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Application of modern neuroimaging technology in the 
diagnosis and study of Alzheimer’s disease

Hong-Mei Zeng1, 2, Hua-Bo Han3, Qi-Fang Zhang4, Hua Bai1, 2, 5, *

Abstract  
Neurological abnormalities identified via neuroimaging are common in patients with 
Alzheimer’s disease. However, it is not yet possible to easily detect these abnormalities 
using head computed tomography in the early stages of the disease. In this review, we 
evaluated the ways in which modern imaging techniques such as positron emission 
computed tomography, single photon emission tomography, magnetic resonance spectrum 
imaging, structural magnetic resonance imaging, magnetic resonance diffusion tensor 
imaging, magnetic resonance perfusion weighted imaging, magnetic resonance sensitive 
weighted imaging, and functional magnetic resonance imaging have revealed specific 
changes not only in brain structure, but also in brain function in Alzheimer’s disease 
patients. The reviewed literature indicated that decreased fluorodeoxyglucose metabolism 
in the temporal and parietal lobes of Alzheimer’s disease patients is frequently observed 
via positron emission computed tomography. Furthermore, patients with Alzheimer’s 
disease often show a decreased N-acetylaspartic acid/creatine ratio and an increased 
myoinositol/creatine ratio revealed via magnetic resonance imaging. Atrophy of the 
entorhinal cortex, hippocampus, and posterior cingulate gyrus can be detected early using 
structural magnetic resonance imaging. Magnetic resonance sensitive weighted imaging 
can show small bleeds and abnormal iron metabolism. Task-related functional magnetic 
resonance imaging can display brain function activity through cerebral blood oxygenation. 
Resting functional magnetic resonance imaging can display the functional connection 
between brain neural networks. These are helpful for the differential diagnosis and 
experimental study of Alzheimer’s disease, and are valuable for exploring the pathogenesis 
of Alzheimer’s disease.
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Introduction 
Alzheimer’s disease (AD) is a type of dementia characterized 
by progressive cognitive dysfunction and abnormal mental 
behavior. In the very early stage, patients with AD may only 
have abnormalities in nervous system function without 
abnormalities in brain structure (Bosco et al., 2017; Kamagata 
et al., 2020). In the middle and late stages, abnormalities in 
brain structure usually occur, but traditional neuroimaging 
techniques are insufficient for making specific diagnoses 
(Bakhta et al., 2019). Examination of AD patients using 
modern neuroimaging techniques, such as positron emission 
computed tomography (PET), single-photon emission 
computed tomography (SPECT), magnetic resonance 
spectroscopy (MRS), structural magnetic resonance imaging 
(sMRI), magnetic resonance diffusion tensor imaging (MR-DTI), 
magnetic resonance perfusion weighted imaging (MR-PWI), 
susceptibility weighted imaging (SWI), and functional magnetic 

resonance imaging (fMRI), has not only revealed specific 
changes in brain structure, but also new findings regarding 
brain function (Dubois et al., 2018). In this article, we review 
valuable advances in the use of these new neuroimaging 
techniques in clinical or animal studies of AD. 

Retrieval Strategy
We examined studies reporting on the use of neuroimaging 
technologies in the clinical diagnosis of AD and experimental 
AD studies published between 2008 and 2020. The following 
search terms were used for electronic retrieval of articles from 
the Medline database: imaging term (MeSH) AND (Alzheimer’s 
disease, brain term (MeSH) OR nerve, term (MeSH)/clinical 
diagnosis OR experimental study term (MeSH)). The results 
were further screened by title and abstract to include only 
articles describing clinical diagnoses and basic research in 
patients with AD and mild cognitive impairment. Reviews were 
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excluded.

In addition, electronic retrieval of articles from the Medline 
database was conducted to examine specific neuroimaging 
techniques used in the clinical diagnosis and study of AD. 
We included literature published prior to March 2020 
with the following retrieval terms: PET, SPECT, MRS, sMRI, 
MR-DTI, MR-PWI, MR-SWI, and fMRI. To ensure that the 
articles concerned the diagnosis of AD and AD research, 
we included the following terms: local cerebral blood flow 
(rCBF), fluorodeoxyglucose (FDG), translocator protein 
(TSPO), N-acetyl aspartate (NAA), inositol, creatine, cerebral 
microbleeding, apparent diffusion coefficient, and low-
frequency fluctuating signal. 

