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Abstract: Objective: To evaluate the clinical effectiveness of micro-implant anchorage (MIA) in orthodontic therapy. 
Methods: A total of 92 orthodontic patients were analyzed, with 45 assigned to a control group, treated using con-
ventional techniques, and 47 in an observation group receiving MIA-assisted correction. Comparative analyses were 
performed on treatment efficacy, dental structural changes, periodontal inflammation biomarkers, safety, periodon-
tal health indices, mental health status, and patient satisfaction. Results: The observation group exhibited superior 
therapeutic outcomes compared to the control group, showing greater improvements in dental structure and higher 
patient satisfaction (all P<0.05). Post-treatment, MIA patients had significantly reduced inflammatory marker levels, 
fewer adverse events, improved periodontal health indices, and enhanced psychological well-being (all P<0.05). 
Conclusions: MIA proves to be more effective than conventional orthodontic methods, offering improved therapeutic 
outcomes, enhanced periodontal health, and greater patient satisfaction.
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Introduction

Recent advancements in clear aligner technol-
ogy and evolving standards of facial aesthetics 
have significantly increased the demand for 
orthodontic treatment [1]. Data from the Ame- 
rican Association of Orthodontists indicate a 
40% rise in orthodontic cases among adults in 
the U.S. and Canada between 2012 and 2016 
[2]. As a technically sophisticated and time-
intensive procedure, orthodontic therapy plays 
a pivotal role in achieving optimal tooth align-
ment, optimizing occlusal-jaw relationships, 
and enhancing facial aesthetics through im- 
proved dental arch morphology and lip-tooth 
harmony [3, 4]. Contemporary orthodontic 
applications address malocclusion, dental cro- 
wding, and periodontal conditions, providing 
benefits in facial appearance, masticatory fun- 
ction, oral health-related quality of life, and 

periodontal stability [5-7]. A key factor in the 
success of orthodontic treatment is anchor- 
age control-the biomechanical mechanism that 
governs tooth movement and prevents undesir-
able displacement [8]. Despite their historical 
use, conventional anchorage devices (e.g., hea- 
dgear, transpalatal arches) present clinical limi-
tations such as inconsistent retention and poor 
patient compliance, which can compromise 
treatment accuracy [9]. Micro-implant anchor-
age (MIA) systems have emerged as a superior 
alternative, offering three-dimensional stability 
through direct osseous integration, enhanced 
biomechanical efficiency, minimally invasive 
placement, and simplified clinical procedures 
[10, 11]. Hong et al. [12] demonstrated the clini-
cal superiority of MIA in managing skeletal 
Class II malocclusion, highlighting its ability to 
reduce maxillary first molar mesialization, pre-
vent molar extrusion, and improve facial profile 
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outcomes compared to conventional methods. 
The present study evaluates the clinical perfor-
mance of MIA, providing valuable insights for 
improving orthodontic precision and treatment 
outcomes.

This study innovatively assesses the clinical 
benefits of MIA in orthodontics by evaluating 
treatment effectiveness, dental structural ch- 
anges, periodontal inflammation markers, safe-
ty outcomes, periodontal health, mental health, 
and patient satisfaction, validating its superior-
ity over conventional orthodontic techniques.

Materials and methods

Study population

This retrospective study was approved by the 
Ethics Committee of the School & Hospital of 
Stomatology, Wuhan University. We enrolled 92 
patients who underwent orthodontic treatment 
at the School & Hospital of Stomatology, Wuhan 
University, between March 2023 and March 
2025. Of these, 45 patients were assigned to 
the control group (conventional orthodontic 
treatment) and 47 to the observation group 
(MIA intervention).

Inclusion and exclusion criteria

Inclusion criteria: Eligibility for orthodontic 
treatment based on standard indications [13]; 
no prior history of oral diseases or orthodontic 
procedures; normal periodontal hard and soft 
tissue morphology; first-time orthodontic treat-
ment; no infectious diseases.

Exclusion criteria: Poor oral hygiene; intoler-
ance to orthodontic treatment; presence of oral 
mucosal lesions; pregnant or lactating women; 
prior oral treatments; concurrent oral diseases, 
coagulation disorders, or cardiovascular/cere-
brovascular diseases.

