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ABSTRACT
Objectives: To assess the mental health trajectory and its influencing factors in young and middle-aged 
orthodontic patients.
Methods: In a longitudinal study, 154 patients were recruited from Nantong Stomatological Hospital 
(March 2023–October 2024). A 1:1 propensity score matching (PSM) control cohort was established to 
balance demographic characteristics. Data on general information, social support (Social Support Rating 
Scale), and psychological distress (Kessler 10 scale) were collected at eight time points from treatment 
initiation to 15 months. Mental health trajectories were analyzed using generalized estimating equations 
(GEE).
Results: The GEE model indicated a significant temporal trend in mental health scores (Wald χ² = 304.51, 
p < 0.001). Significant factors included female gender (β = 6.12, p < 0.001), student status (β = 2.18, p = 0.020), 
higher monthly household income (>10,000 RMB (China’s currency): β = –3.51, p < 0.001), higher education 
(Bachelor’s degree or above: β = –1.89, p < 0.001), unmarried status (β = 3.05, p = 0.010), severe malocclusion 
(Class III: β = 1.23, p = 0.018), and social support (β = –0.35, p < 0.001), which was a protective factor.
Conclusions: The mental health of young and middle-aged orthodontic patients follows a dynamic tra-
jectory, associated with a combination of sociodemographic and clinical factors. Patients who are female, 
students, unmarried, or have severe malocclusion are at higher risk, whereas strong social support is pro-
tective. These findings highlight the need for timely psychological monitoring and personalized interven-
tions for at-risk individuals throughout orthodontic care.
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Introduction

Malocclusion is a common oral health condition among young 
and middle-aged populations. According to the World Dental 
Federation [1], it not only increases susceptibility to dental car-
ies and periodontitis but can also impair essential functions 
such as chewing, swallowing, and speech, thereby compromis-
ing overall oral health. Orthodontic treatment [2, 3] addresses 
these issues by correcting dental and jaw misalignments, with 
the dual aims of restoring function and enhancing aesthetics. 
Typically involving fixed or removable appliances, orthodontic 
treatment applies controlled forces to achieve an optimal occlu-
sion. However, as a prolonged process, it often introduces chal-
lenges such as mucosal irritation, chewing difficulties, dietary 
restrictions, and temporary speech alterations. These discom-
forts may adversely affect patients’ emotional well-being during 
treatment [4].

Mental health is a critical determinant of orthodontic 
outcomes and management efficacy [5]. Orthodontic patients 
experiencing anxiety or depression are more likely to resist 

future treatment [6], Patients experiencing anxiety or depression 
may exhibit poorer compliance [7]. Given that psychological 
states tend to fluctuate throughout the treatment timeline [8], 
timely monitoring and tailored psychological support are 
essential for improving outcomes. However, without rigorous 
comparative designs, observed psychological changes may be 
misinterpreted. Current evidence presents two major limitations: 
first, a predominance of cross-sectional studies [8–10], which 
cannot model dynamic psychological trajectories; and second, a 
lack of adequately controlled longitudinal studies [11, 12], which 
weakens the evidence for attributing psychological changes 
specifically to orthodontic treatment, as opposed to natural 
variation or unmeasured confounders.

To this end, this study innovatively combines a propensity 
score matching (PSM) control group with an eight-stage 
longitudinal assessment. It aims to examine the association 
between orthodontic treatment and trajectories of mental 
health after controlling for key demographic confounding 
factors, and to explore differences in psychological adaptability 
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between patients at different life stages (youth vs. maturity). The 
results will provide evidence-based insights for developing 
phased and population-specific psychological care pathways.

Materials and methods

Participants

Orthodontic group

Patients who commenced orthodontic treatment between 
March 2023 and October 2024 were enrolled using a conveni-
ence sampling approach. The inclusion criteria were as follows: 
(1) diagnosed with Angle Class I–III malocclusion; (2) aged 
between 18 and 59 years; (3) expected to undergo orthodontic 
treatment for more than 15 months, as determined through 
doctor-patient consultation; (4) no self-reported history of men-
tal illness; (5) conscious and capable of normal communication; 
and (6) provided informed consent and were willing to partici-
pate in the study. The exclusion criteria included: (1) discontinu-
ation of orthodontic treatment due to special circumstances; (2) 
requirement of orthognathic surgery; (3) refusal to complete the 
questionnaire or provision of incomplete responses; and (4) vol-
untary withdrawal from the study.

Control group

During the same period, patients receiving routine dental care 
(e.g., teeth cleaning, fillings) at the general dental clinic of the 
same hospital were recruited as controls. The inclusion criteria 
for this group were: (1) aged between 18 and 59 years; (2) no 
need or plan for orthodontic treatment; (3) absence of severe 
oral diseases (periodontitis less than stage III); and (4) no self-
reported history of mental illness.

