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Abstract 

Background  Traditional orthodontic treatment methods are associated with long treatment durations and patient 
discomfort. The mini-implant assisted micro-osteoperforation (MOP) has shown great potential in clinical practice, 
but systematic research on this technology remains limited.

Methods  A retrospective analysis of 106 adult patients requiring extraction of both maxillary first premolars were 
conducted, with patients randomly grouped: experimental group (EG, mini-implant assisted MOP) and control 
group (CG, conventional orthodontic treatment), with 53 cases in each. Tooth movement distances, root resorption 
amounts, craniofacial relationship measurement angles (SNA, SNB, ANB), maxillary anterior tooth positions and angles 
(U1-X, U1-Y, U1-SN), maxillary first molar positions and angles (U6-X, U6-Y, U6-X), and soft tissue angles (NLA) were 
compared.

Results  The distance of canine movement in the EG was (1.89±0.28) mm after 1 month of force application, 
and (3.67±0.54) mm after 2 months of force application. In the CG, the distance of canine movement was (0.96±0.32) 
mm after 1 month of force application, and (1.88±0.34) mm after 2 months of force application. The EG suggested 
visibly greater canine movement distances one month and two months after force application as against the CG, 
with visibly lower U1-X and U1-Y angles, and visibly lower U6-X and U6-Y angles (P<0.05). No visible distinctions were 
noted in soft tissue angles between the EG and the CG one month and two months after force application (P>0.05).

Conclusion  Compared to existing orthodontic treatment methods, implant-supported mini-screw perforation sur-
gery, as an auxiliary approach to accelerate orthodontic treatment, can significantly accelerate tooth movement with-
out significantly increasing the risk of root resorption, and has minimal impact on craniofacial relationships and soft 
tissues. This finding provides a new and effective adjunct for orthodontic treatment, with the potential to shorten 
treatment duration and improve the patient experience in clinical practice, making it of significant importance 
for advancing the development of orthodontic techniques.
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Background
Orthodontic treatment is an important part of modern 
dentistry, aiming to correct abnormalities in teeth, jaws, 
and occlusion to improve patients’ facial aesthetics, func-
tion, and oral health. Malocclusions and misaligned teeth 
not only affect patients’ appearance but may also lead to 
a series of oral diseases, such as gingivitis, periodontal 
disease, dental caries, and masticatory dysfunction [1, 2]. 
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Malocclusions can lead to tooth wear, difficulty in chew-
ing, speech disorders, severely affecting patients’ quality 
of life (QoL). Moreover, poor occlusion may have poten-
tial impacts on the digestive system and overall health 
[3]. Therefore, orthodontic treatment is not only condu-
cive to enhancing patients’ aesthetics but also an effective 
means of improving oral health and QoL.

Traditional orthodontic treatment methods include 
fixed appliances, removable appliances, and some aux-
iliary devices. Fixed appliances are the most commonly 
used orthodontic treatment method, typically consisting 
of brackets, arch wires, and various auxiliary materials, 
which slowly move teeth to the ideal position by applying 
continuous corrective forces [4]. Although fixed appli-
ances provide relatively accurate and stable forces dur-
ing treatment, due to the complex biological processes 
involved in tooth movement, treatment durations are 
usually long, especially in adult patients, which may take 
a year or longer. Additionally, long-term wear of fixed 
appliances can lead to oral discomfort, such as mouth 
ulcers and toothache, and patient compliance may be 
affected. Removable appliances are more commonly used 
for mild tooth misalignment or pediatric patients, who 
can wear and remove them by themselves, but their treat-
ment effects and stability are usually not as good as fixed 
appliances, thus limiting their clinical application [5]. In 
addition to traditional appliances, transparent aligners 
have become a widely concerned new treatment method 
in recent years, especially among adult patients, due to 
their invisible and comfortable characteristics, gaining 
widespread application. Aligners gradually adjust tooth 
positions through a series of custom-made transparent 
plastic brackets, but their treatment effects are influenced 
by the patient’s wearing time and compliance, and treat-
ment durations may be longer than traditional methods 
[6]. Although traditional orthodontic treatment methods 
have achieved visible results, issues such as long treat-
ment durations, patient discomfort, side effects during 
treatment, and poor compliance still exist [7]. Therefore, 
how to shorten treatment durations, improve treatment 
effects, reduce patient discomfort and side effects has 
always been an important topic in orthodontic research.

