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1. Introduction

In recent years, artificial intelligence (Al) has experienced a dramatic rise in significance across
various sectors, with healthcare being one of the most notable areas of application. Al's potential
to transform medical practices, particularly in the diagnosis of complex diseases, has captured
the attention of researchers, practitioners, and policymakers alike. Within healthcare, Al's role in
diagnosing neurological disorders has emerged as a critical advancement, offering solutions to
many challenges faced by clinicians. Traditionally, neurological disorders like Alzheimer’s,
Parkinson’s, epilepsy, and autism have been diagnosed through subjective clinical judgment,
supplemented by imaging techniques and other diagnostic tools. However, the advent of Al,
especially machine learning and deep learning, has revolutionized the way these diseases are
approached, offering faster, more accurate, and more reliable diagnostic methods (Bohr &
Memarzadeh, 2020; Davenport & Kalakota, 2019).

Al-powered models are capable of analyzing vast amounts of medical data, including brain
scans, genetic information, and clinical records, in a way that exceeds human capabilities. These
models have shown promise in recognizing patterns, making predictions, and even
recommending treatment plans, significantly enhancing diagnostic accuracy. However, the
effectiveness of Al in neurological diagnostics does not remain constant across different patient
populations. Children, adults, and older adults present distinct challenges when it comes to
neurological disorders, such as variations in disease presentation, progression, and response to
treatment. Therefore, understanding how Al models perform across these age groups is crucial
for ensuring that the technology can be optimized to meet the needs of diverse populations
(Feigin et al., 2017). For instance, while Al has made significant strides in pediatric neurology
for conditions like autism and epilepsy, the application of Al in diagnosing age-related

neurological disorders in older adults, such as dementia and stroke, is still evolving.

The relevance of Al in clinical decision-making processes cannot be overstated. Accurate
diagnostic tools are essential for physicians to make informed decisions that lead to better patient
outcomes. Al models that can offer precise, reliable diagnoses help clinicians to choose the most

appropriate treatment pathways, ultimately enhancing the overall quality of care. Moreover, the
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use of Al in diagnostics can alleviate the burden on healthcare systems by streamlining
workflows, reducing human error, and providing valuable insights that support the physician’s
expertise (Li et al., 2020). This growing reliance on Al underscores the importance of
understanding how well these models perform across different demographic groups, ensuring

that healthcare providers can use these tools to their maximum potential.

Figure 1: Evolution of Al in Healthcare & Neurological Diagnostics
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Figure 1: Evolution of Al in Healthcare and its Role in Neurological Diagnostics

This Figure illustrates the evolution of Al in healthcare over the years, highlighting its growing
influence and its expanding role in neurological diagnostics. The flowchart provides a visual
representation of how Al has transitioned from a concept to a powerful tool used in the clinical
setting, particularly for neurological disorders. It serves as an essential reminder of the progress
made and the potential that lies ahead in advancing neurological healthcare through Al

technology.

In the following sections, we will explore the applications of Al in diagnosing neurological
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disorders across various age groups, comparing its accuracy and effectiveness in children, adults,
and older adults. By examining these dimensions, we aim to provide a comprehensive overview

of Al's impact on clinical decision-making and patient care in the field of neurology.
2. Al Models in Neurological Diagnosis

Artificial Intelligence (Al) technologies have become central to the transformation of various
medical fields, and their impact on neurological diagnostics is no exception. Al encompasses a
wide range of computational methods, but in the context of neurological diagnosis, machine
learning, deep learning, and neural networks stand out as particularly powerful tools. Machine
learning (ML) refers to a subset of Al where algorithms are used to learn patterns in data and
make predictions based on them, often without explicit programming. Deep learning (DL), a
more advanced subset of ML, involves neural networks with many layers (hence the term
"deep™), which excel at handling complex data such as medical images, electronic health records,
and genetic information. These techniques are particularly useful in neurology because they can
detect subtle patterns in vast datasets that would be difficult for human clinicians to discern.
Neural networks, which are inspired by the human brain's architecture, play a significant role in
the Al models used for tasks such as detecting abnormalities in brain scans or predicting the

progression of neurological disorders (Giger, 2018).

