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ABSTRACT 

Periodontitis represents a chronic inflammatory disease characterized by progressive destruction of periodontal supporting 

tissues, affecting millions worldwide. Stage III periodontitis, classified by severe clinical attachment loss and radiographic 

bone loss, presents significant therapeutic challenges requiring comprehensive management strategies. Host-modulation 

therapy using sub-antimicrobial dose doxycycline (SDD) has emerged as a promising adjunctive treatment modality that 

targets the host inflammatory response rather than microbial pathogens. This review comprehensively examines the 

influence of SDD on clinical parameters and salivary biomarkers in Stage III periodontitis management. Evidence 

demonstrates that SDD at 20 mg twice daily effectively inhibits matrix metalloproteinases (MMPs), particularly MMP-8 

and MMP-9, which are pivotal enzymes in periodontal tissue destruction. Clinical studies reveal significant improvements 

in probing depth reduction, clinical attachment level gain, and bleeding on probing when SDD is used adjunctively with 
scaling and root planing. Salivary biomarker analysis shows substantial reductions in pro-inflammatory cytokines including 

interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α), alongside decreased MMP-8 and 

myeloperoxidase (MPO) levels. The mechanism of action involves direct MMP inhibition through calcium and zinc 

chelation, suppression of oxidative activation, and down-regulation of inflammatory mediator production. Importantly, 

SDD does not exhibit antimicrobial effects at this dosage, thereby avoiding antibiotic resistance development. This review 

synthesizes current evidence supporting SDD as an effective host-modulating agent that enhances periodontal treatment 

outcomes in Stage III periodontitis by modulating the destructive host inflammatory response and promoting favorable 

healing conditions 
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INTRODUCTION 

Background 

Periodontitis: Definition and Classification 

Periodontitis is a multifactorial inflammatory disease 

characterized by microbially-associated, host-mediated 

destruction of the periodontal supporting apparatus, 
including the gingival tissues, periodontal ligament, and 

alveolar bone[1]. The disease results from complex 

interactions between dysbiotic microbial communities in 

the subgingival biofilm and an aberrant host immune-

inflammatory response. In 2017, the World Workshop on 

the Classification of Periodontal and Peri-Implant Diseases 

and Conditions introduced a new classification system that 

replaced the previous chronic and aggressive periodontitis 

categories with a staging and grading framework[2]. 

The 2018 classification system categorizes periodontitis 

into four stages (I-IV) based on severity, complexity, extent, 

and distribution, alongside three grades (A-C) reflecting the 

rate of disease progression and risk factors[2]. Stage III 

periodontitis represents severe periodontitis characterized 
by clinical attachment loss of 5 mm or more, radiographic 

bone loss extending to the middle third of the root or 

beyond, probing depths of 6 mm or more with bleeding on 

probing, and potential tooth loss of up to four teeth due to 

periodontitis[3]. Additional complexity factors in Stage III 

include vertical bone loss of 3 mm or more, Class II or III 

furcation involvement, and moderate ridge defects[3]. 
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Epidemiology and Clinical Significance 

Periodontitis affects approximately 42% of adults aged 30 

years and older globally, with severe forms (Stages III-IV) 

affecting 11% of the population[4]. The disease imposes 

substantial burden on quality of life, masticatory function, 
and has been associated with systemic conditions including 

cardiovascular disease, diabetes mellitus, adverse 

pregnancy outcomes, and respiratory infections[5]. Stage 

III periodontitis, in particular, presents significant treatment 

challenges due to the extent of tissue destruction, increased 

pocket depths, and compromised tooth prognosis. 

 

Conventional Treatment Approach 

The cornerstone of periodontal therapy remains mechanical 

debridement through scaling and root planing (SRP), which 

aims to remove subgingival microbial deposits and 

calculus, thereby reducing the bacterial load and creating 
conditions favorable for periodontal healing[6]. While SRP 

has been established as the gold standard for non-surgical 

periodontal treatment, clinical outcomes demonstrate 

variability, particularly in severe cases such as Stage III 

periodontitis. Studies indicate that SRP alone may achieve 

limited clinical attachment gain and probing depth 

reduction in deep periodontal pockets (≥7 mm), 

necessitating adjunctive therapeutic approaches to enhance 

treatment efficacy[7]. 

 

Host Response in Periodontitis Pathogenesis 
Contemporary understanding of periodontitis pathogenesis 

emphasizes the critical role of the host immune-

inflammatory response in tissue destruction. While 

periodontal pathogens such as Porphyromonas gingivalis, 

Tannerella forsythia, and Treponema denticola initiate the 

disease process, the subsequent host response accounts for 

the majority of periodontal tissue breakdown[8]. The host 

response involves complex cascades of inflammatory 

mediators, including pro-inflammatory cytokines 

(interleukin-1β, interleukin-6, tumor necrosis factor-alpha) 

and tissue-degrading enzymes, particularly matrix 

metalloproteinases[9]. 
Matrix metalloproteinases represent a family of zinc-

dependent endopeptidases capable of degrading virtually all 

components of the extracellular matrix, including 

collagens, gelatin, elastin, and proteoglycans[10]. Among 

the MMP family, MMP-8 (neutrophil collagenase) and 

MMP-9 (gelatinase B) are particularly elevated in 

periodontal disease and are considered key biomarkers of 

periodontal inflammation and tissue destruction[11]. MMP-

8 is primarily responsible for type I collagen degradation, 

the predominant structural protein in periodontal tissues, 

while MMP-9 degrades denatured collagen (gelatin) and 
contributes to the inflammatory infiltrate[12]. 

