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Abstract

A serious global public health concern, periodontal disease constitutes a continuous
inflammatory disorder that affects the teeth's supporting structures. Traditionally considered a
localized oral disease, periodontitis is becoming more well acknowledged as a broad
inflammatory condition with wide-ranging effects on overall health. The disease is initiated by
a dysbiotic oral biofilm; however, the host immune-mediated inflammatory response plays a
major role in determining the severity and course. This review comprehensively discusses the
etiopathogenesis, classification, diagnostic criteria, and global burden of periodontal disease,
with special emphasis on inflammatory pathways, biomarkers of tissue destruction and bone
remodeling, and emerging diagnostic strategies. Additionally, a comprehensive analysis is
conducted of the reciprocal association between periodontal conditions and systemic problems
such rheumatoid arthritis, obesity, diabetes mellitus, cardiovascular disease, respiratory
illnesses, unsuccessful pregnancies, and neurodegenerative disorders. In addition, emerging
adjunctive therapeutic approaches, particularly phytotherapeutic agents like curcumin, are
reviewed for their potential role in host modulation and inflammation control. By integrating
evidence from clinical, epidemiological, and mechanistic studies, this review highlights current
limitations, research gaps, and future directions aimed at personalized and multidisciplinary
periodontal care.
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1. INTRODUCTION progressive loss of fibrous tissue attachment and

One of the most common oral health issues in the
world, periodontal disease is a collection of chronic
inflammatory conditions that affect the gingiva,
cementum, periodontal ligaments, and alveolar bone
(1). It is one of the main causes of adult tooth loss
and has a major impact on speech, mastication,
appearance, and general quality of life (2). The
disease spectrum ranges from reversible gingivitis to
irreversible periodontitis, characterized by

alveolar bone deterioration (3).

Despite improvements in dental hygiene awareness
and access to dental treatment in many regions,
periodontal disease continues to pose a major
challenge due to its chronic nature and high
recurrence rate (4).

From a scientific standpoint, the development of a
complex bacterial film on the tooth surface causes
periodontal disease; however, the human immune-
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inflammatory response, rather than the microbial
burden alone, largely controls the degree and course
of tissue loss (5).

Pro-inflammatory chemokines, cytokines,
prostaglandins, and matrix proteins are released as a
result of prolonged immunological activation
brought on by dysbiosis of the oral microbiota, all of
which contribute to the degradation of periodontal
tissue. This change from a symbiotic to a pathogenic
microbiological community highlights the
importance of host—microbe interactions in
periodontal pathogenesis (6).

In recent vyears, periodontal disease has been
increasingly recognized as a condition with systemic
relevance rather than a localized oral infection. With
an emphasis on the reciprocal association between
inflammation in the periodontal tissues and systemic
diseases such diabetes, heart disease, mellitus,
obesity, rheumatic arthritis, adverse birth outcomes,
and neurodegenerative disorders, the idea of
periodontal medicine has arisen (7). A persistent
minimal systemic inflammatory load is exacerbated
by chronic periodontal disease, which may
exacerbate or modify the course of systemic diseases
through shared inflammatory and immune-mediated
pathways (8).

Given the growing body of evidence linking
periodontal disease to overall health, there is an
urgent need for comprehensive reviews that
integrate current knowledge on its etiopathogenesis,
diagnostic strategies, biomarker research, systemic
associations, and emerging therapeutic approaches
(9). This review aims to provide an in-depth and up-
to-date synthesis of periodontal disease, with
particular emphasis on inflammatory mechanisms,
diagnostic limitations, biomarker-based
advancements, and novel adjunctive therapies such
as curcumin. By consolidating evidence from clinical,
epidemiological, and mechanistic studies, this review
seeks to support a multidisciplinary and personalized
approach to periodontal disease management (10).
2. Etiology and Risk Factors

Dental plaque is the main cause of periodontal
disease, a complex biofilm composed of diverse
microbial communities. However, the mere presence
of plaque is insufficient to explain disease severity,
indicating the importance of host-related and
environmental risk factors (11).

2.1 Microbial Factors

Periodontal pathogens are predominantly Gram-
negative anaerobic bacteria. The transition from a
symbiotic to a dysbiotic biofilm is marked by an
increased abundance of keystone pathogens such as
Porphyromonas gingivalis, Tannerella forsythia, and
Treponema denticola. These microbes have
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virulence factors that cause persistent inflammation
and interfere with host immunological control (8).
2.2 Host Factors

The development of periodontal disease is
significantly influenced by host vulnerability.
Genomic tendency, immune system variation, and
systemic inflammatory status influence disease
expression (12). Polymorphisms in cytokine
genomes, notably those encoding interleukins, and
tumor- necrosis factor-alpha, among others have
been related with greater periodontal risk (13).
2.2.1 Genetic and Epigenetic Determinants

Genetic susceptibility plays a significant role in
determining individual risk and disease severity in
periodontitis. Polymorphisms in genes encoding
inflammatory mediators, such as interleukin-1,
tumor necrosis factor-a, and Fc-gamma receptors,
have  been  associated with  exaggerated
inflammatory responses and accelerated periodontal
tissue destruction (14). Beyond genetic variation,
emerging evidence suggests that epigenetic
mechanisms, including DNA methylation and histone
modification, may influence host immune responses
to dysbiotic biofilms. These mechanisms provide a
potential explanation for inter-individual variability
in disease expression among patients with similar
microbial exposure and environmental risk factors
(15).

2.3 Environmental and Lifestyle Factors

One of the biggest modifiable causes for dental
disease is smoking. It alters immune function,
reduces vascularity, and impairs healing. Other
contributing factors include poor oral hygiene,
stress, nutritional deficiencies, and socioeconomic
status (16).

3. Pathogenesis of Periodontal Disease

Microbial assault and host the immune system's
reaction interact intricately in the pathophysiology of
periodontal disease. Although the illness process is
started by bacteria, the host inflammation plays a
major role in tissue loss (17).

3.1 Microbial Dysbiosis and Keystone Pathogens
The initiation of periodontal disease is closely linked
to a shift from a symbiotic oral microbiome to a
dysbiotic biofilm dominated by keystone pathogens.
Porphyromonas gingivalis plays a central role by
subverting host immune responses and altering the
microbial community structure, enabling persistence
of inflammation without effective bacterial clearance
(18). The major periodontal pathogens and the
specific pathogenic role in disease initiation and
progression are summarized in Table 1. This
dysbiotic environment sustains chronic immune
activation and tissue damage rather than acute
infection resolution (19).
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Table 1: Major Periodontal Pathogens and Their Pathogenic Roles

Pathogen Classification

Role in Periodontal
Pathogenesis

Key Virulence
Factors

Gram-negative

Porphyromonas gingivalis
phy gingivall anaerobe

Gram-negative

Tannerella forsythia
anaerobe

Treponema denticola Spirochete

Aggregatibacter
actinomycetemcomitans

Gram-negative
facultative

Immune subversion, dysbiosis
initiation, systemic
inflammation
Tissue invasion and chronic

Gingipains, LPS,
PAD enzyme

Proteases, BspA

protein inflammation
Dentilisin, . . .
- Connective tissue degradation
motility

Aggressive periodontitis,

Leukotoxin, CDT . .
immune evasion

3.1.1 Role of the Commensal Oral Microbiome
While keystone pathogens play a critical role in
periodontal dysbiosis, the broader oral microbiome
significantly influences disease initiation and
progression. Health-associated commensal species
contribute to immune tolerance and microbial
homeostasis, whereas loss of microbial diversity
predisposes the host to inflammatory breakdown
(20). Periodontitis therefore reflects a community-
wide ecological shift rather than the overgrowth of a
single pathogen. This polymicrobial synergy
underscores the importance of therapeutic
strategies aimed at restoring microbial balance
rather than indiscriminate antimicrobial suppression
(17).

