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 Treatment of malocclusion with fixed orthodontic appliances takes about 

2-3 years is a burden for the patient. Acceleration of orthodontic tooth 

movement (OTM) by accelerating bone remodeling is still a challenge in 

orthodontics. One of the efforts to accelerate alveolar bone remodeling is 

to increase cellular and molecular interactions related to Danger Associated 

Molecular Pattern (DAMP) and Resolution Associated Molecular Pattern 

(RAMP) during orthodontic tooth movement. To describe the role of 

DAMP and RAMP on alveolar bone remodeling during OTM. OTM force 

initiating sterile inflammation associated with the presence of DAMPs 

which are defined as endogenous molecules that are specifically and rapidly 

released upon cellular stress, injury or necrosis, conditions that induce 

inflammation of host tissues. OTM resulting an inflammatory response, 

many endogenous molecules such as deoxyribonucleic acid (DNA), and 

reactive oxygen species (ROS). DAMPs are released from infected or 

suppressed host cells resulting in the subsequent release of cytokines and 

chemokines, including interleukin (IL) IL-1, IL-6 and Tumor Necrosis 

Factor-α (TNF-α). DAMPs are known alarmins such as heat shock protein 

(HSP), high mobility group box 1 (HMGB-1), IL-1α, and IL-33. RAMPs 

are released during cellular stress that help offset the inflammatory effects 

of DAMP. HSP10 and HSP27 are molecules that play a role in the RAMP 

mechanism. RAMPs inhibit macrophage activity resulting in resolution of 

inflammation, either through direct antagonism through HSP10 or by 

induction of IL-10. Inflammatory regulation can increase osteogenic-

related molecules thereby accelerating alveolar bone remodeling. DAMP 

and RAMP have an important role in alveolar bone remodeling during 

OTM. 
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1. INTRODUCTION 
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Malocclusion is an aberrant occlusion situation that differs from normal occlusion. Malocclusion and 

dentofacial abnormalities are produced by anomalies that occur during normal growth and development as 

well as pathological processes. Malocclusion is caused by the interplay of several variables, all of which are 

regulated by growth and development [1], [2]. Malocclusion is an aberrant occlusion condition or craniofacial 

connection disruption that affects the cosmetic of the face as well as stomatognathic function [3], [4]. The 

most prevalent and frequent dental and oral health condition is malocclusion [5]. 

 

By treating malocclusion, orthodontic therapy strives to restore stomatognathic function. Fixed orthodontic 

appliances are one of the orthodontic treatments. Orthodontic treatment takes around 2-3 years and is a 

financial hardship for the patient [6]. Orthodontic therapy that takes an extended period of time is an 

inexplicable phenomenon. Periodontal problems such as gingivitis and periodontitis, dental cavities, and tooth 

root resorption can all be exacerbated by prolonged orthodontic therapy [7]. Accelerating the remodeling of 

periodontal tissues is required to accomplish successful and optimum orthodontic therapy. In orthodontics, 

increasing OTM through speeding bone remodeling remains a difficulty [8]. Increasing cellular and molecular 

interactions linked to Danger Associated Molecular Pattern (DAMP) and Resolution Associated Molecular 

Pattern (RAMP) during OTM is one of the approaches to expedite alveolar bone remodeling. As a result, the 

purpose of this narrative review is to discuss the involvement of DAMP and RAMP in alveolar bone 

remodeling during OTM. 

 

2. Orthodontic Tooth Movement  

Orthodontic tooth movement (OTM) is described as a biological reaction to a disturbance in the dentofacial 

complex's physiological balance caused by an applied external force. OTM happens in the direction of the 

force, specifically bone resorption in the compression area and bone apposition in the tensile area of the 

periodontal ligament [9]. OTM is caused by tissue remodeling surrounding the tooth root as a result of the 

applied force. The presence of cells capable of absorbing and forming the extracellular matrix of the 

periodontal ligament and alveolar bone is required for remodeling. When orthodontic pressures are applied, 

the periodontal ligament constriction on the stressed side is followed by alveolar bone loss due to osteoclast 

activity. On the other hand, there is bone apposition by osteoblasts on the tensile side [10]. 

