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Abstract: Malformations of teeth and dental arches can produce functional modifications intermin-
gled with esthetic alterations. Children’s rehabilitation may be long, requiring multiple interven-
tions. One of the main challenges of contemporary orthodontics is to reduce treatment time by ac-
celerating orthodontic tooth movements. Among the currently used methods, micro-osteoperfora-
tions (MOPs) are flapless, minimally invasive perforations that induce a local trauma to the bone,
increase healing capacity, and accelerate dental movements. The use of MOPs in orthodontics is
spreading but there are no definite and recognized protocols for their application. This scoping re-
view collected the available evidence in the effect of MOPs during orthodontic therapy as compared
to current treatments, to summarize the evidence. The guidelines proposed by PRISMA-ScR were
followed: original clinical studies carried out from 2010 to 2021 were retrieved by medical databases
combining the terms “micro-osteoperforations” and “accelerated orthodontic tooth movement”.
From a total of 965 articles, nine were finally selected. The studies' aims, designs, methods, meas-
urements, outcomes, and main findings were very heterogenous, with a duration ranging from 4
weeks to 7 months. This included only Class I malocclusion to any malocclusion. It assessed the
effects of MOPs coupled with a variety of orthodontic mechanics on either the retraction of maxil-
lary canines, the distalization of maxillary molars, or the modifications on premolar roots. Mostly,
variations in the number, location, and timing of MOPs impeded a global assessment. Overall, most
of the studies (six out of nine) reported moderately useful effects of MOPs, one was negative, and
only two found significant advantages of MOPs over conventional treatment. The review synthe-
sized the available evidence about MOP applications in orthodontics and identified some important
gaps in knowledge that could be starting points for a systematic review of the literature. In conclu-
sion, even if MOPs can accelerate tooth movements, the variety of aims and methods of the pub-
lished research prevents suggestion of their widespread use.

Keywords: orthodontic treatment; micro-osteoperforations; split mouth; RCTs; PRISMA Guidelines

1. Introduction

Variations in size, shape, reciprocal positions, and relationships of teeth and dental
arches are among the most common abnormalities in humans. These include a variety of
presentations ranging from mild to severe, involving a single tooth or the whole dental
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arch, a genetic or acquired cause, and isolated or associated with other pathologies. Mal-
formations and malocclusions can produce various disorders, and functional modifica-
tions are intermingled with esthetic alterations [1-3]. Depending on the severity of the
case, children’s rehabilitation may be long, beginning in early childhood and continuing
during adolescence and young adulthood, often requiring multiple interventions. The fi-
nal burden on patients, families, and oral health professionals may be very distressing.

Indeed, one of the main challenges of contemporary orthodontics is to reduce treat-
ment time. A prolonged treatment is a negative factor that can badly influence orthodontic
therapy in terms of compliance and frequency of adverse effects. In particular, the pro-
longed duration affects the psychological state of patients who expect a much shorter du-
ration of the treatment, thus losing confidence in its effectiveness. It is also associated with
other negative sequelae [4-6]. Possible complications such as root resorption, discomfort,
and pain, as well as bacterial time-load factors, such as white spot lesions, dental caries,
gingival, and periodontal diseases, may be associated with prolonged times for the ther-
apy [4,7,8].

Fixed appliances therapy to correct malocclusions generally requires an average
treatment time of 19.9-24 months [7,9]. Complex orthodontic cases may need longer treat-
ment duration and/ or multiple interventions, hence exposing to additional risk factors
including demotivation of patients, parents, and orthodontists in addition to increased
costs [10,11]. Therefore, accelerating orthodontic tooth movement (OTM) could help in
shortening the treatment time. It may also prevent, reduce, or eliminate side effects and,
consequently, increase satisfaction [5].

Researchers have endeavored to identify different methods to enhance the rate of
OTM [9]. It is possible to classify the procedures aimed to reduce treatment time into three
major categories: biologic, with the administration of local or systemic drugs; mechanical
or physical, with the use of vibration and low-energy lasers; and surgical. The latter in-
cludes dentoalveolar distraction, alveolar surgeries to undermine interseptal bone, micro-
osteoperforations (MOPs), and alveolar corticotomies [7].