One of the significant advantages of Al-based diagnostic models in neurology is their ability to
process and analyze large volumes of data quickly and accurately. In contrast, traditional
diagnostic methods rely heavily on the expertise of clinicians, such as neurologists, who interpret
clinical symptoms, imaging results, and lab findings. While this approach remains essential, it
can be time-consuming and prone to human error, particularly when managing complex cases.
Traditional diagnostic methods often involve a combination of patient interviews, clinical tests,
and imaging techniques like magnetic resonance imaging (MRI) or computed tomography (CT)
scans. However, these methods, though highly valuable, have limitations. For instance, they are
subjective and can vary depending on the experience and perspective of the clinician interpreting

the results.
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Al-driven methods, on the other hand, leverage algorithms that are designed to enhance
objectivity and consistency. For example, Al systems can analyze brain scans in a matter of
seconds, identifying patterns that are indicative of conditions like Alzheimer's disease,
Parkinson’s disease, or multiple sclerosis. In some cases, Al models can even predict the onset of
these disorders before clinical symptoms become apparent. A prime example of this is Al's
ability to classify MRI images of the brain, where it can distinguish between healthy and affected
tissues with an accuracy rate that often surpasses human diagnosticians (Bohr & Memarzadeh,
2020). Moreover, Al has the potential to automate repetitive tasks, thus enabling neurologists to
focus on more complex aspects of patient care. This can significantly reduce the diagnostic time
and improve the overall efficiency of healthcare delivery, particularly in settings where there is a

high volume of patients or limited access to specialized medical professionals.

However, while Al models have demonstrated impressive accuracy in many studies, their
application in real-world clinical settings still faces some challenges. The integration of Al into
clinical practice requires careful validation, particularly to ensure that these models perform well
across diverse populations and are not biased by data that may not represent the full spectrum of
patient experiences. In clinical trials, Al models have shown the potential for high sensitivity and
specificity, but their ability to generalize across different age groups and diverse ethnicities is
still being explored. Additionally, ethical concerns regarding data privacy and the potential for
over-reliance on Al are important considerations that must be addressed before widespread

implementation.

Table 1: Comparison between Al-Driven Methods and Traditional Diagnostic Methods in

Neurological Disorders

Factor

Al-Driven Methods

Traditional Methods

High accuracy, especially in

Moderate to high accuracy,

) ) complex  conditions  like | but may struggle  with
Diagnostic Accuracy ] )
epilepsy, Parkinson's, and | complex or early-stage
Alzheimer's. conditions.
Speed Faster, often providing | Slower, often requiring
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immediate results (e.g., real-

time EEG analysis, MRI

scans).

additional tests, consultations,
and interpretation.

Range of Conditions

Can diagnose a wide range of
neurological disorders,
including complex and rare

conditions.

Often

common

limited to  more
neurological
disorders, with difficulty in
subtle

diagnosing rare or

conditions.

Highly dependent on large,

Less dependent on data, but

subject to human error in

high-quality ~ datasets  for | )
Dependency on Data o ) interpretation.
training (e.g., deep learning
models).
] ] | Static, with limited
Continuously improves with |
- ) improvements unless
Adaptability more data and evolving | = ]
] significant advances in
algorithms. _
medical technology are made.
Primary tool used for
] o o Acts as a supplementary tool, | _
Role in Clinical Decision- ] ] ) diagnosis, but may be
] enhancing diagnostic accuracy ]
Making . augmented by Al in some
and efficiency. _
settings.
Offers real-time analysis and | _ o
) ) o Limited real-time monitoring,
Potential for Real-Time | monitoring (e.g., wearable o
o _ ] often requiring manual follow-
Monitoring devices for continuous health

data).

up for results.

This Table presents a comparison between Al-driven methods and traditional diagnostic methods

used in neurological disorders. It highlights key factors such as diagnostic accuracy, speed, and

the range of conditions that can be diagnosed. By illustrating these factors, the table emphasizes

the strengths and weaknesses of both approaches and underscores the role that Al can play in

enhancing diagnostic precision while also complementing traditional methods. The table also
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offers insights into how these two methods can coexist, with Al functioning as a supplementary

tool that enhances the diagnostic capabilities of healthcare providers.

As Al technologies continue to evolve, they hold the promise of revolutionizing neurological
diagnostics. The ability of Al to not only improve diagnostic accuracy but also streamline
processes and reduce human error offers significant benefits for both clinicians and patients. The
next sections will explore how Al models perform in diagnosing neurological disorders across
different age groups, shedding light on their impact on pediatric, adult, and older adult

populations.
3. Diagnostic Accuracy of Al Models for Children

The application of artificial intelligence (Al) in diagnosing pediatric neurological disorders has
shown tremendous promise in recent years, particularly in conditions such as autism, epilepsy,
and attention deficit hyperactivity disorder (ADHD). These disorders, which often manifest in
childhood, can present complex symptoms that make early and accurate diagnosis challenging.
Traditionally, diagnosing these conditions involves subjective clinical assessments, including
interviews, behavioral observations, and standardized testing, which can vary significantly
between healthcare providers. However, Al-based diagnostic models have the potential to
enhance diagnostic accuracy by analyzing vast amounts of data from various sources, including

medical imaging, genetic data, and behavioral patterns.

