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Abstract: Relapse after orthodontic treatment occurs at a rate of about 70 to 90%, 

and this phenomenon is an orthodontic issue that has not yet been resolved.  

Retention devices are one type of attempt at prevention, but they take a 

considerable amount of time. Most orthodontists continue to find it challenging 

to manage orthodontic relapse; therefore, additional research is required. In line 

with existing knowledge of the biological basis of relapse, biomedical engineering 

approaches to relapse regulation show promise. With so many possible uses in 

biomedical engineering, polymeric materials have long been at the forefront of 

the materials world. Orthodontics is an emerging field, and scientists are paying 

a great deal of attention to polymers because of their potential applications in this 

area. In recent years, controlled release of bisphosphonate risedronate using a 

topically given gelatin hydrogel has been demonstrated to be effective in reducing 

relapse. Simvastatin encapsulation in exosomes generated from periodontal 

ligament stem cells can promote simvastatin solubility and increase the inhibitory 

action of orthodontic relapse. Moreover, epigallocatechin gallate-modified gelatin 

local injection suppresses osteoclastogenesis and could be developed as a novel 

treatment method to modify tooth movement and inhibit orthodontic relapse. 

Furthermore, intrasulcular administration of hydrogel carbonated 

hydroxyapatite-incorporated advanced platelet-rich fibrin has been shown to 

minimize orthodontic relapse. This review's objective was to provide an overview 

of the use of polymers material to reduce post-orthodontic relapse. The most 

promising polymeric materials and their potential orthodontic uses for 

orthodontic relapse preventing recurrence are also discussed. 
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1. Introduction 

Society today is experiencing an increase in interest in cosmetic 
dentistry, making orthodontics an essential. Orthodontic treatments has 
become one of the most popular treatments in cosmetic dentistry; it is 
used to correct malocclusion, enhance occlusion, and attain dentofacial 
harmony [1]. Even after several years of post-treatment stabilization, 
corrected teeth frequently relapse. Relapse can be explained as a 
phenomenon that occurs after treatment, in which the corrected tooth 
arrangement returns to its original pre-treatment position [2]. Relapse 
following orthodontic treatment occurs at a rate that ranges from around 
70 to 90%, and this occurrence is an orthodontic problem that has not yet 
been resolved [3]. Retention is regarded as the last and most important 

stage in ensuring that dental components are kept in the correct place 
after active orthodontic tooth movement. According to clinicians, retainer 
should be kept in place for as long as a perfect alignment is needed [4]. 
Fixed bonded retainers are the most commonly used retainer, particularly 
for the mandibular arch, due to their stability, high effectiveness, 
independence of patient compliance, simplicity of installation, virtually 
invisibility (Figure 1), and patient acceptance [5-6]. Nevertheless, relapse 
is still a possibility 10 years after the retainer has been removed [7].  
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Figure 1. Fixed bonded retainer. 

The process of alveolar bone remodelling was found to play a 
significant role in orthodontic relapse occurence, as discovered by 
Franzen et al. in their animal study [8]. The process of bone remodelling 
can be regarded of as a kind of turnover, in which newly created bone 
replaces older bone [9]. The dynamic process of bone remodeling is 
controlled by osteoclasts, which are cells that dissolve bone, osteoblasts, 
which are cells that produce new bone, and bone mesenchymal stem cells. 
All of the aforementioned cells communicate and collaborate to achieve 
bone remodeling [10]. Relapse can be effectively decreased by biological 
agents that inhibit bone resorption and stimulate bone formation [11]. 
These results indicate that controlling alveolar bone remodelling after 
active orthodontic tooth movement is a crucial method for preventing 
relapse. 

Polymer science has been the most popular field of study due to its 
vast applicability in modern materials engineering for the enhancement 
of structural and functional qualities in clinical and biomedical 
applications. A variety of polymers have optimal qualities, and chemical 
modification of these polymers can improve their cytocompatibility, 
bioactivity, and antibacterial capabilities [12-13]. Several research have 
revealed that polymeric materials may be used in tissue engineering to 
reconstruct cartilage, bone, and heart valves, and as skin, hip, and dental 
implants [14-18]. Polymers have gained a great deal of attention from 
academics in recent years due to their potential use in the rapidly 
developing field of orthodontics [19]. The local injection of 
epigallocatechin gallate-modified gelatin inhibits osteoclastogenesis and 
has the potential to be evolved into an unique therapeutic strategy that 
modifies tooth movement and prevents orthodontic relapse [20]. 
Topically applied bisphosphonate risedronate with gelatin hydrogel 
reduces relapse 7 days after tooth stability in a dose-dependent manner. 
The proposed gelatin hydrogel method may administer risedronate to a 
specific area and give local effects, which is advantageous in orthodontic 
therapy [21]. Hydrogel carbonated hydroxyapatite-incorporated 
advanced platelet-rich fibrin is effective as a biological retainer for 
reducing orthodontic relapse. In this study, the method of applying an 
osteoinductive and osteoconductive substance was minimally invasive, 
cost-effective, and suitable for minimizing relapse after active 
orthodontic tooth movement [22]. In the rat model of orthodontic tooth 
movement, encapsulating simvastatin in exosomes generated from 
periodontal ligament stem cells can improve simvastatin solubility and 
increase the inhibitory impact of relapse. Interestingly, exosomes of 
periodontal ligament stem cells administered locally can help prevent 



relapse, as well [23]. The purpose of this review was to present an 
overview of the use of polymers as a material to lower the risk of post-
orthodontic relapse. 

 
 

2. Application of hydrogel carbonated hydroxyapatite-incorporated 
advanced platelet-rich fibrin improves post-orthodontic tooth 
stability 

Tissue engineering technologies have previously been promoted for 
manipulating alveolar bone remodeling, preventing orthodontic relapse, 
and improving tooth position stability. Because of its well-controlled 
calcium release and bone forming capacity, carbonate apatite (CHA) has 
great potential for bone tissue engineering [24]. Since it has structural 
closeness to bone's interconnecting porous structure, CHA is regarded as 
a good biomaterial for promoting alveolar bone rebuilding [25]. CHA has 
also gained prominence for its capacity to function as a medication 
delivery system for protein transport into living cells [26].  

Further advantage of CHA is its capacity to function as a drug 
delivery system in controlled release innovation [27]. One of the most 
recent issues in tissue engineering is the advancement of controlled 
release methods for bone tissue augmentation. The controlled release 
system is seen to be promising because it can convert materials with low 
molecular weight into a system with higher molecular weight, preventing 
degradation before the medicine begins to operate. In order to manage 
the water content of the hydrogel system, gelatin hydrogel was chosen to 
have controlled release and degradability in this study by a cross-linking 
technique. The hydrogel can be degraded enzymatically to produce 
water-soluble gelatin fragments, allowing bioactive-loaded components 
to be released [28]. 

Growth factors (GFs) are natural polypeptides that stimulate 
extracellular matrix synthesis and enhance osteoblast development [29]. 
Taking into account the presence of GFs, it is hypothesized that a suitable 
incorporation of hydrogel CHA with controlled release manner and GF 
could achieve more favorable bone regeneration outcomes. Platelet-rich 
fibrin (PRF) is a new generation of GF-rich platelet concentrate that is 
more beneficial than other platelet concentrates such as platelet-rich 
plasma (PRP) due to its simple preparation, low cost, and absence of 

anticoagulants such as bovine thrombin and calcium chloride for platelet 
activation [30]. Endogenous thrombin, released during centrifugation, 
can quickly activate PRF. The restriction on the usual use of bovine 
thrombin due to the high risk of coagulopathy from antibody 
development [31] has limited its use. The use of calcium chloride and 
thrombin to coagulate platelets into a gel and engage the contained GF 
initiates a burst release and activation of all the GF's of PRP 
simultaneously; thus, the period of action of PRP is brief. Meanwhile, PRF 
can maintain GF activity for a substantially longer duration and 
efficiently induce bone repair. Over a period of 10 days, Kobayashi et al. 
[32] revealed that PRF released GFs continuously and consistently. 
Another technique to improve PRP's half-life limits is to use a 
biodegradable gelatin hydrogel drug delivery technology. The release of 
growth factors to ischemic areas is controlled by biodegradable gelatin 
hydrogel. Platelets release growth factors when impregnated into 
biodegradable gelatin hydrogel [33]. Gelatin molecules electrically and 



physicochemically immobilize growth factors in the hydrogel (Figure 2) 
[34]. After injecting PRP and biodegradable gelatin hydrogel into 
ischemic tissue, the growth factor-impregnated hydrogel slowly releases 
growth factors into the tissue over 2 weeks, resulting in more successful 
angiogenesis [35]. Specifically, angiogenesis may enhance oxygen and 
nutrient supply and offer a pathway for bone precursor cells to reach the 
intended area [29].  

 
 
 

 

Figure 2. Diagram exhibiting the controlled release of growth factors seen in 

platelet-rich plasma (PRP). Growth factors are released from platelets when they 

come into interaction with gelatin hydrogel molecules. Through electrical and 

physicochemical interactions with gelatin molecules, growth factors are 

immobilized in the gelatin hydrogel. As a result of hydrogel disintegration, the 

immobilized growth factors are released [34]. 

 
Advanced-PRF, also known as aPRF, is a novel PRF modification 

form that is made by slowing down the centrifugation speed of the 
conventional methods of fibrin preparation and increasing the amount of 
time that the centrifugation process takes. Platelet concentrations are 
increased as a result of this modification because during the 
centrifugation process, fewer cells settle to the bottom of the tubes, and a 
greater quantity of proteins, including platelets, are left in the higher part 
of the tubes, where the clot is isolated. This results in higher platelet 
concentrations [32,36]. Platelet count in PRF releasate was found to be 
2.69 times greater than the count of platelets in whole blood, according to 
Burnouf et al. [37], whereas Alhasyimi et al. [38] demonstrated that the 
platelet count in aPRF releasate was 4.78 times higher than the count of 

platelets in whole blood. 
The considerable increases in alkaline phosphatase activity on days 

7 and 14 after orthodontic debonding suggest that intrasulcular injection 
of controlled release hydrogel CHA including aPRF has the potential to 
promote alveolar bone remodeling and prevent orthodontic relapse [25]. 
ALP has been identified as a measure of osteoblastic activity during bone 
formation [39]. The study found a link between alveolar bone remodeling 
and variations in ALP activity present in GCF. It suggested that 
osteoblastic cell activity was boosted when ALP levels were significantly 
elevated [40]. The increased osteoblast activity indicates that new bone is 
forming. Osteoblasts must continually drive bone regeneration to prevent 
relapse [22]. Osteoblasts subsequently commence bone apposition by 



generating fresh bone matrices within the osteoclast-formed trenches and 
tunnels on the bone's surface [41]. 

Hydrogel CHA with aPRF was shown to be effective in preventing 
orthodontic relapse in a rabbit model following tooth movement. CHA-
aPRF intrasulcular injection has the potential to minimize orthodontic 
relapse by stimulating osteoprotegerin (OPG) expression and inhibiting 
receptor activator of nuclear factor-κB ligand (RANKL) level. Inhibition 
of osteoclastogenesis and osteoclast activity by local injection of CHA-
aPRF could improve orthodontic retention, according to the findings of 
this study [38]. OPG is a natural receptor expressed by osteoblast which 
inhibits osteoclast differentiation and activity by binding to the RANKL 
and blocks RANKL from interacting with RANK. The binding of RANKL 
and RANK receptor leads to rapid differentiation of hematopoietic 
osteoclast precursors to mature osteoclasts [42]. During orthodontic 
relapse in rabbits, a similar study found that injections of CHA and CHA 
hydrogel-aPRF favorably upregulated transforming growth factor-β1 
(TGF-β1) and bone morphogenic protein-2 (BMP-2) expression, but did 
not increase Runt-related transcription factor-2 (Runx-2) levels [43]. The 
expression of TGF-1 and BMP-2 is crucial to the process of 
osteoblastogenesis. It is thought that osteoblastogenesis can balance out 
the activity of osteoclasts [44]. Runx-2 expression is reinforced and 
mesenchymal stem cell development is encouraged by a signaling 
cascade started by TGF-1 and BMP-2 [45]. Figure 3 showed that the 
numbers of TGF-β1 and BMP-2-positive osteoblast cells detected on the 
surfaces of the alveolar bone cells in the group receiving hydrogel CHA-

aPRF were greater than those in the control groups [43]. TGF-β1 promotes 
osteoblast proliferation by recruiting osteoblast precursors or matrix-
producing osteoblasts via chemotactic attraction and attempting to 
prevent osteoblast apoptosis [46]. TGF- β1 is the most potent bone 
formation stimulator, increasing fibroblast proliferation and stimulating 
collagen synthesis [47]. Furthermore, increased BMP-2 expression can 
induce osteoblast maturation and initiate alveolar bone formation to 
effectively prevent relapse [48]. BMP-2 can increase bone mass by 
decreasing osteoclastogenesis activity via the RANKL-OPG pathway 
[49]. Osteoclastogenesis inhibition has been shown to be effective in 
lowering relapse rates following orthodontic tooth movement [50]. 
Meanwhile, Runx-2 regulates the expression of RANKL and OPG by 
stimulating osteoclast differentiation [51]. However, the molecular 
mechanisms by which Runx-2 impedes improvements in 
osteoclastogenesis require additional study [43].  

 



 
 

Figure 3. Immunohistochemical staining of histological slices of experimental 

mandibles On day 7 after debonding, the G3 group (those who received 

intrasulcular injection of CHA hydrogel-aPRF) had a higher number of TGF-1-

positive cells (a) and BMP-2-positive cells (b) than the G1 (those who did not 

receive any injection) and G2 groups (those who received intrasulcular injection 

of CHA hydrogel). The scale bars represent 100 mm at a magnification of 400. The 

red arrows indicate osteoblast-positive cells [43]. 

