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Introduction: Clear aligner treatment (CAT) has become popular over recent years because it is both comfortable and aesthetically acceptable. However, most of patients undergoing orthodontic treatment request dental bleaching. A safe and controlled bleaching treatment at the same time as the clear aligner treatment can save time and improve patient satisfaction with the outcome of the treatment.
Aim: This study was aimed to develop a thermoforming film loaded with hydrogen peroxide as a clear aligner and detect its efficiency on teeth blenching and its influence on shear bonding strength for attachment.
Methods: The thermoforming film loaded with sodium alginate-dopamine/Mesoporous silica nanoparticles compound gel was immersed in 6 wt% hydrogen peroxide solution and the hydrogen peroxide was loaded into mesoporous silica nanoparticle channels by capillary action. Then, a thermoforming film loaded with sustained-release hydrogen peroxide gel was made. Six dentition models were prepared with 90 isolated human premolars and divided into the experiment group, the condition control group and the blank control group, respectively. Then, the experiment group wore the clear aligner made by the thermoforming film loaded with hydrogen peroxide for 40 days; the conditional control group wore the clear aligner made by the ordinary thermoforming film for 40 days; and the blank control group wore no clear aligner. The aligners were updated every 10 days and the color of teeth was measured every 10 days. Tooth color should be determined by specific parameters (L, a* and b*). What’s more, in order to determine the influence of the thermoforming film loaded with sustained-release hydrogen peroxide gel on shear bonding strength for attachment. The shear bonding strength of attachment of isolated premolars were measured.
Results: Isolated premolars treated by bleaching experiments showed an increase in L value (ΔL = 7.76 ± 0.64) and a decrease in both a* (Δa = −0.82 ± 0.12) and b* (Δb = −3.10 ± 0.21) values. However, the isolated premolars in conditional control group and blank control group exhibited that an decrease in L value (ΔLCCG = −0.91 ± 0.24; ΔLBCG = −0.86 ± 0.15)and a increase in both a* (ΔaCCG = 0.19 ± 0.05; ΔaBCG = 0.18 ± 0.04) and b* (ΔbCCG = 0.43 ± 0.11; ΔbBCG = 0.31 ± 0.10) value. While the shear bonding strength for attachment after bleaching was 22.78 ± 2.28 MPa, which had no significant change compared with the shear bonding strength for attachment without bleaching experiment (22.21 ± 2.77 MPa) (p > 0.05). 
Conclusion: A thermoforming film featuring the sustained release of hydrogen peroxide had a good bleaching effect on isolated teeth and had no significant influence on the shear bonding strength for attachment.
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1 INTRODUCTION
A previous study demonstrated that nearly 90% of patients undergoing orthodontic treatment request dental bleaching (Levrini et al., 2020). Clear aligner treatment (CAT) has become popular over recent years because it is both comfortable and aesthetically acceptable (Cheng et al., 2022a). Compared with the fixed orthodontics, CAT provides adult patients with a significant range of aesthetic treatments that do not negatively affect their social lives or relationships (Cheng et al., 2022b). However, Zhang demonstrated that there were significant change for the color of teeth after clear aligner treatment (Zhang et al., 2020). Many studies have investigated teeth discoloration. Ghinea et al. claimed that the clinically discernible threshold for tooth color change (ΔE) was 2.7 (Pérez et al., 2019). Zhang carried out clinical experimental studies and reported that the color change after orthodontic treatment was higher than the clinically discernible threshold (Zhang et al., 2020).