In the case of autism spectrum disorder (ASD), Al techniques, particularly machine learning and
deep learning, have been employed to analyze patterns in facial expressions, speech, and even
movement to detect early signs of the disorder. Research has shown that Al can be particularly
useful in automating the process of facial expression analysis, which is often used to assess
social engagement—a key indicator of autism (Reddy & Andrew, 2023). Deep learning models,
trained on large datasets of children's facial expressions, can learn to recognize subtle cues that
might be missed by human clinicians. This enables earlier diagnosis, which is crucial for
implementing early intervention strategies that can significantly improve developmental

outcomes for children with autism.
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Similarly, Al has made significant strides in the diagnosis of pediatric epilepsy. Epilepsy in
children, often associated with complex and varied seizure types, requires precise identification
and classification for appropriate treatment. Al models, such as convolutional neural networks
(CNNSs) and recurrent neural networks (RNNs), have been used to analyze electroencephalogram
(EEG) data, which is essential for detecting epileptic activity. These Al models can process large
amounts of EEG data much faster than traditional methods, identifying abnormal brain activity
patterns that signify seizures (Sundararajan & Li, 2023). Such models have demonstrated the
ability to detect seizures in real-time, allowing for quicker intervention and better management of

the condition.

For ADHD, Al has been used to analyze various behavioral data, including attention patterns,
hyperactivity, and impulsivity. By leveraging machine learning algorithms, Al systems can
assess these behavioral traits more objectively and with greater consistency than human
observers. Studies have shown that Al can help in distinguishing between ADHD and other
disorders that present with similar symptoms, thus reducing misdiagnosis and ensuring that
children receive the correct treatment (Reddy et al., 2024). Al's ability to integrate data from
multiple sources, such as behavioral assessments, neuroimaging, and genetic factors, provides a

more holistic approach to diagnosing ADHD in children.

While Al models have demonstrated high accuracy in diagnosing pediatric neurological
disorders, it is important to note that these models are still in the developmental stages, and their
clinical implementation requires further validation. Many studies focusing on pediatric
populations are still limited by small sample sizes or the need for more diverse datasets.
Additionally, there are challenges regarding the ethical use of Al in children’s health,

particularly in ensuring data privacy and obtaining parental consent.
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Diagnostic Accuracy of Al Models vs Traditional Methods for Pediatric Neurological Disorders
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Figure 2: Diagnostic Accuracy of Al Models for Pediatric Neurological Disorders (Autism,
Epilepsy, ADHD)

This Figure illustrates the diagnostic accuracy of Al models for pediatric neurological disorders,
specifically focusing on autism, epilepsy, and ADHD. The bar graph presents the performance of
various Al models across these conditions, comparing their diagnostic accuracy with traditional
diagnostic methods. The figure highlights Al's potential to improve early detection and its

growing role in the clinical decision-making process for pediatric neurology.

Overall, Al holds great potential in revolutionizing the diagnosis of pediatric neurological
disorders by offering tools that can provide more accurate, faster, and potentially earlier
diagnoses. However, further research is needed to ensure that these Al models are robust,
generalizable, and ready for widespread clinical adoption. As more data becomes available and
as Al technologies continue to evolve, it is likely that these models will become indispensable
tools for pediatric neurologists, enabling better outcomes for children affected by neurological

disorders.
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4. Diagnostic Accuracy of Al Models for Adults

The application of artificial intelligence (Al) in diagnosing neurological disorders in adults has
been gaining significant traction, especially for complex conditions such as Parkinson’s disease,
Alzheimer’s disease, and multiple sclerosis. These disorders, which predominantly affect older
populations, can be challenging to diagnose in the early stages due to their gradual onset and
overlapping symptoms with other conditions. Traditional diagnostic methods for these adult
neurological disorders often rely on clinical observations, neuroimaging, and cognitive testing,
which, while valuable, may not always provide sufficient precision for early or definitive
diagnosis. Al technologies, however, have shown potential in enhancing diagnostic accuracy and

speeding up the process, making them invaluable tools in clinical settings.

Parkinson’s disease, a neurodegenerative disorder that affects movement and often presents with
subtle symptoms in its early stages, can be difficult to diagnose accurately. Al-based models,
such as machine learning algorithms and deep learning networks, have been employed to analyze
data from various sources, including medical imaging (such as MRI and PET scans), motor
function assessments, and even speech patterns. Recent studies have demonstrated that Al
techniques, particularly support vector machines (SVM), can accurately classify Parkinson’s
disease from healthy controls and other movement disorders by analyzing neuroimaging data
(Kalani & Anjankar, 2024). Moreover, these models can monitor disease progression and predict
the effectiveness of treatments, thus enabling personalized management of the disease. As
Parkinson’s disease often requires long-term monitoring, the use of Al in tracking symptom
progression over time offers a clear advantage in improving patient outcomes and making timely

adjustments to treatment plans.