Limitations of Traditional Neuroimaging 
Techniques in the Diagnosis of Alzheimer’s 
Disease
Cranial X-ray examination, computed tomography (CT), and 
ordinary magnetic resonance imaging (MRI) are traditional 
neuroimaging techniques. Skull X-ray examination is of great 
diagnostic value for abnormal changes in bone tissue in the 
head. In particular, this technique can be used to evaluate the 
development and aging of the skull and ascertain the presence 
of bone hyperplasia, osteoporosis, degeneration, corrosion, 
damage, and calcification (Kim et al., 2020). However, 
abnormal changes in brain tissue and other central nervous 
tissue cannot be distinguished via head X-ray examination, 
and so this technique is of little value in the diagnosis of 
AD. Cranial CT scans usually show no abnormal findings in 
patients in the early stages of AD, while patients in the middle 
and advanced stages may exhibit white matter osteoporosis, 
cortical atrophy, widened sulci, ventricular dilatation, and 
cerebral atrophy (Bai et al., 2014; Kim et al., 2020). However, 
CT scans of the head cannot clearly distinguish hippocampal 
atrophy from mild cerebral atrophy, thus limiting the 
diagnostic value of this technique for assessing AD patients 
(Bai et al., 2014; Wong et al., 2020). Ordinary head MRI can 
be conducted using T1- or T2-weighted images. MRI scans 
conducted on the axial, sagittal, and coronal planes can enable 
clear distinction of gray matter from white matter. Using MRI, 
mild hippocampal atrophy can be clearly distinguished from 
medial temporal lobe atrophy. Furthermore, the size and 
volume of brain nuclei can be roughly determined, which is of 
certain value when using imaging to diagnose AD. However, 
the specificity and sensitivity of data obtained using head MRI 
are low with respect to the diagnosis of AD, and do not reveal 
much in terms of physiological and biochemical changes 
associated with AD (Preische et al., 2019).

Single-Photon Emission Computed Tomography 
and Positron Emission Computed Tomography 
in the Diagnosis of Alzheimer’s Disease
SPECT and PET are both nuclear medicine imaging techniques. 
Both use radionuclide imaging to enable examination of 
brain function and metabolism, which is of great value for 
the early diagnosis of AD and clinical AD research (Chiba et 
al., 2019). SPECT combines radionuclide imaging with three-
dimensional CT imaging to reveal radionuclide distribution 
and brain blood flow in different brain regions. The current 
conventional approach is to intravenously inject the single-
photon radionuclide 99m technetium-biscysteine into the 
patient prior to scanning. Then, the SPECT detectors rotate 
rapidly around the longitudinal axis of the patient’s head to 
receive photons emitted in multiple directions. Photons that 
contact the sodium iodide on the probe generate flash signals, 
which are detected. After electrochemical processing, optical 
signal conversion, and quantitative computational analyses, 
the reconstructed images can be used to judge rCBF and 

make predications regarding brain dysfunction (Walker, et 
al., 2016). The typical abnormality observed in AD patients 
is a symmetrical decrease in rCBF in both the temporal and 
parietal lobes. Rossini et al. (2019) proposed that cerebral 
blood perfusion detected by SPECT could be used to infer 
the progress of neurodegenerative disease. They found that 
compared with patients with mild cognitive impairment, 
patients with subjective cognitive impairment had lower rCBF 
in the left medial temporal region of the cerebral hemisphere 
and were more likely to develop AD. When examining the 
correlation between clock drawing task results and decreased 
rCBF revealed via SPECT in mild cognitive impairment patients, 
Duro et al. (2019) found a significantly positive correlation 
between total clock drawing task score and rCBF in the left 
temporal lobe or putamen nucleus. This suggests that there 
is likely to be a strong correlation between rCBF in key brain 
regions, revealed via SPECT, and clock drawing task score 
individuals with mild cognitive impairment or AD.

Common PET brain imaging techniques include glucose 
metabolism imaging, receptor transporter and neurotransmitter 
imaging, and cerebral perfusion imaging (Okazawa et al., 2020). 
The basic principle of PET imaging is the labeling of substances 
essential for human metabolism, such as glucose or nucleic acid, 
with short-lived positron emitting radionuclides (such as 18F and 
11C) (Okazawa et al., 2020). The most commonly used substance 
is 18F-labeled fluorodeoxyglucose (18F-FDG). This is then injected 
intravenously into the body and circulates through the brain 
(Okazawa et al., 2020). PET system detectors are used to detect 
positron signals emitted from substances such as 18F-FDG, and 
CT and image reconstruction are performed to analyze possible 
metabolic abnormalities and pathological sites in the local 
brain (Bosco et al., 2017). The commonly used imaging agents 
for PET are non-toxic and have minimal side effects, and PET 
is a non-invasive method (Doecke et al., 2020). PET is highly 
sensitive, capable of rapid imaging of human pathophysiological 
processes, and can measure the concentration of bioactive 
substances at very low levels in the tissues of interest (Doecke 
et al., 2020). PET can be used to quantitatively analyze a variety 
of physiological and pharmacological parameters in vivo and 
find dysfunction in local tissue before disease-induced structural 
changes occur (Doecke et al., 2020). Table 1 summarizes the 
application of various neuroimaging techniques in the diagnosis 
and study of AD.