Previous studies reported that the combination of orthodontic treatment and teeth bleaching could provide patients with better treatment satisfaction (Paravina et al., 2019; Levrini et al., 2020). According to the guidelines for bleaching treatment provided by the Chinese Stomatological Association (Goldstein and Garber, 1995; Haywood, 2007; Pérez et al., 2019; Society of Prosthodontics and Chinese Stomatological Saaociation, 2021), bleaching treatment can be used to improve the color of teeth following orthodontic treatment. There are three fundamental approaches for bleaching teeth: in-office or power bleaching, at-home or dentist-supervised night-guard bleaching and bleaching with over-the-counter (OTC) products (Alqahtani, 2014; Pereira et al., 2022). In-office bleaching utilizes a high concentration of tooth-whitening agents (containing 25%–40% hydrogen peroxide). Here, the dentist has complete control throughout the procedure and terminate treatment when the desired shade/effect is achieved. At-home or dentist-supervised night-guard bleaching basically involves the use of a low concentration of whitening agent (10%–20% carbamide peroxide, equivalent to 3.5%–6.5% hydrogen peroxide). Significantly, over-the-counter (OTC) bleaching products have increased in popularity over recent years due to its convenience (Alqahtani, 2014; Pereira et al., 2022). These products contain a low concentration of whitening agent (3%–6% hydrogen peroxide) and are self-applied to the teeth via gum shields, strips or paint-on product formats. Researchers have found that low concentrations of hydrogen peroxide (6%) for 4 h per day over a total of 21 can achieve effective bleaching with good stability; furthermore, follow-up studies reported positive social and psychological impact (Briso et al., 2018; Alkahtani et al., 2020). The principle of tooth bleaching is that hyperoxide reacts with chromogenic substances and then eliminates these substances (Kwon and Wertz, 2015). In recent years, it has been reported that a clear aligner can be used as a carrier for tooth bleaching gel (Levrini et al., 2020; Piknjač et al., 2021). Using orthodontic aligners as bleaching trays saves time when compared with the requirement for additional bleaching treatment after orthodontic therapy (Piknjač et al., 2021). Therefore, it is necessary to innovatively explore the application of using an aligner film loaded with hydrogen peroxide sustained-release gel and test its performance.
The color space theory proposed by the International Commission on Illumination (CIE) reported that tooth color should be determined by specific parameters (L, a* and b*) (Johnston, 2009; Pradhan et al., 2020; Nitu et al., 2022). Parameter L represents brightness, parameters b* represents red and green (a positive value is red and a negative value is green) and parameter c* represents yellow and blue (a positive value is yellow and a negative value is blue). This theory made it possible to study color changes in an objective and quantitative manner. The CIE76 formula for color difference correlates the change of color parameters (L, a*, b*) with the difference of color perceived by human eyes; this formula permits the quantitative study of color change. This formula has been applied to previous studies involving tooth bleaching treatments. To evaluate the effect of bleaching treatment, we selected the classic CIE76 color difference formula to calculate differences in tooth color after bleaching treatment. (Revilla-León et al., 2020; Donmez et al., 2021).
In addition, the attachment was the effective auxiliary device. The attachment was composite resin material bonded on the teeth. Previous studies have reported that bleaching treatment could reduce the shear bonding strength (SBS) of brackets (Carlos et al., 2018; Sadeghian et al., 2021). However, there are few studies on the change of SBS of composite resin attachment under the condition of clear aligner treatment. If the clear aligner with sustained release hydrogen peroxide developed in this study were to be applied in clinical practice, it was necessary to study its influence on the SBS of attachment of isolated teeth, so as to ensure that whether the attachment shedding rate increase or not (Putrino et al., 2022).
To sum up, the purpose of this study was to develop a thermoforming film loaded with sustained-release hydrogen peroxide gel and to test its bleaching effect and determine its influence on the SBS for attachments.
2 METHODS
The materials required for the experiment are as follows:Cetyltrimethyl ammonium bromide (CTAB, Analyte Pure, McLean Biochemical Technology Co., LTD., Shanghai), Tetraethyl silicate (TEOS, Maya reagent) Ethanol (Analytical Pure, Fuyu Fine Chemical Co., LTD., Tianjin),hydrochloric acid, sodium hydroxide (Analytical pure, Sinopharm Group), SPLINT film (Round, Thickness 0.8mm, Diameter 120 ± 1mm, Yamahachi Co., Japan), Sodium alginate (Alg, Aladdin Reagent Co., LTD., Shanghai), Dopamine hydrochloride (DA, 98%, McLean Biochemical Technology Co., LTD., Shanghai), ammonia (Analytical Pure, Pengcai Select Chemical Co., LTD., Hebei), Calcium Chloride (Analytical Pure, Aladdin Reagent Co., LTD., Shanghai), Thymol (Sinopsin Chemical Reagent Co., LTD., Shanghai), GRACEY Scraper (Hoverboard, United States of America), Reinforced silicone rubber heavy body impression material (3M Company, United States of America), Silicone rubber lightweight Impression Material (3M Company, United States of America), Lightweight silicone rubber Injection Gun (3M Company, United States of America), Silicone rubber trimming knife (Conte Corporation, United States of America), Dentition mold,Self-setting Resin Powder and Monomer (Rijin Dental Materials Co., LTD., Jiangsu),Acid-resistant Nail Polish (Estee Lauder, US), sodium bicarbonate, Sodium dihydrogen phosphate (Analytically pure, Sinopharm Group), 3M Adper Single Bond2 Adhesive (3M Company, United States of America), Filtek Z350 Nano Filling Resin (3M Company, United States of America),35% phosphoric acid (Gluma, HeraeusKulzerGmbH,Germany).
