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ABSTRACT 

Periodontitis and orthodontic tooth movement (OTM) represent two distinct yet interconnected processes in 

oral health, both characterized by inflammatory responses that drive bone remodeling. Periodontitis, a chronic 

bacterial-induced inflammatory disease, leads to progressive destruction of periodontal tissues, including 

alveolar bone loss through dysregulated immune responses and osteoclast activation. In contrast, OTM is a 

controlled, aseptic inflammatory process triggered by mechanical forces, facilitating tooth repositioning via 

coordinated bone resorption and formation within the periodontal ligament (PDL) and alveolar bone. Despite 

their differences—one pathological and the other therapeutic—these conditions share common inflammatory 

pathways, including cytokine signaling (e.g., IL-1, IL-6, TNF-α), RANKL/OPG axis, and immune-stromal cell 

interactions, which modulate osteoclastogenesis and osteoblast activity. This narrative review synthesizes 

recent evidence from peer-reviewed studies (2020–2025) to elucidate these shared mechanisms and their 

implications for bone remodeling. In periodontitis, bacterial dysbiosis activates innate and adaptive immunity, 

promoting pro-inflammatory mediators that uncouple bone resorption from formation, resulting in net bone 

loss. Similarly, in OTM, mechanical stress induces a sterile inflammation, with compression-side resorption 

and tension-side apposition, but excessive or dysregulated inflammation can lead to complications like root 

resorption. Overlapping pathways, such as NF-κB, MAPK, and Wnt signaling, highlight how systemic factors 

(e.g., obesity, diabetes) exacerbate both conditions. Advanced glycation end products (AGEs), glycolysis 

reprogramming, and mechanosensitive channels like Piezo1/2 further link metabolic and mechanical cues to 

inflammation. Understanding these convergences offers therapeutic insights, including immunomodulation 

(e.g., targeting CCR2+ macrophages or sclerostin) to enhance OTM efficiency while mitigating periodontitis 

progression. Adjunctive therapies like low-intensity pulsed ultrasound (LIPUS) or photobiomodulation (PBM) 

may optimize bone remodeling by dampening inflammation. This review underscores the osteoimmunological 

framework uniting periodontitis and OTM, paving the way for integrated clinical strategies to preserve alveolar 

bone integrity. 
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Introduction 

Periodontitis is a highly prevalent, chronic 

inflammatory disease that targets the supporting 

structures of the teeth, including the gingiva, 

periodontal ligament (PDL), cementum, and alveolar 

bone [1,2]. It arises from a dysbiotic microbial biofilm 

that disrupts the delicate balance between the host 

immune system and the oral microbiome. Pathogenic 
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bacteria, such as Porphyromonas gingivalis and 

Aggregatibacter actinomycetemcomitans, secrete 

virulence factors that activate epithelial and immune 

cells through pattern recognition receptors, notably 

Toll-like receptors (TLRs). This activation triggers a 

robust inflammatory cascade characterized by the 

release of pro-inflammatory cytokines—including 

interleukin-1β (IL-1β), IL-6, tumor necrosis factor-α 

(TNF-α), and receptor activator of nuclear factor 

kappa-B ligand (RANKL)—which promote osteoclast 

differentiation and activity while simultaneously 

inhibiting osteoblast function [3, 4]. The resulting 

imbalance leads to uncoupled bone remodeling, 

marked by excessive resorption and insufficient 

formation, ultimately compromising alveolar bone 

integrity and tooth stability [5]. Epidemiologically, 

severe periodontitis affects approximately 19% of 

adults worldwide, representing a major public health 

concern due to its association with tooth loss and 

systemic conditions such as cardiovascular disease, 

diabetes, and chronic kidney disease [6]. 

In contrast, orthodontic tooth movement (OTM) 

represents a deliberate, controlled clinical intervention 

designed to correct malocclusions and optimize 

occlusal function. OTM relies on the application of 

calibrated mechanical forces to teeth via fixed 

appliances (braces) or removable aligners, which 

generate localized stress within the PDL and adjacent 

alveolar bone [7]. This mechanical loading induces a 

sterile, aseptic inflammatory response that is essential 

for adaptive bone remodeling: osteoclast-mediated 

resorption occurs on the compression side, while 

osteoblast-driven bone formation occurs on the tension 

side, enabling teeth to move predictably within the 

alveolar socket [8,9]. Tens of millions of patients 

worldwide undergo orthodontic therapy annually, and 

the rate of tooth movement is influenced by force 

magnitude, duration, and individual biological 

variability, including age, hormonal status, and genetic 

factors [10]. Importantly, OTM shares mechanistic 

features with periodontitis, including the involvement 

of inflammatory mediators, chemokines, and immune 

cells that coordinate osteoclast–osteoblast crosstalk 

[11]. However, while periodontitis is a pathological 

process characterized by irreversible tissue destruction, 

OTM represents a physiological adaptation aimed at 

achieving spatial equilibrium; yet, complications such 

as orthodontically induced inflammatory root 

resorption (OIIRR) may arise if the inflammatory 

response becomes dysregulated or excessive [12]. 

Despite their distinct etiologies—microbial in 

periodontitis versus mechanical in OTM—these 

conditions converge at the level of shared 

inflammatory and osteoimmunological pathways that 

govern bone remodeling. Osteoimmunology, the field 

that studies the interface between immune and skeletal 

systems, provides a framework for understanding how 

leukocytes, stromal cells, and osteocytes interact to 

modulate key pathways such as 

RANKL/osteoprotegerin (OPG) ratios, NF-κB 

activation, mitogen-activated protein kinase (MAPK) 

signaling, and cellular metabolic reprogramming 

[1,13]. For example, bacterial lipopolysaccharides 

(LPS) in periodontitis can activate transcription factors 

and cytokine cascades similar to those induced by 

mechanical stress in OTM, resulting in overlapping 

inflammatory profiles and molecular signatures [2,14]. 