3.2 Innate Immune Response

The innate immune system constitutes the first
defensive barrier against periodontal pathogens,
primarily mediated by neutrophils, macrophages,
and dendritic cells. Although neutrophils are
essential for microbial control, dysregulated
neutrophil activity leads to excessive release of
reactive oxygen species and proteolytic enzymes,
contributing to collateral periodontal tissue
destruction (21).

3.3 Adaptive Immune Response

Persistent antigenic stimulation activates the
adaptive immune response, characterized by
infiltration of T and B lymphocytes. Thl and Th17
cells promote sustained production of pro-
inflammatory cytokines such as interleukin-1p and
tumor necrosis factor-a, which stimulate osteoclast
differentiation and connective tissue degradation.
Failure of immune resolution mechanisms
perpetuates chronic inflammation (22).

Innate immune responses dominated by neutrophils
represent the first line of defense against
periodontal pathogens; however, functional
abnormalities in  neutrophil chemotaxis and
phagocytosis contribute to collateral tissue damage
(14). Chronic antigenic stimulation activates the
adaptive immune system, particularly Thl and Th17

cell subsets, which further amplify inflammation and
osteoclastogenesis. The imbalance between pro-
inflammatory and pro-resolving mediators prevents
resolution of inflammation, establishing
periodontitis as a  chronic  non-resolving
inflammatory disease (21).

3.4 Failure of Inflammation
Periodontitis

Recent advances indicate that periodontitis is not
merely a consequence of excessive inflammation but
rather a failure of active inflammatory resolution.
Specialized pro-resolving mediators, including
resolvins, protectins, and lipoxins, play a critical role
in terminating inflammatory responses and restoring
tissue homeostasis (23). In periodontal disease,
impaired production or function of these mediators
results in persistent neutrophil recruitment,
prolonged cytokine release, and continued
osteoclast activation. This concept reframes
periodontitis as a chronic non-resolving
inflammatory disease rather than a classical
infection-driven condition, providing a mechanistic
rationale for host modulation therapies aimed at
restoring resolution pathways rather than
suppressing immunity outright (24),

4. Classification and Staging of Periodontal Diseases
The classification of periodontal diseases has
undergone substantial evolution over the past
decades, reflecting advances in the understanding of
disease pathogenesis, progression patterns, and
patient-specific risk factors (25). Earlier classification
systems, including the 1999 Armitage classification,
primarily relied on clinical presentation and disease
extent but were limited in their ability to capture
disease complexity and future risk (26). To address
these shortcomings, the 2017 World Workshop on
the Classification of Periodontal and Peri-Implant
Diseases and Conditions introduced a unified

Resolution in

framework that emphasizes disease severity,
complexity of management, and biological risk (27).
The contemporary classification system

conceptualizes periodontal diseases as a continuum
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rather than distinct entities, integrating gingival
health, gingivitis, and periodontitis within a single
diagnostic spectrum (28). This approach recognizes
that disease expression is influenced not only by
microbial burden but also by host susceptibility,
environmental exposures, and systemic conditions.
By incorporating staging and grading, the system
provides a structured and clinically relevant method

for diagnosis, prognosis, and individualized
treatment planning (25).
4.1 Gingivitis

Gingivitis is defined as a reversible inflammatory
condition confined to the gingival tissues without
evidence of clinical attachment loss or alveolar bone
destruction. It is most commonly induced by dental
plague accumulation and is characterized clinically
by erythema, edema, bleeding on probing, and
changes in gingival contour (29). Importantly,
gingivitis may occur on an intact periodontium or on
a reduced but stable periodontium, highlighting the
need for careful clinical assessment (30).

Although gingivitis does not result in permanent
tissue damage, it represents a critical precursor to
periodontitis in  susceptible individuals (31).
Longitudinal studies demonstrate that untreated
gingival inflammation can progress to irreversible
periodontal breakdown when host immune
dysregulation and persistent microbial dysbiosis are
present. Consequently, early identification and
management of gingivitis are central to preventive
periodontal care (14).

4.2 Periodontitis

Periodontitis is defined as a chronic, multifactorial
inflammatory disease associated with dysbiotic
plaque biofilms and characterized by progressive
destruction of the tooth-supporting apparatus (32).
The diagnosis of periodontitis is based on the
presence of interdental clinical attachment loss at
two or more non-adjacent teeth, or buccal or oral
attachment loss with pocketing greater than 3 mm,
in the absence of non-periodontal causes (33).

The staging component of the classification system
reflects the severity and extent of tissue destruction
as well as the complexity of disease management.
Stage | represents initial periodontitis with mild
attachment loss, whereas Stage Il denotes moderate
disease with increased probing depths and bone loss
(34). Stages lll and IV correspond to severe and
advanced periodontitis, respectively, characterized
by extensive attachment loss, vertical bone defects,
tooth mobility, occlusal dysfunction, and potential
tooth loss. This stratification assists clinicians in
selecting appropriate therapeutic strategies and
anticipating treatment challenges (35).

Int J Pharm Biol Sci.

Grading complements staging by estimating the rate
of disease progression and assessing the impact of
systemic and behavioral risk factors. Grade A
indicates slow progression, Grade B reflects
moderate progression, and Grade C denotes rapid
disease progression, often associated with smoking,
poorly controlled diabetes, or pronounced
inflammatory burden (36). This dynamic component
acknowledges that patients with similar clinical
presentations may exhibit markedly different
biological behavior and long-term outcomes (37).
4.3 Clinical Relevance of the Staging and Grading
System

The integration of staging and grading represents a
paradigm shift in periodontal diagnosis by moving
beyond descriptive assessment toward a risk-based
and personalized model of care (38). This framework
facilitates  improved = communication  among
clinicians, enhances prognostic accuracy, and
supports shared decision-making with patients.
Furthermore, it aligns periodontal diagnosis with

broader medical classification systems that
incorporate disease severity and progression risk
(39).

From a research perspective, the standardized

classification enables more consistent patient
stratification in epidemiological and clinical studies,
improving comparability across investigations (40).
Despite these advantages, challenges remain
regarding implementation in routine practice,
particularly in relation to clinician training and
integration with biomarker-based diagnostics.
Ongoing refinement and validation of the
classification system are therefore essential to fully
realize its potential in both clinical and public health
settings (41).

