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Abstract:  Imaging the human body is one of the most important aspects of medical science in clinics 

and research. Due to the increasing spread of diseases related to the nervous system, neuroimaging has 

grown substantially in the last two decades. In this study, neuroimaging techniques that are used to 

diagnose neurodegenerative diseases have been expressed. Clinical applications of each neuroimaging 

method have also been reviewed. Some imaging techniques create structural and anatomical images, 

and some provide physiological and functional images. Recent advances in neuroimaging have led to 

the creation of hybrid techniques. In these multimodality methods, structural and functional images are 

combined. This feature leads to increased accuracy in the diagnosis of neurodegenerative diseases. 
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I. INTRODUCTION 

 

imple imaging techniques such as x-ray and CT 

scan nowadays have been replaced by advanced 

imaging techniques with high sensitivity and accuracy. 

With the development of imaging techniques, our 

understanding of structural, functional and 

physiological details of the central nervous system has 

increased. Neuroimaging techniques can be categorized 

in different ways. Some of these methods are invasive 

and some are non-invasive. Some of them are ionizers 

and some are non-ionizers. Imaging techniques can also 

be classified into structural, functional, and molecular 

methods (1). Imaging techniques such as conventional 

radiography, CT scan, and magnetic resonance imaging 

create structural images. These types of images show 

the structure and anatomical details of the tissue. In 

contrast, imaging techniques such as PET, SPECT, 

FMRI, and ect calculate the metabolism and blood flow 

changes in the brain. These methods provide useful 

information on the physiological events of the brain in 

the normal state and in the event of a disease.  

 

II. NEUROIMAGING METHODS 

 

A. Computed tomography (CT) scan 

 The most basic method for examining the structure of 

the body is the X-ray. CT scan method was used 

investigate the structure of the human body. However, 

this method did not make much use of the structure of 

the central nervous system. X-ray imaging is based on 

different absorption of X-ray by various tissues of the 

body. Science advances in imaging have led to the 

invention of computer tomography. This method, which 

worked with the X-ray generator, can be considered as 

the first method of neuroimaging. Using this method, 

the elderly's brain size was first determined in 

comparison with a young person. In addition to 

detecting trauma, this imaging method has been used to 

investigate the presence of brain tumors, CVA, and so 

on. Despite remarkable advances in imaging techniques, 

the CT scan are most commonly used imaging method 

in head trauma (2). 

 

B. Positron Emission Tomography (PET) 

PET is also a radiation-induced imaging method that 

initially has a research aspect and then has found 

extensive clinical application in oncology, neurological 

disorders cardiovascular disease. In this method, 

positrons from radionuclides are converted into high-

energy photons (512KeV) when exposed to the target 

tissue. The gamma-ray signals distributed with injected 

radionuclide are collected by a special camera and the 

amount of metabolic activity in the body is measured. 
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Finally, 3D images or images of tissue performance is 

created by computer processing. PET imaging is a 

dynamic technique. This means that it is possible to 

examine how it is explained over time in the target 

tissue immediately after the radiopharmaceuticals 

injection (3). The different tracers are used to imaging 

different areas of the body using the PET method. 

Specific tracers are also used to evaluate the function of 

the brain (table 1). For example, 18F-2-deoxyglucose 

(18FDG) to check the metabolism of glucose, Oxygen 

metabolism to check the metabolism of oxygen,18F-6-

Fluorodopa (18F-dopa) to check the Dopamine storage 

and H2O
15 to check the cerebral blood flow are used. 

Recent advances in improvements of devices and PET 

tracers have improved the accuracy of the method 

results. 

 

Table1. Some CNS PET Tracer 

Tracer CNS disorder Reference 

18F-2-

deoxyglucose 

(18FDG) 

Alzheimer’s 

disease 

Foster NL et al., 

2002. (4) 

FDDNP-F18 Alzheimer’s 

ediseas 

Shoghi-Jadid et 

al., 2002. (5) 

18F-FDOPA Parkinson’s 

disease 

Brooks et al., 

1990. (6) 

-C11

raclopride 

Parkinson’s 

disease 

Hirvonen et al., 

2008. (7) 

11C-PK11195 Huntington’s 

disease 

Groom et al., 

1995. (8) 

11C-

flumazenil 

Epilepsy 

disease 

Savic et al., 1995. 