 

The periodontal ligament is made up of two basic components: the cellular portion and the tissue fluid. Both 

of these components play a vital role in normal conditions as well as in tooth movement during orthodontic 

therapy. When the applied force exceeds the usual tolerance limit, blood flow through the ligament decreases, 

which is followed by bone resorption and apposition. Bone resorption will occur on the tensile side of the 

periodontal ligament, whereas bone growth will occur on the tensile side of the periodontal ligament. Several 

hours after applying mild strain, chemical changes in the periodontal ligament cause osteoclasts and 

osteoblasts to differentiate [9], [11]. The best OTM strength is one that may promote cellular activity while 

without harming the blood vessels in the periodontal ligament, an optimal strength for tipping, body 

(translation), root straightening, rotation, extrusion, and intrusion of teeth [12]. 

 

3. Orthodontic Light Force Application 

The first phase of OTM is characterized by changes in vascularization, leukocytes migrate out of blood 

vessels, more proliferating cell nuclear antigen in the pressure area than in the tensile area, and apototic cells 

in the periodontal ligament tissue. Clinically, adequate strength is required for tooth movement without 

causing periodontal ligament tissue injury. Periodontal tissue remodeling is the process through which 

endogenous stem cells in the periodontal ligament differentiate into osteoblasts. Monocytes are responsible 

for migrating to the wounded tissue and subsequently differentiating into macrophages. Osteoclasts are 

alveolar bone macrophages that govern alveolar bone resorption, whereas osteoblasts control alveolar bone 
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regeneration [11], [13]. The role of Nitric Oxide (NO) and Prostaglandin E2 (PGE2) as biological mediators 

as a result of OTM greatly influences the process of bone resorption [9], [11] 

 

4. Excessive Orthodontic Force Application 

Excessive orthodontic pressure forces applied to the periodontal ligament area, squeezed capillary blood 

vessels so that the blood flow rate ceases, can cause cell death, and results in an area of cell necrosis. 

Hyalinization causes osteoclasts to absorb bone deeper, a process known as undermining resorption. This 

occurrence can slow tooth movement and increase the likelihood of root resorption [10], [13]. 

 

5. Tooth Root Resorption 

Orthodontic therapy can have a side effect, which is external root resorption, which results in a shortening of 

the tooth root by 0.5 to 3 mm; this incidence is claimed to be 5-18% owing to the application of high 

orthodontic pressures. Teeth that had external resorption of dental roots following orthodontic treatment, 

particularly maxillary front teeth. The cementoblast root's outer layer, which is coated with cementoid, is also 

destroyed, resulting in resorption of the tooth root's outer cement layer [14]. 

 

The first cells to remove necrotic tissue are macrophage cells with numerous nuclei activated from the bone 

marrow, and there is no balance between bone resorption and deposition, as well as loss of cementoblast layer 

as a protective tooth root. In just a few days, root resorption will begin at the periphery of the hyalinization 

region and progress towards the hyalinization area. The resorption process continues until the pressure 

diminishes or the pressure quits. indirect resorption of lacunae on the tooth root surface to a depth of 2 mm 

Although the pressure strength was lowered, the resorption of cementum improved. Several variables, 

including flat or conical tooth roots, teeth with lengthy roots, with second-class elastic strength, and 

orthodontic treatment lasting too long owing to genetic variances, predispose to tooth root resorption [9], 

[15]. 

 

6. Pressure and Tensile Tooth Movement Theory 

In 1932, Schwartz suggested the pressure and tensile hypothesis of tooth movement. The pressure and tensile 

hypothesis of tooth movement is the most basic and commonly accepted theory. When a tooth is exposed to 

orthodontic forces, it forms a pressure and tensile area, according to this idea. The compression and tensile 

hypothesis, which relies on chemokines rather than electrical impulses to induce cellular differentiation and 

tooth movement, is a traditional explanation of tooth movement. Chemokine signaling plays a key role in the 

cascade that leads to alveolar bone remodeling and tooth movement. Pressure causes the tooth to move in its 

periodontal ligament space, compressing the ligament in the opposite tensile region, causing changes in blood 

flow to the periodontal ligament. Blood flow changes occur quickly, causing changes in the chemical 

environment. Oxygen levels will fall in the compression area, producing tissue ischemia, but increase in the 

tensile area. Cell differentiation and proliferation will be stimulated as a result of subsequent chemical 

alterations. Tooth movement occurs in three stages: (1) changes in blood flow caused by periodontal ligament 

pressure, (2) the creation and/or release of chemical mediators, and (3) cell activation [16], [17]. 

