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Brain aging
During the lifespan, a number of different structural, functional 

and molecular changes can happen from innumerable multifactorial 
changes resulting in the normal neuronal ageing and often in 
neurodegeneration appearing constantly in the nervous system.1,2 It 
is believed that the ageing process is related to changes in calcium 
homeostasis that explain the progression of brain ageing. In addition 
to changes in calcium haemostasis, mitochondrial dysfunction is 
closely related to neuronal death.3,4 Mitochondria are of paramount 
importance in the generation of adenosine-5-triphosphate, in the 
sequestration of excess calcium and oxidative stress and the failure of 
these mechanisms can cause neuronal death.5,6 Genetic factors control 
the susceptibility to calcium and oxidative stress dysregulation and 
failure of these mechanisms can cause neuronal death.7

Differences between the young and old brain
The Figure 1 shows a comparison between two brain in different 

age groups. The Figure 1A illustrates a normal appearance and 
volume of the cortical grooves of a 2 years old child and the Figure 
2B shows accentuation of the cortical grooves of the fronto-parietal-
temporal regions and cerebellar folds suggesting signs of mild to 
moderate cerebral aging then it represents the normal aging process 
of the brain. Therefore, the role of neuroimaging is still considered 
controversial.8˗10

Longitudinal studies show all the neurons necessary for the 
functioning of the organism are already present at birth. The physical 
development causes the growth of the neurons that increase in size, 
developing the number and amount of axons and dendrites.11˗13 Some 
of these studies estimate the brain mass reaches 75% of its adult size 
at 2 years of age.14,15 Figure 1 below illustrates the computed sectional 
images of the brain of a 2-year-old child, showing normal appearance 
and volume of the cortical grooves and lateral ventricular system.

At the same time, populational studies show that after the age of 40 
the volume and weight of the encephalic mass declines considerably, 
at an estimated rate of 5% per decade.15 It also showed that there is an 
accentuation in the decline from the seventh decade of life when brain 
volume decreases by 7 cm3 each year, with greater loss in frontal 
and temporal lobes and greater loss of white matter than grey matter 

in cognitively normal elderly.11˗13 Cerebral blood flow also decreases 
heterogeneously by 5 to 20 percent, due to atherosclerosis with the 
deterioration of mechanisms that maintain cerebral blood flow with 
the fluctuation of blood pressure.16

The ageing-related neuronal loss is most prominent in neurons 
of the cerebellum and cerebral cortex. While neurons related to the 
hypothalamic system, brain stem and medullary system present 
modest losses of neuron or volume.17,18 Molecular studies suggest 
that ageing is a process related to apoptosis (ie, programmed cell 
death) rather than inflammation, ischemia, or another mechanism 2. 
In some areas, however, dendritic connections may increase, perhaps 
as a result of compensatory plasticity. Although neurons continue to 
grow new synapses, and new neurons are formed throughout life, but 
the rates of losses are greater than the gains. Studies have shown the 
potential protective and restorative effect of exercise may affect brain 
activity although physiology is still unknown.19,20

Figure 1 A In vivo sectional tomographic images illustrating normal 
development cerebral. B CT axial slice obtainted from 75-year-old adult 
showing enlargement of the cortical grooves and sylvatic fissures, as well as 
widening of the grooves between the cerebellar folds and cerebellar fissures, 
with mild ectasia of the lateral ventricular system, of the 4th ventricle and basal 
cisterns, due to reduction in brain volume proportional to the age period.

On the other hand, progressive neurodegenerative disorders 
among which we can highlight Alzheimer’s disease, Parkinson’s 
disease, Pick’s disease, vascular dementia, Creutzfeldt-Jakob disease 
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Abstract

It is of crucial importance to recognize the changes that occur in the brain ageing. Although 
neuroimaging studies are important tools used in the evaluation of changes in brain ageing 
mainly through the exclusion of comorbidities and neurodegenerative disorders, their role 
is still controversial. In this minireview, we discuss the main aspects of brain ageing, the 
differences between the young and old brain, the neuroimaging techniques and the use of 
neuroimaging to assess brain age. Differentiating the differences between normal structural 
and pathological ageing will provide a deeper understanding of the ageing process of the 
brain and will bring us new perspectives on biomarkers.
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or Huntington’s disease can occur and cause gradual and irreversible 
deterioration of the cognitive functions with dementia often without 
apparent detectable cause.21

Neuroimaging techniques
Imaging examinations are one of the main research tools used 

in practice in the evaluation of neurological problems and cognitive 
disorders related to brain ageing. Routinely, the neuroimaging studies 
performed are Computed Tomography (CT) and Magnetic Resonance 
Imaging (MRI), or also known as structural studies that not only 
highlight the neurodegenerative aspects but also help exclude other 
comorbidities that may exacerbate the symptoms.

Despite its low sensitivity and specificity, tending to be more 
informative than conclusive, the difference between normal and 
pathological ageing still remains the great challenge.22 Generally, 
neuroimaging research is done as a complementary part of a 
comprehensive clinical assessment that includes the review of history 
and medications, physical examination (including neurological and 
psychiatric components) and assessment of cognitive, functional and 
behavioural status, blood and urine tests, analysis Cerebrospinal fluid, 
electroencephalography and other procedures.9,10

Other imaging modalities also important are functional imaging 
studies including Magnetic Resonance Spectroscopy (MRS) and other 
functional modalities and molecular studies that we will discuss later 
in this chapter. MRS uses magnetic resonance imaging techniques 
to measure metabolic activity in the region of interest. MRS has a 
lower resolution than structural magnetic resonance imaging, but it 
allows monitoring aspects of the intermediate metabolism that are not 
obtained by other methods in vivo.9

Use of neuroimaging to assess the age of the 
brain

The most relevant structural radiological findings identified from 
CT and/or MRI in cerebral ageing are, among others:

i. Cerebral/hippocampal atrophy,

ii. Ventriculomegaly,

iii. Cerebrovascular disorders

iv. Presence of microbleeds.

