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* Periodontal disease is a chronic inflammatory condition affecting the Neutrophil Dysfunction Cytokine Dysregulation

Impaired chemokine signaling (| CXCL1) delays neutrophil recruitment * A.) Elevated # of cytokines (IL-1pB, IL-6, TNF-a, IL-17) = B.) RANKL

gingiva, periodontal ligament, and alveolar bone, driven by

interactions between microbial biofilms and host immune responses. * Reduced bacternial clearance allows for pathogen persistence signaling triggered, a pathway that activates osteoclasts (bone-resorbing
* Begins as gingivitis (reversible inflammation) =» Progresses to * Hyperactivated neutrophils release excessive cytokines and ROS cells) =» C.) Increased bone breakdown around the teeth

periodontitis (irreversible bone and connective tissue loss) Plaque-Induced * Persistent inflammation leads to connective tissue damage and bone loss « A.) RAGE-NF-kB pathway sustains chronic inflammation =» B.) Proper
* While traditionally considered a localized oral condition, periodontal Periodontal Diseases T—— 4 Uncomtrollable healing prevented
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disease 1s now recognized as part of a broader oral-systemic

inflammatory axis.

* Type 1 Diabetes Mellitus (T 1DM) known to increase susceptibility to

periodontal inflammation and accelerate disease progression. Systeic Ipact
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Figure 2. Bidirectional relationship between Type 1 Diabetes Mellitus and periodontal

Advanced disease. This conceptual diagram illustrates the reciprocal interactions between systemic response\  INFLAMMATORY High/Siucass, RO3, Mats Inflammatory Cytokines
Healthy gum Gingivitis Periodontitis periodontitis metabolic dysfunction and periodontal inflammation. Diabetes-associated hyperglycemia JEssels E==--o i
promotes increased cytokine production, oxidative stress, and immune dysregulation, = /
which exacerbate periodontal tissue damage. In turn, periodontal inflammation @ Q N ——

Bone Resorption

contributes to systemic inflammatory burden, further impairing metabolic control and
reinforcing disease progression (Khammissa, R. A. G., & Andriankaja, O. M. 2025).
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Chronic systemic lnﬂammat ion associated with ]j/p el Figure 5. AGE-RAGE signaling and its role in impaired tissue repair and periodontal

: : : : C , ) . . . _ . . destruction. Illustratese how accumulation of advanced glycation end products (AGEs) in
Diabetes Mellitus alters immune regulation within periodontal Figure 4. Progression of periodontal disease showing how persistent neutrophil diabetic conditions activates RAGE signaling pathways, leading to sustained inflammatory

Inflammation and
tissue damage

SN " (hmced . . . . . activity, impaired immune regulation, and microbial dysbiosis lead to chronic responses and impaired tissue repair. The combined effects of microbial dysbiosis,
—— Gingivitis  Periodontitis gl tissues by promoting neutrophil dysfunction and cytokine inflammation, excessive reactive oxygen species (ROS) production, and tissue exaggerated inflammation, and reduced regenerative capacity result in enhanced periodontal
Healthy periodontitis destruction in the gingiva (Bassani et al. 2023). tissue breakdown and disease progression [Figure generated by Woo with BioRender].

tooth \_, dysregulation, leading to impaired microbial clearance,

Figure 1‘ Clinical progression ofperiodontal disease from health to advanced periodontitis. SuStalned lnﬂammatl On’ and accelera tedperlOdOntal tlssue Persistent high blood glucose levels associated with Type 1 Diabetes Mellitus create a metabolic environment Y

This figure illustrates the sequential stages of periodontal disease progression, beginning with . ) i , i 'y Chronic Hyperglycemia (HDM) that promotes systemic inflammation and alters normal immune regulation. CO“CI Uusion

healthy gingival tissue, followed by gingivitis characterized by reversible inflammation, and destruction in P ediatric popu lations. -

advancing to periodontitis marked by connective tissue degradation, periodontal pocket $

formation, and alveolar bone loss. As disease severity increases, bacterial plaque accumulation o ‘c : : :

and host inflammatory responses intensify, leading to irreversible structural damage to the MethOdS Ahal tica I A roaCh Chronic hyperalycemia simulates the production of inflammatory mediators and activates immune signaling T1DM promotes periodontal disease through interconnected

Systemic Inflammatory Signaling pathways throughout the body, increasing the overall inflammatory burden.

tooth-supporting apparatus (Kiarashi, Mohammad, et al. 2024).

mechanisms, including systemic inflammation, cytokine

* Conducted as a structured literature review integrating clinical, ]
- dysregulation, neutrophil dysfunction, and microbial
Why It Matters (Systemic Relevance) experimental, and mechanistic studies
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YPEIELY ’ g ) periodontal disease, neutrophils, cytokines, pediatric patients, and the $ inflammatory environment that drives tissue destruction and
- 1 . . . . Neutrophils exhibit abnormal behavior, including impaired migration to infection sites and exaggerated . . . . . .
AGESs (harmful compounds formed by sugar-protein bonds that ezl Tl e e, Altered Neutrophil Function inflammatory responses, reducing effective bacerial clearance while increasing fissue damage. bone loss, highlighting that periodontal disease is a result of
accelerate tissue degradation and inflammation) & 2.) activation of the - : . : : .. : :
g ) )  Data extracted into a comparative evidence table including study 3 systemic immune dysregulation rather than a purely localized
RAGE-NF-kB pathway (key pro-inflammatory signaling cascade causin : : :
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. . . . . .. . Disruption of normal immune homeostasis in the gingiva leads to persistent inflammation, impaired host *
alveolar bone loss, partlculaﬂy 1n diabetic patlents). Dysregulated Gingival Immunity defense, and increased susceptibility to periodontal infection.
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