5. Global Burden and Epidemiology

A large percentage of people worldwide suffer from
periodontal disease, which is a leading cause of oral
impairment. Epidemiological studies indicate wide
variations in prevalence influenced by age,
geographic region, and socioeconomic factors (42).
The worldwide load of periodontal illness extends
beyond oral health, contributing to healthcare
expenses and a lower standard of living. From a
public health perspective, More and more people
believe that periodontal disease is a preventable risk
factor for the development of chronic illnesses and
systemic inflammation (43).

6. Diagnostic Approaches in Periodontology
Traditionally, radiographic and clinical evaluations
have been used to diagnose periodontal disease (44).
6.1 Clinical Diagnostic Parameters

Clinical periodontal examination remains the
foundation of diagnosis and includes assessment of
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probing pocket depth, clinical attachment level,
bleeding on probing, and plaque indices. These
parameters provide valuable information regarding
disease severity and extent; however, they primarily
reflect past tissue destruction rather than current
disease activity (45).
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6.2 Radiographic Assessment

Radiographic imaging is used to evaluate alveolar
bone loss and periodontal architecture.
Conventional radiographs detect bone loss only after
significant mineral depletion has occurred, limiting
sensitivity for early disease detection. The types of
radiographs with their properties are mentioned in
Table 2 Advanced imaging techniques offer
improved visualization but are not routinely used

due to cost and radiation considerations (46).

Table 2: Types of Radiographs with their Parameters, Coverage area and Diagnostic application

Area Of Coverage

Primary Diagnostic
Application

S. No. Radiograph Parameters
Types
e Use for caries detection.
Horizontal e Alveolar crest can be
1. bitewings visualized.
radiograph e Provides good quality of
image for bone loss.

o All teeth seen in one
image or film.

e Newer machine

) Panoramic generated for  good
) radiograph quality of images.

e Details are much fine as
compared to intraoral
radiographs.

e Long cone parallel
technique.

3 Periapical e Good clarity of images as
) radiograph compared to horizontal
radiograph.

e Times consuming process.

Vertical . S.hovys 90° angle bitewing
4, bitewing film |mage.. .
radiograph e Better quality of image for

extensive bone loss.

Crowns of maxillary and
mandibular posterior teeth
and the interproximal
contact areas with minimal
visualization of alveolar
bone.

Entire maxilla and mandible,
including all the teeth,
alveolar bone,
temporomandibular joints,
maxillary sinuses, and
surrounding anatomical
structures.

Entire tooth from crown to
root apex along with the
surrounding periapical bone
and periodontal ligament
space.

Crowns and maxillary and

mandibular posterior teeth

along with a larger portion

of the supporting alveolar
bone.

Primarily used for
detection of
interproximal caries,
evaluation of existing
restorations, and
assessment of marginal
integrity of fillings and
crowns.

Used for overall
assessment of dentition,
detection of impacted pr
unerupted teeth,
evaluation of jaw
fractures, cysts and
tumours, developmental
anomalies, and
assessment of
temporomandibular joint
conditions.

Used for detection of
periapical pathology,
assessment of root
morphology, evaluation
of endodontic treatment,
and diagnosis pf apical
infections, abscesses, or
cystic lesions.
Primarily indicated for
evaluation of periodontal
bone loss and assessment
of the level of alveolar
bone in the patients with
moderate to severe
periodontal disease.

6.3 Emerging Diagnostic Strategies

The limitations of conventional diagnostics have
driven interest in biologically active diagnostic tools,
including salivary and gingival crevicular fluid
analysis. These approaches aim to identify active
inflammation and predict disease progression,

thereby supporting personalized periodontal care
(47).

Despite their widespread use, traditional diagnostic
parameters have inherent limitations, as they do not
adequately reflect current disease activity or predict
future progression. Radiographic techniques detect
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alveolar bone loss only after significant mineral loss
has occurred, limiting their utility for early diagnosis
(48). These limitations have driven interest in
adjunctive diagnostic approaches that incorporate
biological markers capable of identifying active
disease and individual (49).

Recent advances in point-of-care diagnostic
technologies have enabled the development of
chairside tests capable of detecting periodontal
biomarkers such as active matrix metalloproteinase-
8 and inflammatory cytokines in saliva and gingival
crevicular fluid (50). These rapid assays offer real-
time assessment of disease activity and treatment
response, overcoming the retrospective limitations
of traditional clinical parameters. Although
promising, widespread clinical adoption remains
limited due to variability in biomarker thresholds and
the need for large-scale validation studies (51).

7. Biomarkers in Periodontal Disease

Biomarkers offer promising opportunities for early
diagnosis, disease monitoring, and risk prediction in
periodontal disease (47).

7.1 Inflammatory Biomarkers

Inflammatory biomarkers reflect active periodontal
tissue breakdown and host immune response.
Elevated levels of interleukin-1B, interleukin-6,
tumor necrosis factor-a, and C-reactive protein have
been consistently associated with periodontal
disease severity and progression. These markers are
detectable in saliva, gingival crevicular fluid, and

Int J Pharm Biol Sci.

serum, offering non-invasive diagnostic potential
(26, 47).

7.2 Biomarkers of Connective Tissue Degradation
Matrix metalloproteinases, particularly MMP-8 and
MMP-9, are key enzymes involved in collagen
degradation within periodontal tissues. Increased
MMP activity correlates with active periodontal
destruction and may serve as an indicator of disease
activity and treatment response (52).

7.3 Bone Metabolism Biomarkers

Bone turnover biomarkers such as
osteoprotegerin, alkaline  phosphatase, and
osteocalcin provide insight into alveolar bone
resorption and formation. An increased RANKL/OPG
ratio is strongly associated with enhanced
osteoclastic activity and periodontal bone loss (53).
In addition to inflammatory markers, biomarkers of
connective tissue degradation and bone turnover
provide insight into disease progression. Elevated
levels of matrix metalloproteinases, particularly
MMP-8 and MMP-9, reflect collagen breakdown,
while increased RANKL/OPG ratios indicate
enhanced osteoclastic activity and bone resorption.
Integration of biomarker profiling with clinical
parameters represents a promising step toward
personalized periodontal care (54).

8. Periodontal Disease and Systemic Health

Chronic periodontal inflammation has been
connected to several systemic illnesses and adds to
the systemic inflammatory burden.