(9) 

11C-PIB Alzheimer’s 

disease 

Mintun et al., 

2006. (10) 

 

FDG-PET is a reliable method for early diagnosis of 

Alzheimer's disease. The results of 119 studies that 

were performed on Alzheimer's diagnosis showed that 

the FDG-PET method was preferred to other methods. 

The results of various studies revealed 91% sensitivity 

of FDG-PET in diagnosis of Alzheimer's (11). The first 

phase of Alzheimer's disease or the pre-dementia phase 

is called mild cognitive impairment (MCI). The 

differentiation of MCI from AD is important and can 

affect the patients' quality of life. 

The results of a study conducted by Mosconi et al 

suggest that the FDG-PET method with sensitivity and 

specificity of 99 and 98% can detect Alzheimer's 

disease in healthy individuals. The results of this study 

conducted on Alzheimer's and MCI patients showed 

that reduction of glucose metabolism in patients with 

Alzheimer's disease was observed in areas of the 

posterior cingulate cortex (PCC), pre-cuneus, inferior 

parietal lobule, and middle temporal gyrus. However, 

reduction of glucose metabolism in individuals with 

MCI was observed only in the PCC region (12). Several 

studies have also shown that MCI disease progression is 

associated with Alzheimer's disease with a significant 

reduction in glucose metabolism in various areas of the 

brain. 

Other studies have been conducted to differentiate AD 

from other dementia-related diseases using the FDG-

PET method. For example, the study results of 

Minoshima et al indicated that there is a significant 

reduction in glucose metabolism in the primary visual 

cortex of AD patients compared with patients with 

Lewy body dementia (13). Another study conducted in 

2007 indicated that reducing glucose metabolism in 

some areas of the brain in AD patients was greater than 

that of patients with frontotemporal dementia (FTD). 

The results of this study indicate that the FDG-PET 

method is an effective method for early diagnosis of 

AD and also distinguishes the disease from other 

diseases caused by dementia (14).  

The use of PET in the diagnosis of brain tumors and 

its grading has been reported in several studies (15-18). 

In a study, PET method was used to evaluate the extent 

of malignancy of glioma tumor in 69 patients. In this 

study, two PET tracers called MET-PET and FDG-PET 

were used. The results showed that FDG-PET is more 

able to detect the degree of glioma tumor malignancy in 

these patients (19). In another study conducted by Chen 

et al., two PET tracers including FDG-PET and 18F-

FDOPA PET were used to detect brain tumors. The 

results of the study showed that 18F-FDOPA PET has a 

higher accuracy than FDG-PET. Meanwhile, the results 

showed that this tracer is also useful in the detection of 

tumor remains from necrosis (20). In patients with 

intractable seizures, the use of PET FDG method to 

determine the focus of seizure plays an important role 

and facilitates the planning of surgery. The use of PET 

method in the interval between patient attacks will be 

helpful for patients that the EEG findings suggest the 

seizure foci in their brains, but MRI findings do not 
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indicate the seizure site. A study was conducted by 

Ajay Kumar in 2010 on 20 children with epilepsy. In 

this study, visual analysis and a statistical parametric 

mapping (SPM) were used to analyze the results of PET 

imaging. The results indicated the usefulness of FDG 

PET in localizing the epilepsy site. In contrast to visual-

analysis, the SPM method also showed better results in 

localizing epilepsy in these patients (21). 

Kazushiro Takata used a PET method to detect MS 

disease in 2014. In MS, the activity of glial cells, 

especially astrocytes increases. The activity of these 

cells is associated with more acetate consumption. In 

this study, 11C-acetate was used. The results showed 

that the level of 11C-acetate consumption in patients 

with MS was significantly higher than that of healthy 

subjects, and the disease could be diagnosed through 

this (22). 