 

7. Tooth Movement Stages 

Burstone classified tooth movement into three stages in 1962: the initial phase, the lag phase, and the post-

lag phase. The first phase is the stage of tooth movement that is immediately observable after applying force 

to the teeth. This stage is distinguished by an abrupt change in the position of the teeth in the socket. Tooth 

migration into the periodontal space and alveolar bone. The amount of movement accomplished by light and 

heavy forces is about same. When a compressive force is applied to the tooth, the first phase begins within 

24 to 48 hours. The lag phase is distinguished by little or no tooth movement. The stage at which the cellular 
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components in the surrounding region become active, producing tooth movement. When a high force is 

applied, the lag phase lengthens as the hyalinization region expands and the resorption is reversed. The lag 

phase lasts 20 to 30 days and is characterized by little tooth movement. This stage is distinguished by 

hyalinization of the periodontal ligament in the pressure region. There is no more tooth movement until the 

cells have completed eliminating all necrotic tissue. Following the lag phase, the pace of movement rises in 

the Post-Lag Phase. This stage is distinguished by the loss of hyalinized tissue and the movement of teeth. 

Osteoclasts influence OTM, which happens either through direct resorption on the bone surface confronting 

the periodontal ligament or by bone resorption from the posterior direction [18], [19]. 

 

8. Alveolar Bone Remodeling 

The remodeling of bone is dependent on the equilibrium of osteoclasts and osteoblasts. The remodeling of 

alveolar bone is based on the premise that alveolar bone is constantly resorbed and then gradually reapposed 

by osteoclasts and osteoblasts. As a trigger for cellular changes in tooth movement, the orthodontic pressure 

applied to the teeth will produce chemical changes. Changes in the form of the teeth and periodontal tissues 

characterize the OTM response to orthodontic pressures. Deflection, alveolar bone, and remodeling of 

periodontal tissues, including the pulp, periodontal ligament (PDL), alveolar bone, and gingiva, are two 

connected processes involved in OTM [20]. 

 

Mechanical force can also cause changes in the blood vessels and blood flow of periodontal tissues, resulting 

in the local synthesis and release of various molecules such as neurotransmitters, cytokines, growth factors, 

and stimulating factors, such as participation in various white blood cells, macrophages, and monocytes. 

Cytokines and arachidonic acid metabolites are matured via cellular processes. The released chemicals 

stimulate biological and molecular events in many cell types inside and around the tooth, creating a favorable 

milieu for alveolar bone formation and resorption [9], [21]. 

 

OTM is a mechanically induced inflammatory process that causes alveolar processes to change in size, 

location, and microarchitecture. In osseous adaptation to OTM stresses, both bone remodeling is involved. 

Catabolic modeling is a physiological mechanism that regulates the pace of OTM. It manifests as bone 

resorption in the region of OTM. The development of bone in a dilated PDL followed by a moving tooth root 

is known as anabolic modeling. Periodontal tissue remodeling is critical for realigning the supporting bone to 

sustain functional stresses in defining the position of the jaw and teeth throughout therapy and is also a factor 

in orthodontic stability [10], [22]. 

 

The actions of OTM on fibroblasts, osteocytes, osteoblasts, and osteoclasts result in the generation of a variety 

of chemokine and cytokine molecules. In periodontal tissues, these chemicals control and increase cell 

proliferation, migration, differentiation, gene expression, and cell-specific activities. Osteoblasts and 

osteoclasts are two types of cells that have a role in OTM as a result, several researches have concentrated on 

these cells during tooth movement. Bone production, which begins 40 to 48 hours after OTM, is aided by 

osteoblast cells. Osteoblast differentiation begins with stem cells moving into blood vessels from the bone 

marrow. Around 10 hours after the OTM, mesenchymal stem cells (MSCs) migrate from the vessel wall, that 

activate and develop preosteoblasts. Multinucleated cells called osteoclasts breakdown and absorb bone. 

