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Abstract: Pursuing further orthodontic treatment for functional and cosmetic purposes is increasingly 

captivating. Clinicians must thoroughly understand tissue reactions during orthodontic relapse to 

prevent post-orthodontic relapse, such as managing inflammation and bone remodeling. Biological 

therapies, including biomaterials, can promote bone growth and prevent bone resorption, which can 

significantly accomplish bone remodeling and reduce relapse. As an anti-inflammatory substance, silk 

sericin from natural composite Bombyx mori can potentially reduce pro-inflammatory cytokines in the 

bone remodeling process and directly reduce osteoclast formation and activation. Chitosan acts as an 

osteoclast inhibitor and enhances bone regeneration by increasing osteoblast maturation. This condition 

can reduce the risk of orthodontic relapse. Both of these biomaterials have the ability to regulate the 

synthesis of inflammatory mediators, including decreasing pro-inflammatory cytokines, increasing 

bone regeneration, regulating the immune response, and preventing the production of oxidative stress 

species. These findings can serve as crucial strategies for preventing orthodontic relapse by regulating 

alveolar bone remodeling. Despite all the benefits of sericin and chitosan, further studies are needed to 

focus on understanding their formulation and in vitro and in vivo testing to ensure effectiveness on a 

global scale. 
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1. Introduction 

Orthodontic treatment involves adjusting the position of teeth to attain optimal bite 

function and cosmetic appeal by applying mechanical force [1]. Following successful 

orthodontic treatment, teeth are prone to relapse to their initial position without a retention 

period [2]. The prolonged and unstable nature of bone remodeling is a common source of 

orthodontic relapse, frequently occurring throughout orthodontic therapy [3]. Following 

orthodontic treatment, retention stages are crucial for maintaining long-term stability, 

preserving the correct alignment of dental components, and preventing recurrence [4]. Relapse 

is the phenomenon wherein, following treatment, the tooth arrangement that was corrected 

reverts to its pre-treatment situation [5]. After orthodontic treatment, the relapse rate ranges 
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from roughly 70% to 90%, and this problem still exists [4]. Soft tissue pressure, the limit of 

dentition, the effect of the occlusion, periodontal and gingival forces that impact periodontal 

fiber rebound, and alveolar bone remodeling are other possible factors that could contribute to 

post-orthodontic relapse [6].  

In animal investigation, Franzen et al. [7] observed that the process of alveolar bone 

remodeling significantly contributed to the occurrence of orthodontic relapse. The most 

important contribution is as a type of turnover of bone remodeling, where older bone is replaced 

by newly formed bone. The bone remodeling process includes osteoblasts, which create new 

bone, and osteoclasts, which break down existing bone [2]. To accomplish bone remodeling, 

the aforementioned cells cooperate and communicate with one another. Biological therapies 

that promote bone growth and prevent bone resorption can significantly reduce relapse. These 

findings can be important strategies for avoiding recurrence by regulating alveolar bone 

remodeling [8]. Biological materials or biomaterials should be able to regulate the synthesis of 

inflammatory mediators, including suppressing the production of pro-inflammatory cytokines 

in order to regulate the immune response or inflammatory process [9]. 

Because of their possible uses in many spheres of biomedical engineering, perfect 

characteristics, cytocompatibility, bioactivity, and antibacterial qualities, polymeric materials 

have become the most popular field of research and always have an advantage over other 

classes of materials [10]. Several research has shown that polymeric materials could be used in 

tissue engineering to replace heart valves, bone, and cartilage, as well as skin, hip, and dental 

implants [11]. Polymers have attracted a lot of attention recently from scholars because of their 

possible uses in the rapidly developing field of orthodontics [12]. Natural polymers have 

emerged as a major source for producing matrices that accurately replicate biological 

environments due to their resemblance to the components of the body's original extracellular 

matrix. A platform of sophisticated supporting materials can be created by their controlled 

construction, producing scaffolds or hydrogel-based systems with adaptable fibrous and/or 

porous architecture [13]. For instance, in a 7-day in vivo experiment that investigated the 

relapse phase, the application of synthetic carbonated hydroxyapatite–chitosan hydrogel 

derived from blood cockle shells was discovered to effectively mitigate relapse following 

orthodontic tooth movement by significantly increasing the number of fibroblasts and 

osteoblasts and concurrently reducing the number of osteoclasts [4]. The topical application of 

bisphosphonate risedronate with gelatin hydrogel diminishes relapse seven days post-tooth 