Similarly, Alzheimer’s disease, the most common cause of dementia, poses significant diagnostic
challenges due to its gradual cognitive decline and its symptom overlap with other forms of
dementia. Early diagnosis of Alzheimer’s is crucial, as it allows for early interventions that may
slow disease progression. Al models have proven to be particularly effective in the analysis of
MRI scans, where deep learning algorithms can detect subtle changes in brain regions associated

with Alzheimer’s, such as the hippocampus. Recent research has highlighted the success of SVM
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and convolutional neural networks (CNN) in distinguishing between Alzheimer’s and other
neurodegenerative diseases with high accuracy. For instance, one study found that SVM models
achieved up to 90% accuracy in differentiating Alzheimer’s disease from other forms of
dementia based on brain imaging data (Alatrany et al., 2024). This ability to accurately identify
Alzheimer’s in its early stages is a critical advancement, as early intervention has been linked to

better management of symptoms and slower disease progression.

Multiple sclerosis (MS) is another neurological disorder that has benefited from the
incorporation of Al in its diagnostic process. MS is a chronic autoimmune disease that affects the
central nervous system, leading to a wide range of neurological symptoms. The diagnosis of MS
typically involves a combination of clinical evaluation, MRI imaging, and cerebrospinal fluid
analysis, which can be time-consuming and subject to interpretation errors. Al has been
integrated into the analysis of MRI scans to enhance diagnostic precision. Al models,
particularly those based on deep learning, can automatically identify and classify lesions in the
brain and spinal cord, which are characteristic of MS. The use of Al in this context has not only
reduced the time required for diagnosis but also minimized human error, making the diagnostic

process more efficient and reliable (Reddy et al., 2024).

Recent advancements in Al for diagnosing adult neurological disorders highlight the growing
importance of these technologies in clinical settings. As Al models continue to evolve, they are
expected to improve in both accuracy and clinical utility. Techniques such as SVM, CNN, and
deep learning networks have demonstrated remarkable performance in diagnosing Parkinson’s
disease, Alzheimer’s disease, and multiple sclerosis. By integrating data from various sources,
including neuroimaging, motor function tests, and cognitive assessments, Al can provide a more

comprehensive and accurate diagnosis than traditional methods.
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Table 2: Performance Metrics of Al Models in Diagnosing Adult Neurological Disorders

Al Neurological o o
) ) Accuracy Sensitivity Specificity Comments
Model/Technique | Disorder
High
) accuracy in
Support  Vector | Alzheimer's _
) ) 88% 85% 90% detecting
Machine (SVM) | Disease
early-stage
Alzheimer's.
Excellent
Convolutional performance
Parkinson’s .
Neural Networks | 92% 89% 94% for image-
Disease
(CNN) based
diagnosis.
Suitable  for
) complex data
Multiple _
Random Forest ) 84% 80% 87% but with
Sclerosis
moderate
accuracy.
) Effective in
Amyotrophic _
) analyzing
Deep Learning | Lateral
) 90% 88% 91% large datasets
(DL) Sclerosis
for ALS
(ALS) .
detection.
Useful for
redictin
K-Nearest P J
) Stroke acute events
Neighbors ] 79% 75% 82%
Detection but lower
(KNN)
performance
compared to
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deep learning
models.

Strong
performance
Neural Networks ) in seizure
Epilepsy 91% 93% 89% o
(NN) classification
and

prediction.

This Table summarizes the performance metrics (accuracy, sensitivity, and specificity) of Al
models used in diagnosing adult neurological disorders. The table compares the performance of
different Al techniques across various diagnostic tasks, showcasing their strengths and
limitations in clinical applications. These metrics provide valuable insight into how well Al
models are performing in real-world diagnostic settings, helping clinicians make informed

decisions about incorporating Al into their practice.

Al models are revolutionizing the diagnostic process for adult neurological disorders, offering
increased accuracy, speed, and the potential for personalized care. However, challenges remain,
including the need for larger, more diverse datasets to further validate these models and ensure
their generalizability across populations. Despite these challenges, the integration of Al in
diagnosing neurological disorders such as Parkinson’s disease, Alzheimer’s disease, and multiple
sclerosis represents a significant step forward in clinical neurology, with the potential to improve

patient outcomes and enhance the overall quality of care.
5. Diagnostic Accuracy of Al Models for Older Adults

As the global population ages, the diagnosis and management of age-related neurological
disorders, such as dementia, stroke, and cognitive impairment, are becoming increasingly
critical. Older adults are particularly vulnerable to these conditions, which often present with
complex, multifactorial symptoms that can be difficult to diagnose accurately. Traditional
diagnostic approaches, such as clinical evaluations and imaging techniques, although useful, may

be limited in their ability to provide timely and accurate diagnoses, especially in the early stages
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of these disorders. Additionally, the presence of multiple comorbidities in older adults can
complicate the clinical picture, further complicating the diagnostic process. This is where
artificial intelligence (Al) has shown significant promise, offering tools that can improve

diagnostic accuracy and assist in more personalized care for older populations.

