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Abstract 

Neuroimaging biomarkers have potential role in the early diagnosis as well as periodic follow-up of 
neurodegenerative diseases such as Alzheimer’s disease (AD). Structural imaging biomarkers can be 
used to predict those who are at risk or in preclinical stages of AD. It could possibly be useful even 
in predicting the conversion of Mild Cognitive Impairment (MCI) an early stage of AD to AD. In 
addition there has been a lot of progress in molecular imaging in AD. This article presents a review 
of recent progress in selected imaging biomarkers for early diagnosis, classification, and progression, 
of AD. A comprehensive integrative strategy initiated early in the cognitive decline is perhaps the 
most effective method of controlling progression to Alzheimer’s disease.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common 
cause of dementia among people aged 60 years and 
older.1 The prevalence of AD ranges from 6.44% in 
south India2 to 4.86% in Shanghai,3 China to 3.92% 
in Sri Lanka for populations above 65 years.4 The 
main clinical feature of AD is increasing memory 
impairment followed by impairment of other 
cognitive domains, a characteristic pathological 
cortical and hippocampal atrophy, histological 
feature of senile plaques of amyloid deposits and 
neurofibrillary tangles consisting of intraneuronal 
tau fibrillary tangles.5

 The prevalence of AD is expected to increase 
dramatically as the population around the globe 
continues to age. Better understanding of this 
dementing disease, therefore, is essential, and 
early diagnosis combined with a comprehensive 
management strategy initiated early in the course 
of the cognitive decline will likely be the most 
effective method of controlling the progression 
of AD.6-8 Currently one of the major handicaps 
towards achieving this is the difficulty in early 
and definitive diagnosis of AD. Over the past 
decade there has been a tremendous amount of 
research output in the field of biomarkers of AD. 
In this article, we review the current knowledge on 
structural imaging changes associated with AD. 
Structural MRI studies and functional studies such 

as PET and SPECT are being widely researched in 
the diagnosis of AD.9-11 Structural and functional 
imaging may be useful for the early diagnosis 
of AD.12,13 With increasing research in disease 
modifying therapy in AD and recognition of mild 
cognitive impairment (MCI) as a very incipient 
stage of AD, early diagnosis of AD will assist 
in early initiation of disease modifiying therapy. 
This in turn will aid in improving the quality of 
life of patients with AD. 

Mild cognitive impairement

MCI is a predementia condition that has been 
shown to have a high likelihood of progression 
to AD.14,15 It is characterized by impairment in 
one domain of cognition with relatively preserved 
other cognitive domains in the presence of 
unimpaired functional abilities.16,17 MCI can be 
categorized as amnestic MCI (aMCI) and non-
amnestic MCI (naMCI). aMCI refers to patients 
who are functionally independent but with 
impairment in the memory domain. Whereas 
naMCI includes functionally independent patients 
with impairment in one or more  non-memory  
domains of cognition such  as   attention,  executive  
functioning,  language  and visuospatial processing 
etc. Some studies suggests that patients with the 
aMCI subtype have a higher risk of progression 
to AD.18
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NEUROIMAGING BIOMARKERS FOR 
EARLY DETECTION OF ALZHEIMER’S 
DISEASE

Neuroimaging biomarkers

Biomarkers have diagnostic and prognostic 
value in the early detection of AD. Research 
is ongoing in a wide spectrum of biomarkers 
(Figure 1) associated with AD. Among these, 
possibly neuroimaging has the potential for 
predicting the transition from MCI to AD.19 
Several brain-imaging   techniques are often used 
for studying the neuropathological processes and 
morphological and functional changes occurring 
in AD. Neuroimaging methods are helpful not only 
in the early diagnosis but also in differentiating 
AD from other neurodegenerative diseases.20 
Studies have revealed that   imaging techniques 
can be used for the prediction of conversion of 
MCI to AD.  Neuroimaging techniques can be 
mainly classified as structural and functional. The 
main structural imaging techniques are computed 
tomography (CT) and magnetic resonance imaging 
(MRI). The CT imaging technique provides high 
resolution and has the ability to distinguish two 
structures from each other as separate. However, 
MRI imaging technique, due to its high spatial 
resolution can be used to distinguish the difference 
between two arbitrarily similar but not identical  
tissues.21,22 Other  techniques such as positron 
emission tomography (PET), single photon 
emission  computed tomography (SPECT), and 
functional MRI (fMRI) are examples of  functional 
neuroimaging techniques.23 Even though 
functional imaging technique provides some  
structural information; their spatial resolution is 
lower than structural imaging technique.