The differential diagnosis of dementia by PET appears to be 
more accurate and practical than other existing methods. 
Vascular dementia is typically characterized in PET studies by 
a decrease in the brain’s multifocal, asymmetric metabolism 
of FDG. In PET, frontotemporal dementia usually manifests 
as decreased metabolism of FDG in the frontotemporal 
lobe. PET usually shows reduced FDG metabolism in one 
or both temporal and parietal lobes in AD patients (Deleye 
et al., 2017). Gordon et al. (2018) used PET to examine the 
metabolism of 11C Pittsburgh compound B (11C PIB) in 346 
patients and that of 18F-FDG in 352 patients. They found 
a significant decrease in the glucose metabolic rate, an 
increase in amyloid β protein (Aβ) deposition, and a thinning 
of the cerebral cortex in patients with autosomal dominant 
hereditary AD. Furthermore, the decrease in glucose 
metabolic rate appeared to have taken place about 19 years 
before the apparent onset of AD. At present, Aβ-PET imaging 
technology has been used to diagnose AD according to Aβ 
deposition in the brains of suspected AD patients, with high 
specificity and sensitivity. Nakamura et al. (2018) found 
that immunoprecipitation and mass spectrometry for the 
determination of high-performance plasma Aβ biomarkers 
were better synchronized in the diagnosis of AD than Aβ-
PET imaging for the detection of Aβ deposits. Honig et al. 
conducted a phase 3 double-blind placebo controlled clinical 
trial in which participants in each group were examined by 
brain PET or tested for Aβ1–42 protein in the cerebrospinal fluid. 

Review



NEURAL REGENERATION RESEARCH｜Vol 16｜No.1｜January 2021｜75

Table 1 ｜ Application of various neuroimaging techniques in AD diagnosis

Type of 
examination

Content of 
examination Main uses

Common 
neuroimaging 
techniques

CT, MRI, sMRI Brain structure sMRI used in the 
clinical diagnosis 
of AD

Imaging 
techniques 
related to 
nuclear medicine

 SPECT, PET Cerebral blood 
flow and functional 
metabolism of brain 
tissue 

Early diagnosis and 
study of AD

fMRI in a narrow 
sense 

Task-related 
fMRI and 
resting-state 
fMRI

Brain activity and 
neural network 
function

Clinical trials for 
AD

Other fMRI 
techniques 

MRS, MR-DTI, 
MR-PWI, MR-
SWI

Neurotransmitters, 
pathological changes, 
cerebral blood flow, 
and iron content 

Diagnosis, 
differential 
diagnosis and 
study of AD

AD: Alzheimer’s disease; CT: computed tomography; fMRI: functional magnetic 
resonance imaging; MR-DTI: magnetic resonance diffusion tensor imaging; 
MRI: magnetic resonance imaging; MR-PWI: magnetic resonance perfusion 
weighted imaging; MRS: magnetic resonance spectroscopy; MR-SWI: magnetic 
resonance susceptibility weighted imaging; PET: positron emission computed 
tomography; sMRI: structural magnetic resonance imaging; SPECT: single-
photon emission computed tomography. 

Patients with mild AD were randomly assigned to receive 400 
mg of solanezumab intravenously every 4 weeks for 76 weeks. 
Analysis with the ADAS-cog14, which is an AD assessment 
scale, showed no improvement in cognitive function  
(Honig et al., 2018).

The TSPO is a protein located on the outer membrane of 
mitochondria, with a molecular weight of 18 kDa. Sridharan 
et al. (2017) showed that TSPO levels were proportional to 
the activation of microglia and astrocytes. After microglial 
activation, TSPO can polymerize to form multiple binding 
sites, and it is strongly associated with neuronal inflammation 
in the pathogenesis of AD (Sridharan et al., 2017). Several 
researchers have used TSPO-PET technology to study 
neuroinflammation, and were able to diagnose AD in the 
early stage. The TSPO-PET imaging tracers that have been 
developed or used are [11C]PBR28, [18F]DPPA-714, [18F]-FEPPA, 
[11C]DAA1106, [11C]DPPA-713, and [18F]GE-180 (Sridharan et 
al., 2017). Kreisl et al. used [11C]PBR28 to study TSPO binding 
in individuals with AD, mild cognitive impairment, and in 
normal controls (Kreisl et al., 2013). Compared with those 
with mild cognitive impairment or the control group, tracer 
uptake was significantly increased in the prefrontal, lower 
parietal, temporal, and occipital cortical regions in the patients 
with AD, suggesting higher neurogenic inflammation in these 
regions. The authors concluded that TSPO binding may be 
a pathological feature of the transition from mild cognitive 
impairment to AD (Kreisl et al., 2013).

Yasuno et al. (2012) used the [11C]DAA1106 tracer in individuals 
with AD, mild cognitive impairment, and in healthy subjects in a 
5-year follow-up study with TSPO-PET imaging. They found that 
all of the mild cognitive impairment patients with dementia 
exhibited a significant increase in the corresponding intake of 
[11C]DAA1106 compared with the control group. This suggests 
that the progression from mild cognitive impairment to AD 
requires the involvement of neuroinflammation, and supports 
the important role of neuroinflammation in the pathogenesis 
of AD, as well as the potential future role of TSPO-PET as a 
biomarker for AD progression. Further research is required 
to understand the biological significance of TSPO expression 
in glial cell phenotypes, although one study reported on the 
dangers of glial hyperplasia and its role in the pathogenesis of 
AD (Yasuno et al., 2012). Indeed, in the differential diagnosis 
of AD from other types of dementia, both SPECT and PET can 
be used together to analyze the structure and function of the 
brain.