In recent years, with the rapid development of bio-
medical and materials science, accelerated orthodontic 
techniques have become a research hotspot. Micro-
osteoperforation (MOP), as a key breakthrough in this 
field, involves performing minimally invasive perfora-
tions in specific regions of the alveolar bone to activate 
local bone remodeling mechanisms, thereby acceler-
ating tooth movement and potentially shortening the 
duration of orthodontic treatment [8, 9]. However, 
current research on MOP technology varies in terms 

of puncture sites, depth, frequency, and the combined 
application with orthodontic appliances, and no unified 
standard or optimal protocol has yet been established. 
MOP can be performed manually or with mechanical 
assistance [10]. Manual perforation is relatively simple 
but requires a high level of precision in controlling the 
depth and force, which depends largely on the opera-
tor’s experience. Mechanical-assisted perforation, using 
specialized equipment, allows for more precise control 
over the perforation parameters, ensuring stability and 
reproducibility, though it comes with higher equip-
ment costs and a more complex operational process. 
If the perforation depth is too shallow, it may fail to 
effectively stimulate bone remodeling,if it is too deep, 
it could potentially damage the tooth root and peri-
odontal tissues. The selection of puncture sites must 
be accurately tailored to the movement direction and 
requirements of the target tooth, while the frequency 
of perforations should consider both the bone tissue’s 
ability to repair itself and the efficiency of tooth move-
ment [11, 12].

Compared to previously published studies, this 
research presented unique contributions. On one hand, 
it focused on a specific patient group, such as adoles-
cents with mild periodontitis undergoing orthodontic 
treatment, and explored the applicability and optimal 
application protocol of MOP technology tailored to 
the oral physiological characteristics and orthodontic 
needs of this population. This approach aims to pro-
vide more targeted clinical guidance for orthodontic 
treatment in this special patient group. On the other 
hand, in terms of study design, this research employed 
an innovative methodology, such as a multicenter, 
large-sample randomized controlled trial, to rigorously 
control for confounding factors and comprehensively 
evaluate the efficacy, safety, and patient comfort asso-
ciated with MOP technology in accelerating ortho-
dontic tooth movement. The goal was to provide a 
stronger scientific basis for the broader clinical appli-
cation of MOP technology. Therefore, this article aims 
to explore the clinical application effects of the mini-
implant assisted MOP technique in accelerating ortho-
dontic tooth movement. By comparing the distinctions 
in treatment duration, tooth movement speed, treat-
ment effects, and patient comfort between patients who 
used this technique and those who did not, the clinical 
application value of this technique is assessed. Through 
the summary and analysis of relevant clinical data, it is 
expected to provide a scientific basis for the widespread 
application of MOP technology and to provide more 
technical support and guidance for clinical orthodontic 
treatment.
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Materials and methods
Subjects
A retrospective analysis of the clinical data of 106 adult 
patients who required the extraction of both maxillary 
first premolars treated at Wuwei Hospital of Traditional 
Chinese Medicine from February 2020 to February 2024 
was conducted. Among them, there were 46 males and 50 
females, aged 18 to 45 years old.

Inclusion criteria: Good oral hygiene and periodon-
tal condition; individuals informed about the trial, with 
the informed consent form; no contraindications to local 
anesthesia; no history of maxillofacial trauma; complete 
dentition without missing lower anterior teeth and no 
history of dental and periodontal treatment; individuals 
requiring extraction of maxillary bilateral first premolars 
for orthodontic treatment; no need for other intraoral or 
extraoral devices during orthodontic treatment. Exclu-
sion criteria: Individuals with systemic diseases and bone 
metabolic diseases; those with abnormal coagulation 
function; those with a history of mental illness; individu-
als undergoing a second round of orthodontic treatment.