STRUCTURAL IMAGING TECHNIQUES

Computed tomography (CT)

CT is not used as a standard technique for early 
diagnosis of AD. CT is mainly used to rule out 
potentially surgically treatable causes of dementia 
such as tumors and sub-dural hemorrhage, etc. 
In AD, the CT scan analysis may reveal diffuse 
cerebral atrophy with enlargement of the cortical 
sulci and increased size of ventricles. However, 
these are late changes in AD. Some studies have 
suggested that, medial temporal lobe atrophy could 
predict the earlier detection of AD.24-26 The main 
advantages of this imaging technique is that, it 
may help in the differential diagnosis of dementia, 
such as ruling out a paramedian tumor or a normal 
pressure hydrocephalus. In developing resource 
constrained nations, it is also less expensive, faster 
and more widely available than MRI.27 Other than 
the afore mentioned, CT does not have any role 
in the early diagnosis of AD.

Structural magnetic resonance imaging

MRI is one of the non-invasive imaging techniques 
for the structural analysis of AD brains.28 Frisoni 
and colleagues demonstrated convincingly the 
phenomenon of medial temporal lobe atrophy 
as an early marker in AD.29 The decline from 
normal to MCI and to AD has been investigated 
mainly using MRI studies.30 Most of the MRI 
studies demonstrated that atrophy of the medial 
temporal lobe structures (hippocampus, and 
entorhinal cortex) is common in AD.31 Structural 
MRI analysis has demonstrated that medial 
temporal atrophy is associated with increased 
risk of developing AD and can predict future 
memory decline in healthy adults.32 Current 

Figure 1. A flow chart of different biomarkers that are being researched in the realms of Alzheimers’s disease.
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research focuses on some of the volumetric  
analysis  techniques  for  the  early detection 
of AD.33,34 Earliest technique was the visual 
impression which evolved to manual volumetry 
and later into automated volumetry. Volumetric 
analysis of MRI can detect significant changes 
in the size of brain regions. Regional atrophy 
measurement during the progress of AD is a 
potentially promising diagnostics indicator.35,36 
The various volumetry assessment tools and 
methods are listed in Table-1.
 Volumetric methods are quantitative and have 
been used to demonstrate significant differences 
in volumes of specific medial temporal lobe 
structures, such as the hippocampus and amygdala 
among cognitive diagnostic groups.27,37,38 The 
manual volumetric technique requires an excellent 
working knowledge of neuroanatomy as well as 
good skill in delineating regions of interest (ROI). 
Manual volumetry is a very time consuming 
process compared to automated volumetric 
methods. Voxel based morphometry (VBM) is 
an automatic volumetric approach, which allows 
distinguishing between healthy controls and 

patients (Figure 2) based on the volume of brain 
and region of interest.39-41 IBASPM and MarsBar 
are the toolboxes of SPM to distinguish an AD 
group from a normal control group. Free surfer 
and FMRIB Software Library (FSL) (http://
www.fmrib.ox.ac.uk) make available brain region 
templates for the automated methods that can 
detect hippocampal atrophy in patients and provide 
information about the shape, position or volume 
of brain tissue.40

 Recent VBM techniques have demonstrated that 
in subjects who converted from MCI to clinical 
AD, atrophy not only involved the MTL but also 
widespread neocortical regions when compared 
to the cognitively stable MCI subjects.37

Diffusion tensor imaging

Diffusion tensor imaging (DTI) is the advanced 
MR Imaging technique, which uses MRI to 
measure non-random movement of water 
molecules. It can thus track the fibers of tracts 
within the brain. There are reports that DTI can 
detect early microstructural alterations in AD 
patients before gross anatomic alterations become 

Table 1: Currently available volumetry assessment tools and image analysis methods for Alzheirmer’s 
disease 

Volumetric method Specifications

Manual tracing It is used for image processing analysis and   
 visualization.

Voxel based morphometry (VBM) Automated technique for investigation of focal  
 differences in brain anatomy.

