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ABSTRACT

Periodontal disease is a multifactorial inflammatory condition primarily triggered by microbial plaque biofilm.
However, the severity and progression of the disease are largely influenced by the host's immune-inflammatory
response. Host modulation therapy (HMT) represents a strategic therapeutic intervention aimed at modifying
the host response to minimize tissue destruction and enhance repair. This review provides a comprehensive
overview of the current concepts, mechanisms, and clinical applications of HMT in periodontology, highlighting
recent advancements and future directions.

INTRODUCTION

Traditional periodontal therapy has focused on mechanical debridement and control of bacterial biofilm. While this
approach is foundational in reducing microbial burden, clinical observations show considerable variability in disease
progression and response to treatment, even among individuals with similar levels of plaque accumulation. This
suggests that the host immune response plays a critical role in the pathogenesis and outcomes of periodontal disease.
Consequently, interest has grown in adjunctive therapies that target the host response. Host modulation therapy (HMT)
aims to alter the destructive aspects of the host’s inflammatory mechanisms while preserving protective responses,
thereby mitigating tissue damage and supporting periodontal regeneration.'

Pathogenesis of Periodontal Disease and the Role of the Host Response

The onset of periodontal disease is initiated by the accumulation of pathogenic bacteria within the subgingival biofilm.
However, it is the host’s inflammatory response that determines the severity and extent of periodontal tissue
destruction. Key mediators of this response include pro-inflammatory cytokines (such as interleukin-1f3, tumor necrosis
factor-a, and interleukin-6), prostaglandins (particularly PGE2), and matrix metalloproteinases (MMPs), which are
involved in connective tissue degradation and bone resorption.’ Genetic and environmental factors, including
smoking, diabetes, and stress, further modulate the host response, influencing susceptibility and disease progression.

Rationale for Host Modulation Therapy

The biological basis for HMT lies in addressing the dysregulated immune response that contributes to chronic
inflammation and tissue destruction in periodontitis. By selectively targeting key inflammatory pathways and
mediators, HMT seeks to restore a balanced response conducive to healing and tissue preservation. This therapeutic
concept is particularly important in cases where conventional periodontal therapy alone is insufficient to control disease
progression, such as in refractory periodontitis or in patients with systemic conditions that exacerbate inflammation.*

Agents Used in Host Modulation Therapy

e Sub-antimicrobial Dose Doxycycline (SDD)

Sub-antimicrobial dose doxycycline (20 mg doxycycline hyclate taken twice daily) is the most extensively studied and
widely used HMT agent. Unlike traditional antibiotic doses, SDD does not exert significant antibacterial effects and is
not associated with antimicrobial resistance. Instead, SDD inhibits MMPs, particularly MMP-8 and MMP-9, reducing
collagen degradation and preserving the extracellular matrix.” Clinical trials have demonstrated significant
improvements in clinical attachment levels and reductions in probing depth when SDD is used as an adjunct to scaling
and root planing (SRP).°

e Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

NSAIDs inhibit cyclooxygenase (COX) enzymes, thereby reducing prostaglandin synthesis and inflammation. They
have shown efficacy in decreasing alveolar bone loss in animal and human studies. However, the long-term systemic
use of NSAIDs is limited due to adverse effects such as gastrointestinal toxicity, renal impairment, and cardiovascular
risks.” As such, their use in periodontology is generally reserved for short-term adjunctive therapy.
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e Bisphosphonates

Bisphosphonates are anti-resorptive agents that inhibit osteoclast function and bone resorption. They have
demonstrated positive effects in reducing alveolar bone loss in animal models of periodontitis. However, their systemic
administration is associated with a risk of medication-related osteonecrosis of the jaw (MRONJ), particularly in
patients undergoing invasive dental procedures.® Topical formulations of bisphosphonates are under investigation to
reduce systemic exposure and associated risks.

e  Omega-3 Polyunsaturated Fatty Acids (PUFAs)

Omega-3 PUFAs, including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have been found to exert
anti-inflammatory and pro-resolving effects. These fatty acids compete with arachidonic acid for cyclooxygenase and
lipoxygenase enzymes, leading to the production of less inflammatory eicosanoids and specialized pro-resolving
mediators (SPMs). Clinical studies have demonstrated that supplementation with omega-3 PUFAs, particularly when
combined with low-dose aspirin, enhances the resolution of inflammation and improves periodontal parameters.”

e  Monoclonal Antibodies and Biologic Agents

Advances in immunotherapy have introduced monoclonal antibodies and biologic agents targeting specific
inflammatory cytokines such as IL-1 and TNF-a. These agents have shown promise in treating systemic inflammatory
diseases such as rheumatoid arthritis and are being explored for potential application in periodontology. While still in
the experimental stage, these biologics could offer targeted and effective modulation of destructive immune responses
in periodontal disease."

Clinical Evidence and Outcomes

Numerous randomized controlled trials and meta-analyses support the use of HMT as an adjunct to mechanical
periodontal therapy. SDD, in particular, has shown consistent benefits in improving clinical attachment levels, reducing
probing depths, and decreasing bleeding on probing. The efficacy of omega-3 PUFAs has also been supported by
clinical studies indicating enhanced resolution of inflammation and improved periodontal healing.'"'> Combination
therapies targeting multiple inflammatory pathways may offer synergistic benefits. However, outcomes are influenced
by factors such as patient compliance, systemic health, and baseline disease severity.

Limitations and Challenges

Despite its potential, HMT is not without limitations. Inter-individual variability in response, risk of systemic side
effects (in the case of NSAIDs and bisphosphonates), and lack of long-term data limit the widespread adoption of some
agents. Furthermore, cost and regulatory considerations may restrict access to certain therapies. More personalized
approgches, informed by genetic and immunologic profiling, are needed to optimize treatment efficacy and minimize
risks.

Future Directions

Emerging research is focused on the development of novel HMT agents, including SPM analogues, small molecule
inhibitors of inflammatory pathways, and gene-based therapies. Advances in drug delivery systems, such as
nanocarriers and local sustained-release formulations, may enhance the precision and safety of these therapies.
Additionally, integration of HMT into personalized periodontal care models, guided by biomarkers and risk assessment
tools, holds promise for improving outcomes in diverse patient populations.'*

CONCLUSION

Host modulation therapy represents a significant advancement in the management of periodontal disease by addressing
the underlying inflammatory processes rather than solely focusing on microbial elimination. While clinical evidence
supports the efficacy of several HMT agents, further research is needed to refine treatment protocols, identify ideal
patient populations, and assess long-term safety. As our understanding of the molecular basis of periodontal
inflammation deepens, HMT is poised to become a cornerstone of comprehensive periodontal therapy.
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