Application of Magnetic Resonance 
Spectroscopy Imaging Technology in the 
Diagnosis and Study of Alzheimer’s Disease
MRS is an imaging technique in which the magnetic resonance 
principle and chemical shift phenomena are used to develop 
and quantitatively analyze specific nuclei and related 
compounds. This technique has the advantages of high 
resolution, no bony artifacts, no ionizing radiation damage, 
multidirectional and multiparameter imaging, and the ability 
to display brain structures without the use of contrast agents 
(Chen et al., 2019). Owing to differences in chemical shifts, 
chemical compounds can be differentiated according to their 
differences on the MRS spectral peak line. In MRS, the area 
of the formant is proportional to the number of resonance 
nuclei, enabling observation of the concentration of the 
compound (Kreisl, et al., 2016). Furthermore, in MRS, there 
are five resonance spectrum peaks in the normal human 
brain: NAA, choline complex (Cho), myoinositol (MI), creatine 
(Cr), and glutamate. The NAA peak is the highest, and the 
corresponding NAA concentration in the normal brain is 
about 12 mM. A decrease in the NAA peak during MRS can 
be a sign of loss or damage to neurons in the brain. Cho is a 
precursor of acetylcholine and phosphatidylcholine. It can be 
a neurotransmitter or a component of cell membranes. Cho 
is strongly associated with cognitive function, ion transport, 
and transmitter metabolism. MI exists only in glial cells, and 
increases in glial damage areas. The concentration of Cr in 
gray matter is higher than that in white matter. It is a high-
energy phosphate reserve substance converted by ATP/ADP, 
and Cr levels increase when energy metabolism declines in 
vivo, which can be a marker of cell integrity. Glutamate is an 
excitatory amino acid that increases during brain ischemia and 
hypoxia (Suzuki et al., 2019). The following schematic diagram 
summarizes the application of MRS imaging technology in the 
diagnosis and study of AD (Figure 1). 

Variously, researchers believe that infarction, hemorrhage, 
tumor, degeneration, deformity, and brain infection can be 
diagnosed using MRS (Schneider 2017). Furthermore, many 
studies have found selective metabolic abnormalities in 
different brain regions in AD patients (Care et al., 2015; Zhang, 
et al., 2015). In the early stage of AD onset, when there is 
no significant abnormality in hippocampal volume, MRS can 
reveal spectral abnormalities. For instance, Care et al. (2015) 
reported that the NAA/Cr ratio decreased when the MI/Cr ratio 
increased. Furthermore, they found that this decreased NAA/Cr 
ratio in the hippocampus indicated a greater loss of nerve cells 
in this region, which could be an indicator of the progression 
from mild cognitive impairment to AD. Thus, they proposed 
that a MI/Cr ratio of 0.7 indicates probable AD. The increase 
of Cho during MRS is considered to signal the presence of 
senile plaques in the brain, but changes in Cho sometimes 
lack regularity (Zhang et al., 2015). Studies have shown that 
in addition to decreased NAA levels in the hippocampus, AD 
patients also exhibit decreased NAA levels in the posterior 
cingulate gyrus, anterior cingulate gyrus, and neocortex 
compared with controls (Zimny et al., 2011; Bateman et 
al., 2012).  Furthermore, MI is significantly increased in the 
hippocampus, occipital lobe, parietal lobe, posterior cingulate 
cortex, and other brain regions in AD patients. Reduced NAA 
has been associated with decreased performance on specific 
cognitive tests, including delayed recall of words and delayed 
practice for learned word lists. These results are consistent 
with the progressive pathology of AD and the deterioration of 
neural function (Foy et al., 2011), and support the hypothesis 
that increased early neurocongestion and decreased neural 
function may contribute to the development of AD. Targosz-
Gajniak et al. (2013) proposed that MI/Cr level could be used 
to predict the development of AD with high sensitivity and 
specificity, and that it could distinguish amnestic-mild cognitive 
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Figure 1 ｜ Application of MRS imaging in the diagnosis and study of AD. 
Patients could be confirmed to have AD if NAA/Cr decreased and MI/Cr 
increased in the hippocampus, medial temporal lobe, posterior cingulate 
gyrus, and other parts of the brain according to high magnetic field MRS. 
AD: Alzheimer’s disease; Cho: choline complex; Cr: creatine; HM-MRS: high 
magnetic field magnetic resonance spectroscopy; MI: myoinositol; MRS: 
magnetic resonance spectroscopy; NAA: N-acetyl aspartate. 

impairment from non-amnestic-mild cognitive impairment. 
The role of NAA/Cr as a marker of neural functional integrity is 
supported by numerous studies reporting that reduced NAA/Cr 
is a feature of mild cognitive impairment and AD. The abnormal 
changes in the hippocampus and entorhinal cortex determined 
by MRS are strongly associated with the progression of AD, 
and these changes are consistent with the results of ordinary 
MRI and PET (Kantarci et al., 2007). Zhu et al. (2019) used 
MRS to measure NAA/Cr, Cho/Cr, and MI/Cr ratios in the left 
hippocampus and frontal lobe, and analyzed the genotype of 
apolipoprotein E using a high-resolution curve method. The 
results showed that an apolipoprotein E allele could predict 
MRS changes in the gene locus in AD patients, indicating that 
the combination of apolipoprotein E genotyping and MRS 
detection might have clinical value in the early diagnosis of AD.