Furthermore, systemic comorbidities—including 

obesity, hyperglycemia, and metabolic syndrome—can 

amplify these shared pathways, as adipose tissue-

derived cytokines and advanced glycation end products 

(AGEs) exacerbate local inflammation, promote 

osteoclastogenesis, and potentially impair the 

efficiency of OTM [15]. 
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Figure 1. Shared inflammatory and osteoimmunological pathways in periodontitis and orthodontic 

tooth movement 

 

Emerging evidence also highlights additional shared 

molecular players that bridge inflammation and bone 

remodeling. Mechanosensitive ion channels such as 

Piezo1 and Piezo2 transduce mechanical signals into 

intracellular responses, linking physical stress with 

cytokine production and osteoclast–osteoblast 

coordination [16]. Similarly, metabolic intermediates 

from glycolysis and oxidative phosphorylation 

modulate immune cell function and local tissue 

adaptation, suggesting a critical role for cellular 

metabolism in both pathological and physiological 

bone remodeling [17]. PANoptosis-associated genes 

and signaling pathways further indicate that 

programmed cell death mechanisms contribute to the 

intersection of inflammation and remodeling in both 

conditions, with implications for comorbidity and 

tissue resilience. 

The objectives of this narrative review are threefold: 

(1) to delineate the inflammatory mechanisms 

underlying periodontitis and OTM individually; (2) to 

identify and analyze shared pathways, including key 

mediators, cellular interactions, and systemic 

modulators; and (3) to explore implications for bone 

remodeling in clinical scenarios where these conditions 

coexist, particularly during orthodontic treatment in 

periodontally compromised patients [18-25]. By 

integrating findings from recent literature (2020–

2025), this review aims to provide a comprehensive 

and mechanistic framework for understanding the 

convergence of microbial, mechanical, and systemic 

factors in bone remodeling, ultimately informing 

therapeutic strategies to optimize outcomes in both 

periodontal and orthodontic care. 

Pathophysiology of Periodontitis: Inflammatory 

Mechanisms and Bone Loss 

Periodontitis initiates with the accumulation of dental 

plaque [26-28], a polymicrobial biofilm that disrupts 

the host-microbe equilibrium, leading to dysbiosis [1]. 

Key pathogens, such as Porphyromonas gingivalis, 

trigger an innate immune response through toll-like 

receptors (TLRs) on gingival epithelial cells and 

fibroblasts, activating downstream pathways like NF-

κB and mitogen-activated protein kinases (MAPKs) 

[3]. This results in the release of chemokines (e.g., 

CXCL8) and cytokines (e.g., IL-1β, IL-6, TNF-α), 

recruiting neutrophils, monocytes, and lymphocytes to 

the site [5,6]. The adaptive immune response further 

amplifies inflammation, with T-helper 17 (Th17) cells 

producing IL-17, which synergizes with RANKL to 

enhance osteoclastogenesis [4]. 

Bone loss in periodontitis is a hallmark of disease 

progression, driven by uncoupled remodeling where 

osteoclast activity predominates [2]. Osteocytes, 

embedded within the bone matrix, play a pivotal role 

by upregulating RANKL and sclerostin expression in 

response to inflammatory signals, promoting osteoclast 

differentiation from monocyte precursors while 

inhibiting osteoblast maturation [29]. Apoptosis, 

ferroptosis, and senescence of osteocytes exacerbate 

this process, releasing damage-associated molecular 

patterns (DAMPs) that sustain cytokine cascades [29]. 
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Additionally, metabolic alterations, such as enhanced 

glycolysis in immune and stromal cells, fuel pro-

inflammatory states by generating lactate, which 

further activates NF-κB and hinders resolution [30]. 

Systemic factors compound local inflammation. In 

obesity, adipose tissue acts as an inflammatory organ, 

secreting adipokines like leptin and resistin that impair 

periodontal barrier function and promote extracellular 

matrix (ECM) degradation [15]. Advanced glycation 

end products (AGEs), prevalent in diabetes, bind to 

RAGE receptors, inducing oxidative stress, MMP 

activation, and neuro-immune crosstalk, creating a 

vicious cycle of tissue destruction [17]. Cross-talk with 

other conditions, such as atherosclerosis, involves 

shared PANoptosis-related genes (e.g., MLKL, ZBP1, 

CD14, IL6), linking periodontal inflammation to 

systemic vascular pathology via immune infiltration 

[31]. 

Therapeutic implications arise from these mechanisms 

[32-36]. For instance, targeting glycolysis or AGE-

RAGE signaling could mitigate inflammation, while 

interventions like anti-RANKL antibodies (e.g., 

denosumab) show promise in reducing bone loss [17, 

29]. Low-intensity pulsed ultrasound (LIPUS) emerges 

as a non-invasive strategy, inhibiting inflammatory 

factors and promoting PDLC regeneration in 

inflammatory environments [37]. Similarly, Dickkopf-

1 (DKK-1), a Wnt inhibitor elevated in periodontitis, 

serves as a biomarker for bone destruction, with 

potential for targeted inhibition to restore osteoblast 

activity [38]. 

Mechanisms of Orthodontic Tooth Movement: 

Force-Induced Inflammation and Bone 

Remodeling 

Orthodontic tooth movement (OTM) relies on the 

biological response to mechanical forces, typically 50–

100 g, applied to teeth [7]. This induces compression 

and tension within the PDL, triggering a biphasic 

remodeling process: resorption on the pressure side and 

formation on the tension side [8]. Unlike periodontitis, 

OTM inflammation is aseptic, initiated by 

mechanotransduction rather than bacteria [1]. 

Mechanosensitive channels like Piezo1 and Piezo2 in 

PDL fibroblasts, osteocytes, and dental stem cells 

convert force into biochemical signals, activating 

pathways such as Ca2+-NFAT, MAPK, and Wnt/β-

catenin [16, 39]. 