 

Rationale for Host Modulation Therapy 

Given that the host inflammatory response drives 

periodontal tissue destruction, therapeutic strategies 

targeting host-derived destructive mechanisms have gained 

considerable attention. Host modulation therapy aims to 

down-regulate pathologically elevated inflammatory 

mediators and tissue-degrading enzymes while preserving 

normal host defense mechanisms[13]. This approach offers 

potential advantages including enhanced clinical outcomes 

when combined with mechanical debridement, applicability 

in patients with increased disease susceptibility or risk 
factors, and avoidance of antibiotic resistance concerns 

associated with antimicrobial therapies[14]. 

 

Sub-Antimicrobial Dose Doxycycline: Concept and 

Development 

Doxycycline, a semi-synthetic tetracycline derivative, has 

been utilized in antimicrobial formulations (50-100 mg 

daily) for treating various infections, including acute 

periodontal infections[15]. However, research 

demonstrated that tetracyclines possess MMP-inhibitory 

properties independent of their antimicrobial effects[16]. 

This discovery led to the development of sub-antimicrobial 
dose doxycycline (SDD), formulated at 20 mg twice daily, 

which achieves steady-state plasma concentrations (mean 

maximum 0.79 μg/mL) well below the minimum inhibitory 

concentration required for antimicrobial activity (typically 

>4 μg/mL)[17]. 

The sub-antimicrobial dosing strategy was specifically 

designed to harness the MMP-inhibitory and anti-

inflammatory properties of doxycycline while avoiding 

antibiotic-related adverse effects, including development of 

resistant bacterial strains, gastrointestinal disturbances, 

photosensitivity, and disruption of normal microflora[18]. 
SDD received approval from the United States Food and 

Drug Administration in 1998 as an adjunctive treatment for 

adult periodontitis, marketed as Periostat®[19]. 

 

Literature Review 

 

Mechanism of Action of Sub-Antimicrobial Dose 

Doxycycline 

 

MMP Inhibition Mechanisms 

The therapeutic efficacy of SDD in periodontitis is 

attributed to multiple mechanisms of action that collectively 
down-regulate the exaggerated host inflammatory response 

characteristic of periodontal disease. The primary 

mechanism involves direct inhibition of matrix 

metalloproteinases through several pathways[20]. 

First, doxycycline directly inhibits MMP activity by 

chelating calcium and zinc cations in the catalytic domain 

of MMP molecules[21]. MMPs are zinc-dependent 

enzymes that require these metal ions for structural integrity 

and catalytic function. By sequestering these cations, 

doxycycline disrupts the enzyme's three-dimensional 

structure and impairs its proteolytic activity. This cation-
chelation mechanism affects both active and latent forms of 

MMPs[22]. 

Second, doxycycline inhibits the oxidative activation of 

latent pro-MMPs through a mechanism independent of 

cation binding[23]. MMPs are secreted as inactive pro-

enzymes (zymogens) that require activation by proteolytic 

cleavage or oxidative modification. In periodontal tissues, 

neutrophil-derived oxidants, particularly those generated by 
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myeloperoxidase (MPO), can activate pro-MMPs. 

Doxycycline's ability to inhibit this oxidative activation 

represents an important component of its therapeutic 

effect[24]. 

Third, doxycycline modulates MMP expression at the 
transcriptional level by interfering with cytokine-mediated 

up-regulation of MMP genes[25]. Pro-inflammatory 

cytokines such as IL-1β and TNF-α stimulate MMP gene 

transcription in periodontal cells. Doxycycline attenuates 

this cytokine-driven gene expression, thereby reducing de 

novo MMP synthesis[26]. 

 

Anti-Inflammatory Effects 

Beyond MMP inhibition, SDD exerts broader anti-

inflammatory effects that contribute to improved 

periodontal outcomes. Studies demonstrate that 

doxycycline reduces production of pro-inflammatory 
cytokines including IL-1β, IL-6, TNF-α, and IL-17 from 

activated immune cells and periodontal tissue[27]. This 

cytokine modulation occurs through multiple mechanisms, 

including inhibition of nuclear factor-kappa B (NF-κB) 

activation, a master transcription factor controlling 

inflammatory gene expression[28]. 

Additionally, doxycycline exhibits antioxidant properties 

by scavenging reactive oxygen species and inhibiting 

oxidative stress-mediated tissue damage[29]. In 

periodontitis, excessive production of reactive oxygen 

species by activated neutrophils contributes to tissue 
destruction through direct oxidative damage and activation 

of MMPs. A study by researchers investigating the efficacy 

of SDD against nitrosative stress in chronic periodontitis 

found significant reductions in nitrosative stress markers 

following three months of SDD treatment adjunctive to 

scaling and root planing[30]. 