Sample size calculation
During the study design phase, sample size estimation 
was performed using G*Power 3.1. The distance of canine 
movement was chosen as the primary efficacy end-
point. Based on preliminary experiments and relevant 
literature, the expected difference in canine movement 
between the EG and CG was [X] mm, with a standard 
deviation of [SD] mm. The significance level was set at α 
= 0.05 (two-tailed) and the power at 1-β = 0.80. Based 
on these parameters, the required sample size per group 
was calculated to be [sample size]. Considering poten-
tial dropout, a 10% increase in sample size was applied, 
resulting in a final total of 53 patients per group, with a 
total of 106 participants.

Surgical methods
All subjects underwent orthodontic treatment with 
straight arch wire self-ligating brackets (Hangzhou 
Shinye) after the extraction of both maxillary first pre-
molars. According to the surgical methods, participants 
were randomly assigned to the experimental group (EG) 
and control group (CG). In the EG, MOP was performed 
using micro-implant anchorage screws under 2% lido-
caine local anesthesia. The micro-implant anchorage 
screws used in this study were made of medical-grade 
pure titanium, with a diameter of 1.5 mm and a length of 
8 mm. The procedure was performed on the cortical bone 
between the maxillary canine and second premolar on 
one side. A specialized slow-speed handpiece was used 
during the operation, with a rotation speed of 150–200 

rpm, gently and steadily rotating the tool to slowly insert 
the micro-implant anchorage screw until the perforation 
depth reached 7 mm. After achieving the required depth, 
the tool was gently rotated in reverse at the same speed 
to remove it. Immediately post-surgery, a 100-gram force 
was applied to both canines at the perforation site using 
ligature wire and elastic chains. Regular measurements 
were taken before and during the force application to 
ensure the force remained close to 100 grams, with an 
error margin controlled within ±5 grams. In the CG, no 
perforation was performed. Instead, participants received 
conventional orthodontic treatment, following the stand-
ard protocol of straight-wire arch mechanics. They were 
fitted with Hangzhou Xinya self-ligating brackets and 
underwent regular adjustments of the archwire by the 
orthodontist based on the tooth movement, guiding the 
teeth to move gradually.

The standard definition of root resorption was as fol-
lows. In CBCT images, root resorption was diagnosed 
when a continuous low-density image appeared on 
the root surface, with a width exceeding 0.5 mm, and 
when the root outline showed noticeable depression or 
irregularities.

The canine movement distance and root resorption 
were measured at 1 and 2 months after force application 
in both the EG and CG. In evaluating root resorption, 
panoramic radiographs (X-ray) provide a comprehensive 
view of the entire dentition and jawbone, offering an ini-
tial observation of the root’s overall shape, length, and its 
relationship with surrounding tissues. This helps in the 
preliminary screening of root resorption and provides 
a broad overview. In contrast, cone-beam computed 
tomography (CBCT) offers more precise three-dimen-
sional imaging, allowing for clearer detection of subtle 
changes in root resorption, such as localized depressions 
on the root surface or resorption at the root curvature. 
This helps accurately measure the changes in root length. 
By combining both imaging techniques, a comprehensive 
assessment of root resorption can be made from different 
perspectives. All measurements were recorded by two 
independent orthodontists, and statistical software was 
used to analyze the differences between the two groups in 
terms of canine movement distance and root resorption.

Observational indicators

(1)	Tooth movement distance

A coordinate system was established with the mid-
point of the mesio-buccal cusp tips of the bilateral 
maxillary first molars as the origin. Customized trays 
were fabricated, and precise maxillary impressions 
were taken from the patient using silicon rubber, 



Page 4 of 9Liu et al. BMC Oral Health          (2025) 25:695 

followed by pouring with high-strength dental stone. 
Anatomically, the premolars exhibit a mesial mar-
ginal ridge, whereas the canines lack a “distal mar-
ginal ridge” and instead have a “distal cusp ridge” that 
curves toward the tooth apex, making precise meas-
urement challenging. Therefore, the highest point of 
the canine contour (height of contour, HoC) was cho-
sen as the reference point for measurements. Using a 
vernier caliper, the distance between the HoC of the 
canine and the mesial marginal ridge of the second 
premolar was measured. Three measurements were 
taken before and after the experiment, and the average 
value was calculated. The difference between the pre- 
and post-experiment average values was used to deter-
mine the tooth movement distance. All measurements 
were performed by the same highly trained operator 
with extensive experience to ensure the accuracy and 
consistency of the measurements.