The inflammatory cascade begins acutely with resident 

cell activation, releasing prostaglandins (PGs), IL-1, 

IL-6, and TNF-α, which recruit innate immune cells 

(e.g., macrophages, neutrophils) [9,12]. Macrophages, 

particularly CCR2+ subsets, polarize to M1 pro-

inflammatory phenotypes via NF-κB, upregulating 

RANKL and promoting osteoclastogenesis [40]. On 

the tension side, M2 macrophages and osteogenic 

factors (e.g., BMPs, IGF-1) facilitate osteoblast 

recruitment and bone apposition [11]. Autophagy and 

apoptosis balance is critical; in healthy periodontia, 

autophagy supports adaptive remodeling, but 

disruptions lead to excessive resorption [41]. 

Complications arise when inflammation persists, as in 

OIIRR, where heavy forces elevate cytokines, inducing 

clast-mediated root damage [12]. Nociceptors, 

expressing TRPV1 and neuropeptides like CGRP, not 

only signal pain but may modulate bone remodeling, 

suggesting neuroskeletal interactions [42]. 

Medications [43-45] influence OTM rates; anti-

inflammatories like NSAIDs slow movement by 

inhibiting PGs, while statins like simvastatin enhance 

osteogenesis [10, 46]. 

Adjunctive therapies accelerate OTM by modulating 

inflammation. Photobiomodulation (PBM) integrates 

with mechanotransduction, enhancing early osteoclast 

recruitment and late repair via shared pathways like 

PI3K-Akt-mTOR and TGF-β/Smad [39]. MicroRNAs 

in gingival crevicular fluid (GCF) reflect inflammatory 

and remodeling dynamics, offering biomarkers for 

monitoring [47]. In varied periodontal conditions, 

active periodontitis exacerbates OTM imbalances, 

increasing bone loss and reducing osteogenic activity 

[41]. 

Shared Inflammatory Mediators and Pathways 

Periodontitis and orthodontic tooth movement (OTM) 

converge on a network of common inflammatory 

mediators that orchestrate bone remodeling and tissue 

adaptation [1,2]. Both conditions involve the 

upregulation of pro-inflammatory cytokines, including 

IL-1β, IL-6, TNF-α, and IL-17, which act as central 

regulators of osteoclastogenesis. These cytokines 

activate intracellular signaling cascades such as NF-κB 

and MAPK pathways, leading to increased RANKL 

expression in stromal cells and osteocytes, ultimately 

promoting osteoclast differentiation and bone 

resorption [3,9]. In periodontitis, bacterial 

lipopolysaccharide (LPS) from pathogenic biofilms 

engages Toll-like receptors (TLRs), triggering these 

inflammatory responses. In contrast, OTM induces 

similar signaling through mechanotransduction via 

Piezo channels and other mechanosensitive receptors, 

highlighting a convergence of microbial and 

mechanical stress stimuli [16]. The RANKL/OPG 

ratio, which is critical for maintaining osteoclast–

osteoblast balance, is shifted toward bone resorption in 

both conditions, although OTM preserves spatially 
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controlled remodeling, preventing generalized bone 

loss [4,8]. 

Metabolic reprogramming further links these 

processes. In periodontitis, increased glycolytic 

activity in immune cells fuels inflammatory responses, 

sustaining chronic tissue damage. Conversely, in 

OTM, lactate produced through glycolysis can act as a 

signaling metabolite that modulates local inflammation 

and may promote resolution phases [30]. Advanced 

glycation end products (AGEs), which accumulate 

during chronic inflammation, perpetuate osteolytic 

cycles in periodontitis. In diabetic patients, AGEs may 

also impair OTM through activation of the RAGE–NF-

κB axis, potentially compromising orthodontic 

outcomes [17]. Genes associated with PANoptosis, 

including IL6 and CD14, indicate overlapping 

programmed cell death mechanisms, which may 

underlie increased susceptibility to comorbid tissue 

destruction [31]. 

Immune–stromal crosstalk plays a pivotal role in both 

contexts. Macrophages and T cells interact with 

periodontal ligament (PDL) fibroblasts, osteoblasts, 

and osteocytes, modulating extracellular matrix 

remodeling, autophagy, and apoptosis [11, 40, 41]. 

Osteocytes in both periodontitis and OTM secrete 

inhibitory molecules such as sclerostin and DKK-1, 

which antagonize Wnt-driven osteogenesis, thereby 

fine-tuning bone formation versus resorption [29, 38]. 

Additionally, adipose-derived signals in obesity 

exacerbate these shared inflammatory pathways, 

increasing cytokine burden and potentially worsening 

tissue remodeling outcomes [15]. This integrated 

network of inflammatory, metabolic, and immune–

stromal interactions highlights the molecular and 

cellular overlap between periodontitis and OTM, 

suggesting that systemic factors and local tissue 

conditions can modulate both processes in concert. 

Cellular Interactions in Inflammation and Bone 

Remodeling 

Immune cells are central drivers of bone remodeling in 

both periodontitis and orthodontic tooth movement 

(OTM). Early responses are orchestrated by 

neutrophils and monocytes, which rapidly infiltrate 

affected tissues and release cytokines and chemokines 

to recruit additional immune effectors. These innate 

responses transition to adaptive immunity, where B and 

T lymphocytes sustain the chronic inflammatory phase 

and fine-tune osteoclast activity [6,13]. In OTM, 

specialized subsets such as γδ T cells and dendritic 

cells contribute to inflammation resolution and tissue 

remodeling, promoting controlled bone adaptation. 

Conversely, in periodontitis, a Th17-skewed response 

dominates, driving persistent inflammation and 

exacerbating tissue destruction [5,9]. 

Stromal cells, particularly periodontal ligament (PDL) 

fibroblasts and osteoblast-lineage cells, act as key 

signal transducers linking immune activity to structural 

remodeling. In periodontitis, these cells upregulate 

matrix metalloproteinases (MMPs) and other 

proteolytic enzymes, leading to extracellular matrix 

(ECM) degradation and connective tissue breakdown. 

During OTM, the same cells produce osteogenic 

factors such as osteopontin and bone morphogenetic 

proteins (BMPs), facilitating spatially controlled bone 

formation in response to mechanical stress [3,8]. 

Osteocytes, the principal mechanosensors within bone, 

orchestrate local remodeling through secretion of 

signaling molecules such as sclerostin and DKK-1; 

dysregulation of these pathways in either condition 

shifts the balance toward resorption [29]. 

