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ABSTRACT

Periodontitis is a chronic multifactorial inflammatory disease characterized by progressive destruction of the
tooth-supporting structures, ultimately leading to tooth loss if untreated. Conventional periodontal therapy has
primarily focused on infection control through mechanical debridement; however, contemporary approaches
emphasize regeneration, host modulation, minimally invasive procedures and precision-based treatment
strategies. Significant advancements in biomaterials, stem-cell therapy, nanotechnology, laser applications and
digital technologies have transformed the field of periodontology in recent years. Emerging regenerative
approaches such as guided tissue regeneration, enamel matrix derivatives, platelet concentrates and tissue-
engineering strategies have improved periodontal regeneration and clinical outcomes. This review summarizes
recent advancements in periodontal therapy, discusses their clinical applications and limitations and highlights
future directions towards personalized and precision periodontology.
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INTRODUCTION

Periodontal disease remains one of the most prevalent chronic inflammatory diseases affecting humans worldwide.
Severe periodontitis affects approximately 10—15% of the global population and is considered a major cause of tooth
loss in adults." Periodontitis is characterized by dysbiotic microbial biofilms and an exaggerated host inflammatory
response leading to destruction of periodontal ligament, cementum, and alveolar bone.>

Traditional periodontal therapy primarily involved scaling and root planing (SRP), periodontal flap surgery and
maintenance therapy aimed at reducing microbial load and halting disease progression. Although these conventional
methods remain fundamental, they often fail to achieve complete regeneration of lost periodontal tissues, especially in
advanced periodontal defects.’

Over the past two decades, substantial progress in molecular biology, immunology, regenerative medicine and digital
technologies has revolutionized periodontal therapy. Modern therapeutic approaches focus not only on infection control
but also on regeneration of the periodontal apparatus, modulation of host immune responses, minimally invasive
interventions and personalized treatment planning.*

Recent advancements include:
e Guided tissue regeneration and biologics
e  Host modulation therapy
e Laser-assisted periodontal therapy
e Nanotechnology and smart biomaterials
e Artificial intelligence and digital dentistry
These developments have significantly improved treatment predictability and patient-centred outcomes.

Pathogenesis of Periodontitis and Therapeutic Implications

The pathogenesis of periodontitis is now understood as a complex interaction between pathogenic microorganisms and
the host immune-inflammatory response. The “keystone pathogen concept suggests that specific microorganisms such
as Porphyromonas gingivalis can alter microbial homeostasis and induce dysbiosis, triggering chronic inflammation
and tissue destruction.’
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There are various Inflammatory mediators involved in periodontal destruction e.g.; Interleukin-13 (IL-1f), tumor
necrosis factor-a (TNF-a), prostaglandinE2 (PGE2) , matrix metalloproteinases (MMPs) and reactive oxygen species
(ROS).

Understanding these pathways has led to the development of targeted therapies focusing on:
1. Suppression of pathogenic biofilms
2. Modulation of host immune response
3. Regeneration of lost periodontal tissues
4. Restoration of microbial homeostasis
Thus, contemporary periodontal therapy has evolved into a biologically driven and multidisciplinary field.

Minimally Invasive Periodontal Therapy
Minimally invasive periodontal surgery (MIPS) and minimally invasive surgical techniques (MIST) were introduced to
reduce surgical trauma while improving wound stability and regenerative outcomes.

These techniques utilise microsurgical instruments, surgical loupes and operating microscopes, smaller incisions and
papilla preservation procedures.

Minimally invasive approaches result in reduced postoperative pain and swelling, enhanced vascular preservation,
faster healing, better esthetic outcomes and improved patient acceptance. Studies have demonstrated significant clinical
attachment gain and probing depth reduction using minimally invasive regenerative procedures in intrabony defects.®

ADVANCES IN REGENERATIVE PERIODONTAL THERAPY

Guided Tissue Regeneration (GTR)
Guided tissue regeneration is based on the principle of selective cell repopulation. Barrier membranes prevent epithelial
migration and allow periodontal ligament and bone cells to repopulate the defect area.’

Various membrane types are non-resorbable membranes made of expanded polytetra fluoroethylene (ePTFE) and
resorbable membranes made of collagen and synthetic polymer.

Recent innovations include:
e  Antimicrobial-coated membranes
e  Growth factor-loaded membranes
e Nanofibrous scaffolds
e  Smart biomimetic membranes
Modern GTR has shown improved clinical attachment levels and bone fill in intrabony and furcation defects.’