Corticotomy is the most popular surgical method. It has the largest amount of re-
search evidence supporting its efficacy in OTM speed-up owing to regional acceleratory
phenomena [12]. Namely, tissue reaction to any noxious stimulus that increases the heal-
ing capacity is seen in both hard and soft tissues of the oral cavity [13].

Tissue response is characterized by increased perfusion, bone turnover, and de-
creased bone density, all caused by the generation of inflammatory markers described
below [14]. According to Frost, a repairing tissue recovers faster if it undergoes a regional
stimulant intervention [5]. Hence, inducing trauma to the bone in the region in which ac-
celeration is required, can consequently accelerate the OTM [13]. Nonetheless, an exten-
sive surgery such as a corticotomy would likely discourage the patient [7]. Although
proven to be successful, patients are unwilling to sustain corticotomies to reduce ortho-
dontic treatment duration [12].

Since invasive surgical insult to the bone, periosteum, and mucosa are unpleasant for
the patients, in recent years the traditional surgical methods have been replaced by mini-
mally invasive techniques avoiding the elevation of mucoperiosteal flaps [9]. Among
them, MOPs or alveocentesis, practiced since 2010, are among the least invasive surgical
procedures used to accelerate orthodontic treatment. A set of transmucosal holes are made
in the cortical bone of the selected part of the oral cavity using mini-screws; it is not needed
to raise a mucoperiosteal flap. Therefore, the integrity and architecture of the hard and
soft tissues are mostly maintained [4,14,15].

Considering these favorable properties, the use of MOPs in orthodontics is spread-
ing. However, there seem to be no definite and recognized protocols for their application
and the quantitative assessment of their effects and limitations as compared to classic
treatments. Therefore, it seems necessary to verify the relevant literature, including how
research is conducted, in order to synthesize the current evidence [16]. This scoping re-
view aims to share existing available evidence in the effect of MOPs during orthodontic
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therapy as compared to current treatments to systematically map the research conducted
in this area as well as to identify any existing gap in knowledge. The results may support
the need for a new updated systematic review of the literature.

2. Materials and Methods

Guidelines proposed by PRISMA-ScR (Preferred Reporting Items for Systematic re-
views and Meta-Analyses extension for Scoping Reviews) [16-18] were followed to con-
duct this scoping review. The main medical databases were consulted (PubMed, Embase,
Scopus, Google Scholar) to seek clinical studies carried out from 2010 to 2021 The search
strategy combined the terms “micro-osteoperforations” and “accelerated orthodontic
tooth movement” as keywords, using Boolean operators “AND” and “OR” to select orig-
inal papers focused on MOPs and orthodontic treatment. The field of research was re-
stricted to articles exclusively in English and concerning humans. The identified publica-
tions were read and independently evaluated by two reviewers considering the eligibility
criteria. Divergences were resolved after consensus by both reviewers. To summarize, the
following inclusion criteria were considered:

e  Studies in the English language;

e Studies from 2010 to date;

. Studies involving humans;

e  Studies evaluating tooth movement in association with MOPs;
e Randomized clinical trials (RCTs);

e Prospective studies.

Whereas these exclusion criteria were followed:

° Case reports;

e  Systematic reviews and meta-analyses;

) Narrative reviews;

e  Studies that evaluated accelerated tooth movement by other methods (i.e., piezoci-
sion, low-frequency mechanical vibrations, photobiomodulation therapy, and local
injection of platelet-rich plasma).

3. Results

A total of 965 studies were identified from searches of electronic databases and re-
view articles references. After removing duplicates, 575 articles were found. Subsequently
the research was further restricted by applying a temporal filter. A total of 479 articles
published in the last 12 years were selected. Among them, 249 articles were performed on
humans, and only 55 studies were RCTs and prospective studies. Based on the title and
abstract, 45 of them were excluded because techniques different by MOPs were used to
increase the rate of OTM. Afterwards, of 10 articles analyzed, another one was excluded
because it compared the effects of MOPs vs piezocision in accelerating OTM in adults.
Finally, a total of nine articles published between 2013 and 2020 were evaluated in the
present research (Figure 1). The studies' aims, designs, methods, measurements, out-
comes, and main findings are summarized in Table 1.
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews, which included searches of data-
bases, registers, and other sources.
Table 1. Summary of the studies' aims, designs, methods, measurements, outcomes, and main
findings.
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F: female; M: male; MOP: micro-osteoperforation; NA: not available; NiTi: nickel-titanium; RCT:

randomized clinical trial; y: year.