Macrophage subsets play distinct roles in modulating 

bone remodeling. CCR2+ macrophages enhance 

osteoclast recruitment and NF-κB–mediated signaling, 

supporting OTM by coordinating resorption and 

formation phases. In periodontitis, M1-polarized 

macrophages dominate, promoting inflammatory bone 

loss through sustained cytokine secretion and tissue-

degrading activity [40]. Neuro-immune interactions 

further amplify these processes; nociceptor activation 

and advanced glycation end-products (AGEs) 

influence local immune responses, heightening 

inflammation and altering bone metabolism [17, 42]. 

Impact of Systemic Factors on Shared Pathways 

Systemic conditions such as diabetes and obesity exert 

profound effects on both periodontitis and OTM by 

amplifying shared inflammatory pathways [15, 17]. 

Hyperglycemia increases the formation of AGEs, 

which activate the RAGE receptor, enhancing NF-κB–

driven inflammation in periodontitis and potentially 

impairing bone remodeling during OTM [17]. Obesity-

related adipose inflammation elevates systemic 

cytokine levels, reducing resolution efficiency and 

further aggravating tissue destruction in both scenarios 

[15]. Aging and comorbidities, such as rheumatoid 

arthritis, increase circulating levels of DKK-1, linking 

systemic factors to localized bone loss [38]. 

Pharmacological and non-pharmacological 

interventions can modulate these shared pathways. For 

instance, statins have osteoanabolic effects that 

enhance bone formation during OTM [46]. Adjunct 

therapies such as low-intensity pulsed ultrasound 

(LIPUS) and photobiomodulation (PBM) influence 

cellular signaling, attenuate inflammation, and 

promote regeneration in both conditions [37, 39]. 
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Nutraceuticals, including polyphenol-rich coffee 

extracts, provide anti-inflammatory benefits and 

modulate immune-stromal interactions [48-53], 

supporting tissue preservation [54]. 

Discussion 

The interplay between periodontitis and orthodontic 

tooth movement (OTM) highlights a sophisticated 

osteoimmunological network in which inflammatory 

pathways orchestrate bone remodeling. As outlined in 

preceding sections, both conditions share overlapping 

mediators—including IL-1β, IL-6, TNF-α, and 

RANKL—that drive osteoclastogenesis through NF-

κB and MAPK signaling cascades [1,6]. In 

periodontitis, these pathways are subverted by bacterial 

dysbiosis, resulting in persistent inflammation, 

enhanced osteoclast activity, and net alveolar bone loss 

[2,31]. In contrast, OTM induces a transient, controlled 

inflammatory response, finely balancing bone 

resorption and formation in accordance with 

mechanical forces [11,42]. The coexistence of 

periodontitis and OTM, however, can amplify 

inflammation beyond physiological levels, disrupting 

remodeling equilibrium, exacerbating alveolar bone 

destruction, and complicating orthodontic outcomes 

[10,12]. 

Clinically, this interplay underscores the importance of 

strategic management of periodontally compromised 

patients undergoing orthodontic therapy [55-58]. 

Evidence indicates that active periodontitis should be 

stabilized prior to initiating OTM to prevent excessive 

bone loss, as bacterial-mediated inflammation 

synergizes with mechanical stress to upregulate 

RANKL, sclerostin, and other inhibitory factors [7,15]. 

For example, studies have shown that orthodontic 

forces applied to inflamed periodontium enhance 

osteoclast activity through CRP–IL-6 signaling, 

resulting in imbalanced bone remodeling [17]. This 

emphasizes the need for integrated treatment protocols 

that combine periodontal regeneration, microbial 

control, and carefully timed OTM to minimize root 

resorption and optimize tooth stability [9, 16]. 

Systemic conditions further modulate these shared 

pathways. Obesity and hyperglycemia, through 

mechanisms such as AGE–RAGE signaling and 

adipokine-mediated inflammation, intensify local 

cytokine production, impair resolution, and prolong 

tissue destruction [39, 40]. Consequently, clinicians 

should assess metabolic comorbidities, potentially 

adjusting orthodontic force magnitudes or 

incorporating adjunctive therapies to mitigate risks [8, 

38].  

Therapeutic modulation of convergent pathways 

presents promising strategies for managing both 

periodontitis and OTM [59-64]. Targeting 

inflammasome activity or glycolytic reprogramming 

may attenuate excessive cytokine production and limit 

tissue damage [41, 65]. Adjunctive interventions—

including low-intensity pulsed ultrasound (LIPUS) and 

photobiomodulation (PBM)—have demonstrated 

efficacy in regulating inflammation and enhancing 

bone regeneration via mechanotransduction and Wnt 

signaling pathways [29, 30]. In experimental contexts, 

recombinant proteins such as irisin have shown 

potential to protect against bone destruction during 

OTM in periodontitis by modulating immune 

responses and osteoclast activity [3]. Additionally, 

biomarkers such as DKK-1 or microRNAs in gingival 

crevicular fluid (GCF) offer tools for monitoring local 

inflammatory status and guiding personalized 

treatment approaches [5, 47]. Nonetheless, translation 

of these findings into clinical practice remains 

challenging, as most current evidence arises from 

animal models or in vitro studies, highlighting the need 

for robust clinical trials [4, 13]. 

Beyond clinical implications, the convergence of 

inflammatory and mechanical cues provides insight 

into broader osteoimmunological principles. 

Osteocytes, as central orchestrators of bone 

remodeling, respond to both microbial and mechanical 

stimuli by modulating RANKL/OPG ratios, linking 

local periodontal pathology to systemic bone 

homeostasis [37, 46]. This mechanism also suggests 

potential cross-talk with systemic conditions such as 

osteoporosis, wherein shared pathways of bone loss 

may amplify periodontal–orthodontic interactions [39]. 

Future research directions should explore epigenetic 

modifications, mechanotransduction–immune 

crosstalk, and microbiome modulation to disentangle 

these complex pathways, ultimately informing 

preventive and regenerative strategies [54, 66]. 