 

C. Magnetic Resonance Imaging (MRI) 

It is a method to examine the structure and function 

of the central nervous system. Radiation does not exist 

in this method and radiofrequency waves are used for 

imaging. MRI is the most important imaging modality 

in neuroscience. Structural MRI in this method 

examines the details of the brain and spinal cord 

structure of the patient using various sequences. In MRI, 

there is a possibility to examine brain parenchyma and 

various lesions of the central nervous system such as 

tumors, demyelinating lesions, and infections, vascular 

lesions such as stroke, developmental abnormalities, 

and traumatic injuries (23). 

 

1. Diffusion MRI 

In this type of MRI, the diffusion of water molecules 

is evaluated within the brain parenchyma. DWI is an 

effective method for measuring ischemic infarcts in 

brain tissue (24-27). In recent studies, detection of the 

type of brain mass has been helped calculating the 

apparent diffusion coefficient (ADC) parameter in 

diffusion images. This parameter shows the numerical 

value of the emission of water molecules in the desired 

tissue. Since cellularity rate increases in tumor tissues, 

the amount of water molecules released in the 

extracellular space decreases over normal brain tissue 

(28). Given that cellularity varies in different types of 

cerebral masses, this parameter can be useful in 

evaluating benign or malignant many types of brain 

tumors and detecting the type of masses. A special type 

of Diffusion MRI is also used in the clinic called 

Diffusion tensor imaging. DTI is a non-invasive 

imaging technique useful for detecting structural 

damage to the central nervous system. This technique 

has been designed based on the study of the movement 

of water molecules in the brain tissue. In the white 

matter of the brain, water diffusion is anisotropic and is 

more intense throughout the neural tracts due to the 

presence of myelin sheath, which is like a barrier 

against water diffusion. In a situation where the myelin 

or axon structure is damaged, for example, by impact, 

brain tumors, or neurodegenerative diseases, decreased 

anisotropy and intrusiveness of the myelin sheath will 

be affected by this damage. Therefore, various CNS 

diseases can be examined using the DTI method (29). 

For example, Thelmann et al. in 2013 used this method 

to investigate the association between changes in brain 

white matter coherence and cognitive function in 

Parkinson's patients. The results of this study indicated 

a significant relationship between brain white matter 

damage and cognitive function in Parkinson's disease 

(30).  

Tensor diffusion images can be used to create a type 

of imaging called tractography that is specially 

designed for the presentation of neural tracts. In the 

tractography, the results of calculating the diffusion 

parameters are used using special algorithms for 3D 

modeling of neural tracts. In the case of brain tumor 

adjacency with neural tracts, tractography can display 

the structure of the white matter of the brain and allow 

for pre-surgical planning. Three-dimensional 

tractography images show that the tumor has penetrated 

into the neural tracts and damaged it, or pushed aside 

only nerve fibers. This information makes it possible to 

avoid damage to the nervous tract during surgery, and 

in fact the tractography technique provides a roadmap 

for the neurosurgeon (29). In a study conducted by 

Carvi, changes in the pathway of neural tract adjacent 

to brain tumor were well illustrated using the 

tractography technique (31). 

 

2. Function MRI 

It is a method of imaging to evaluate the physiological 

function of the brain. The basis of the formation of this 

type of imaging is based on the calculation of blood 

flow and brain metabolism, which represents the 

activity of the neurons. Therefore, in most cases, blood-

oxygen-level-dependent (BOLD) contrast is used in 

FMRI imaging. To carry out the FMRI imaging, special 
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tasks are specifically designed for different lobes of the 

brain. Each special task activates a specific area of the 

patient’s brain and increases the oxygen consumption 

and blood flow in that area by increasing the activity of 

the neurons in the area. Oxygen is bound to iron-

containing proteins in red blood cells. After the release 

of oxygen, the iron in these cells is affected by the 

magnetic field of the MRI machine and generates the 

signal. These signals are recorded by special receptors 

and displayed in image form after analysis (32). One of 

the most widely used uses of FMRI in cases of vicinity 

of brain tumors with brain tracts. In these cases, the 

determination of the boundary of the tumor with the 

adjacent tract can facilitate the decision for surgery and 

reduce the surgical complications. 