Resorption is caused by osteoclasts through the processes of acidification, decalcification, and proteolytic 

digestion. Osteoclasts depart the resorption area, allowing osteoblasts to move to the site and start the 

formation process by secreting matrix collagen and other proteins including Alkaline Phosphatase (BALP) 

and Osteocalcin, which mineralizes hydroxyapatite. Under homeostasis, alveolar bone resorption and 

apposition occur at the same rate, resulting in constant bone mass [21], [22]. 
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During orthodontic tooth movement, osteoblast differentiation and alveolar bone production occur in tensile 

zones. Periodontal ligament cell stress drives cell replication by releasing chemokines, cytokines, and growth 

factors. BMP and Growth Factors (GFs) promote osteoblast development and function. Growth factors 

promote osteoblast and periodontal ligament cell proliferation and differentiation, as well as collagen 

formation [22], [23]. 

 

8.1 Danger Associate Molecular Pattern 

The existence of a Danger Connected Molecule Pattern (DAMP) is associated with the onset of sterile 

inflammation. DAMPs are endogenous molecules that are selectively and rapidly generated under cellular 

stress, damage, or necrosis, circumstances that cause inflammation of host tissues. The 'danger hypothesis' 

posits that the immune system does not differentiate between self and non-self, but rather senses and responds 

to immunological, septic, or aseptic risks. Endogenous degeneration and sterile tissue damage, which means 

that rapid exposure of intracellular molecules or their derivatives outside the cell works as a possible warning 

indicator of cell harm. Cellular stress, trauma-induced tissue damage, or nonphysiological cell death, such as 

necrosis, might all have resulted in such a quick release [24], [25]. 

 

Many endogenous substances such as DNA, ATP, uric acid, DNA-binding proteins, and ROS are produced 

during trauma or injury as a result of the inflammatory response. DAMPs are produced by infected or 

repressed host cells. These endogenous chemicals connect to particular DAMP receptors (DAMPRs), 

resulting in the release of cytokines and chemokines. Endothelial dysfunction can be caused by cytokines, 

neutrophil and monocyte transmigration, and can result in vasodilation and increased capillary permeability. 

Alarmin is used to distinguish endogenous DAMPs from those of non-self pathogenic origin. Alarmins that 

are well-known include HSP, hyaluronan, uric acid, galectin, thioredoxin, adenosine, HMGB-1, IL-1, and IL-

33. HMGB1, IL-1, and IL-33 are intracellular transcription factors as well as external inflammatory mediators 

[26], [27]. 

 

9. Reactive Oxygen Species 

Reactive Oxygen Species (ROS) are organic compounds that have a functional group with an oxygen atom 

that has more electrons. ROS are formed naturally, especially in complex I of the mitochondrial respiratory 

chain, in normal cellular activity as well as the development of a pathology. Alkalization in the mitochondrial 

matrix and in the cytoplasm, will stabilize the semiquinone radicals which are the forerunners of ROS, 

whereas a high pH value of the matrix will stimulate the production of free radicals. ROS production will 

decrease in the absence of orthophosphate when the matrix is filled with carbonate or bicarbonate compounds, 

causing a shift in pH above the value 7. High levels of ROS can cause oxidative stress [28], [29]. 

 

10. Malondialdehyde 

Malondialdehyde (MDA) is a metabolite produced by free radical lipid peroxidation. When hydroxyl free 

radicals, such as ROS, combine with fatty acid components of cell membranes, a chain reaction known as 

lipid peroxidation occurs. Fat peroxidation causes the chain of fatty acids to break down into numerous 

hazardous chemicals, causing cell membrane damage. MDA is one of the most often utilized markers to detect 

fat peroxidation. MDA is a molecule that can characterize free radical activity in cells and is utilized as an 

indicator of the presence of oxidative stress caused by free radicals. MDA is a fat peroxidation end product 

that is utilized as a biological biomarker of fat peroxidation and can indicate the degree of oxidative stress 

[30]. 