3.1. Study Design

Randomized clinical trials were selected for this scoping review [4-6,12,13,15,20,21]
except for the prospective conducted by Chan et al. [14]. Among them, seven studies had
a split-mouth design [4,5,12,14,15,20,21] and the remaining used a parallel-arm design
[6,13].
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3.2. Study Duration

No homogeneity was found regarding the duration of studies. Four studies con-
cluded after 4 weeks of observation [6,13,14,21], two papers after 12 weeks [4,5], another
two studies after 16 weeks [12,15], and only one study lasted 7 months (from December
2018 to July 2019) [20].

3.3. Population

Three studies included only molar class II malocclusion patients [4,5,21], Babanouri
et al. [20] included bilateral class II division 1 malocclusions or class I malocclusion with
bimaxillary protrusion patients. In the remaining ones, no information about the skeletal
or dental class was reported, and patients with any malocclusion were included as long
as including the second permanent molars was required [6,12-14].

3.4. Intervention

To investigate the effects of MOPs on the rate of tooth movement, seven studies eval-
uated the retraction of maxillary canines [4,6,12,13,15,20,21]. Instead, Gulduren et al. con-
sidered the distalization of maxillary molars [5], while Chan et al. [21] focused on root
resorption of maxillary premolars in a group of patients who required orthodontic treat-
ment with premolars extraction.

In all studies but one [12], patients of both sexes were enrolled. Most of the patients
were late adolescents or young adults [4,5,12,13,15,20,21]; in two studies the mean age of
participants was 15 years [6,14]. Indeed, the inclusion criteria of most studies included
adolescents [4-6,20], starting from 12 [14] or 13 years of age [13]. In four studies, perma-
nent dentition premolars observed root resorption after MOP [14]. All studies included
the extraction of dental elements except Gulduren et al. [5]; extracted teeth were the upper
first molars [4,21], the first maxillary premolars [6,12,14,20], or all four first premolars
[13,15].

3.5. Mechanics for Treatment

In the study proposed by Gulduren et al. [5], the effects of MOPs on the rate of molar
distalization supported by mini-screws were studied. Two mini-screws were inserted at
the level of the anterior palate and an individually designed distalization mechanics was
built. MOPs were performed on the first day of the distalization treatment and repeated
every 3 weeks for three times (six MOPs each time). Chan et al. [14] studied root resorption
of extracted teeth in the proximity of MOPs. Bioquick brackets bonded on 16/26 and 14/24
and cantilever springs applied a buccally directed force to the maxillary first premolars.
MOPs were performed on both the mesial and distal aspects of the selected first premolar
in the buccal alveolar region, and the teeth were extracted 4 weeks after the MOPs.

In the remaining seven articles, the effects of MOPs on canine retraction were inves-
tigated [4,6,12,13,15,20,21]. In five investigations, closed-coil nickel-titanium springs were
used, but with different methods to move the canine tooth into the arch. Alkebsi et al. [4]
used mini-screws. Alikhani et al. [21] applied the force closer to the center of resistance of
the tooth, while Babanouri et al. [20] used a power arm on the canine surface to induce
bodily movement and placed 1.6 mm diameter mini-screws between the roots of the sec-
ond premolar and the first permanent molar. NiTi closing coil springs were used also by
Aboalnaga et al. [12] and Haliloglu-Ozkan et al. [6].

Sivarajan et al. [15] retracted the canines on the working archwire using an elasto-
meric chain force. Attri et al. [13] proposed canine retraction using second molar banding
and a transpalatal arch.

3.6. MOPs Applications

Six out of nine studies used orthodontic mini-screws to perform MOPs
[4,6,8,12,15,20], while a special tool, the PROPEL device, was used in the remaining three
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[13,14,21]. The PROPEL device is a stainless-steel screw attached to a dedicated motor
designed for this purpose [5,13,21].

In all studies [4,6,12,13,15,20,21], three MOPs were performed, except for Gulduren
et al. [5] and Chan et al. [14]. In the latter, only two MOPs were performed, mesially and
distally to the first maxillary premolar to be extracted. In the former, MOPs were per-
formed at TO and then every 3 weeks. For each session, two MOPs were performed be-
tween the second premolar and the first upper molar, two more between the first molar
and the second molar, and the last two distal to the second molar, for a total of six MOPs.