stabilization, while the local injection of epigallocatechin gallate-modified gelatin inhibits 

osteoclastogenesis, presenting a potential novel therapeutic strategy to modify tooth movement 

and prevent orthodontic relapse [8]. Hence, to address the knowledge gap, this review aims to 

explore the association between sericin and chitosan as suitable biomaterials and elucidate the 

potential of this biomaterials modality to reduce orthodontic relapse 

2. The Biological Background During Orthodontic Relapse 

Oral hygiene, orthodontic pressures, and periodontal health all have a major impact on 

the outcome of orthodontic therapy. The response of the surrounding periodontal tissue and 

bone remodeling is influenced by orthodontic treatments' frequency, length, and force 

level[14]. All types of orthodontic appliances apply a variety of differential stresses to the 

periodontal tissues [15]. Pro-inflammatory and anti-inflammatory cytokines are considered 

critical mediators of tissue remodeling [16]. The tissue and biological response patterns that 

occur immediately after the termination of orthodontic force are comparable to those seen 
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during active orthodontic tooth movement (OTM) [17]. In the course of relapse, the previously 

stressed side of OTM now endures increased strain. This leads to enhanced osteoclast 

differentiation, resulting in bone resorption [18]. Conversely, the area of the bone that was 

before subjected to pressure transforms into the region experiencing tension, facilitating the 

proliferation of osteoblasts and commencing new bone formation [19]. As a result, the 

periodontal ligament (PDL), cementum, and alveolar bone experience a change in signaling 

and cellular response. This suggests that the opposite side of the tooth will experience the same 

mechanisms as those observed during active tooth displacement [7].  

In recent rat investigations for 10 days, the rat’s maxillary teeth were pushed mesially 

using closed coil springs. The removal of the appliance resulted in rapid relapse. On the initial 

day, molars exhibited a relapse exceeding 60% of their active mobility. Relapses diminished 

after the third day and stabilized within three weeks. The relapse rate was analogous to 

physiological tooth drift throughout this interval, with recurrence being 80% to 90% of the 

attained movement. The studies on recurrence following tipping movement suggest a rapid 

relapse that slows down after a few days. After 10-20 days, relapse rates range from 40-90% 

of the initial movement [17]. This relapse will always occur due to the instability of many types 

of fibers in PDL [2]. The collagen fibers no longer secure the tooth to the alveolar bone. The 

periodontal ligament is now comprised of loose connective tissue, predominantly including 

collagen type III fibers with indeterminate orientation. Blood vessels and fibroblasts are 

prevalent in loose connective tissue. The majority of cases demonstrate direct resorption of 

cancellous bone generated during relapse. This causes the PDL's stress and strain distribution 

to alter, which alters the production and release of chemicals that control the PDL, the alveolar 

bone's, and the cementum's cell differentiation, proliferation, and activation, such as pro-

inflammatory cytokines [20]. 

Two types of local regulatory proteins are identified in the relapse process, such as 

growth factors and cytokines, shown clearly in Figure 1. Growth factors affect cellular 

development, proliferation, differentiation, and maturation, whereas cytokines are primarily 

involved in hematopoietic and immunological functions. The latter can function as pro-

inflammatory and anti-inflammatory mediators, augmenting immunological and antibody 

responses. The difference between growth factors and cytokines is ambiguous, as certain 

cytokines can promote or inhibit cellular growth and differentiation [17]. The principal growth 

factors implicated in bone remodeling and relapse are derived from the epidermal growth 

factors (EGF) such as EGF and transforming growth factor‐α (TGFα), fibroblast growth factors 

(FGFs), insulin‐like growth factors (IGFs), vascular endothelial growth factors (VEGFs), and 

colony‐stimulating factors (CSFs) and transforming growth factor‐β (TGFβ) superfamily, 

which encompasses TGFβs and bone morphogenetic proteins (BMPs) [21]. The relapse 

movement correlates with elevated levels of many cytokines, including receptor activator of 

nuclear factor-k B (RANK), receptor activator of nuclear factor-k B ligand (RANKL), and 

osteoprotegerin (OPG) [19]. These cytokines interact with different target cells and engage in 

various immunological processes. It is generally acknowledged that IL-1 is thought to be the 

primary trigger that starts the inflammatory response [17].  
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Figure 1. A summary of the remodeling activities on the leading side of relapse direction. Under compressive 

strain in relapse condition (without force), fibroblasts (1) produce IL-1 and IL-6, which increase the expression 

of RANKL ligand (2) MMPs (3). MMPs destroy osteoid and ECM of PDL (4), while RANKL promotes 

osteoclast activation and development (5). (an original image generated with the BioRender online platform for 

scientific illustration). 

