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ABSTRACT: Host modulation therapy is relevant
for periodontitis as it is driven by bacterial biofilm,
host's immune response, and targets the destructive
host-mediated pathways underlying periodontal
tissue breakdown. Agents used in host modulation
therapy act through inhibition of matrix
metalloproteinases and connective tissue
degradation, suppression of arachidonic acid-
derived inflammatory mediators, and inhibition of
osteoclast-mediated bone resorption. Electronic
databases were searched for randomised controlled
trials and systematic reviews of host modulation
agents in periodontitis published after 2010. Sub-
antimicrobial dose doxycycline, non-steroidal anti-
inflammatory drugs, bisphosphonates, statins, and
omega-3 polyunsaturated fatty acids are the
commonly used agents in host modulation therapy.
Out of these, sub-antimicrobial dose doxycycline is
the only FDA-approved agent and shows significant
reduction in probing depth and gain in clinical
attachment level.

KEYWORDS: Host Modulation Therapy,
Periodontitis, Sub-Antimicrobial Dose Doxycycline,
Matrix Metalloproteinases, NSAIDs,
Bisphosphonates, Statins, Omega-3 Fatty Acids,
Anti-inflammatory Agents.

I. INTRODUCTION

Periodontal disease is one of the most
common chronic inflammatory conditions with
severe periodontitis affecting about 11% of the
global population and remains one of the leading
causes of tooth loss in adults.! The existing
treatment paradigm was built on the premise that the
subgingival bacterial biofilm was the primary target
of therapy, and that effective mechanical
debridement of the root surface included scaling and
root planing (SRP) as the definitive treatment.

Current clinical and histological research
has established that the destruction of the
periodontium involves loss of connective tissue

attachment, the degradation of the periodontal
ligament, resorption of alveolar bone and is not
caused by the bacteria themselves. It is the host’s
own inflammatory response to the bacterial
challenge that drives tissue breakdown with the
bacteria initiating the process and the host
destroying the periodontium.?

If the host response itself is pathologically
excessive and primarily responsible for tissue
destruction, then modulating that response
pharmacologically, either independently or in
addition to mechanical debridement is the
conceptual foundation of host modulation therapy
(HMT). The central mediators of periodontal tissue
destruction include matrix metalloproteinase such as
MMP-8 and MMP-13, prostaglandins derived from
arachidonic acid metabolism (PGE2), interleukin-1f
(IL-1B), tumour necrosis factor-a (TNF-a), and
receptor activator of nuclear factor kappa-B ligand,
which  drives osteoclastogenesis and bone
resorption.’> All of these pathways represent a
pharmacological target for host modulation.

The agents investigated for HMT in
periodontitis  include  sub-antimicrobial  dose
doxycycline (SDD), non-steroidal anti-inflammatory
drugs (NSAIDs), bisphosphonates, statins, and
omega-3 polyunsaturated fatty acids (PUFAs). This
review provides an evidence based account of each
category, with particular emphasis on mechanism of
action, clinical evidence from randomised controlled
trials, limitations, formulations, and practical
clinical application.

Scopus, Google Scholar, and PubMed were
used in an electronic search. MeSH terms have been

coupled with keywords specifically “host
modulation therapy periodontitis,” “sub-
antimicrobial  dose  doxycycline,”  “NSAIDs
periodontal therapy,” “bisphosphonates

periodontitis,” and “statins periodontitis adjunct.”
Randomised controlled trials, and systematic
reviews, published after 2010 were considered.

DOI: 10.35629/6018-08045663

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 56



el
<
g

-
<

International Journal Dental and Medical Sciences Research
Volume 8, Issue 4, Jul-Aug 2026 pp: 56-63 www.ijdmsrjournal.com

II. PATHOLOGICAL BASIS OF HOST MODULATION

[1].Matrix Metalloproteinases: In the
healthy periodontium, MMPs are a family of zinc-
dependent endopeptidases produced by neutrophils,
macrophages, fibroblasts, and osteoblasts in
response to bacterial lipopolysaccharide and
inflammatory cytokines. Their activity is tightly
regulated by endogenous inhibitors or tissue
inhibitors of metalloproteinases (TIMPs). MMP
production, particularly collagenase (MMP-8) and
gelatinase (MMP-9), is pathologically elevated in
gingival crevicular fluid and gingival tissue, driving
the destruction of type I collagen, which is the
principal structural protein of the gingiva,
periodontal ligament, and alveolar bone organic
matrix.4 Elevated MMP-8 levels in gingival
crevicular fluid are now recognised as a validated
diagnostic biomarker for active periodontal disease
progression, and point-of-care MMP-8 testing is
entering clinical use.’

