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Introduction

This review explores how Artificial Intelligence (AI) is transforming
Alzheimer’s disease neuroimaging by enhancing early detection and im-
proving diagnostic accuracy. It highlights various Artificial Intelligence
(AI) techniques applied to Magnetic Resonance Imaging (MRI), Positron
Emission Tomography (PET), and Computed Tomography (CT) scans,
showing how these methods can identify subtle brain changes that act
as early biomarkers, often before clinical symptoms fully manifest. The
piece emphasizes Artificial Intelligence (AI)’s potential to integrate com-
plex data, leading to more precise and personalized diagnostic tools.[1]

This systematic review investigates the role of various neuroimaging tech-
niques in tracking the progression of pathology in Parkinson’s Disease.
It evaluates how structural and functional imaging modalities, such as
Magnetic Resonance Imaging (MRI) and Positron Emission Tomography
(PET), can serve as biomarkers to monitor disease advancement, assess
treatment effectiveness, and predict clinical outcomes. The findings high-
light promising imaging markers that reflect underlying neurodegeneration,
offering valuable insights for disease management and therapeutic devel-
opment.[2]

This review focuses on the application of Machine Learning to neuroimag-
ing data in schizophrenia research. It explores how these advanced compu-
tational methods are being used to identify predictive biomarkers, improve
diagnostic accuracy, and understand the complex neural underpinnings of
the disorder. The article discusses various Machine Learning algorithms
applied to Magnetic Resonance Imaging (MRI), functional Magnetic Res-
onance Imaging (fMRI), and Diffusion Tensor Imaging (DTI) data, demon-
strating their potential to uncover subtle patterns that could lead to more
personalized treatment strategies and better prognostication for individuals
with schizophrenia.[3]

This review delves into longitudinal neuroimaging studies to identify
biomarkers for disease progression in Multiple Sclerosis (MS). It evaluates
how advanced Magnetic Resonance Imaging (MRI) techniques, including
structural, functional, and quantitative imaging, can track changes in brain
atrophy, lesion formation, and microstructural integrity over time. The pa-
per discusses the utility of these markers for predicting disability wors-
ening, assessing treatment response, and ultimately improving prognostic
accuracy for Multiple Sclerosis (MS) patients.[4]

This review examines advanced neuroimaging techniques as biomarkers
for diagnosing and prognosticating Traumatic Brain Injury (TBI). It cov-
ers the application of Diffusion Tensor Imaging (DTI), functional Mag-
netic Resonance Imaging (fMRI), and Quantitative Susceptibility Mapping
(QSM) to detect subtle structural and functional changes often missed by
conventional imaging. The article highlights how these sophisticated meth-
ods can improve the detection of diffuse axonal injury and microhemor-
rhages, offering critical insights into injury severity and potential long-term
outcomes.[5]

This paper reviews the current state of neuroimaging biomarkers for depres-
sion, exploring how various brain imaging techniques can help in diagnosis,
prediction of treatment response, and understanding the neuropathology of
the disorder. It discusses structural and functional alterations observed in
individuals with depression, including changes in brain connectivity and
gray matter volume. The piece emphasizes the potential of these biomark-
ers to personalize treatment strategies and improve clinical outcomes by
guiding therapeutic decisions.[6]

This systematic review investigates functional Magnetic Resonance Imag-
ing (fMRI) studies to identify neuroimaging biomarkers for addiction. It
examines how specific patterns of brain activity and connectivity, partic-
ularly in reward, control, and salience networks, are altered in individuals
with substance use disorders. The article highlights the potential of these
functional Magnetic Resonance Imaging (fMRI)-derived markers to inform
diagnosis, predict relapse risk, and personalize treatment interventions by
targeting specific neural pathways implicated in addictive behaviors.[7]