The results of recent studies have shown that FMRI 

has the ability to localize epileptic area in patients with 

epilepsy (33-36). In a study conducted in 2009, the 

FMRI method was used to investigate memory changes 

after surgery in patients with temporal lobe epilepsy. 

The FMRI method was a useful method for the analysis 

of pre and postoperative memory performance (37). 

In a study conducted by Talacchi in 2010 on patients 

with gliomas with their mass adjacent to the brain area, 

the results showed that using the FMRI method before 

surgery can improve the symptoms of the disease and 

less damage to the motor cortex in the brain (38). 

Extensive studies have been conducted on the use of 

FMRI to diagnose Alzheimer's disease and to evaluate 

its progress (39-43). Petrella et al. used the FMRI 

method to examine the progression of Alzheimer's 

disease. The results of this study showed that 

progression from the early stages to the final stages 

occurs along with the destruction of connectivity of 

cognitive networks (44). 

FMRI method has also been used to investigate brain 

activity in patients with traumatic brain injury. The 

results of various studies indicate that abnormal activity 

in some areas of the frontal and temporal cortex of 

these individuals is seen in the FMRI findings. Schiebel 

et al., who conducted a study on soldiers with traumatic 

brain injury, reported that findings of FMRI in these 

subjects showed increased activity in areas such as 

cingulate gyri, medial frontal cortex (45). 

Another commonly reported neurodegenerative 

disease is Parkinson's disease. The high prevalence of 

this disease has led researchers to use different methods 

to detect this disease. FMRI is one of the most useful 

methods to diagnose this disease. Given that these 

patients are not able to perform FMRI specific tasks 

due to disease-induced motor disorders, the researchers 

use the resting state (RS-fMRI) method (46). Wu et al. 

examined the functional changes of the brain in 

Parkinson's patients using the RS-fMRI technique. The 

researchers reported that functional connectivity was 

reduced in areas such as the supplementary motor area 

(SMA), left dorsal lateral prefrontal cortex and putamen 

(47). 

The many benefits and reliable results of the FMRI 

method have led to the use of this method in recent 

years as an intraoperative method. In a study, 1.5 Tesla 

MRI device was used in the operating room. FMRI was 

performed on anesthetized patients and was performed 

during the operating. To carry out FMRI, a passive 

stimulation paradigm was used. The results were useful 

for surgeons (48). 

 

3. MR Spectroscopy (MRS) 

It is one of the neuroimaging methods which provides 

useful biochemical information from the neural 

environment and its metabolism. The metabolites that 

are evaluated in the MRS include N-acetyl aspartate 

(NAA), creatine (Cr), and choline (Cho) myo-inositol 

(mI). NAA is a neuronal marker and is present in exon 

and in cell bodies of neurons. The decrease in the peak 

size of this marker in the MRS represents the loss of the 

neurons and is seen in diseases such as ischemia, 

glioma, and degenerative diseases. Creatine is a marker 

of the metabolism of brain cells and has a higher 

concentration in the gray matter of the brain than the 

white matter.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Spectroscopic imaging of brain glioma lesion. 

Spectroscopic imaging, however, indicates a central 

portion with increased Cho/NAA ratio, possibly 

indicating anaplastic components. The spectrum 

obtained in the ‘hot spot’ (solid arrow) shows an 

inversed doublet at 1.33 ppm (open arrow), indicating 

the presence of lactate (51). 
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The creatine peak is reduced in cases such as brain 

tumors. Choline is one of the most important molecules 

in the membrane of the neuronal cells, and peak 

increase represents the high turnover of membrane 

phosphorylation, indicating proliferation. This 

increased concentration is seen in the incidence of 

neoplasm (Fig.1). Lactate is a product of anaerobic 

metabolism and should not be usually seen in the brain. 