RANKL,

Table 3: Bidirectional Mechanisms Linking Periodontal Disease and Systemic Conditions

Systemic

.. Periodontal contribution
condition

Systemic feedback on

periodontium Key references

Cytokine-mediated
insulin resistance
Endotoxemia,

Diabetes mellitus

Cardiovascular

disease endothelial dysfunction
Rheumatoid Citrullination by P.

arthritis gingivalis

Obesity Adipokine-driven

inflammation

Hyperglycemia amplifies

Vascular inflammation
worsens healing

Impaired immune

Genoc et al., 2000; Chapple
& Genco, 2013
Lockhart et al., 2012;
Tonetti &Van Dyke, 2013
Bartold et al., 2010;
Potempa et al., 2017
Preshaw et al., Linden et
al., 2013

inflammation

Autoimmune
inflammation

response

8.1 Cardiovascular diseases

Periodontal disease has been consistently associated
with an increased risk of atherosclerotic
cardiovascular diseases, including coronary artery
disease, myocardial infarction, and stroke. The
proposed mechanisms include systemic
dissemination of periodontal pathogens, particularly
Porphyromonas gingivalis, and their virulence
factors such as lipopolysaccharides, which promote
endothelial dysfunction and atheroma
formation(19). Additionally, periodontitis
contributes to elevated systemic inflammatory

markers such as C-reactive protein, interleukin-6,
and tumor necrosis factor-a, all of which play
established roles in cardiovascular pathology. Clinical
and epidemiological studies suggest that periodontal
therapy can lead to modest improvements in
endothelial function and systemic inflammatory
burden, supporting a causal biological link (55).

8.2 Diabetes Mellitus

Diabetes mellitus and periodontitis exhibit a well-

established bidirectional relationship. Chronic
hyperglycemia  enhances  periodontal tissue
destruction by impairing neutrophil function,
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increasing oxidative stress, and promoting the
accumulation of advanced glycation end products
that amplify inflammatory responses (56).
Conversely, periodontal inflammation exacerbates
insulin resistance through systemic dissemination of
pro-inflammatory cytokines, thereby worsening
glycemic control. Meta-analyses of interventional
studies demonstrate that non-surgical periodontal
therapy can result in significant reductions in
glycated hemoglobin levels, underscoring the clinical
relevance of periodontal management in diabetic
patients (57).

8.3 Obesity and Metabolic Syndrome

Obesity is recognized as an independent risk factor
for periodontal disease due to its association with a
chronic low-grade inflammatory state. Adipose
tissue functions as an active endocrine organ,
releasing adipokines such as leptin, resistin, and
adiponectin, which modulate immune and
inflammatory responses (58). Elevated levels of pro-
inflammatory adipokines in obese individuals may
intensify periodontal tissue breakdown and impair
healing responses. The coexistence of obesity, insulin
resistance, dyslipidemia, and hypertension in
metabolic syndrome further amplifies periodontal
susceptibility and disease severity (59).

8.4 Respiratory Diseases

Periodontal disease has been implicated in the
pathogenesis of respiratory conditions, including
chronic obstructive pulmonary disease and
aspiration pneumonia. Oral pathogens residing in
periodontal pockets may be aspirated into the lower
respiratory tract, particularly in hospitalized or
elderly individuals, leading to pulmonary infections

(60). Inflammatory mediators originating from
periodontal tissues may also alter respiratory
epithelium integrity, increasing susceptibility to

infection. Improved oral hygiene and periodontal
care have been shown to reduce the incidence of
ventilator-associated and nosocomial pneumonia

(61).

8.5 Rheumatoid Arthritis

Rheumatoid arthritis and periodontitis share
common  pathogenic  mechanisms, including

Int J Pharm Biol Sci.

responses and excessive
pro-inflammatory  cytokines.
gingivalis is unique among
periodontal pathogens in its ability to express
peptidylarginine deiminase, an enzyme that
promotes protein citrullination, a key process in the
generation of rheumatoid arthritis—associated
autoantibodies (62). Clinical studies demonstrate
higher prevalence and severity of periodontitis in
patients with rheumatoid arthritis, suggesting a
biologically plausible and clinically relevant
association (63).
8.6 Adverse Pregnancy Outcomes
Maternal periodontal disease has been associated
with adverse pregnancy outcomes such as preterm
birth, low birth weight, and preeclampsia.
Periodontal pathogens and inflammatory mediators
may reach the fetal-placental unit via hematogenous
spread, triggering inflammatory cascades that
interfere with normal fetal development (64).
Elevated levels of prostaglandins and cytokines
linked to periodontal inflammation have been
detected in amniotic fluid and placental tissues,
supporting a mechanistic connection (65).
8.7 Neurodegenerative Disorders
Emerging evidence suggests that chronic periodontal
inflammation may contribute to neurodegenerative
disorders, including Alzheimer’s disease. Periodontal
pathogens and their toxic products have been
identified in brain tissues, where they may induce
neuroinflammation and amyloid-beta accumulation

dysregulated immune
production of
Porphyromonas

(66). Systemic inflammation originating from
periodontal disease may also compromise the
blood—brain barrier, facilitating microbial and

inflammatory insult to neural tissues. Although
causality remains under investigation, these findings
highlight the potential neurological implications of
long-standing periodontal disease (67).

9. Therapeutic Approaches in Periodontal Disease
The main goals of traditional periodontal therapy are
infection prevention and mechanical plaque
eradication. The pathophysiological pathway of
periodontal disease is well explained in Figure 1.
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Patients with periodontal disease

(diagnosis with full monthfobing and radiograph)

Perform scaling and root planning

g

Has disease been resolved in all site?
(re-evaluation through full month)

Yes

Periodontal management
(full month debridement regular intervals,
Typically every three months)

Yes ‘ No

Is disease controlled in all sites?
(Evaluation through full month probing during
or periodontal surgery Periodontal management)

Figure 1: Integrated Pathophysiological Pathway of
Systemic Inflammation

9.1 Non-Surgical Periodontal Therapy

Scaling and root planning remains the cornerstone of
periodontal treatment and aims to disrupt
subgingival biofilm and reduce microbial load.
Clinical studies consistently demonstrate significant
reductions in probing depth and inflammation
following non-surgical therapy, particularly when
combined with effective plague control and patient
compliance (68).

9.2 Surgical Periodontal Therapy

Surgical interventions are indicated in advanced
cases to improve access for debridement and to
regenerate lost periodontal structures. Techniques
such as guided tissue regeneration, bone grafting,
and use of biologic modifiers have demonstrated
favorable outcomes in selected cases, although
results are influenced by patient-related and site-
specific factors (69).

Int J Pharm Biol Sci.
3
» Is unresolved disease
localized or generalized ?
Localized ~ Generalized

Scaling and root
planning local
Is disease controlled
in all sites?

systemic antibiotics,
host response modulation
or periodontal surgery

Periodontal Disease: From Microbial Dysbiosis to

9.3 Adjunctive Antimicrobial Therapy

Systemic and local antimicrobial agents may be used
as adjuncts in aggressive or refractory periodontitis.
While adjunctive antibiotics can enhance short-term
clinical outcomes, their use must be carefully
controlled to prevent antimicrobial resistance and
adverse effects (70).

In cases of advanced periodontal destruction,
surgical interventions may be required to gain access
to deep periodontal pockets, regenerate lost tissues,
and restore functional architecture. Regenerative
approaches employing bone grafts, guided tissue
regeneration, and biologic modifiers such as enamel
matrix derivatives have shown variable but
promising outcomes (71). Adjunctive use of systemic
or local antimicrobials may be beneficial in selected
cases but must be judiciously applied to minimize
antimicrobial resistance (72).

10. Emerging Adjunctive Therapies

Adjunctive therapies aim to modulate host response
and enhance treatment outcomes.