The two groups were matched using a 1:1 PSM procedure 
based on age (±3 years), gender, occupation, education level, 
marital status, and income level, with a caliper value set to 0.2. 
This study was approved by the Ethics Committee of Nantong 
Stomatological Hospital (Approval number: PJ 2024-022-01). 
The approval explicitly covers all participants involved in this 
research, including both the orthodontic treatment group and 
the non-orthodontic control group. Although the eligibility 
criteria for both groups specified an age range of 18–59 years, 
aiming to encompass a broad young and middle-aged 
population, the actual age range of participants who were 
successfully enrolled, completed the longitudinal follow-up, 
and formed the matched cohort was 18–42 years. This reflects 
the actual distribution of the clinical sample that consented to 
and adhered to the study protocol, which primarily comprised 
young and early middle-aged adults.

Research tools

General information questionnaire

A self-designed general information questionnaire was used 
to  collect data on the demographic and background 

characteristics of the patients, including gender, age, nature of 
workplace, marital status, education level, family per capita 
monthly income, and type of orthodontic appliance used.

Mental health scale

The mental health status of young and middle-aged orthodon-
tic patients was assessed using the Chinese version of the 
Kessler 10 scale. The original Kessler 10 scale (referred to as ‘The 
Kessler Psychological Distress Scale’) was developed by Kessler 
et al. [13] at the University of Michigan and measures psycholog-
ical distress. In 2008, Chinese scholars [14] validated the reliabil-
ity and validity of the scale. The Chinese version demonstrated a 
Cronbach’s α coefficient of 0.801, indicating good internal con-
sistency. The scale consists of 10 items scored on a five-point 
scale, with a total score ranging from 0 to 50. Mental health sta-
tus is categorized as follows: (1) 10–15 points: good mental 
health; (2) 16–21 points: general mental health; (3) 22–29 points: 
poor mental health; and (4) 30–50 points: very poor mental 
health [15]. Higher scores indicate a worse mental health status. 
The scale is designed to assess psychological status over a 
4-week interval. For this study, a 1-month interval was chosen 
for repeated measurements. The Cronbach’s α coefficient for this 
study’s sample was 0.833, confirming the reliability of the scale 
in this context.

Classification of malocclusion deformities

Using the Angle classification method, it is divided into three 
categories. Class I: The first molars of the maxilla and mandible 
are in a neutral relationship; Class II: The mesiobuccal cusp of 
the maxillary first molar occludes in front of the buccal groove of 
the mandibular first molar; Class III: The mesiobuccal cusp of the 
maxillary first molar occludes behind the buccal groove of the 
mandibular first molar.

Level of social support

This study utilized the Chinese version of the Social Support 
Rating Scale (SSRS), developed by Xiao [16], to evaluate the level 
of social support among the research participants. The scale 
comprises three dimensions: objective support, subjective sup-
port, and utilization of social support, encompassing a total of 
10 items. Scoring procedures for the items are as follows: Items 
1–4 and 8–10 are single-choice questions scored on a four-point 
Likert scale, where response options 1 through 4 correspond 
directly to scores 1 through 4. Item 5 consists of four sub-items 
(A, B, C, and D), each rated from 1 (‘no support’) to 4 (‘full sup-
port’), with the total score calculated as the sum of the scores 
across all sub-items. Items 6 and 7 are multiple-choice ques-
tions; ‘no source at all’ is assigned a score of 0, while each 
selected source under ‘the following sources’ contributes 1 point 
to the total score. A higher overall score indicates a greater level 
of perceived social support.
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Data collection and quality control

Mental health assessments were conducted at predetermined 
timepoints via telephone by trained orthodontic nurses. For 
the orthodontic group, questionnaires were administered at 
eight timepoints: T1 (treatment plan finalization), T2 (pre-
appointment placement), T3 (1 month), T4 (3 months), T5 (6 
months), T6 (9 months), T7 (12 months), and T8 (15 months). 
To capture core psychological changes while minimizing bur-
den on the non-treatment group, the control group was 
assessed at three strategic timepoints: baseline upon enroll-
ment (T0), the mid-treatment adaptation phase (concurrent 
with the orthodontic group’s T5), and at treatment completion 
(concurrent with T8). Each assessment took approximately 10 
minutes. The Kessler-10 (K10) scale included three reverse-
coded items to monitor response consistency. Participation 
was voluntary, and participants were instructed to respond 
truthfully. To ensure data quality, all research nurses received 
standardized training on the study protocol, the significance 
of each assessment point, and the neutral administration of 
the K10 and SSRS. Data were entered into Excel by one 
researcher and independently verified by two others to ensure 
accuracy.

