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  Abstract 
Objective: To investigate the impact of invisible aligners on oral cleanliness and 
gingival crevicular fluid inflammatory factors in patients undergoing orthodontic 
treatment. Methods: This study included 60 patients undergoing orthodontic treat-
ment, all treated between June 2022 and June 2024. Patients were divided into a 
control group and an observation group (30 patients each) based on the type of or-
thodontic appliance used. The control group used fixed appliances, while the obser-
vation group used invisible aligners. Oral cleanliness [plaque index (PLI), debris 
index (DI)] and levels of gingival crevicular fluid inflammatory factors [tumor ne-
crosis factor-alpha (TNF-α), interleukin-6 (IL-6), and interleukin-1beta (IL-1β)] 
were compared between the two groups. Results: There was no significant differ-
ence in PLI and DI scores between the two groups before treatment (P > 0.05). After 
six months of treatment, both groups showed increased PLI and DI scores, but the 
observation group had lower scores than the control group (P < 0.05). There was no 
significant difference in TNF-α, IL-6, and IL-1β levels between the two groups be-
fore treatment (P > 0.05). After six months of treatment, both groups showed in-
creased levels of these inflammatory factors, but the observation group had lower 
levels than the control group (P < 0.05). Conclusion: Using invisible aligners for 
orthodontic treatment helps maintain oral cleanliness and reduces levels of gingival 
crevicular fluid inflammatory factors. 
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Orthodontic treatment is a crucial method for improving dental and facial deformities, restoring oral function, and 
enhancing aesthetics [1]. The choice of orthodontic appliances significantly impacts treatment outcomes and patient 
experience [2]. Traditional fixed appliances effectively correct tooth alignment but lack aesthetic appeal and pose 
challenges in maintaining oral hygiene, potentially increasing the risk of plaque accumulation, gum inflammation, 
and periodontal disease [3]. In recent years, clear aligners have gained popularity due to their aesthetic appeal, com-
fort, and ease of cleaning. Made from transparent polymer materials, clear aligners can be easily removed, theoreti-
cally facilitating better oral hygiene maintenance. This study focuses on comparing the impact of clear aligners versus 
traditional fixed appliances on patients' oral cleanliness and levels of gingival crevicular fluid inflammatory markers 
during orthodontic treatment. The aim is to reveal the potential advantages of clear aligners in improving oral health 
maintenance efficiency and reducing the risk of periodontal inflammation, providing scientific evidence for person-
alized orthodontic treatment plans, and helping patients achieve better treatment experiences and long-term oral 
health benefits. The findings are reported as follows. 
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1. Data and Methods 

1.1 General information 

This study included 60 patients receiving orthodontic treatment as research subjects. All patients received orthodontic 
treatment from June 2022 to June 2024. According to different orthodontic appliances, the patients were divided into 
a control group and an observation group, with 30 cases in each group. This study has been reviewed and approved 
by the medical ethics committee. Inclusion criteria: good general health condition without serious systemic diseases; 
good oral hygiene condition without obvious periodontitis or gingivitis; mild malocclusion without tooth loss; the 
patient or his/her guardian signs the informed consent form. Exclusion criteria: women who are pregnant or lactating; 
those who have participated in other oral clinical research in the past six months; heavy smokers or alcoholics. Table 
1 shows the basic data of the two groups of patients. Through comparative analysis (P > 0.05), they are evenly com-
parable. 

Table 1. Comparison of basic information between two groups of patients [n(%), x s± ] 

Grouping Number of cases Male/Female Age (Year) Malocclusion course (years) 

Observation group 30 13(43.33)/17(56.67) 33.64±4.28 2.78±0.52 

Control group 30 14(46.67)/16(53.55) 34.02±4.17 2.80±0.49 

t - 0.067 0.348 0.153 

P - 0.795 0.729 0.879 

1.2 Methods 

The control group used fixed orthodontic appliances. The Gemini MB orthodontic appliance was applied. Appropriate 
nickel-titanium alloy archwires need to be selected according to the patient's needs and properly adjusted. A review 
is arranged once a month to replace the archwire or apply orthodontic force to the appliance. 