The instruments required for the experiment are as follows:Magnetic heating Agitator (Kosu Instrument Equipment Co., LTD., Hebei), Muffle Furnace (GW1200, Yagelong Technology Co., LTD., Hebei), Blast Drying Oven (DHG-9030, Hongzhang Technology Co., LTD., Guangdong),Thermostatic water bath, sonic washer, Vita Easyshade Vspectrophotometer (VitaZahnfabrik, BadSackingen,Germany), Scanning electron microscopy (SEM, HITACHI S-4800, Hitachi of Japan),microhardness tester (X-1000 Qinming Optical Instrument Co., LTD., Shanghai),Refrigerator (Gree Electric Appliances Co., LTD., Guangdong),Transmittance fog meter (WGT-S, Shanghai Shenguang Instrument Co., LTD.), parting tool, 30x Magnifying Glass (Solan, Yiwu), Vernier Caliper (Menet, Germany), Photocuring lamp (1,000–200 mW/cm2; Foshan, Guangdong), Fast turbo cell phone, Blue Label Emery Car Needle (TC-21, Mani, Japan), Yellow Label Polishing Needle (T-11EF, Mani, Japan).
The SPLINT films, the commercial name of a kind of thermoforming film with 0.8 mm thickness and 120 ± 1mmdiameter, were choosen. This SPLINT films were made of Glycol terephthalate material. The thermoforming film loaded with hydrogen peroxide sustained-release gel were grown using the following methods (Fattahi et al., 2021). First, mesoporous silica nanoparticles (MSN) were prepared by the cetyltrimethylammonium bromide template method and the alkaline catalysis sol-gel method. Second, 200 mg of dopamine hydrochloride was dissolved in 25 mL of purified water at 25 °C and the pH was adjusted to 10 with Tris buffer salt. We removed the protective film on one side of a thermoforming diaphragm and soaked it in the pre-prepared solution of DA. Then, we added 10 mL of a 40 mg/mL aqueous solution of sodium alginate (ALG) to the MSN and 1mLof ammonia. This mixture was stirred well and allowed to stand for 24 h at 37 °C. Next, 20 mL of 5 wt% calcium chloride solution was added and allowed to stand for 5 h. When the ion cross-linking reaction was complete, the residual calcium chloride solution was aspirated. The thermoforming diaphragm was then soaked in purified water; the purified water was changed once for 3 h until the leaching solution was colorless and transparent. Then, the surface of the diaphragm was cleaned with a large amount of purified water and the protective film on the remaining side was removed. The thermoforming diaphragm was loaded with AlG-DA/MSN composite gel through the above preceding operations. We observed this film under Scanning electron microscopy. The new film was stored at 4 °C and immersed in 6 wt% hydrogen peroxide solution; the hydrogen peroxide was then loaded into the MSN channels by capillary action, thus generating sustained-release hydrogen peroxide film. The thermoforming film loaded with hydrogen peroxide sustained-release gel was then used to determine its effects on the coloration of isolated human teeth and the shear bonding strength for attachment.
Preparation of an in vitro model of dentition, sustained-release hydrogen peroxide clear aligner and ordinary clear aligner.