Statistical methods

Statistical analyses were performed using SPSS 25.0 (IBM, USA) 
and R 4.3.1. Continuous variables, which were confirmed to fol-
low a normal distribution, are presented as mean ± standard 
deviation. Generalized estimating equations (GEE) with an 
exchangeable working correlation structure were employed as 
the primary method to analyze longitudinal mental health data, 
chosen for their robustness in handling correlated repeated 
measures and potential missing data. Robust (sandwich) esti-
mators were used to calculate all standard errors (SE), ensuring 
valid inference even if the working correlation structure was 
misspecified. The primary model to test for differential trends 
between groups was specified as: Mental Health Score = β₀ + β₁ 
× Group + β₂ × Time + β₃ × (Group × Time), with β₃ testing the 
interaction effect. To control for demographic confounding, 
PSM was applied. Based on clinical relevance and literature 
review, core covariates were included in a 1:1 nearest-neighbor 
matching algorithm with a caliper width of 0.2. Balance between 
groups was assessed using the standardized mean difference 
(SMD); all covariates achieved an SMD < 0.1 after matching, indi-
cating adequate balance. To ensure that the study design (espe-
cially with only three measurement points in the control group) 
had sufficient statistical power to detect clinically significant 
effects, a statistical power validation was conducted. Post-hoc 
power analysis was performed using G*Power 3.1 software. The 
parameters were set as follows: significance level α = 0.05 (two-
tailed), sample size N = 248, number of groups = 2, number of 
measurements were 8 (orthodontic group), and 3 (control 
group), and a medium effect size (f = 0.25) was predicted. The 
analysis results showed that the statistical power to test the 
interaction between group and time reached 92.3%, which 

exceeds the conventional threshold of 80%. This suggests that 
the study had sufficient statistical power to detect a medium 
effect size of the group-by-time interaction, even with the 
asymmetrical measurement schedule between groups. It 
should be noted that this is a post-hoc analysis, and its value is 
primarily descriptive, confirming that the observed data 
were  sensitive enough to detect effects of the anticipated 
magnitude.

Results

General characteristics of the 154 orthodontic patients 

The study included 154 orthodontic patients aged between 18 
and 42 years, with a mean age of 29.33 ± 7.54 years. Among 
them, 89 were female, and 65 were male. Occupational distri-
bution included 92 individuals working in enterprises and insti-
tutions, 21 students, and 41 freelancers. Regarding marital 
status, 89 patients were married, and 65 were unmarried. 
Educational levels were categorized as follows: 24 individuals 
had a high school education or lower, 31 had completed junior 
college, and 105 held a bachelor’s degree or higher. Family per 
capita monthly income was distributed as follows: 21 individu-
als reported an income of <5,000 RMB, 98 reported between 
5,000 and 10,000 RMB, and 35 reported >10,000 RMB. In terms 
of orthodontic methods, 91 patients underwent invisible cor-
rection, while 63 opted for fixed correction. The total score of 
social support ranged from 22 to 56 (38.21 ± 6.33), as shown in 
Table 1.

Mental health scores of young and middle-aged 
orthodontic patients at different time points

GEE analysis revealed a significant temporal trend in the mental 
health status of young and middle-aged orthodontic patients 
during treatment (Wald χ² = 304.51, p < 0.001). From the deter-
mination of the orthodontic plan to 9 months into treatment, 
the K10 scores of the patients were all above 15 points, indicat-
ing a sub-healthy mental state. By 12–15 months of treatment, 
the scores dropped below 15 points, suggesting a recovery to a 
good mental health status. The detailed scores at each time 
point are presented in Table 2.

Temporal variations in mental health status among young 
and middle-aged orthodontic patients

The post hoc pairwise comparison analysis results based on GEE 
(see Table 3) indicate that the mental health status of orthodon-
tic patients in the middle-aged and young age groups shows 
significant dynamic changes over time. Specifically, there is no 
statistically significant difference in scores from T1 (the day of 
determining the treatment plan) to T2 (before wearing the 
orthodontic appliance) (p > 0.05). From T2 to T5 (6 months of 
treatment), the mental health scores show a significant down-
ward trend (all pairwise comparisons p < 0.05). However, from T5 
to the end of treatment (T8, 15 months), there is no statistically 
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significant difference in scores between each time point 
(p > 0.05), indicating that the mental health status enters a sta-
ble plateau period. This change trend is shown in Figure 1.

Propensity score matching results

Through PSM, a 1:1 nearest neighbor matching method was 
employed to match patients in the orthodontic group (n = 154) 
with those from the control group candidate pool (n = 210). A 
total of 124 matched pairs were successfully identified, resulting 
in a matching rate of 80.5%. The final sample size after matching 
comprised 248 cases. Following matching, all SMDs for covari-
ates were less than 0.1 (ranging from 0.02 to 0.07), indicating 
adequate balance in demographic characteristics between the 
two groups. For detailed matching results, refer to Table 4. The 
analysis revealed a significant change over time in the ortho-
dontic group (F = 228.7, p < 0.001), whereas no significant varia-
tion was observed in the control group (F = 0.92, p = 0.401). 
Additionally, a significant interaction effect was detected 
(β = –0.41, p < 0.001), suggesting that the observed psychologi-
cal trajectory was associated with the orthodontic treatment 
process. Table 5 and Figure 2 presents the mental health scores 

of both the orthodontic and control groups before and after 
matching. The effect size (Cohen’s d) of the inter-group compar-
ison revealed the degree of difference in mental health at differ-
ent treatment stages. At the baseline (T1), there was a large 
effect size difference between the orthodontic group and the 
control group (d  =  1.78), which corresponded to a significant 
increase in psychological burden among patients, potentially 
reflecting anticipatory anxiety before treatment. At the 
mid-treatment stage (T5, 6 months) and the late treatment 
stage (T8, 15 months), although the effect size of the inter-group 
differences decreased, they still reached a moderate effect (d = 
0.85) and a borderline effect from moderate to large (d = 0.63), 
respectively. According to Cohen’s benchmarks, d > 0.8 is gener-
ally considered to have clinical significance. Therefore, the 
observed association between orthodontic treatment and men-
tal health changes is not only statistically significant but also 
potentially clinically meaningful.