In the clinical diagnosis of AD, the importance of biomarkers 
and brain imaging data is increasing. The recent use of 
high magnetic field (3.0 tesla and above) MRS significantly 
improved the signal-to-noise ratio and spectral resolution, 
thus making brain imaging data more reliable. Under a high 
magnetic field, all metabolites show greater dispersion, 
and so the peaks with similar chemical shift values can be 
more reliably quantized (Voevodskaya et al., 2016). Some 
metabolites that are not easily quantified at low magnetic 
fields can be quantified at high magnetic fields. These include 
glutamic acid, glutamine, p-aminobutyric acid, glutathione, 
glucose, taurine, and lactic acid (Voevodskaya et al., 2016). 
Glutamate is an excitatory neurotransmitter that can reflect 
the loss of glutamate neurons or decreases in synaptic 
function. Aminobutyric acid is an inhibitory neurotransmitter 
used to regulate the activity of neurons and astrocytes. Lactic 
acid is a product of anaerobic glycolytic metabolism and is 
usually detected in brain diseases under hypoxic conditions 
(Kantarci et al., 2009). A high magnetic field MRS study 

Cho increasedMI increasedCr increased NAA decreased 

There may 
be age 
spots in the 
brain

Glial cells 
are damaged

Decreased 
energy 
metabolism 
in vivo

Neurons 
are lost or 
damaged

 AD can be confirmed by finding similar lesions in 
hippocampus and other specific areas by HM-MRS

MRS was used to examine the 
brain

AD may be 
diagnosed if NAA/Cr 
decreases and MI/Cr 

increases

comparing the hippocampus and posterior cingulate gyrus 
of patients with AD and mild cognitive impairment showed 
significant decreases in NAA/Cr, MI/Cr, and MI/NAA in the 
hippocampus of AD patients. Furthermore, an increase 
in MI that occurred early in mild cognitive impairment 
patients could not be used to distinguish mild cognitive 
impairment from AD (Kantarci et al., 2009). The characteristic 
aggregation of extracellular amyloid plaques and intracellular 
neurofibrillary tangles usually begins in the entorhinal and 
medial temporal lobes and gradually spreads throughout 
the neocortex. Decreased NAA levels in the medial temporal 
lobe, posterior cingulate gyrus, and major cortical lobes may 
represent the strongest manifestation of MRS in AD patients, 
reflecting the loss of neurons and neurological dysfunction 
associated with the disease. A decrease in NAA and an 
increase in MI were observed prior to significant medial 
temporal lobe atrophy. Changes in multiple neurochemical 
substances in local brain regions evaluated using MRS are not 
limited to increases or decreases in measured values, but can 
be accurately quantified (Shen et al., 2018).

Data obtained using MRS may provide new links between 
neurobiochemistry and neuropathology. Further research is 
necessary to understand the pathological basis of MRS data, 
and translate the advantages of high magnetic field research 
into enhanced diagnostic decision-making. High magnetic 
field MRS is expected to reveal the metabolite profile of AD, 
and has significant advantages in improving the signal-to-
noise ratio and spectral resolution, improving the reliability of 
quantization, and detecting a wide range of nerve metabolites. 
Because high magnetic field MRS revealed a decreased 
NAA/Cr ratio and increased MI/Cr ratio in the hippocampus, 
entorhinal cortex, medial temporal lobe, posterior cingulate 
gyrus, and other parts of the brain, these changes may 
represent strong evidence for a diagnosis of AD, and can be 
confirmed as AD via additional imaging.

Application of Other Magnetic Resonance 
Imaging Techniques in Alzheimer’s Disease 
Diagnosis and Experimental Studies
While traditional imaging techniques have played a limited 
role in the diagnosis of AD, modern imaging technologies 
have become more dominant in the diagnosis of AD, and have 
additional functions as components of efficacy evaluations, 
prognosis judgments, and drug development. In addition to 
the SPECT, PET, and MRS methods introduced above, MRI-
PWI, SWI, MR-DTI, fMRI, and sMRI are also used in the early 
diagnosis and experimental study of AD.