While two studies [12,21] gave no indications regarding how MOPs should be per-
formed, in the others MOPs were performed at different sites and with a variable distance
from each other. For example, in the study by Alkebsi et al. [4], the MOPs were performed
3 mm away from the canine and 6 mm away from the gingival margin. The remaining
MOPs were performed 5 mm away from the former. Sivarajan et al. [15] performed MOPs
at 2 mm distance from each other. Attri et al. [13] performed three MOPs at 1.5 mm inter-
vals, Haliloglu-Ozkan et al. [6] performed them as close as possible to the canine apex by
doing the MOPs vertically. In Babanouri et al. [20] study, three MOPs were performed on
the buccal surface of the alveolar process on the experimental side of the MOP1 group
while, in the MOP2 group, three MOPs on the buccal surface and three MOPs on the pal-
atal surface were created. MOPs were performed in the middle of the distance between
the distal surface of the canine and the mesial surface of the second premolar. The first
MOP was located 5 mm away from the free gingival margin. Gulduren et al. [5] performed
MOPs in the maxillary molar buccal alveolar regions, while Chan et al. [14] made them in
the mesial and distal aspects of the buccal alveolar region of the first premolar.

3.7. Synthesis of Results

The nine studies that this scoping review was based on considered different patients,
methods, timing, devices, and modality of research outcome assessment, making a syn-
thesis very difficult. Overall, most of the investigations reported that MOPs were poten-
tially useful and may help accelerate orthodontic treatments. Differences in space closure
and canine retraction, up to 2.3 times faster in the treated side than in the control side,
were reported [13,21].

Chan et al. [14] demonstrated that MOPs cause greater root resorption than the con-
trol group. Five studies [6,13,15,20,21] stated that MOPs were useful in increasing the rate
of tooth movement. In contrast, Gulduren et al. [5] asserted that the accelerating effect of
MOPs was less than expected, and other studies [15,20] stated that the statistically signif-
icant increment in dental movements was not clinically useful. Alkebsi et al. [4] and
Aboalnaga et al. [12] stated that MOPs were not able to accelerate the rate of canine re-
traction; however, they seemed to facilitate root movement.

Overall, most of the studies (six out of nine) reported moderately useful effects of
MOPs [5,12-15,20], one was negative [4], and only two investigations found significant
advantages of MOPs over conventional treatment [6,21].

4. Discussion

According to epidemiological surveys performed in Italy and India (Chennai state),
the percentage of children and adolescents who do not receive the necessary dental health
care may be even higher than 50%. Interceptive, early orthodontic treatment may help in
reducing this percentage [1,2]. From this point of view, the use of minimally invasive sur-
gical interventions may play an important role.

In the current scoping review, we summarized the up-to-date evidence about the ef-
fects of a surgical technique that can help in reducing the duration of orthodontic treat-
ments with limited side effects. The procedure was developed and described for orthope-
dic treatments outside the oral cavity, and its efficacy was explained by regional acceler-
atory phenomena in the nearby cells [23].
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MOPs are minimal perforation of cortical bone conducted using instruments such as
mini-screws without the necessity to raise a flap. The minimally invasive technique pro-
duces only local, small damages to the mucosa, which maintains its integrity and archi-
tecture [14].

The multiple transmucosal perforations are performed in the proximity to the area
where OTM is desired, with specific configurations depending on the required tooth
movement [15]. The induced movement depends on bone resorption produced by the os-
teoclasts; increasing their activity should accelerate tooth movement. Indeed, performing
MOPs during OTM can induce the production of inflammatory markers, such as chemo-
kines and cytokines (TNF a, IL-1, and IL-6 locally) [24]. Chemokines play an important
role in the recruitment of osteoclast precursor cells, while cytokines lead the differentia-
tion of osteoclasts from their precursor cells to mature ones. High osteoclasts activity can
result in a major rate of tooth movement [13,21].

In addition to osteoclasts activity, the increased apoptosis and proliferation of perio-
dontal ligament cells may play an important role in accelerating tooth movement when
MOPs are performed, as reported by a study conducted in animals [24].