Analysis of influencing factors on the mental health of 
young and middle-aged orthodontic patients

Using the mental health score of the patients as the dependent 
variable and general information as the independent variable, 
GEE analysis identified several factors significantly affecting 
mental health status. These factors include gender, occupation, 
family per capita monthly income, education level, and marital 
status. The differences were statistically significant (p < 0.05), as 
shown in Table 6.

Subgroup analysis by age

To deeply explore the potential impact of age on the mental 
health trajectory, we divided the sample into two subgroups: 
young adulthood (18–26 years old, n = 72) and mature 

Table 1.  General information of orthodontic patients (N = 154).
Characteristic Group Number of cases Percentage

Age (years) 18~26 72 46.8
27~42 82 53.2

Gender Female 89 57.8
Male 65 42.2

Occupation Enterprise and public institution 92 59.7
Student 21 13.6
Freelancer 41 26.6

Marital status Married 89 57.8
Unmarried 65 42.2

Education background High school and below 24 15.6
Junior college 31 20.1
Bachelor’s degree or above 99 64.3

Monthly per capita income of a household (RMB) < 5,000 21 13.6
5,000~10,000 98 63.7
> 10,000 35 22.7

In terms of orthodontic methods Invisible correction 91 59.1
Fixed correction 63 40.9

Classification of malocclusion deformities Class I (Neutral) 58 37.7
Class II (distal) 72 46.7
Class III (Mesial) 24 15.6

Table 2.  Mental health scores of young and middle-aged orthodontic 
patients at each time point (N = 154).
Node of time Minimum value Maximum value Mental health score

T1 9 24 19.41 ± 3.19
T2 11 26 20.11 ± 3.02
T3 8 23 19.01 ± 2.89
T4 6 22 17.92 ± 2.84
T5 10 18 15.25 ± 2.66
T6 9 19 15.27 ± 2.49
T7 11 20 14.87 ± 2.45
T8 12 19 14.72 ± 2.31
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adulthood (27–42 years old, n = 82). Baseline comparisons 
showed that the two groups were balanced in key variables 
such as gender, occupation, income, educational level, and mar-
ital status (all SMD < 0.1), demonstrating good comparability. 
Linear mixed model analysis revealed that the interaction effect 
between group and time point was not significant (F(7, 1,078) = 
0.89, p = 0.512), indicating that the mental health change trends 
during orthodontic treatment were consistent between the 

young and mature groups. As shown in Figure 3, although the 
mature adult group scored slightly higher at each time point 
than the young adult group, the differences between the groups 
were not statistically significant (p > 0.05 for all time points). This 
result indicates that age is not a key factor associated with the 
mental health trajectory in this population aged 18–42, and the 
psychological adaptation process observed during orthodontic 
treatment is universal among adult patients of different ages.

Table 3.  Pairwise comparison of mental health scores of young and middle-aged orthodontic patients across time points (N = 154).
Node 1 Node 2 Mean difference Standard error 95% CI P

T1 T2 –0.08 0.06 –0.20 to 0.04 0.201
T3 1.134 0.42 0.29 to 1.98 0.009
T4 2.672 0.81 1.08 to 4.26 < 0.001
T5 5.011 1.52 2.03 to 7.99 < 0.001
T6 5.329 1.62 2.15 to 8.50 < 0.001
T7 5.761 1.75 2.33 to 9.19 < 0.001
T8 5.813 1.77 2.34 to 9.28 < 0.001

T2 T3 1.142 0.47 0.22 to 2.06 0.016
T4 2.712 0.82 1.10 to 4.32 < 0.001
T5 5.023 1.53 2.03 to 8.01 < 0.001
T6 5.419 1.65 2.19 to 8.65 < 0.001
T7 5.798 1.76 2.35 to 9.25 < 0.001
T8 5.934 1.80 2.41 to 9.46 < 0.001

T3 T4 1.954 0.59 0.80 to 3.11 < 0.001
T5 3.232 0.98 1.31 to 5.15 < 0.001
T6 3.541 1.08 1.42 to 5.66 < 0.001
T7 4.112 1.25 1.66 to 6.56 < 0.001
T8 4.324 1.31 1.76 to 6.89 < 0.001

T4 T5 2.012 0.61 0.82 to 3.21 < 0.001
T6 2.432 0.74 0.98 to 3.88 < 0.001
T7 3.141 0.95 1.28 to 5.00 < 0.001
T8 3.211 0.98 1.29 to 5.13 < 0.001

T5 T6 0.281 0.43 –0.56 to 1.12 0.511
T7 0.889 1.53 –2.11 to 3.89 0.561
T8 0.911 0.55 –0.17 to 1.99 0.097

T6 T7 0.711 0.68 –0.62 to 2.04 0.301
T8 0.822 0.78 –0.71 to 2.35 0.287

T7 T8 0.211 1.41 –2.55 to 2.97 0.882

Note: CI: confidence interval. Pairwise comparisons were performed using the estimated marginal means from the generalized estimating equations (GEE) 
model with a Bonferroni adjustment for multiple comparisons.