3. Statins' inhibitory effect on relapse after orthodontic treatment 

The statin family of drugs is an effective treatment for 
arteriosclerotic cardiovascular disease. They have the capability to inhibit 
3-hydroxy-3-methyl glutaryl reductase, a rate-limiting enzyme in the 
cholesterol biosynthesis mevalonate pathway [52]. Statins have been 
shown to have numerous favorable effects on human health, including 
anabolic effects on bone metabolism in various ways, in addition to their 
cholesterol-lowering properties. They promote osteoblastic 
differentiation of bone marrow stem cells by upregulating BMP-2 gene 
expression and angiogenesis. Statins may also promote bone formation 
by preventing osteoblast apoptosis [53-55]. Statins suppress osteoclastic 
bone activity during periods of high bone turnover, resulting in the 
reduction of bone resorption. This effect involves modulation of the 

receptor activator of nuclear kappa B (RANK), RANKL, and OPG, 
ultimately suppressing osteoclastogenesis [56,57]. Thus, their ability to 
stimulate bone formation while also having pleiotropic effects such as 
anti-inflammatory and immunomodulatory properties could justify their 
use in orthodontic relapse prevention [58].  Because osteoclastic 
resorption and osteoblastic formation of surrounding alveolar bone are 
important factors in relapse, stimulating alveolar bone formation or 
inhibiting bone resorption after orthodontic tooth movement should 
prevent relapse. Given Statins' bone modulation properties, their possible 
effect of blocking orthodontic relapse could be a consideration in 
orthodontic treatments. Table 1 summarizes the data from the animal 
study on the efficacy of prescribed statins in preventing postorthodontic 
relapse. 

Table 1. The effect of Statins on animal models of orthodontic relapse 



Author(s) 

Administration’s 

route, type, and dose 

of Statin 

Result 

Chen et al. [48] 

SIM systemic 

administration 2.5 

mg/kg/day, 5.0 

mg/kg/day, and 10.0 

mg/kg/day 

Systemic administration of SIM 

could reduce the amount of 

orthodontic relapse in rats, and a 

lower dose of simvastatin 

appeared to be more effective. 

Han et al. [56] 

 

Intraperitoneal 

injections of 

SIM, 2.5 mg/kg /day 

• The SIM group had shorter 

relapse distances than the 
control group (P< 0.01). 

• The percentage of relapses in 

the test group was 

significantly smaller than in 

the control group (P< 0.001). 

AlSwafeeri et al. 

[59] 

Local injection 

(intraligamentous and 

submucosal of SIM, 0.5 

mg/480μL 

Local SIM administration helps 

postorthodontic relapse-related 
bone remodeling by reducing 

active bone resorption and 

increasing bone formation, 

but  did not reduce 

postorthodontic relapse 

significantly. 

Dolci et al. [60] 

ATO systemic 

administration, 15 

mg/kg  

Statins reduce orthodontic 
relapse in rats by modulating 

bone remodeling. Decreased 

osteoclastogenesis and increased 

OPG protein expression explain 

this effect. 

Vieira et al. [61] 
Oral gavage of SIM, 5 

mg/kg/day  

SIM did not prevent relapse 

movement in rats, and there was 

no link between bone density and 
orthodontic relapse. 

Feizbakhsh et al. 
[62] 

Local injection of 0.5 

mg/kg SIM in 1 ml 

solution 

SIM local injection can reduce the 

rate of tooth movement and root 

resorption in dogs, but the 

differences were not statistically 

significant. 

MirHashemi et al. 

[63] 

Daily gavage of ATO, 5 

mg/kg 

In rats, ATO did appear to reduce 
tooth movement; however, its 

effect on osteoclasts, particularly 

osteoclastic activity, requires 

additional research. 

   

SIM: Simvastatin; ATO: Atorvastatin 

The statins used in the seven studies listed above are Atorvastatin 
and Simvastatin. Differences in the chemical structures of the two statins, 
efficacy of one drug over the other, and dose dependence are all factors 
that may contribute to inconsistencies in the conclusions and their 
extrapolation to human subjects. This complicates the already difficult 



task of predicting future the outcomes of statin administration in humans. 
Simvastatin is soluble in lipids, which may be one reason why the anti-
relapse effect was not particularly remarkable. Exosomes derived from 
periodontal ligament stem cells (PDLSCs-Exo) were used as a drug 
carrier to load simvastatin into exosomes in a novel study. This was 
accomplished using ultrasound and co-incubation. Simvastatin can be 
loaded and made more soluble by PDLSCs-Exo. Interestingly, during 
orthodontic relapse, PDLSCs-Exo may control local alveolar bone 
remodeling by carrying various osteogenesis signaling molecules. As a 
result, even when PDLSCs-Exo is injected alone, it can still prevent 
relapse after OTM [23].  

4. Epigallocatechin gallate-modified gelatin (EGCG-GL) inhibits bone 
resorption and tooth movement in rats. 

Downstream of RANKL is an intracellular signaling molecule called 
reactive oxygen species (ROS) [64]. As a result, scavenging ROS is an 
attractive strategy for inhibiting osteoclasts. Inhibition of 
osteoclastogenesis can be achieved by activating nuclear factor E2-related 
factor 2 (Nrf2) [65-67]. Epigallocatechin gallate’s (EGCG) ability to 
stimulate Nrf2-mediated anti-oxidation and ROS scavenging slows down 
orthodontic tooth movement. Nevertheless, EGCG injections must be 
repeated if they are to successfully slow OTM by blocking 
osteoclastogenesis [68]. Previous study observed that repetitive local 
injections of EGCG solution reduced osteoclastogenesis and, as a result, 
slowed orthodontic tooth movement [65]. However, frequent local 
injections are not a viable therapeutic option for orthodontics. This issue 
was addressed by developing EGCG-GL since it would benefit 
orthodontic patients by increasing anchorage strength and decreasing the 
rate of OTM [20]. In 2018, the first vacuum-heated EGCG-modified 
gelatin sponges for bone regeneration therapy were established. The 
observed increase in bone formation after vacuum heating can be 
attributed in part to the effect of reduced degradability of the sponge 
caused by DHT cross-linking, which offers a scaffold for cells. The results 
indicate that the pharmacological impact of EGCG has survived vacuum 
heating and is associated with an increase in bone formation [69]. EGCG-
GL was produced by chemically cross-linking EGCG and gelatin using a 
simple and eco-friendly synthetic approach [68], while preserving 
EGCG's activity [69]. Mixing EGCG-GL with bromelain, a combination of 

proteolytic enzymes isolated from pineapples, keeps the release of EGCG 
steady by gradually breaking down the gelatin [20]. 

EGCG inhibits LPS-induced RANKL expression in osteoblasts [70]. 
Furthermore, EGCG enhances the prostaglandin-stimulated production 
of OPG in osteoblasts in a synergistic manner [71,72]. Consequently, 
EGCG reduces the RANKL/OPG ratio at the location, which suppresses 
osteoclastic differentiation indirectly. Improvements in orthodontic 
retention may be possible through the suppression of osteoclastogenesis 
and osteoclast activity [38]. Figure 4 demonstrates using flow cytometry 
that EGCG-GL can inhibit RANKL-mediated intracellular ROS 
generation in RAW 264.7 cells. On the basis of a forward scatter/side 
scatter plot, the viable cellular fraction of monocytes/macrophages was 
gated (Figure 4a), and intracellular ROS levels were measured in the FL-
1 channel (Figure 4b). These findings indicate that EGCG-GL inhibits 
RANKL signaling through intracellular ROS formation [20]. 

 



 

Figure 4. EGCG-GL decreases RANKL-mediated ROS levels. (a) The viable 

monocyte/macrophage fraction was gated using a forward scatter/side scatter 

plot (black circle). Intracellular ROS levels in RANKL-treated (red curve) and 

RANKL- and EGCG-GL-treated RAW 264.7 cells (blue curve). The vertical line 

represents the usual threshold between ROS-negative and ROS-positive 

populations.  

 

5. The potential benefits of using bisphosphonate risedronate 
hydrogel to prevent orthodontic relapse movement 

Bisphosphonates are medications used to treat diseases of the bone 
metabolism, such as osteoporosis. Bisphosphonates bind tightly to 
hydroxyapatite and inhibit bone resorption. They specifically target 
calcified tissues, where they are absorbed selectively by bone-resorbing 
osteoclasts [73]. Once internalized, bisphosphonates downregulating 
osteoclasts' ability to resorb bone by interfering with cytoskeletal 
organization and the formation of the ruffled border, resulting in 
apoptotic cell death [74,75]. Bisphosphonates have been proposed in 
orthodontics as a possible means of controlling relapse and even 
generating "pharmacological anchorage". Bisphosphonates' clinical 
utility stems from their capacity to prevent bone resorption. Anchorage 
loss and post-treatment relapse are two major concerns in orthodontic 
treatment [76]. Bisphosphonates found to inhibit tooth movement in rats 
by decreasing osteoclast formation. Bisphosphonates also helped to 
prevent root resorption caused by orthodontic tooth movement. These 
findings imply that bisphosphonate may be beneficial for regulating 
orthodontic tooth movement and as a potential inhibitor of root 
resorption throughout orthodontic tooth movement [77].  

Bisphosphonates may cause bisphosphonate-related jaw 

osteonecrosis; an eight-week oral necrotic bone condition [78]. 
Bisphosphonates' duration, dosage, and intravenous and oral 
administration cause a systemic effect [79]. All previously cited studies 
utilized pure bisphosphonates without a carrier to successfully treat 
periodontal disease. Adachi et al. revealed that local injection of 
risedronate lessens relapse effectively, but with systemic side effects 
including an increment in tibial bone mineral density [80]. Given that 
bisphosphonates affect the entire skeleton, the most effective method for 
treating periodontal bone loss would be a topical application [81]. On 



days 14 and 21 after active orthodontic tooth movement, intrasulcular 
administration of bisphosphonate risedronate hydrogel altered the 
osteoclast-to-osteoblast ratio and raised alkaline phospatase levels, and 7 
days after the tooth stabilization period, the bisphosphonate risedronate 
with gelatin hydrogel efficiently reduces relapse in a dose-dependent 
manner. Hydrogel risedronate bisphosphonate improved the 
proliferation and maturation of osteoblasts, that play a crucial role in 
bone production, hence enhancing tooth stability during orthodontic 
movement. In orthodontics, the developed gelatin hydrogel technology 
can be used to administer risedronate precisely where it's needed for 
localized effects. These findings demonstrate the significance of 
bisphosphonate risedronate hydrogel in the bone remodeling process; 
hence, it has the ability to prevent relapse [21, 82]. Utari et al. employed a 
hydrogel risedronate topical formulation to minimize relapse in guinea 
pigs; yet, its placement into the gingival sulcus was still difficult [82]. 
When compared to pure bisphosphonate solution, the risedronate 
emulgel with virgin coconut oil exhibited a regulated medication release 
and may be administered topically to prevent relapse [83]. Emulgel is an 
oil-in-water or water-in-oil emulsion that has been gelled and combined 
with a gelling agent. Emulgel preparations have a number of advantages, 
including a hydrophobic drug and high loading capacity, which allows 
for production, inexpensive production costs, and controlled drug 
delivery [84].  

6. Conclusions 

 
The review presented here analyzes the prospects for the use of 

polymeric materials in areas of dentistry, particularly orthodontics. The 
improvements detailed in the paper chart a new course for relapse 
prevention materials, with the goal of increasing patients' quality of life. 
Despite the fact that the overall clarity in evidence limits prospective 
recommendations for human trials, the outcomes of this analysis suggest 
a direction for further research. Furthermore, it is critical that any future 
animal research follow defined protocols. These protocols should 
consider the reproduction of human clinical circumstances in terms of 
medication administration timing, dose equivalence, and route, as well 
as the peculiarities of the mechanisms that cause tooth movement and the 
methods used to evaluate relapse. It is critical to calculate the right sample 

size in order to increase the dependability of the findings and the overall 
impact of the research. 
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Abstract: Relapse after orthodontic treatment occurs at a rate of about 70 to 90%, 

and this phenomenon is an orthodontic issue that has not yet been resolved.  

Retention devices are one type of attempt at prevention, but they take a 

considerable amount of time. Most orthodontists continue to find it challenging 

to manage orthodontic relapse; therefore, additional research is required. In line 

with existing knowledge of the biological basis of relapse, biomedical engineering 

approaches to relapse regulation show promise. With so many possible uses in 

biomedical engineering, polymeric materials have long been at the forefront of 

the materials world. Orthodontics is an emerging field, and scientists are paying 

a great deal of attention to polymers because of their potential applications in this 

area. In recent years, controlled release of bisphosphonate risedronate using a 

topically given gelatin hydrogel has been demonstrated to be effective in reducing 

relapse. Simvastatin encapsulation in exosomes generated from periodontal 

ligament stem cells can promote simvastatin solubility and increase the inhibitory 

action of orthodontic relapse. Moreover, epigallocatechin gallate-modified gelatin 

local injection suppresses osteoclastogenesis and could be developed as a novel 

treatment method to modify tooth movement and inhibit orthodontic relapse.  

Furthermore, intrasulcular administration of hydrogel carbonated 

hydroxyapatite-incorporated advanced platelet-rich fibrin has been shown to 

minimize orthodontic relapse. This review's objective was to provide an overview 

of the use of polymers material to reduce post-orthodontic relapse. We assume 

that bone remodeling is a crucial factor even though the exact process by which 

orthodontic correction is lost after retention is not fully known. Delivery of a 

polymer containing elements that altered osteoclast activity inhibited  

osteoclastogenesis and delayed tooth movement. The most promising polymeric 

materials and their potential uses for orthodontic relapse prevention recurrence 

are highlighted. Nanoemulgels have rheological qualities that make them perfect 

for topical distribution as well as other types of delivery such as dental delivery,  

increasing patient acceptability and making it a powerful alternative delivery 

strategy in the treatment of orthodontic relapse. 

Keywords: Polymer; relapse; orthodontic; retention; statin; epigallocatechin;  

hydrogel; bisphosphonate; carbonated hydroxyapatite; advanced platelet -rich 

fibrin.  