This paper reviews the application of advanced neuroimaging techniques
in epilepsy, focusing on their utility as biomarkers for improved diagno-
sis, prognosis, and surgical planning. It discusses how methods like high-
resolution Magnetic Resonance Imaging (MRI), Positron Emission Tomog-
raphy (PET), Single-Photon Emission Computed Tomography (SPECT),
and Magnetoencephalography (MEG) can localize epileptogenic zones,
characterize structural and functional abnormalities, and predict post-
surgical outcomes. The article underscores the importance of these imag-
ing markers in refining patient selection for epilepsy surgery and enhancing
therapeutic precision.[8]

This systematic review investigates the integration of Machine Learning
with neuroimaging biomarkers to predict cognitive decline. It highlights

Cite this article: Reingold T,(2025) Neuroimaging: Precision Diagnostics and Brain Disease Management. nnr 07: 154. DOI:
1037532.0nr.2025.7.2.154



mailto:treingold@cnsresearch.ch

how various Artificial Intelligence (Al) algorithms, applied to structural
and functional Magnetic Resonance Imaging (MRI), Positron Emission To-
mography (PET), and Diffusion Tensor Imaging (DTI) data, can identify
early signs of cognitive impairment and forecast progression to dementia.
The article explores the predictive power of these combined approaches,
emphasizing their potential to enable earlier interventions and more precise
risk stratification in individuals at risk for neurodegenerative conditions.[9]

This paper discusses the integration of various neuroimaging biomarkers as
a path towards precision psychiatry. It explores how multimodal imaging
data, including structural, functional, and molecular imaging, can provide
a comprehensive picture of brain dysfunction in psychiatric disorders. The
article outlines the promises of these biomarkers in improving diagnostic
stratification, predicting treatment response, and guiding personalized in-
terventions, while also addressing the significant challenges in translating
these findings into routine clinical practice.[10]

Description

Neuroimaging biomarkers are crucial for advancing our understanding, di-
agnosis, and treatment of various neurological and psychiatric disorders.
Recent advancements highlight the transformative role of Artificial Intelli-
gence (Al) and Machine Learning in analyzing complex neuroimaging data.
These computational methods significantly enhance the early detection and
diagnostic accuracy across numerous conditions, enabling identification of
subtle brain changes that often precede clinical symptom manifestation [1,
3,9].

In Alzheimer’s Disease, Artificial Intelligence (AI) techniques applied
to Magnetic Resonance Imaging (MRI), Positron Emission Tomogra-
phy (PET), and Computed Tomography (CT) scans are pinpointing early
biomarkers, promising more precise and personalized diagnostic tools
[1]. For Parkinson’s Disease, structural and functional imaging like Mag-
netic Resonance Imaging (MRI) and Positron Emission Tomography (PET)
serve as essential biomarkers, monitoring disease progression, assessing
treatment efficacy, and predicting clinical outcomes by reflecting underly-
ing neurodegeneration [2]. Longitudinal neuroimaging studies, particularly
using advanced Magnetic Resonance Imaging (MRI) techniques, are criti-
cal in Multiple Sclerosis (MS) for tracking changes in brain atrophy, lesion
formation, and microstructural integrity over time, improving prognostic
accuracy and assessing treatment response [4]. Advanced neuroimaging is
also vital in epilepsy, utilizing high-resolution Magnetic Resonance Imag-
ing (MRI), Positron Emission Tomography (PET), Single-Photon Emission
Computed Tomography (SPECT), and Magnetoencephalography (MEG) to
localize epileptogenic zones, characterize abnormalities, and guide surgical
planning [8].