 

Effects on Bone Metabolism 

Emerging evidence indicates that doxycycline influences 

bone metabolism by modulating osteoclast and osteoblast 

activity. Studies show that doxycycline inhibits osteoclast 

differentiation and activity, potentially through down-
regulation of receptor activator of nuclear factor kappa-B 

ligand (RANKL) signaling and matrix metalloproteinase 

inhibition[31]. Conversely, doxycycline stimulates 

fibroblast collagen production and may enhance 

osteoblastic activity, promoting bone formation[32]. These 

effects on bone metabolism contribute to the observed 

reduction in alveolar bone loss in patients receiving SDD 

therapy. 

 

Clinical Efficacy of SDD in Periodontitis 

Landmark Clinical Trials 
Multiple randomized controlled clinical trials have 

investigated the clinical efficacy of SDD as an adjunct to 

scaling and root planing in periodontitis patients. A seminal 

study published examined 188 patients with adult 

periodontitis who received either SDD (20 mg twice daily) 

or placebo adjunctive to initial scaling and root planing[12]. 

After nine months of treatment, the SDD group 

demonstrated statistically significant gains in clinical 

attachment level (mean 0.6 mm) and reductions in probing 

depth (mean 0.8 mm) compared to SRP alone. Importantly, 

these clinical improvements persisted throughout the 

treatment period without evidence of diminishing 

efficacy[33]. 
Further to these findings, a comprehensive meta-analysis 

investigating antimicrobial or subantimicrobial antibiotic 

therapy as an adjunct to nonsurgical periodontal treatment 

concluded that supplementation with sub-antimicrobial 

dose doxycycline provides statistically significant results in 

patients with chronic periodontitis, particularly in 

increasing clinical attachment level and reducing probing 

depth[34]. 

 

Efficacy in Post-Menopausal Women 

A particularly notable study by researchers examined the 

clinical efficacy of a two-year continuous SDD regimen in 
128 post-menopausal, osteopenic women with periodontitis 

on periodontal maintenance therapy. This population 

represents a high-risk group due to the interplay between 

systemic bone loss (osteopenia) and local periodontal bone 

loss. The study demonstrated that long-term SDD 

significantly reduced the progression of periodontal 

attachment loss in the intent-to-treat analysis and decreased 

both gingival inflammation severity and alveolar bone loss 

in subgroup analyses. Importantly, the treatment was well-

tolerated without producing antibiotic-related side effects 

throughout the two-year study period[35]. 
 

Long-Term Clinical Outcomes 

A twelve-month randomized, double-blind, placebo-

controlled study assessed the adjunctive effects of SDD on 

clinical parameters in periodontitis patients. Thirty patients 

were randomized to receive either SDD (20 mg twice daily 

for three months) or placebo, both groups receiving scaling 

and root planing. The SDD group demonstrated further 

improvement in clinical periodontal parameters over the 

twelve-month observation period compared to scaling and 

root planing alone, with sustained benefits evident at the 

final evaluation[36]. 
 

Meta-Analyses and Systematic Reviews 

Recent systematic reviews and meta-analyses have 

synthesized evidence regarding SDD efficacy. A 2025 

systematic review and meta-analysis evaluated systemic 

doxycycline as an adjunct to non-surgical periodontal 

therapy in diabetic patients with periodontitis. The analysis 

revealed that while short-term antimicrobial dose 

doxycycline combined with scaling and root planing 

significantly reduced bleeding on probing by 8.14% at three 

months, long-term sub-antimicrobial dose doxycycline 
demonstrated significant reductions in gingival index and 

bleeding on probing at three months[37]. These findings 

support the efficacy of SDD particularly in high-risk 

populations with systemic disease modifiers. 

A comprehensive narrative review published in 2025 

critically evaluated clinical evidence from randomized 

clinical trials assessing adjunctive therapies in nonsurgical 

management of periodontitis in smokers and patients with 
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diabetes mellitus. The review concluded that sub-

antimicrobial dose doxycycline demonstrated promising 

effects as a host-modulating strategy, although the authors 

noted that high-quality, long-term evidence is still 

needed[38]. 
 

Efficacy in Deep Pockets 

The clinical benefit of SDD appears particularly 

pronounced in sites with deeper probing depths. Studies 

indicate that while SRP effectively reduces pocket depth in 

moderately deep pockets (4-6 mm), its efficacy diminishes 

in deep pockets (≥7 mm)[39]. Adjunctive SDD provides 

additional benefit in these challenging sites where 

mechanical debridement alone cannot adequately access all 

affected areas. A clinical trial examining the effectiveness 

of scaling and root planing with combined air polishing and 

laser therapy in Stage III Grade C periodontitis patients 
found that probing depth and clinical attachment level 

reductions were significantly greater in deep pockets (≥7 

mm) when adjunctive therapies were employed compared 

to SRP alone[40]. 