[2].Arachidonic  Acid  Metabolites:
Prostaglandin E2 (PGE2), which is a metabolite of

II1. SUB-ANTIMICROBIAL DOSE
DOXYCYCLINE
[1].Historical Development: In the 1980s,
Golub and his colleagues at Stony Brook University
discovered that tetracyclines possess MMP-
inhibitory properties entirely independent of their
antibiotic  activity.} Germ-free rats receiving
tetracyclines nonetheless showed reduced gingival

These clinical developments led to
development of SDD at 20 mg per capsule
(Periostat), which achieves plasma concentration of
0.25-0.8 pg/mL, well below the minimum inhibitory
concentration for microbial activity but adequate to
produce clinically significant MMP inhibition.’
Periostat is the only FDA-approved host modulator
for periodontal disease.

[2].Mechanism  of Action: MMP
inhibition: SDD reduces pathologically elevated
MMP-8 and MMP-9 activity in gingival tissue and
crevicular fluid by binding zinc and calcium at the
active site of collagenases and gelatinases,
preserving collagen fibres and reducing connective
tissue destruction.

[3].Anti inflammatory effects: SDD
reduces the production of IL-1B, TNF-a, and PGE2
by activated macrophages and neutrophils,
dampening the inflammatory amplification cascade
in periodontal tissues.

[4].Anti-osteoclastic effects: SDD inhibits
osteoclast function by reducing MMP-13-mediated
resorption of the alveolar bone organic matrix and
by suppressing osteoclast differentiation signals.

arachidonic  acid and  produced  through
cyclooxygenase (COX)-mediated metabolism of
arachidonic acid in inflamed tissue, is a potent
mediator of bone resorption and vascular
permeability. Elevated PGE2 levels in gingival
crevicular fluid increase the periodontal severity
through alveolar bone loss. Inhibiting COX and
thereby reducing PGE2 production represents the
mechanism of NSAIDs in HMT.®
[3].Osteoclast-Mediated Bone
Resorption: In periodontitis, bone loss occurs when
osteoclasts are activated via the RANKL, RANK,
and osteoprotegerin (OPG) axis. Inflammatory
cytokines, particularly IL-1B8, TNF-o, and IL-6
upregulate the RANKLL expression on periodontal
fibroblasts and osteoblasts, shifting the balance
toward osteoclast activation and bone resorption.
Bisphosphonates and statins both interfere with
osteoclast function through distinct mechanisms,
providing pharmacological targets at this level.”

collagenolytic activity. Despite the absence of
bacteria, which led to a decade of research that
ultimately established doxycycline as the most
potent MMP inhibitor within the tetracycline family.
This work demonstrated that the anti-collagenase
and anti-inflammatory effects of tetracyclines reside
in a different part of the molecule than the
antimicrobial activity.

[5].Pro-healing: Upregulation of TGF-f1
at low doxycycline concentrations has been
demonstrated, promoting fibroblast proliferation and
periodontal wound healing.

Clinical Evidence
In the Phase III pivotal trial that supported FDA
approval, 183 adults with chronic periodontitis were
enrolled across five academic centers.! Each
participant received scaling and root
planing in two selected quadrants,
followed by either subantimicrobial—
dose doxycycline or a placebo for
nine months. The group treated with
SDD showed statistically significant
additional gains in clinical
attachment level and greater probing
depth reduction compared to placebo
group, with the effect being the
greatest in deeper pockets,
particularly 27 mm.

A systematic review by Preshaw

et al. analyzed data from multiple
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RCTs, and confirmed a consistent,
statistically significant benefit of
SDD over SRP alone in reducing
probing depth and gaining clinical
attachment level.!' Long-term studies of up
to 24 months confirmed that SDD administration at
sub-antimicrobial concentration does not alter
composition of the subgingival microflora, does not
select for antibiotic-resistant organisms, and does
not produce changes in antimicrobial susceptibility
of systemic flora, which directly addresses the
principal theoretical concern regarding long-term
use. 2

Dosage, Formulation, and Contraindications
Dosage: Periostat (doxycycline hyclate) 20 mg,
twice daily, taken one hour before morning and

evening meals.
Duration: Minimum 3 months; up to 24 months in
clinical trials.

