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Abstract

Artificial Intelligence (Al) and Machine Learning (ML) are revolutionizing medical image analysis, offering high
accuracy in disease detection and classification. However, the lack of interpretability and clinical transparency in
many of these models limits their widespread adoption. This research addresses this gap by proposing an explainable,
multimodal Al framework that integrates medical imaging with patient-specific data, improving diagnostic accuracy
while enhancing clinical trust. Drawing from recent advances in Al, this study demonstrates how explainable and
federated learning techniques can transform disease diagnosis in areas such as glioma prognosis, gastrointestinal
cancer detection, and Alzheimer’s

prediction.
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Introduction:

Medical image analysis plays a vital role in healthcare, supporting diagnosis, treatment planning, and real-time
interventions. Modalities such as X-ray, CT, MRI, ultrasound, and endoscopy provide valuable insights into the human
body. However, interpreting these images accurately and quickly remains a challenge, especially with increasing
healthcare demands and image volumes. Al and ML are increasingly employed to automate and enhance diagnostic
processes. These systems, often based on deep learning, offer impressive accuracy but are frequently criticized for
their “black-box” nature, where decisions are made without clear explanations. In critical healthcare scenarios, this
opacity can lead to hesitation among clinicians who require transparent and accountable decision-making tools.
Therefore, the focus of this research is to develop and evaluate explainable Al solutions that provide both high
performance and interpretability in medical imaging.

Literature review:

Medical imaging plays a vital role in modern medicine by supporting diagnosis, treatment planning, and real-time
interventions. It uses various modalities like X-rays, CT, MRI, ultrasound, and visible light-based techniques such as
endoscopy and microscopy. Each modality captures different physiological data, and physicians choose the most
suitable one based on patient needs, safety, and cost-effectiveness.[1]

Glioma is a common central nervous system cancer that begins in glial cells of the brain or spinal cord. The most
aggressive type, glioblastoma multiforme (GBM), is classified as a grade IV tumour by the WHO. Symptoms depend
on tumour location and may include headaches, memory loss, and vision problems. Treatment often involves surgery,
radiation, and chemotherapy, with outcomes worsening as the tumour grade increases.[2]

Doctors are starting to use artificial intelligence to help identify diseases and decide on treatments. However, some
doctors feel unsure about using Al because it's not always clear how it comes to its decisions. This lack of clarity can
make it hard to explain the results to patients. That’s why it’s important for Al to be understandable and transparent—
this is called explainable AL[3]

27173 ijjariie.com 1144



Vol-11 Issue-4 2025 [JARIIE-ISSN(O)-2395-4396

Healthcare is moving toward a patient-centric model, driven by Al, 10T, and 5G technologies. Healthcare 5.0 focuses
on personalized, connected care using smart wearables and real-time data for remote monitoring and diagnosis. Al
analyzes large health datasets to improve accuracy and treatment efficiency, making care more accessible and
intelligent.[4]

Machine learning has advanced rapidly, but in high-stakes fields like medicine, its lack of transparency poses serious
risks. Understanding why models succeed or fail is critical for trust and safety. As a result, explainable AI (XAI) has
emerged to make model behavior more interpretable. Tools and visualization methods now assist researchers in
identifying and correcting model errors.[5]

Al and machine learning have advanced rapidly in medical imaging and disease prediction, but their "black-box"
nature limits clinical trust. To address this, explainable Al aims to make model decisions transparent and
understandable. In healthcare, especially computational pathology, this improves trust, reduces bias, and supports
accurate, interpretable diagnoses. Such systems enhance both prediction performance and decision traceability.[6]

Gastrointestinal (GI) diseases are on the rise globally, with conditions like colorectal and stomach cancer showing low
survival rates, especially when detected late. Early diagnosis is critical, and Al-powered Computer-Aided Diagnosis
(CAD) systems offer promising support by analyzing medical images more accurately and reducing the need for
invasive biopsies. These tools improve early detection, reduce human error, and enhance patient outcomes in GI cancer
care.[7]

Image processing and analysis go hand in hand, especially in the field of medical imaging. Over time, the technology
has advanced from basic machine learning to more powerful deep learning methods. Today, scans such as X-rays,
MRIs, and CT scans are often shared through networks and examined on cloud-based systems to support doctors in
diagnosing and treating patients.[8]

In 2023, lung cancer continued to be one of the most fatal cancers, particularly affecting older adults. Its rising global
prevalence highlights the need for more efficient diagnostic strategies. Approaches using deep learning models like
DenseNet201, along with image features and machine learning, are being explored to improve early detection and
patient outcomes.[9]