 

Salivary Biomarkers in Periodontitis 

Rationale for Salivary Diagnostics 

Saliva represents an attractive biological fluid for 

periodontal disease assessment due to its non-invasive 

collection, presence of locally and systemically derived 

biomarkers, and potential for chairside diagnostic 
applications[41]. Saliva contains biomarkers originating 

from gingival crevicular fluid, periodontal tissues, and 

systemic circulation, providing a comprehensive profile of 

disease activity and host response[42]. The development of 

reliable salivary biomarkers could facilitate early disease 

detection, monitoring of treatment response, and 

identification of patients at risk for disease progression[43]. 

 

Matrix Metalloproteinase-8 as a Biomarker 

Among potential biomarkers, matrix metalloproteinase-8 

has emerged as one of the most promising indicators of 

periodontal inflammation and tissue destruction. MMP-8, 
primarily produced by neutrophils but also synthesized by 

fibroblasts and other cells, is responsible for degradation of 

type I collagen, the predominant structural protein in 

periodontal tissues[44]. Elevated salivary MMP-8 levels 

correlate with clinical signs of periodontal disease, 

including probing depth, clinical attachment loss, and 

bleeding on probing[45]. 

A 2025 meta-analysis investigating the association between 

salivary MMP-8 and activated MMP-8 (aMMP-8) levels 

and periodontitis included 35 studies quantifying these 

biomarkers in saliva from patients with periodontitis and 
healthy controls[46]. The analysis revealed significantly 

elevated MMP-8 and aMMP-8 levels in periodontitis 

patients, with standardized mean differences of 3.19 and 

2.02 respectively, supporting their potential as diagnostic 

biomarkers[46]. The authors noted that while substantial 

heterogeneity exists among studies, the findings 

consistently demonstrate the association between elevated 

salivary MMP-8 and periodontitis. 

A study examining salivary matrix metalloproteinase-8 and 

-9 in relation to myocardial infarction and periodontal 

disease found that MMP-8 and MMP-9 correlated 

positively with clinical signs of periodontal inflammation, 

including bleeding on probing and probing depth[47]. 
These biomarkers demonstrated utility in assessing 

periodontal status, with MMP-8 regarded as among the key 

biomarkers of inflammation[47]. 

 

Matrix Metalloproteinase-9 

MMP-9, also known as gelatinase B, is another important 

biomarker elevated in periodontal disease. MMP-9 

degrades denatured collagen (gelatin), type IV collagen in 

basement membranes, and other extracellular matrix 

components[48]. Studies demonstrate increased MMP-9 

levels in saliva and gingival crevicular fluid from inflamed 

periodontal sites, with levels correlating with disease 
severity[49]. A recent publication noted that salivary MMP-

9 has been shown to be a more sensitive marker for 

periodontal inflammation during orthodontic treatment, 

highlighting its utility in detecting early inflammatory 

changes[50]. 

 

Pro-Inflammatory Cytokines 

Pro-inflammatory cytokines including interleukin-1β, 

interleukin-6, and tumor necrosis factor-alpha play central 

roles in periodontal disease pathogenesis and serve as 

valuable biomarkers of disease activity. 
Interleukin-1β is a potent pro-inflammatory cytokine 

released during cell damage and immune cell activation, 

becoming fully activated by proteases such as caspase-1 in 

the extracellular space[51]. IL-1β controls innate immune 

responses, inflammasome activation, and T cell-driven 

immune responses. Several lines of evidence support IL-

1β's important role in periodontitis pathogenesis. IL-1β 

gene polymorphisms correlate with increased risk for 

periodontitis development, and IL-1β levels in gingival 

crevicular fluid are significantly higher in chronic 

periodontitis patients compared to periodontally healthy 

subjects[51]. In chronic periodontitis, IL-1β promotes 
destruction of periodontal tissues by activating matrix 

metalloproteinases, stimulating osteoclast activity, and 

inducing production of other inflammatory mediators[52]. 

A comprehensive review published in 2024 examining 

cytokines in gingivitis and periodontitis noted that studies 

have reported increased local levels of pro-inflammatory 

cytokines, including IL-1β, TNF, IL-6, IL-17, and IL-23, in 

patients with periodontitis[53]. The review emphasized that 

IL-1β was among the most prevalent inflammatory 

markers, with dietary supplementation reducing IL-1β 

concentrations in saliva and gingival crevicular fluid, 
indicating host modulatory effects[53]. 

Interleukin-6 is a multifunctional cytokine that induces 

acute phase response, plays essential roles in B cell 

differentiation, and serves as a potent inducer of C-reactive 

protein[54]. IL-6 is involved in various inflammatory and 

immune-mediated conditions, including periodontitis. In 

periodontal disease, IL-6 activates pro-inflammatory 

immune circuits by activating innate and adaptive immune 
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cells and favoring bone resorption together with IL-1 and 

TNF[55]. Studies consistently demonstrate elevated 

salivary IL-6 levels in periodontitis patients compared to 

healthy controls, with levels correlating with clinical 

periodontal parameters including probing depth, clinical 
attachment loss, plaque index, and bleeding on probing[56]. 

A 2024 meta-analysis examining salivary IL-1β, IL-6, and 

IL-10 as key biomarkers of periodontitis severity found that 

salivary IL-6 and IL-1β levels were significantly elevated 

as disease established, exhibiting significant positive 

correlations with several clinical periodontal 

parameters[57]. The study demonstrated that these 

cytokines serve as clinically relevant biomarkers for 

periodontitis assessment[57]. 

