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Introduction

The traditional lesion-centric model of neurology, which is based 
on clinico-anatomical correlation, has signifi cantly contributed to 
our understanding of brain–behavior relationships. Nonetheless, 
accumulating evidence indicates that focal structural damage 
alone is insuffi  cient to account for the variability in clinical 
presentation, disease progression, and functional recovery 
observed in neurological disorders.1,2 This discrepancy between 
lesion characteristics and functional outcomes has prompted 
a paradigm shift towards conceptualizing the brain as an 
integrated networked system rather than a mere collection of 
isolated regions. Connectomics - the comprehensive mapping and 
analysis of neural connections - has emerged as a transformative 
framework for understanding this complexity. Connectomic 
principles assert that neurological disorders are fundamentally 
disorders of network organization and communication.3–5 By 
characterizing structural and functional connectivity patterns, 
connectomics off ers novel insights into normal brain function 
and the network disruptions underlying conditions such as 
Alzheimer’s disease (AD), Parkinson’s disease (PD), epilepsy, 
and other neurocognitive disorders.3,6 Advances in neuroimaging, 
computational neuroscience, and machine learning have expedited 
the translation of connectomic fi ndings into clinically relevant 
diagnostic, prognostic, and therapeutic applications. This mini-
review synthesizes key connectomic principles, examines 
mechanisms of network dysfunction in neurological disorders, 
and critically discusses the emerging diagnostic, prognostic, and 
therapeutic implications, while highlighting current challenges 
and future directions for clinical translation.

Connectomic Principles

Defi nition and Conceptual Framework

Connectomics involves the systematic mapping and analysis of 
neural connections within the brain, collectively referred to as the 
connectome. A connectome conceptualizes the brain as a network 
consisting of nodes (brain regions or neuronal populations) and 

edges (structural or functional connections between them).7–9 
This framework encapsulates both the architecture and dynamics 
of large-scale brain organization, providing a systems-level 
understanding of neural function. Three principal forms of 
connectivity are commonly distinguished: structural connectivity, 
which refl ects anatomical connections such as white matter tracts; 
functional connectivity, which represents statistical dependencies 
between regional neural activities; and eff ective connectivity, which 
models causal interactions within neural circuits.10 Collectively, 
these dimensions off er a multidimensional representation of brain 
network organization.

Neuroimaging and Analytical Approaches

Connectomic analyses are predominantly dependent on 
sophisticated neuroimaging techniques. Diff usion magnetic 
resonance imaging (dMRI) facilitates the reconstruction of 
white matter pathways, which constitute the foundation of 
structural connectomes. Concurrently, functional MRI (fMRI) 
and electroencephalography (EEG) are employed to capture 
dynamic patterns of functional connectivity.11,12 These datasets are 
generally analyzed using graph theoretical methods, enabling the 
quantifi cation of network properties such as modularity, centrality, 
effi  ciency, and small-world organization.9,13

The scale and complexity of connectomic data have necessitated 
the integration of machine learning and artifi cial intelligence 
methodologies. These techniques facilitate pattern recognition, 
classifi cation, and prediction within high-dimensional datasets, 
thereby aiding in the identifi cation of disease-specifi c connectivity 
signatures and potential biomarkers.9,14 Such methodologies 
have demonstrated potential in distinguishing between 
neurodevelopmental and neurodegenerative disorders and in 
detecting subtle network alterations that precede overt clinical 
symptoms.

Methodological Challenges
While connectomics possesses signifi cant conceptual strengths, 
it encounters considerable methodological challenges. The 

Neurosci Insights Adv Brain Stud, 2026

     Open Access Full Text Article



                                                    Page 2/4

Hanzala, JS, et al.,

construction of high-resolution connectomes is computationally 
intensive, and sophisticated topological analyses, such as persistent 
homology, often exhibit poor scalability with increasing network 
size. Additionally, variability in imaging protocols, preprocessing 
pipelines, and parcellation schemes further constrains 
reproducibility and cross-study comparability.8,9 Addressing 
these challenges is crucial for the robust clinical application of 
connectomics.

Network Dysfunction in Neurological Disorders

Mechanisms of Network Dysfunction 

Network dysfunction pertains to the impaired communication 
within and between neural networks, leading to altered information 
processing and behavioral deficits. This dysfunction often arises not 
solely from neuronal loss but from disrupted network integration, 
aberrant synchronization, or maladaptive reorganization.15,16 Graph 
theoretical analyses have demonstrated that neurological disorders 
are frequently associated with reduced network efficiency, altered 
hub connectivity, and the breakdown of long-range connections.

The disruption of interhemispheric and intra-network 
communication has been associated with cognitive and behavioral 
impairments across various disorders. Notably, alterations at 
the network level may occur prior to structural degeneration, 
highlighting their significance for early disease detection.17

Default Mode Network and Neurodegeneration

Within the realm of large-scale brain networks, the default 
mode network (DMN) exhibits particular susceptibility to 
neurodegenerative disorders. In the early stages of Alzheimer’s 
disease, a notable reduction in functional connectivity within the 
DMN - especially involving the posterior cingulate cortex and 
precuneus - has been consistently observed and is associated with 
memory impairment and the severity of the disease.18 Comparable 
patterns of selective network vulnerability have been identified 
in Parkinson’s disease (PD), amyotrophic lateral sclerosis (ALS), 
and frontotemporal lobar degeneration, where distinct disruptions 
in connectivity align with specific cognitive and behavioral 
phenotypes.19,20

These findings substantiate the notion of disease-specific network 
fingerprints, indicating that neurodegeneration disseminates 
through functional and structural networks rather than impacting 
isolated regions.