Dementia, including Alzheimer's disease and other forms of cognitive decline, is one of the most
prevalent neurological conditions among older adults. Early and accurate diagnosis is crucial, as
it can lead to better management and treatment options that may slow disease progression.
However, the clinical symptoms of dementia often overlap with normal aging processes or other
conditions, making it difficult to distinguish between them. Al models, particularly those that
incorporate machine learning and deep learning techniques, have begun to revolutionize the way
dementia is diagnosed. These models utilize neuroimaging data, such as MRI and PET scans, to
identify subtle changes in brain structure and function that may be indicative of early-stage
dementia. Research has shown that Al algorithms can accurately predict the onset of Alzheimer's
disease and differentiate it from other cognitive disorders, providing a more accurate diagnosis

compared to traditional methods (Li et al., 2017).

Stroke is another major concern for older adults, with increasing age being one of the strongest
risk factors for stroke. Early diagnosis and treatment are critical for minimizing the long-term
effects of stroke. Al models have shown great potential in improving stroke diagnosis,
particularly by analyzing neuroimaging data. For example, Al systems can automatically detect
ischemic and hemorrhagic lesions on CT or MRI scans, providing timely and accurate
assessments that can significantly speed up decision-making in emergency settings. The ability
of Al to assess images in real-time, with greater precision than human clinicians, can lead to
faster interventions and better outcomes for stroke patients. Additionally, Al-driven models can
predict the likelihood of stroke recurrence and help guide post-stroke rehabilitation efforts,

further enhancing the management of stroke in older adults (Zhou & Brodsky, 2015).

Cognitive impairment, which often accompanies aging, presents unique diagnostic challenges.
Symptoms such as memory loss, confusion, and difficulty concentrating may be seen as part of

the normal aging process or as early signs of more severe neurological conditions like dementia.
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Al models, particularly those incorporating natural language processing (NLP) and other forms
of machine learning, have been used to analyze patient speech and cognitive tests. These models
can detect early signs of cognitive decline by identifying subtle changes in language patterns and
cognitive performance that may otherwise go unnoticed. The application of Al in cognitive
assessment has the potential to lead to earlier diagnosis, allowing for interventions that could
delay or prevent the progression of cognitive disorders.

The impact of Al on the diagnosis and management of age-related neurological disorders in older
adults cannot be overstated. Al models have already shown the potential to improve diagnostic
accuracy, reduce diagnostic time, and enhance the precision of clinical decision-making. These
advancements are particularly valuable for older adults, who often face more complex and
multifaceted health challenges. By integrating Al into clinical practice, healthcare providers can
offer more timely and accurate diagnoses, leading to improved patient outcomes and better
management of age-related neurological conditions (Feigin et al., 2017).

Figure 3: Prevalence of Neurological Disorders in Older Adults and the Role of Al in Diagnostics

Epilepsy

Other

Stroke

10.0%
10.0%

15.0%

40.0% 25.0%

Alzheimer's Disease Parkinson's Disease

Corresponding Author: mukhi.nitin@gmail.com Page | 317



mailto:mukhi.nitin@gmail.com

The Chitransh Academic & Research Volumel | Issue3 | June 2025

Figure 3: Predicted Growth of Al Applications in Neurological Diagnostics (2025-2035)

The role of Al in improving diagnostic outcomes for older adults is illustrated in Figure 3, a pie
chart showing the prevalence of various neurological disorders in this age group and the growing
impact of Al in their diagnosis. As the field of Al in healthcare continues to evolve, further
research is needed to refine these models and ensure their applicability across diverse patient
populations. However, the potential for Al to transform the landscape of neurological diagnostics
for older adults is immense, offering a promising tool for clinicians to address the unique

challenges of diagnosing and managing age-related neurological disorders.

Al technologies offer significant improvements in diagnosing neurological disorders in older
adults. By enhancing diagnostic accuracy and enabling earlier detection of conditions like
dementia, stroke, and cognitive impairment, Al has the potential to dramatically improve patient
care. Nevertheless, challenges remain, including ensuring the accessibility of Al tools in clinical
settings and addressing issues related to data privacy and ethical concerns. Future advancements
in Al will likely lead to even greater strides in the diagnosis and management of age-related
neurological conditions, ultimately improving the quality of life for older adults affected by these

disorders.