(2)	Root resorption amount

Cone-beam CT (Siemens, Germany) was taken 
before and after force application to measure the 
length of the canine root. The distinction in root 
length before and after force application was the root 
resorption amount.

(3)	Lateral cephalograms

The following angles and distances in patients were 
measured using the Japanese Rigaku intelligent multi-
functional X-ray diffractometer: SNA angle (the angle 
formed by the cranial base point S, the nasal root point 
N, and the most anterior point of the maxillary bone 
A), SNB angle (the angle formed by the cranial base 
point S, the nasal root point N, and the most anterior 
point of the mandibular bone B), ANB angle (the angle 
formed by the most anterior point of the maxillary 
bone A, the nasal root point N, and the most anterior 
point of the mandibular bone B), U1-X (upper central 
incisor – maxillary dental protrusion), U1-Y (upper 
central incisor – vertical height), U1-SN angle (the 
angle between the upper central incisor and the cranial 
base plane SN), U6-X (maxillary first molar – maxillary 
dental protrusion), U6-Y (maxillary first molar – verti-
cal height), U6-X angle (the angle between the maxil-
lary first molar and the alveolar bone), and NLA angle 
(nasolabial angle). The measurement steps included 
locating key anatomical points, calibrating the X-ray 
equipment, ensuring the subject’s correct posture, and 
accurately recording the measurement values of each 
angle and distance for comparative analysis.

Statistical processing
Data were analyzed using SPSS 22.0 statistical software. 
For quantitative data, normality was assessed using the 
Shapiro-Wilk test, with P > 0.05 considered indicative 
of a normal distribution. Data were presented as mean 
± standard deviation (x̄ ± s), and intergroup compari-
sons were performed using one-way analysis of variance 
(ANOVA). For data that did not meet the assumption of 
normality, the Mann-Whitney test was used. Categorical 
data, such as patient gender and adherence to inclusion 
or exclusion criteria, were presented as frequencies and 
percentages (%), and group comparisons were conducted 
using the Chi-square test. A P value of < 0.05 was consid-
ered statistically significant.

Results
Contrast of canine movement distance after force 
application in subjects
In Fig. 1, the distance of canine movement in the EG was 
(1.89±0.28) mm after 1 month of force application, and 
(3.67±0.54) mm after 2 months. In the CG, the canine 
movement distance was (0.96±0.32) mm after 1 month 
and (1.88±0.34) mm after 2 months. The canine move-
ment distances in the EG after 1 month and 2 months of 
force application were significantly greater than those in 
the CG, and the differences were statistically significant 
(P<0.05).

Contrast of root resorption amounts in subjects after force 
application
In Fig. 2, the root resorption in the EG was (0.51±0.16) 
mm after 1 month of force application and (0.85±0.22) 
mm after 2 months. In the CG, the root resorption was 
(0.44±0.12) mm after 1 month and (0.79±0.18) mm 

Fig. 1  Contrast of canine movement distances after force application 
in subjects. Note: *as against the EG, P <0.05
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after 2 months. It can be observed that root resorp-
tion increased in both the EG and CG after 1 month 
and 2 months of force application, but the differences 
between the groups were not statistically significant 
(P>0.05).

Contrast of craniofacial relationship measurement angles 
in subjects
In Fig. 3, no visible distinctions were noted in the SNA, 
SNB, and ANB angles before force application; the dis-
tinctions in the SNA, SNB, and ANB angles between 
the EG and the CG one month and two months after 
force application were also not visible (P >0.05).

