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Introduction
Alzheimer's Disease (AD) is one of the most prevalent 
neurodegenerative disorders, and its early diagnosis remains 
a critical challenge in modern healthcare. Over recent years, 
Diffusion Tensor Imaging (DTI), an advanced MRI technique, 
has emerged as a key tool in assessing white matter integrity and 
identifying early pathological changes in Alzheimer’s Disease. 
DTI allows researchers and clinicians to study the microstructural 
alterations in white matter tracts, which are heavily implicated in 
the progression of AD and other neurodegenerative diseases [1].

However, interpreting the complex data generated by DTI, which 
captures fine-grained information on white matter pathways, 
requires sophisticated analytical approaches. This is where 
Artificial Intelligence (AI), particularly machine learning (ML) 
and deep learning (DL) techniques, have made substantial 
contributions. AI has proven to be a powerful ally in neuroimaging 
by enabling the automatic identification of patterns, prediction of 
disease progression, and classification of disease subtypes with 
unprecedented accuracy [2].

By leveraging AI algorithms, researchers can process large-scale 
neuroimaging datasets like DTI and extract meaningful insights 
that might otherwise remain obscured in the data. This synergistic 
relationship between DTI and AI has opened new frontiers in 
early AD detection, differential diagnosis, and disease progression 
modeling. The growing body of research has increasingly focused 
on combining DTI with AI tools such as Recurrent Neural 
Networks (RNNs), Convolutional Neural Networks (CNNs), and 
Automated Fiber Quantification (AFQ) to improve the accuracy 
and reliability of Alzheimer's Disease diagnoses [3].

DTI and AI in Alzheimer’s Disease Research
Several studies have employed Recurrent Neural Networks (RNNs) 
and Convolutional Neural Networks (CNNs) to process DTI data 
for AD diagnosis. For instance, one study developed an RNN-
based model that utilized Diffusion Tensor Imaging to predict 
Alzheimer's disease from its prodromal stage, revealing the power 
of temporal modeling in capturing progressive neural degeneration 
[1]. Similarly, CNNs have been explored in DTI-based studies 
for their efficacy in extracting spatial features that contribute to 
AD pathology, with promising results in differentiating between 
Alzheimer's and other dementias based on fractional anisotropy 
changes in the parahippocampal cingulum [4].

Moreover, AI techniques are being applied to automated fiber 
quantification to characterize white matter connectivity alterations 
in AD. One such study used Automated Fiber Quantification 
(AFQ) to measure white matter tracts, offering insights into 
microstructural disruptions associated with Mild Cognitive 
Impairment (MCI) and AD [3]. The utility of AFQ in multi-
site studies has been corroborated by research demonstrating its 
ability to identify white matter alterations as early diagnostic [5]. 
These findings underline the critical role white matter plays in 
AD progression and how DTI-based models can help pinpoint 
the regions most affected by the disease.

The development of the Alzheimer’s Disease Prediction Model 
(ADPM) for time series neuroimage analysis further exemplifies 
how AI is being tailored to neuroimaging data. This model 
integrates longitudinal MRI data, including DTI metrics, to 
enhance predictive accuracy in determining the likelihood of MCI 
patients converting to AD [6]. This multimodal approach is echoed 
in other research that employs deep learning techniques to integrate 
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structural and functional MRI data, significantly improving early 
detection rates [7].

Recent advances have also introduced multi-modality MRI-based 
deep learning approaches for identifying early mild cognitive 
impairment, incorporating features from various neuroimaging 
techniques [7]. Studies leveraging structural brain networks 
combined with CNNs have successfully classified AD from 
healthy controls by identifying subtle changes in white matter 
connectivity patterns [8]. Similarly, input-agnostic deep learning 
models that fuse multimodal MRI images have demonstrated 
versatility in diagnosing AD across various imaging formats [9].

AI applications in AD research are not limited to detection but also 
extend to differential diagnosis. In one study, a machine learning 
model was designed to distinguish between Alzheimer’s and 
Vascular Dementia based on MRI-selected features, providing a 
new avenue for clinicians to differentiate between these conditions, 
which often present with overlapping symptoms [10]. This 
demonstrates AI’s capacity to handle diagnostic complexity, 
particularly in neurodegenerative diseases where clear clinical 
delineations are challenging.

Conclusion
The convergence of DTI and AI holds immense promise for 
advancing Alzheimer's disease research. From identifying 
microstructural disruptions in white matter to developing 
predictive models that anticipate disease progression, these 
techniques are paving the way for earlier, more accurate AD 
diagnoses. The research reviewed highlights the transformative 
potential of integrating neuroimaging and machine learning, 
promising better clinical outcomes and a deeper understanding 
of Alzheimer’s pathology.
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