Table 4: Therapeutic Approaches in Periodontal Disease

Therapy type Target Key Benefit Limitation

Examples/Agents
Used

Reduces microbial Does not address

Scaling & Root Planning Subgingival

Hand instruments,

- load and host-mediated .
(SRP) biofilm . . . . ultrasonic scalers
inflammation tissue destruction
. . . Flap surgery, bone
. Periodontal Pocket reduction Technique- P Surgery,
Surgical Therapy . S . grafts, GTR
defects and regeneration  sensitive, invasive

membrane
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. Suppresses Risk of resistance, Tetracyclines,
o . Periodontal . - -
Antimicrobial Therapy pathogenic limited long-term metronidazole,
pathogens . . .
bacteria efficacy chlorhexidine
. Host Reduces tissue - Sub-antimicrobial
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10.1 Host Modulation Therapy

Host modulation therapy is an adjunctive
periodontal treatment approach that focuses on
modifying the host immune and inflammatory
responses responsible for periodontal tissue
destruction, rather than directly eliminating
microbial biofilm. The biological basis of this strategy
lies in evidence demonstrating that an exaggerated
and persistent host inflammatory response is the
primary mediator of connective tissue breakdown
and alveolar bone resorption in periodontitis (73).
Among the most extensively studied agents is sub-
antimicrobial dose doxycycline, which inhibits matrix
metalloproteinases involved in collagen degradation
without exerting antibacterial effects, thereby
reducing the risk of antimicrobial resistance. Clinical
studies have shown that its adjunctive use with
scaling and root planning results in significant
improvements in clinical attachment levels and
probing depth reduction (74). In addition, non-
steroidal anti-inflammatory drugs and emerging
endogenous pro-resolving lipid mediators, such as
resolving and lipoxins, have demonstrated potential
in suppressing pro-inflammatory cytokine activity
while actively promoting resolution of inflammation
and restoration of periodontal tissue homeostasis.
Collectively, host modulation therapy represents a
scientifically validated and patient-centred approach
that complements conventional mechanical therapy
by targeting the underlying inflammatory
mechanisms of periodontal disease rather than
solely focusing on microbial (75).

10.2 Phytotherapeutic Agents: Curcumin

Curcumin, a polyphenolic compound derived from
Curcuma longa, has gained considerable attention as
an adjunctive agent in periodontal therapy due to its
anti-inflammatory, antioxidant, and antimicrobial
properties (76). Experimental and clinical studies
demonstrate that curcumin can inhibit nuclear
factor-kappa B signaling, suppress pro-inflammatory
cytokine production, and reduce oxidative stress
within periodontal tissues. When used as a local
delivery agent or systemic supplement alongside
scaling and root planing, curcumin has been shown

to improve clinical periodontal parameters such as
probing depth reduction and clinical attachment gain
(77). However, limitations related to poor
bioavailability necessitate the development of novel
formulations, including nanoparticles and adjuvant
carriers, to enhance its therapeutic efficacy (78).

11. Limitations and Research Gaps

11.1 Diagnostic and Methodological Limitations
Variability in diagnostic criteria, study design, and
outcome measures remains a major challenge in
periodontal research. The lack of standardised
thresholds for biomarker-based diagnosis limits their
translation into routine clinical practice (79).

11.2 Therapeutic Evidence Gaps

Although adjunctive and host-modulatory therapies
show promise, high-quality long-term randomized
controlled trials are limited. Inconsistent reporting of
clinical endpoints further complicates evidence
synthesis and guideline development (80).

11.3 Future Research Directions

Future research should focus on longitudinal cohort
studies, validation of diagnostic biomarkers, and
integration of periodontal care within systemic
disease management frameworks. Interdisciplinary
collaboration  between dental and medical
professionals is essential to fully elucidate the
systemic impact of periodontal disease (26).

12. Future Perspectives

The future of periodontal care is moving toward
precision and personalized medicine, emphasizing
early diagnosis, risk stratification, and targeted
therapeutic interventions. Advances in biomarker
discovery, digital diagnostics, and artificial
intelligence-driven risk assessment tools hold
promise for identifying susceptible individuals before
irreversible  tissue  destruction occurs (81).
Integration of periodontal care with medical
management of systemic diseases such as diabetes
and cardiovascular disorders is expected to enhance

patient outcomes through coordinated,
multidisciplinary approaches (82). Additionally,
emerging host-modulatory and regenerative

therapies may shift the focus from disease control to
true periodontal tissue regeneration. Continued
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investment in translational research and public
health initiatives will be critical for reducing the
global burden of periodontal disease (83). A
structured comparison of historical perspectives and

Int J Pharm Biol Sci.

recent advances in periodontal disease is provided in
Table.5, emphasizing clinical implications and areas
requiring further investigation.

Table 5: Evaluation of Conceptual Understanding of Periodontal Disease Across Key Disease Dimensions

Disease Conventional Emerging insight Clinical imolication Research gaps/
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. Dysbiosis with Encourages Need for
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Better patients’
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12.1 Clinical Implication

The expanding understanding of periodontal disease
as a systemic inflammatory condition has important
clinical implications. Periodontal assessment should
be integrated into routine medical evaluations for
patients with diabetes, cardiovascular disease, and
autoimmune disorders (84). Early diagnosis, risk
stratification, and host-modulatory interventions
may not only preserve periodontal health but also
contribute to improved systemic outcomes. This
integrated care model reinforces the need for closer
collaboration between dental and medical
professionals in managing chronic inflammatory
diseases (85).

13. CONCLUSION

Periodontal disease is a complex, chronic
inflammatory condition characterized by dysbiotic
microbial communities and an exaggerated host
immune response, resulting in progressive
destruction of the tooth-supporting tissues. The
expanded evidence presented in this review
highlights that periodontitis should no longer be
regarded as an isolated oral disease but rather as a
condition with significant systemic implications,
sharing common inflammatory pathways with
metabolic, cardiovascular, autoimmune, and
neurodegenerative disorders. Advances in
classification systems, diagnostic strategies, and

biomarker research have improved disease
characterization and risk assessment, while
emerging adjunctive and host-modulatory therapies
offer promising avenues for enhancing treatment
outcomes. Despite these advances, substantial
research gaps remain, particularly in biomarker
validation and long-term therapeutic efficacy. A
comprehensive, interdisciplinary, and personalized
approach that integrates preventive care, early
diagnosis, and targeted therapy is essential for
improving periodontal and overall health outcomes.
Continued collaboration between dental and medical
disciplines will be pivotal in addressing the growing
global burden of periodontal disease

REFERENCES

1. Santi-Garrido LK, Arjona-Leyva R, Ramirez-Ramirez R,
Padin-Gamez Y. Biochemistry of periodontal
diseases. SAP Dentistry. 2026; 4:173-.

2.  ByunJ. The Promise and Challenges of Mesenchymal
Stem  Cell-Derived  Extracellular  Vesicles in
Periodontal Disease. Pathogens. 2026;15(4):420.