The existence of its peak represents a hypoxic/ischemic 

or cysts. Myoinositol is known as a glial marker. An 

increase in its peak is observed in Alzheimer (49,50). 

Despite the fact that this method has a lower resolution 

than PET, the non-invasive and non-ionizing properties 

have led to a greater clinical use, especially in cases 

where the patient group is compared to healthy people. 

Studies have been performed to diagnose Alzheimer's 

disease using MRS. The results of studies have shown 

that the NAA peak decreases in patients with 

Alzheimer's disease and myoinositol increases. The 

results of these studies indicate that MRS can be a 

reliable imaging method for early diagnosis of 

Alzheimer (52). Murphy et al. used MRS method to 

evaluate the response to treatment in patients with brain 

tumors. In this study, patients with low-grade glioma 

were treated with temozolomide. The results of the 

MRS images showed a decrease in tumor volume and 

peak choline compared to the control group (53). 

In another study, the MRS imaging technique was 

used to distinguish the remaining tumor of necrosis 

derived from radiation therapy. The results of this study 

showed that the MRS method was able to distinguish 

the necrosis from tumor remains by examining the 

metabolites of the brain, in contrast to the conventional 

MRI method (54). 

Several studies have been carried out on the role of 

MRS in the diagnosis of MS (55-59). In 2017, a study 

by Sun et al. was conducted to investigate metabolic 

changes in patients with normal appearing white matter 

using the MRS method. The results of this study 

showed a decrease in NAA/Cr ratio and an increase in 

Cho/NAA ratio in these patients compared with healthy 

subjects. The rate of NAA reduction in patients with 

MS can be indicative of the progression of the disease 

(60). In another study, the researchers examined 

changes in the concentration of metabolites in the 

cortico-spinal tract of MS patients using the MRS 

method. In this study, Choline and Cr changes in 

neuronal tracts were evaluated. The results of this study 

showed that decreasing choline concentration in 

neuronal tracts in these patients is associated with 

decreased motor ability of patients (61). 

 

D. Electroencephalography (EEG) 

 It is a useful and non-invasive technique for 

recording electrical signals and evaluating brain 

function. In this method, the electrodes are placed in 

certain places of the head in order to receive brain 

signals. The output of these electrodes is connected to 

the EEG amplifier input and is analyzed after 

amplification and filtering. Quantitative 

Electroencephalography (QEEG) is an advanced 

technology to examine the brain function. In this 

method, the signals from the Digital EEG are 

represented by complex mathematical processes in the 

image. This is also referred to as Brain Mapping (62). 

This method has three basic applications, including 

diagnostic applications (for determining the type of 

brain disorder), therapeutic applications (determining 

the type of treatment, and investigating the effect of 

treatment), and the third is its application in the 

research.  

Data from QEEG can be used to identify and 

diagnose various disorders, such as encephalopathies; 

learning disabilities; attention disorders; mood 

disorders and dementia. Several studies have been 

conducted on the use of QEEG in the clinic. For 

example, the results of a study carried out by Bresnahan 

et al. showed that using QEEG method is useful for 

identifying patients with Attention Deficit 

Hyperactivity Disorder (63). 

In another study, QEEG changes were compared in 

patients with Alzheimer's disease and frontotemporal 

dementia and their ability to diagnose these two 

diseases was investigated. The results of this study 

showed that the pattern of changes in QEEG associated 

with the disease of frontotemporal dementia is different 

from the pattern of Alzheimer's disease. Information 

from this method, along with other methods, can be 

used to diagnose these two diseases (64). 

 

E. Magneto encephalography (MEG) 

 When information is processed in the human brain, a 

small electric current occurs in the neurons and a weak 

magnetic field is formed around it. 

Magnetoencephalography is a non-invasive technology 

of neurophysiology that measures magnetic fields 

produced by brain neuronal activity. Spatial distribution 

of the magnetic field is analyzed for locating the source 

of activity in the brain. This device allows researchers 
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to track brain-momentum activity in milliseconds and 

even less. Additionally, this device has a unique ability 

to track dysfunction and imbalance of brain fluctuations. 