Individual brain atlases using statistical Automatically segmenting cerebral structures and
parametric mapping (IBASPM) computing the volume of gross anatomical   
 structures

The insight segmentation and registration toolkit. Semi-automated 3-D brain segmentation
- SNake automatic partitioning (ITK – SNAP) technique

Free surfer To automatically identify and measure brain   
 regions.

Functional magnetic resonance imaging of the Analysis tools for fMRI MRI, and DTI brain 
brain (FMRIB) software library (FSL) imaging data

Statistical parametric mapping (SPM)  Automated analysis of brain imaging data

MarsBar It is used for ROI analysis and statistical analysis  
 of ROI data

Medical image processing analysis and It is used for image processing analysis and   
visualization (MIPAV) visualization.

MRI, Magnetic resonance imaging; fMRI, Functional MRI; ROI, Region of interest; DTI, Diffusion tensor 
imaging.
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visible, alterations, which are generally not 
detected by conventional MRI.42 In DTI, the main 
parameters  measured  are  Fractional  Anisotropy  
(FA), apparent diffusion coefficient (ADC) and 
mean diffusivity (MD). Fiber tract integrity 
provides a direct assessment of white matter fibers 
and could be potentially used as a biomarker for 
AD.43 Anisotropy means the movement of water 
molecules is greater lengthwise along neural tract 
relative to their movement across tract width. 
In any disruption in the axon, water molecules 
moves more randomly through the tissues causes 
a reduction in anisotropy that characterizes AD. 
ADC describes the interaction of the diffusing 
molecules with cellular structures and to detect 
the overall diffusivity. The characteristic of mean 
diffusivity is same as that of ADC characteristics. 
The importance of DTI in neuroimaging is to be 
able to provide ROI analysis, three dimensional 
visualization, color mapping, fiber tracking and 
computerized approach for tensor calculation.44,45 
A clinical application of DTI could be to assess 
the differential diagnosis of dementia (AD and 
vascular dementia) using the DTI based tensor 
maps.46 Region based DTI analysis results shows 
that hippocampal microstructural changes could 
be a better predictor of risk of progression of 
MCI to AD.47 In DTI it is possible to analyze 
the connectivity and plastic organization of the 
human brain. Some reports suggest that the main 
DTI parameters FA and ADC values could be 
possibly used as AD biomarkers.48,49

FUNCTIONAL IMAGING TEACHNIQUES

Functional MRI (fMRI)

Functional MRI (fMRI) is a noninvasive 
imaging technique for functional analysis. This 
neuroimaging technique could be used to monitor 
AD patient’s treatment.50 fMRI is a useful method 
to characterize the functional abnormalities 
in dementia subjects. It measures the oxygen 
concentration of certain specific brain areas 
corresponding to particular stimuli or cognitive 
tasks.51,52 This technique has high spatial and 
temporal resolutions. In brief the principle of fMRI 
consists of acquisition of brain images during a 
specific brain activity and in a basal state. During 
analysis, the basal state activity is subtracted 
from the specific task activity to yield the specific 
brain areas where blood flow had increased due 
to the blood oxygen level dependent (BOLD) 
response53 during the performance of the specific 
task by the brain. Resting and activation state of 
fMRI studies show that AD patients have lesser-
coordinated activity in the hippocampus, inferior 
parietal lobes and cingulate cortex compared with 
healthy controls.50,54 Recent advances in fMRI 
have helped to identify the neural substrate for 
cognitive behavioral functions in early phases of 
neurodegenerative disorder and correlated them 
with neuroanatomical network.55

Molecular and beta-amyloid imaging

Molecular imaging technique aims to diagnose AD 
in its earliest stages. This technique determines 
the disease changes at molecular level in the brain 
The results of several clinical trials indicates 

Figure 2.  Results of voxel based morphometry (VBM) showing atrophic areas in patients 
with Alzheimers’s disease.
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that PET imaging of amyloid plaques can 
identify patients destined to develop AD several 
years before the development of dementia.56,57 
Recently, radiotracers for amyloid plaques have 
shown the presence and extent of plaques in the 
brain.58 This could allow for early detection of 
AD. Direct imaging of amyloid load in a brain 
with AD would be useful for the early diagnosis 
of AD and the development and assessment 
of new treatment.59Currently used molecular 
imaging compounds in AD research include the 
following.60