Treatment protocols

Control group (conventional orthodontic treat-
ment): Prior to treatment, patients underwent 
CT imaging to evaluate dental alignment and 
malocclusion severity. After oral disinfection 
with chlorhexidine gluconate (Heze Jiatuo Bio- 
technology Co., Ltd., 5) and local anesthesia 
with lidocaine injection (Chongqing Kangzhou 
Zhitong Pharmaceutical Technology Co., Ltd., 
12MHB18), metal archwires were applied for 
tooth correction, reinforced with a transpalatal 

arch for stabilization. Following satisfactory cor-
rection, radiographic assessment (X-ray) con-
firmed root apex positioning and occlusal con-
tact. Patients were instructed to wear the appli-
ance for 8-12 hours daily, maintaining a unilat-
eral traction force of ~250 g, with scheduled 
follow-ups for force adjustments. Pretreatment 
and post-treatment photographs following con-
ventional orthodontic therapy are shown in 
Figure 1.

Observation group (MIA): After premolar extrac-
tion and initial dental alignment confirmation, 
micro-titanium implant screws were placed 
bilaterally in the critical parallel zone between 
the maxillary second premolars and first 
molars, positioned 3 mm toward the root or at 
the mucogingival junction. Stainless steel wires 
and traction hooks were used to connect the 
implants and facilitate anterior tooth retraction. 
Force application was adjusted monthly until 
achieving: (1) restoration of normal occlusal 
relationships, and (2) complete closure of ex- 
traction spaces. Implants were removed as the 
final treatment step. Medical staff guided pa- 
tients on oral hygiene maintenance (gently 
brushing teeth, using dental floss regularly) and 
diet (avoiding hard or sticky foods), and advised 
cessation of smoking and drinking. Regular 
check-ups ensured implant stability and tissue 
health. Pretreatment and post-treatment effect 
pictures are shown in Figure 2.

Outcome measures

(1) Orthodontic Treatment Efficacy [14]: Thera- 
peutic outcomes were classified as excellent 
(complete alignment with significant correc-
tion), effective (noticeable enhancement in 
dental alignment), or ineffective (no observable 
improvement). The overall efficacy rate was the 
combined percentage of cases with excellent 
or effective outcomes relative to the total 
cohort.

(2) Dental Structural Changes [15]: At 3 months 
post-intervention, the upper central incisor pro-
trusion difference (measured with a dental cali-
per), molar displacement distance, and interca-
nine width (both assessed via X-ray cephalo-
metric analysis, Guangzhou Linuo Automation 
Equipment Co., Ltd., Point 800 HD 3D PLUS), 
were recorded in both groups.

(3) Periodontal Inflammatory Markers [16]: 
Periodontal tissue samples were collected at 
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Figure 1. Pre- and post-treatment changes with conventional orthodontics. A, B. Pretreatment status: Malocclusion 
and asymmetric dental arches were observed. C, D. Posttreatment results: Post-therapy, the dentition displayed 
uniform alignment, corrected torsions/overlapping, overbite reduction, and optimized posterior occlusion.

baseline and 3 months post-treatment from 
the anchorage region, cultured in vitro. Super- 
natants were quantified by Enzyme-Linked 
Immunosorbent Assay (ELISA) for matrix metal-
loproteinase (MMP)-2, MMP-9, tumor necrosis 
factor (TNF)-α, and intercellular adhesion mol-
ecule (ICAM)-1 levels (Abbkine Scientific Co., 
Ltd., KTE4055, KTE6027, KTE6032, KTE6003), 
using an automated biochemical analyzer 
(Xi’an Tianlong Science and Technology Co., 
Ltd., ZY-680).

(4) Safety Profile [17]: Adverse events (tooth 
mobility, gingival infections, gingival swelling) 
were documented, and incidence rates were 
computed.

(5) Periodontal Health Status [18]: Periodontal 
health was evaluated before and 3 months 
after orthodontic treatment using the Sulcus 
Bleeding Index (SBI; 0-5 scale), Gingival Index 
(GI; 0-3 scale), and Plaque Index (PLI; 0-3 
scale). Higher scores indicated worse periodon-
tal conditions.