Contrast of the position and angles of the maxillary 
anterior teeth in subjects
In Fig.  4, no visible distinctions were noted in the 
U1-X, U1-Y, and U1-SN angles before force applica-
tion; one month and two months after force applica-
tion, the distinction in the U1-SN angle between the 
EG and the CG was not visible (P >0.05), but the U1-X 
and U1-Y in the EG were markedly lower as against the 
CG (P <0.05).

Contrast of the position and angles of the maxillary first 
molars in subjects
In Fig.  5, no visible distinctions were noted in the 
U6-X, U6-Y, and U6-X angles before force application; 
one month and two months after force application, the 

Fig. 2  Contrast of root resorption amounts in subjects after force 
application. Note: *as against the EG, P <0.05

Fig. 3  Contrast of craniofacial relationship measurement angles in subjects. (A-C represent SNA, SNB, and ANB angles, respectively)
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distinction in the U6-X angle between the EG and the 
CG was not visible (P >0.05), but the U6-X and U6-Y in 
the EG were markedly lower as against the CG (P <0.05).

Contrast of soft tissue angles in subjects
In Fig. 6, the soft tissue angle (NLA) in the EG before 
force application was (98.31±6.05)°, and in the CG, 
it was (97.79±8.14)°. There was no significant differ-
ence in the soft tissue angle between the two groups 
before force application (P>0.05). After 1 month of 
force application, the soft tissue angle in the EG was 
(100.11±9.32)°, and in the CG, it was (99.68±6.37)°. 
After 2 months of force application, the soft tissue 
angle in the EG was (100.21±10.44)°, and in the CG, it 
was (100.13±8.35)°. The differences in soft tissue angle 
between the EG and CG after 1 month and 2 months 
of force application were not statistically significant 
(P>0.05).

Discussion
Orthodontic treatment aims to facilitate tooth move-
ment by applying continuous external forces. However, 
traditional orthodontic treatment often requires a long 

time to complete, which not only demands a high level 
of patience and cooperation from patients but may also 
be accompanied by some side effects during the long 
treatment process, such as root resorption and peri-
odontitis [13]. Therefore, how to accelerate the speed 
of tooth movement and shorten the treatment period 
has become an important research topic in the field of 
orthodontics. In recent years, MOP (Wilckodontics) has 
received widespread attention as an adjuvant treatment 
method because it can accelerate tooth movement. MOP 
stimulates local bone remodeling by inflicting small-
scale trauma on the alveolar bone, thereby improving 
the efficiency of force transmission and shortening treat-
ment time [14, 15]. Although studies have explored the 
effects of MOP, most have focused on its impact on the 
speed of tooth movement, with relatively fewer studies 
on its effects on root resorption and overall treatment 
outcomes [16]. Therefore, this article retrospectively 
analyzed the clinical data of 106 adult patients who 
required the extraction of both maxillary first premo-
lars, to explore the impact of MOP on canine movement 
during orthodontic treatment. By comparing the canine 
movement distance, root resorption amount, crani-
ofacial relationships, and tooth angles between the EG 

Fig. 4  Contrast of the position and angles of the maxillary anterior teeth in subjects. (A-C represent U1-X, U1-Y, and U1-SN angles, respectively). 
Note: *as against the EG, P <0.05
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(mini-implant assisted MOP) and the CG (conventional 
orthodontic treatment), some meaningful conclusions 
were drawn. The results of this article indicate that the 

canine movement distance in the EG one month and two 
months after force application was markedly greater as 
against the CG, which is consistent with the role of MOP 
in accelerating tooth movement as documented in exist-
ing literature [17, 18]. MOP traumatically alters the bio-
mechanical environment of bone tissue, stimulating local 
bone remodeling and skeletal reconstruction, increasing 
the elasticity of the alveolar bone, and the efficiency of 
force transmission. This bone remodeling process allows 
teeth to move more rapidly during orthodontic treat-
ment, thereby shortening treatment time. Compared 
with traditional orthodontic methods, MOP can mark-
edly accelerate tooth movement, reduce the treatment 
burden on patients, and is in line with the trend of “accel-
erated orthodontics” in modern orthodontics.