6. Challenges and Limitations of Al in Neurological Diagnoses

While artificial intelligence (Al) holds immense potential to revolutionize the diagnosis and
management of neurological disorders, several challenges and limitations hinder its widespread
implementation in clinical settings. One of the primary challenges lies in the quality of the data
used to train Al models. The performance of Al models is directly linked to the quality and
diversity of the data they are trained on. Inadequate, biased, or non-representative datasets can
lead to models that are inaccurate or fail to generalize across different patient populations. For
instance, Al models trained on data from predominantly one demographic group, such as a
specific age group or ethnic population, may not perform as effectively when applied to other
populations (Sundararajan & Li, 2023). In the context of neurological disorders, where patient
diversity is wide and symptoms often overlap with other conditions, ensuring that training

datasets are diverse and comprehensive is critical to achieving reliable diagnostic outcomes.
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Additionally, ethical issues present a significant concern in the development and deployment of
Al in healthcare. The use of Al to process and analyze sensitive medical data raises concerns
about patient privacy, data security, and consent. In many healthcare systems, regulations
regarding the use of medical data, such as the Health Insurance Portability and Accountability
Act (HIPAA) in the United States, are stringent. However, these regulations are often not fully
adapted to address the challenges posed by Al technologies. Moreover, there is a risk of Al
models inadvertently reinforcing biases present in the data. For example, if the data used to train
a model includes biased or unbalanced representations of certain demographic groups, the Al
may perpetuate or even exacerbate these biases, leading to incorrect or unfair diagnostic
outcomes for marginalized populations (Li et al., 2020). This is particularly concerning in the
context of neurological disorders, where early diagnosis can significantly influence treatment

outcomes and quality of life.

Another challenge is the interpretability and transparency of Al models. While deep learning
models, such as neural networks, have shown impressive performance in diagnosing
neurological conditions, they often operate as "black boxes," meaning their decision-making
processes are not easily understood by clinicians. This lack of transparency poses a problem,
especially in healthcare settings where clinicians need to understand the rationale behind a
diagnosis to make informed decisions about patient care. The inability to explain how an Al
model arrives at a particular conclusion can also reduce clinicians' trust in these systems, which
may limit their acceptance and widespread adoption in clinical practice (Sarwar et al., 2019). In
addition, reliance on "black-box" Al systems may also result in difficulties when it comes to

clinical validation and regulatory approval.

Limitations also arise in the application of Al models in real-world clinical settings. While Al
has shown great promise in controlled research environments, its implementation in daily clinical
practice is fraught with challenges. The integration of Al tools into existing healthcare
infrastructure, for instance, requires considerable investment in both hardware and software, as
well as ongoing training for healthcare professionals. Furthermore, Al models often require
significant computational resources, which may not be readily available in all healthcare settings,

particularly in low-resource environments. This disparity in access can hinder the equitable
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distribution of Al-based diagnostic tools across different regions and healthcare systems,

exacerbating health disparities.

Moreover, current Al models may struggle to adapt to the complexity and variability of
neurological disorders in real-world clinical settings. Neurological disorders, by nature, often
present with overlapping symptoms and heterogeneous manifestations, making them difficult to
diagnose. Al models that perform well in controlled environments may not achieve the same
level of accuracy when exposed to the complexities of real-world clinical data, which may
include noisy or incomplete information. Additionally, these models may not account for
contextual factors such as the patient's medical history, comorbid conditions, or other

environmental influences that can affect diagnosis and treatment outcomes.

While Al holds significant promise for improving the accuracy and efficiency of neurological
diagnoses, there are several challenges and limitations that must be addressed. These include
issues related to data quality, ethical considerations, model transparency, and the practical
challenges of implementing Al systems in real-world clinical settings. Overcoming these barriers
will require ongoing collaboration between Al researchers, healthcare professionals,
policymakers, and regulatory bodies to ensure that Al technologies are developed and deployed
in ways that maximize their potential while minimizing risks. As the field of Al in healthcare
continues to evolve, these challenges must be tackled to fully realize the benefits that Al can

bring to the diagnosis and management of neurological disorders.

Table 3: Challenges and Limitations of Al in Diagnosing Neurological Disorders Across

Different Age Groups
o ) General
Challenge/Limitations | Children Adults Older Adults _
Observations
Limited data for | Availability of | Age-related Data  scarcity,
Data Quality and | pediatric disorders | more data, but | factors affect | particularly  for
Availability like autism and | variability in | data consistency | rare  disorders,
ADHD. quality. and quality. hinders  model
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training.