Conclusions and Future Directions 

In conclusion, periodontitis and orthodontic tooth 

movement (OTM) share overlapping inflammatory 

pathways that critically regulate bone remodeling, with 

key mediators including pro-inflammatory cytokines, 

RANKL signaling, and immune–stromal interactions 

forming the central regulatory network. While 

periodontitis drives pathological tissue destruction and 

net bone loss, OTM utilizes controlled, transient 

inflammation to achieve therapeutic tooth 

repositioning. However, the convergence of these 

processes in comorbid scenarios increases the risk of 

exacerbated alveolar bone resorption, root damage, and 
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impaired orthodontic outcomes. A thorough 

understanding of these mechanisms is essential for 

designing safer orthodontic interventions in 

periodontally compromised patients, highlighting the 

importance of inflammation control, periodontal 

stabilization, and adjunctive therapies such as LIPUS, 

PBM, and pharmacologic modulators. 

Looking forward, future research should focus on 

longitudinal, well-controlled clinical trials evaluating 

OTM outcomes following periodontal regeneration, 

ideally incorporating biomarkers such as DKK-1, 

RANKL/OPG ratios, or miRNAs to enable real-time 

monitoring of inflammatory and remodeling dynamics. 

Exploration of novel molecular targets—including 

mechanosensitive Piezo channels and PANoptosis-

associated genes—may provide opportunities for dual-

purpose therapeutic agents that modulate inflammation 

while supporting controlled bone remodeling. 

Furthermore, integrating AI-driven predictive 

modeling of force–inflammation interactions could 

facilitate personalized orthodontic strategies, 

optimizing force application and timing to preserve 

alveolar bone integrity. Collectively, these approaches 

hold promise not only for improving clinical outcomes 

in patients with concurrent periodontitis and OTM but 

also for advancing the broader understanding of 

osteoimmunological regulation in oral health. 

Acknowledgments: None 

Conflict of Interest: None 

Financial Support: None 

Ethics Statement: None 

References 

1. Alghamdi B, Ni J, Graves DT. Osteoimmunology 

in periodontitis and orthodontic tooth movement. 

Curr Osteoporos Rep. 2023;21(2):128-46. 

doi:10.1007/s11914-023-00774-x 

2. Rath-Deschner B, Han X, Damanaki A, 

Nokhbehsaim M, Eick S, Jäger A, Jepsen S, 

Deschner J. Interaction of periodontitis and 

orthodontic tooth movement-an in vitro and in 

vivo study. Clin Oral Investig. 2022;26(1):171-81. 

doi:10.1007/s00784-021-03988-4 

3. Wu S, Wang J, Liu L, Pang Y, Li Z, Mu H. 

Recombinant irisin protects against alveolar bone 

destruction during orthodontic tooth movement. 

Inflammation. 2023;46(3):1106-17. 

doi:10.1007/s10753-023-01797-3 

4. Wang S, Nie X, Chung MK. Nociceptor 

mechanisms underlying pain and bone remodeling 

via orthodontic forces: toward no pain, big gain. 

Front Pain Res (Lausanne). 2024;5:1365194. 

doi:10.3389/fpain.2024.1365194 

5. Stemmler A, Hennig C, Kuhlisch E, Guentsch A, 

Kolk A, Guentsch E. GDF15 supports the 

inflammatory response of PdL fibroblasts 

stimulated by P. gingivalis LPS and concurrent 

compression. Int J Mol Sci. 2021;22(24):13608. 

doi:10.3390/ijms222413608 

6. Jeon HH, Huang X, Rojas Cortez L, Sripinun P, 

Lee J-M, Hong JJ, et al. Inflammation and 

mechanical force-induced bone remodeling. 

Periodontol 2000. 2024 Dec 30. 

doi:10.1111/prd.12619 

7. Oruba Z, Gibas-Stanek M, Pihut M, 

Cześnikiewicz-Guzik M, Stós W. Orthodontic 

treatment in patients with periodontitis - a 

narrative literature review. Aust Dent J. 

2023;68(4):238-46. doi:10.1111/adj.12974 

8. Zhou Z, Li D, Zhang J, Jiang C. ADAMTS2 

mediates osteogenic differentiation of dental 

follicle stem cells under compressive stress and 

inflammation. Stem Cells Dev. 2025 Nov 26. 

doi:10.1177/15473287251400300 

9. Johnson TM, Bice RW, Gilbert WA. Orthodontic 

treatment of periodontally compromised teeth 

after laser periodontal therapy: a case report. 

Photobiomodul Photomed Laser Surg. 

2021;39(8):528-34. 

doi:10.1089/photob.2020.4910 

10. Symmank J, Kahl-Nieke B, Kolk A, Proff P, Jäger 

A. Hyperlipidemic conditions impact force-

induced inflammatory response of human 

periodontal ligament fibroblasts concomitantly 

challenged with P. gingivalis-LPS. Int J Mol Sci. 

2021;22(11):6069. doi:10.3390/ijms22116069 

11. Chackartchi T, Polak D, Stabholz A, Chaushu S. 

Orthodontic treatment in periodontitis patients. 

Periodontol 2000. 2025;2025:online ahead of 

print. doi:10.1111/prd.12634 

12. Feyizoglu BB, Hazar AH, Kaya S, Baser U, Olgac 

V, Isik AG. Effects of orthodontic tooth movement 

on periodontal tissues after ligature-induced 

periodontitis through the mechanism of RANKL-

induced osteoclastogenesis: an animal study. 