MR-PWI  compr ises  two technolog ies :  the  dynamic 
susceptibility contrast technique and arterial spin labeling. 
Dynamic susceptibility contrast examination can be used to 
calculate relative cerebral blood flow volume (rCBV), relative 
cerebral blood flow (rCBF), and mean transit time, which is of 
unique value for the diagnosis and study of cerebrovascular 
diseases, as well as the pathogenesis of AD. Eskildsen et al. 
(2017) used dynamic susceptibility contrast technology to 
study brain microcirculation in patients with AD and mild 
cognitive impairment. They found an increase in regions 
with relative temporal heterogeneity in AD patients with low 
perfusion and capillary transport, and a positive correlation 
between high-intensity relative temporal heterogeneity and 
white matter-related symptoms in AD patients. Furthermore, 
they reported that the lesion sites in AD patients involved the 
temporal lobe, parietal lobe, and frontal lobe. The arterial spin 
labeling technique marks the protons in the arteries with an 
inverted pulse. The marked protons diffuse into the blood and 
tissues, causing changes in the magnetization vector that are 
proportional to the amount of perfusion, allowing arterial spin 
labeling to quantify rCBV (Eskildsen et al., 2017). MRI usually 
shows a weakened signal in the parietal and temporal occipital 
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areas in AD patients, and the degree of decreased blood flow 
in the corresponding areas is associated with the severity of 
clinical symptoms. Furthermore, rCBV in the temporal and 
parietal lobes is decreased in AD patients, and the sensitivity 
and specificity of rCBV in distinguishing AD from controls 
are both about 90% (Zhang, 2016; Basselerie et al., 2017; 
Eskildsen et al., 2017). SWI is a type of three-dimensional 
imaging that utilizes the difference in magnetic sensitivity 
between different tissues to produce an image contrast. It is 
a contrast-enhanced MRI technology with a high signal-to-
noise ratio and high resolution. It was originally called high-
resolution oxygen-dependent venous imaging (Basselerie et 
al., 2017). The original images of two component pairs are 
obtained at the beginning of an SWI inspection to generate 
a magnetic distance diagram and a phase diagram. While 
conventional MRI produces a single magnetic distance map, 
SWI fuses the magnetic distance map with the phase map 
to form a unique image contrast. Then, a variety of image 
processing schemes are conducted with the data sets to 
generate a more positive magnetic moment diagram, a filtering 
phase diagram, a minimum signal projection conversion 
diagram, and finally a magnetically sensitive weighted imaging 
diagram (Basselerie et al., 2017). SWI is more sensitive than 
conventional gradient echo sequences to microhemorrhages, 
and is highly valuable in the diagnosis of cerebral hemorrhage, 
brain trauma, brain tumors, cerebrovascular malformations, 
and neurodegenerative diseases (Park et al., 2019). The 
relationship between cerebral microbleeding and AD is 
unclear. Basselerie et al. (2017) used MRI to evaluate SWI 
sequences, enabling the detection of CBM in individuals with 
AD, mild cognitive impairment, and elderly controls. They 
found that cerebral microbleeding was more common in the 
AD and mild cognitive impairment groups than in the control 
group. Thus, cerebral microbleeding could serve as a potential 
imaging marker for AD progression. Because the pathological 
changes associated with AD are not only related to abnormal 
iron deposition, but also may be positively correlated with 
the severity of dementia, brain iron content could facilitate 
the diagnosis of AD and assessments of the severity of AD. 
Previous studies have demonstrated that SWI imaging can also 
effectively detect iron deposition in the brain (Zhang, 2016; 
Basselerie et al., 2017). Furthermore, a linear relationship 
has been identified between the phase value of SWI and the 
content of iron in the brain (Park et al., 2019). The phase value 
of the left hippocampus was more evident than that of the 
right hippocampus in AD patients (Basselerie et al., 2017). 
When SWI was used to measure the iron content in the brain, 
deposition was significantly increased in AD patients (Park et 
al., 2019). 

MR-DTI is a brain functional imaging technology developed 
on the basis of diffusion-weighted imaging. This technique 
can be effectively used to observe and track changes in white 
matter fibers, and is mainly used to examine white matter, 
track brain development, assess brain cognitive function, 
and characterize brain diseases. DTI can apply diffusion 
gradients in multiple linear directions, and can thus be used to 
quantitatively analyze diffusion differences of water molecules 
in different directions and to observe the microstructure 
and path of nerve fibers (Kantarci et al., 2017). Kuchtova et 
al. (2018) found abnormalities in the subcallosum and the 
parafrontal gyrus of AD patients using DTI. They hypothesized 
that this hippocampal atrophy was an adaptation to the loss of 
hippocampal projections through the cranial vault. In addition, 
patients with atypical AD show cortical atrophy via MRI, low 
metabolism via PET, and white matter degeneration via DTI. 
Several investigators assessed multimode neuroimaging data 
from atypical AD patients and found that Tau protein had a 
strong local negative correlation with FDG metabolism in the 
occipital and frontal lobes (Kuchtova et al., 2018). Tau proteins 
in the frontoparietal region were negatively correlated with 

the volume of the temporoparietal gray matter nucleus (Sintini 
et al., 2019). Some studies found that during the development 
of mild cognitive impairment to AD, the main pathological 
abnormalities in white matter fibers were demyelination, 
while DTI showed increased apparent diffusion coefficients 
and mean diffusivity, and decreased fractional anisotropy 
(Sintini et al., 2019; Spotomo et al., 2019). In AD patients, 
increased apparent diffusion coefficients were mainly found 
in the white matter of the hippocampus, temporal lobe, 
and parietal lobe, which is generally consistent with the 
pathological process of AD. Abnormal mean diffusivity and 
fractional anisotropy values reflected the neuropathological 
features of myelin loss, axonal damage, and oligodendrocyte 
reduction. Because the comprehensive analysis enabled 
by DTI can reveal the state of the white matter structure 
network, it can be used to indirectly evaluate intelligence and 
cognitive function (Spotomo et al., 2019).