With rapid growth in medical data, especially from imaging, Al has become essential for automating analysis and
supporting clinical decisions. It enhances diagnostics, treatment planning, and research by integrating data from
images, lab results, and clinical records. Al-driven tools are transforming healthcare with faster, more accurate
insights.[10]

Personalized medicine tailors treatment to individual patients using data like genetics, lifestyle, and medical history.
Advances in genomic science and Al have made this approach more precise and effective. Machine learning helps
analyze complex, large-scale data to guide therapy decisions. This shift promises better outcomes and more efficient
healthcare delivery.[11]

As diabetes becomes increasingly widespread, especially in low-resource regions, early detection is vital for effective
management. Machine learning offers a data-driven approach to identify at-risk individuals and support clinical
decisions. However, medical professionals need transparent and reliable models to trust these tools in real-world
practice. Various algorithms are now being explored to aid in diabetes prediction and care.[12]

Alzheimer’s Disease causes progressive memory loss and cognitive decline, with no cure currently available. Machine
learning aids in early detection by analyzing diverse clinical data, improving diagnostic accuracy. However, concerns
about data privacy and the opaque nature of some algorithms pose challenges for medical use.[13]

Alzheimer’s disease gradually damages brain function, leading to memory and behavioral issues, especially in older
people. It contributes to the majority of dementia cases worldwide and continues to grow in prevalence. Identifying
the disease early is difficult due to limitations in current diagnostic tools, which often miss subtle early-stage
symptoms. This underscores the need for more precise and reliable methods to detect it sooner.[14]
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Necrotizing enterocolitis (NEC) is a dangerous condition in newborns that can lead to death or long-term health issues.
In this study, researchers created an Al system that combines deep learning with patient data to help detect NEC and
predict if surgery is needed. The Al model performed very well—better than older methods—and was as accurate as
experienced doctors. This tool could be very helpful for making better decisions in newborn care.[15]

Problem Statement:

Al and machine learning are now often used in medical imaging to find diseases and help doctors with diagnoses. But
many of these systems don’t explain how they come to their conclusions. This makes it difficult for doctors to fully
trust them, especially when making real-life decisions. Also, these tools might not work the same way for all types of
patients or medical images, which can lead to mistakes. In serious cases like brain cancer, Alzheimer’s, or stomach-
related cancers, such errors can delay proper treatment or even harm the patient. To make these tools safer and more
useful, we need Al systems that not only give correct answers but also clearly show how they got those answers.

Proposed Solution:

To solve this problem, we should build Al tools that not only give correct results but also clearly show how they got
those results. These tools should highlight parts of the medical image they used to make a decision, so doctors can
understand and trust them. Also, the Al should be trained using images from many different types of patients, so it
works well for everyone. This way, the tools will be more accurate, fair, and helpful for doctors in real-life situations.

Methodology:

This research uses a hybrid Al approach that combines deep learning with explainable Al techniques to analyze
medical images. Pretrained models like DenseNet201 are used to extract features from MRI, CT, and X-ray images.
These features are then combined with clinical data to improve diagnostic accuracy. To make the system interpretable,
tools such as SHAP and LIME are applied, allowing doctors to understand the reasoning behind predictions. Model
performance is evaluated using accuracy, precision, recall, and AUC, ensuring both effectiveness and reliability

Results and Discussion:

Although this study is in its development phase, it is expected that the proposed explainable AI model will improve
diagnostic accuracy and consistency when compared to traditional black-box Al systems. The inclusion of SHAP and
LIME is anticipated to provide visual and text-based insights into the model’s decision-making process, which can
enhance clinician confidence.

In conditions like NEC, Alzheimer’s, and brain tumors, where early detection is crucial, this system aims to reduce
false positives and misdiagnosis by identifying subtle patterns in images and correlating them with clinical data. The
discussion will focus on how explainable outputs can improve collaboration between clinicians and Al systems, reduce
diagnostic uncertainty, and support personalized treatment planning.

Conclusion:

This research introduces an explainable Al framework designed to improve both the performance and trustworthiness
of medical image analysis systems. By combining powerful deep learning models with interpretability tools, the study
addresses critical barriers to Al adoption in healthcare, such as lack of transparency and reliability. The proposed
system has the potential to enhance clinical decision-making, support early disease detection, and promote the safe
use of Al in real-world medical settings.

Future Work:

In the future, this research can be improved by testing the Al system in real hospital settings to see how well it works
with doctors and patients. More work is also needed to protect patient privacy while using data from different hospitals.
The model can be expanded to study other medical images and less common diseases, which will help make it more
useful for different healthcare situations.
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