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ABSTRACT

Brain age is used in forensic investigations to assess age-​related traits, neurodegen-
erative diseases, and injuries. Separate systems that use structural neuroimaging 
(MRI) or functional imaging (fMRI) have low accuracy and reliability due to the 
lack of consideration that structure and function are biologically linked in the brain. 
Structural techniques, such as convolutional neural networks (CNNs), do not con-
sider how physical changes, such as atrophy, influence functional patterns. These 
also do not consider how physical changes influence function patterns. Functional 
approaches based on recurrent neural networks (RNNs) can identify temporal ac-
tivity but not structural changes. It shows a mixed AI model that combines an RNN 
with long short-​term memory (LSTM) for functional fMRI analysis and CNNs for 
structural MRI analysis to get around these problems. These fusions improve the 
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understanding of the brain aging mechanism by merging temporal and geograph-
ical data. Comprehensive preprocessing, hyperparameter adjustment, and cross-​
validation are required for model durability.

INTRODUCTION

Because it is useful in assessing brain injuries, age development, and overall 
brain health, accurate brain age estimation is a popular study area in forensic science 
(Adekola et al., 2024). Environmental factors, illness, and injury can impact the 
brain, causing anatomical and functional changes as the body ages. Estimating brain 
age is particularly useful for forensic applications, such as determining the impact 
of trauma, identifying disease processes, and determining the age of unidentified 
people with criminal investigations or missing person cases (Pranav et al., 2023). 
Assessment of brain age has mostly relied on functional imaging methods, such as 
functional magnetic resonance imaging (fMRI), and structural imaging measure-
ments, such as magnetic resonance imaging (MRI). Despite their usefulness, these 
methods aim to isolate the brain's dynamic activity or static physical structure. Their 
capacity to give a precise and thorough assessment of brain age has been hampered 
by the lack of characterization of the link between structural and functional changes 
that occur with aging. When CNNs process neuroimaging data, their primary focus 
is on structural imaging (Bose et al., 2024). These help find physical changes in the 
brain, like grey matter volume loss, ventricular enlargement, and tissue shrinkage 
atrophy. However, these disregard patterns of time-​varying brain activity critical 
to cognition and cognitive aging. However, one can combine structural imaging 
techniques with functional imaging techniques (Aragani, 2024).

Functional imaging techniques don't look at the structure changes that come with 
aging. Still, these use RNNs to learn about the temporal within-​subject variability in 
the fMRI signal. In the context of a more accurate and reliable brain age assessment, 
such a mismatch between structural and functional analysis performs very badly, 
especially in forensic settings when a thorough examination is essential (Sehrawat, 
2024). These highlight the importance of the research in filling the knowledge gap 
in brain age estimation, which could lead to the formation of distinct classes of 
brain imbalance and a more thorough approach to brain age estimation. Combining 
structural and functional imaging data reveals brain aging in terms of neuron shape 
and function. It is crucial in forensic research because neurological disorders, trau-
matic brain damage, and other pathological processes can cause changes that are 
difficult to detect with a single imaging modality. For instance, an MRI scan may 
reveal structural damage from a traumatic brain injury, but fMRI is the sole way to 
detect functional changes in neuronal activity (Bose et al., 2024).



 

 

22 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/hybrid-ai-model-for-brain-age-estimation-

in-forensics-combining-structural-and-functional-

imaging/389281

Related Content

Behavioral Intention of Women to Use E-Learning
Hasan A. Abbas (2024). International Journal of Technology and Human Interaction

(pp. 1-26).

www.irma-international.org/article/behavioral-intention-of-women-to-use-e-learning/343520

Enterprise Systems Adoption: A Sociotechnical Perspective on the Role of

Power and Improvisation
Teresa Waring, David Wainwrightand Dimitra Skoumpopoulou (2016). International

Journal of Systems and Society (pp. 49-66).

www.irma-international.org/article/enterprise-systems-adoption/146527

Influence of Website Design on Consumer Emotion and Purchase Intention

in Travel Websites
Yi-Fen Chenand Chia-Jung Wu (2016). International Journal of Technology and

Human Interaction (pp. 15-29).

www.irma-international.org/article/influence-of-website-design-on-consumer-emotion-and-

purchase-intention-in-travel-websites/162753

Mindclone Technoselves: Multi-Substrate Legal Identities, Cyber-

Psychology, and Biocyberethics
Martine Rothblatt (2013). Handbook of Research on Technoself: Identity in a

Technological Society  (pp. 105-122).

www.irma-international.org/chapter/mindclone-technoselves-multi-substrate-legal/70350

Using an Ethical Framework to Examine Linkages Between “Going Green” in

Research Practices and Information and Communication Technologies
Maliha Zaman, Claire A. Simmersand Murugan Anandarajan (2011). International

Journal of Social and Organizational Dynamics in IT (pp. 26-45).

www.irma-international.org/article/using-ethical-framework-examine-linkages/53824

http://www.igi-global.com/chapter/hybrid-ai-model-for-brain-age-estimation-in-forensics-combining-structural-and-functional-imaging/389281
http://www.igi-global.com/chapter/hybrid-ai-model-for-brain-age-estimation-in-forensics-combining-structural-and-functional-imaging/389281
http://www.igi-global.com/chapter/hybrid-ai-model-for-brain-age-estimation-in-forensics-combining-structural-and-functional-imaging/389281
http://www.igi-global.com/chapter/hybrid-ai-model-for-brain-age-estimation-in-forensics-combining-structural-and-functional-imaging/389281
http://www.irma-international.org/article/behavioral-intention-of-women-to-use-e-learning/343520
http://www.irma-international.org/article/enterprise-systems-adoption/146527
http://www.irma-international.org/article/influence-of-website-design-on-consumer-emotion-and-purchase-intention-in-travel-websites/162753
http://www.irma-international.org/article/influence-of-website-design-on-consumer-emotion-and-purchase-intention-in-travel-websites/162753
http://www.irma-international.org/chapter/mindclone-technoselves-multi-substrate-legal/70350
http://www.irma-international.org/article/using-ethical-framework-examine-linkages/53824