Traumatic Brain Injury (TBI) diagnosis and prognosis benefit from ad-
vanced neuroimaging techniques such as Diffusion Tensor Imaging (DTI),
functional Magnetic Resonance Imaging (fMRI), and Quantitative Suscep-
tibility Mapping (QSM). These methods detect subtle structural and func-
tional changes, like diffuse axonal injury and microhemorrhages, which
are often missed by conventional imaging, providing critical insights into
injury severity and long-term outcomes [5]. In schizophrenia research, Ma-
chine Learning applied to Magnetic Resonance Imaging (MRI), functional
Magnetic Resonance Imaging (fMRI), and Diffusion Tensor Imaging (DTI)
data helps identify predictive biomarkers, enhance diagnostic accuracy,

and unravel the disorder’s complex neural underpinnings, potentially lead-
ing to personalized treatment strategies [3]. For depression, neuroimaging
biomarkers, including structural and functional alterations in brain connec-
tivity and gray matter volume, offer potential for diagnosis, prediction of
treatment response, and a deeper understanding of neuropathology, guiding
personalized therapeutic decisions [6].

Predicting cognitive decline significantly leverages the integration of Ma-
chine Learning with neuroimaging biomarkers. Artificial Intelligence (AI)
algorithms applied to structural and functional Magnetic Resonance Imag-
ing (MRI), Positron Emission Tomography (PET), and Diffusion Tensor
Imaging (DTI) data identify early signs of impairment and forecast pro-
gression to dementia, enabling earlier interventions and precise risk strati-
fication [9]. In addiction, functional Magnetic Resonance Imaging (fMRI)
studies identify neuroimaging biomarkers by examining altered patterns of
brain activity and connectivity, particularly in reward, control, and salience
networks. These markers hold promise for informing diagnosis, predicting
relapse risk, and personalizing treatment interventions by targeting specific
neural pathways implicated in addictive behaviors [7].

The integration of diverse neuroimaging biomarkers, encompassing mul-
timodal structural, functional, and molecular imaging, paves the way for
precision psychiatry. This holistic approach offers a comprehensive un-
derstanding of brain dysfunction in psychiatric disorders, improving diag-
nostic stratification, predicting treatment response, and guiding personal-
ized interventions. While promising, translating these findings into routine
clinical practice presents ongoing challenges [10]. Overall, neuroimaging,
augmented by Aurtificial Intelligence (AI) and Machine Learning, is fun-
damentally reshaping the landscape of neurological and psychiatric care,
moving towards more personalized and effective patient management.

Conclusion

Neuroimaging techniques are becoming essential tools for diagnosing,
monitoring, and managing a wide array of neurological and psychi-
atric conditions. These advanced methods leverage various modalities
like Magnetic Resonance Imaging (MRI), Positron Emission Tomogra-
phy (PET), Computed Tomography (CT), functional Magnetic Resonance
Imaging (fMRI), and Diffusion Tensor Imaging (DTI) to identify subtle
brain changes and biomarkers. For neurodegenerative diseases such as
Alzheimer’s Disease and Parkinson’s Disease, imaging helps in early de-
tection and tracking disease progression, leading to more precise diag-
nostic and prognostic insights. In Multiple Sclerosis (MS), longitudinal
studies using Magnetic Resonance Imaging (MRI) effectively monitor dis-
ease advancement, while for epilepsy, advanced imaging aids in localizing
epileptogenic zones and planning surgical interventions. Psychiatric disor-
ders like schizophrenia and depression also benefit, with imaging uncover-
ing neural underpinnings, predictive biomarkers, and guiding personalized
treatment strategies. Traumatic Brain Injury (TBI) diagnosis is enhanced
by detecting subtle structural damage, and functional Magnetic Resonance
Imaging (fMRI) is shedding light on addiction mechanisms, predicting re-
lapse risk, and tailoring interventions. Artificial Intelligence (AI) and Ma-
chine Learning play a pivotal role across these applications, integrating
complex data to improve diagnostic accuracy and predict outcomes, no-
tably in cognitive decline. The overarching goal is to integrate these di-
verse neuroimaging biomarkers into a framework for precision medicine,
offering personalized interventions and ultimately improving patient out-
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comes across neurological and psychiatric care, despite inherent challenges
in clinical translation.
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