 

1. Introduction 

Society today is experiencing an increase in interest in cosmetic 
dentistry, making orthodontics an essential. Orthodontic treatments have 
become one of the most popular cosmetic dentistry treatments; it is used 
to correct malocclusion, enhance occlusion, and attain dentofacial 
harmony [1]. Even after several years of post-treatment stabilization, 
corrected teeth frequently relapse. Relapse can be explained as a 
phenomenon that occurs after treatment, in which the corrected tooth 
arrangement returns to its original pre-treatment position [2]. Relapse 
following orthodontic treatment occurs at a rate that ranges from around 
70 to 90%, and this occurrence is an orthodontic problem that has not yet 

(https://creativecommons.org/licenses/

by/4.0/). 
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been resolved [3]. Retention is regarded as the last and most important 
stage in ensuring that dental components are kept in the correct place 
after active orthodontic tooth movement. According to clinicians, retainer 
should be kept in place for as long as a perfect alignment is needed [4]. 
Fixed bonded retainers are the most commonly used retainer, particularly 
for the mandibular arch, due to their stability, high effectiveness, 
independence of patient compliance, simplicity of installation, virtually 
invisibility (Figure 1), and patient acceptance [5]. These retention 
techniques are typically more effective for the mandibular arch, although 
they can also be employed for the maxillary arch. Despite the fact that this 
appliance does not require the patient's active assistance, as detachable 
retainers do, its main drawback is the risk of detachment. Factors that 
contribute to this phenomenon include insufficient adhesive, setting 
deformities, retainer trauma, poor fatigue resistance, and adverse 
occlusal interactions that induce composite abrasion. It's possible that 
using universal restorative adhesive after enamel pre-etching could be a 
dependable alternative for preventing the detachment of fixed retainers. 
Universal restorative adhesive contains the monomer 10-
Methacryloyloxydecyl dihydrogen phosphate (10-MDP), which is 
capable of forming a chemical interaction with dental substrates [6]. 
Nevertheless, relapse is still a possibility 10 years after the retainer has 
been removed [7]. 

  

 

Figure 1. Fixed bonded retainer. 

The process of alveolar bone remodelling was found to play a 
significant role in orthodontic relapse occurence, as discovered by 
Franzen et al. in their animal study [8]. The process of bone remodelling 
can be regarded of as a kind of turnover, in which newly created bone 
replaces older bone [9]. The dynamic process of bone remodeling is 
controlled by osteoclasts, which are cells that dissolve bone, osteoblasts, 
which are cells that produce new bone, and bone mesenchymal stem cells. 
All of the aforementioned cells communicate and collaborate to achieve 
bone remodeling [10]. Relapse can be effectively decreased by biological 
agents that inhibit bone resorption and stimulate bone formation [11]. 
These results indicate that controlling alveolar bone remodelling after 
active orthodontic tooth movement is a crucial method for preventing 
relapse. 

Polymer science has been the most popular field of study due to its 
vast applicability in modern materials engineering for the enhancement 
of structural and functional qualities in clinical and biomedical 

applications. A variety of polymers have optimal qualities, and chemical 
modification of these polymers can improve their cytocompatibility, 



bioactivity, and antibacterial capabilities [12-13]. Several research have 
revealed that polymeric materials may be used in tissue engineering to 
reconstruct cartilage, bone, and heart valves, and as skin, hip, and dental 
implants [14-18]. Polymers have gained a great deal of attention from 
academics in recent years due to their potential use in the rapidly 
developing field of orthodontics [19]. The local injection of 
epigallocatechin gallate-modified gelatin inhibits osteoclastogenesis and 
has the potential to be evolved into an unique therapeutic strategy that 
modifies tooth movement and prevents orthodontic relapse [20]. 
Topically applied bisphosphonate risedronate with gelatin hydrogel 
reduces relapse 7 days after tooth stability in a dose-dependent manner. 
The proposed gelatin hydrogel method may administer risedronate to a 
specific area and give local effects, which is advantageous in orthodontic 
therapy [21]. Hydrogel carbonated hydroxyapatite-incorporated 
advanced platelet-rich fibrin is effective as a biological retainer for 
reducing orthodontic relapse. In this study, the method of applying an 
osteoinductive and osteoconductive substance was minimally invasive, 
cost-effective, and suitable for minimizing relapse after active 
orthodontic tooth movement [22]. In the rat model of orthodontic tooth 
movement, encapsulating simvastatin in exosomes generated from 
periodontal ligament stem cells can improve simvastatin solubility and 
increase the inhibitory impact of relapse. Interestingly, exosomes of 
periodontal ligament stem cells administered locally can help prevent 
relapse, as well [23]. The purpose of this review was to present an 
overview of the use of polymers as a material to lower the risk of post-

orthodontic relapse. 
 

2. Application of hydrogel carbonated hydroxyapatite-incorporated 
advanced platelet-rich fibrin improves post-orthodontic tooth 
stability 

Tissue engineering technologies have previously been promoted for 
manipulating alveolar bone remodeling, preventing orthodontic relapse, 
and improving tooth position stability. Because of its well-controlled 
calcium release and bone forming capacity, carbonate apatite (CHA) has 
great potential for bone tissue engineering [24]. Since it has structural 
closeness to bone's interconnecting porous structure, CHA is regarded as 
a good biomaterial for promoting alveolar bone rebuilding [25]. By 

elevating calcium and phosphate levels in the local area, which are 
essential for bone development, CHA promotes bone remodelling. The 
activity of osteoblasts is controlled by the release of calcium and 
phosphate ions into the surrounding tissue. High levels of extracellular 
calcium also inhibit osteoclastic development and promote DNA 
synthesis and chemotaxis in osteoblastic cells [22]. CHA has also gained 
prominence for its capacity to function as a medication delivery system 
for protein transport into living cells [26].  

Further advantage of CHA is its capacity to function as a drug 
delivery system in controlled release innovation [27]. One of the most 
recent issues in tissue engineering is the advancement of controlled 
release methods for bone tissue augmentation. The controlled release 
system is seen to be promising because it can convert materials with low 
molecular weight into a system with higher molecular weight, preventing 
degradation before the medicine begins to operate. In order to manage 
the water content of the hydrogel system, gelatin hydrogel was chosen to 



have controlled release and degradability in this study by a cross-linking 
technique. The hydrogel can be degraded enzymatically to produce 
water-soluble gelatin fragments, allowing bioactive-loaded components 
to be released [28]. 

Growth factors (GFs) are natural polypeptides that stimulate 
extracellular matrix synthesis and enhance osteoblast development [29]. 
Taking into account the presence of GFs, it is hypothesized that a suitable 
incorporation of hydrogel CHA with controlled release manner and GF 
could achieve more favorable bone regeneration outcomes. Platelet-rich 
fibrin (PRF) is a new generation of GF-rich platelet concentrate that is 
more beneficial than other platelet concentrates such as platelet-rich 
plasma (PRP) due to its simple preparation, low cost, and absence of 
anticoagulants such as bovine thrombin and calcium chloride for platelet 
activation [30]. Endogenous thrombin, released during centrifugation, 
can quickly activate PRF. The restriction on the usual use of bovine 
thrombin due to the high risk of coagulopathy from antibody 
development [31] has limited its use. The use of calcium chloride and 
thrombin to coagulate platelets into a gel and engage the contained GF 
initiates a burst release and activation of all the GF's of PRP 
simultaneously; thus, the period of action of PRP is brief. Meanwhile, PRF 
can maintain GF activity for a substantially longer duration and 
efficiently induce bone repair. Over a period of 10 days, Kobayashi et al. 
[32] revealed that PRF released GFs continuously and consistently. 
Another technique to improve PRP's half-life limits is to use a 
biodegradable gelatin hydrogel drug delivery technology. The release of 

growth factors to ischemic areas is controlled by biodegradable gelatin 
hydrogel. Platelets release growth factors when impregnated into 
biodegradable gelatin hydrogel [33]. Gelatin molecules electrically and 
physicochemically immobilize growth factors in the hydrogel [34]. After 
injecting PRP and biodegradable gelatin hydrogel into ischemic tissue, 
the growth factor-impregnated hydrogel slowly releases growth factors 
into the tissue over 2 weeks, resulting in more successful angiogenesis 
[35]. Specifically, angiogenesis may enhance oxygen and nutrient supply 
and offer a pathway for bone precursor cells to reach the intended area 
[29].  

Advanced-PRF, also known as aPRF, is a novel PRF modification 
form that is made by slowing down the centrifugation speed of the 
conventional methods of fibrin preparation and increasing the amount of 
time that the centrifugation process takes. Platelet concentrations are 
increased as a result of this modification because during the 
centrifugation process, fewer cells settle to the bottom of the tubes, and a 
greater quantity of proteins, including platelets, are left in the higher part 
of the tubes, where the clot is isolated. This results in higher platelet 
concentrations [32,36]. Platelet count in PRF releasate was found to be 
2.69 times greater than the count of platelets in whole blood, according to 
Burnouf et al. [37], whereas Alhasyimi et al. [38] demonstrated that the 
platelet count in aPRF releasate was 4.78 times higher than the count of 
platelets in whole blood. 

The considerable increases in alkaline phosphatase activity on days 
7 and 14 after orthodontic debonding suggest that intrasulcular injection 
of controlled release hydrogel CHA including aPRF has the potential to 
promote alveolar bone remodeling and prevent orthodontic relapse [25]. 
ALP has been identified as a measure of osteoblastic activity during bone 
formation [39]. The study found a link between alveolar bone remodeling 



and variations in ALP activity present in GCF. It suggested that 
osteoblastic cell activity was boosted when ALP levels were significantly 
elevated [40]. The increased osteoblast activity indicates that new bone is 
forming. Osteoblasts must continually drive bone regeneration to prevent 
relapse [22]. Osteoblasts subsequently commence bone apposition by 
generating fresh bone matrices within the osteoclast-formed trenches and 
tunnels on the bone's surface [41]. 

Hydrogel CHA with aPRF was shown to be effective in preventing 
orthodontic relapse in a rabbit model following tooth movement. CHA-
aPRF intrasulcular injection has the potential to minimize orthodontic 
relapse by stimulating osteoprotegerin (OPG) expression and inhibiting 
receptor activator of nuclear factor-κB ligand (RANKL) level. Inhibition 
of osteoclastogenesis and osteoclast activity by local injection of CHA-
aPRF could improve orthodontic retention, according to the findings of 
this study [38]. OPG is a natural receptor expressed by osteoblast which 
inhibits osteoclast differentiation and activity by binding to the RANKL 
and blocks RANKL from interacting with RANK. The binding of RANKL 
and RANK receptor leads to rapid differentiation of hematopoietic 
osteoclast precursors to mature osteoclasts [42]. During orthodontic 
relapse in rabbits, a similar study found that injections of CHA and CHA 
hydrogel-aPRF favorably upregulated transforming growth factor-β1 
(TGF-β1) and bone morphogenic protein-2 (BMP-2) expression, but did 
not increase Runt-related transcription factor-2 (Runx-2) levels [43]. The 
expression of TGF-β1 and BMP-2 is crucial to the process of 
osteoblastogenesis. It is thought that osteoblastogenesis can balance out 

the activity of osteoclasts [44]. Runx-2 expression is reinforced and 
mesenchymal stem cell development is encouraged by a signaling 
cascade started by TGF-1 and BMP-2 [45]. TGF-β1 promotes osteoblast 
proliferation by recruiting osteoblast precursors or matrix-producing 
osteoblasts via chemotactic attraction and attempting to prevent 
osteoblast apoptosis [46]. TGF- β1 is the most potent bone formation 
stimulator, increasing fibroblast proliferation and stimulating collagen 
synthesis [47]. Furthermore, increased BMP-2 expression can induce 
osteoblast maturation and initiate alveolar bone formation to effectively 
prevent relapse [48]. BMP-2 can increase bone mass by decreasing 
osteoclastogenesis activity via the RANKL-OPG pathway [49]. 
Osteoclastogenesis inhibition has been shown to be effective in lowering 
relapse rates following orthodontic tooth movement [50]. Meanwhile, 
Runx-2 regulates the expression of RANKL and OPG by stimulating 
osteoclast differentiation [51]. However, the molecular mechanisms by 
which Runx-2 impedes improvements in osteoclastogenesis require 
additional study [43]. Figure 2 summarizes the process by which 
hydrogel CHA-aPRF prevents orthodontic relapse. 

 



 
 

Figure 2. The mechanism of how hydrogel CHA-aPRF works to prevent  

orthodontic relapse.  

3. Statins' inhibitory effect on relapse after orthodontic treatment 

The statin family of drugs is an effective treatment for 
arteriosclerotic cardiovascular disease. They have the capability to inhibit 
3-hydroxy-3-methyl glutaryl reductase, a rate-limiting enzyme in the 
cholesterol biosynthesis mevalonate pathway [52]. Statins have been 
shown to have numerous favorable effects on human health, including 
anabolic effects on bone metabolism in various ways, in addition to their 
cholesterol-lowering properties. They promote osteoblastic 
differentiation of bone marrow stem cells by upregulating BMP-2 gene 
expression and angiogenesis. Statins may also promote bone formation 
by preventing osteoblast apoptosis [53-55]. Statins suppress osteoclastic 
bone activity during periods of high bone turnover, resulting in the 

reduction of bone resorption. This effect involves modulation of the 
receptor activator of nuclear kappa B (RANK), RANKL, and OPG, 
ultimately suppressing osteoclastogenesis [56,57]. Thus, their ability to 
stimulate bone formation while also having pleiotropic effects such as 
anti-inflammatory and immunomodulatory properties could justify their 
use in orthodontic relapse prevention [58].  Because osteoclastic 
resorption and osteoblastic formation of surrounding alveolar bone are 
important factors in relapse, stimulating alveolar bone formation or 
inhibiting bone resorption after orthodontic tooth movement should 
prevent relapse. Figure 3 illustrates the Statin's role in reducing 
orthodontic relapse. Given Statins' bone modulation properties, their 
possible effect of blocking orthodontic relapse could be a consideration in 
orthodontic treatments. Table 1 summarizes the data from the animal 



study on the efficacy of prescribed statins in preventing postorthodontic 
relapse. 

On the basis of their solubility, Statins are classified as lipophilic. 
Due to its low therapeutic potential and poor permeability, the 
distribution of a lipophilic substance presents a significant challenge for 
conventional delivery systems. According to studies, nanoscale-sized 
preparations can increase drug permeability by disturbing the lipid layer 
and lengthening drug retention duration at the site of action [58,59]. 
Because it has stronger thermodynamic stability and drug solubilization 
capability than emulsion and other dispersion systems, nanoemulsion 
may be a potential carrier delivery strategy for hydrophobic drugs. It also 
has a longer shelf life and requires little external energy to manufacture. 
A nanoemulsion is a dispersed system formed of nanoscale-sized (20-200 
nm diameter) droplets of a solvent composed of an oil phase and a water 
phase and stabilized by the appropriate surfactant [60]. Statins in the form 
of nanoemulsions appear to be promising for orthodontic applications. 

 

Figure 3. Statin's method of action for preventing orthodontic relapse.  