BMC Oral Health. 2025;25(1):1278. 

doi:10.1186/s12903-025-06627-6 

13. Martin C, Celis B, Ambrosio N, Bollain J, 

Antonoglou GN, Figuero E. Effect of orthodontic 

therapy in periodontitis and non-periodontitis 

patients: a systematic review with meta-analysis. J 



Reed et al., Shared Inflammatory Pathways in Periodontitis and Orthodontic Tooth Movement: Implications for Bone 

Remodeling 

295 

Clin Periodontol. 2022;49 Suppl 24:72-101. 

doi:10.1111/jcpe.13487 

14. Antonarakis GS, Zekeridou A, Kiliaridis S, 

Giannopoulou C. Periodontal considerations 

during orthodontic intrusion and extrusion in 

healthy and reduced periodontium. Periodontol 

2000. 2024. doi:10.1111/prd.12578 

15. Martin C, Sanz M. Orthodontic tooth movement 

after periodontal regeneration of intrabony 

defects. Korean J Orthod. 2024;54(1):3-15. 

doi:10.4041/kjod24.007 

16. Martin C, Tietmann C, Wenzel S, Luengo M, 

Gaveglio L, Cardaropoli D, et al. RCT on 

orthodontic timing post-periodontal regeneration: 

root resorption and tooth movement outcomes. Eur 

J Orthod. 2025;47(5):cjaf078. 

doi:10.1093/ejo/cjaf078 

17. Xue Q, Zhang X, Hu M, He Y. C-reactive protein 

interactive with IL-6 mediates alveolar bone 

remodeling imbalance during orthodontic tooth 

movement with periodontitis. J Periodontol. 2025 

Nov 18. doi:10.1002/jper.70030 

18. Al Abadie M, Sharara Z, Ball PA, Morrissey H. 

Pharmacological insights into Janus kinase 

inhibition for the treatment of autoimmune skin 

diseases: a literature review. Ann Pharm Pract 

Pharmacother. 2023;3:1-8. 

https://doi.org/10.51847/lhABjfuIwh 

19. Jin LW, Tahir NAM, Islahudin F, Chuen LS. 

Exploring treatment adherence and quality of life 

among patients with transfusion-dependent 

thalassemia. Ann Pharm Pract Pharmacother. 

2024;4:8-16. 

https://doi.org/10.51847/B8R85qakUv 

20. Barbuti AM, Chen Z. Taxol (Paclitaxel): a 

promising alkaloid for cancer treatment. Pharm 

Sci Drug Des. 2023;3:1-2. 

https://doi.org/10.51847/aD0CrEg6Fo 

21. Iftode C, Iurciuc S, Marcovici I, Macasoi I, 

Coricovac D, Dehelean C, et al. Therapeutic 

potential of aspirin repurposing in colon cancer. 

Pharm Sci Drug Des. 2024;4:43-50. 

https://doi.org/10.51847/nyDxRaP7Au 

22. Hong L, Xie X, Xie H, Zhao J, Sui L, Li S. 

Investigation of the mechanistic action of Yinaoan 

capsules hospital formulation in epilepsy therapy 

through multi-pathway network pharmacology 

approaches. Spec J Pharmacogn Phytochem 

Biotechnol. 2023;3:39-50. 

https://doi.org/10.51847/DtzA0Txe1h 

23. Montague T, Liggins A, Hailemeskel B. 

Evaluation of herbal remedies (cocoa & shea 

butter, vitamin E, calendula oils) for stretch mark 

treatment and student survey insights. Spec J 

Pharmacogn Phytochem Biotechnol. 2024;4:74-

81. https://doi.org/10.51847/f3Z4kW7LnR 

24. Wal A, Wal P, Pandey A, Vig H, Ved A, Samal 

HB. Exploring myasthenia gravis subtypes: 

impact on pregnancy and recent treatment 

advancements. Interdiscip Res Med Sci Spec. 

2023;3(1):26-38. 

https://doi.org/10.51847/LfGflzk9de 

25. Zar H, Moore DP, Andronikou S, Argent AC, 

Avenant T, Cohen C, et al. Principles of diagnosis 

and treatment in children with acute pneumonia. 

Interdiscip Res Med Sci Spec. 2024;4(2):24-32. 

https://doi.org/10.51847/4RVz1Zxy4h 

26. Alsharif SB, Bahanan L, Almutairi M, Alshammry 

S, Khalifa H. Retrospective assessment of dental 

implant-related anatomical structure perforations 

using cone beam computed tomography. Ann Dent 

Spec. 2023;11(1):21-30. 

https://doi.org/10.51847/jEyOudiF94 

27. Maskaeva SS, Yusupova MS, Kagaev RV, 

Ahmadova LT, Kushkarova KR, Dashaev AU, et 

al. Harnessing the power of laser Doppler 

flowmetry of tooth pulp and densitometry at dental 

caries. Ann Dent Spec. 2024;12(4):23-30. 

https://doi.org/10.51847/u8k7kQbqPi 

28. Ansari S, Alhazmi A, Alajmi A, Asali W, Alkathiri 

S, Alrasheedi Z. Knowledge and attitude of 

patients regarding the choice of selection of FPDs 

and dental implants. Ann Dent Spec. 

2023;11(2):15-24. 

https://doi.org/10.51847/Esn7bjMEN4 

29. Luo X, Wan Q, Cheng L, Xu R. Mechanisms of 

bone remodeling and therapeutic strategies in 

chronic apical periodontitis. Front Cell Infect 

Microbiol. 2022;12:908859. 

doi:10.3389/fcimb.2022.908859 

30. Canoa de Oliveira I, Zanco M, Lopes J, Sambo 

MP, Moretti de Andrade TA, Tech Dos Santos 

GM, et al. Analysis of inflammation and bone 

remodeling of atmospheric plasma therapy in 

experimental periodontitis. J Periodontal Res. 