 

Tumor necrosis factor-alpha is a pleiotropic pro-

inflammatory cytokine produced by activated 
macrophages, T cells, and other immune cells that promotes 

inflammation through multiple mechanisms[58]. TNF-α 

stimulates production of other inflammatory mediators, 

activates endothelial cells to express adhesion molecules 

facilitating leukocyte recruitment, and directly stimulates 

osteoclast differentiation and bone resorption[59]. In 

periodontitis, elevated TNF-α contributes to tissue 

destruction and bone loss. Studies demonstrate increased 

salivary TNF-α levels in periodontitis patients, with levels 

correlating with disease severity[60]. 

A study investigating salivary TNF-α as a potential marker 
of periodontitis and therapeutic outcome found that salivary 

TNF-α levels were elevated in both chronic and aggressive 

periodontitis patients compared to healthy individuals[61]. 

The study assessed TNF-α levels before and after systemic 

doxycycline treatment, finding that doxycycline treatment 

was most effective in lowering TNF-α levels in patients 

with aggressive periodontitis[61]. 

 

Myeloperoxidase 

Myeloperoxidase is a heme-containing enzyme primarily 

stored in neutrophil azurophilic granules and released 

during inflammatory responses[62]. MPO catalyzes 
production of hypochlorous acid and other reactive oxygen 

species, contributing to antimicrobial activity but also 

causing oxidative tissue damage when produced 

excessively[63]. In periodontitis, MPO levels are elevated 

in gingival crevicular fluid and saliva, reflecting neutrophil 

infiltration and activation in periodontal tissues[64]. 

Importantly, MPO plays a role in MMP activation through 

oxidative modification, creating a pathological 

amplification loop wherein MPO-generated oxidants 

activate pro-MMPs, which then degrade extracellular 

matrix, releasing more inflammatory mediators and 
perpetuating tissue destruction[65]. Research examining 

salivary MMP-8, MMP-9, and MPO found that MPO 

strongly correlated with MMP-8, with both biomarkers 

correlating positively with clinical signs of periodontal 

inflammation[47]. 

 

Effects of SDD on Salivary Biomarkers 

Impact on Matrix Metalloproteinases 

Multiple studies have investigated the effects of SDD on 

salivary and gingival crevicular fluid MMP levels in 

periodontitis patients. A landmark study examining effects 

of sub-antimicrobial dose doxycycline therapy on 

crevicular fluid MMP-8 and gingival tissue MMP-9, TIMP-
1, and IL-6 levels in chronic periodontitis found that SDD 

significantly reduced MMP-8 levels in gingival crevicular 

fluid and MMP-9 levels in gingival tissue[66]. These 

reductions in destructive enzyme levels correlated with 

improved clinical outcomes, including attachment level 

gain and probing depth reduction[66]. 

A comprehensive study published in 2019 examining 

adjunctive effects of SDD on clinical parameters and 

potential biomarkers of periodontal tissue catabolism found 

that SDD combined with nonsurgical periodontal therapy 

resulted in further improvement of clinical periodontal 

parameters and gingival crevicular fluid markers of tissue 
breakdown over a twelve-month period[67]. The beneficial 

effects of adjunctive SDD therapy were attributed to 

reduced levels of two major periodontitis-associated 

MMPs, MMP-8 and MMP-9, and their potential oxidative 

activator, myeloperoxidase[67]. 

A study investigating subantimicrobial-dose doxycycline 

modulation of gingival crevicular fluid biomarkers in 

postmenopausal osteopenic women demonstrated that a 

two-year SDD regimen reduced biomarkers of collagen 

degradation and bone resorption[68]. The study provided 

evidence that SDD effectively down-regulates 
pathologically elevated MMP activity in periodontal 

tissues, contributing to reduced tissue destruction[68]. 

 

Effects on Pro-Inflammatory Cytokines 

Research demonstrates that SDD treatment influences 

salivary and gingival crevicular fluid levels of pro-

inflammatory cytokines. A study examining effects of 

scaling and root planing and sub-antimicrobial dose 

doxycycline on oral and systemic biomarkers in patients 

with both chronic periodontitis and coronary artery disease 

investigated cytokine profiles following treatment[69]. The 

study found modulation of inflammatory biomarkers in 
patients receiving adjunctive SDD therapy[69]. 

A clinical study examining therapeutic effects of 

doxycycline application in periodontal disease treatment 

compared full-dose (100 mg) and sub-dose (20 mg) 

doxycycline regimens[70]. Both groups showed 

improvements in clinical parameters and reductions in 

inflammatory markers, with the sub-antimicrobial dose 

providing sustained benefits without antimicrobial effects 

or resistance development[70]. 

Further evidence comes from research investigating the role 

of matrix metalloproteinases in periodontitis, which noted 
that both MMP-8 and MMP-9 are valuable diagnostic tools 

and that future healthcare policies should focus on 

implementing more accessible methods of chairside testing 

to reduce periodontitis prevalence[71]. 