(6) Psychological Evaluation: Anxiety and de- 
pression levels were assessed before and after 
intervention using the Self-Rating Anxiety Scale 
(SAS) and Self-Rating Depression Scale (SDS) 
[19], respectively. Both scales were scored on 
100-point scales, where higher scores indicat-
ed greater symptom severity.

(7) Patient Satisfaction [20]: A self-designed 
orthodontic satisfaction scale was used to eval-
uate patient satisfaction, categorized as unsat-
isfied (<60), satisfied (60-80), or highly satis-
fied (>80). The total satisfaction rate was the 
sum of the “highly satisfied” and “satisfied” 
rates.

Statistical methods

All data were processed using SPSS 21.0 (IBM 
Corp.), with graphical representations generat-
ed in GraphPad Prism 7.0. Continuous data 
were expressed as mean ± SEM and compared 
using t-tests (between groups) or paired t-tests 
(pre- vs. post-treatment). Categorical data were 
presented as rates (percentages) and com-
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Figure 2. MIA before and after treatment. A, B. Before MIA treatment: Marked labial inclination of upper anterior 
teeth (protrusive appearance) was observed, often accompanied by lip incompetence. Concurrent malocclusion 
was noted, including Class II (excessive upper molar prominence) or Class III (anterior crossbite) tendencies. C, D. 
After MIA treatment: The edentulous space was fully consolidated, anterior projection significantly corrected, and 
lip contour softened. Molars established a stable Class I relationship, with normalized anterior overlap. Implant-site 
mucosa healed optimally, absent of erythema, edema, or fibrosis. Note: MIA, micro-implant anchorage.

Table 1. Demographic and clinical characteristics of study participants

Data Control group 
(n=45)

Observation 
group (n=47) χ2/t P

Gender (male/female) 25/20 24/23 0.186 0.666
Age (years) 28.62±5.83 30.62±8.44 1.317 0.191
Body mass index (kg/m2) 22.27±2.43 22.64±2.72 0.687 0.494
Treatment duration (years) 3.36±1.28 3.81±1.78 1.387 0.169
Angle’s classification (I/II/III) 14/18/13 13/20/14 0.136 0.934
Educational attainment (<senior high school/≥senior high school) 22/23 20/27 0.372 0.542

pared using chi-square (χ²) tests. Statistical 
significance was set at P<0.05.

Results

Baseline characteristics

The control and observation groups demon-
strated comparable baseline characteristics, 
with no statistically significant differences (all 

P>0.05) in gender distribution, mean age, body 
mass index (BMI), treatment duration, Angle’s 
classification, or educational attainment (Table 
1).

Orthodontic treatment efficacy

The observation group exhibited superior clini-
cal outcomes, with 42 cases achieving treat-
ment effectiveness compared to 33 in the con-
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Table 2. Comparative analysis of orthodontic treatment 
efficacy

Orthodontic effect Control group 
(n=45)

Observation 
group (n=47) χ2 P

Markedly effective 21 (46.67) 27 (57.45)
Effective 12 (26.67) 15 (31.91)
Ineffective 12 (26.67) 5 (10.64)
Total effectiveness 33 (73.33) 42 (89.36) 3.921 0.048

trol group. This resulted in a significantly higher 
total effective rate in the observation group 
(P<0.05, Table 2).

Dental structural changes

Quantitative assessments revealed significant 
intergroup differences in dental structural 
parameters at the 3-month follow-up. The 
observation group showed increased upper 
central incisor protrusion differences, greater 
intercanine width expansions, and reduced 
molar displacement distances compared to the 
control group (all P<0.05; Figure 3).

Inflammatory biomarker profiles

While baseline inflammatory markers show- 
ed no significant intergroup differences (all 
P>0.05), post-treatment analysis revealed a 
significant elevation of all biomarkers in both 
groups (all P<0.05). Furthermore, the observa-
tion group exhibited markedly reduced inflam-
matory responses, with lower MMP-2 and 
MMP-9 levels and decreased TNF-α and ICAM-
1 expression compared to the control group (all 
P<0.05; Figure 4).

Safety profiles

The micro-implant approach demonstrated 
superior safety, with a reduced incidence of 
tooth mobility, gingival infections, and gingival 
swelling. The overall adverse event rate in the 
observation group was 6.38%, compared to 
22.22% in the control group (P<0.05; Table 3).