These features have led to the use of this method in the 

diagnosis of neurological disorders such as motor 

disorders, cognitive impairment, epilepsy, as well as 

brain tumors, etc., along with other methods. 

A study was conducted by Englot et al. on the use of 

MEG in 2015. The aim of this study was to evaluate the 

MEG strength in identifying the preoperative seizure 

position in patients with epilepsy. To carry out this 

research, a retrospective cohort was conducted on 132 

patients with focal epilepsy, and seizure position was 

determined using MEG prior to surgery. The results of 

this study demonstrate that MEG localization in 

patients undergoing surgery had a 95% 95% confidence 

factor. The researchers have shown that MEG is a very 

important and non-invasive tool in preoperative tracing, 

especially for patients who have not seen any symptoms 

of EEG or MRI (65). 

Another study was conducted by Hunmin Kim et al. 

to evaluate the usefulness of MEG in the diagnosis of 

pre-operative focal seizures in children. The results of 

this study showed that MEG is a safe and useful 

diagnostic method for preoperative evaluation of 

patients with localized epilepsy (66) 

 

F. Multimodal neuroimaging 

Multimodality imaging systems are referred to as 

systems that are created from the combination of two 

systems of imaging related to anatomy and function of 

the body. In the type of high-resolution and high SNR 

anatomy, we have a low scan time and proper contrast, 

but there are no such benefits in functional type. The 

low quality of functional images can be improved by 

combining with anatomical images, which is called the 

image-erosion correction. 

 

1. PET/CT neuroimaging 

 

 The combination of functional images from PET 

with CT anatomic images leads to the exact location of 

the lesion in the individual's body. This method has 

attracted much attention in recent years. Combining the 

images of these two modalities not only increases the 

image quality but also increases the accuracy of the 

detection. 

Arush et al showed in their study that PET/CT 

imaging was useful in the diagnosis of pediatric 

sarcomas remains (67). Tateishi et al. also showed that 

PET/CT is more accurate than PET in detecting 

pediatric sarcomas metastasis (68). 

 

2. PET/MRI neuroimaging 

 

MRI not only provides high spatial resolution 

anatomical information, but also soft tissue contrast is 

much more than CT. In addition, it also provides the 

possibility of using FMRI and MRS. Making the 

PET/CT hybrid system is easier than PET/MRI which 

occurs by combining the two existing imaging methods 

without changing their technology or function. In 

contrast, the combination of PET and MRI requires 

significant improvements, especially in PET detector 

technology. To develop a PET scanner that can work in 

conjunction with a MR scanner, one must overcome 

two major constraints, one is the restriction of space 

between the MR magnets and the other is the 

interference between the RF signals and the MRI 

gradients and the PET electronics signals (69). In recent 

years, PET/MRI imaging method has been of great 

interest. 

Shin et al. in 2015 showed that PET/MRI was able to 

detect seizure focus in patients who were not able to 

detect MRI or PET alone. In this study, 29 patients 

were evaluated by combining PET and MRI images of 

new lesions in 5 patients (70). 

Various studies done on MS diagnosis show that the 

hybrid PET-MRI can be very beneficial. For example, a 

study conducted in 2013 showed that the use of PET-

MRI is useful in distinguishing between two types of 

MS plaques. The researchers of this study concluded 

that the metabolic features of MS plaques in PET-MRI 

images are very useful in differentiating between the 

two types of MS that are called tumefactive MS and 

Balo's concentric sclerosis (71). 

 

 

III. CONCLUSION 

 

The use of imaging techniques along with clinical 

examinations is essential in the diagnosis of various 

neurodegenerative diseases. Each of the imaging 

methods has some advantages and disadvantages. The 

correct selection of the imaging method allows for the 

correct identification of the disease and better planning 

for its treatment. A review of studies conducted in 

recent years has shown that the rapid development of 

imaging techniques has led to an increase in the 
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efficiency and accuracy of these methods in the 

diagnosis of neurological diseases. 
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