disease.

▸ Modern MEG systems include several hundred
distortion-free sensors surrounding the head to
provide high spatial precision over superficial cortical
areas.

▸ MEG analysis describes in vivo function of whole
brain networks in real time, and has the potential to
detect the very earliest changes in neurodegenerative
disorders and assess preventative therapies of the
future.
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