In total, 90 extracted premolars were collected from patients attending the Department of Oral Surgery at the Stomatological Hospital of Air Force Medical University with informed consent from patients (age 18–30 years) under a protocol (IACUC-20210760) approved by the Air force medical university. Teeth were collected according to strict inclusion criteria and washed several times with purified water; residual water was dried with filter paper. The teeth were placed in 0.2% thymol solution and stored at 4 °C to await analysis. Subsequently, the extracted premolars were randomly divided into an experimental group, a conditional control group and a blank control group with 30 teeth per group. The isolated teeth were then inserted into a dentition mold (15 teeth per mold). Each group involved two dentition molds; these were fixed with self-setting resin. The teeth were dried with filter paper and then stored in 0.2% thymol solution in a refrigerator at 4 °C for further use.
Inclusion and exclusion criteria 1) The patients were aged 18–30 years and had no systemic disease; 2) The tooth crown was complete without defect or restoration; 3) No surface demineralization, no caries; 4) No enamel cracks, no enamel hypoplasia, no dental fluorosis, no tetracycline teeth; 5) The color of the buccal surface of the teeth was determined by Vita Easyshade V (VitaZahnfabrik, BadSackingen Germany) spectrophotometer, and the color was greater than A3 for three times.
An isolated silicone rubber impression was obtained by a secondary method. Silicone rubber impressions of the experimental group and the control group were delivered to the Invisible Appliance Manufacturing Company (Ailicen Medical Technology Co., LTD., Xi ‘an) in order for a clear aligner to be designed and manufactured. A thermoforming film loaded with hydrogen peroxide sustained-release gel was used to produce clear aligner that was fitted to the isolated dentition mold of the experimental group. An untreated thermoforming film was used to produce invisible appliances that were fitted to the isolated dentition mold of the conditional control group. Attachment bonding was performed on the buccal surface of teeth to simulate clinical practice.
2.1 Measurement of the color parameters of isolated premolars before and after experimentation
Before bleaching experiments, the surfaces of teeth were divided into mesial and distal regions according to the axial ridge of the central buccal surface. Protective acid-resistant nail polish was then applied to the distal area of each tooth to insulate the influence of bleach on this area of the tooth surface for subsequent (in the part II). The color parameters of each tooth were measured with a Vita Easyshade V spectrophotometer (Vita Zahnfabrik, Bad Sackingen, Germany). Measurements were conducted in a ellipses area on the mesial surface of the premolars, as shown in Figure 1, and three consecutive measurements were made for each tooth, thus allowing calculation of a mean value. Color measurement was performed using the International Commission on illumination (CIE) L*, a* b* chromaticity system and the measured color parameters were given as L, a* and b*.
[image: Figure 1]FIGURE 1 | Tooth color measurement site. The blue area (1) is the color measurement site.
The dentition in the experimental group was fitted with a sustained-release hydrogen peroxide clear aligner, the dentition in the control group was fitted with an ordinary clear aligner and the dentition in the blank group was used without a clear aligner. The three groups of dentition molds were then placed in the device shown in Figure 2. The three groups of dentition molds were then immersed in artificial saliva which was allowed to flow through the system to simulate the flow rate of human saliva (0.5 mL/min). To simulate the oral environment, the experiment was carried with an electronic thermostat set to a temperature of 37 °C. According to previous relevant studies, the home-use bleaching treatment usually lasted approximately 1 month (do Amaral et al., 2012). In order to ensure the accuracy and credibility of the results, this experiment lasted 40 days considering the low concentration of hydrogen peroxide in this new type film. The aligners were updated every 10 days and the color parameters (L, a* and b*) of teeth was measured every 10 days.
[image: Figure 2]FIGURE 2 | Schematic diagram showing the in vitro simulated oral environment device.
After bleaching experiment, color parameters were determined by the same researcher during the same time period under natural light conditions. A Vita Easyshade V spectrophotometer was used to determine the color parameters on the mesial buccal surface of the three groups of isolated teeth. After measurement, the sustained release hydrogen peroxide clear aligner in the experimental group and the ordinary clear aligner in the control group were replaced. Then, the three groups of detached teeth were placed into the in vitro device for further treatment. The bleaching experiment lasted for 40 days and parameters were measured every 10 days. Changes of color in the isolated teeth were analyzed and the value of ΔL*, Δa*, Δb* and ΔE: ΔL* = L* (post)-L* (pre), Δa* = a* (post)-a* (pre) and Δb* = b* (post)-b* (pre). The color difference for each group of teeth before treatment and at each measurement point was calculated by the international DE76 color difference formula using ΔE as a difference in color: [image: image] SPSS version 23.0 statistical software (IBM Corp., Armonk, NY, United States of America).