Figure 1.  Change curve of mental health status in young and middle-aged orthodontic patients.
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Discussion

This study, utilizing a balanced cohort constructed by propen-
sity score matching, for the first time describes a ‘stress-adapta-
tion-stabilization’ trajectory of mental health in young and 
middle-aged orthodontic patients. Notably, psychological dis-
tress peaked before appliance placement, suggesting that antic-
ipatory anxiety may be a critical initial stressor, consistent with 
prior research on pre-treatment anxiety [17]. This finding 
emphasizes the potential value of psychological support before 
treatment initiation. The core contribution of this study is the 
identification of a robust longitudinal association between the 
orthodontic treatment process and changes in mental health, 

after controlling for key demographic confounders. The initial 
decline in distress (T1–T4) may relate to physiological adapta-
tion, while later stability (T5–T8) coincides with growing treat-
ment familiarity and anticipated aesthetic improvements [10, 
18]. Importantly, mean scores remained above the clinical cut-
off [15] for much of the treatment, underscoring the chronic 
nature of this stressor.

Our findings move beyond single factors to outline a multi-
factorial profile. Key risk factors included female gender, student 
status, unmarried status, and severe (Class III) malocclusion, 
whereas higher socioeconomic status and stronger social 
support were protective factors. This aligns with existing 

Table 4.  Characteristics of the matched and unmatched cohorts (N = 248).
Variate Orthodontic group after matching (n = 124) Control group (n = 124) SMD

Age (years) 29.8 ± 7.3 30.1 ± 6.9 0.05
Gender (Female) 58.1% 57.7% 0.03
Bachelor’s degree or above 63.7% 62.9% 0.07
Married 58.9% 59.3% 0.04
Monthly per capita income of a household > 10,000 35.5% 34.7% 0.06

SMD: standardized mean difference.

Table 5.  Time series analysis of mental health status in matched cohort (N = 248).
Time node Clinical stage Orthodontic group 

(n = 124)
Control group 

(n = 124)
Inter-group 

difference (Δ)
Effect size (d) P

T1 Date for determining the plan 19.35 ± 3.01 14.50 ± 2.50 +4.85 1.78 < 0.001
T2 One day before wearing orthodontic appliances 20.03 ± 3.22 - - - -
T3 One month of treatment 19.12 ± 2.75 - - - -
T4 3-months of treatment 17.88 ± 2.81 - - - -
T5 6-months of treatment 15.32 ± 2.54 13.32 ± 2.15 +2.00 0.85 < 0.001
T6 9-months of treatment 15.31 ± 2.20 - - - -
T7 12-month treatment 14.65 ± 2.39 - - - -
T8 15-months of treatment 14.75 ± 2.29 13.38 ± 2.08 1.37 0.63 < 0.001

Calculation of effect sized: Cohen’s d = (M1 – M2) / SDpooled.

Table 6.  Generalized estimating equation analysis of mental health in young and middle-aged orthodontic patients (N = 154).
Variables β SE Z P

Gender
  Female 6.12 1.28 4.78 < 0.001
Occupations
  Students vs. Enterprises and Public Institutions 2.18 0.94 2.32 0.020
  Freelancing vs. Enterprises and public institutions 1.52 0.82 1.85 0.064
Monthly household income per capita (RMB)
  5,000–10,000 vs < 5,000 –1.85 0.07 –26.43 < 0.001
  > 10,000 vs < 5,000 –3.51 0.17 –20.65 < 0.001
Level of education
  Junior college vs. High school and below –1.32 0.30 –4.40 < 0.001
  Bachelor’s degree or higher –1.89 0.53 –3.57 < 0.001
Marital status
  Unmarried VS Married 3.05 1.18 2.58 0.010
Classification of malocclusion deformities
  Class II vs Class I 0.78 0.45 1.73 0.083
  Class III vs Class I 1.23 0.52 2.37 0.018
Total score of social support –0.35 0.07 –5.00 < 0.001

Note: Independent variable assignment, gender: male = 1, female = 2; Enterprises and institutions were used as references to set dummy variables. Household 
per capita monthly income < 5,000 RMB was the dummy variable. The dummy variable was set with an educational level of technical secondary school or 
below. Marital status: married = 1, unmarried = 2. Dummy variables were created to classify malocclusion deformities, using Class I as the reference category.
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evidence: female patients report higher treatment-related 
anxiety [19, 20]; students face unique stressors [21, 22]; and 
social support is a well-established buffer against stress [23, 24]. 
The significant role of malocclusion severity, even in non-
surgical cases, highlights the functional and psychosocial 
burden of severe malocclusion [25, 26].