While regular MRI scans can analyze abnormalities in brain 
structure at a three-dimensional level, sMRI scans measure 
the shape and structure of brain tissue, allowing detailed 
analyses and accurate calculations regarding the volume of 
various brain components. sMRI technology is divided into 
transverse measurements and longitudinal measurements 
(Cao et al., 2020). The longitudinal measurement method is 
divided into the boundary change integral method and the 
pixel measurement method. The pixel measurement method 
can be used to comprehensively and objectively analyze 
volume changes in different brain regions, and can describe 
the characteristics of local brain regions as well as differences 
in brain tissue composition. In patients with AD, sMRI usually 
first reveals atrophy of the entorhinal cortex, hippocampus, 
and posterior cingulate gyrus. An evidence-based medical 
analysis showed that atrophy of the frontal and parietal lobes 
was more significant in an AD group than in a mild cognitive 
impairment group, and that bilateral hippocampal volume 
decreased by about 24% in the AD group compared with the 
normal group (Cao et al., 2020). Gupta et al. (2019) proposed 
a machine-learning-based framework to distinguish patients 
with AD from those with mild cognitive impairment. The 
framework combines four different biomarkers: fluorescent 
FDG-PET, sMRI, cerebrospinal fluid protein levels, and 
apolipoprotein E genotyping. The researchers obtained four 
biomarkers from 158 subjects using the baseline data set 
from the AD neuroimaging program. For each image, 246 
areas of interest were extracted using the Brainnetome 
template image and the NiftyReg toolkit. These characteristics 
were then combined with three cerebrospinal fluid proteins 
and two apolipoprotein E genotype characteristics obtained 
from the neuroimaging project website using early fusion 
techniques. The sMRI test was used as a biomarker for 
analysis.

‘Generalized fMRI’ usually refers to all MRI examinations 
except for ordinary MRI and sMRI. In a narrow sense, fMRI 
includes task-related fMRI and resting fMRI. Task-related fMRI 
mainly observes changes in brain activity, which are strongly 
associated with the blood oxygen level-dependent (BOLD) 
effect, also known as BOLD-fMRI. BOLD-fMRI is an imaging 
technique that uses changes in the ratio of oxygenated 
hemoglobin to deoxyhemoglobin in local blood in the brain 
activity region to modulate the T2-weighted imaging of local 
brain tissue, thus presenting the function of local brain tissue 
activity (Selkoe et al., 2019). BOLD-fMRI can be used to locate 
functional areas in the brain and differentiate dementia 
diagnoses. Both patients with mild cognitive impairment 
and AD have been found to have structural and functional 
abnormalities in the temporal lobe and hippocampus, 
which are strongly associated with apolipoprotein E allele 
abnormality (Teipel et al., 2015; Zhang, 2016; Selkoe et al., 
2019). Resting fMRI is mainly used to check the function of 
the connection between neural networks, based on BOLD 
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resting-state brain function detection with a low-frequency 
fluctuating signal. The methods for analyzing the correlation 
connection include seed correlation analysis, independent 
component analysis, and small-world network model analysis. 
When resting fMRI was used to examine memory task activity 
in AD patients, the researchers not only observed decreased 
activation of the medial temporal lobe, but also inactive 
integration of the default network (Feis et al., 2019). Seed-
correlation analysis indicated that the normal human brain has 
a solid functional connection between the middle and back 
nodes of the default network, while the functional connection 
in AD patients is severely damaged, especially the functional 
connection between the posterior cingulate gyrus and the 
hippocampus (Rijpma et al., 2018).

In addition, resting fMRI indicated a decrease in regional 
homogeneity in the posterior cingulate gyrus and anterior 
cuneiform lobe of AD patients, and an increase in regional 
homogeneity in the left fusiform gyrus and right lingual gyrus. 
These changes suggest that damage to neural networks in 
the brains of AD patients may be compensated for by other 
brain functions (Ossenkoppele et al., 2018). At present, 
experimental studies of AD mainly employ various types of 
fMRI examinations, especially studies on the pathogenesis 
of AD and evaluations of AD treatments. Thus, fMRI not only 
has clinical significance for the diagnosis and differential 
diagnosis of AD, but also has scientific value for research 
regarding the effects of therapeutic interventions and studies 
on the pathogenesis of AD. The detailed structure of the 
brain is strongly associated with the complex functions of the 
brain. The various modern neuroimaging techniques have 
advantages and disadvantages in the diagnosis and study of 
AD (Table 2).

Conclusion
Modern imaging technology has improved the ease and 
accuracy of the detection of cognitive impairments and 
the differential diagnosis of AD. When examined using PET, 
AD patients often present decreased FDG metabolism in 
the temporal and parietal lobes, which can facilitate the 
differential diagnosis of AD from the perspective of nerve 
function. However, this kind of examination requires special 
developer, and the examination cost is relatively high. MRS 
tests, which do not require the use of a developer, can reveal 
both brain structure and function. AD can be diagnosed 
according to a decreased NAA/Cr ratio and increased MI/
Cr ratio, especially in high magnetic field MRS. Atrophy of 
the entorhinal cortex, hippocampus, and posterior cingulate 
gyrus can be detected early by sMRI, which is of great value 
in imaging diagnoses of AD. It is an accurate measure of brain 
atrophy and structural abnormalities. MR-PWI is mainly used 
for the early diagnosis of cerebral infarction and exclusion of 
AD. MR-SWI can show microhemorrhages and abnormal iron 
metabolism, which is helpful for the differential diagnosis 
and experimental study of AD. Task-related fMRI can show 
functional brain activity through cerebral blood oxygenation, 
which is helpful for the diagnosis of AD and observation of the 
effects of therapeutic treatments. Resting fMRI can show the 
functional connections between neural networks in the brain, 
which is of certain value for studying the mechanisms of AD. 
Each of the above neuroimaging techniques has advantages 
and disadvantages, and should be used selectively according 
to the examination purpose. Different types of imaging 
anomalies associated with AD generally follow certain rules 
during the onset of AD. The detection of these anomalies can 
be used for both experimental studies and clinical diagnosis. 
Through clinical analysis and experimental exploration, expert 
consensus with evidence-based medical data will be more 
widely used in the diagnosis and study of AD.

