
 

 

A Comparative Analysis of Multi-modal Imaging Approaches for Early 

Detection of Alzheimer's Disease 

Morgan Clark 

PhD 

University of California, San Francisco 

513 Parnassus Ave, San Francisco, CA 94143, USA 

 

Kai Lee 

Dr. Sc 

Heidelberg University 

Im Neuenheimer Feld 672, 69120 Heidelberg, Germany 

 

George Martin 

D.Sc 

University of Oxford 

Wellington Square, Oxford OX1 2JD, United Kingdom 

 

Pat Hall 

Associate Professor 

McGill University 

845 Sherbrooke St W, Montreal, QC H3A 0G4, Canada 

 

Abstract. Alzheimer's disease (AD) poses a growing global health challenge, necessitating early 

diagnostic tools to improve intervention strategies. This study conducts a comparative analysis of 

three multi-modal imaging techniques—MRI, PET, and SPECT—on a cohort of 300 subjects at 

various stages of AD. Utilizing advanced machine learning algorithms, including Random Forest 

and Support Vector Machines, we assessed diagnostic accuracy and identified key predictive 

biomarkers. Results indicated that simultaneous application of MRI and PET yielded a sensitivity of 

93% with a specificity of 90%, outperforming individual modalities. This research underscores the 

critical role of multi-modal imaging in mitigating the socio-economic burden of AD, providing a 

framework for future diagnostic innovations. 
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Introduction 

The prevalence of Alzheimer’s disease (AD) continues to escalate globally, affecting 

millions and imposing significant social and economic burdens. As the population ages, the 

urgency for effective early diagnosis becomes paramount. AD is characterized by 

progressive neurodegeneration, manifesting initially through mild cognitive impairment 



 

 

(MCI) that often precedes the full-blown disease. Current diagnostic practices lag 

significantly behind the need for timely intervention, with conventional methods often 

failing to detect subtle changes in brain function and structure associated with early-stage 

AD. Notably, previous studies have largely focused on single-modality approaches, leading 

to gaps in comprehensive understanding and diagnostic accuracy. Many researchers have 

pointed out that solely relying on either Magnetic Resonance Imaging (MRI) or Positron 

Emission Tomography (PET) results in lower sensitivity, highlighting a critical literature 

gap in the integration of multimodal strategies. To address this, our research aims to 

explore the efficacy of combined imaging modalities in enhancing diagnostic precision. 

Specifically, we seek to answer the following research questions: (1) How do multi-modal 

imaging techniques compare in the early detection of AD? (2) What are the implications of 

these findings for clinical practice and future research directions? This paper is structured 

as follows: first, we outline the methodological framework; next, we present our findings 

and discuss their implications; finally, we conclude with recommendations for clinical 

practice and future research trajectories. 

This is a preliminary version. To read the full version of the article, please purchase a 

subscription. 

Methodology 

This study employed a retrospective cohort design, utilizing existing imaging and clinical 

data from a sample of 300 participants diagnosed with varying stages of Alzheimer’s 

disease. Data collection occurred over a two-year period, during which participants 

underwent comprehensive neuroimaging assessments using 3T MRI (Siemens Prisma, 

release 3.0.0), 18F-FDG PET (GE Discovery, version 600), and SPECT (Philips Skylight, 

model 4300). A structured preprocessing pipeline was established utilizing MATLAB 

(R2023a) for image normalization, segmentation, and feature extraction. Machine learning 

models, including Random Forest and Support Vector Machines, were implemented using 

Python (version 3.9) with Scikit-learn and NumPy libraries. The dataset was divided into 

training (70%) and test (30%) subsets, ensuring balanced representation across AD stages. 

Performance metrics, including accuracy, sensitivity, specificity, and positive predictive 

values, were calculated. Cross-validation techniques, particularly k-fold with k=10, were 

employed to ensure model robustness. Rigorous statistical analyses were conducted using 

SPSS (version 27) to determine correlations among imaging biomarkers and cognitive 

decline, with results subjected to a significance threshold of p < 0.05. 

Results and Discussion 

Our findings reveal a substantial enhancement in diagnostic accuracy through the 

application of a multimodal imaging approach. The combined utilization of MRI and PET 

demonstrated a sensitivity of 93% and a specificity of 90%, significantly outperforming 

standalone modalities, which exhibited sensitivities of 80% and 75%, respectively. The 

identification of key predictive biomarkers, such as amyloid deposition and hippocampal 



 

 

atrophy, underscores the importance of integrated imaging in recognizing early 

neurodegenerative changes. Furthermore, the analysis highlighted a statistically significant 

reduction in misdiagnosis rates, quantified at 12%, thus reinforcing the clinical viability of 

our proposed methodology. The theoretical implications of our study extend to a paradigm 

shift in diagnostic practices, advocating for the incorporation of multi-modal imaging as a 

standard procedure in clinical settings. This evidence-based framework not only facilitates 

early intervention strategies but also informs future research endeavors aimed at unraveling 

the complex pathophysiology of Alzheimer's disease. 

Conclusions 

In conclusion, our research contributes significantly to the field of Alzheimer's diagnostics, 

providing compelling evidence for the superiority of multi-modal imaging approaches over 

traditional methods. The integration of MRI and PET enhances early detection capabilities, 

ultimately leading to improved intervention strategies and patient outcomes. Policymakers 

and healthcare practitioners are urged to adopt these findings into clinical practice to 

mitigate the profound impacts of Alzheimer's disease on patients and society. Future 

research should focus on longitudinal studies to further explore the relationship between 

imaging biomarkers and disease progression, fostering a deeper understanding of 

Alzheimer's pathophysiology. 
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