An important finding was the lack of a significant effect of 
age on the psychological trajectory [27, 28]. This suggests that 
psychological adaptation processes in early- to mid-adulthood 
may be similar across this age range, and that socio-psychological 
factors (e.g., marital or student status) are more critical for risk 
stratification than age alone. These results argue for a stratified 
approach to psychological care in orthodontics. High-risk 
patients (e.g., unmarried female students with Class III 
malocclusion) may benefit from early, targeted support. Routine 

assessment of social support and malocclusion-related concerns 
should be considered. Interventions could be phased, targeting 
anticipatory anxiety pre-treatment and adaptation challenges 
during early treatment.

This study has several limitations. First, the observational 
design demonstrates association, not causation. Second, the 
use of telephone-administered surveys may introduce recall 
and social desirability biases. Third, as the control group was 
assessed at only three timepoints, this may limit the precision 
and interpretability of the longitudinal statistical model. While 
three points can indicate linear or quadratic trends, they 
are  insufficient to reliably fit more complex, non-linear 
phase  transitions, which could affect the granularity of the 
trajectory model. Fourth, the propensity score matching 
model could not adjust for all clinical variables, leaving potential 

Figure 2. Change curve of mental health level between orthodontic group and control group after matching.

Figure 3.  The mental health trajectories of orthodontic patients at different age stages.
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for residual confounding. Despite these limitations, the findings 
provide an important preliminary framework for dynamic 
psychological intervention in clinical practice. Future research 
should employ intensive longitudinal designs with more 
frequent assessments across the entire treatment cycle for all 
participants, including controls. This will allow for a more precise 
characterization of the dynamic process of psychological 
change and generate a high-resolution, data-driven ‘map’ to 
guide the timing of personalized interventions.

Conclusion

This longitudinal study demonstrates that the mental health 
status of young and middle-aged orthodontic patients exhibits 
a phased improvement trajectory from the initial formulation of 
the treatment plan to 15 months into orthodontic therapy. This 
developmental pattern is associated with various sociodemo-
graphic factors, including gender, occupational role, economic 
status, educational background, and marital status. Accordingly, 
it is recommended that mental health screenings be integrated 
at critical stages of treatment, such as the initial appliance place-
ment phase, the functional adaptation period, and the aesthetic 
refinement stage. For high-risk populations – particularly 
unmarried women and individuals with limited financial 
resources – clinical interventions should incorporate enhanced 
social support systems. Furthermore, communication strategies 
should be tailored to align with patients’ cultural contexts and 
individual treatment expectations. It is important to emphasize 
that this study, as an observational one, mainly contributes to 
revealing a robust longitudinal association between orthodon-
tic treatment and mental health trajectories. Despite efforts to 
control for known confounding factors through propensity 
score matching and sensitivity analysis, which enhanced the 
credibility of the association between ‘treatment’ and ‘outcome’, 
the possibility of unmeasured confounding factors cannot be 
completely ruled out. Therefore, the findings of this study pro-
vide strong evidence in support of the notion that ‘orthodontic 
treatment may be an important influencing factor for mental 
health’, but the exact causal relationship still requires final con-
firmation through future randomized controlled trials or qua-
si-experimental designs.

Author contributions

XM designed the study. BX and YZ developed the study frame-
work. ML authored the manuscript, contributed to the article, 
and approved the submitted version.

Ethics statement

The Ethics Committee of Affiliated Nantong Stomatological 
Hospital of Nantong University approved the study (approval 
number: PJ 2024-022-01). Informed consent was obtained from 
all patients. All methods and procedures were performed in 
accordance with relevant guidelines and regulations, including 
the Declaration of Helsinki.

Acknowledgments

We would like to thank all the healthcare providers for their help 
and the study participants for their cooperation during data 
collection.

Disclosure statement

All authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Conflicts of interests

The authors have no conflicts of interest to disclose.

Funding

This study was supported by Nantong Health Commission 
(MSZ2022069).

References
[1]	 World Dental Federation. From strictly aesthetics to an integral 

part of oral health: a brief history of orthodontics through the ages 
[Internet]. [cited 2022 Jun 2]. Available from: https://www.fdiworld-
dental.org/strictly-aesthetics-integral-part-oral-health-brief-histo-
ry-orthodontics-through-ages

[2]	 Egic B. Prevalence of orthodontic malocclusion in schoolchildren in 
Slovenia. A prospective a epidemiological study. Eur J Paediatr Dent. 
2022;23(1):39–43. http://doi.org/10.23804/ejpd.2022.23.01.07

[3]	 Xin Z, Lei Z. To evaluate the effect of orthodontic micro-implants on 
dental aesthetics, oral structure and periodontal microenvironment 
in Class II malocclusion patients. Chin Med Cosmetol. 2024;14(5):​
73–6. http://doi.org/10.19593/j.issn.2095-0721.2024.05.019

[4]	 Xi W, Xie W. Negative emotional state and its relationship with per-
fectionism tendency in adolescents before orthodontic treatment. 
Int J Psychiatry. 2023;50(1):114–17. http://doi.org/10.13479/j.cnki.
jip.2023.01.037

[5]	 Lei J, Yap AU, Zhang M, Fu KY. Temporomandibular disorder sub-
types, emotional distress, impaired sleep, and oral health-related 
quality of life in Asian patients. Community Dent Oral Epidemiol. 
2021;49(6):543–9. http://doi.org/10.1111/cdoe.12643

