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Abstract 

Periodontitis is a chronic, rnultifactorial inflammatory disease characterized by the progres­
sive destruction of the tooth-supporting structures. Conventional therapeutic approaches, 
including mechanical debridement and systemic antibiotics, often fall short in achieving 
complete bacterial eradication or tissue regeneration, particularly in deep periodontal pock­
ets. Nanotheranostics-an integrated platform combining diagnostics and therapeutics 
within a single nanosystem-holds promise in advancing periodontal care through targeted 
delivery, real-time disease monitoring, and site-specific therapy. This narrative review 
examines the potential of various nanomaterials for building nanotheranostic systems to 
overcome current clinical limitations, including non-specific drug delivery, insufficient treat­
ment monitoring, and delayed intervention, and their functionalization and responsiveness 
to the periodontal microenvironment are discussed. Their application in targeted antimi­
crobial, anti-inflammatory, and regenerative therapy is discussed in terms of real-time 
monitoring of disease biomarkers and pathogenic organisms. Although nanoparticle-based 
therapeutics have been extensively studied in periodontitis, the integration of diagnostic 
elements remains underdeveloped. This review identifies key translational gaps, evaluates 
emerging dual-function platforms, and discusses challenges related to biocompatibility, 
scalability, and regulatory approval. In particular, inorganic nanomaterials exhibit potential 
for theranostic functions such as antimicrobial activity, biofilm disruption, immunomod­
ulation, tissue regeneration, and biosensing of microbial and inflammatory biomarkers. 
Finally, we propose future directions to advance nanotheranostic research toward clinical 
translation. By consolidating the current evidence base, this review advocates for the devel­
opment of smart, responsive nanotheranostic platforms as a foundation for personalized, 
minimally invasive, and precision-guided periodontal care. 
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1. Introduction

Periodontitis is a highly prevalent chronic inflammatory disease affecting the support­
ing structures of the teeth, including the periodontal ligament, alveolar bone, and gingival 
tissues (l]. Affecting up to 50% of the global population, it is one of the leading causes of 
tooth loss globally and has been associated with systemic conditions such as cardiovascular 
disease, diabetes mellitus, and adverse pregnancy outcomes. A study in 2021 revealed 
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