2024;59(4):738-48. doi:10.1111/jre.13248 

31. Sadek KM, El Moshy S, Radwan IA, Rady D, 

Abbass MMS, El-Rashidy AA, et al. Molecular 

basis beyond interrelated bone 

resorption/regeneration in periodontal diseases: a 

concise review. Int J Mol Sci. 2023;24(5):4599. 

doi:10.3390/ijms24054599 

32. Arroyo-Fernández A, Blanco-Fernández MA, 

Lladó-Jordan G. Psychological therapy in 

overweight and obesity treatment centers. Do the 

centers include it on their websites? J Adv Pharm 

https://doi.org/10.51847/lhABjfuIwh
https://doi.org/10.51847/B8R85qakUv
https://doi.org/10.51847/aD0CrEg6Fo
https://doi.org/10.51847/nyDxRaP7Au
https://doi.org/10.51847/DtzA0Txe1h
https://doi.org/10.51847/f3Z4kW7LnR
https://doi.org/10.51847/LfGflzk9de
https://doi.org/10.51847/4RVz1Zxy4h
https://doi.org/10.51847/jEyOudiF94
https://doi.org/10.51847/u8k7kQbqPi
https://doi.org/10.51847/Esn7bjMEN4


Reed et al., Shared Inflammatory Pathways in Periodontitis and Orthodontic Tooth Movement: Implications for Bone 

Remodeling 

296 

Educ Res. 2023;13(1):158-61. 

https://doi.org/10.51847/TCqButfuej 

33. Puzović M, Morrissey H, Ball P. Patients’ and 

healthcare professionals’ experience with at-home 

parenteral therapy. J Adv Pharm Educ Res. 

2023;13(4):72-82. 

https://doi.org/10.51847/shH6wZi9tF 

34. Bukke SPN, Mishra S, Thalluri C, Reddy CS, 

Chettupalli AK, Kumar GA. Transformative 

approaches in bone pathology treatment: The 

efficacy of alendronate-infused hydroxyapatite 

microspheres. J Biochem Technol. 2024;15(4):9-

16. https://doi.org/10.51847/Zab2Kbi6A9 

35. Sergun VP, Evgenia B, Burkova VN, 

Poznyakovsky VM, Danko NN, Tokhiriyon B. 

Treatment of menstruation disorders at puberty: A 

plant-based dietary supplement efficacy and 

safety. J Biochem Technol. 2023;14(3):13-7. 

https://doi.org/10.51847/r9vJrE0mHw 

36. Falko A, Naumenko O. Influence of topical N-

acetylcysteine therapy on macrophage 

polarization markers in chronic rhinosinusitis 

patients. J Biochem Technol. 2023;14(3):30-6. 

https://doi.org/10.51847/2bzQWflbGs 

37. Han N, Liu Y, Zhang Y, Li X, Chen Q, Wang Z, 

et al. Regulation of the host immune 

microenvironment in periodontitis and periodontal 

bone remodeling. Int J Mol Sci. 2023;24(4):3158. 

doi:10.3390/ijms24043158 

38. Huang XF, Li XS, Chen LL. The roles of 

osteocytes in alveolar bone destruction in 

periodontitis. J Transl Med. 2020;18(1):479. 

doi:10.1186/s12967-020-02664-7 

39. Yu B, Narasaiah K, Liu J, Zhang X, Li H, Wang 

Y, et al. Osteoporosis and periodontal diseases - an 

update on their association and mechanistic links. 

Periodontol 2000. 2022;89(1):99-113. 

doi:10.1111/prd.12422 

40. Zhao P, Zhang L, Lu Y, Li Y, Zhang Y, Zhang L, 

et al. Obesity, bone loss, and periodontitis: The 

interlink. Biomolecules. 2022;12(7):865. 

doi:10.3390/biom12070865 

41. Li Y, Chen Y, Li Y, Chen L, Li Y, Chen Y, et al. 

Inflammasomes in alveolar bone loss. Front 

Immunol. 2021;12:691013. 

doi:10.3389/fimmu.2021.691013 

42. Jeon HH, Kim KA, Kim HJ, Kim SH. Mechanistic 

insight into orthodontic tooth movement based on 

animal studies: A critical review. J Clin Med. 

2021;10(8):1733. doi:10.3390/jcm10081733 

43. Kostadinova M, Raykovska M, Simeonov R, 

Lolov S, Mourdjeva M. Advancements in bone 

tissue regeneration: A review of common 

scaffolds in tissue engineering. J Med Sci 

Interdiscip Res. 2024;4(1):8-14. 

https://doi.org/10.51847/9j9DuUUgWY 

44. Guigoz Y, Vellas B. Nutritional status assessment 

in elderly using different screening tools. J Med 

Sci Interdiscip Res. 2023;3(1):9-19. 

https://doi.org/10.51847/JZjGw02xal 

45. Martin E, Lee L. Brucella canis and fungal agents 

predominate in canine discospondylitis: 5-year 

diagnostic survey in an endemic region. Int J Vet 

Res Allied Sci. 2024;4(2):84-96. 

https://doi.org/10.51847/3Gzt2bQRvT 

46. Marahleh A, Marahleh A, Al-Dujaili Z, Al-Shaikh 

A, et al. Recent advances in the role of osteocytes 

in orthodontic tooth movement. Int J Mol Sci. 

2025;26(19):9396. doi:10.3390/ijms26199396 

47. Rizk M, Craveiro RB, Häck S, Brenji S, Knaup I, 

Niederau C, et al. Periodontal ligament and 

alveolar bone remodeling during long orthodontic 

tooth movement analyzed by a novel user-

independent 3D-methodology. Sci Rep. 

2023;13(1):19919. doi:10.1038/s41598-023-

47386-0 

48. Górska A, Pawłowski D, Walczak L. The impact 

of perceived organizational support on 

organizational citizenship behavior: Psychological 

capital as a mediator in Indonesian prison 

management. Asian J Indiv Organ Behav. 

2023;3:132-41. 

https://doi.org/10.51847/xZgJzrm4a0 

49. Hima N, Benarous D, Louail B, Hamadi W. 

Impact of social media on consumer purchasing 

behavior via e-marketing: An empirical study of 

Algerian university students. Asian J Indiv Organ 

Behav. 2024;4:49-57. 

https://doi.org/10.51847/v1DRqVmWCg 

50. Rattanakorn S, Dhep M. Exploitative leadership 

and unethical pro-organizational behavior: The 

full mediating role of moral disengagement. Ann 

Organ Cult Leadersh Extern Engagem J. 

2023;4:158-68. 

https://doi.org/10.51847/n3eSiJzK9K 

51. Mitchell J, Howard L. How leader humility 

influences organizational citizenship behavior 

through job satisfaction and employee 

engagement. Ann Organ Cult Leadersh Extern 

Engagem J. 2024;5:174-86. 

https://doi.org/10.51847/9HkFow5dIc 

52. Hakami A. Pulmonary carcinosarcoma: A rare and 

poor prognosis cancer–a retrospective analysis. 