3. Aktan A, Tosun UU, Aydin ST, Baykara D, Tiryaki A,
Dogan CE, et al. Assessing the effect of indigo
naturalis on periodontal ligament fibroblast viability:
A pilot in vitro study. Journal of Research in
Pharmacy. 2026;30(2):427-33.

4.  Wright M. Periodontal probes, their mechanisms and
a look into the future of periodontal assessment:
Periodontal probes, their mechanisms and a look

International Journal of Pharmacy and Biological Sciences

Nayyar Parvez*etal | 51
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

10.

11.

12.

13.

14.

15.

16.

17.

18.

into the future of periodontal assessment. BDJ Team.
2026;13(3):86-9.

Prosper A, Desnot L, Lé S, Minty M, Thomas C, Marty
M, et al. Oral and Systemic Diseases: Critical
Relationships Between Human Health, Tooth Decay,
Periodontal Diseases and Multidisciplinary Care.
British Journal of Hospital Medicine. 2026;87(3).

de Molon RS, Vernal R, Oliveira GE, Steffens JP,
Ervolino E, Theodoro LH, et al. Inflammatory bone
loss and signaling pathways in periodontitis:
mechanistic insights and emerging therapeutic
strategies. Bone Research. 2026;14(1):1.

Saleel S, Jenifer HD, Boloor V. METABOLIC
SYNDROME AND PERIODONTAL DISEASE: Chyren
Publication; 2026.

Suarez LJ, Vargas-Sanchez PK, Angelov N, Mylonakis

E, Arce RM. Host-pathogen interactions in
periodontitis: an integrative interkingdom
perspective. Frontiers in Immunology.

2026;17:1797726.

Holtkamp A, Beuer F, Wolf TG, Naumann M. Sex-
Specific Oral Health: A Narrative Review of Hormonal
Influences and Disease Patterns. Dentistry Journal.
2026;14(3):147.

Gusev E, Sarapultsev A, Zhuravleva Y. Insulin
Resistance and Inflammation. International Journal
of Molecular Sciences. 2026;27(3):1237.

Srb N, Milosti¢-Srb A, Sari¢ L, Holik D, Sapina M, Fures$
R, et al. Hypoxia-Inducible Factor 1-a in Autoimmune
Diseases—Insights  from  the Paradigm of
Hashimoto’s Thyroiditis: A Narrative Review. Medical
Sciences. 2026;14(1):61.

Akram HM, Saliem SS. From Dysbiosis to Tissue
Destruction: Periodontal Pathogens as Inducers of
Gingival Epithelial-Mesenchymal Transition (A
Narrative Review). Journal of Molecular Pathology.
2026;7(1):11.

Park J, Choi S-A, Kim D, Ji J-H, Han G, Shin D, et al.
Ecological network collapse and functional potential
shifts in the canine oral microbiota associated with
periodontal disease: a pilot study. Scientific Reports.
2026.

Baima G, Arce M, Romandini M, Van Dyke T.
Inflammatory and  immunological basis of
periodontal diseases. Journal of Periodontal
Research. 2025.

Palanisamy S. The impact of estrogen on periodontal
tissue integrity and inflammation—A mini review.
Frontiers in dental medicine. 2025; 6:1455755.
Theodoro LH, Rodrigues JVS, Nuernberg MA, Petrilli
PH, Monteiro MdF, Garcia VG, et al. Surveying

immune and inflammatory alterations in
periodontitis among individuals with Down
syndrome: A preliminary cross-sectional study.

Journal of Periodontology. 2026.

Cui Z, Wang P, Gao W. Microbial dysbiosis in
periodontitis and peri-implantitis: pathogenesis,
immune responses, and therapeutic. Frontiers in
cellular and infection microbiology.
2025;15:1517154.

Robins S, Strachan A, Salih V, Foey A. Periodontal
Disease and Its Association with Porphyromonas

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Int J Pharm Biol Sci.

gingivalis: Current Understanding of Microbial
Dysbiosis, Immunopathology and Immune Evasion.
Microorganisms. 2026;14(3):641.

Messina BM, Grippaudo C, Polizzi A, Blasi A, Isola G.
The key role of Porphyromonas gingivalis in the
pathogenesis of periodontitis linked with systemic
diseases. Applied Sciences. 2025;15(12):6847.

Curtis MA, Garnett JA, Darveau RP. The Keystone-
Pathogen Hypothesis Updated: The Role of
Porphyromonas gingivalis in Periodontitis. Journal of
Periodontal Research. 2025.

Viana J, Ferro T, Pitschieller R, Machado V, Su N,
Mendes JJ, et al. Neutrophils at the Crossroads of
Oral Microbiome Dysbiosis and Periodontal Disease.
Microorganisms. 2025;13(11):2573.

Donniacuo A, Mauro A, Cardamone C, Basile A,
Manzo P, Dimitrov J, et al. Comprehensive profiling
of cytokines and growth factors: pathogenic roles
and clinical applications in autoimmune diseases.
2025.

Jiang Y, Du L. Specialized pro-resolving mediators in
myocardial infarction: orchestrators of inflammation
resolution and tissue repair. Frontiers in
Cardiovascular Medicine. 2026; 13:1728794.

Li C, Wang Z, Yang, Jiang Q, Jiang Y, Xiao J, et al. Pro-
resolving lipid mediators in diseases: exploring the
molecular basis and clinical implication. Molecular
Biomedicine. 2026;7(1):1.

Dipalma G, Inchingolo AM, Inchingolo F, Palumbo |,
Riccaldo L, Guglielmo M, et al. The precision
paradigm in periodontology: a multilevel framework
for tailored diagnosis, treatment, and prevention.
Journal of Personalized Medicine. 2025;15(9):440.
Foroughi M, Torabinejad M, Angelov N, Ojcius DM,
Parang K, Ravnan M, et al. Bridging oral and systemic
health: exploring pathogenesis, biomarkers, and
diagnostic innovations in periodontal disease.
Infection. 2025;53(6):2277-302.

Menon SS, Vasudevan AK. Advancements in
Predicting Periodontal Disease Evolution: A Narrative
Review of Contemporary Clinical Risk Prediction
Systems. Cureus. 2025;17(12).

Gaddam B, Alluri LSC, Amugo |, Berta L, Butler M,
Ferguson S, et al. A Crosstalk Between Periodontal
Disease and Human Immunodeficiency Virus:
Application of Artificial Intelligence and Machine
Learning in Risk Assessment and Diagnosis—A
Narrative Review. Dentistry Journal.
2025;13(12):603.

Bostanci N, Grant MM, Kebschull M. Biological
definition of periodontal diseases: A historical review
of host-response diagnostics and their implications
for disease classification. Periodontology 2000. 2025.
Chapple |, Gizani S, Sanz M, Declerck D, Madianos PN,
Clerehugh V, et al. Gingival and periodontal diseases
and conditions in children and adolescents:
consensus report. European Archives of Paediatric
Dentistry. 2026:1-34.

Miller DP. Microbial Biofilms and Pathobiology of
Gingivitis and Periodontitis. Oral Biofilms in Health
and Disease: Springer; 2025. p. 275-309.

