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Abstract
Alzheimer's Disease (AD) is a progressive neurodegenerative disorder characterized by cognitive decline and memory loss. Early detection is 
crucial for effective intervention and management. This review examines the advances in imaging modalities for the early detection of Alzheimer's 
disease, focusing on the clinical evidence supporting their use. We discuss the capabilities and limitations of various imaging techniques, 
including magnetic resonance imaging (MRI), Positron Emission Tomography (PET), and emerging technologies like Functional MRI (fMRI) and 
amyloid PET imaging. The review highlights the potential of these modalities in identifying early biomarkers of AD and improving diagnostic 
accuracy, thereby facilitating timely therapeutic interventions.
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Introduction
Alzheimer's Disease (AD) is a leading cause of dementia, affecting 

millions worldwide and posing significant challenges for healthcare 
systems. Early detection is essential for improving patient outcomes, 
enabling timely intervention and slowing disease progression. Imaging 
modalities have become invaluable tools in diagnosing AD, allowing for the 
visualization of structural and functional brain changes. This review aims 
to evaluate the clinical evidence supporting the use of various imaging 
techniques in the early detection of Alzheimer's disease, highlighting 
recent advancements and their implications for clinical practice [1].

Literature Review
MRI is widely used in the diagnosis of AD due to its high-resolution 

imaging capabilities. Structural MRI (sMRI) can detect brain atrophy, 
particularly in the hippocampus and entorhinal cortex, which are early 
indicators of AD. Advanced techniques like diffusion tensor imaging 
provide insights into white matter integrity, while functional MRI (fMRI) 
assesses brain activity patterns associated with cognitive functions. 
Positron Emission Tomography (PET) is a powerful imaging technique 
that has significantly advanced the early detection and understanding 
of Alzheimer's disease. By enabling the visualization of molecular and 
metabolic processes in the brain, PET provides critical insights into the 
pathological changes that characterize AD, including amyloid plaques and 
tau tangles. This capability is crucial for diagnosing the disease at its 
earliest stages, potentially before significant cognitive symptoms appear 
[2].

PET imaging involves the use of radiotracers, which are radioactive 
molecules that bind to specific targets within the body. When these 
radiotracers decay, they emit positrons that collide with electrons, 

producing gamma rays. These gamma rays are detected by the PET 
scanner to create detailed images of the targeted areas. In the context 
of AD, PET imaging focuses on radiotracers that bind to amyloid plaques 
and tau tangles, the primary pathological markers of the disease. Amyloid 
PET imaging utilizes radiotracers such as Pittsburgh Compound B (PiB), 
18F florbetapir, and 18F florbetaben to detect amyloid-beta plaques. 
These tracers bind specifically to amyloid deposits in the brain, allowing 
for their visualization on PET scans. The presence of amyloid plaques is 
one of the earliest pathological changes in AD, often preceding cognitive 
decline by several years. Amyloid PET imaging has been instrumental in 
identifying individuals with mild cognitive impairment (MCI) who are at 
high risk of progressing to AD.

Tau PET imaging targets the neurofibrillary tangles composed of hyper 
phosphorylated tau protein, another hallmark of AD. Radiotracers like 18F 
T807 (also known as 18FAV-1451) and 18FMK-6240 are used to bind to 
tau tangles. Tau PET provides complementary information to amyloid 
PET, offering a more comprehensive view of the disease's pathology. 
Since tau accumulation correlates more closely with neurodegeneration 
and clinical symptoms, tau PET imaging is valuable for assessing disease 
severity and progression. The clinical applications of PET imaging in AD 
are extensive. Early and accurate detection of amyloid and tau pathology 
can improve diagnostic accuracy and help differentiate AD from other 
forms of dementia. This capability is particularly important in clinical trials, 
where PET imaging can be used to select participants with early-stage 
AD and monitor the efficacy of therapeutic interventions. Moreover, PET 
imaging aids in understanding the disease's progression and the impact 
of potential treatments on amyloid and tau burden [3].

Despite its advantages, PET imaging faces several challenges. The 
high cost and limited availability of PET scanners and radiotracers can 
restrict access to this technology. Additionally, the interpretation of PET 
images requires specialized training and expertise. Efforts are ongoing to 
develop more cost-effective and widely available radiotracers, as well as 
to standardize imaging protocols to improve reproducibility and accuracy. 
Future directions for PET imaging in AD include the integration of PET 
with other imaging modalities, such as magnetic resonance imaging 
(MRI), to provide a more comprehensive assessment of the disease. 
Hybrid PET/MRI systems combine the molecular insights of PET with 
the detailed anatomical information from MRI, enhancing diagnostic 
precision. Advances in radiotracer development also aim to improve the 
specificity and sensitivity of PET imaging, potentially allowing for the 
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detection of AD pathology even earlier in the disease process [4].

Discussion
Emerging imaging modalities and hybrid techniques are expanding 

the capabilities of early AD detection. PET/MRI systems combine the 
strengths of both imaging modalities, providing detailed anatomical 
and molecular information in a single session. This approach enhances 
diagnostic accuracy and allows for more precise localization of pathological 
changes. Arterial Spin Labeling (ASL) MRI, a non-invasive technique that 
measures cerebral blood flow, has shown promise as an early biomarker 
for AD, given the disease's impact on cerebral perfusion. Other novel 
techniques include the development of new radiotracers for PET imaging, 
designed to improve sensitivity and specificity in detecting AD pathology. 
These advancements aim to identify the disease at its earliest stages, 
even before clinical symptoms emerge, enabling earlier intervention 
and potentially altering the disease course. The integration of advanced 
imaging modalities in clinical practice offers a multifaceted approach to 
the early detection of Alzheimer's disease. MRI and PET imaging provide 
complementary insights into the structural and molecular alterations 
associated with AD, facilitating a more comprehensive diagnostic 
process. However, challenges such as high costs, limited availability, 
and the need for standardized imaging protocols must be addressed to 
optimize their clinical utility. Additionally, large-scale longitudinal studies 
are necessary to validate these imaging techniques' effectiveness and 
reliability in diverse populations [5,6].

Conclusion
The integration of advanced imaging modalities in clinical practice 

offers a multi-faceted approach to early AD detection. MRI and PET 
imaging provide comprehensive insights into the structural and molecular 
alterations associated with the disease. Emerging technologies and 
hybrid imaging systems promise to enhance diagnostic accuracy and 
enable personalized treatment strategies. However, challenges such as 
high costs, limited availability, and the need for standardization in imaging 
protocols must be addressed to optimize their clinical utility. Advances 
in imaging modalities have significantly improved the early detection of 
Alzheimer's disease, providing critical insights into its pathophysiology. 
MRI and PET remain cornerstone techniques, while emerging technologies 
show promise in refining diagnostic approaches. Continued research 
and development in imaging methods are essential for enhancing early 
diagnosis, guiding therapeutic interventions, and ultimately improving 
patient outcomes in Alzheimer's disease.
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