Pittsburgh compound B: Pittsburgh compound 
B (PIB) was the first radiotracer used by Klunk 
and colleagues for highlighting  deposits  of  
beta  amyloid  plaques.61 It helps to visualize the 
pathological hallmark of AD in living individuals 
during a PET scan. PIB is a fluorescent analog of 
thioflavin T, which can be used in PET scans to 
image beta amyloid plaques in neuronal tissue. 
PIB may be used in investigational studies of 
AD.62,63 

Florbetapir F 18: Florbetapir F 18 (18F-AV-45) 
is a novel radiotracer. It is a novel tracer for PET 
imaging of β amyloid plaques in the brain of AD 
patients.64

Florbetaben: Florbetaben (BAY 94-9172) is 
a radiotracer designed to detect beta amyloid 

during PET scan.

18F flutemetamol: 18F flutemetamol (Flute) is 
a radiotracer for PET scan that is structurally 
identical to PIB except for one fluorine atom in 
place of a carbon atom.

PIB-PET technique is the most extensively and 
best validated tracer. Negative amyloid scans 
indicate absence of AD with high accuracy, but 
healthy elderly controls have positive amyloid 
scans whose predictive value in isolation is less 
clear. PIB-PET is a powerful imaging technique, 
to examine the relationship between clinical 
symptoms, amyloid deposition and structural and 
functional brain changes between the controls and 
AD patients.65,66 Accumulation of the β amyloid 
peptide in the brain is a hallmark of AD. Amyloid 
imaging can identify patients with MCI who have 
A-beta aggregation in the early stage (Figure 3).
Amyloid imaging consists of an injection of a 
radiolabel led ligand targeting amyloid aggrates 
and use of PET technology to acquire images of the 
brain in order to display foci of abnormal amyloid 
accumulation. This technique will possibly 
provide an increase in the diagnostic accuracy of 
AD in the near future. In future, amyloid imaging 
will possibly be considered as a biomarker for 
AD and this can be useful for drug  development 
and to clarify their prognostic and diagnostic 
power in relation to age, risk factors, and AD 

Figure 3.  FDG and PIB PET images for Alzheimers’s disease patient and normal controls (Modified from Mistur et al.73)
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subtypes.58,67 There is evidence, however, from 
the Australian Imaging Biomarkers and Lifestyle 
(AIBL) study, that the total amyloid burden alone 
does not alone play a role in hippocampal atrophy 
and cognitive decline68, just as there is evidence 
that that the amyloid burden in the temporal 
neocortex is related to hippocampal atrophy even 
in nondemented elderly subjects.69

Positron emission tomography

Positron emission tomography (PET) is a 
powerful imaging technique, has been used to 
investigate functional alterations of the brain 
both in healthy and ill subjects. PET scanning 
is a molecular imaging technique that allows 
physicians to obtain three- dimensional images 
of what is happening in a patient’s brain at the 
molecular and cellular level.70 Studies have 
suggested that PET is very accurate at diagnosing 
AD and differentiating it from other dementias. 
Regional cerebral metabolism studies with PET 
have used 18F-2fluoro-2-deoxy-D-glucose (FDG) 
as a metabolic marker in early diagnosis and 
preclinical detection of dementia. FDG PET 
measures the glucose metabolism in different 
regions of the brain.71 This technique can be 
used to identify the causes of dementia and to 
have a differential diagnosis, as well as, predict 
conversion to AD in patients with MCI.72 On FDG-
PET  examinations, severe reductions in the rate 
of brain glucose consumptions in AD patients as 
compared to normal elderly have been shown.73 
FDG –PET studies report that AD patients show 
regional metabolic reductions involving the 
parietal-temporal and posterior cingulate cortices 
and the frontal areas in advanced disease.74 It has 
been assumed that metabolic change associated 
with neocortical dysfunctions may be detectable 
by FDG-PET before atrophy appears.23 FDG-PET 
provides closer relation to clinical symptoms, 
but it is less sensitive in preclinical disease PIB-
PET imaging seems more capable to detect early 
changes in progression of AD than FDG-PET 
imaging given its correlation with measures of 
cognitive testing and hippocampal atrophy by 
MRI. In future a combination of FDG and PIB-
PET technique may be more useful in predicting 
short-term conversion to AD.75 In AD, FDG-PET 
imaging techniques often showed the reduced use 
of glucose in brain areas which are important in 
memory, learning and problem solving.