 

Table 1. The effect of Statins on animal models of orthodontic relapse 

Author(s) 

Administration’s 

route, type, and dose 

of Statin 

Result 

Chen et al. [48] 

SIM systemic 

administration 2.5 

mg/kg/day, 5.0 
mg/kg/day, and 10.0 

mg/kg/day 

Systemic administration of 

SIM could reduce the amount 

of orthodontic relapse in rats, 

and a lower dose of 

simvastatin appeared to be 

more effective. 

Han et al. [56] 

 

Intraperitoneal 

injections of 

SIM, 2.5 mg/kg /day 

• The SIM group had shorter 
relapse distances than the 

control group (P< 0.01). 

• The percentage of relapses 

in the test group was 

significantly smaller than in 

the control group (P< 0.001). 



AlSwafeeri et al. 

[61] 

Local injection 

(intraligamentous 

and submucosal of 
SIM, 0.5 mg/480μL 

Local SIM administration 

helps postorthodontic relapse-

related bone remodeling by 

reducing active bone 

resorption and increasing bone 
formation, but  did not reduce 

postorthodontic relapse 

significantly. 

Dolci et al. [62] 

ATO systemic 

administration, 15 

mg/kg  

Statins reduce orthodontic 

relapse in rats by modulating 

bone remodeling. Decreased 

osteoclastogenesis and 
increased OPG protein 

expression explain this effect. 

Vieira et al. [63] 
Oral gavage of SIM, 5 
mg/kg/day  

SIM did not prevent relapse 

movement in rats, and there 

was no link between bone 

density and orthodontic 

relapse. 

Feizbakhsh et al. 

[64] 

Local injection of 0.5 

mg/kg SIM in 1 ml 

solution 

SIM local injection can reduce 
the rate of tooth movement and 

root resorption in dogs, but the 

differences were not 

statistically significant. 

MirHashemi et 
al. [65] 

Daily gavage of ATO, 
5 mg/kg 

In rats, ATO did appear to 

reduce tooth movement; 

however, its effect on 
osteoclasts, particularly 

osteoclastic activity, requires 

additional research. 

   

SIM: Simvastatin; ATO: Atorvastatin 

The statins used in the seven studies listed above are Atorvastatin 
and Simvastatin. Differences in the chemical structures of the two statins, 
efficacy of one drug over the other, and dose dependence are all factors 
that may contribute to inconsistencies in the conclusions and their 
extrapolation to human subjects. This complicates the already difficult 
task of predicting future the outcomes of statin administration in humans. 
Simvastatin is soluble in lipids, which may be one reason why the anti-
relapse effect was not particularly remarkable. Exosomes derived from 
periodontal ligament stem cells (PDLSCs-Exo) were used as a drug 
carrier to load simvastatin into exosomes in a novel study. This was 

accomplished using ultrasound and co-incubation. Simvastatin can be 
loaded and made more soluble by PDLSCs-Exo. Interestingly, during 
orthodontic relapse, PDLSCs-Exo may control local alveolar bone 
remodeling by carrying various osteogenesis signaling molecules. As a 
result, even when PDLSCs-Exo is injected alone, it can still prevent 
relapse after OTM [23].  



4. Epigallocatechin gallate-modified gelatin (EGCG-GL) inhibits bone 
resorption and tooth movement in rats. 

Downstream of RANKL is an intracellular signaling molecule called 
reactive oxygen species (ROS) [66]. As a result, scavenging ROS is an 
attractive strategy for inhibiting osteoclasts. Inhibition of 
osteoclastogenesis can be achieved by activating nuclear factor E2-related 
factor 2 (Nrf2) [67-69]. Epigallocatechin gallate’s (EGCG) ability to 
stimulate Nrf2-mediated anti-oxidation and ROS scavenging slows down 
orthodontic tooth movement. Nevertheless, EGCG injections must be 
repeated if they are to successfully slow OTM by blocking 
osteoclastogenesis [70]. Previous study observed that repetitive local 
injections of EGCG solution reduced osteoclastogenesis and, as a result, 
slowed orthodontic tooth movement [67]. However, frequent local 
injections are not a viable therapeutic option for orthodontics. This issue 
was addressed by developing EGCG-GL since it would benefit 
orthodontic patients by increasing anchorage strength and decreasing the 
rate of OTM [20]. In 2018, the first vacuum-heated EGCG-modified 
gelatin sponges for bone regeneration therapy were established. The 
observed increase in bone formation after vacuum heating can be 
attributed in part to the effect of reduced degradability of the sponge 
caused by DHT cross-linking, which offers a scaffold for cells. The results 
indicate that the pharmacological impact of EGCG has survived vacuum 
heating and is associated with an increase in bone formation [71]. EGCG-
GL was produced by chemically cross-linking EGCG and gelatin using a 
simple and eco-friendly synthetic approach [70], while preserving 
EGCG's activity [71]. Mixing EGCG-GL with bromelain, a combination of 
proteolytic enzymes isolated from pineapples, keeps the release of EGCG 
steady by gradually breaking down the gelatin [20]. 

EGCG inhibits LPS-induced RANKL expression in osteoblasts [70]. 
Furthermore, EGCG enhances the prostaglandin-stimulated production 
of OPG in osteoblasts in a synergistic manner [73,74]. Consequently, 
EGCG reduces the RANKL/OPG ratio at the location, which suppresses 
osteoclastic differentiation indirectly. Improvements in orthodontic 
retention may be possible through the suppression of osteoclastogenesis 
and osteoclast activity [38]. Using flow cytometry, EGCG-GL showed 
inhibit RANKL-mediated intracellular ROS generation in RAW 264.7 
cells. These findings indicate that EGCG-GL inhibits RANKL signaling 

through intracellular ROS formation [20]. 

5. The potential benefits of using bisphosphonate risedronate hydrogel 
to prevent orthodontic relapse movement 

Bisphosphonates are medications used to treat diseases of the bone 
metabolism, such as osteoporosis. Bisphosphonates bind tightly to 
hydroxyapatite and inhibit bone resorption. They specifically target 
calcified tissues, where they are absorbed selectively by bone-resorbing 
osteoclasts [75]. Once internalized, bisphosphonates downregulating 
osteoclasts' ability to resorb bone by interfering with cytoskeletal 
organization and the formation of the ruffled border, resulting in 
apoptotic cell death [76,77]. Bisphosphonates have been proposed in 
orthodontics as a possible means of controlling relapse and even 

generating "pharmacological anchorage". Bisphosphonates' clinical 
utility stems from their capacity to prevent bone resorption. Anchorage 
loss and post-treatment relapse are two major concerns in orthodontic 
treatment [76]. Bisphosphonates found to inhibit tooth movement in rats 



by decreasing osteoclast formation. Bisphosphonates also helped to 
prevent root resorption caused by orthodontic tooth movement. These 
findings imply that bisphosphonate may be beneficial for regulating 
orthodontic tooth movement and as a potential inhibitor of root 
resorption throughout orthodontic tooth movement and relapse after 
orthodontic tooth movement [78].  

Bisphosphonates may cause bisphosphonate-related jaw 
osteonecrosis; an eight-week oral necrotic bone condition [80]. 
Bisphosphonates' duration, dosage, and intravenous and oral 
administration cause a systemic effect [81]. All previously cited studies 
utilized pure bisphosphonates without a carrier to successfully treat 
periodontal disease. Adachi et al. revealed that local injection of 
risedronate lessens relapse effectively, but with systemic side effects 
including an increment in tibial bone mineral density [80]. Given that 
bisphosphonates affect the entire skeleton, the most effective method for 
treating periodontal bone loss would be a topical application [83]. On 
days 14 and 21 after active orthodontic tooth movement, intrasulcular 
administration of bisphosphonate risedronate hydrogel altered the 
osteoclast-to-osteoblast ratio and raised alkaline phospatase levels, and 7 
days after the tooth stabilization period, the bisphosphonate risedronate 
with gelatin hydrogel efficiently reduces relapse in a dose-dependent 
manner. Hydrogel risedronate bisphosphonate improved the 
proliferation and maturation of osteoblasts, that play a crucial role in 
bone production, hence enhancing tooth stability during orthodontic 
movement. In orthodontics, the developed gelatin hydrogel technology 

can be used to administer risedronate precisely where it's needed for 
localized effects. These findings demonstrate the significance of 
bisphosphonate risedronate hydrogel in the bone remodeling process; 
hence, it has the ability to prevent relapse [21, 84]. Figure 4 depicts the 
role that bisphosphonates play in reducing orthodontic relapse. 

 
 
 

 
 



Figure 4. The mechanism of action of bisphosphonate (BP) in the prevention of 

orthodontic relapse. BP can enter osteoclasts at sites of bone resorption via to 

endocytosis. BP inhibits the capability and activity of osteoclasts, which causes 

apoptotic cell death. BP also restricts mature osteoclasts from attaching to bone. 

By altering the osteoclast-to-osteoblast ratio and raising alkaline phospatase 

levels, BP promoted osteoblast proliferation and maturation. BP: Bisphosphonate; 

OC: Osteoclast; OB: Osteoblast 

 
The standard of treatment in the medical field is shifting toward 

more minimally invasive techniques. The practice of dentistry known as 
"minimally intrusive dentistry" adheres to a philosophy that emphasizes 
the integration of prevention, remineralization, and minimal intervention 
in the placement and repair of restorations. The goal of treatment can be 
accomplished with minimally invasive dentistry by employing the least 
invasive surgical technique, removing the smallest possible amount of 
healthy tissue, lowering the risk of soft tissue reorganization, and 
focusing solely on the factors that pose the greatest potential for 
complications [84. 85]. The use of a topical treatment is one example of a 
procedure that is regarded to be minimally invasive. Utari et al. 
employed a hydrogel risedronate topical formulation to minimize relapse 
in guinea pigs; yet, its placement into the gingival sulcus was still difficult 
[86]. When compared to pure bisphosphonate solution, the risedronate 
emulgel with virgin coconut oil exhibited a regulated medication release 
and may be administered topically to prevent relapse [87]. Emulgel is an 
oil-in-water or water-in-oil emulsion that has been gelled and combined 
with a gelling agent. Emulgel preparations have a number of advantages, 
including a hydrophobic drug and high loading capacity, which allows 
for production, inexpensive production costs, and controlled drug 
delivery [88]. The hydrophobic stratum corneum, which acts as a barrier 
to stop medication permeability, is the most significant possible issue 
associated with topical distribution. Delivering hydrophilic or larger 
molecular weight medicinal medicines across crystalline barriers thus 
becomes difficult. When compared to alternative carriers like 
microemulsions, liposomes, or solid lipid nanoparticles, nano emulsion 
may offer a number of major advantages including minimal irritancy, 

strong penetration ability, and high drug-loading capacity for topical 
delivery [89,90]. 

 

6. Conclusions 

After receiving orthodontic treatment, retention is one of the most 
important methods that can be used to prevent orthodontic relapse. In 
spite of this, the mechanism of orthodontic relapse is still unknown, 
despite the fact that relapse is frequently observed in some patients 
regardless of the effective use of a retainer. Although the precise 
mechanism by which orthodontic correction is lost after retention is not 
fully understood, we presume that bone remodeling is a major 
contributor. Inhibition of osteoclastogenesis and a delay in orthodontic 

tooth movement were observed after the delivery of a polymer 
containing materials that influenced osteoclast activity. 
Osteoclastogenesis is strongly linked to relapse. PDL space widens a few 
days after relapse movement, which coincides with the appearance of the 
first osteoclast progenitor cells at the compression sites in the alveolar 
crest vasculature and marrow spaces. When compared to the sites of 



tension, compression tends to have a greater number of osteoclasts 
present. During tooth movement, proinflammatory cytokines are also 
produced, which points to the significance of inflammation in the process 
of initiating osteoclastogenesis. Compressive forces trigger a response 
from the tissue biomarker RANKL. On the other hand, an increase in the 
osteoprotegrin biomarker leads to a decrease in RANKL, which in turn 
prevents tooth movement. This new finding can serve as a key strategy 
for developing materials that effectively and efficiently prevent 
orthodontic relapse. 

Numerous novel techniques exist for inhibiting osteoclastogenesis 
and preventing orthodontic relapse, but local application utilizing a drug 
delivery system is likely the most novel and well-controllable technique, 
as it provides the most effective control. Controlled release will be the 
result of the interaction between the drug and the polymer. Polymers are 
used to improve drug stability and facilitate release. For instance, CHA 
hydrogel was developed as a drug delivery system because of its capacity 
to perform the role of an intracellular protein transporter. The hydrogel 
has the ability to preserve the three-dimensional structure of proteins, 
such as the growth factors in aPRF, while they are being transported, 
thereby preventing the proteins from becoming denatured or degraded 
before they reach the intended site. Moreover, emulgel possesses a 
mucoadhesive drug delivery system, which interacts with the mucus 
layer on the surface of the mucosal epithelium and mucin molecules. This 
interaction occurs by forming intensive contact between the drug and the 
target area. Consequently, the retention time of drug preparations in the 
intended application is lengthened. Emulgel is advantageous for a 
number of reasons, including the fact that it circumvents the metabolic 
process known as "first-pass," easy to use, eliminates the risks and 
drawbacks associated with intravenous therapy, and that it prevents 
variations in adsorption effects, such as the presence of enzymes and 
changes in pH. It is also capable of absorbing drugs in the area of the 
target, thereby avoiding incompatibility with the gastrointestinal tract, 
and it can be used for self-medication. Nanoemulgel has been discovered 
to be an extremely effective vehicle system for hy-drophobic medication 
delivery. High drug loading attributable to improved solubilizing 
efficacy, enhanced bioavailability due to improved permeability, and the 
capacity to modulate drug release make it a powerful alternative delivery 
system in the treatment of orthodontic relapse. The nanoemulsion 
component of the nanoemulgel protects the active moiety by inhibiting 
enzymatic degradation and certain processes, such as hydrolysis. The gel 
base gives the emulsion thermodynamic stability by raising the viscosity 
of the aqueous phase and decreasing the interfacial and surface tensions. 
Nanoemulgels have rheological properties that make them ideally suited 
for topical delivery and other forms such as dental delivery, hence 
enhancing patient acceptability. As the globule size is nanoscale and 
specific penetration enhancers are employed, the formulation's efficacy 
can be increased by increasing the formulation's permeability and 
diffusivity. 

