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Abstract 

Early disease detection plays a crucial role in improving patient 

outcomes and reducing healthcare costs. Recent advances in 

Artificial Intelligence (AI) and Deep Learning (DL) have enabled 

automated analysis of facial biomarkers for identifying potential 

health conditions. Facial biomarkers such as skin discoloration, 

facial asymmetry, eye abnormalities, and texture variations may 

indicate underlying diseases. Although deep learning models 

have demonstrated remarkable performance in medical image 

analysis, their black-box nature limits clinical trust and adoption. 

Explainable Artificial Intelligence (XAI) techniques provide 

transparency by explaining model predictions and highlighting 

important facial features associated with disease detection. This 

review explores the integration of explainable deep learning with 

facial biomarker analysis for early disease detection. The paper 

discusses facial biomarkers, deep learning architectures, 

explainability techniques, applications, challenges, and future 

research directions. 
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1. Introduction 

The increasing prevalence of chronic and genetic diseases has created a growing need for early and accurate 

diagnostic systems. Conventional diagnostic procedures often require laboratory tests, imaging equipment, 

and specialist consultation, which may delay diagnosis. Advances in computer vision and artificial 

intelligence have introduced alternative approaches for disease screening through facial image analysis. 
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Facial characteristics frequently reflect physiological and pathological conditions. Diseases such as Down 

syndrome, anaemia, thyroid disorders, Parkinson’s disease, and certain dermatological conditions may 

manifest through visible facial changes. Deep learning models, particularly Convolutional Neural Networks 

(CNNs), have demonstrated high accuracy in extracting complex facial patterns associated with disease 

conditions. 

Despite their success, deep learning systems often lack transparency. Explainable Artificial Intelligence 

(XAI) addresses this challenge by providing interpretable insights into model decisions. The integration of 

facial biomarker analysis with explainable deep learning has the potential to support clinicians in making 

reliable diagnostic decisions. 

2. Facial Biomarkers in Disease Detection 

Facial biomarkers are measurable facial characteristics associated with specific physiological or 

pathological conditions. Common facial biomarkers include: 

• Facial asymmetry 

• Skin texture abnormalities 

• Skin colour variations 

• Eye abnormalities 

• Facial swelling 

• Craniofacial features 

• Wrinkles and aging patterns 

 

 

 

 

 

 

 

 

Fig. 1. Classification of Facial Biomarkers 

These biomarkers have been investigated for detecting conditions such as: 

• Down Syndrome 
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• Parkinson’s Disease 

• Thyroid Disorders 

• Acromegaly 

• Anaemia 

• Genetic Syndromes 

• Dermatological Diseases 

3. Deep Learning for Facial Biomarker Analysis 

3.1 Convolutional Neural Networks (CNNs) 

CNNs automatically learn hierarchical facial representations from images. They eliminate the need for 

handcrafted feature extraction and have become the dominant approach in facial image analysis. 

3.2 Transfer Learning 

Transfer learning utilizes pre-trained models such as: 

• VGG16 

• VGG19 

• ResNet50 

• InceptionV3 

• Efficient Net 

These models reduce training time and improve performance on limited medical datasets. 

 

 

 

 

 

 

 

 

Fig. 2. Deep Learning Architecture 
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3.3 Hybrid Deep Learning Models 

Hybrid approaches combine CNNs with: 

• Attention mechanisms 

• Ensemble learning 

• Vision Transformers 

• Feature fusion techniques 

These methods improve robustness and classification accuracy. 

4. Explainable Artificial Intelligence (XAI) 

The black-box nature of deep learning models limits trust in healthcare applications. XAI techniques 

improve transparency and interpretability. 

4.1 Grad-CAM 

Grad-CAM visualizes image regions contributing to model predictions. It helps clinicians identify disease-

related facial features. 

4.2 LIME 

Local Interpretable Model-Agnostic Explanations explain individual predictions by approximating model 

behavior locally. 

4.3 SHAP 

SHAP values quantify the contribution of individual features to model decisions and provide global 

interpretability. 

 

 

 

 

 

 

 

Fig. 2. Explainable AI Visualization Workflow 
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5. Proposed Conceptual Framework 

The proposed framework consists of: 

Step 1: Image Acquisition 

Collection of facial images from healthcare datasets. 