[6]	 Azaripour A, Weusmann J, Mahmoodi B, Peppas D, Gerhold-Ay A, 
Van Noorden CJ, et al. Braces versus Invisalign(R): gingival param-
eters and patients’ satisfaction during treatment: a cross-sec-
tional study. BMC Oral Health. 2015;15:69. http://doi.org/10.1186/
s12903-015-0060-4

[7]	 Lamers F, van Oppen P, Comijs HC, Smit JH, Spinhoven P, van Balkom 
AJ, et al. Comorbidity patterns of anxiety and depressive disorders 
in a large cohort study: the Netherlands Study of Depression and 
Anxiety (NESDA). J Clin Psychiatry. 2011;72(3):341–8. http://doi.
org/10.4088/JCP.10m06176blu

[8]	 Liao C-S, Ye Y, Qian Z. Investigation of orthodontic demand and 
orthodontic anxiety level in workplace population [Internet]. J Tongji 
Univ. 2023;44(2):265–70. Available from: http://doi.org/10.12289/j.
issn.1008-0392.22187

[9]	 Wen L. Investigation on influencing factors of dental anxiety in 
orthodontic patients and expression of salivary cortisol and SAA. 
HuNan: Hunan University of Chinese Medicine; 2023. http://doi.
org/10.27138/d.cnki.ghuzc.2023.000388

[10]	 Pu D, Zhang S, Hu S, Zhang Y, Xiong X, Du S. Orthodontic patients 

https://www.fdiworlddental.org/strictly-aesthetics-integral-part-oral-health-brief-history-orthodontics-through-ages
https://www.fdiworlddental.org/strictly-aesthetics-integral-part-oral-health-brief-history-orthodontics-through-ages
https://www.fdiworlddental.org/strictly-aesthetics-integral-part-oral-health-brief-history-orthodontics-through-ages
http://doi.org/10.23804/ejpd.2022.23.01.07
http://doi.org/10.19593/j.issn.2095-0721.2024.05.019
http://doi.org/10.13479/j.cnki.jip.2023.01.037
http://doi.org/10.13479/j.cnki.jip.2023.01.037
http://doi.org/10.1111/cdoe.12643
http://doi.org/10.1186/s12903-015-0060-4
http://doi.org/10.1186/s12903-015-0060-4
http://doi.org/10.4088/JCP.10m06176blu
http://doi.org/10.4088/JCP.10m06176blu
http://doi.org/10.12289/j.issn.1008-0392.22187
http://doi.org/10.27138/d.cnki.ghuzc.2023.000388
http://doi.org/10.27138/d.cnki.ghuzc.2023.000388


ACTA ODONTOLOGICA SCANDINAVICA  283

with poor oral health-related quality of life are more likely to have 
emotional distress: a cross-sectional study. Patient Prefer Adherence. 
2023;17:3047–56. http://doi.org/10.2147/PPA.S433076

[11]	 Alanko O, Tuomisto MT, Peltomaki T, Tolvanen M, Soukka T, 
Svedstrom-Oristo AL. A longitudinal study of changes in psy-
chosocial well-being during orthognathic treatment. Int J Oral 
Maxillofac Surg. 2017;46(11):1380–6. http://doi.org/10.1016/j.ijom.​
2017.05.004

[12]	 Vulugundam S, Abreu LG, Bernabe E. Is orthodontic treatment asso-
ciated with changes in self-esteem during adolescence? A longi-
tudinal study. J Orthod. 2021;48(4):352–9. http://doi.org/10.1177/​
14653125211006113

[13]	 Kessler RC, Aguilar-Gaxiola S, Alonso J, Chatterji S, Lee S, Ormel J, 
et al. The global burden of mental disorders: an update from the 
WHO World Mental Health (WMH) surveys. Epidemiol Psichiatr Soc. 
2009;18(1):23–33. http://doi.org/10.1017/s1121189x00001421

[14]	 Cheng-chao z, Jie C,Ting W,Qianqian P, Jiangjiang P, Wengui Zheng. 
To evaluate the reliability and validity of the Chinese version of 
the Kessler10. Chin J Clin Psychol. 2008;16(6):627–9. http://doi.
org/10.16128/j.cnki.1005-3611.​2008.06.026

[15]	 Ding Y, Xu L, Wang X. Evaluation research on the Kessler10 scale in 
the mental health status of rural residents. Chin Health Serv Manage. 
2009;26(09):632-633. http://doi.org/10.3969/j.issn.1004-4663.2009.​
09.02

[16]	 Shui X. The theoretical basis and research application of social sup-
port rating scale. J Clin Psychiatry. 1994;4(2):98-100. http://doi.org/
CNKI:SUN:LCJS.0.1994-02-019

[17]	 Johal A, Alyaqoobi I, Patel R, Cox S. The impact of orthodontic 
treatment on quality of life and self-esteem in adult patients. Eur J 
Orthod. 2015;37(3):233–7. http://doi.org/10.1093/ejo/cju047