The review presented here analyzes the prospects for the use of 
polymeric materials in areas of dentistry, specifically in orthodontics, to 
prevent orthodontic relapse. The improvements detailed in the paper 
chart a new course for relapse prevention materials, with the goal of 
increasing patients' quality of life. Despite the fact that the overall clarity 



in evidence limits prospective recommendations for human trials, the 
outcomes of this analysis suggest a direction for further research. 
Furthermore, it is critical that any future animal research follow defined 
protocols. These protocols should consider the reproduction of human 
clinical circumstances in terms of medication administration timing, dose 
equivalence, and route, as well as the peculiarities of the mechanisms that 
cause tooth movement and the methods used to evaluate relapse. It is 
critical to calculate the right sample size in order to increase the 
dependability of the findings and the overall impact of the research. 
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Abstract: Relapse after orthodontic treatment occurs at a rate of about 70 to 90%, 

and this phenomenon is an orthodontic issue that has not yet been resolved.  

Retention devices are one attempt at prevention, but they require a considerable 

amount of time. Most orthodontists continue to find it challenging to manage 

orthodontic relapse; therefore, additional research is required. In line with 

existing knowledge regarding the biological basis of relapse, biomedical 

engineering approaches to relapse regulation show promise. With so many 

possible uses in biomedical engineering, polymeric materials have long been at 

the forefront of the materials world. Orthodontics is an emerging field, and 

scientists are paying a great deal of attention to polymers because of their 

potential applications in this area. In recent years, the controlled release of 

bisphosphonate risedronate using a topically applied gelatin hydrogel has been 

demonstrated to be effective in reducing relapse. Simvastatin encapsulation in 

exosomes generated from periodontal ligament stem cells can promote 

simvastatin solubility and increase the inhibitory action of orthodontic relapse.  

Moreover, the local injection of epigallocatechin gallate-modified gelatin 

suppresses osteoclastogenesis and could be developed as a novel treatment 

method to modify tooth movement and inhibit orthodontic relapse. Furthermore,  

the intrasulcular administration of hydrogel carbonated hydroxyapatite-

incorporated advanced platelet-rich fibrin has been shown to minimize 

orthodontic relapse. The objective of this review was to provide an overview of 

the use of polymer materials to reduce post-orthodontic relapse. The most 

promising polymeric materials and their potential orthodontic uses for the 

prevention of orthodontic relapse are also discussed. 

Keywords: polymer; relapse; orthodontic; retention; statin 

 

1. Introduction 

Society today is experiencing an increasing interest in cosmetic 
dentistry, making orthodontics an essential treatment field. Orthodontic 
treatment has become one of the most popular treatments in cosmetic 
dentistry; it is used to correct malocclusion, enhance occlusion, and attain 
dentofacial harmony [1]. Even after several years of post-treatment 
stabilization, corrected teeth frequently relapse. Relapse can be explained 
as a phenomenon that occurs after treatment, in which the corrected tooth 
arrangement returns to its original pre-treatment position [2]. Relapse 
following orthodontic treatment occurs at a rate that ranges from around 
70 to 90%, and this occurrence is an orthodontic problem that has not yet 
been resolved [3]. Retention is regarded as the last and most important 
stage in ensuring that dental components are kept in the correct place 
after active orthodontic tooth movement. According to clinicians, a 
retainer should be kept in place for as long as a perfect alignment is 
needed [4]. Fixed bonded retainers are the most commonly used retainer, 
particularly for the mandibular arch, due to their stability, high 
effectiveness, independence of patient compliance, simplicity of 
installation, virtual invisibility (Figure 1), and patient acceptance [5,6]. 
Nevertheless, relapse is still a possibility 10 years after the retainer has 
been removed [7]. 

(https://creativecommons.org/license

s/by/4.0/). 



 

Figure 1. Fixed bonded retainer. 

The process of alveolar bone remodeling was found to play a 
significant role in orthodontic relapse occurrence, as discovered by 
Franzen et al. in their animal study [8]. The process of bone remodeling 
can be regarded as a kind of turnover, in which newly created bone 
replaces older bone [9]. The dynamic process of bone remodeling is 
controlled by osteoclasts, which are cells that dissolve bone; osteoblasts, 
which are cells that produce new bone; and bone mesenchymal stem cells. 
All of the aforementioned cells communicate and collaborate to achieve 
bone remodeling [10]. Relapse can be effectively decreased by biological 
agents that inhibit bone resorption and stimulate bone formation [11]. 
These results indicate that controlling alveolar bone remodeling after 
active orthodontic tooth movement is a crucial method for preventing 
relapse. 

Polymer science has been the most popular field of study due to its 
vast applicability in engineering modern materials for the enhancement 
of structural and functional qualities in clinical and biomedical 
applications. A variety of polymers have optimal qualities, and the 
chemical modification of these polymers can improve their 
cytocompatibility, bioactivity, and antibacterial capabilities [12,13]. 
Several studies have revealed that polymeric materials may be used in 
tissue engineering to reconstruct cartilage, bone, and heart valves, and as 
skin, hip, and dental implants [14–18]. Polymers have gained a great deal 
of attention from academics in recent years due to their potential use in 
the rapidly developing field of orthodontics [19]. The local injection of 
epigallocatechin gallate-modified gelatin inhibits osteoclastogenesis and 
has the potential to be evolved into an unique therapeutic strategy that 
modifies tooth movement and prevents orthodontic relapse [20]. 
Topically applied bisphosphonate risedronate with gelatin hydrogel 
reduces relapse 7 days after tooth stability in a dose-dependent manner. 
The proposed gelatin hydrogel method may administer risedronate to a 
specific area and give local effects, which is advantageous in orthodontic 
therapy [21]. Hydrogel carbonated hydroxyapatite-incorporated 
advanced platelet-rich fibrin is effective as a biological retainer for 
reducing orthodontic relapse. In this study, the method of applying an 
osteoinductive and osteoconductive substance was minimally invasive, 
cost-effective, and suitable for minimizing relapse after active 
orthodontic tooth movement [22]. In a rat model of orthodontic tooth 
movement, encapsulating simvastatin into exosomes generated from 
periodontal ligament stem cells improved simvastatin solubility and 
increased the inhibitory impact of relapse. Interestingly, exosomes of 
periodontal ligament stem cells administered locally can help prevent 



relapse as well [23]. The purpose of this review was to present an 
overview of the use of polymers as a material to lower the risk of post-
orthodontic relapse. 

  



2. Application of Hydrogel Carbonated Hydroxyapatite-Incorporated 
Advanced  
Platelet-Rich Fibrin Improves Post-Orthodontic Tooth Stability 

Tissue engineering technologies have previously been promoted for 
manipulating alveolar bone remodeling, preventing orthodontic relapse, 
and improving tooth position stability. Because of its well-controlled 
calcium release and bone forming capacity, carbonate apatite (CHA) has 
great potential for bone tissue engineering [24]. Since it exhibits structural 
similarity to the interconnecting porous structure of bone, CHA is 
regarded as a good biomaterial for promoting alveolar bone rebuilding 
[25]. By elevating calcium and phosphate levels in the local area, which 
are essential for bone development, CHA promotes bone remodeling. 
The activity of the osteoblasts is controlled by the release of calcium and 
phosphate ions into the surrounding tissue. High levels of extracellular 
calcium also inhibit osteoclastic development and promote DNA 
synthesis and chemotaxis in osteoblastic cells [22]. CHA has also gained 
prominence for its capacity to function as a medication delivery system 
for protein transport into living cells [26]. 

A further advantage of CHA is its capacity to function as a drug 
delivery system in controlled release innovation [27]. One of the most 
recent issues in tissue engineering is the advancement of controlled 
release methods for bone tissue augmentation. The controlled release 
system is seen to be promising because it can convert materials with a low 
molecular weight into a system with a higher molecular weight, 
preventing degradation before the medicine begins to operate. In order 
to manage the water content of the hydrogel system, gelatin hydrogel was 
selected for this study to provide controlled release and degradability 
using a cross-linking technique. The hydrogel can be degraded 
enzymatically to produce water-soluble gelatin fragments, allowing 
bioactive-loaded components to be released [28]. 

Growth factors (GFs) are natural polypeptides that stimulate 
extracellular matrix synthesis and enhance osteoblast development [29]. 
Taking into account the presence of GFs, it is hypothesized that a suitable 
incorporation of hydrogel CHA exhibiting controlled release and GF 
could achieve more favorable bone regeneration outcomes. Platelet-rich 
fibrin (PRF) is a new generation of GF-rich platelet concentrate that is 
more beneficial than other platelet concentrates, such as platelet-rich 

plasma (PRP), due to its simple preparation, low cost, and absence of 
anticoagulants, such as bovine thrombin and calcium chloride, for 
platelet activation [30]. Endogenous thrombin, released during 
centrifugation, can quickly activate PRF. The restriction on the usual use 
of bovine thrombin due to the high risk of coagulopathy from antibody 
development [31] has limited its use. The use of calcium chloride and 
thrombin to coagulate platelets into a gel and engage the contained GF 
initiates a burst release and activation of all the GFs of PRP 
simultaneously; thus, the period of action of PRP is brief. Meanwhile, PRF 
can maintain GF activity for a substantially longer duration and 
efficiently induce bone repair., Kobayashi et al. [32] revealed that over a 
period of 10 days, PRF released GFs continuously and consistently. 
Another technique to improve PRP’s half-life limits is to use a 
biodegradable gelatin hydrogel drug delivery technology. The release of 
growth factors to ischemic areas is controlled by biodegradable gelatin 
hydrogel. Platelets release growth factors when impregnated into 
biodegradable gelatin hydrogel [33]. Gelatin molecules electrically and 



physiochemically immobilize growth factors in the hydrogel [34]. After 
injecting PRP and biodegradable gelatin hydrogel into ischemic tissue, 
the growth factor-impregnated hydrogel slowly releases growth factors 
into the tissue over 2 weeks, resulting in more successful angiogenesis 
[35]. Specifically, angiogenesis may enhance oxygen and nutrient supply 
and offer a pathway for bone precursor cells to reach the intended area 
[29]. 

Advanced PRF, also known as aPRF, is a novel form of PRF 
modification that is made by slowing down the centrifugation speed of 
the conventional methods of fibrin preparation and increasing the 
amount of time that the centrifugation process requires. Platelet 
concentrations are increased as a result of this modification because 
during the centrifugation process, fewer cells settle to the bottom of the 
tubes, and a greater quantity of proteins, including platelets, are left in 
the higher part of the tubes, where the clot is isolated. This results in 
higher platelet concentrations [32,36]. The platelet count in PRF releasate 
was found to be 2.69 times greater than the count of platelets in whole 
blood, according to Burnouf et al. [37], whereas Alhasyimi et al. [38] 
demonstrated that the platelet count in aPRF releasate was 4.78 times 
higher than the count of platelets in whole blood. 

The considerable increases in alkaline phosphatase activity at days 7 
and 14 after orthodontic debonding suggest that intrasulcular injection of 
controlled release hydrogel CHA, including aPRF, has the potential to 
promote alveolar bone remodeling and prevent orthodontic relapse [25]. 
ALP has been identified as a measure of osteoblastic activity during bone 

formation [39]. The study found a link between alveolar bone remodeling 
and variations in ALP activity present in GCF. It suggested that 
osteoblastic cell activity was boosted when ALP levels were significantly 
elevated [40]. The increased osteoblast activity indicates that new bone is 
forming. Osteoblasts must continually drive bone regeneration to prevent 
relapse [22]. Osteoblasts subsequently commence bone apposition by 
generating fresh bone matrices within the osteoclast-formed trenches and 
tunnels on the bone’s surface [41]. 

Hydrogel CHA with aPRF was shown to be effective in preventing 
orthodontic relapse in a rabbit model following tooth movement. 
CHA−aPRF intrasulcular injection has the potential to minimize 
orthodontic relapse by stimulating osteoprotegerin (OPG) expression and 
inhibiting the receptor activator of the nuclear factor−κB ligand (RANKL) 
level. Inhibition of osteoclastogenesis and osteoclast activity by local 
injection of CHA−aPRF could improve orthodontic retention, according 
to the findings of this study [38]. OPG is a natural receptor expressed by 
osteoblasts which inhibits osteoclast differentiation and activity by 
binding to the RANKL and blocking RANKL from interacting with 
RANK. The binding of RANKL and the RANK receptor leads to rapid 
differentiation of hematopoietic osteoclast precursors to mature 
osteoclasts [42]. During orthodontic relapse in rabbits, a similar study 
found that injections of CHA and CHA hydrogel−aPRF favorably 
upregulated transforming growth factor−β1 (TGF−β1) and bone 
morphogenic protein−2 (BMP−2) expression, but did not increase 
Runt−related transcription factor−2 (Runx−2) levels [43]. The expression 
of TGF−β1 and BMP−2 is crucial to the process of osteoblastogenesis. It is 
thought that osteoblastogenesis can balance out the activity of osteoclasts 
[44]. Runx−2 expression is reinforced and mesenchymal stem cell 
development is encouraged by a signaling cascade started by TGF−1 and 



BMP−2 [45]. TGF−β1 promotes osteoblast proliferation by recruiting 
osteoblast precursors or matrix-producing osteoblasts via chemotactic 
attraction and attempting to prevent osteoblast apoptosis [46]. TGF−β1 is 
the most potent bone formation stimulator, increasing fibroblast 
proliferation and stimulating collagen synthesis [47]. Furthermore, 
increased BMP−2 expression can induce osteoblast maturation and 
initiate alveolar bone formation to effectively prevent relapse [48]. BMP−2 
can increase bone mass by decreasing osteoclastogenesis activity via the 
RANKL−OPG pathway [49]. Osteoclastogenesis inhibition has been 
shown to be effective in lowering relapse rates following orthodontic 
tooth movement [50]. Meanwhile, Runx−2 regulates the expression of 
RANKL and OPG by stimulating osteoclast differentiation [51]. 
However, the molecular mechanisms by which Runx−2 impedes 
improvements in osteoclastogenesis require additional study [43]. Figure 
2 summarizes the process by which hydrogel CHA−aPRF prevents 
orthodontic relapse. 

 

Figure 2. The mechanism of how hydrogel CHA−aPRF works to prevent  

orthodontic relapse. 