 

11. Heat Shock Protein 

Heat Shock Protein (HSP) is another name for stress protein. HSPs become active in response to different 
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types of stress, including oxidative-stress, heat, cold, mechanical, inflammatory, and ischemia cell conditions. 

HSPs are involved in fundamental biological activities include protein folding, protein circulation, and protein 

translocation across membranes. HSP is a chaperone molecule (directing protein). Based on the pattern of 

synthesis, HSP is classified into two types: (1) constitutive HSP, which is always present in a basal state or 

without stress, but more HSP is produced during stress; and (2) inducible HSP, which is only present in 

organisms experiencing stress, and the expressed HSP increases as a protective mechanism. This protein also 

serves critical activities in non-stressed cells, such as regulating protein folding and directing cell motility 

[31]. 

 

12. Heat Shock Response 

Heat Shock Response (HSR) is a planned genetic response to a variety of environmental and physiological 

stressors that causes direct induction of genes encoding chaperones and other proteins at the molecular level 

that are important for protection and healing from cellular damage associated with misfolded protein 

expression. Many stressors induce the transcription of this gene, including those associated with acute and 

chronic diseases, such as temperature rises, heavy metals, small molecule chemical toxicity, infection, 

mechanical stress, and oxidative stress [32]. Heat Shock Transcription Factor (HSF) is induced by stressors 

to produce heat shock proteins (HSPs). Protection against inflammation is achieved, among other things, by 

suppressing activation of nuclear factor kappa beta (NFkB), which activates the anti-inflammatory 

mechanism HSP70. The nature of intracellular and extracellular HSPs is determined by their location; for 

example, intracellular HSP60 is a chaperonin, a protein complex that aids in protein folding, but extracellular 

HSP60 is a pro-inflammatory mediator. Neuron cells, macrophages, dendritic cells, and endothelial cells are 

some of the cells that become targets of HSPs. Signaling HSPs may stimulate cells via a variety of receptors, 

including TLR2 and TLR4, scavenger receptors (SRs), CD40, CD91, and CCR. HSP60 and HSP70 signaling 

pathways use the same toll-like receptors (TLRs), TLR2 and TLR4 [33]. 

 

13. Heat Shock Protein 70 

HSP-70 has the ability to modify proteins or genes involved in the inflammatory response. The immune 

response is now recognized to be partially controlled by the transcription factor NF-kB, which is generally 

found in the cytosol and is coupled to its inhibitory partner, IkB. Ischemia, oxidative stress, and endotoxin 

exposure are all known to activate NF-kB. This factor activates IkB (IKK), which produces three isoforms 

and promotes phosphorylation of IkB, which triggers proteasome destruction. Then IkB is released, allowing 

it to translocate to the nucleus and bind according to the sequence. HSP70's anti-inflammatory activity is 

based on its ability to suppress NF-kB activation and the production of NF-kB-dependent genes by inhibiting 

I-kB kinase (IKK) activation followed by IkB degradation [34]. 

 

14. High Mobility Group Box 1 

High Mobility Group Box 1 (HMGB1) is a pro-inflammatory cytokine that is passively produced by necrotic 

cells and actively secreted by cells that receive stress signals, such as monocytes/macrophages. HMGB-1 acts 

as an adjuvant and has proinflammatory properties via RAGE, TLR2, and TLR4 [35]. By boosting the release 

of cytokines and chemokines from stressed cells, HMGB1 has the potential to enhance local inflammatory 

reactions. The production of proinflammatory cytokines by HMGB1 in human neutrophils is known to be 

controlled by NFKB translocation, indicating that HMGB1 causes immunological responses. HMGB1 is 

released by necrotic cells and is linked to the activation of inflammatory cells and the formation of hyaline 

necrotic tissue in the periodontal ligament in the early stages of OTM, demonstrating that HMGB1 is involved 

in the response of cells in the periodontal ligament [36]. HMGB1's function is elevated during OTM, and the 

pressure force stimulates macrophage migration via upregulated HMGB1. Compression during OTM causes 

osteoclast differentiation in the periodontal ligament via HMGB1. Because of its potential to produce 
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osteoclastogenic cytokines such as TNF-a, IL-6, IL-8, and IL-10, HMGB1 is thought to be an indirect 