Al

fail to generalize

models often

Model Generalization | across the diverse

range of pediatric

Models

work well

may
for
specific diseases
but fail in others

Older
present

adults
diverse
neurological
symptoms  that

Al models may

Overfitting  to
training data can
lead to poor
performance in

real-world

conditions. like MS. o _
not handle well. | clinical settings.
] Ethical  issues | Ethical concerns
Ethical  concerns )
) ) surrounding Al | about data
regarding Al | Adult patients' | ) ) )
] ) ] diagnosis in | privacy, consent,
diagnosis in | consent and
) ) ) older adults, | and model
Ethical Concerns children due to | privacy concerns _
o particularly transparency
limited related to Al ) )
] regarding remain prevalent
understanding  of | data usage. o )
decision-making | across all age
Al models.
and autonomy. groups.
Models may
Age-related carry  inherent
Al models may be ) | biases in Al | biases,
) Potential  bias )
biased due to the models  could | influenced by
o ) due to non-| _ o
Bias in Al Models underrepresentation ] misclassify training data
] | representative _ _
of diverse pediatric neurological demographics,
] adult datasets. _ ] _
populations. disorders in | leading to
older adults. unequal
performance.
Pediatric _ | Integration  in | Successful
) Al integration is o ) ]
neurologists  may ) geriatric care | integration
) more feasible but _
o ) lack experience _ faces resistance | depends on
Clinical Integration ) requires o
with Al  tools, o | due to clinicians' | adequate
) ) validation in o o
impeding o ) unfamiliarity training,
) ) ) clinical settings. _ _
integration into with Al | collaboration
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clinical practice.

technologies.

with  clinicians,

and validation of

Al models.
While Model
Pediatric Al | interpretable Complex Al | interpretability is
models are often | models like | models may be | a key challenge,
Interpretability of Al | less interpretable, | decision  trees | difficult for | especially when
Models raising  concerns | exist, deep | older adults or | the clinical
about trust in | learning models | their caregivers | decision-making
diagnostic results. | lack to understand. process is
transparency. involved.
Older adult | Regulatory
Adult Al _
o ) ) populations frameworks need
Limited regulatory | diagnostic
often face legal |to evolve to
Regulatory and Legal | frameworks for | models are
o o and regulatory | ensure safe and
Issues pediatric Al | beginning to face | _
] ) issues due to | ethical use of Al
diagnostics. regulatory _ ) o
_ their in clinical
scrutiny. - _ _
vulnerability. diagnostics.

This table provides a comprehensive overview of the challenges and limitations faced by Al

models in diagnosing neurological disorders across different age groups. Each category outlines

specific issues such as data quality, model generalization, ethical concerns, and integration

challenges, highlighting how these obstacles vary across children, adults, and older adults. It

emphasizes the need for thoughtful consideration and ongoing research to overcome these

challenges and fully integrate Al into clinical practice for neurological diagnostics.

7. Future Directions of Al in Neurological Disorders Diagnosis

The future of artificial intelligence (Al) in diagnosing neurological disorders holds great

promise, with several emerging trends and developments that could significantly improve

clinical outcomes. As Al technologies continue to evolve, there is increasing recognition of their
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potential to not only enhance diagnostic accuracy but also contribute to the personalization of
healthcare. One area where Al is expected to make substantial progress is in the development of
more sophisticated and accurate models for diagnosing complex neurological disorders such as
Alzheimer's disease, Parkinson's disease, and various forms of dementia. These disorders are
notoriously difficult to diagnose due to their overlapping symptoms, slow progression, and
complex pathophysiology. As such, there is an urgent need for Al models that can analyze vast
amounts of patient data—ranging from medical imaging to genetic data—to identify subtle
patterns that human clinicians might miss. Future research will likely focus on improving the
accuracy of Al in detecting early signs of these disorders, potentially before significant clinical
symptoms appear, which would allow for earlier intervention and better patient outcomes (Basu
et al., 2020).

Another promising direction for Al in neurological diagnostics is the emergence of personalized
medicine. Al’s capacity to analyze individual patient data, including genetics, medical history,
lifestyle factors, and environmental influences, could lead to the creation of personalized
diagnostic and treatment plans. Personalized Al models would take into account the unique
characteristics of each patient, including age, gender, genetic predispositions, and comorbid
conditions. This personalized approach could enhance the specificity and sensitivity of
diagnostic models for neurological disorders across different age groups—children, adults, and
older adults. For example, Al could be trained to recognize how the same neurological disorder
manifests differently in a child compared to an older adult, adjusting the diagnostic approach
accordingly. Emerging trends suggest that Al-powered personalized models will become
increasingly integrated into clinical decision-making processes, enabling clinicians to offer more
precise and tailored care to patients. These advances would be particularly beneficial for
managing complex and multifactorial disorders like ADHD in children, multiple sclerosis in
adults, and dementia in older adults (Reddy et al., 2024; Nahar, 2024).