Periodontal health outcomes

Periodontal health was assessed using three 
standardized indices: SBI, GI, and PLI. Baseline 
measurements showed no significant inter-
group differences (all P>0.05). Post-treatment, 
both groups exhibited significant reductions in 
all periodontal indices (all P<0.05), with the 

observation group showing signifi- 
cantly lower post-treatment scores 
compared to the control group (all 
P<0.05; Figure 5).

Psychological status evaluation

Mental health assessments using the 
SAS and SDS scales revealed no inter-
group differences at baseline (both 
P>0.05). Both groups showed signifi-

cant post-treatment improvements (P<0.05), 
with the observation group achieving signifi-
cantly greater reductions in both SAS and SDS 
scores (both P<0.05; Figure 6).

Patient satisfaction rates

Patient satisfaction rates were significantly 
higher in the observation group, with 91.49% 
satisfaction compared to 75.56% in the control 
group (P < 0.05; Table 4).

Discussion

Anchorage control is a critical factor in orth-
odontic biomechanical systems. Conventional 
anchorage modalities (e.g., extraoral headgear, 
transpalatal arches), although simple to oper-
ate and effective in gradually correcting maloc-
clusion and tooth misalignment, are highly 
dependent on patient compliance and often 
lead to significant discomfort and poor aesthet-
ic outcomes [21]. In contrast, MIA systems 
overcome these limitations, improving treat-
ment effectiveness while reducing the demands 
on patient compliance [22]. Our comprehensive 
multidimensional assessment provides robust 
clinical evidence supporting the advantages of 
this advanced technique.

Our findings demonstrate superior clinical out-
comes with MIA, showing significantly higher 
treatment efficacy compared to conventional 
methods. This considerable improvement in 
treatment success rates reflects MIA’s ability to 
achieve more predictable tooth movement and 
superior dental alignment. Micro-implants, 
being small yet reliable in anchorage, are user-
friendly. They eliminate anchor loss, can be 
placed in previously unused areas, and allow 
for immediate force application upon insertion 
[23]. These results align with Shi et al.’s [24] 
study (n=119), which reported greater treat-
ment success rates, a significant reduction in 
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Figure 3. Dental structural changes in the two groups. A. Upper central incisor protrusion differences in two groups. 
B. Molar displacement distances in two groups. C. Intercanine widths in two groups. Note: **P<0.01 versus control 
group.

Figure 4. Levels of periodontal inflammatory markers in two groups. A. Pre- and post-treatment matrix metallo-
proteinase (MMP)-2 levels. B. Pre- and post-treatment MMP-9 levels. C. Pre- and post-treatment tumor necrosis 
factor (TNF)-α levels. D. Pre- and post-treatment intercellular adhesion molecule (ICAM)-1 levels. Note: *P<0.05, 
**P<0.01 vs. baseline; #P<0.05 vs. control group.

Table 3. Comparative safety profile analysis
Adverse events Control group 

(n=45)
Observation 
group (n=47) χ2 P

Tooth mobility 3 (6.67) 0 (0.00)
Gingival infections 4 (8.89) 2 (4.26)
Gingival swelling 3 (6.67) 1 (2.13)
Total 10 (22.22) 3 (6.38) 4.753 0.029

inflammatory markers (IL-6 and hsCRP), and 
lower complication rates.

Notably, the observation group exhibited signifi-
cantly better improvements in upper central 

incisor protrusion distance and inter-
canine width, further confirming the 
clinical advantages of MIA in enhanc-
ing dental structure. Compared to con-
ventional extracoronal arch reinforce-
ment, MIA significantly reduces trau-
ma to dental tissues. Once implanted, 
the micro-implant can withstand sub-
stantial orthodontic forces within the 

jawbone, providing stable anchorage that all- 
ows the affected teeth to reposition naturally. 
This partly accounts for the notable improve-
ment in dental structure observed with MIA 
[25, 26]. Without accelerating root resorption, 
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Figure 5. Periodontal health indices. A. Sulcus Bleeding Index (SBI) measurements pre- and post-intervention. B. 
Gingival Index (GI) measurements pre- and post-intervention. C. Plaque Index (PLI) measurements pre- and post-
intervention. Note: *P<0.05, **P<0.01 vs. baseline; #P<0.05 vs. control group.