 

3. Statins’ Inhibitory Effect on Relapse after Orthodontic Treatment 

The statin family of drugs is an effective treatment for 
arteriosclerotic cardiovascular disease. Statins have the capability to 
inhibit 3-hydroxy-3-methyl glutaryl reductase, a rate-limiting enzyme in 
the cholesterol biosynthesis mevalonate pathway [52]. Statins have been 
shown to have numerous favorable effects on human health, including 
anabolic effects on bone metabolism in various ways, in addition to their 
cholesterol-lowering properties. They promote the osteoblastic 
differentiation of bone marrow stem cells by upregulating BMP-2 gene 
expression and angiogenesis. Statins may also promote bone formation 
by preventing osteoblast apoptosis [53–55]. Statins suppress osteoclastic 
bone activity during periods of high bone turnover, resulting in the 
reduction of bone resorption. This effect involves the modulation of the 
receptor activator of nuclear kappa B (RANK), RANKL, and OPG, 
ultimately suppressing osteoclastogenesis [56,57]. Thus, their ability to 
stimulate bone formation while also exhibiting pleiotropic effects, such as 
anti-inflammatory and immunomodulatory properties, could justify 
their use in orthodontic relapse prevention [58]. Because osteoclastic 
resorption and osteoblastic formation of surrounding alveolar bone are 
important factors in relapse, stimulating alveolar bone formation or 
inhibiting bone resorption after orthodontic tooth movement should 
prevent relapse. Figure 3 illustrates the statin’s role in reducing 
orthodontic relapse. Given the bone modulation properties of statins, 
their possible effect of blocking orthodontic relapse could be a 
consideration in orthodontic treatments. Table 1 summarizes the data 
from an animal study on the efficacy of prescribed statins in preventing 
postorthodontic relapse. 



 

Figure 3. Statin’s method of action for preventing orthodontic relapse. 

 

Table 1. The effect of statins in animal models of orthodontic relapse. 

Author(s) 
Administration’s Route, Type, and 

Dose of Statin 
Result 

Chen et al. [48] 

SIM systemic administration 2.5 

mg/kg/day, 5.0 mg/kg/day, and 10.0 

mg/kg/day 

Systemic administration of SIM could reduce the 

incidence of orthodontic relapse in rats, and a lower 

dose of simvastatin appeared to be more effective. 

Han et al. [56] 

 

Intraperitoneal injections of 

SIM, 2.5 mg/kg/day 

• The SIM group showed shorter relapse 

distances than did the control group (p < 0.01). 
• The percentage of relapses in the test group was 

significantly smaller than that in the control group (p < 

0.001). 

AlSwafeeri et al. [59] 

Local injection (intraligamentous 

and submucosal) of SIM, 0.5 

mg/480μL 

Local SIM administration helps postorthodontic 

relapse-related bone remodeling by reducing active 

bone resorption and increasing bone formation, but 

does not significantly reduce postorthodontic relapse. 

Dolci et al. [60] 
ATO systemic administration, 15 

mg/kg  

Statins reduce orthodontic relapse in rats by 

modulating bone remodeling. Decreased 

osteoclastogenesis and increased OPG protein 

expression explain this effect. 



Vieira et al. [61] Oral gavage of SIM, 5 mg/kg/day  

SIM did not prevent relapse movement in rats, and 

there was no link between bone density and orthodontic 

relapse. 

Feizbakhsh et al. [62] 
Local injection of 0.5 mg/kg SIM in 1 

mL solution 

SIM local injection can reduce the rate of tooth 

movement and root resorption in dogs, but the 
differences were not statistically significant. 

MirHashemi et al. [63] Daily gavage of ATO, 5 mg/kg 

In rats, ATO appeared to reduce tooth movement; 

however, its effect on osteoclasts, particularly regarding 

osteoclastic activity, requires additional research. 
SIM: simvastatin; ATO: atorvastatin. 

The statins used in the 7 studies listed above are atorvastatin and 
simvastatin. Differences in the chemical structures of the two statins, the 
efficacy of one drug over the other, and dose dependence are all factors 
that may contribute to inconsistencies in the conclusions and their 
extrapolation to human subjects. This complicates the already difficult 
task of predicting the future outcomes of statin administration in humans. 
Simvastatin is soluble in lipids, which may be one reason why its anti-
relapse effect was not particularly remarkable. In a novel study, exosomes 
derived from periodontal ligament stem cells (PDLSCs-Exo) were used as 
drug carriers to load simvastatin into exosomes. This was accomplished 
using ultrasound and co-incubation. Simvastatin can be loaded and 
rendered more soluble by PDLSCs-Exo. Interestingly, during orthodontic 
relapse, PDLSCs-Exo may control local alveolar bone remodeling by 
carrying various osteogenesis signaling molecules. As a result, even 
when PDLSCs-Exo is injected alone, it can still prevent relapse after OTM 
[23]. 

4. Epigallocatechin Gallate-Modified Gelatin (EGCG-GL) Inhibits 
Bone Resorption and Tooth Movement in Rats 

Downstream of RANKL is an intracellular signaling molecule called 
reactive oxygen species (ROS) [64]. As a result, scavenging ROS is an 
attractive strategy for inhibiting osteoclasts. Inhibition of 
osteoclastogenesis can be achieved by activating nuclear factor E2-related 
factor 2 (Nrf2) [65–67]. Epigallocatechin gallate’s (EGCG) ability to 
stimulate Nrf2-mediated anti-oxidation and ROS scavenging slows down 
orthodontic tooth movement. Nevertheless, EGCG injections must be 
repeated if they are to successfully slow OTM by blocking 
osteoclastogenesis [68]. A previous study observed that repetitive local 
injections of EGCG solution reduced osteoclastogenesis and as a result, 
slowed orthodontic tooth movement [65]. However, frequent local 
injections are not a viable therapeutic option for orthodontics. This issue 
was addressed by developing EGCG-GL, since it would benefit 
orthodontic patients by increasing anchorage strength and decreasing the 
rate of OTM [20]. In 2018, the first vacuum-heated EGCG-modified 
gelatin sponges for bone regeneration therapy were established. The 
observed increase in bone formation after vacuum heating can be 
attributed in part to the effect of the reduced degradability of the sponge 
caused by DHT cross-linking, which offers a scaffold for cells. The results 
indicate that the pharmacological impact of EGCG survives vacuum 
heating and is associated with an increase in bone formation [69]. EGCG-
GL was produced by chemically cross-linking EGCG and gelatin using a 
simple and eco-friendly synthetic approach [68], while preserving 



EGCG’s activity [69]. Mixing EGCG-GL with bromelain, a combination of 
proteolytic enzymes isolated from pineapples, maintains the steady 
release of EGCG by gradually breaking down the gelatin [20]. 

EGCG inhibits LPS-induced RANKL expression in osteoblasts [70]. 
Furthermore, EGCG enhances the prostaglandin-stimulated production 
of OPG in osteoblasts in a synergistic manner [71,72]. Consequently, 
EGCG reduces the RANKL/OPG ratio at the location, which indirectly 
suppresses osteoclastic differentiation. Improvements in orthodontic 
retention may be possible through the suppression of osteoclastogenesis 
and osteoclast activity [38]. Using flow cytometry, EGCG-GL showed 
inhibited RANKL-mediated intracellular ROS generation in RAW 264.7 
cells. These findings indicate that EGCG-GL inhibits RANKL signaling 
through intracellular ROS formation [20]. 

5. The Potential Benefits of Using Bisphosphonate Risedronate 
Hydrogel to Prevent Orthodontic Relapse Movement 

Bisphosphonates are medications used to treat diseases of the bone 
metabolism, such as osteoporosis. Bisphosphonates bind tightly to 
hydroxyapatite and inhibit bone resorption. They specifically target 
calcified tissues, where they are absorbed selectively by bone-resorbing 
osteoclasts [73]. Once internalized, bisphosphonates downregulate the 
ability of osteoclasts to resorb bone by interfering with cytoskeletal 
organization and the formation of the ruffled border, resulting in 
apoptotic cell death [74,75]. Bisphosphonates have been proposed in 
orthodontics as a possible means of controlling relapse and even 
generating “pharmacological anchorage”. The clinical utility of 
bisphosphonates stems from their capacity to prevent bone resorption. 
Anchorage loss and post-treatment relapse are two major concerns in 
orthodontic treatment [76]. Bisphosphonates were found to inhibit tooth 
movement in rats by decreasing osteoclast formation. Bisphosphonates 
also helped to prevent root resorption caused by orthodontic tooth 
movement. These findings imply that bisphosphonate may be beneficial 
for regulating orthodontic tooth movement and as a potential inhibitor of 
root resorption during orthodontic tooth movement and relapse after 
orthodontic tooth movement [77]. 

Bisphosphonates may cause bisphosphonate-related jaw 
osteonecrosis, an oral necrotic bone condition[78]. The duration, dosage, 
and intravenous and oral administration of bisphosphonate can cause a 

systemic effect [79]. All previously cited studies utilized pure 
bisphosphonates, without a carrier, to successfully treat periodontal 
disease. Adachi et al. revealed that the local injection of risedronate 
effectively lessens relapse, but with systemic side effects, including an 
increase in tibial bone mineral density [80]. Given that bisphosphonates 
affect the entire skeleton, the most effective method for treating 
periodontal bone loss would be a topical application [81]. On days 14 and 
21 after active orthodontic tooth movement, the intrasulcular 
administration of bisphosphonate risedronate hydrogel altered the 
osteoclast-to-osteoblast ratio and raised alkaline phosphatase levels, and 
7 days after the tooth stabilization period, the application of 
bisphosphonate risedronate with gelatin hydrogel efficiently reduces 
relapse in a dose-dependent manner. Hydrogel risedronate 
bisphosphonate improved the proliferation and maturation of 
osteoblasts, which play a crucial role in bone production, hence 
enhancing tooth stability during orthodontic movement. In orthodontics, 



the developed gelatin hydrogel technology can be used to administer 
risedronate precisely where it is needed for localized effects. These 
findings demonstrate the significance of bisphosphonate risedronate 
hydrogel in the bone remodeling process; hence, it has the ability to 
prevent relapse [21,82]. Figure 4 depicts the role that bisphosphonates 
play in reducing orthodontic relapse. 

 

Figure 4. The mechanism of action of bisphosphonate (BP) in the prevention of 

orthodontic relapse. BP can enter the osteoclasts at sites of bone resorption via 

endocytosis. BP inhibits the capability and activity of osteoclasts, which causes 

apoptotic cell death. BP also restricts mature osteoclasts from attaching to bone. 

By altering the osteoclast-to-osteoblast ratio and raising alkaline phosphatase 

levels, BP promotes osteoblast proliferation and maturation. BP: 

bisphosphonates; OC: osteoclast; OB: osteoblast. 

Utari et al. employed a topical hydrogel risedronate formulation to 
minimize relapse in guinea pigs; however, its placement into the gingival 
sulcus was still difficult [82]. When compared to pure bisphosphonate 
solution, the risedronate emulgel using virgin coconut oil exhibited a 
regulated medication release, and it may be administered topically to 
prevent relapse [83]. Emulgel is an oil-in-water or water-in-oil emulsion 
that has been combined with a gelling agent. Emulgel preparations 
exhibit a number of advantages, including hydrophobic drug properties 
and a high loading capacity, which allows for ease of production, 
inexpensive production costs, and controlled drug delivery [84]. 

6. Conclusions 

The review presented here analyzes the prospects for the use of 
polymeric materials in the field of dentistry, particularly in orthodontics. 
The improvements detailed in this study chart a new course for relapse 
prevention materials, with the goal of increasing patients’ quality of life. 
Despite the fact that the overall clarity of the evidence limits prospective 
recommendations for human trials, the outcomes of this analysis suggest 
a direction for further research. Furthermore, it is critical that any future 
animal research follow defined protocols. These protocols should 
consider the reproduction of human clinical circumstances in terms of the 
timing, dose equivalence, and route of medication administration, as well 
as the peculiarities of the mechanisms that cause tooth movement and the 

methods used to evaluate relapse. It is critical to calculate the correct 



sample size in order to increase the dependability of the findings and the 
overall impact of the research. 

Author Contributions: Conceptualization, N.F.R., I.D.A., and A.A.A.; 

methodology, N.F.R., I.D.A., and A.A.A.; validation, A.A.A.; formal analysis, 

N.F.R., I.D.A., and A.A.A.; investigation, N.F.R., I.D.A., and A.A.A.; resources, 

N.F.R., I.D.A., and A.A.A.; data curation, N.F.R., I.D.A., and A.A.A.; writing—

original draft preparation, N.F.R., I.D.A., and A.A.A.; writing—review and 

editing, A.A.A.; visualization, A.A.A.; supervision, I.D.A.; project administration, 

N.F.R.; funding acquisition N.F.R., I.D.A., and A.A.A. All authors have read and 

agreed to the published version of the manuscript. 

Funding: This work was funded by DIKTI (Directorate General of Higher 

Education, Indonesia), grant number 2684/UN1/DITLIT/Dit-Lit/PT.01.03/2022. 

This work was funded by Ministry of Education, Culture, Research, and 

Technology of the Republic of Indonesia Grant 2022 (under the contract number 

of 2684/UN1/DITLIT/Dit-Lit/PT.01.03/2022). 

Institutional Review Board Statement:  Not applicable 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Indriasari, V.; Suparwitri, S.; Christnawati, C.; Alhasyimi, A.A. Different effects of soybean isoflavone 

genistein on transforming growth factor levels during orthodontic tooth movement among young and old 

rabbits. F1000Research 2019, 8, 2074. https://doi.org/10.12688/f1000research.21211.2. 

2. Canuto, L.; de Freitas, M.R.; de Freitas, K.M.; Cançado, R.H.; Neves, L.S. Long-term stability of maxillary 

anterior alignment in non-extraction cases. Dent. Press J. Orthod. 2013, 18, 46–53. https://doi.org/10.1590/s2176-

94512013000300009. 

3. Kaan, M.; Madléna, M. Retenció és recidiva az ortodonciában. Irodalmi áttekintés (Retention and relapse. 

Review of the literature). Fogorv. Sz. 2011, 104, 139–146. 

4. Scribante, A.; Gallo, S.; Turcato, B.; Trovati, F.; Gandini, P.; Sfondrini, M.F. Fear of the relapse: Effect of 

composite type on adhesion efficacy of upper and lower orthodontic fixed retainers: In vitro investigation 

and randomized clinical trial. Polymers 2020, 12, 963. https://doi.org/10.3390/polym12040963. 

5. Valiathan, M.; Hughes, E. Results of a survey-based study to identify common retention practices in the 

United States. Am. J. Orthod. Dentofac. Orthop . 2010, 137, 170–177. https://doi.org/10.1016/j.ajodo.2008.03.023. 