Contraindications: Pregnancy and lactation,

children under 8 years, known hypersensitivity to
tetracyclines.

Drug interactions: Antacids, iron preparations, and
dairy products reduce absorption; anticoagulant dose
adjustment may be required.
Commercial formulation: Periostat® (original);
generic SDD formulations available in several
markets.

Special Populations: The benefits of SDD have
been demonstrated in patients with diabetes
mellitus, postmenopausal women (where it also
shows bone-sparing effects), and in smokers, a
population notoriously refractory to conventional
periodontal therapy, wherein adjunctive SDD
produced significant additional clinical benefit
compared to SRP alone. '
Table I: SDD Clinical Outcomes vs. SRP Alone

Parameter

SDD + RP vs. SRP Alone

pockets 27 mm)

Probing depth reduction (deep

Significantly greater in SDD group
(P<0.05)

Clinical attachment level gain

Statistically significant additional benefit

Antimicrobial resistance

No change documented in RCTs up to 24
months

Antibiotic-resistant bacterial selection

Not demonstrated

GCF MMP-8 levels

Significantly reduced vs. placebo

IV. NON-STEROIDAL ANTI-
INFLAMMATORY DRUGS (NSAIDS)

Rationale

NSAIDs were among the first agents
evaluated for HMT, given the central role of
prostaglandins, particularly PGE2 in driving bone
resorption and sustaining periodontal inflammation.
In the mid 1980s, clinical work by Williams and
colleagues a Harvard School of Dental Medicine
demonstrated that flurbiprofen administration could
slow alveolar bone loss in both animal models and
human clinical trials, providing the first evidence
that pharmacological host modulation could alter the
course of periodontal bone destruction. !4
Mechanism of Action

NSAIDs inhibit COX-1 and COX-2
enzymes, reducing the synthesis of prostaglandins
and thromboxanes from arachidonic acid. This
reduces PGE2-driven vasodilation, osteoclast

activation, and inflammatory tissue destruction in
the periodontium. On the other hand, aspirin
irreversibly acetylates COX enzymes and, at low
doses, promotes the production of pro-resolving
lipoxins along with aspirin-triggered lipoxins, which
act as mediators and actively resolve inflammation
rather than just suppressing it. 1
Clinical Evidence

Eleven clinical trials have evaluated
various NSAIDs, including flurbiprofen,
indomethacin, ibuprofen, naproxen, and aspirin as
adjuncts to  periodontal therapy. Systemic
flurbiprofen reduced the rate of alveolar bone loss in
a landmark 3-year clinical trial while topical
flurbiprofen and ketorolac gels have shown
reductions in gingival inflammation and probing
depth. However, long-term NSAID use is associated
with significant gastrointestinal toxicity,
cardiovascular risk, renal impairment, and inhibition
of platelet aggregation. These concerns outweigh the
demonstrated periodontal benefits for most
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patients.'®

Recently, topical NSAID delivery and the
specific role of low-dose aspirin in promoting pro-
resolving mediators has attracted renewed interest.
A 2025 randomised controlled trial confirmed that
omega-3 PUFA supplementation with low-dose
aspirin produced significant additional clinical
attachment level gain compared to SRP alone in
Grade C periodontitis patients.!”
Clinical Position

Systemic NSAIDs are not recommended
for routine use as HMT agents in periodontitis due
to unacceptable long-term risk. Topical NSAID
formulations and low-dose aspirin as part of an
omega-3/resolvins-based protocol represent areas of
active clinical investigation with potential future
application.

V. Bisphosphonates

Rationale

Bisphosphonates are synthetic analogues of
inorganic pyrophosphate that bind with high affinity
to hydroxyapatite crystals on bone surfaces and
inhibit osteoclast-mediated resorption. Their bone-
sparing properties make them theoretically attractive
for preventing the alveolar bone loss that
characterises periodontitis.
Mechanism of Action

Non-nitrogen-containing bisphosphonates
like etidronate, and clodronate are metabolised to
cytotoxic ATP analogues that induce osteoclast
apoptosis while nitrogen-containing
bisphosphonates like alendronate, risedronate, and
zoledronate inhibit farnesyl pyrophosphate synthase
in the mevalonate pathway, preventing prenylation
of signalling proteins essential for osteoclast
function.'® Also, bisphosphonates have direct anti-
inflammatory effects, reducing IL-1p, TNF-a, and
MMP production in macrophages.
Clinical Evidence: Systemic Administration