Asian J Curr Res Clin Cancer. 2024;4(1):31-9. 

https://doi.org/10.51847/ANsF5Aosvo 

https://doi.org/10.51847/TCqButfuej
https://doi.org/10.51847/shH6wZi9tF
https://doi.org/10.51847/Zab2Kbi6A9
https://doi.org/10.51847/r9vJrE0mHw
https://doi.org/10.51847/2bzQWflbGs
https://doi.org/10.51847/9j9DuUUgWY
https://doi.org/10.51847/JZjGw02xal
https://doi.org/10.51847/3Gzt2bQRvT
https://doi.org/10.51847/xZgJzrm4a0
https://doi.org/10.51847/v1DRqVmWCg
https://doi.org/10.51847/n3eSiJzK9K
https://doi.org/10.51847/9HkFow5dIc
https://doi.org/10.51847/ANsF5Aosvo


Reed et al., Shared Inflammatory Pathways in Periodontitis and Orthodontic Tooth Movement: Implications for Bone 

Remodeling 

297 

53. Xie L, Wu Z, Liu Y, Tang J, Lu C, Wang H. α-

Linalool from coriander root inhibits the 

proliferation and invasion of human gastric cancer 

cells. Asian J Curr Res Clin Cancer. 2024;4(2):19-

31. https://doi.org/10.51847/74nRbFHbyT 

54. Danz JC, Wang X, Li H. Selective modulation of 

the bone remodeling regulatory system through 

orthodontic tooth movement-a review. Front Oral 

Health. 2025;6:1472711. 

doi:10.3389/froh.2025.1472711 

55. Muresan GC, Hedesiu M, Lucaciu O, Boca S, 

Petrescu N. Evaluation of bone turnover indicators 

before dental implant insertion in osteoporotic 

patients: A case-control investigation. J Curr Res 

Oral Surg. 2023;3:27-32. 

https://doi.org/10.51847/P4EfMAbJVb 

56. Urusov E, Li A, Davtyan A, Mikhaylova M, 

Diachkova E, Makarov A. Enhancing prosthetic 

rehabilitation with metal-free restorations for 

dental tissue preservation. J Curr Res Oral Surg. 

2024;4:9-13. 

https://doi.org/10.51847/r1GPip4KHD 

57. Çınaroğlu M, Ahlatcıoğlu EN, Prins J, Nan M. 

Psychological challenges in cancer patients and 

the impact of cognitive behavioral therapy. Int J 

Soc Psychol Asp Healthc. 2023;3:21-33. 

https://doi.org/10.51847/ZDLdztUSsw 

58. Uneno Y, Morita T, Watanabe Y, Okamoto S, 

Kawashima N, Muto M. Assessing the supportive 

care needs of elderly cancer patients at Seirei 

Mikatahara General Hospital in 2023. Int J Soc 

Psychol Asp Healthc. 2024;4:13-9. 

https://doi.org/10.51847/o4njwxvRSF 

59. Mulu E, Jenber AJ, Tesfaye A, Belay B. Integrated 

management of onion thrips on onion, Mecha 

district, Ethiopia. World J Environ Biosci. 

2023;12(1):32-40. 

https://doi.org/10.51847/bbmj8P5dll 

60. Najjar AA. Managing major foodborne 

mycotoxins: A therapeutic approach for safety and 

health. World J Environ Biosci. 2023;12(4):46-53. 

https://doi.org/10.51847/fhNKVgnWUR 

61. Kumbhar S, Patil N, Patil B, You HW, Bhatia M. 

Unleashing the power of rutin-loaded 

nanophytosomes: Enhancing antioxidant potential 

for improved health outcomes. World J Environ 

Biosci. 2024;13(3):8-15. 

https://doi.org/10.51847/P5y5gxQ5no 

62. Rouholamin A, Varposhti S, Alavian A, Talebi S. 

Relationship between green intellectual capital, 

green human resource management, sustainable 

supply chain management, and sustainable 

performance. J Organ Behav Res. 2023;8(2):91-

106. https://doi.org/10.51847/teEVWNYvUZ 

63. Kunie K, Kawakami N, Shimazu A, Yonekura Y, 

Miyamoto Y. Studying the role of managers' 

communication behaviors in the relationship 

between nurses' job performance and 

psychological empowerment. J Organ Behav Res. 

2024;9(1):151-61. 

https://doi.org/10.51847/OXN9xWb1Ub 

64. Cachón-Rodríguez G, Blanco-González A, Prado-

Román C, Del-Castillo-Feito C. Studying the 

pattern of employee loyalty based on social capital 

and sustainable human resource management. J 

Organ Behav Res. 2024;9(2):1-11. 

https://doi.org/10.51847/fN33v3jKBU 

65. Massaro C, Evangelista K, De Luca Canto G, Silva 

MAG, Valladares-Neto J. Orthognathic surgery-

induced bone remodeling and the acceleration of 

orthodontic tooth movement: a scoping review. 

Eur J Orthod. 2025;47(4):cjaf059. doi: 

10.1093/ejo/cjaf059.  

66. Seddiqi H, Jin J. Osteocyte mechanotransduction 

in orthodontic tooth movement. Curr Osteoporos 

Rep. 2023;21(6):731-42. doi:10.1007/s11914-

023-00826-2 

 

https://doi.org/10.51847/74nRbFHbyT
https://doi.org/10.51847/P4EfMAbJVb
https://doi.org/10.51847/r1GPip4KHD
https://doi.org/10.51847/ZDLdztUSsw
https://doi.org/10.51847/o4njwxvRSF
https://doi.org/10.51847/bbmj8P5dll
https://doi.org/10.51847/fhNKVgnWUR
https://doi.org/10.51847/P5y5gxQ5no
https://doi.org/10.51847/teEVWNYvUZ
https://doi.org/10.51847/OXN9xWb1Ub
https://doi.org/10.51847/fN33v3jKBU