Step 2: Image Pre-processing 

• Face detection 

• Noise removal 

• Normalization 

• Image enhancement 

Step 3: Deep Learning-Based Feature Extraction 

Extraction of disease-related facial biomarkers using CNN architectures. 

Step 4: Classification 

Disease prediction using trained deep learning classifiers. 

Step 5: Explainability Module 

Application of Grad-CAM, LIME, and SHAP for visual interpretation. 

Step 6: Clinical Decision Support 

Generation of explainable predictions for healthcare professionals. 

6. Research Gap Analysis 

Recent advancements in Artificial Intelligence (AI) and Deep Learning (DL) have significantly improved 

disease detection through medical image analysis. Several studies have explored the use of facial 

biomarkers for identifying diseases such as Parkinson's disease, Down syndrome, thyroid disorders, and 

dermatological conditions. Similarly, deep learning architectures including Convolutional Neural Networks 

(CNNs), ResNet, and Efficient Net have demonstrated remarkable performance in extracting discriminative 

facial features for disease classification. 

Despite these developments, several critical research gaps remain. 

First, most existing studies primarily focus on improving classification accuracy while paying limited 

attention to model interpretability. Deep learning models often operate as "black-box" systems, making it 

difficult for healthcare professionals to understand the rationale behind disease predictions. This lack of 

transparency reduces trust and limits the adoption of AI-assisted diagnostic systems in clinical 

environments. 

http://www.bjddjournal.org/
http://www.bjddjournal.org/


@2026 Volume 2, Issue 3 (May-June)                       www.bjddjournal.org                ( E-ISSN : 3139-1486) 

 

BJDD202622 |   BODHIVRUKSHA JOURNAL OF DIVERSE DISCIPLINE   | www.bjddjournal.org |  62 

Second, current facial biomarker-based disease detection approaches are generally disease-specific and lack 

a generalized framework capable of supporting multiple disease conditions. Most studies concentrate on a 

single disorder and do not provide a scalable methodology for broader healthcare applications. 

Furthermore, existing AI-based healthcare systems often fail to provide clinician-friendly visual 

explanations that can support medical decision-making. The absence of transparent reasoning mechanisms 

limits their practical applicability in real-world healthcare settings. 

Summary of Identified Research Gaps 

Research Area Existing Limitation 

Facial Biomarker Analysis Limited disease coverage and lack of generalized frameworks 

Deep Learning Models High accuracy but poor interpretability 

Explainable AI Integration Limited use in facial biomarker-based disease detection 

Clinical Adoption Lack of transparent and clinician-friendly explanations 

Model Generalization Performance degradation across diverse populations 

Healthcare Deployment Limited focus on privacy, ethics, and regulatory compliance 

Multidisciplinary Integration Insufficient collaboration between AI and biomedical domains 

Novelty of the Proposed Study 

The proposed research seeks to develop a comprehensive framework that integrates facial biomarker 

analysis, deep learning techniques, and Explainable Artificial Intelligence (XAI) for early disease detection. 

The framework aims to enhance transparency, interpretability, and clinical trust while providing a non-

invasive and efficient approach to healthcare screening and decision support. 

7. Applications 

Potential applications include: 

• Early disease screening 

• Telemedicine systems 

• Rural healthcare services 

• Genetic disorder identification 

• Dermatological diagnosis 

• Neurological disease monitoring 
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8. Challenges 

Several challenges remain: 

Data Availability 

Limited availability of disease-specific facial datasets. 

Privacy Concerns 

Facial images contain sensitive personal information. 

Bias and Fairness 

Models may exhibit demographic biases. 

Clinical Validation 

Healthcare deployment requires rigorous validation. 

Explainability Limitations 

Current XAI methods may not fully explain model behavior. 

9. Future Research Directions 

Future work may focus on: 

• Multimodal healthcare systems 

• Federated learning for privacy preservation 

• Explainable Vision Transformers 

• Real-time disease screening applications 

• Integration with wearable healthcare technologies 

• Personalized medicine systems 

10. Conclusion 

Facial biomarker analysis combined with explainable deep learning offers a promising approach for early 

disease detection. Deep learning models can automatically identify complex disease-related facial patterns, 

while XAI techniques improve transparency and trustworthiness. The integration of AI, healthcare, and 

explainability has the potential to transform early diagnostic systems and support clinicians in making 

informed decisions. Future research should focus on improving robustness, fairness, privacy, and clinical 

validation to enable widespread adoption in healthcare environments. 
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