International Journal of Pharmacy and Biological Sciences

Nayyar Parvez*etal | 53
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Guzeldemir-Akcakanat E, Herrera D. Is the 2018
American Academy of Periodontology/European

Federation of Periodontology Classification of
Periodontal Diseases and Conditions Useful for
Children and Adolescents? Advancements in

Paediatric Dentistry. 2025;1(1):14-30.

Meng W, Wu S, Chen H, Song Z, Tonetti MS, Lu H.
Impact of various detectable interdental clinical
attachment loss thresholds on the estimated
prevalence, stage and extent of periodontitis based
on the EFP/AAP Definition. Journal of clinical
periodontology. 2025;52(5):736-53.

Fernandes GVDO, Mosley G, Cafiizares AC, Fernandes
JCH, Muller R. Standardizing clinical evaluations of
periodontal condition to guide assessments and
diagnoses using the Periodontal Assessment
Protocol (GF-PAPro). Advances in Clinical and
Experimental Medicine. 2025;34(7):1069-77.

de Oliveira Fernandes GV, Fernandes JCH. Revisiting
and rethinking on staging (severity and complexity)
periodontitis from the new classification system: A
critical review with suggestions for adjustments and
a proposal of a new flowchart.

Nadeem M, Nasir |, Qureshi |. Comparative
Assessment of Clinical and Radiographic Parameters
in Periodontal and Peri-Implant Tissues. Journal of
Health, Wellness and Community Research.
2025:e1170-e.

Fernandes GVDO, Fernandes JCH. Revisiting and
rethinking on staging (severity and complexity)
periodontitis from the new classification system: A
critical review with suggestions for adjustments and
a proposal of a new flowchart. Dental and Medical
Problems. 2025;62(2):371-91.

Caiizares AC, Fernandes JCH, Muller R. Standardizing
clinical evaluations of periodontal condition to guide
assessments and diagnoses using the Periodontal
Assessment Protocol (GF-PAPro).

Raj SC, Sen S, Baral D, Mohanty D, Tabassum S, Sil S,
et al. Indocyanine green doped with chitosan
nanoparticles based antimicrobial photodynamic
therapy in periodontitis patients: A randomized
clinical trial. World Journal of Experimental
Medicine. 2026;16(1).

Soleimani M, GhaziSaeedi M, Ayyoubzadeh SM,
Jalilvand A. A systematic review and comparative
evaluation to develop and validate a comprehensive
framework for cancer surveillance systems. Archives
of Public Health. 2025;83(1):99.

Hossain MA, Ara S. AI-ENABLED neurobiological
diagnostic models for early detection of ptsd and
trauma disorders. American Journal of
Interdisciplinary Studies. 2025;6(02):01-39.

Lin T-L, Lee K-H, Karmakar R, Mukundan A, Sundarraj
J, Lu C-T, et al. Artificial Intelligence-Assisted
Dermatologic Screening: Epidemiology and Clinical
Features of Basal Cell Carcinoma, Squamous Cell
Carcinoma, Seborrheic Keratosis and Actinic
Keratosis. Bioengineering. 2025;12(11):1258.

Qu X, Ye X, Yu J, Zheng F, Tang Y, Yuan F, et al.
Epidemiological and clinical characteristics of
bacterial co-detection in respiratory syncytial virus-

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Int J Pharm Biol Sci.

positive children in Wenzhou, China, 2021 to 2023.
BMC Infectious Diseases. 2025;25(1):697.

Ferrara E, Rapone B, D’Albenzio A. Applications of
deep learning in periodontal disease diagnosis and
management: a systematic review and critical
appraisal. Journal of Medical Artificial Intelligence.
2025; 8:23.

Stgdle I, Imber JC, Shanbhag S, Salvi G, Verket A,
Stahli A. Methods for clinical assessment in
periodontal diagnostics: A systematic review. Journal
of Clinical Periodontology. 2025; 52:58-73.

Isaias PH, Silva PG, do Nascimento 1V, da Silva RA,
Sousa TMdC, de de Vasconcelos AJ, et al. Estradiol
replacement attenuates alendronate-associated
adverse effects on alveolar bone repair in
ovariectomized rats. Journal of Periodontology.
2026.

Alavi SE, Sharma LA, Sharma A, Ebrahimi Shahmabadi
H. Salivary Biomarkers in Periodontal Disease:
Revolutionizing Early Detection and Precision
Dentistry: SE Alavi et al. Molecular Diagnosis &
Therapy. 2025;29(6):721-40.

Constantin V, Luchian |, Goriuc A, Budala DG, Bida FC,
Cojocaru C, et al. Salivary biomarkers identification:
advances in standard and emerging technologies.
Oral. 2025;5(2):26.

Alarcon-Sanchez MA, Lomeli-Martinez SM, Mudasser
MA, Escoto-Vasquez L-S, Becerra-Ruiz JS, Rivera-
Solano R, et al. Saliva as a diagnostic biopsy fluid: a
review. European Journal of General Dentistry. 2025.
Vaschevici L, Grigorescu CC, Condurache GK, Earar K.
SALIVARY AND GINGIVAL CREVICULAR BIOMARKERS
IN PERIODONTAL DISEASE: FROM EARLY DIAGNOSIS
TO PRECISION-GUIDED THERAPEUTIC STRATEGIES.
Romanian Journal of Oral Rehabilitation. 2026;18(1).
Avelar FM, da Silva TA, Sabino-Silva R, Lanza CRM, de
Carvalho Azevedo VA. Salivary Biomarkers for
Screening and Monitoring of Oral Diseases. Salivary
Analysis-Biomarkers, Clinical Applications, and
Emerging Technologies: IntechOpen; 2025.

Jansson L, Lundmark A, Modin C, Gustafsson A, Yucel-
Lindberg T. Levels of matrix metalloproteinase-1
(MMP-1), MMP-2, MMP-3, osteopontin, pentraxin-3,
and thymic stromal lymphopoietin in crevicular fluid
samples from peri-implantitis, periodontitis, and
healthy sites. Journal of Periodontal Research.
2025;60(5):473-83.

Sorsa T, Golub LM, Thomas JT, Leone P, Anil S, Uitto
VJ. Matrix Metalloproteinases in Periodontal and
Peri-Implant Diseases: Contribution to Their
Pathogenesis, Diagnosis, and Treatment. Journal of
Periodontal Research. 2026.

Sachelarie L, Stefanescu CL, Murineanu RM,
Grigorian M, Zaharia A, Scrobota |, et al. Role of
salivary biomarkers IL-1B and MMP-8 in early
detection and staging of periodontal disease.
Medicina. 2025;61(4):760.

Wu Z, Long W, Yin Y, Tan B, Liu C, Li H, et al. Outer
membrane vesicles of Porphyromonas gingivalis:
recent advances in pathogenicity and associated
mechanisms. Frontiers in Microbiology.
2025;16:1555868.

International Journal of Pharmacy and Biological Sciences

Nayyar Parvez*etal | 53
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Ranbhise JS, Ju S, Singh MK, Han S, Akter S, Ha J, et
al. Chronic inflammation and glycemic control:
exploring  the  bidirectional link  between
periodontitis and diabetes. Dentistry Journal.
2025;13(3):100.