Data were statistically processed, analyzed and plotted by SPSS version 23.0 statistical software (IBM Corp., Armonk, NY, United States of America) and Graph Pad Prism software (version 8). x ± s was used to describe the measurement data, analysis of variance (ANOVA) was used to compare the mean values of variables between groups, and Tukey’s test was used for multiple comparisons between groups if there were significant differences in the test results. p < 0.5 was considered statistically significant.
2.2 Measurement of the shear bonding strength of attachments
The sample was fixed on the base of a mechanical universal testing machine, and the direction of shear force perpendicular was adjusted to the top plane of the attachment. The force was set at a speed of 1 mm/min until the attachment fell off. The maximum shear force (F) (unit: N) and the attachment bonding area (A) (unit: mm2) was recorded. To calculate shear strength, we used the following formula: Shear bond strength [image: image] , the shear bond strength was compared between the experimental group and the control group.
Data were statistically processed, analyzed and plotted by SPSS version 23.0 statistical software (IBM Corp., Armonk, NY, United States of America) and Graph Pad Prism eight software (version 8). x ± s was used to describe the measurement data, unpaired t-test was used for comparison between groups, and p < 0.05 was considered statistically significant.
3 RESULTS
Figure 3A showed the process of preparation for a thermoforming film loaded with hydrogen peroxide sustained-release gel. MSN were prepared by the CTAB template method, mixed with a certain amount of DA and ALG and then polymerized through the dopamine interface. The crosslinking reaction of ALG ions built a stable interpenetrating network gel on the surface of the thermoforming film. We immersed this film in 6 wt% hydrogen peroxide solution and loaded the hydrogen peroxide into the MSN channels by capillary action. Figure 3B showed the MSN observed at 50000× by SEM. As shown in Figure 3C, the gel was evenly distributed on the unilateral surface of the diaphragm; there were no cracks in the stratification area. Figure 3D showed A large number of MSN were bound within the gel.
[image: Figure 3]FIGURE 3 | (A) Preparation of a thermoforming film loaded with hydrogen peroxide sustained-release gel. (B) MSN observed at 50000× by SEM. (C) The composite gel layer was closely combined with the thermoforming film when observed at 100× by SEM. c1was the thermoforming film; c2 was the composite gel layer. (D) A large number of MSN were bound within the gel when observed at 10000× by SEM.
3.1 Changes in color parameters (L, a * and b *) before and after blenching
The L value for extracted teeth in the experiment group increased while the a* and b* values decreased. However, the L value of extracted teeth in the conditional control group and blank control group decreased while the a* and b* values increased (Figure 4).
[image: Figure 4]FIGURE 4 | The change in ΔL, Δa and Δb during bleaching for 40 days. (A) The change in ΔL. (B) The change in Δa. (C) The change in Δb. EG refers to Experimental group. CG1refers to Conditional control group. CG2refers to Blank control group.
The values of ΔL, Δa, Δb and ΔE are shown in Table 1; values in the experiment group were significantly different than those in the conditional control group and the blank control group. The value of ΔL and ΔE in the experiment group was positive, while the value of ΔL in the control group was negative; The value of Δa and Δb in the experiment group was negative, while the value of Δa and Δb in the control group was positive. There was significant difference for these values when compared between the experimental group and the other two groups (p < 0.05). For the experimental group, within the first 10 days of bleaching treatment, the color change (ΔE) of isolated teeth changed by more than 4 chromatic aberration units. Subsequently, the rate of tooth color changed more slowly, reaching 8.65 color difference units by 40 days (Figure 5).
TABLE 1 | The change of ΔL, Δa, Δb and ΔE within 40 days after bleaching.
[image: Table 1][image: Figure 5]FIGURE 5 | The trends for change in color difference (ΔE) in the three groups during bleaching for 40 days. EG refers to Experimental group; CG1refers to Conditional control group; CG2refers to Blank control group.