Most of the problems associated with conventional surgical methods could be man-
aged with MOPs. MOPs can be performed directly by the orthodontist without the collab-
oration of another specialist, using common orthodontic devices. Therefore, it is possible
to increase or simplify the OTM and adjust the anchorage, reducing the overall healthcare
cost for the patient [8,13].

Many human clinical trials that experimented with MOPs, during orthodontic treat-
ment as compared to standard techniques, reported an increased OTM [25] with a reduc-
tion of treatment time between approximately 30% [15] and 62% [21]. They also under-
lined the minimal discomfort reported by the patients, [4,13,15,21] with only mild pain,
and eating and speech difficulty, in the short term [5]. Pain perception was investigated
by Attri et al. [13] 1, 7, and 28 days after MOPs, and no statistically significant differences
were found. The only mild discomfort described was perceived 24 h after the intervention
and it gradually faded away [13]. In another study [12], the pain rate experienced ranged
from mild to moderate, and it rapidly disappeared after 1 week.

Overall, it seems that MOPs can be performed with no distress for the patient [21].
The use of a topic anesthetic can help reduce the mild discomfort caused by the injections
needed for the technique.

The effect of MOPs on root resorption, observed as a side effect of prolonged ortho-
dontic therapies, is still controversial [25,19]. Both no differences with the control group
[4,12], and a higher amount of root resorption in cases treated with MOPs, were reported
[8,14].

Controversial results were reported in the literature about the efficiency of MOPs
[8,19,22]. In recent studies by Alkebsi et al. [4] and Aboalnaga et al. [12], contradictory
findings were described regarding the rate of tooth movement between MOP and control
groups. The authors claimed that this technique was inadequate to activate a regional in-
flammatory response that accelerated OTM. The same results were recently reported by
Bolat Giimiis and Kinsiz [22], who could not find any significant effect of MOPs on the
rate of OTM in a period of three months. By superimposing baseline 3D digital imaging
of canine retraction on the 3D digital image [12] of study models that were taken monthly
for the first three months of treatment, they concluded that MOPs using temporary an-
chorage devices did not accelerate the rate of OTM.

Halioglu et al. [6] measured the effects of two repetitions of MOPs executed at 4
weeks. They noted anchorage canine loss during the retraction treatment without im-
portant difference between the treated and control groups; in all patients, the anchorage
was reinforced with temporary anchorage devices inserted mesial to the first molars. The
authors concluded that MOPs cause neither augmented nor anchorage loss, as previously
described by Shahabee et al. [8].
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No direct assessments of the effect of age on orthodontic treatments including MOPs
were reported [19], even when patients younger than 16 years seemed to present a better
response to treatment [5]. Indeed, among the analyzed investigations, two studies were
performed on patients with a mean age of 15 years, and both reported a significant effect
of MOPs [6,14].

One of the limitations of our scoping review was the language restriction: only Eng-
lish-language publications were included in the search, thus all clinical trials published in
other languages were neither included nor taken into consideration. In addition, we em-
ployed a thorough search of the published literature while neither the grey literature nor
study protocols were searched, which may have prevented the consideration of additional
important findings.

Moreover, this scoping review highlighted the great heterogeneity still existing
among all the studies, in terms of study design, sample size and age, methodological ap-
praisal of main outcomes, and follow-up treatment. Hence, the differences in their results
may depend on this heterogeneity, since all studies investigated the effect of MOPs for a
short evaluation period. The effectiveness of the treatment was only reported based on
partial evaluations, a limitation that highlights the need for additional and more con-
sistent clinical trials. Furthermore, no short-, mid-, or long-term assessments of relapse,
dental arch stability, and side effects were performed.

5. Conclusions

Overall, considerable methodological heterogeneity of the studies selected for this
scoping review can be highlighted. The studies differed for their use of surgical tech-
niques, the mechanism of measured OTM, the method of measurement, and the reference
points considered. Only two investigations were fully positive about the effects of the sur-
gical treatment, another six were moderately positive, and one was negative.

Literature regarding the effectiveness of MOPs in accelerating OTM is not conclusive
for several reasons. The short duration of the studies and the great heterogeneity of the
available evidence are the principal reasons. Moreover, some of the papers have a reduced
sample size, combine patients with a variety of treatment needs, and combine a wide age
range. In addition, the research on MOPs is mainly limited to canine movements while
the other teeth are less considered. Literature needs more studies about the increase in
parameters of periodontal disease and root resorption during and after this mini-invasive,
surgical procedure.