[18]	 Roulias P, Vasoglou G, Angelopoulos G, Pandis N, Sifakakis I. Effect of 
aligners on patients’ oral health-related quality of life and anxiety: 
a prospective pilot study. BMC Psychol. 2024;12(1):346. http://doi.
org/10.1186/s40359-024-01834-2

[19]	 Cotrin P, Peloso RM, Oliveira RC, de Oliveira R, Pini N, Valarelli FP, 
et al. Impact of coronavirus pandemic in appointments and anxiety/

concerns of patients regarding orthodontic treatment. Orthod 
Craniofac Res. 2020;23(4):455–61. http://doi.org/10.1111/ocr.12395

[20]	 Ning H, Qin B. Analysis of stigma in patients with orthodontic 
treatment and its influencing factors [Internet]. J Nurs Admin. 
2023;23(2):129–32. Available from: https://link.cnki.net/urlid/11.471
6.C.20230413.1824.014

[21]	 Medina M, Santos C, Lima BO, Ferreira MB, Normando D. Impact of fixed 
orthodontic retainers on oral health-related quality of life: a longitu-
dinal prospective study. Dental Press J Orthod. 2024;29(1):e242317. 
http://doi.org/10.1590/2177-6709.29.1.e242317.oar

[22]	 Yang W, Xiong X, Wu Y, Zhu Y, Liu J, Ye C, et al. College students with 
oral habits exhibit worse psychological status and temporoman-
dibular-related quality of life: a correlational study. Pain Res Manag. 
2022;2022:6079241. http://doi.org/10.1155/2022/6079241

[23]	 Santana LG, Gatti-Reis L, Paiva SM, Ramos-Jorge ML, Marques LS. 
Patient-centered factors associated with orthodontic treatment 
success: a scoping review. Braz Oral Res. 2025;39:e20. http://doi.
org/10.1590/1807-3107bor-2025.vol39.020

[24]	 Schmahl T, Steinhauser J, Goetz K. Association between orthodontic 
treatment and psychosocial factors in adolescents: a cross-sectional 
study. Eur J Orthod. 2024;47(1):cjae082. http://doi.org/10.1093/ejo/
cjae082

[25]	 Arvind PT, Jain RK. Skeletally anchored forsus fatigue resistant device 
for correction of Class II malocclusions – a systematic review and 
meta-analysis. Orthod Craniofac Res. 2021;24(1):52–61. http://doi.
org/10.1111/ocr.12414

[26]	 Ru H. Investigation and analysis of psychological status of patients 
with malocclusion. Gansu Med. 2024;43(1):27–9. http://doi.org/​
10.15975/j.cnki.gsyy.2024.01.006

[27]	 Yin H, Gao Z, Jia M, Jiang C, Wang Y, Xue D, et al. Diminished sali-
vary cortisol response to mental stress predict all-cause mortality in 
general population. J Psychosom Res. 2025;189:112031. http://doi.
org/10.1016/j.jpsychores.2024.112031

[28]	 Nguyen T, Chung AM, Wu J, Rai R. Breaking the bamboo ceiling: empow-
ering Asian pharmacy students for leadership. Curr Pharm Teach Learn. 
2025;17(3):102227. http://doi.org/10.1016/j.cptl.2024.102227

http://doi.org/10.2147/PPA.S433076
http://doi.org/10.1016/j.ijom.2017.05.004
http://doi.org/10.1016/j.ijom.2017.05.004
http://doi.org/10.1177/14653125211006113
http://doi.org/10.1177/14653125211006113
http://doi.org/10.1017/s1121189x00001421
http://doi.org/10.16128/j.cnki.1005-3611.2008.06.026
http://doi.org/10.16128/j.cnki.1005-3611.2008.06.026
http://doi.org/10.3969/j.issn.1004-4663.2009.09.02
http://doi.org/10.3969/j.issn.1004-4663.2009.09.02
http://doi.org/CNKI:SUN:LCJS.0.1994-02-019
http://doi.org/CNKI:SUN:LCJS.0.1994-02-019
http://doi.org/10.1093/ejo/cju047
http://doi.org/10.1186/s40359-024-01834-2
http://doi.org/10.1186/s40359-024-01834-2
http://doi.org/10.1111/ocr.12395
https://link.cnki.net/urlid/11.4716.C.20230413.1824.014
https://link.cnki.net/urlid/11.4716.C.20230413.1824.014
http://doi.org/10.1590/2177-6709.29.1.e242317.oar
http://doi.org/10.1155/2022/6079241
http://doi.org/10.1590/1807-3107bor-2025.vol39.020
http://doi.org/10.1590/1807-3107bor-2025.vol39.020
http://doi.org/10.1093/ejo/cjae082
http://doi.org/10.1093/ejo/cjae082
http://doi.org/10.1111/ocr.12414
http://doi.org/10.1111/ocr.12414
http://doi.org/10.15975/j.cnki.gsyy.2024.01.006
http://doi.org/10.15975/j.cnki.gsyy.2024.01.006
http://doi.org/10.1016/j.jpsychores.2024.112031
http://doi.org/10.1016/j.jpsychores.2024.112031
http://doi.org/10.1016/j.cptl.2024.102227