6. Scribante, A.; Gandini, P.; Tessera, P.; Vallittu, P.K.; Lassila, L.; Sfondrini, M.F. Spot -bonding and full-bonding 

techniques for fiber reinforced composite (FRC) and metallic retainers. Int. J. Mol. Sci. 2017, 18, 2096. 

https://doi.org/10.3390/ijms18102096. 

7. Al Yami, E.A.; Kuijpers-Jagtman, A.M.; van’t Hof, M.A. Stability of orthodontic treatment outcome: Follow-

up until 10 years postretention. Am. J. Orthod. Dentofac. Orthop. 1999, 115, 300–304. 

https://doi.org/10.1016/s0889-5406(99)70333-1. 

8. Franzen, T.J.; Monjo, M.; Rubert, M.; Vandevska-Radunovic, V. Expression of bone markers, and micro-CT 

analysis of alveolar bone during orthodontic relapse. Orthod. Craniofac. Res. 2014, 17, 249–258. 

https://doi.org/10.1111/ocr.12050. 

9. Florencio-Silva, R.; Sasso, G.R.; Sasso-Cerri, E.; Simões, M.J.; Cerri, P.S. Biology of bone tissue: Structure, 

function, and factors that influence bone cells. Biomed. Res. Int. 2015, 2015, 421746. 

https://doi.org/10.1155/2015/421746. 

10. Martin, T.J. Bone biology and anabolic therapies for bone: Current status and future prospects. J. Bone Metab. 

2014, 21, 8–20. https://doi.org/10.11005/jbm.2014.21.1.8. 

11. Schneider, D.A.; Smith, S.M.; Campbell, C.; Hayami, T.; Kapila, S.; Hatch, N.E. Locally limited inhibition of bone 

resorption and orthodontic relapse by recombinant osteoprotegerin protein. Orthod. Craniofac. Res. 2015, 18 (Suppl. 

S1), 187–195. https://doi.org/10.1111/ocr.12086. 

12. Nazir, S.; Khan, M.U.A.; Al-Arjan, W.S.; Abd Razak, S.I.; Javed, A.; Kadir, M.R.A. Nanocomposite hydrogels 

for melanoma skin cancer care and treatment: In-vitro drug delivery, drug release kinetics and anti-cancer 

activities. Arab. J. Chem. 2021, 14, 103120. https://doi.org/10.1016/j.arabjc.2021.103120. 

13. Nienkemper, M.; Willmann, J.H.; Becker, K.; Drescher, D. RFA measurements of survival midpalatal 

orthodontic mini-implants in comparison to initial healing period. Prog. Orthod. 2020, 21, 5. 

https://doi.org/10.1186/s40510-020-0305-x. 



14. Hasan, A.; Saliba, J.; Modarres, H.P.; Bakhaty, A.; Nasajpour, A.; Mofrad, M.R.; Sanati-Nezhad, A. Micro and 

nanotechnologies in heart valve tissue engineering. Biomaterials 2016, 103, 278–292. 

https://doi.org/10.1016/j.biomaterials.2016.07.001. 

15. Khan, M.U.A.; Haider, S.; Haider, A.; Abd Razak, S.I.; Kadir, M.R.A.; Shah, S.A.; Javed, A.; Shakir, I.; Al -

Zahrani, A.A. Development of porous, antibacterial and biocompatible GO/n-HAp/bacterial cellulose/glucan 

biocomposite scaffold for bone tissue engineering. Arab. J. Chem. 2021, 14, 102924. 

https://doi.org/10.1016/j.arabjc.2020.102924. 

16. Al-Arjan, W.S.; Aslam Khan, M.U.; Nazir, S.; Abd Razak, S.I.; Abdul Kadir, M.R. Development of 

Arabinoxylan-Reinforced Apple Pectin/Graphene Oxide/Nano-Hydroxyapatite Based Nanocomposite 

Scaffolds with Controlled Release of Drug for Bone Tissue Engineering: In-Vitro Evaluation of 

Biocompatibility and Cytotoxicity against MC3T3-E1. Coatings 2020, 10, 1120. 

https://doi.org/10.3390/coatings10111120. 

17. Hasan, A.; Soliman, S.; El Hajj, F.; Tseng, Y.-T.; Yalcin, H.C.; Marei, H.E. Fabrication and in vitro 

characterization of a tissue engineered PCL-PLLA heart valve. Sci. Rep. 2018, 8, 8187. 

https://doi.org/10.1038/s41598-018-26452-y. 

18. Ariful Islam, M.; Park, T.-E.; Reesor, E.; Cherukula, K.; Hasan, A.; Firdous, J.; Singh, B.; Kang, S.-K.; Choi, Y.-J.; Park, 

I.-K. Mucoadhesive chitosan derivatives as novel drug carriers. Curr. Pharm. Des. 2015, 21, 4285–4309. 

https://doi.org/10.2174/1381612821666150901103819. 

19. Hassan, R.; Aslam Khan, M.U.; Abdullah, A.M.; Abd Razak, S.I. A Review on current trends of polymers in 

orthodontics: BPA-free and smart materials. Polymers 2021, 13, 1409. https://doi.org/10.3390/polym13091409. 

20. Katsumata, Y.; Kanzaki, H.; Honda, Y.; Tanaka, T.; Yamaguchi, Y.; Itohiya, K.; Fukaya, S.; Miyamoto, Y.; 

Narimiya, T.; Wada, S.; et al. Single Local Injection of Epigallocatechin Gallate-Modified Gelatin Attenuates 

Bone Resorption and Orthodontic Tooth Movement in Mice. Polymers 2018, 10, 1384. 

https://doi.org/10.3390/polym10121384. 

21. Utari, T.R.; Ana, I.D.; Pudyani, P.S.; Asmara, W. The intrasulcular application effect of bisphosphonate 

hydrogel toward osteoclast activity and relapse movement. Saudi Dent. J. 2021, 33, 292–298. 

https://doi.org/10.1016/j.sdentj.2020.03.003. 

22. Alhasyimi, A.A.; Pudyani, P.P.; Asmara, W.; Ana, I.D. Enhancement of post -orthodontic tooth stability by 

carbonated hydroxyapatite-incorporated advanced platelet-rich fibrin in rabbits. Orthod. Craniofac. Res. 2018, 21, 

112–118. https://doi.org/10.1111/ocr.12224. 

23. Liu, X.; Muhammed, F.K.; Liu, Y. Simvastatin encapsulated in exosomes can enhance its inhibition of relapse 

after orthodontic tooth movement. Am. J. Orthod. Dentofac. Orthop . 2022, 162, 881–889. 

https://doi.org/10.1016/j.ajodo.2021.07.025. 

24. Fujioka-Kobayashi, M.; Tsuru, K.; Nagai, H.; Fujisawa, K.; Kudoh, T.; Ohe, G.; Ishikawa, K.; Miyamoto, Y. 

Fabrication and evaluation of carbonate apatite-coated calcium carbonate bone substitutes for bone tissue 

engineering. J. Tissue Eng. Regen. Med. 2018, 12, 2077–2087. https://doi.org/10.1002/term.2742. 

25. Alhasyimi, A.A.; Pudyani, P.S.; Asmara, W.; Ana, I.D. Effect of carbonated hydroxyapatite incorporated 

advanced platelet-rich fibrin intramuscular injection on the alkaline phosphatase level during orthodontic  

relapse. AIP Conf. Proc. 2018, 1933, 30006. https://doi.org/10.1063/1.5023953. 

26. Tada, S.; Chowdhury, E.H.; Cho, C.S.; Akaike, T. pH-sensitive carbonate apatite as an intracellular protein 

transporter. Biomaterials 2010, 31, 1453–1459. https://doi.org/10.1016/j.biomaterials.2009.10.016. 

27. Maarof, N.N.N.; Abdulmalek, E.; Fakurazi, S.; Rahman, M.B.A. Biodegradable Carbonate Apatite Nanoparticle as 

a Delivery System to Promote Afatinib Delivery for Non-Small Cell Lung Cancer Treatment. Pharmaceutics 2022, 

14, 1230. https://doi.org/10.3390/pharmaceutics14061230. 

28. Saito, T.; Tabata, Y. Preparation of gelatin hydrogels incorporating low-molecular-weight heparin for anti-

fibrotic therapy. Acta Biomater. 2012, 8, 646–652. https://doi.org/10.1016/j.actbio.2011.10.025. 

29. Galav, S.; Chandrashekar, K.T.; Mishra, R.; Tripathi, V.; Agarwal, R.; Galav, A. Comparative evaluation of 

platelet-rich fibrin and autogenous bone graft for the treatment of infrabony defects in chronic periodontitis: 

Clinical, radiological, and surgical reentry. Indian J. Dent. Res. 2016, 27, 502–507. https://doi.org/10.4103/0970-

9290.195634. 

30. Dohan, D.M.; Choukroun, J.; Diss, A.; Dohan, S.L.; Dohan, A.J.; Mouhyi, J.; Gogly, B. Platelet -rich fibrin (PRF): 

A second-generation platelet concentrate. Part I: Technological concepts and evolution. Oral Surg. Oral Med. 

Oral Pathol. Oral Radiol. Endod. 2006, 101, e37–e44. https://doi.org/10.1016/j.tripleo.2005.07.008. 

31. Aggour, R.L.; Gamil, L. Antimicrobial effects of platelet-rich plasma against selected oral and periodontal 

pathogens. Pol. J. Microbiol. 2017, 66, 31–37. https://doi.org/10.5604/17331331.1235227. 

32. Kobayashi, E.; Flückiger, L.; Fujioka-Kobayashi, M.; Sawada, K.; Sculean, A.; Schaller, B.; Miron, R.J. Comparative 

release of growth factors from PRP, PRF, and advanced-PRF. Clin. Oral Investig. 2016, 20, 2353–2360. 

https://doi.org/10.1007/s00784-016-1719-1. 

https://doi.org/10.3390/pharmaceutics14061230
https://doi.org/10.1016/j.actbio.2011.10.025
https://doi.org/10.4103/0970-9290.195634
https://doi.org/10.1016/j.tripleo.2005.07.008
https://doi.org/10.5604/17331331.1235227
https://doi.org/10.1007/s00784-016-1719-1
https://doi.org/10.1007/s00784-016-1719-1


33. Hokugo, A.; Ozeki, M.; Kawakami, O.; Sugimoto, K.; Mushimoto, K.; Morita, S.; Tabata, Y. Augmented bone 

regeneration activity of platelet-rich plasma by biodegradable gelatin hydrogel. Tissue Eng. 2005, 11, 1224–1233. 

https://doi.org/10.1089/ten.2005.11.1224. 

34. Kurita, J.; Miyamoto, M.; Ishii, Y.; Aoyama, J.; Takagi, G.; Naito, Z.; Tabata, Y.; Ochi, M.; Shimizu, K. Enhanced 

vascularization by controlled release of platelet-rich plasma impregnated in biodegradable gelatin hydrogel.  

Ann. Thorac. Surg. 2011, 92, 837–844; https://doi.org/10.1016/j.athoracsur.2011.04.084. 

35. Yamamoto, M.; Ikada, Y.; Tabata, Y. Controlled release of growth factors based on biodegradation of gelatin 

hydrogel. J. Biomater. Sci. Polym. Ed. 2001, 12, 77–88. https://doi.org/10.1163/156856201744461. 

36. Ghanaati, S.; Booms, P.; Orlowska, A.; Kubesch, A.; Lorenz, J.; Rutkowski, J.; Landes, C.; Sader, R.; 

Kirkpatrick, C.; Choukroun, J. Advanced platelet-rich fibrin: A new concept for cell-based tissue engineering 

by means of inflammatory cells. J. Oral Implantol. 2014, 40, 679–689. https://doi.org/10.1563/aaid-joi-D-14-

00138. 

37. Burnouf, T.; Lee, C.Y.; Luo, C.W.; Kuo, Y.P.; Chou, M.L.; Wu, Y.W.; Tseng, Y.H.; Su, C.Y. Human blood -

derived fibrin releasates: Composition and use for the culture of cell lines and human primary cells. Biologicals 

2012, 40, 21–30. https://doi.org/10.1016/j.biologicals.2011.09.017. 

38. Alhasyimi, A.A.; Pudyani, P.S.; Asmara, W.; Ana, I.D. Locally Inhibition of Orthodontic Relapse by Injection of 

Carbonated Hydroxy Apatite-Advanced Platelet Rich Fibrin in a Rabbit Model. Key Eng. Mat. 2017, 758, 255–263. 

https://doi.org/10.4028/www.scientific.net/kem.758.255. 

39. Batra, P.; Kharbanda, O.; Duggal, R.; Singh, N.; Parkash, H. Alkaline phosphatase activity in gingival 

crevicular fluid during canine retraction. Orthod. Craniofac. Res. 2006, 9, 44–51. https://doi.org/10.1111/j.1601-

6343.2006.00358.x. 

40. Shetty, S.V.; Patil, A.K.; Ganeshkar, S.V. Assessment of acid phosphatase and alkaline phosphatase in gingival 

crevicular fluid in growing and adult orthodontic patients: An in vivo study. J. Indian Orthod. Soc. 2015, 49, 

10–14. https://doi.org/10.4103/0301-5742.158627. 

41. Boyce, B.F.; Xing, L. Functions of RANKL/RANK/OPG in bone modeling and remodeling. Arch. Biochem. 

Biophys. 2008, 473, 139–146. https://doi.org/10.1016/j.abb.2008.03.018. 

42. D’Apuzzo, F.; Cappabianca, S.; Ciavarella, D.; Monsurrò, A.; Silvestrini-Biavati, A.; Perillo, L. Biomarkers of 

periodontal tissue remodeling during orthodontic tooth movement in mice and men: Overview and clinical 

relevance. Sci. World J. 2013, 2013, 105873. https://doi.org/10.1155/2013/105873. 

43. Alhasyimi, A.A.; Suparwitri, S.; Christnawati, C. Effect of carbonate apatite hydrogel-advanced platelet-rich 

fibrin injection on osteoblastogenesis during orthodontic relapse in rabbits. Eur. J. Dent. 2021, 15, 412–419. 

https://doi.org/10.1055/s-0040-1721234. 

44. Nanjundaiah, S.M.; Astry, B.; Moudgil, K.D. Mediators of inflammation-induced bone damage in arthritis 

and their control by herbal products. Evid. Based Complementary Altern. Med. 2013, 2013, 518094. 

https://doi.org/10.1155/2013/518094. 

