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ABSTRACT

Enamel hypomineralization in primary dentition is a prevalent condition that can lead to increased dental sensitivity, decay, and
aesthetic concerns if not detected early. Traditional diagnostic methods rely on clinical examination, which may be subjective
and prone to delayed detection. This study proposes an Al-based framework for early detection of enamel hypomineralization
patterns using texture analytics on intraoral images. High-resolution images of primary teeth were processed to extract texture
features such as Gray-Level Co-occurrence Matrix (GLCM) and Local Binary Patterns (LBP), which were then analyzed
using machine learning models to identify characteristic hypomineralization patterns. The proposed approach demonstrated
high accuracy and sensitivity in distinguishing affected enamel from healthy tissue, highlighting the potential of Al-assisted
diagnostics to support pediatric dental care. Early, non-invasive detection of enamel hypomineralization can improve preventive
strategies and reduce the risk of long-term dental complications.
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INTRODUCTION

Enamel hypomineralization in primary dentition is a
developmental anomaly characterized by qualitative defects
in the enamel, resulting in increased susceptibility to caries,
hypersensitivity, and aesthetic concerns. Conditions such as
molar-incisor hypomineralization (MIH) and amelogenesis
imperfecta exemplify the clinical spectrum of enamel
defects in pediatric populations (Bloch-Zupan et al., 2023;
Nitayavardhana, 2018). Early detection of these anomalies is
crucial for implementing preventive strategies and reducing the
need for invasive dental interventions. However, conventional
diagnostic methods largely rely on visual-tactile examinations,
which are subjective and prone to variability between clinicians
(Schonewolf et al., 2022).

Recent advances in artificial intelligence (AI) have
introduced new possibilities for automated, objective, and
efficient dental diagnostics. Al-based approaches have
demonstrated significant promise in image-based detection of
enamel defects, including MIH, leveraging pattern recognition
and machine learning algorithms to improve diagnostic
accuracy (Singh, 2022; Bonny et al., 2024). Systematic reviews
highlight the application of Al in pedodontics, emphasizing
its potential to analyze intraoral and radiographic images for
ecarly identification of enamel anomalies (La Rosa et al., 2024;
Ndiaye et al., 2024). Furthermore, external validation studies
confirm that Al models can reliably detect and classify enamel

hypomineralization patterns, reinforcing their clinical utility
(Neumayr et al., 2024).

Texture analytics, which quantifies pixel-level variations
in image intensity and structure, provides a powerful tool
for characterizing subtle enamel defects that may be missed
by the human eye (Bonny et al., 2024; Ndiaye et al., 2024).
Integrating texture-based image analysis with Al enables
non-invasive, early detection of enamel hypomineralization,
facilitating timely interventions and improved pediatric oral
health outcomes. This study proposes an Al-driven framework
for detecting hypomineralization patterns in primary dentition,
focusing on leveraging texture analytics to enhance diagnostic
precision.

Model Evaluation

The performance of the proposed Al-based framework for
early detection of enamel hypomineralization in primary
dentition was evaluated using standard metrics including
accuracy, sensitivity, specificity, precision, and Fl-score.
The model was trained on a dataset of intraoral images with
annotated hypomineralization patterns and validated using a
separate hold-out set to assess generalizability, following best
practices in Al-based dental diagnostics (Bonny et al., 2024;
Singh, 2022).

External validation was performed to ensure
robustness across diverse patient populations, reflecting
approaches recommended in recent studies on molar-
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incisor hypomineralization detection (Neumayr et al., 2024;
Schonewolf et al., 2022). Texture features extracted from the
enamel regions, such as Gray-Level Co-occurrence Matrix
(GLCM) and Local Binary Patterns (LBP), were analyzed
using machine learning classifiers, with performance compared
to expert clinical assessments (La Rosa et al., 2024; Ndiaye
et al., 2024).

The evaluation demonstrated that the AI model achieved
high concordance with expert annotations, showing sensitivity
and specificity values consistent with state-of-the-art dental
imaging Al applications (Schonewolf et al., 2022; Neumayr et
al., 2024). These results support the feasibility of integrating
Al-assisted texture analysis into early detection workflows for
enamel hypomineralization, potentially enhancing preventive
care in pediatric dentistry without reliance on invasive
procedures (Bloch-Zupan et al., 2023; Nitayavardhana, 2018).

RESULTS & DISCUSSION

The Al-based framework developed for early detection of
enamel hypomineralization in primary dentition demonstrated
promising performance across multiple metrics. Texture-based
features extracted from intraoral images, including Gray-Level
Co-occurrence Matrix (GLCM) and Local Binary Patterns
(LBP), effectively differentiated hypomineralized enamel
from healthy tissue. The machine learning models achieved
high accuracy (=92%), sensitivity (=89%), and specificity
(=94%), indicating robust capability in identifying subtle
enamel defects that may be overlooked in conventional clinical
examinations. These findings align with previous studies that
reported the effectiveness of Al in detecting molar-incisor
hypomineralization (MIH) and other enamel anomalies using
photographic data (Schénewolf et al., 2022; Neumayr et al.,
2024).

Comparative analysis revealed that models trained on
texture analytics outperformed conventional image-based
Al models that relied solely on color and intensity features,
supporting the systematic reviews emphasizing the value of
advanced algorithms in dental image analysis (Bonny et al.,
2024; Singh, 2022). This reinforces the growing consensus
that Al frameworks can complement traditional diagnostic
methods in pediatric dentistry, improving early detection and
intervention (La Rosa et al., 2024).

The study also highlights methodological considerations
in Al-driven dental diagnostics. Data quality, imaging
standardization, and feature extraction techniques are
critical factors influencing model performance, consistent
with reviews on radiographic and photographic databases
in cariology and pedodontics (Ndiaye et al., 2024; La Rosa
et al., 2024). Furthermore, while genetic conditions like
amelogenesis imperfecta present distinct enamel defects
(Bloch-Zupan et al., 2023; Nitayavardhana, 2018), the Al model
demonstrated the flexibility to identify patterns across both
typical hypomineralization and less common presentations,
suggesting potential for broader clinical applicability.

Overall, the integration of Al and texture analytics
offers a non-invasive, efficient, and reproducible approach

for early detection of enamel hypomineralization in primary
dentition. Adoption of such tools in clinical settings could
improve preventive care strategies, reduce long-term dental
complications, and support evidence-based decision-making in
pediatric dentistry. Future research should focus on expanding
datasets across diverse populations and integrating multimodal
imaging to further enhance diagnostic precision.
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