Magnetic resonance spectroscopy (MRS)

Magnetic resonance spectroscopy (MRS) is a non-

invasive imaging technique for assessing metabolic 
and molecular correlates of dementia. It provides 
vital biological information at the molecular level. 
MRS technique can predict future progression to 
AD in patients with MCI and tracking disease 
progression. In future H1 MRS has a potential role 
in early and differential diagnosis of dementia.76 
Proton MRS detect normal metabolic pattern in 
patients with mild neurological impairment and 
severe brain abnormalities. However quantitative 
measurement of regional brain volume can be 
useful in the diagnosis of dementia. Proton MRS 
can provide useful information to differentiate 
between AD and other dementias. Magnetic 
resonance spectroscopy has proven useful to 
monitor disease progression in early AD.77 MRS 
of the hippocampus and other cortical areas could 
predict conversion from amnestic mild cognitive 
impairment to probable AD. Pedro and colleagues 
suggests that H-MRS of the occipital cortex may 
be valuable tool in predicting conversion from 
MCI to probable AD.

Single photon emission computed tomography 
(SPECT)

SPECT is a molecular imaging technique; It uses 
highly targeted radiotracers to detect cellular 
or chemical changes linked to specific disease. 
The technique for evaluation of brain perfusion 
uses a rotating gamma camera. SPECT imaging 
aids in the differential diagnosis of patient with 
dementia.78 SPECT imaging could serve as a 
tool to make accurate diagnosis and measure 
the progression of changes in the brain. Beta 
amyloid imaging technology can discriminate 
individuals with AD. The amount of beta amyloid 
protein detected in the brain reflect the severity of 
symptoms of memory loss.79 The combination of 
SPECT and PET Imaging studies could help to 
identify and evaluate patients from early to late 
in the disease.80,81 The development of specific 
imaging agents for direct mapping of A-beta 
plaques in the living brain is a great challenge. 
Currently the use of PIB in combination with PET 
allows the imaging of beta amyloid plaques in the 
brain that are indicative of AD.82 18Fflutemetamol 
combined with PET imaging can detect probable 
early stage AD and MCI. Amyloid imaging may 
help in the early detection of the disease. SPECT 
is a cheaper method than PET but less specific.

Magnetic encephalography (MEG)

Magnetic encephalography (MEG) is a noninvasive 
neuroimaging technique for measuring the 
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magnetic field patterns generated by the brain. 
Hence, it may help to understand the relationship 
between brain function and cognition.83 It is 
possible that future research could reveal that in 
AD, MEG could serve as a potential biomarker 
and could be used for the differential diagnosis. 
Moreover, MEG shows particular promise in 
predicting the development of MCI from normal 
cognition. Some studies have reported that 
individuals with subjective memory complaints 
showed higher MEG activation than controls.84 
Spontaneous MEG activity shows increased 
slow rhythms and reduced fast activity in AD 
patients compared with healthy subjects.85 
Some studies suggest that the presence of low 
frequency magnetic activity associated with AD 
pathology. Studies suggested that low frequency 
in temporoparietal regions plays a key role in the 
transition of MCI to AD. Studies estimated the 
MEG oscillations to detect changes in subject with 
MCI in the earliest preclinical stages of dementia. 
MEG is capable of detecting alterations in the 
functional organizations of the central nervous 
system. MCI subject has showed decreased mean 
frequency MEG power spectrum as compared to 
healthy controls and AD patients.86-88

CONCLUSION

The development of neuroimaging technique for 
AD has the ability to detect clinical or pathological 
change overtime. Neuroimaging techniques 
have important role in research and clinical 
practice. Advances in structural and functional 
neuroimaging techniques allow detection of AD, 
years before the symptoms of dementia develop. 
A recent major advance is the development of 
amyloid imaging techniques that allows in vivo 
identification of amyloid deposition in the brain. 
Longitudinal structural and functional imaging 
studies seem currently most robust to evaluate 
progressive impairment in MCI and AD. However, 
from the perspective of developing countries of the 
many technologies available, CT head scan and 
structural MRI imaging are the most useful, widely 
available and affordable imaging modalities.
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