Figure 6. Psychological assessments in two groups. A. Self-Rating Anxiety Scale (SAS) score changes pre- and 
post-intervention. B. Self-Rating Depression Scale (SDS) score changes pre- and post-intervention. Note: *P<0.05, 
**P<0.01 vs. baseline; #P<0.05 vs. control group.

Table 4. Comparative patient satisfaction analysis

Satisfaction Control group 
(n=45)

Observation 
group (n=47) χ2 P

Highly satisfied 22 (48.89) 26 (55.32)
Satisfied 12 (26.67) 17 (36.17)
Dissatisfied 11 (24.44) 4 (8.51)
Total satisfaction 34 (75.56) 43 (91.49) 4.278 0.039

MIA has also been shown to promote faster 
tooth movement while exerting minimal influ-
ence on craniofacial and soft tissue relation-
ships in adults requiring bilateral maxillary pre-
molar extraction [27], corroborating the find-
ings of this study.

Furthermore, MIA resulted in significantly atten-
uated elevation of inflammatory mediators 
(MMP-2, MMP-9, TNF-α, and ICAM-1) and supe-
rior improvements in periodontal parameters 
(SBI, GI, and PLI) compared to conventional 
orthodontic approaches. Zhao et al. [28] re- 
ported that MIA therapy in Class II malocclu-
sion patients promotes orthodontic outcomes 

by facilitating buccal tubercle displace-
ment and adjusting soft and hard tis-
sue positions. Additionally, it signifi-
cantly reduces inflammatory markers 
like MMP-2 and ICAM-1, which aligns 
with the findings of this research. Liang 
et al. [29] also demonstrated that MIA, 
in combination with guided tissue 
regeneration in periodontitis patients, 

contributes to anti-inflammatory effects (re- 
ducing IL-6, MMP-8, and TGF-β expression) and 
significant improvements in periodontal health 
(ameliorated SBI, GI, and PLI), similar to the 
outcomes observed in this study.

From a safety perspective, the safety profile 
analysis demonstrated a significant superiority 
of MIA, with the observation group exhibiting a 
markedly lower incidence of treatment-related 
adverse events compared to conventional 
approaches. One possible explanation is that 
MIA involves smaller implants, which reduce 
intraoral irritation, minimize discomfort, and 
allow for faster healing of the puncture holes 
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post-removal, thus lowering complication risks 
[30]. Xu et al. [31] further corroborated this 
finding, showing that MIA yielded comparable 
outcomes in complication rates relative to the 
adjunctive use of cefaclor.

Additionally, psychological evaluations reveal- 
ed significantly greater improvements in anxi-
ety and depression scores in the observation 
group, likely attributable to the higher treat-
ment efficiency of micro-implants, which not 
only enhance periodontal health but also 
reduce negative impacts from potential compli-
cations. The superior patient satisfaction sco- 
res further validate the advantages of micro-
implants in both comfort and aesthetic accept-
ability. Supporting these findings, Hou et al. 
[32] reported that MIA in pediatric orthodontics 
demonstrated pronounced clinical superiority 
over traditional methods in enhancing peri-
odontal health and dental structure, achieving 
significantly higher treatment efficacy and 
patient satisfaction, closely aligning with our 
results.

Several limitations exist in this research that 
should be acknowledged. First, the study did 
not analyze sleep quality, quality of life, or facial 
aesthetics. Incorporating these factors could 
expand the potential clinical advantages of MIA 
in orthodontics. Second, no long-term follow-up 
analysis was conducted; a 5-year follow-up 
would provide valuable insights into the sus-
tained efficacy of MIA. Third, critical factors 
influencing treatment success were not ex- 
plored; identifying these factors in future stud-
ies is essential to further optimize orthodontic 
therapy and related management processes, 
ultimately improving orthodontic outcomes. 
Finally, although an orthodontic satisfaction 
scale was specifically developed for this study, 
its broader applicability depends on further reli-
ability and validity assessments in larger co- 
horts.

In conclusion, MIA offers comprehensive clini-
cal benefits over conventional methods, includ-
ing superior treatment precision and efficiency, 
enhanced improvements in dental and peri-
odontal health, reduced inflammatory burden, 
favorable safety profile, diminished psychologi-
cal distress, and greater patient acceptance.
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