3.2 Measurement of shear bonding strength of attachments
The shear bond strength of the experimental group is 22.78 ± 2.28MPa, the shear bond strength of the conditional control group is 22.21 ± 2.77 MPa. Figure 6 shows the distribution of shear bond strength values of the two groups of samples. It can be seen intuitively that the distribution areas of the two groups of measured values are basically the same. For t-test, p > 0.05, there was no significant difference in shear bond strength between the two groups.
[image: Figure 6]FIGURE 6 | SBS distribution of experimental group (EG) and conditional control group (CG1).
4 DISCUSSION
This study aimed to develop a thermoforming film loaded with hydrogen peroxide sustained-release gel and determine its bio-compatibility and efficiency on changing the coloration of isolated teeth. Previous studies simply considered aligners as trays for bleaching (Levrini et al., 2020). In this study, we innovatively explored the application of an aligner film loaded gel as a drug carrier. With the development of nanotechnology, nanoscale materials have attracted increasing levels of attention in drug delivery, diagnosis, medical imaging and engineering. MSN with pore sizes ranging from 2 nm to 50 nm are particularly suitable for drug delivery and biomedical applications (Rao et al., 2019; Samyn, 2021). Therefore, MSN was chosen as the main drug carrier in this study. ALG is widely used in hydrogel materials such as drug control carriers because of its good bio-compatibility and mild gelling conditions (Ganesh et al., 2013). However, ALG is associated with poor adsorption performance along with poor drug loading and drug release effects; this ALG needs to be modified for effective clinical application. DA is a popular form of polymer material. As an important component of melanin that is widely distributed in the human body, DA has very high levels of biosafety (Samyn, 2021). More importantly, DA can be deposited on almost any type of substrate with excellent adhesion ability (Samyn, 2021). Therefore, in this study, dopamine was used to modify sodium alginate hydrogel. (Cheng et al., 2023). The gel formed an interpenetrating network and was combined a large number of MSN within a thermoforming film; thus, drug loading function was associated with this new thermoforming film. As shown in Figure 3C, D, the gel was evenly distributed on the unilateral surface of the film, and a large number of MSN were bound in the gel (Addisu et al., 2018). We demonstrated that the aligner film loaded with ALG-DA/MSN gel can realize the slow release of hydrogen peroxide (Fang et al., 2022). What’s more, compared with ordinary aligner film, the elastic modulus of the aligner film loaded with ALG-DA/MSN gel increased, while the tensile strength and elongation at break of that decreased (p < 0.05); Fog increased and light transmittance decreased (p < 0.05); While transmittance is greater than 80%. The results of cytotoxicity evaluation showed that the aligner film loaded with ALG-DA/MSN gel had no significant effect on the proliferation of human gingival fibroblasts (Fang et al., 2022). Therefore, the used of an aligner film loaded with ALG-DA/MSN gel as a drug carrier was clearly feasible.
Jung YS evaluated the efficacy of a brush-off patch containing 3.0% hydrogen peroxide and determined that showed color changes at both 7 and 14 days after patch application (Jung et al., 2019). Levrini L explored the tooth whitening effectiveness of trays with no reservoirs (Invisalign aligners or Vivera retainers used as bleaching trays) and found that the whitening was effective and the patients were completely satisfied with the results (Levrini et al., 2020). It has been reported in the literature that the clinical discrimination threshold of CIE76 color difference is 1.0–3.7 for restorations or intraoral teeth (Johnston and Kao, 1989; Seghi et al., 1989; Pandian et al., 2017). In this study, (Sabouni et al., 2023),we found that within the first 10 days of bleaching treatment, the color change (ΔE) of isolated teeth changed by more than 4 chromatic aberration units; this was higher than the discernibility threshold reported in the literature, thus indicating that the color change of isolated teeth was discernible by eye. Subsequently, the rate of tooth color changed more slowly, reaching 8.65 color difference units at 40 days. The change of tooth color following bleaching was reflected by three aspects: the increase of L value represented an increase of brightness while the decrease of a* and b* values indicated a change of color from blue to green, thus indicating an overall trend for whitening. This is consistent with the results described in previous literature (Jung et al., 2019; Levrini et al., 2020), thus indicating that the sustained release hydrogen peroxide clear aligner has a good bleaching effect on isolated teeth, and the efficiency of bleaching was higher in the early stage of bleaching treatment.