differentiation factor for osteoclasts. OTM compressive force promotes macrophage migration and 

osteoclastogenesis by inducing HMGB1 in PDL cells [37]. HMGB1 was also activated during OTM in the 

region of periodontal ligament stress. HMGB1 is essential for osteoblastogenesis [35], [36]. HMGB1 raises 

the receptor activator nuclear kappa beta ligand (RANKL) / osteoprotegrin (OPG) ratio and enhances TNF- 

release from osteoblastogenic bone marrow mesenchymal stem cells (BMSCs). HMGB1 influences 

osteoclastogenesis via the mediator RANKL [35], [37]. Orthodontic force stimulates osteoclastogenesis and 

osteoblastogenesis in stress and tension sites via inducing HMGB1 in periodontal ligament cells. Adequate 

compressive force raises HMGB1 and HSP, resulting in hyperemia, macrophage infiltration, and frontal bone 

resorption; however, excessive compressive force raises HMGB1 and HSP significantly, resulting in 

enhanced autophagy and necrosis in the periodontal ligament and undermining resorption. Autophagy, 

necrosis, and necroptosis all cause tissue deterioration, which reduces bone resorption [35- 37]. 

 

14.1 Resolution-Associated Molecular Pattern 

During cellular stress, Resolution-Associated Molecular Patterns (RAMPs) are released. RAMPs serve to 

counteract the inflammatory effects of PAMPs and DAMPs. HSP10, aB-crystallin (aBC), HSP27, and 

Binding Immunoglobulin Protein (BiP) are RAMP-related molecules. Stress proteins, including HSP, are 

glucose-regulated proteins (GRPs) and crystalline proteins that are responsible for maintaining cell 

homeostasis, particularly protein folding in the face of physiological stress, and are regulated by factors 

associated with acute inflammation, such as hypoxia, hypoglycemia, and ionizing radiation. Stress proteins 

are secreted from cells by an unknown process and may be found in tissue culture supernatants, tissue fluids, 

and serum. Many stress proteins exhibit autocrine, paracrine, and endocrine immunogenic action after 

crossing the cell membrane. DAMP molecules, such as HSP60, HSP70, and signal inflammatory risks to 

damaged tissues [38], [39]. 

 

Evidence has accumulated over the last decade suggesting additional stress proteins have anti-inflammatory 

and immunoregulatory effects on wounded tissues when cellular debris is discharged. RAMPs are 

multifunctional, constitutively produced proteins whose immunoregulatory action is dependent on the fast 

disintegration of the intracellular environment, either actively, as a result of cell stress, or passively, as a result 

of necrotic cell death. RAMPs perform immunological functions by delivering regulatory and anti-

inflammatory signals to wounded tissues and aiding in the restoration of immunological homeostasis by 

inactivating immune cells. Macrophage activation is a four-step process that includes differentiation, priming, 

activation, and resolution. PAMPs and DAMPs stimulate macrophages via Granulocyte-macrophage colony-

stimulating factor (GM-CSF) and macrophage colony-stimulating factor (M-CSF), as well as IL-4 and IL-13. 

RAMPs decrease macrophage activity, resulting in inflammation resolution, either by directly antagonizing 

PAMPs such as HSP10 or by inducing IL-10 and other anti-inflammatory cytokines, resulting in cell 

differentiation [38- 40]. 

 

15. Conclusion 

In this narrative literature review, it can be concluded that the orthodontic tooth movement (OTM) initiating 

sterile inflammation is associated with the presence of a danger associate molecular pattern (DAMP). 

Resolution-Associated Molecular Patterns (RAMPs) released in times of cellular stress such as during OTM, 

RAMPs help offset the inflammatory effects of DAMPs. Inflammatory regulation can increase osteogenic-

related molecules thereby accelerating alveolar bone remodeling so that it is possible that DAMP and RAMP 

have an important involvement in the alveolar bone remodeling during OTM. Further studies on the cellular 

and molecular interactions of DAMP and RAMP during OTM on alveolar bone remodeling are urgently 

needed. 
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