 

Correlation Between Biomarker Reduction and Clinical 

Outcomes 
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A critical aspect of biomarker research involves 

establishing correlations between biomarker changes and 

clinical outcomes. Studies consistently demonstrate that 

reductions in salivary MMP-8, MMP-9, and pro-

inflammatory cytokines following SDD treatment correlate 
with improvements in clinical parameters including probing 

depth reduction, clinical attachment gain, and reduced 

bleeding on probing[72]. 

A study examining locally delivered doxycycline effects on 

periodontal clinical parameters and MMP-8 found that local 

administration of doxycycline combined with scaling and 

root planing significantly reduced gingival crevicular fluid 

MMP-8 levels and improved clinical periodontal 

parameters in patients with chronic periodontitis[73]. The 

findings indicated that reductions in MMP-8 levels 

paralleled clinical improvements, supporting the 

mechanistic link between MMP inhibition and therapeutic 
efficacy[73]. 

 

Sub-Antimicrobial Dose Doxycycline in Stage III 

Periodontitis: Specific Considerations 

Rationale for Use in Stage III Periodontitis 

Stage III periodontitis presents unique therapeutic 

challenges that make host modulation therapy particularly 

relevant. The classification criteria for Stage III include 

clinical attachment loss of 5 mm or more, radiographic bone 

loss extending to the middle third of the root or beyond, 

probing depths of 6 mm or more, vertical bone loss of 3 mm 
or more, furcation involvement (Class II or III), and 

moderate ridge defects[74]. These characteristics indicate 

substantial tissue destruction with compromised healing 

potential. 

The extensive tissue damage in Stage III periodontitis is 

associated with persistently elevated levels of matrix 

metalloproteinases and pro-inflammatory cytokines that 

overwhelm normal regulatory mechanisms[75]. This 

pathologically elevated inflammatory response creates an 

environment unfavorable for healing, even following 

thorough mechanical debridement. Host modulation 

therapy with SDD aims to rebalance this dysregulated 
inflammatory response, creating conditions more 

conducive to periodontal regeneration and repair[76]. 

Furthermore, Stage III periodontitis often presents with 

deep periodontal pockets (≥6 mm) where mechanical 

instrumentation faces limitations in completely removing 

subgingival deposits and disrupting the biofilm[77]. In such 

sites, the persistent microbial challenge continues to 

stimulate host inflammatory responses. SDD's ability to 

down-regulate the host response provides therapeutic 

benefit even when complete bacterial elimination cannot be 

achieved through mechanical means alone[78]. 
 

Clinical Evidence in Severe Periodontitis 

While many SDD studies have included patients with 

moderate to severe periodontitis, specific evidence supports 

its efficacy in the most severe cases. A clinical trial 

examining stage III grade C periodontitis patients found 

that adjunctive therapies combined with scaling and root 

planing provided greater reductions in probing depth and 

clinical attachment level in deep pockets compared to 

scaling and root planing alone[79]. Though this study 

evaluated combined air polishing and laser therapy rather 

than SDD specifically, it demonstrates the principle that 

adjunctive host-modulating approaches provide additive 
benefits in severe disease. 

A randomized clinical trial investigating three-session non-

surgical periodontal therapy in Stage III/IV Grade C 

periodontitis patients evaluated clinical outcomes including 

clinical attachment level changes at multiple time points 

following treatment[80]. The study demonstrated that 

comprehensive non-surgical approaches can achieve 

significant improvements even in the most severe 

periodontitis cases, supporting the rationale for adjunctive 

therapies in this population[80]. 

 

Treatment Protocol Considerations 
The standard SDD protocol involves administration of 20 

mg doxycycline hyclate twice daily for a minimum of three 

months, with some studies demonstrating benefits from 

longer treatment durations up to 12-24 months[81]. 

Treatment should be initiated concurrent with or 

immediately following scaling and root planing to 

maximize benefits during the critical healing phase. 

For Stage III periodontitis patients, several protocol 

considerations warrant attention. First, thorough scaling 

and root planing must be performed to the highest standard, 

as SDD enhances but does not replace mechanical 
debridement[82]. Second, patient education regarding the 

rationale for host modulation therapy, expected outcomes, 

and the distinction between SDD and antibiotic therapy is 

essential for compliance and realistic expectations[83]. 

Third, regular monitoring of clinical parameters and 

biomarker levels, where available, can help assess treatment 

response and guide therapeutic decisions[84]. 

 

Safety and Contraindications 

SDD demonstrates an excellent safety profile, with adverse 

event frequency not differing significantly from placebo in 

clinical trials[85]. The sub-antimicrobial dosing avoids 
common antibiotic-related side effects including 

gastrointestinal disturbances, photosensitivity reactions, 

and vaginal candidiasis that occur with higher doxycycline 

doses[86]. Importantly, SDD does not lead to development 

of resistant bacterial strains or acquisition of multi-

antibiotic resistance, as plasma and gingival crevicular fluid 

concentrations remain below antimicrobial thresholds[87]. 

Contraindications for SDD include hypersensitivity to 

tetracyclines, pregnancy (due to potential effects on fetal 

bone and tooth development), children under 12 years of 

age, and severe hepatic impairment[88]. Relative 
contraindications include concurrent use of oral 

anticoagulants (requiring monitoring), antacids containing 

aluminum, calcium, or magnesium (which reduce 

absorption), and long-term concurrent use of other 

tetracyclines[89]. 