Diagnostic Implications

Connectomics represents a significant advancement in diagnostic 
methodologies by facilitating the identification of network-based 
biomarkers. Traditional neuroimaging techniques often exhibit 
limited sensitivity to early or subtle disease-related changes, 
particularly during preclinical or prodromal stages. Functional 
connectomic analyses have the capability to detect alterations in 
network organization prior to the occurrence of overt neuronal 
loss, thereby providing opportunities for earlier diagnosis.21,22

Machine learning models applied to connectomic datasets have 
demonstrated the capability to distinguish between healthy 
individuals and patients with Alzheimer’s disease (AD), 
Parkinson’s disease (PD), and schizophrenia based on connectivity 
profiles. These methodologies enhance diagnostic accuracy by 
integrating multivariate patterns rather than relying solely on 

single-region abnormalities.23–25

The integration of connectomic data with clinical assessments 
and neurophysiological measures offers significant potential for 
differential diagnosis, particularly in conditions characterized by 
overlapping clinical presentations. Nonetheless, the establishment 
of standardized diagnostic thresholds remains challenging due to 
inter-individual variability in brain network architecture.

Prognostic Implications

Beyond its diagnostic applications, connectomics offers significant 
prognostic insights. The integrity of neural networks has been 
demonstrated to predict cognitive decline, functional recovery, 
and treatment responsiveness across various neurological 
conditions. In disorders such as functional neurological disorder 
and neurodegenerative diseases, the confirmation of diagnosis, 
coupled with the identification of network dysfunction and relevant 
comorbidities, can inform prognosis and guide care pathways.9,26

Machine learning methodologies significantly enhance prognostic 
modeling by elucidating connectivity patterns associated 
with disease progression, treatment outcomes, and the risk of 
complications. For instance, connectomic profiling is increasingly 
employed to predict responsiveness to neuromodulatory 
interventions, such as vagus nerve stimulation, thereby facilitating 
the stratification of patients most likely to benefit.27

Longitudinal connectomic studies are particularly insightful, 
as they elucidate dynamic alterations in network organization 
over time. Monitoring these changes provides valuable insights 
into disease mechanisms and progression, potentially facilitating 
timely, disease-modifying interventions prior to the onset of 
irreversible functional decline.

Therapeutic Implications

Precision and Personalized Interventions

Connectomic principles are revolutionizing therapeutic strategies 
by facilitating precision medicine approaches. By delineating 
individual connectivity profiles, clinicians can customize 
interventions to address specific network disruptions, rather 
than employing uniform treatment protocols. Neurophysiological 
techniques, such as electroencephalography (EEG) and transcranial 
magnetic stimulation (TMS), offer complementary insights into 
cortical excitability and connectivity, thereby enhancing treatment 
personalization.28–30 Artificial intelligence systems that integrate 
connectomic, clinical, and genomic data are increasingly adept 
at predicting treatment responses, optimizing pharmacological 
strategies, and identifying novel therapeutic targets.

Neuromodulation and Network Targeting

Neuromodulation constitutes a direct clinical application of 
connectomics. Deep brain stimulation serves as an exemplar 
of how network-informed targeting can enhance outcomes, 
particularly in Parkinson’s disease, where modulation of specific 
circuits provides significant motor and functional benefits 
beyond pharmacotherapy.31,32 Emerging evidence indicates that 
targeting network hubs or pathways, rather than isolated nuclei, 
may improve therapeutic efficacy and mitigate side effects. 
Connectomic insights are also guiding the development of non-
invasive neuromodulation strategies for conditions such as chronic 
pain, depression, and cognitive impairment, thereby expanding 
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the therapeutic landscape.33,34

Challenges and Future Directions

Despite increasing interest, several obstacles hinder the 
routine clinical application of connectomics. These obstacles 
include significant computational requirements, the absence of 
standardized analytical frameworks, and the scarcity of normative 
datasets. A major challenge remains the translation of complex 
network metrics into clinically interpretable information.7,35

Future research directions prioritize the execution of large-
scale, multicenter studies to validate connectomic biomarkers 
and establish normative reference models. Enhancements in 
computational efficiency, the harmonization of imaging protocols, 
and the integration of multimodal data are anticipated to expedite 
clinical adoption.

The ultimate objective of connectomics extends beyond 
mere description; it aims to be transformative by facilitating 
earlier diagnosis, enhancing prognostic accuracy, and enabling 
personalized therapies that address the network-level characteristics 
of neurological disorders.

Conclusion

Connectomics has profoundly transformed our comprehension 
of neurological disorders by elucidating the brain as an 
interconnected, dynamic system. It is network dysfunction, rather 
than isolated lesions, that underlies many clinical manifestations of 
neurodegenerative and neuropsychiatric diseases. By integrating 
advanced neuroimaging, computational modeling, and machine 
learning, connectomics provides powerful diagnostic, prognostic, 
and therapeutic tools. Although significant methodological 
challenges persist, ongoing refinement and clinical validation 
position connectomics as a cornerstone of next-generation 
neurological practice, with the potential to significantly enhance 
patient outcomes.
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