Immediately following the cessation of force, mononuclear phagocytes, fibroblasts, and 

endothelial cells within the periodontal ligament (PDL) secrete the pro-inflammatory cytokines 

IL-1β and pentraxin-related protein (PTX3) on the pressure side. In sterile settings, PTX3 plays 

a role in tissue remodeling and healing. The differentiation of precursors into osteoblasts and 

osteoclasts is mediated by these molecules, which include FGF, IGF-1, IL-1α, IL-1β, IL-6, and 

TNFα [17]. IL-1β is the most powerful and effective pro-inflammatory cytokine [22]. TNF-α 

is primarily synthesized by activated monocytes and macrophages. However, it can also be 

generated by osteoblasts, epithelial cells, and endothelial cells [23]. TNF-α can cause 

osteoclastogenesis in bones by binding to the p55 receptor on osteoclast precursors [24]. IL-1β 

and TNF-α stimulate osteoclast differentiation and raise RANKL and M-CSF levels in 

osteoblasts [25]. The RANKL triggers osteoclast development as an osteoclastogenesis process 

which activates osteoclast transcription factors [2]. Osteoclasts are also directly impacted by 

IL-1β, which encourages bone resorption on the tooth's leading side and causes relapse 

movement [25]. In conjunction with TNF-α, it induces apoptosis in osteocytes, leading to 

osteoclast recruitment and bone resorption on the PDL pressure side while suppressing 

osteoblasts [24]. The necrotizing tissues initiated an inflammatory response by pulling 

leukocytes and nearby phagocytes, such as macrophages and foreign body giant cells, from 

inflammatory mediators, including IL-1β, TNF-α, and PGE2, in the surrounding tissue. By 

phagocytosing the dead cells and debris, these cells get rid of them. 

Additionally, protein denaturation alters the extracellular matrix (ECM). This condition 

made the straightened teeth move opposite orthodontic tooth movement direction [17]. 

Osteoclasts also underwent M-CSF differentiation into monocytes and then osteoclast 

precursors. The RANKL, which is released by fibroblasts and osteoblasts, is necessary for their 

further differentiation [8]. 

3. The Potential of Chitosan as an Osteoclastogenesis Inhibitor, Enhance Bone 

Regeneration and Reduce Risk of Orthodontic Relapse 

The second most prevalent polymerized carbon in nature, chitin, is the biocompatible 

polymerized carbon chitosan source. Its antibacterial, antimicrobial, rapid tissue development, 
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biodegradability, capacity to transport medications with small molecular weights, emulsifying, 

high bioactivity, chelating, and biocompatible qualities make it useful in a number of biological 

fields [26]. Chitosan is utilized in medicine and dentistry as an antacid, antioxidant, 

antibacterial, plaque inhibitor, osteogenesis promoter, hemostatic agent, fat absorbent, ulcer 

and wound healer, and more [27]. Chitosan has been widely employed in research, including 

in medicine as a wound dressing, tissue engineering material, and artificial skin. The chitosan 

scaffold can be combined with collagen, gelatin, or fibroin to enhance its biocompatible 

qualities [26]. It has been demonstrated that chitosan increases osteogenic cell differentiation 

and stimulates the production of new bone in vitro experiments assessing its impact on cell-

level bone formation [27]. 

The potential application of chitosan in medicine as a carrier for therapies aimed at bone 

and periodontal regeneration [27]. Chitosan transiently opens the tight junctions between 

epithelial cells, adheres to the mucosal surface, and enhances membrane permeability [28]. In 

particular, in vitro and in vivo, chitosan has been utilized to promote bone growth [4]. Chen et 

al. [27] revealed that implanting a chitosan scaffold on a 5 mm bone defect of rats considerably 

improves bone repair. At 3 weeks, the chitosan wound demonstrated centripetal bone growth 

around the defect in contrast to the control without any treatment, which showed poorly 

structured connective tissue infiltrated the control wounds. At 4 weeks post-surgery, the 

chitosan-treated group had considerably more regenerated bone compared to the control. The 

group that received cross-linked chitosan biomaterials had the highest level of osteogenesis 

[27]. Osteoinduction is recruiting immature mesenchymal stem cells and stimulating them to 

become preosteoblasts [17]. Osteoconduction involves the growth of bone on a surface, similar 

to bone grafting. Chitosan may promote differentiation into osteoblasts, fostering an 

environment favorable for osteoinduction until bone development, facilitating 

osteoblastogenesis during orthodontic relapse [27].  