Bone Grafts And Biomaterials

Bone grafts are widely used in regenerative periodontal therapy. They provide scaffolding and support new bone
formation. Various bone grafts are autografts, allografts, xenografts and alloplasts. Synthetic graft materials are made of
hydroxyapatite, B-tricalcium phosphate and bioactive glass.

Recent biomaterials are designed to mimic extracellular matrix architecture and improve cellular proliferation and
angiogenesis." Three-dimensional printed scaffolds and bioactive ceramics are emerging as promising regenerative
materials.

Enamel Matrix Derivatives (EMD)

Enamel matrix derivative consists mainly of amelogenin proteins derived from porcine tooth buds. EMD promotes
formation of acellular cementum, periodontal ligament and alveolar bone.’Clinical benefits include increased clinical
attachment gain, reduced probing depth, enhanced wound healing and improved soft tissue outcomes.

Host Modulation Therapy
Host modulation therapy (HMT) aims to reduce tissue destruction by modifying the host inflammatory response rather
than directly targeting microorganisms alone. '’

Subantimicrobial Dose Doxycycline (SDD)
SDD inhibits matrix metalloproteinases responsible for connective tissue breakdown. This results in reduced collagen

degradation, decreased inflammatory mediators and improved attachment levels.

Omega-3 Fatty Acids And Specialized Pro-Resolving Mediators
Omega-3 fatty acids and aspirin-derived mediators help resolve inflammation and promote tissue healing.11
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Other host modulation agents include non-steroidal anti-inflammatory drugs (NSAIDS), bisphosphonates, cytokine
inhibitors, probiotics and monoclonal antibodies.
Host modulation represents an important adjunctive strategy in chronic and refractory periodontitis.

Laser-Assisted Periodontal Therapy

Lasers have become increasingly important because of their antimicrobial effects, precision, and minimally invasive
nature. Commonly used lasers are Nd:YAG, Er:YAG, Diode and CO: laser. Their advantages are bacterial load
reduction, hemostasis, reduced postoperative discomfort, improved tissue healing and minimal tissue trauma.

Antimicrobial Photodynamic Therapy (aPDT)

aPDT combines a photosensitizing agent with low-energy laser light to produce reactive oxygen species that destroy
periodontal pathogens.'” It selectively eliminates bacteria and enhances wound healing . Clinical evidence supports its
adjunctive use with SRP in deep periodontal pockets.

Low-Level Laser Therapy (LLLT)
LLLT or photobiomodulation therapy promotes fibroblast proliferation, angiogenesis, pain reduction and has anti-
inflammatory effects. LLLT has shown beneficial effects on postoperative healing and reduction of inflammation. *

Laser-Assisted New Attachment Procedure (LANAP)

LANAP is a minimally invasive laser-based protocol that selectively removes diseased epithelium while preserving
healthy tissues.Histologic studies suggest new connective tissue attachment, bone regeneration and reduction in
periodontal pocket depth.®

Nanotechnology In Periodontal Therapy

Nanoparticles possess unique properties including high surface area, controlled drug release, enhanced penetration and
antimicrobial activity. Smart nanomaterials respond to environmental stimuli and release therapeutic agents
accordingly.4 Blanotherapeutics may simultaneously provide antibacterial action, immunomodulation and regenerative
stimulation.™

Artificial Intelligence And Digital Technologies

Artificial intelligence (AI) and digital dentistry are transforming periodontal diagnosis and treatment planning. It
includes automated radiographic analysis, detection of bone loss, disease risk assessment, prognostic prediction and
personalized treatment planning. Machine learning algorithms can analyse radiographs and clinical data with high
diagnostic accuracy."

Future Perspectives

Future periodontal therapy is likely to involve integration of regenerative medicine, stem-cell engineering, smart
biomaterials, precision diagnostics and genomic & microbiome profiling. The ultimate goal is complete and predictable
regeneration of the periodontal apparatus with minimally invasive and personalized treatment approaches.

CONCLUSION

Recent advancements in periodontal therapy have transformed modern periodontology from a primarily infection-
control-based specialty into a biologically driven regenerative discipline. Innovations in regenerative biomaterials,
stem-cell therapy, host modulation, laser applications, nanotechnology and digital dentistry have significantly improved
clinical outcomes and expanded therapeutic possibilities. While conventional periodontal therapy remains fundamental,
emerging technologies and biologic approaches are shaping the future of personalized and precision periodontology.
Continued research and long-term clinical trials are essential to establish evidence-based protocols and maximize the
clinical applicability of these innovative therapies.
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