The observation group used invisible orthodontic appliances. The invisible orthodontic appliance manufactured by 
Align Technology of the United States was selected. According to the patient's orthodontic needs, the orthodontist 
designs and implements steps such as attachment bonding and removal of adjacent enamel. The patient needs to wear 
the orthodontic appliance as directed by the doctor, change it every two weeks, and return for regular follow-up visits 
under the guidance of the doctor. 

1.3 Observation indicators 

1.3.1 Oral cleanliness 
In the study, plaque index (PLI) and dental deposit index (DI) were assessed before and six months after treatment. 
PLI was evaluated by staining plaque with a plaque dye, using the following scoring criteria: more than 2/3 of the 
tooth surface covered by plaque scores 5; 1/3 to 2/3 of the tooth surface covered by plaque scores 4; plaque width at 
the cervical area exceeding 1 mm scores 3; plaque width at the cervical area not exceeding 1 mm scores 2; sporadic 
plaque spots at the gingival margin score 1; no plaque scores 0. DI was assessed by gently scraping from the edge of 
the tooth towards the cervical area using a probe, and scored based on the extent of soft deposits, with the following 
criteria: more than 2/3 of the tooth surface covered by soft deposits scores 3; 1/3 to 2/3 of the tooth surface covered 
by soft deposits scores 2; less than 1/3 of the tooth surface covered by soft deposits scores 1; no soft deposits score 
0. 

1.3.2 Levels of inflammatory factors in the gingival crevicular fluid 
Samples of gingival crevicular fluid from the bottom of the gingival sulcus were collected, and enzyme-linked im-
munosorbent assay (ELISA) was used to detect the levels of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-
6), and interleukin-1 beta (IL-1β) in the gingival crevicular fluid. 

1.4 Statistical analysis 

Statistical analysis was conducted using SPSS 26.0 software. Count data were expressed as frequency/percentage 
(n/%) and analyzed using the chi-square (χ²) test. For metric data (PLI, DI, TNF-α, IL-6, IL-1β), mean ± standard 
deviation ([embedded object]) was used, and a t-test was applied. A P-value < 0.05 was considered statistically sig-
nificant. 
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2. Results 

2.1 Compare the oral cleanliness of two groups of patients 

Before treatment, there was no significant difference in PLI and DI scores between the two groups (P > 0.05). After 
six months of treatment, both groups showed an increase in PLI and DI scores, but the observation group had lower 
scores than the control group (P < 0.05) (see Table 2). 

Table 2. Compares the oral cleanliness of two groups of patients ( x s± , Score) 

Grouping Number of 
cases 

PLI DI 

Before orthodontic 
treatment 

Six months after 
treatment 

Before orthodon-
tic treatment 

Six months after 
treatment 

Observation group 30 0.87±0.16 0.97±0.17a 1.08±0.13 1.18±0.16a 

Control group 30 0.88±0.18 1.17±0.20a 1.09±0.12 1.35±0.17a 

t - 0.227 4.173 0.310 3.989 

P - 0.821 0.000 0.758 0.000 

Notes: a represents the comparison with before correction, P < 0.05. 

2.2 Compare the levels of inflammatory factors in the gingival crevicular fluid between the two groups of 
patients 

Before treatment, there was no significant difference in TNF-α, IL-6, and IL-1β levels between the two groups (P > 
0.05). After six months of treatment, both groups showed increased levels of TNF-α, IL-6, and IL-1β, but the exper-
imental group had lower levels than the control group (P < 0.05) (see Table 3). 