Chitosan nanofibers can stimulate the expression of genes associated with osteoblast 

differentiation and enhance osteoblast maturation. Alkaline phosphatase (ALP), osteopontin 

(OPN), and osteocalcin (OCN) are early markers of osteoblast activity that facilitate the 

maturation of osteoblast function and the mineralization of ECM [17]. These osteoblast-

associated genes are normally regulated at the transcriptional level. Runt-related transcription 

factor 2 (RUNX2), an osteogenic master transcription factor, has been shown to govern 

osteoblast development and maturation. Ho et al. revealed that in chitosan nanofiber scaffolds, 

after being cultured, the number of osteoblasts with positive signals significantly increased by 

upregulated ALP, OPN, and OCN gene expression [29]. The upregulation of OPN, ALP, and 

OCN is directly connected to osteoblast differentiation [17]. The studies investigated RUNX2’s 

involvement in chitosan nanofiber-induced osteoblast mineralization. Human osteoblasts 

exposed to chitosan nanofibers had significantly higher RUNX2 messenger ribonucleic acid 

((m)RNA) expression. Similarly, treatment with chitosan nanofibers increased RUNX2 protein 

production. Previous research has shown that activating RUNX2 increases ALP, OCN, and 

OPN (m)RNA expression while promoting osteoblast development, enhancing osteogenesis 

and bone repair. Thus, RUNX2-mediated control of osteoblast-associated gene expression 

plays a significant role in regulating osteoblast proliferation and maturation on bone 

remodeling before orthodontic relapse occurs [30]. Furthermore, chitosan was determined to 

be appropriate for producing extremely porous scaffolds with interconnected pores that are 

permissive to bone ingrowth into the graft and have good bone ECM-mimicking capacity [13]. 

Because of their special properties, chitosan nanofibers have good stability, permeability, 
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porosity, and resemblance to the ECM and are noticeably better than those of other 

morphologies; hence, it has the ability to reduce orthodontic relapse. 

4. Silk Sericin, an Anti-inflammatory Substance, Potential in Reducing Relapse Following 

Orthodontic Tooth Movement 

Natural silk fiber produced by the silkworm Bombyx mori (B. mori) has two main 

components: hydrophobic fibroin and hydrophilic sericin. Sericin assembles the cocoon that 

provides the ideal conditions metamorphose environment for the larvae into adults [31]. Sericin 

is the second largest component of raw silk after fibroin and has a molecular weight distribution 

of 10,000–300,000 g/mol. Sericin can bind and coat two fibroin filaments found in raw silk, 

which binds and coats the two fibroin filaments in the raw silk [26]. Silk sericin has biological 

qualities, including biocompatibility, biodegradability, enhancing cell adhesion, 

immunocompatibility, anti-inflammatory, antimicrobial activity, antioxidant, and 

photoprotective. Silk sericin has been identified as a potential sustainable biomaterial for a 

variety of biomedical and pharmaceutical applications [32]. 

Noosak et al.[33] revealed that sericin extracts at concentrations of 40, 80, 160, and 320 

μg/ml increased cell viability by approximately 135%, 115%, 116%, and 90%, respectively. 

This shows that the extract had no cytotoxic effects on osteoblast cells (MC3T3-E1 cell). 

Sericin extract at 40 μg/mL significantly enhances osteoblast cell proliferation by up to 135% 

compared to the untreated control. Improving proliferation and maturation of osteoblast 

condition is crucial to enhancing tooth stability during orthodontic tooth movement. The gelatin 

hydrogel method in orthodontics allows for accurate administration of risedronate to achieve 

localized effects. These data suggest that sericin risedronate hydrogel plays a significant role 

in bone remodeling and can prevent relapse [32]. 

Silk sericin is non-toxic to fibroblast cells and promotes wound healing compared to 

normal saline [33]. After adding silk sericin to culture media, monocytes and macrophages 

release minimal levels of IL-1β and TNF-α, indicating that it is not harmful to the cells. In rat 

tissues 7 days after injury, silk sericin-treated wounds have considerably suppressed 

inflammatory mediators (IL-1β and TNF-α) levels during healing. Low levels of IL-1β and 

TNF-α decrease RANKL expression, an osteoclast differentiation and maturation factor, which 

can directly reduce osteoclast formation and activation [2]. The findings support that sericin 

has the potential to minimize the osteoclastogenesis process on the trailing side of orthodontic 

relapse by decreasing IL-1β and TNF-α.  