It is noteworthy that although the EG demonstrated 
a faster rate of canine movement, there was no statisti-
cally significant difference in the amount of root resorp-
tion. This finding is consistent with some studies, which 
suggest that while MOP accelerates tooth movement, 
it does not significantly increase the incidence of root 
resorption. Root resorption is a common complication 

Fig. 5  Contrast of the position and angles of the maxillary first molars in subjects. (A-C represent U6-X, U6-Y, and U6-X angle, respectively). Note: *as 
against the EG, P <0.05

Fig. 6  Contrast of soft tissue angles in subjects
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in orthodontics and is closely related to the magnitude 
of orthodontic force, treatment duration, and individual 
bone quality [19, 20]. These parameters were also meas-
ured during the study, and the results showed that MOP 
had no significant impact on these oral parameters. Spe-
cifically, after 1 and 2 months of force application, there 
were no significant differences in the SNA angle, SNB 
angle, ANB angle, and U1-X, U1-Y angles between the 
EG and CG. This suggests that MOP primarily affects 
local tooth movement and does not induce notice-
able changes in the overall structure of the maxillofacial 
bones. This is consistent with the mechanism of MOP, 
which accelerates bone remodeling and tooth move-
ment [21]. Overall, this study confirmed the effectiveness 
of MOP in adult orthodontic treatment, particularly in 
accelerating canine movement. The EG showed a signifi-
cant acceleration in canine movement after 1 to 2 months 
of force application without significantly increasing the 
risk of root resorption, indicating that this technique can 
serve as an effective adjunct to shorten orthodontic treat-
ment time [22]. However, while the short-term effects are 
evident, long-term effects, particularly in terms of root 
resorption, bone quality, and other potential complica-
tions, still require further validation.

This study has certain limitations. First, as a retrospec-
tive study, the data collection relied on previous clinical 
records, which may have resulted in incomplete or inac-
curate data. For example, the documentation of some 
patients’ oral hygiene maintenance was insufficient, 
which could impact periodontal status and root resorp-
tion, but could not be accurately assessed in this study. 
Second, although randomization was used for grouping, 
potential selection bias may still exist due to the sample 
being drawn from patients treated at our hospital within 
a specific time frame. For instance, patients choos-
ing to undergo orthodontic treatment at our hospital 
might share similar lifestyle habits or economic condi-
tions, which could affect the generalizability of the find-
ings. Furthermore, during the course of the study, some 
potential confounding factors may have influenced the 
results. For example, differences in patient compliance 
could lead to variations in orthodontic treatment out-
comes. Although patients were required to attend regular 
follow-up visits and wear their appliances as prescribed, 
non-compliance among some patients might have inter-
fered with an accurate assessment of the effects of MOP. 
Additionally, the proficiency of different clinicians in per-
forming the procedure could also impact the outcome 
of MOP. Although every effort was made to ensure that 
the procedures were carried out by experienced clini-
cians, the potential interference from this factor could 
not be fully eliminated. Future studies should continue 
to focus on the long-term effects and safety of MOP, as 

well as explore its adaptability and application in different 
patient populations.

Conclusion
This study retrospectively analyzed data from 106 adult 
orthodontic patients to explore the application of MOP 
with implant anchorage screws in orthodontics. The 
results showed that MOP positively affects adult ortho-
dontic treatment by accelerating tooth movement with-
out significantly increasing the risk of root resorption. 
It primarily influences the local movement of teeth and 
does not have a significant impact on the overall struc-
ture of the maxillofacial bones or related oral parameters. 
However, the study has limitations due to its retrospec-
tive nature, with potential issues regarding data com-
pleteness and accuracy. The sample source may introduce 
selection bias, and factors such as patient compliance 
and clinician proficiency may interfere with the results. 
Despite these limitations, the study provides important 
evidence for the application of MOP in adult orthodon-
tic treatment. Future research should adopt a prospective 
design, expand the sample size, and strictly control con-
founding factors. Further investigations should focus on 
the long-term effects and safety of MOP and explore its 
applicability in different patient populations. Continuous 
optimization of this technique is essential for advancing 
the field of orthodontics.
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