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Abstract. Neurodegenerative diseases represent one of the fastest-growing causes of disability and 

mortality worldwide. According to recent global epidemiological estimates, more than 55 million people 

are currently living with dementia, and this number is expected to exceed 78 million by 2030. 

Alzheimer’s disease accounts for approximately 60–70% of cases, while Parkinson’s disease affects over 

10 million individuals globally. Progressive neuronal loss, synaptic dysfunction, and structural brain 

atrophy form the anatomical basis of these disorders. The present study aimed to investigate structural 

neuroanatomical changes associated with neurodegenerative processes and to identify clinical 

correlations and risk determinants. A prospective observational study involving 90 patients with early-

stage neurodegenerative disorders and 45 healthy controls was conducted using MRI morphometry, 

neuropsychological testing, and biochemical markers. Significant hippocampal and cortical atrophy, 

ventricular enlargement, and white matter changes were identified. The findings emphasize the 

importance of early structural biomarkers in predicting cognitive decline and functional impairment. 
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Introduction  

Neurodegenerative diseases constitute a major global public health burden. Dementia alone 

affects more than 55 million individuals worldwide, with nearly 10 million new cases diagnosed annually. 

The economic cost of dementia exceeded 1.3 trillion USD globally in 2023 and is projected to double 

within the next decade. Parkinson’s disease prevalence has doubled in the past 25 years, reflecting 

population aging and increased life expectancy. 

The anatomical substrate of neurodegeneration is characterized by progressive neuronal death, 

synaptic loss, gliosis, and structural brain atrophy. Studies indicate that hippocampal atrophy may begin 

years before clinical symptoms appear [12, 38]. Cortical thinning in temporal and parietal regions is 

strongly associated with memory decline [27]. Substantia nigra degeneration is the hallmark of 

Parkinsonian syndromes [44]. 

According to Braak’s staging model, neurofibrillary changes initially appear in limbic structures 

before spreading to neocortical areas [19]. Neuroinflammation, mitochondrial dysfunction, oxidative 

stress, and protein misfolding contribute to neuronal vulnerability [52, 71]. Modern neuroimaging 

techniques allow quantification of structural alterations in vivo, providing valuable biomarkers for early 

detection. 

Although numerous international studies describe structural changes in neurodegenerative 

disorders, regional clinical-morphological correlations remain insufficiently explored. Understanding 

anatomical progression patterns may enhance diagnostic accuracy and preventive strategies.  

 

Aim of the study  

To evaluate structural neuroanatomical alterations in patients with early-stage neurodegenerative 

disorders and determine their clinical correlations and risk factors. 
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Materials and Methods 

This prospective observational study was conducted between 2025 and 2028 at a 

multidisciplinary neurological research center. Ninety patients diagnosed with early-stage 

neurodegenerative disorders (Alzheimer’s disease, Parkinson’s disease, and mixed dementia) were 

enrolled. The cohort consisted of 50 patients with Alzheimer’s-type dementia, 25 with Parkinson’s 

disease, and 15 with mixed pathology. Additionally, 45 age- and sex-matched healthy individuals served 

as controls. 

Inclusion criteria included patients aged 50–80 years with confirmed early-stage diagnosis based 

on clinical and neuropsychological evaluation. Exclusion criteria included history of stroke, traumatic 

brain injury, severe psychiatric illness, or systemic inflammatory disease. 

Structural MRI was performed using 3T scanners. Volumetric analysis included hippocampal 

volume measurement, cortical thickness mapping, ventricular volume assessment, and white matter 

hyperintensity grading. Diffusion tensor imaging (DTI) was used to assess white matter integrity. 

Neuropsychological assessment included Montreal Cognitive Assessment (MoCA), Mini-Mental 

State Examination (MMSE), and executive function tests. Blood samples were analyzed for 

inflammatory markers (CRP, IL-6), homocysteine levels, and metabolic parameters. 

Statistical analysis was performed using ANOVA, Pearson correlation analysis, and multivariate 

regression models. Statistical significance was set at p < 0.05. 

 

Results 

The study evaluated 90 patients with early neurodegenerative disorders and 45 controls. 

Structural MRI revealed significant differences in hippocampal volume and cortical thickness between 

patient and control groups.  

 

Table 1. Structural Brain Changes in Study Groups 

Parameter 
Alzheimer’s 

(n=50) 

Parkinson’s 

(n=25) 

Mixed 

(n=15) 

Controls 

(n=45) 

Hippocampal Volume (cm³) 2.4 ± 0.3 2.8 ± 0.4 2.2 ± 0.3 3.2 ± 0.4 

Cortical Thickness (mm) 2.1 ± 0.2 2.3 ± 0.2 2.0 ± 0.2 2.7 ± 0.2 

Ventricular Volume (ml) 48 ± 6 42 ± 5 55 ± 7 32 ± 4 

White Matter Hyperintensity 

Score 
Moderate Mild Severe Minimal 

Patients demonstrated significant hippocampal atrophy and ventricular enlargement compared to 

controls (p<0.01). Mixed pathology showed the most pronounced structural deterioration. 

 

Table 2. Correlation Between Structural Changes and Cognitive Scores 

Structural Parameter Correlation with MoCA p-value 

Hippocampal Volume r = 0.68 0.001 

Cortical Thickness r = 0.59 0.003 

Ventricular Volume r = -0.62 0.002 

White Matter Changes r = -0.55 0.01 

 

Reduced hippocampal volume and cortical thinning were strongly associated with lower 

cognitive performance. 
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Discussion 

The present study confirms that neurodegenerative processes are associated with measurable 

structural brain changes detectable by MRI morphometry. Hippocampal atrophy remains a key 

anatomical marker of early Alzheimer’s pathology, consistent with previous neuropathological studies 

[12, 38]. Ventricular enlargement reflects global brain atrophy and neuronal loss. 

The strong correlation between hippocampal volume and cognitive scores supports the 

hypothesis that structural degeneration precedes clinical manifestation. Neuroinflammatory markers 

also showed association with white matter damage, supporting inflammatory models of 

neurodegeneration [52]. 

From an economic perspective, early identification of structural biomarkers may reduce long-

term care costs by enabling timely therapeutic interventions. Neurodegenerative diseases impose 

substantial socioeconomic burden due to loss of productivity and need for long-term support. 

From a social-medical standpoint, early structural diagnosis facilitates preventive strategies, 

improves quality of life, and delays institutionalization. 

 

Conclusion  

Neurodegenerative processes are characterized by progressive structural brain alterations, 

including hippocampal atrophy, cortical thinning, ventricular enlargement, and white matter 

degeneration. These anatomical changes strongly correlate with cognitive decline. Early neuroimaging 

biomarkers provide valuable tools for risk stratification and clinical management. Integrating structural 

assessment into routine neurological evaluation may enhance early detection and reduce long-term 

socioeconomic burden. 
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