Sohn Y, Jeong H, Park J. The Link between
Hyperinsulinemia and Periodontitis in Diabetics.
Journal of Dental Research. 2026;105(3):294-301.
Zadgaonkar U. The interplay between adipokines and
body composition in obesity and metabolic diseases.
Cureus. 2025;17(1).

Wang Q, Li H, Huan Y, Zhou T, Zhang J, Fang R, et al.
Adipose tissue: an inflammatory organ that can not
be ignored in periodontal disease related to obesity.
Frontiers in Immunology. 2025;16:1698207.

Beniwal SS, Caroicar YS, Patil K, Rawat A, Said AS,
Manickavelan HV, et al. Periodontitis and respiratory
infections—exploring the oral-systemic link. Annals
of Medicine and Surgery. 2026;88(3):2312-24.

Kim B, Han N. Periodontal Pathobionts and
Respiratory Diseases: Mechanisms of Interaction and
Implications for Interdisciplinary Care. Biomedicines.
2025;13(7):1741.

Chen Y, Lou J, Fang Y, Ying S. Potential roles and
mechanisms of bacterial peptidylarginine deiminase
in dental biofilm mediated by Porphyromonas
gingivalis. Journal of  Oral Microbiology.
2025;17(1):2578893.

Fnapkux @. Immune crosstalk between periodontitis
and rheumatoid arthritis: Oral microbiota as a trigger
of autoimmunity. XapkiBCbKuit cTOMaTONOrIYHUN
ypHan. 2025;2(1 (3)):57-77.

Costa JMCd. Towards understanding of genetic
susceptibility linking preterm birth and periodontitis.
2025.

Wu Z, Zhang Y, Wang L, Yi Y, Dai B, Chen H, et al.
Periodontitis and systemic diseases: insights into the
correlation, mechanisms, and clinical implications.
Frontiers in Immunology. 2026;17:1777955.
Papadakis KA, Doufexi A-E, Kalamaki MS, Bourazanas
E, Lymperaki E. The role of oxidative stress in the
relationship between periodontitis and Alzheimer’s
disease: a review of the literature. Journal of
Personalized Medicine. 2025;15(8):384.

Kwon HJ, Ahn JH, Won M-H, Kim DW. Chronic
periodontitis and systemic inflammation in the
elderly: implications for neurodegeneration. Journal
of Neuroinflammation. 2026;23(1):43.

Sanchez IS, Carra MC, de Albornoz AC, Romandini M,
Montero E, Sanz M. Long-term stability after
nonsurgical treatment of periodontitis.
Periodontology 2000. 2026.

Tonetti M, Sanz M, Cairo F, Nart J, Chapple I, Aimetti
M, et al. Aesthetics and patient-reported outcomes
in periodontology and implant dentistry: consensus
report. Journal of Clinical Periodontology.
2025;52(9):1222-44.

Marino A, Augello E, Bellanca CM, Cosentino F,
Stracquadanio S, La Via L, et al. Antibiotic therapy
duration for multidrug-resistant gram-negative
bacterial infections: an evidence-based review.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Int J Pharm Biol Sci.

International journal of molecular sciences.
2025;26(14):6905.

Kulis E, Cvitkovic I, Pavlovic N, Kumric M, Rusic D,
Bozic J. A comprehensive review of antibiotic
resistance in the oral microbiota: mechanisms,
drivers, and emerging therapeutic strategies.
Antibiotics. 2025;14(8):828.

Eslami M, Safaripour A, Banihashemian SZ, Nikjoo
Niaragh S, Hemmati MA, Shojaeian A, et al.
Innovative antibiotic therapies for carbapenem-
resistant gram-negative bacterial infections: clinical
efficacy, safety, and comparative studies.
Microorganisms. 2025;13(2):295.

de Molon RS, Steffens JP, de Avila ED, Teughels W,
Van Dyke TE. Adjunctive Therapies in Periodontitis:
Current Concepts and the Future. Journal of
Periodontal Research. 2026.

Rao SN. Investigation of the possibilities for host
modulation therapy for periodontal treatment:
University of Glasgow; 2026.

Li Y, He X, Luo G, Zhao J, Bai G, Xu D. Innovative
strategies targeting oral microbial dysbiosis:
unraveling mechanisms and advancing therapies for
periodontitis. Frontiers in cellular and infection
microbiology. 2025; 15:1556688.

Hu C, Wang S, Gao Z, Qing M, Tan L, Yang L, et al.
Curcumin in oral health: mechanisms, clinical
evidence, and delivery strategies. Frontiers in
Pharmacology. 2026; 16:1661443.

Pitic D-E, Popovici R-A, llle C-E, Talpos-Niculescu I-C,
Cheveresan A, Pop D, et al. Curcumin-Based
Nanoformulations for Oral Health: Mechanistic
Insights, Antimicrobial Efficacy, and Future Clinical
Perspectives. Biomedicines. 2026;14(4):815.

XingY, ZhuY, Shen Y, Xu Y, Xu Z, Wang M, et al. Novel
approaches involving curcumin in endodontic and
periodontal diseases: a scoping review. BMC Oral
Health. 2026;26(1):103.

Diamantopoulos MA, Boti MA, Sarri T, Tounias G,
Psychogyiou DD, Scorilas A. Regulation of biomarker
analysis: what can be translated in the clinic? Expert
Review of Molecular Diagnostics. 2025;25(10):647-
64.

Tolosa E, Poewe W, Noyce AJ, Svenningsson P,
Mahlknecht P, Marti MJ. Towards biomarker-based
diagnosis of Parkinson disease. Nature Reviews
Neurology. 2026:1-13.

Gupta A, Gupta V, Ojha A. Transforming
Cardiovascular Health: An Emerging Role of
Biomarkers, Artificial Intelligence-Driven Imaging,
and Digital-Based Technologies. Diabetes
Technology and Obesity Medicine. 2025;1(1):dtom.
2025.0034.

Zhou J, Park S, Dong S, Tang X, Wei X. Artificial
intelligence-driven transformative applications in
disease diagnosis technology. Medical Review.
2025;5(5):353-77.

Sabha SU. Artificial Intelligence and Omics in Health
and Diseases. Artificial Intelligence in Human Health
and Diseases: Springer; 2025. p. 75-92.

Tica O, Romanul |, Ciavoi G, Pantea VA, Scrobota I,
Sipos L, et al. A clinical review of the connections

International Journal of Pharmacy and Biological Sciences

Nayyar Parvez*etal | 54
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

N ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Int J Pharm Biol Sci.
between diabetes mellitus, periodontal disease, and 85. Acipinar S, Yalcin M. Correlation between aging,
cardiovascular pathologies. Biomedicines. periodontal diagnoses and systemic diseases: a

2025;13(9):23009. retrospective analysis of 3,000 patients. BMC Oral

Health. 2025;25(1):1832.

International Journal of Pharmacy and Biological Sciences Nayyar Parvez*etal | ss5
www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