As these findings are identified in both normal and pathological 
ageing, although typically age-related changes are characterized 
by being less rapid and generally less severe than those of 
neurodegenerative diseases.8

Cerebral atrophy is manifested by enlargement of the grooves, 
narrowing of the gyri, thinning of the grey matter, decreased white 
matter volume and/or enlargement of the cerebral ventricles and 
subarachnoid spaces. Asymmetric cortical atrophy is often observed 
in neurodegenerative dementias and sometimes it manifests as 
disproportionate deficiencies in functions mediated by the most 
atrophic regions. Hippocampal atrophy is one of the earliest and most 
prominent manifestations of AD although it is not pathognomic of AD, 
it may occur in other conditions such as mesial temporal sclerosis, 
temporal lobe epilepsy and certain vascular insults. Certain regions 
of the cerebral parenchyma show selective vulnerability to different 
neurodegenerative disorders.22 MRI imaging has more specificity 
than CT and automated determination of hippocampal volume in 
MRI is increasingly available and may be useful in determining the 
probability of pathological atrophic change.

Ventricular enlargement may occur in association with progressive 
cortical atrophy without evidence of obstruction; This is known as 
ex-vacuum hydrocephalus.8,9 Alternatively, ventricular enlargement 
may occur in association with normal pressure hydrocephalus 
(NPH). Recent advances in imaging studies have made it possible 
to distinguish these two pathological entities. NPH is a potentially 
treatable cause of dementia that usually presents as the symptomatic 
triad including dementia, incontinence, and gait disturbance.23

Cerebrovascular disease associated with brain ageing may manifest 
itself through cognitive deficits ranging from mild impairment to 
frank dementia.24 The increasing prevalence of ischemic white matter 
changes with advancing age has been implicated as one of the factors 
responsible for the age-related cognitive decline. The most common 
types of vascular cognitive impairment manifest visible changes 
in structural imaging studies of the brain. Other common findings 
associated with cognitive impairment are related to cerebrovascular 
disease include cortical and subcortical infarcts and periventricular 
white matter lesions. In Figure 2, we observed an MRI study 
illustrating subtle alterations in the periventricular white matter related 
to normal ageing. Serial neuroimaging studies can sometimes be 
used to document the temporal relationship between cerebrovascular 
changes and the onset or progression of cognitive impairment.

Figure 2 In vivo sectional MR images of the brain illustrating bilateral mild 
degree microangiopathy.

Cerebral microbleeds that may occur in association with vascular 
anomalies, amyloid angiopathy, and hypertensive microangiopathy 
are a common MRI finding in older individuals, particularly visualized 
from special gradient echo and susceptibility imaging techniques.24 In 
population studies, brain microbleeds are detected in approximately 
15 to 25 percent of individuals over 75years of age and become more 
common with advancing age.25,26 When associated with amyloid 
angiopathy are primarily visualized in the cerebral cortex and are 
usually associated with more severe cognitive impairment. On the 
other hand, microbleeds associated with small vessel disease typically 
occur in the basal ganglia, thalamus or bridge. Both are associated 
with increased risk of bleeding and should be investigated in patients 
with indication of anticoagulant use.

Functional neuroimaging includes functional imaging and nuclear 
medicine studies such as Positron Emission Tomography (PET) 
and Single Photon Emission Computed Tomography (SPECT). The 
molecular neuroimaging derives from Nuclear Medicine where they 
are molecular images coupled to SPECT and PET. Both techniques 
are used in patients with suspected dementia or already established. 
They measure parameters that are coupled or correlated with the 
neuronal activity of the brain. These techniques are only available 
only in specialized centres and many are only used at the research 
level. In clinical practice, most functional and molecular images 
are interpreted by visual inspection, although the parameters to be 
measured are inherently quantifiable. Recognition of regional patterns 
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of hypoperfusion or hypometabolism in functional images may aid in 
the differential diagnosis of various forms of dementia.

Examples of molecular neuroimaging modalities include 123I-FP-
CIT Single Photon Emission Tomography (DAT) scans used for 
confirmation of Parkinson’s disease and amyloid PET imaging in 
AD. Image of the striatal dopamine transporter - DAT exams use the 
ioflupane iodine-123 compound to measure the presynaptic dopamine 
transport in the brain.27 New molecular techniques are now under 
development to detect other pathological processes associated with 
dementia, such as neuroinflammation and deposition of tau protein.28 
Other functional imaging studies include measures of cerebral 
perfusion or blood flow and cerebral metabolic activity.

Brain ageing involves a number of multifactorial events that occur 
over the years as a result of molecular and cellular factors that result 
in processes of neuronal degeneration. Advances in neuroimaging 
techniques have allowed us to broaden the field of research and new 
treatments for several pathologies including those arising and/or 
related to the processes of normal or pathological ageing. Although 
our challenge is still to differentiate between normal structural and 
pathological ageing, functional models should help us find biomarkers 
that will make us better understand this process.
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