 

Cost-Effectiveness Considerations 
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Economic analysis of periodontal treatments must consider 

both direct costs (medication, professional care) and 

indirect costs (time away from work, disease 

complications). While SDD represents an additional cost 

beyond scaling and root planing alone, the enhanced 
clinical outcomes may reduce the need for subsequent 

surgical interventions, tooth extractions, and implant 

placement, potentially providing cost savings over the long 

term[90]. 

A comprehensive treatment strategy incorporating patient 

education, risk factor modification, thorough mechanical 

debridement, and host modulation with SDD may optimize 

outcomes while managing costs effectively[91]. Further 

health economic research is needed to fully characterize the 

cost-effectiveness of SDD in Stage III periodontitis 

management across different healthcare systems and patient 

populations. 
 

Comparative Analysis with Other Host-Modulating 

Approaches 

Alternative Host-Modulating Agents 

While SDD represents the most extensively studied host-

modulating agent in periodontology, other approaches have 

been investigated. These include omega-3 polyunsaturated 

fatty acids, statins, probiotics, and specialized pro-resolving 

mediators[92]. 

A 2024 scoping review examining effects of host 

modulation through omega-3 dietary supplementation in 
periodontal treatment found that omega-3 polyunsaturated 

fatty acids reduced concentrations of inflammatory 

cytokines including IL-1β, TNF-α, IL-6, and RANKL when 

used as adjunctive therapy for periodontitis[93]. The review 

noted that changes in inflammatory outcomes were 

associated with clinical benefits, though significant 

methodological heterogeneity limited direct 

comparisons[93]. 

Locally delivered statins have shown promising effects in 

promoting periodontal regeneration through their 

pleiotropic anti-inflammatory and bone-promoting 

properties[94]. However, evidence remains limited 
compared to SDD, with most studies being small-scale pilot 

investigations requiring validation in larger trials. 

 

Systemic Antibiotics Versus SDD 

An important distinction exists between systemic 

antimicrobial-dose antibiotics and sub-antimicrobial dose 

doxycycline. Systemic antibiotics such as amoxicillin 

combined with metronidazole target periodontal pathogens 

and have demonstrated clinical efficacy, particularly in 

aggressive periodontitis and severe cases[95]. However, 

antibiotic therapy carries risks including development of 
resistant bacteria, adverse effects such as gastrointestinal 

disturbances, and potential for allergic reactions[96]. 

A meta-analysis comparing antimicrobial and 

subantimicrobial antibiotic therapy found that while both 

approaches provided benefits adjunctive to scaling and root 

planing, the mechanisms and appropriate indications 

differ[97]. Antimicrobial antibiotics are most appropriate 

for acute periodontal infections, aggressive periodontitis, 

and cases refractory to conventional therapy, while SDD is 

indicated for chronic periodontitis management as a host-

modulating agent without antimicrobial effects[97]. 

A recent systematic review and meta-analysis examining 

systemic doxycycline as an adjunct to nonsurgical 
periodontal therapy in diabetic patients found that short-

term antimicrobial dose doxycycline provided limited 

benefits on clinical parameters beyond bleeding on probing 

reduction, while long-term sub-antimicrobial dose 

doxycycline demonstrated more consistent improvements 

in gingival inflammation[98]. This suggests that the host-

modulating effects of SDD may be particularly valuable in 

patients with impaired healing responses[98]. 

 

Local Antimicrobials Versus SDD 

Local antimicrobial delivery systems, including 

minocycline microspheres, doxycycline gel, and 
chlorhexidine chips, provide high local concentrations of 

antimicrobial agents while minimizing systemic 

exposure[99]. These agents offer site-specific treatment for 

isolated deep pockets and have demonstrated clinical 

benefits in probing depth reduction and attachment 

gain[100]. 

A study comparing locally delivered doxycycline with 

scaling and root planing alone found improvements in 

clinical parameters and reductions in MMP-8 levels[101]. 

However, local antimicrobials require site-specific 

application, making them impractical for generalized 
disease, while systemic SDD provides whole-mouth benefit 

suitable for generalized Stage III periodontitis[102]. 

 

Future Directions and Research Needs 

Personalized Medicine Approaches 

Future research should investigate patient-specific factors 

that predict SDD response, enabling personalized treatment 

planning. Genetic polymorphisms affecting MMP 

expression, cytokine production, and inflammatory 

responses may identify patients most likely to benefit from 

host modulation therapy[103]. Additionally, baseline 

biomarker profiles, including salivary MMP-8, cytokines, 
and inflammatory markers, could guide treatment decisions 

and predict outcomes[104]. 

The grading component of the 2018 periodontitis 

classification system, which incorporates direct and indirect 

evidence of disease progression rate, may help identify 

patients who would benefit most from adjunctive 

SDD[105]. Grade C periodontitis, characterized by rapid 

progression, heavy smoking, or poorly controlled diabetes, 

represents a population where enhanced host-modulating 

approaches may be particularly valuable[106]. 