Patients taking systemic bisphosphonates
for osteoporosis show reduced bone loss and
reduced tooth loss compared to age-matched
controls as seen in observational studies. Adjunctive
systemic bisphosphonates significantly improved
clinical attachment level and reduced alveolar bone
loss in periodontitis patients compared to SRP
alone."
Local Delivery

Subgingival local delivery of
bisphosphonates, principally includes alendronate
and risedronate in the gel form as an adjunct to SRP.
Multiple randomised controlled trials have
demonstrated that local alendronate gel placed in
intrabony  defects following SRP  produces
significantly greater bone fill, clinical attachment

level gain, and probing depth reduction compared to
SRP alone.?
Critical Limitations: MRONJ

One of the major clinical concerns with
bisphosphonate use in dentistry is the risk of
medication-related  osteonecrosis of the jaw
(MRONYJ), particularly following tooth extraction or
invasive surgical procedures. While the risk with the
low oral doses used in osteoporosis management is
substantially lower (estimated at 1 in 10,000 to 1 in
100,000 per year), it remains a definite concern
managed through the 2022 AAOMS position paper
protocols.?! Local delivery of bisphosphonates in gel
form does not appear to carry systemic MRONJ risk
at the doses studied, but long-term safety data
remain limited.

VI. STATINS

Rationale

HMG-CoA reductase inhibitors, known as
statins, are among the most widely prescribed drug
classes for cardiovascular risk reduction. Statins also
exhibit anti-inflammatory, immunomodulatory, and
anabolic bone effects apart from their lipid-lowering
effect, independent of cholesterol metabolism, that
are relevant to periodontal disease management.
Mechanism of Action

Primarily, statins inhibit the production of
pro-inflammatory cytokines including IL-1f, IL-6,
and TNF-o by macrophages. At the same time, they
upregulate the expression of bone morphogenic
protein-2 and vascular endothelial growth factor,
promoting bone formation and angiogenesis. Statins
also help prevent bone loss by lowering RANKL
levels, which reduces osteoclast activity, and by
decreasing the production of matrix
metalloproteinases  (MMPs) in  periodontal
fibroblasts, limiting tissue breakdown.??
Clinical Evidence

Clinical  evidence on  statins for
periodontitis majorly comes from local delivery
studies with Simvastatin gel (1.2% in a
methylcellulose carrier) placed in periodontal
pockets as an adjunct to SRP has been extensively
studied in randomised controlled trials. There were
statistically significant additional improvements
observed in probing depth reduction and clinical
attachment level gain, with radiographic bone fill
improvements from a 2025 systematic review of 21
randomized controlled trials.?
Limitations

The evidence base for statins in
periodontitis has been criticised for uniformly small
sample sizes, short follow-up periods (typically 3—6
months), and the lack of multicentre or blinded
studies at the highest methodological standard. No

DOI: 10.35629/6018-08045663

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 59



el
<
g

-
<

International Journal Dental and Medical Sciences Research
Volume 8, Issue 4, Jul-Aug 2026 pp: 56-63 www.ijdmsrjournal.com

statin  formulation is currently commercially
approved for periodontal use, and systemic statin

use for periodontal indications alone is not justified
by current evidence.

Table II: Statins in Periodontal Therapy

Statin Primary Clinical Evidence

Delivery Route

Simvastatin (1.2%)

Intrabony defects, furcation

Local gel

defects (methylcellulose carrier)
Atorvastatin (1.2%) Intrabony defects, Grade C Local gel
periodontitis
Rosuvastatin (1.2%) Intrabony defects, Local gel

aggressive periodontitis

VII. OMEGA-3 POLYUNSATURATED
FATTY ACIDS

Rationale

The specialised pro-resolving mediators
(SPMs) including lipoxins, resolvins, protectins,
and maresins, which are derived from omega-3
PUFAs promote the clearance of apoptotic
neutrophils, stimulate macrophage phenotype
switching toward tissue repair, and actively
counter-regulate pro-inflammatory signalling.?* In
the context of periodontitis, this insight positions
pro-resolving mediators as particularly relevant
HMT targets, rather than suppressing the
inflammatory response as NSAIDs do, omega-3
supplementation  promotes its active and
physiological resolution.