Author contributions: Literature retrieval and analysis: HMZ and HB; 
discussion and analysis: HB, HBH and QFZ; first draft of the manuscript: 
HB. All authors approved the final version of the paper. 
Conflicts of interest: The authors declare that there are no conflicts of 
interest associated with this manuscript. 
Financial support: This work was supported by the Science and 
Technology Support Plan of Guizhou Province of China, No. QianKeHe-
Zhicheng [2020]4Y129 (to HB); the Scientific Research Foundation of 
Guizhou Health Committee of China, No. gzwkj2017-1-022 (to HB); the 
Scientific Research Project of Guizhou Traditional Chinese Medicine 
Bureau of China, No. QZYY-2018-044 (to HB). The funding sources had no 
role in study conception and design, data analysis or interpretation, paper 
writing or deciding to submit this paper for publication.  
Copyright license agreement: The Copyright License Agreement has 
been signed by all authors before publication. 
Plagiarism check: Checked twice by iThenticate. 
Peer review: Externally peer reviewed. 
Open access statement: This is an open access journal, and articles 
are distributed under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 License, which allows others to remix, 
tweak, and build upon the work non-commercially, as long as appropriate 
credit is given and the new creations are licensed under the identical 
terms.
Open peer reviewers:  Paulina Carriba, Cardiff University, UK; Stavros I. 
Dimitriadis, Cardiff University School of Psychology, UK.
Additional file: Open peer review reports 1 and 2. 

Table 2 ｜ Comparison of advantages and disadvantages of modern 
neuroimaging technology in AD diagnoses

Test indicators
Technical features 
(advantages)

Technical 
shortcomings

SPECT rCBF Inferring brain function 
by analyzing cerebral 
blood flow

Indirect estimation 
of brain function

PET 18F-FDG, 11C-PiB, 
TSPO

Quantitative analysis of 
various metabolites, high 
sensitivity

High cost, 
developer 
required

MRS NAA, Cho, MI, Cr, 
Glu

Display brain structure 
and function without 
developer

Poor specificity in 
diagnosis of AD

MR-PWI rCBV,  rCBF,  MTT High sensitivity for early 
diagnosis of cerebral 
infarction

AD exclusion only

MR-SWI CMB, iron content Show tiny bleeding 
and abnormal iron 
metabolism

Only for 
differential 
diagnosis of AD

MR-DTI ADC, MD, FA It is sensitive to 
leukoencephalopathy and 
cognitive abnormality and 
can be used to distinguish 
MCI and AD

No indication of 
cortical function

sMRI Brain morphology 
and atrophy 
detected by BSI or 
VBM

Accurate judgment 
of brain atrophy and 
abnormal brain structure

Show structure 
only

Tr-fMRI O-Hb, D-Hb Display brain function 
through cerebral blood 
oxygenation

For scientific 
research, less 
clinical use

R-fMRI LFFS, ReHo Display functional 
connections between 
brain neural networks

For scientific 
research, less 
clinical use

11C-PiB: 11C Pittsburgh compound B; 18F-FDG: 18F-labeled fluorodeoxyglucose; 
AD: Alzheimer’s disease; ADC: apparent diffusion coefficient; BSI: boundary 
shift integral; Cho: choline complex; CMB: cerebral microbleeding; Cr: creatine; 
D-Hb: deoxyhemoglobin; FA: fractional anisotropy; Glu: glutamate; LFFS: low-
frequency fluctuating signal; MCI: mild cognitive impairment; MD: mean 
diffusivity; MI: myoinositol; MR-DTI: magnetic resonance diffusion tensor 
imaging; MR-PWI: magnetic resonance perfusion weighted imaging; MRS: 
magnetic resonance spectroscopy; MR-SWI: magnetic resonance susceptibility 
weighted imaging; MTT: mean transit time; NAA: N-acetyl aspartate; O-Hb: 
oxygenated hemoglobin; PET: positron emission computed tomography; rCBF: 
regional cerebral blood flow; rCBV: relative cerebral blood flow volume; ReHo: 
regional homogeneity; R-fMRI: resting functional magnetic resonance imaging; 
sMRI: structural magnetic resonance imaging; SPECT: single-photon emission 
computed tomography; Tr-fMRI: task-related functional magnetic resonance 
imaging; TSPO: translocator protein; VBM: voxel-based morphometry.
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