5. Utilization of Chitosan Scaffold Combined with Noncovalent Silk Sericin 

Nanohydrogel 

Cell growth compatibility is necessary foriomedical applications, such as scaffolds for 

tissue engineering or bone biomaterial [34]. It ought to be sufficiently permeable to allow for 

the growth of cells. The pore diameter needs to be appropriate for the cell type being cultivated 

[13]. The scaffold must also be non-cytotoxic, biocompatible, and biodegradable [35]. 

Noncovalent interactions are essential in materials, facilitating molecular identification, 

directionality, addressability, and programmability of supramolecular properties. Nowadays, a 

lot of ongoing biomaterial research is on nanohydrogels based on sericin and chitosan scaffolds 

in order to create wound material for vascular tissue, joints, bones, and artificial cartilage [26]. 
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Evidence suggests that sericin-chitosan scaffolds, such as silk sericin and chitosan films 

with different volume ratios, could be useful for wound dressing [36]. Sericin and chitosan are 

highly compatible, and combining them can enhance their individual beneficial properties 

when used as a polymer or scaffold. While both are biocompatible and have antibacterial 

properties, their combination can improve structural configuration, enhance biocompatibility, 

and increase bioactivity. Recent research has shown that a nanofibrous matrix incorporating 

sericin and chitosan exhibits biocompatibility and bioactivity, making it a useful wound 

dressing material for expedited healing and prevention of infection at the wound site. The 

enhanced cell viability seen with sericin and chitosan is attributable to their non-toxic 

characteristics toward L929 cells [37]. The biocompatibility of sericin-chitosan porous 

scaffolds with human cells may benefit future applications in tissue engineering. Reduced 

chitosan molecular weights (15,000 and 100,000 g/mol) led to a more uniform distribution of 

sericin and decreased viscosity in the scaffold [26]. An overview of the main role of sericin 

and chitosan will be shown in Table 1. This study indicates that sericin derived from silk waste 

can be integrated with chitosan to form a self-assembled scaffold that enhances porosity and 

cell adhesion while remaining non-toxic and potentially applicable in orthodontics, particularly 

for improving post-orthodontic tooth stability. 

Table 1. Overview of the main role of sericin and chitosan. 

Polymer Origin Advantage Role References 

Sericin 

The silk of different 

animals (e.g., 

Silkworms from 

Bombyx mori, 

Antheraea pernyi, and 

Samia Cynrhia Ricini) 

- Biocompatible 

- Biodegradable 

- Slow degradation 

- Excellent mechanical properties 

- Bioactive 

- Thermo-reversible behavior/ easy gelling 

- High mechanical strength 

Inhibit IL-1β 

and inhibit 

TNF-α 

[10,13] 

Chitosan 

Deacetylation of chitin 

found in the shells of 

crustaceans, insects, 

and fungus cell walls 

- Biocompatible 

- Biodegradable 

- Non-Toxic 

- Non-Allergenic 

- Bioactive 

- Inexpensive 

Enhance 

RUNX2, ALP, 

OPN, OCN 

[10] 

6. Conclusions 

Preventing undesired post-treatment alterations in orthodontics is crucial, and 

understanding the biological relapse process is needed. This paper examines and suggests the 

potential use of polymeric materials in orthodontics, focusing on silk sericin and chitosan as 

new approaches to relapse prevention materials to improve patient quality of life. Therefore, 

the combination of both of the materials combines the properties of silk sericin in increasing 

osteoblast cell proliferation and decreasing osteoclastic activity by suppressing pro-

inflammatory cytokines such as IL-1β and TNF-α, while chitosan stimulates RUNX2, ALP, 

OPN, and OCN can help regulate the maturation of osteoblast function and bone ECM 

mineralization as well as enhance post-orthodontic treatment stability. Although the evidence 

is not clear enough to provide recommendations for human trials, this study suggests a direction 

for further research. Future animal research should adhere to established protocols. Protocols 

should replicate human clinical settings, including drug scheduling, dose equivalency, and 

mode of administration. They should also consider the unique mechanisms that induce tooth 

movement and relapse evaluation procedures. 
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