Table 3. Compares the levels of inflammatory factors in the gingival crevicular fluid between the two groups of patients ( x s± ) 

Grouping Number of 
cases 

IL-6 (pg/ml) TNF-α (ng/ml) IL-1β (ng/ml) 

Before ortho-
dontic treatment 

Six months after 
treatment 

Before ortho-
dontic treatment 

Six months 
after 

Before or-
thodontic 
treatment 

Six months 
after 

Observa-
tion group 30 14.84±1.72 21.43±2.21a 20.97±2.06 27.50±3.54a 23.43±2.14 30.47±3.82a 

Control 
group 30 15.35±1.80 25.89±2.13a 21.28±2.18 30.19±3.65a 22.74±2.25 35.53±3.93a 

t - 1.122 7.959 0.566 2.898 1.217 5.057 

P - 0.266 0.000 0.574 0.005 0.228 0.000 

Notes: a represents the comparison with the condition before correction, P < 0.05. 

3. Discussion 

Orthodontics, as an important branch of modern stomatology, is committed to adjusting the arrangement of teeth and 
improving the occlusal relationship through scientific means, thereby enhancing oral health and facial beauty [4]. Its 
core lies in using professional orthodontic technology to guide teeth to gradually move to the ideal position. This 
process is not only related to aesthetics but also a long-term investment in oral function [5]. In terms of the choice of 
orthodontic appliances, traditional metal bracket appliances are known for their high efficiency and stability. Through 
the interaction between archwires and brackets, tooth movement can be precisely controlled. With the progress of 
materials science and digital technology, invisible orthodontic appliances have emerged as the preferred choice for 
many patients. Invisible orthodontic appliances are made of transparent polymer materials and are almost invisible. 
When worn, they hardly affect daily life and social interaction. Moreover, they can be customized according to indi-
vidual tooth conditions. Through the gradual replacement of a series of transparent braces, progressive tooth move-
ment can be achieved [6]. The emergence of invisible orthodontic appliances not only revolutionizes the way of 
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orthodontic treatment but also reflects the profound understanding of modern medicine of patient experience and 
personalized needs. It makes orthodontic treatment more flexible and comfortable, allowing patients to enjoy the 
treatment process while pursuing a beautiful smile [7]. 

In this study, at 6 months after orthodontic treatment, the PLI and DI scores of both groups increased, but the 
observation group was lower than the control group (P < 0.05). Compared with traditional metal bracket appliances, 
its structure has no complex gaps, reducing the risk of food impaction and plaque accumulation. Moreover, the surface 
of invisible appliances is smooth and not easy to attach food residues and bacteria. In addition, invisible appliances 
can be freely removed and worn. Patients can take them off when eating and brushing their teeth to thoroughly clean 
the teeth and appliances, avoiding the drawback that traditional appliances are difficult to clean because they are fixed 
on the teeth. Gao Han [8] and others stated after research that for people with periodontal disease and receiving 
orthodontic treatment, orthodontic appliances will continuously affect oral hygiene status and periodontal health level. 
Compared with self-ligating bracket appliances, bracketless invisible appliances can bring more benefits to oral health 
and also show better effects in clinical treatment. In this study, at 6 months after orthodontic treatment, the levels of 
TNF-α, IL-6, and IL-1β in both groups increased, but the observation group was lower than the control group (P < 
0.05). The brackets and archwires of traditional fixed appliances may cause physical stimulation to the gums, leading 
to gum swelling and inflammation. While invisible appliances have no brackets and archwires, they reduce physical 
stimulation and help to maintain gum health. In addition, since invisible appliances reduce plaque accumulation, the 
risk of gingival inflammation is also reduced, thereby inhibiting the release of inflammatory factors in the gingival 
crevicular fluid. In the research of Gan Mingjing [9], it was found that the effect achieved by the bracketless invisible 
orthodontic method for patients is similar to the effectiveness of fixed appliances in orthodontic treatment. However, 
bracketless invisible appliances can help reduce the expression level of inflammatory factors in the gingival crevicular 
fluid of patients. Xie Wei also has the same research result [10]. 

In conclusion, for orthodontic treatment patients, the use of invisible orthodontic appliances is helpful in maintain-
ing oral cleanliness and inhibiting the level of inflammatory factors in the gingival crevicular fluid. 
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