45. Wu, M.; Chen, G.; Li, Y.P. TGF-β and BMP signaling in osteoblast, skeletal development, and bone formation, 

homeostasis and disease. Bone Res. 2016, 26, 46009. https://doi.org/10.1038/boneres.2016.9. 

46. Kasagi, S.; Chen, W. TGF-beta1 on osteoimmunology and the bone component cells. Cell Biosci. 2013, 15, 1–4. 

https://doi.org/10.1186/2045-3701-3-4. 

47. Narmada, I.B.; Rubianto, M.; Putra, S.T. The Role of Low-Intensity Biostimulation Laser Therapy in 

Transforming Growth Factor β1, Bone Alkaline Phosphatase and Osteocalcin Expression during Orthodontic  

Tooth Movement in Cavia porcellus. Eur. J. Dent. 2019, 13, 102–107. https://doi.org/10.1055/s-0039-1688655. 

48. Chen, Y.P.; Han, G.H.; Jin, C.W.; Shi, R.X.; Hou, J.H. Effect of simvastatin on bone morphogenetic protein-2 

expression in the periodontal tissue after rat tooth movement. Zhonghua Kou Qiang Yi Xue Za Zhi 2008, 43, 21–

25. (In Chinese) 

49. Kamiya, N.; Ye, L.; Kobayashi, T.; Lucas, D.J.; Mochida, Y.; Yamauchi, M.; Kronenberg, H.M.; Feng, J.Q.; 

Mishina, Y. Disruption of BMP signaling in osteoblasts through type IA receptor (BMPRIA) increases bone 

mass. J. Bone Miner. Res. 2008, 23, 2007–2017. https://doi.org/10.1359/jbmr.080809. 

50. Hudson, J.B.; Hatch, N.; Hayami, T.; Shin, J.M.; Stolina, M.; Kostenuik, P.J.; Kapila, S. Local delivery of 

recombinant osteoprotegerin enhances postorthodontic tooth stability. Calcif. Tissue Int. 2012, 90, 330–342. 

https://doi.org/10.1007/s00223-012-9579-4. 

51. Enomoto, H.; Shiojiri, S.; Hoshi, K.; Furuichi, T.; Fukuyama, R.; Yoshida, C.A.; Kanatani, N.; Nakamura, R.; 

Mizuno, A.; Zanma, A.; et al. Induction of osteoclast differentiation by Runx2 through receptor activator of 

nuclear factor-kappa B ligand (RANKL) and osteoprotegerin regulation and partial rescue of 

osteoclastogenesis in Runx2-/- mice by RANKL transgene. J. Biol. Chem. 2003, 278, 23971–23977. 

https://doi.org/10.1074/jbc.M302457200. 

52. Endo, A. A historical perspective on the discovery of statins. Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 2010, 86, 

484–493. https://doi.org/10.2183/pjab.86.484. 

https://doi.org/10.1089/ten.2005.11.1224
https://doi.org/10.1089/ten.2005.11.1224
https://doi.org/10.1016/j.athoracsur.2011.04.084
https://doi.org/10.1163/156856201744461


53. Liu, C.; Wu, Z.; Sun, H.C. The effect of simvastatin on mRNA expression of transforming growth factor-beta1, 

bone morphogenetic protein-2 and vascular endothelial growth factor in tooth extraction socket. Int. J. Oral 

Sci. 2009, 1, 90–98. https://doi.org/10.4248/ijos.08011. 

54. Ruan, F.; Zheng, Q.; Wang, J. Mechanisms of bone anabolism regulated by statins. Biosci. Rep. 2012, 32, 511–

519. https://doi.org/10.1042/BSR20110118. 

55. Zhang, Y.; Bradley, A.D.; Wang, D.; Reinhardt, R.A. Statins, bone metabolism and treatment of bone catabolic 

diseases. Pharmacol. Res. 2014, 88, 53–61. https://doi.org/10.1016/j.phrs.2013.12.009. 

56. Han, G.; Chen, Y.; Hou, J.; Liu, C.; Chen, C.; Zhuang, J.; Meng, W. Effects of simvastatin on relapse and remodeling 

of periodontal tissues after tooth movement in rats. Am. J. Orthod. Dentofac. Orthop. 2010, 138, 550.e1–550.e7; 

https://doi.org/10.1016/j.ajodo.2010.04.026. 

57. Viereck, V.; Gründker, C.; Blaschke, S.; Frosch, K.H.; Schoppet, M.; Emons, G.; Hofbauer, L.C. Atorvastatin 

stimulates the production of osteoprotegerin by human osteoblasts. J. Cell Biochem. 2005, 96, 1244–1253. 

https://doi.org/10.1002/jcb.20598. 

58.  Tahamtan, S., Shirban, F., Bagherniya, M., Johnston, T. P., Sahebkar, A. The effects of statins on dental and 

oral health: a review of preclinical and clinical studies. J. Transl. Med., 2020, 18(1), 155. 

https://doi.org/10.1186/s12967-020-02326-8 

59. AlSwafeeri, H.; ElKenany, W.; Mowafy, M.; Karam, S. Effect of local administration of simvastatin on 

postorthodontic relapse in a rabbit model. Am. J. Orthod. Dentofac. Orthop. 2018, 153, 861–871. 

https://doi.org/10.1016/j.ajodo.2017.10.024. 

60. Dolci, G.S.; Portela, L.V.; Onofre de Souza, D.; Medeiros Fossati, A.C. Atorvastatin-induced osteoclast 

inhibition reduces orthodontic relapse. Am. J. Orthod. Dentofac. Orthop. 2017, 151, 528–538. 

https://doi.org/10.1016/j.ajodo.2016.08.026. 

61. Vieira, G.M.; Chaves, S.B.; Ferreira, V.M.; Freitas, K.M.; Amorim, R.F. The effect of simvastatin on relapse of 

tooth movement and bone mineral density in rats measured by a new method using microtomography. Acta 

Cir. Bras. 2015, 30, 319–327. https://doi.org/10.1590/S0102-865020150050000003. 

62. Feizbakhsh, M.; Mortazavi, M.S.; Razavi, S.M.; Hajhashemi, V. The effects of local injection of simvastatin on 

tooth movement and root resorption rates under orthodontic forces in dogs. Biosci. Biotechnol. Res. Asia 2014, 

11, 869–873. 

63. MirHashemi, A.H.; Afshari, M.; Alaeddini, M.; Etemad-Moghadam, S.; Dehpour, A.; Sheikhzade, S.; 

Akhoundi, M.S. Effect of atorvastatin on orthodontic tooth movement in male wistar rats. J. Dent. 2013, 10, 

532–539. 

64. Bax, B.E.; Alam, A.S.; Banerji, B.; Bax, C.M.; Bevis, P.J.; Stevens, C.R.; Moonga, B.S.; Blake, D.R.; Zaidi, M. 

Stimulation of osteoclastic bone resorption by hydrogen peroxide. Biochem. Biophys. Res. Commun. 1992, 183, 1153–

1158. https://doi.org/10.1016/s0006-291x(05)80311-0. 

65. Kanzaki, H.; Shinohara, F.; Itohiya-Kasuya, K.; Ishikawa, M.; Nakamura, Y. Nrf2 activation attenuates both 

orthodontic tooth movement and relapse. J. Dent. Res. 2015, 94, 787–794. 

https://doi.org/10.1177/0022034515577814. 

66. Gambari, L.; Lisignoli, G.; Cattini, L.; Manferdini, C.; Facchini, A.; Grassi, F. Sodium hydrosulfide inhibits the 

differentiation of osteoclast progenitor cells via nrf2-dependent mechanism. Pharmacol. Res. 2014, 87, 99–112. 

https://doi.org/10.1016/j.phrs.2014.06.014. 

67. Kanzaki, H.; Shinohara, F.; Itohiya, K.; Yamaguchi, Y.; Katsumata, Y.; Matsuzawa, M.; Fukaya, S.; Miyamoto, Y.; 

Wada, S.; Nakamura, Y. RANKL induces bach1 nuclear import and attenuates nrf2-mediated antioxidant enzymes, 

thereby augmenting intracellular reactive oxygen species signaling and osteoclastogenesis in mice. FASEB J. 2017, 

31, 781–792. https://doi.org/10.1096/fj.201600826R. 

68. Honda, Y.; Tanaka, T.; Tokuda, T.; Kashiwagi, T.; Kaida, K.; Hieda, A.; Umezaki, Y.; Hashimoto, Y.;  Imai, K.; 

Matsumoto, N.; et al. Local controlled release of polyphenol conjugated with gelatin facilitates bone 

formation. Int. J. Mol. Sci. 2015, 16, 14143–14157. https://doi.org/10.3390/ijms160614143. 

69. Honda, Y.; Takeda, Y.; Li, P.; Huang, A.; Sasayama, S.; Hara, E.; Uemura, N.; Ueda, M.; Hashimoto, M.; Arita, 

K.; et al. Epigallocatechin gallate-modified gelatin sponges treated by vacuum heating as a novel scaffold for 

bone tissue engineering. Molecules 2018, 23, 876. https://doi.org/10.3390/molecules23040876. 

70. Tominari, T.; Matsumoto, C.; Watanabe, K.; Hirata, M.; Grundler, F.M.; Miyaura, C.; Inada, M. 

Epigallocatechin gallate (EGCG) suppresses lipopolysaccharide-induced inflammatory bone resorption, and 

protects against alveolar bone loss in mice. FEBS Open Bio 2015, 5, 522–527. 

https://doi.org/10.1016/j.fob.2015.06.003. 

71. Sakai, G.; Otsuka, T.; Fujita, K.; Kainuma, S.; Kuroyanagi, G.; Kawabata, T.; Matsushima -Nishiwaki, R.; 

Kozawa, O.; Tokuda, H. Amplification by (-)-epigallocatechin gallate of prostaglandin f2alphastimulated 

synthesis of osteoprotegerin in osteoblasts. Mol. Med. Rep. 2017, 16, 6376–6381. 

https://doi.org/10.3892/mmr.2017.7354. 

72. Kuroyanagi, G.; Tokuda, H.; Yamamoto, N.; Kainuma, S.; Fujita, K.; Ohguchi, R.; Kawabata, T.; Sakai, G.; 

Matsushima-Nishiwaki, R.; Harada, A.; et al. (-)-Epigallocatechin gallate synergistically potentiates 



prostaglandin e2-stimulated osteoprotegerin synthesis in osteoblasts. Prostaglandins Other Lipid Mediat. 2017, 

128–129, 27–33. https://doi.org/10.1016/j.prostaglandins.2017.02.001. 

73. Frith, J.C.; Mönkkönen, J.; Auriola, S.; Mönkkönen, H.; Rogers, M.J. The molecular mechanism of action of the 

antiresorptive and antiinflammatory drug clodronate: Evidence for the formation in vivo of a metabolite that 

inhibits bone resorption and causes osteoclast and macrophage apoptosis. Arthritis Rheum. 2001, 44, 2201–2210. 

https://doi.org/10.1002/1529-0131(200109)44:9<2201::aid-art374>3.0.co;2-e. 

74. Roelofs, A.J.; Thompson, K.; Gordon, S.; Rogers, M.J. Molecular mechanisms of action of bisphosphonates: 

Current status. Clin. Cancer Res. 2006, 15, 6222s–6230s. https://doi.org/10.1158/1078-0432.CCR-06-0843. 

75. Rogers, M.J. New insights into the molecular mechanisms of action of bisphosphonates. Curr. Pharm. Des. 

2003, 9, 2643–2658. https://doi.org/10.2174/1381612033453640. 

76. Krishnan, S.; Pandian, S.; Kumar, S.A. Effect of bisphosphonates on orthodontic tooth movement-an update. 

J. Clin. Diagn. Res. 2015, 9, ZE01–ZE05. https://doi.org/10.7860/JCDR/2015/11162.5769. 

77. Fujimura, Y.; Kitaura, H.; Yoshimatsu, M.; Eguchi, T.; Kohara, H.; Morita, Y.; Yoshida, N. Influence of 

bisphosphonates on orthodontic tooth movement in mice. Eur. J. Orthod. 2009, 31. 572–577. 

https://doi.org/10.1093/ejo/cjp068. 

78. George, E.L.; Lin, Y.L.; Saunders, M.M. Bisphosphonate-related osteonecrosis of the jaw: A mechanobiology 

perspective. Bone Rep. 2018, 5, 104–109. https://doi.org/10.1016/j.bonr.2018.03.003. 

79. Choudhury, H.; Gorain, B.; Chatterjee, B.; Mandal, U.K.; Sengupta, P.; Tekade, R.K. Pharmacokinetic and  

Pharmacodynamic Features of Nanoemulsion Following Oral, Intravenous, Topical and Nasal Route. Curr.  

Pharm. Des. 2017, 23, 2504–2531. https://doi.org/10.2174/1381612822666161201143600. 

80. Adachi, H.; Igarashi, K.; Mitani, H.; Shinoda, H. Effects of topical a dministration of a bisphosphonate 

(risedronate) on orthodontic tooth movements in rats. J. Dent. Res. 1994, 73, 1478–1486. 

https://doi.org/10.1177/00220345940730081301. 

81. Goya, J.A.; Paez, H.A.; Mandalunis, P.M. Effect of topical administration of monosodium olpadronate on 

experimental periodontitis in rats. J. Periodontol. 2006, 77, 1–6. https://doi.org/10.1902/jop.2006.77.1.1. 

82. Utari, T.R.; Ana, I.D.; Pudyani, P.S.; Asmara, W. The Potential of Bisphosphonate Risedronate Hydrogel in 

Preventing Relapse Movement. Cumhur. Dent. J. 2022, 25, 103–110. https://doi.org/10.7126/cumudj.932462. 

83. Utari, T.R.; Kurniawan, M.F.; Andewa, S.M. The controlled release profile of risedronate emulgel to inhibit  

relapse movement in orthodontic treatment. Padjajaran J. Dent. 2022, 34, 66–75. 

https://doi.org/10.24198/pjd.vol34no1.32628. 

84. Ajazuddin, A.A.; Khichariya, A.; Gupta, S.; Patel, R.J.; Giri, T.K.; Tripathi, D.K. Recent expansions in an 

emergent novel drug delivery technology: Emulgel. J. Control Release 2013, 171, 122–132. 

https://doi.org/10.1016/J.JCONREL.2013.06.030. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the 
individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim 
responsibility for any injury to people or property re sulting from any ideas, methods, instructions or products referred to in 
the content. 

 

 

 