Mechanism of Action

Mediators in dietary EPA and DHA serve
as the substrates for the enzymatic synthesis of
their resolvins, inhibit neutrophil transmigration,
promote macrophage-mediated clearance of
inflammatory debris, and upregulate tissue repair
pathways. On the other hand, arachidonic acid is
converted to 15-epi-lipoxin A4, also known as
aspirin-triggered  lipoxin, which shares pro-
resolving  properties with  omega-3-derived
mediators. This provides the biochemical basis for
the combination of omega-3 PUFAs with low-dose
aspirin in periodontitis trials.?’

Clinical Evidence

Omega- 3 supplementation of about 1-3 g/day with
or without low dose aspirin has shown significant
short term improvements in clinical attachment
level and probing depth reduction at 3 months
compared to SRP alone, from multiple controlled
trials.?® In a RCT conducted in 2025, Grade C
periodontitis patients demonstrated significantly

greater clinical attachment level gain in the omega-
3 with the aspirin group at both 3 month and 6-
month follow-up.!’

Clinical Position

The evidence base for omega-3
supplementation is growing rapidly and it is one of
the most biologically rational and clinically safe
HMT agents currently available. Doses of 1-2
g/day are well tolerated with minimal systemic risk
and unlike NSAIDs, omega-3 PUFAs do not
suppress the inflammatory response but rather
direct it towards resolution.

VIII. EMERGING AGENTS

Chemically Modified Tetracyclines

Chemically modified tetracyclines are the
next-generation evolution of the SDD concept. By
chemically modifying the doxycycline molecule to
eliminate antimicrobial properties entirely while
retaining or enhancing MMP inhibitory activity,
CMTs can theoretically be administered at higher
doses than Periostat without risk of antibiotic
resistance. Though CMT-3 has demonstrated
efficacy in animal models and early phase trials, no
CMT has received regulatory approval for clinical
use.
Resolvins and Lipoxins

Synthetic analogues of endogenous SPMs,
including resolvin E1 (RvE1) and aspirin-triggered
lipoxin A4 are under investigation as topically
applied periodontal therapies. Animal studies have
demonstrated that local application of RvEI1
dramatically reduces periodontal bone loss in
experimental models, and early-phase human
studies are ongoing.
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Metformin

The  biguanide  antidiabetic  drug
metformin has attracted attention for its anti-
inflammatory and anti-osteoclastic properties,
mediated through AMP pathway activation. Local
delivery of metformin gel as an adjunct to SRP has
shown promising results in randomised controlled

trials, particularly in intrabony defects and in
diabetic patients with periodontitis.?’

Comparative Overview
Table I1I: Comparative Overview of HMT
Agents in Periodontitis

Agent Mechanism FDA Approved Primary Evidence Key Limitation

SDD MMP inhibition, Yes (1988) Multiple RCTs, Long-term

(Periostat) anti-inflammatory systematic reviews | compliance

NSAIDs(systemic) | COX inhibition, No RCTs (flurbiprofen, | GI/cardiovascular
PGE2 reduction ibuprofen) toxicity

Bisphosphonate(loc | Osteoclast No Multiple RCTs MRONI risk;

al) inhibition limited long-term

data

Statins(local) Anti-inflammatory, | No Multiple small No commercial
bone anabolic, RCTs formulation
MMP inhibition

Omega-3 PUFAs Pro-resolving No RCTs and meta- | Dose

mediator synthesis analyses 2022— optimisation
2025 unclear
Metform(local) AMPK activation, | No Early RCTs Limited evidence

anti-osteoclastic

base

IX. CONCLUSION

Treating periodontitis exclusively through
mechanical means targets the initiating bacterial
challenge but leaves the destructive host response
unaddressed as it is a host-mediated inflammatory
disease. Host modulation therapy offers a
pharmacological strategy to directly counter the
MMP-driven  connective  tissue  destruction,
prostaglandin-mediated inflammation, and
osteoclast-driven bone loss that characterise the
condition.

Among the various agents, sub-
antimicrobial dose doxycycline is the most
clinically supported option, with Phase I to IV trial
data confirming its efficacy, long term safety in
adult periodontitis and it is the only FDA-approved
HMT agent. On the other hand, NSAIDs carry a
risk profile that limits their practical use outside
specific investigational protocols. Local delivery of
bisphosphonates and statins offers promising

benefits in osseous defects but awaits commercial
standardisation and regulatory approval. Omega-3
polyunsaturated fatty acids are another practically
safe option that is gaining RCT-level evidence for
routine adjunctive use.
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