Furthermore, the incorporation of real-time data from wearable devices and continuous
monitoring systems could significantly enhance the diagnostic capabilities of Al models.
Technologies such as wearable EEG monitors, smartwatches, and other health-tracking devices

offer the potential for continuous data collection, allowing Al systems to monitor neurological

Corresponding Author: mukhi.nitin@gmail.com Page | 323



mailto:mukhi.nitin@gmail.com

) The Chitransh Academic & Research Volumel | Issue3 | June 2025

activity in real-time. This would enable Al to detect subtle changes in brain function that may
indicate the early stages of a neurological disorder, facilitating earlier and more proactive
interventions. For example, Al could be used to track seizure activity in patients with epilepsy,
adjusting treatment plans dynamically based on real-time data. The integration of real-time data
from multiple sources, combined with AI’s ability to process and analyze these data, could lead
to more timely and accurate diagnoses, which is crucial for improving patient outcomes,

particularly in the case of rapidly progressing neurological conditions (Reddy et al., 2024).

Moreover, as Al technologies become more advanced, the role of deep learning models, such as
convolutional neural networks (CNNs) and recurrent neural networks (RNNSs), is expected to
increase. These models have shown great promise in analyzing complex datasets, such as
neuroimaging, genetic data, and electronic health records (EHRs), to detect neurological
abnormalities. Future research will likely focus on improving the interpretability and
transparency of these models, which is a key challenge in the clinical adoption of Al. The ability
to understand and explain how Al models arrive at their conclusions will be crucial for ensuring
trust and acceptance among healthcare providers. This will require the development of
“explainable AI” (XAI) systems that not only provide accurate diagnoses but also offer clear
explanations that clinicians can use to inform their decision-making processes (Basu et al.,
2020).

In the coming decade, Al is expected to play an increasingly central role in the diagnosis and
treatment of neurological disorders, with a focus on improving accuracy, personalization, and
real-time monitoring. However, for these advancements to become a reality, ongoing
collaboration between Al researchers, clinicians, and healthcare policymakers is essential.
Furthermore, addressing the current challenges related to data quality, ethical concerns, and
model transparency will be critical for ensuring that Al systems can be safely and effectively
integrated into clinical practice. With these developments, Al could significantly improve the
ability to diagnose and manage neurological disorders, offering hope for better patient outcomes

across diverse populations.
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Figure 4: Predicted Growth of Al Applications in Neurological Diagnostics (2025-2035)

Figure 4 presents a trend analysis graph predicting the growth of Al applications in neurological
diagnostics over the next decade, illustrating the increasing integration of Al technologies into

clinical practice and their potential to revolutionize the field of neurology.

8. Conclusion

In conclusion, artificial intelligence (Al) has demonstrated significant potential in improving the
diagnostic accuracy of various neurological disorders across different age groups, including
children, adults, and older adults. This paper has highlighted the varying degrees of success Al
models have achieved in diagnosing pediatric conditions such as autism, epilepsy, and ADHD,
and how Al's ability to process complex data sets has advanced diagnostic accuracy in these
populations. For adults, Al has been instrumental in diagnosing conditions like Alzheimer's
disease, Parkinson's disease, and multiple sclerosis, where traditional diagnostic methods have
often been limited. Furthermore, in older adults, Al technologies have made strides in the early
diagnosis of age-related neurological conditions such as dementia and stroke, providing valuable
insights for improving patient management and outcomes. The evidence reviewed from multiple

studies underscores the promise of Al in revolutionizing neurological diagnosis, offering greater
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precision and earlier intervention, which is critical in managing such complex and progressive
diseases (Kalani & Anjankar, 2024; Li et al., 2020).

However, despite the impressive capabilities of Al in clinical settings, significant challenges
remain. The application of Al models in real-world clinical environments is not without its
limitations. Issues such as data quality, model biases, and ethical concerns still need to be
addressed before these technologies can be seamlessly integrated into routine medical practice.
The need for more robust, diverse datasets to train Al models, coupled with strategies to mitigate
biases in algorithmic decision-making, is critical for ensuring the broad applicability and fairness
of Al in healthcare. Furthermore, the complexity of neurological disorders, with their wide range
of symptoms and manifestations across different age groups, presents a unique challenge for Al
models. It is essential to refine these models to handle such variability and ensure their

effectiveness across diverse patient populations.

Moving forward, collaboration between Al experts and neurologists will be crucial to enhance
the development and implementation of diagnostic models that are not only accurate but also
clinically relevant. By working together, these two fields can address the existing limitations,
tailor Al models to specific patient demographics, and improve the overall effectiveness of
neurological care. A concerted effort is needed to create Al systems that are both technically
advanced and aligned with clinical practices, ensuring that these tools truly benefit patient care.
The continuous integration of Al into clinical decision-making processes, supported by evidence
from ongoing research, holds the potential to transform neurological diagnostics, leading to
earlier interventions, more personalized care, and ultimately, better patient outcomes. As the
field evolves, the synergy between human expertise and Al technology will be the key to

unlocking its full potential in the diagnosis and management of neurological disorders.
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