 
Combination Therapies 

Investigation of combination host-modulating therapies 

represents a promising research direction. For example, 

combining SDD with omega-3 supplementation, probiotics, 

or specialized pro-resolving mediators might provide 

additive or synergistic benefits through complementary 

mechanisms[107]. Additionally, combining SDD with 

regenerative procedures such as enamel matrix derivative 
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application or growth factor delivery could enhance tissue 

regeneration potential in Stage III periodontitis[108]. 

 

Biomarker-Guided Treatment 

Development of chairside diagnostic tests for salivary 
biomarkers would enable biomarker-guided treatment 

decisions and monitoring[109]. Point-of-care testing for 

MMP-8 is already available in some markets and could be 

used to identify active disease, assess treatment response, 

and determine optimal timing for transitioning from active 

therapy to maintenance[110]. Integration of biomarker 

monitoring into routine periodontal practice could improve 

outcomes through earlier intervention and personalized 

treatment approaches[111]. 

 

Long-Term Outcomes Research 

While existing studies demonstrate SDD efficacy over 
periods of 3-24 months, long-term studies examining 

outcomes over 5-10 years are needed to assess sustained 

benefits, optimal treatment duration, and appropriate 

maintenance strategies[112]. Additionally, research 

investigating effects on tooth retention, need for surgical 

intervention, and quality of life outcomes would provide 

comprehensive assessment of SDD value in Stage III 

periodontitis management[113]. 

 

Mechanistic Studies 

Further elucidation of SDD mechanisms of action could 
identify additional therapeutic targets and optimize 

treatment protocols. Areas warranting investigation include 

effects on specific MMP isoforms, interactions with tissue 

inhibitors of metalloproteinases, modulation of specialized 

pro-resolving mediators, and effects on periodontal tissue 

regeneration capacity[114]. Advanced techniques including 

proteomics, genomics, and imaging could provide deeper 

insights into SDD's multifaceted effects[115]. 

 

Conclusion 

Host-modulation therapy using sub-antimicrobial dose 

doxycycline represents a valuable adjunctive treatment for 
Stage III periodontitis, addressing the pathologically 

elevated inflammatory response that drives periodontal 

tissue destruction. Extensive clinical evidence demonstrates 

that SDD at 20 mg twice daily, when combined with 

thorough scaling and root planing, provides significant 

improvements in clinical parameters including probing 

depth reduction, clinical attachment gain, and reduced 

bleeding on probing compared to mechanical therapy alone. 

These clinical benefits are sustained over extended 

treatment periods and occur without antimicrobial effects or 

development of bacterial resistance. 
The therapeutic efficacy of SDD is mediated through 

multiple mechanisms including direct inhibition of matrix 

metalloproteinases through calcium and zinc chelation, 

suppression of oxidative MMP activation, down-regulation 

of pro-inflammatory cytokine production, and modulation 

of bone metabolism. Salivary biomarker studies 

demonstrate that SDD treatment reduces levels of MMP-8, 

MMP-9, myeloperoxidase, interleukin-1β, interleukin-6, 

and tumor necrosis factor-alpha, with these reductions 

correlating with improved clinical outcomes. 

Stage III periodontitis, characterized by severe attachment 

loss, radiographic bone loss, deep pockets, and complex 

anatomical factors, presents particular challenges where 
host modulation therapy may provide substantial benefit. 

The extensive tissue destruction and compromised healing 

environment in Stage III periodontitis create a rationale for 

therapeutic approaches that address the dysregulated host 

response in addition to bacterial load reduction. 

Current evidence supports SDD as a safe, effective, and 

well-tolerated adjunctive therapy for Stage III periodontitis 

management. The treatment should be implemented as part 

of a comprehensive therapeutic strategy including patient 

education, risk factor modification, thorough mechanical 

debridement, and appropriate maintenance care. While 

SDD represents an additional cost beyond scaling and root 
planing alone, the enhanced outcomes may reduce long-

term treatment needs and improve tooth retention. 

Future research directions include personalized medicine 

approaches utilizing genetic and biomarker profiles to 

predict treatment response, investigation of combination 

host-modulating therapies, development of chairside 

biomarker tests to guide treatment decisions, and long-term 

studies examining sustained clinical outcomes. As 

understanding of periodontal disease pathogenesis 

continues to evolve, host-modulation therapy with agents 

such as sub-antimicrobial dose doxycycline will likely play 
an increasingly important role in optimizing outcomes for 

patients with severe periodontitis. 

In conclusion, the integration of sub-antimicrobial dose 

doxycycline into Stage III periodontitis treatment protocols 

offers evidence-based enhancement of conventional 

mechanical therapy, addressing the fundamental 

pathophysiological mechanisms driving disease 

progression and creating conditions favorable for 

periodontal healing and stability. This approach represents 

a paradigm shift from solely targeting periodontal 

pathogens to modulating the host response, recognizing that 

the majority of tissue destruction in periodontitis results 
from the host's own inflammatory and enzymatic 

mechanisms. As periodontal therapy continues to advance, 

host-modulation strategies will remain central to achieving 

optimal outcomes in severe periodontitis management 
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