The attachment is an important auxiliary device of the clear aligner, which transfers the orthodontic force from the aligner to the crown and root. These can control the point of action along with the direction and amount of force applied (Yaosen et al., 2021). Attachments come in different shapes that help increase retention and provide better control for teeth movement (Laohachaiaroon et al., 2022). The attachment consists of a composite resin bonded to the tooth surface. Adhesion failure may lead to attachment loss on the tooth surface (Abu Alhaija et al., 2010; Alsaud et al., 2022); this loss may cause significant clinical problems, including prolonged treatment time, increased frequency of review, and affect the prognosis of treatment (Dasy et al., 2015). Previous study has shown that the adhesive strength of brackets decreased, irrespective of whether 25%–35% hydrogen peroxide or 10%–20% urea peroxide gel is used (Lima et al., 2010). However, there are few reports on the change of adhesive strength of composite resin after bleaching on normal enamel surface. Considering the potential effect of bleaching active ingredients on the adhesive adhesion performance, bleaching treatment should be arranged after attachment bonding (Sword and Haywood, 2020). Our results showed that the mean SBS of the attachment treated with the sustained release hydrogen peroxide clear aligner in the experimental group was 22.78 MPa, while that of the control group was 22.21 MPa after application of the conventional clear aligner. Statistical analysis showed that there was no significant difference in SBS between the two groups, indicating that the attachments SBS of the sustained release hydrogen peroxide clear aligner was the same as that of the ordinary clear aligner in the control group. Futhermore, previous studies pointed out that the requirement for brackets in the fixed appliance was 6–8 Mpa (Chu et al., 2015). Bashair A explored the bonding of clear aligner composite attachments to ceramic materials in an vitro study and pointed out that the highest SBS was gained by the interaction of AA with AUB and Filtek Z350 composite was 21.80 ± 3.86 Mpa (Alsaud et al., 2022). Wener Chen pointed out that the SBS of attachment was about 20 Mpa (Chen et al., 2021). Our results in experiment group had not much difference with the relevant results in previous study (Chu et al., 2015; Chen et al., 2021; Alsaud et al., 2022). This phenomenon proved that sustained release hydrogen peroxide bleaching treatment over 40 days would not reduce the SBS of the attachment on the isolated teeth to some extent. The results of this study lay a good foundation for the application of the appliance in clinical practice.
This study provided a good direction for the application of clear aligners in clinical practice. Here, the application of using an aligner film loaded gel as a drug carrier was innovatively explored. Another innovation in this study was that we immersed the orthodontic appliance in artificial saliva to reflect the flow rate of human saliva to simulate the dynamic bleaching process instead of using a static bleaching process. However, there are still several limitations that need to be considered. First, bleaching increased the porosity of the superficial enamel structure and reduced protein concentration and promoted organic matrix degradation (Berger et al., 2010; Monterubbianesi et al., 2021). Whether the thermoforming film loaded with hydrogen peroxide sustained-release gel would affect the surface hardness and surface structure of teeth has yet to be investigated. Second, this study only used isolated teeth as the experimental object. Although the oral environment was simulated, oral experiments using an animal model have yet to be carried out. Thus, the clinical significance of our work has yet to be defined.
5 CONCLUSION
For the first time, we report the successfulin developing a thermoforming film loaded with sustained-release hydrogen peroxide gel, crucial for the bleaching treatment during the clear aligner treatment. The wide application of the film in clinic can save patients’ treatment time and improve the satisfaction of treatment. This study developed a new film. The experimental group, conditional control group and blank control group were used to test the bleaching performance of this new type of film, and the influence of this diaphragm on the attachment SBS was analyzed and explored by a slow cutting machine. We demonstrated that the application of using an aligner film loaded gel as a drug carrier was feasible and the thermoforming film featuring the sustained release of hydrogen peroxide had a good bleaching effect on isolated teeth and had no significant influence on the shear bonding strength for attachment. The findings in this study indicate that this new type of film has potential clinical value, which is conducive to our further exploration of this type of film. While the influence of this new film on the enamel structure is uncertain. Ongoing efforts are exploring the influence of the thermoforming film loaded with sustained-release hydrogen peroxide gel on the structure of the tooth surface. It is beneficial to the development of material science in the field of orthodontics to perfect the study of this kind of film.
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