The current scoping review synthesized the available evidence about MOP applica-
tions in orthodontics. It identified some important gaps in knowledge that could be start-
ing points for a systematic review of the literature. Further studies are needed to discover
the number and frequency of MOPs necessary to gain an accelerated OTM without side
effects and to clarify if a single use of MOP with a flapless corticotomy procedure is
enough to increase OTM. In conclusion, it has been shown that MOPs can accelerate OTM,
but the variety of aims and methods of the published research prevents suggesting their
widespread use to shorten the therapies and offer the necessary dental healthcare to a
larger number of children and adolescents.

Author Contributions: Conceptualization, C.M., C.S.; methodology, C.M., A.C. and C.D.; investi-
gation, A.C, M.G.C,, C.D,, F.I; writing—original draft preparation, C.M., and M.G.C.; writing—
review and editing, A.C., C.D., F.I. and C.S,; supervision, C.S.; project administration, C.M. All au-
thors have read and agreed to the published version of the manuscript.

Funding: None.
Institutional Review Board Statement: the study does not need ethical approval.
Informed Consent Statement: the study does not need informed consent.

Data Availability Statement: Not applicable.



Children 2022, 9, 208 11 of 12

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nobile, C.G.; Pavia, M.; Fortunato, L.; Angelillo, LF. Prevalence and factors related to malocclusion and orthodontic treatment
need in children and adolescents in Italy. Eur. ]. Public Health 2007, 17, 637-641. https://doi.org/10.1093/eurpub/ckm016.
Prabhakar, R.R.; Saravanan, R.; Karthikeyan, M.K.; Vishnuchandran, C.; Sudeepthi. Prevalence of malocclusion and need for
early orthodontic treatment in children. J. Clin. Diagn. Res. 2014, 8, ZC60-ZC61. https://doi.org/10.7860/JCDR/2014/8604.4394.
Iranzo-Cortés, J.E.; Montiel-Company, J.M.; Bellot-Arcis, C.; Almerich-Torres, T.; Almerich-Silla, ].M. Need for Orthodontic
Treatment in Pupils Aged between 12 and 15 in the Valencian Region (Spain). Int. J. Environ. Res. Public Health 2021, 18, 10162.
https://doi.org/10.3390/ijerph181910162.

Alkebsi, A.; Al-Maaitah, E.; Al-Shorman, H.; Abu Alhaija, E. Three-dimensional assessment of the effect of micro-osteoperfora-
tions on the rate of tooth movement during canine retraction in adults with Class II malocclusion: A randomized controlled
clinical trial. Am. ]. Orthod. Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. Const. Soc. Am. Board Orthod. 2018, 153, 771-785.
https://doi.org/10.1016/j.ajod0.2017.11.026.

Gulduren, K.; Tumer, H.; Oz, U. Effects of micro-osteoperforations on intraoral miniscrew anchored maxillary molar distaliza-
tion. J. Orofac. Orthop./Fortschr. Kieferorthopiidie 2020, 81, 126-141. https://doi.org/10.1007/s00056-019-00207-4.

Haliloglu-Ozkan, T.; Arici, N.; Arici, S. In-vivo effects of flapless osteopuncture-facilitated tooth movement in the maxilla and
the mandible. J. Clin. Exp. Dent. 2018, 10, e761-e767. https://doi.org/10.4317 /jced.54981.

Uribe, F.; Padala, S.; Allareddy, V.; Nanda, R. Patients’, parents’, and orthodontists” perceptions of the need for and costs of
additional procedures to reduce treatment time. Am. J. Orthod. Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. Const. Soc. Am.
Board Orthod. 2014, 145, S65-73. https://doi.org/10.1016/j.ajod0.2013.12.015.

Shahabee, M.; Shafaee, H.; Abtahi, M.; Rangrazi, A.; Bardideh, E. Effect of micro-osteoperforation on the rate of orthodontic
tooth movement— A systematic review and a meta-analysis. Eur. |. Orthod. 2020, 42, 211-221. https://doi.org/10.1093/ejo/cjz049.
Tsichlaki, A.; Chin, S.Y.; Pandis, N.; Fleming, P.S. How long does treatment with fixed orthodontic appliances last? A systematic
review. Am. J. Orthod. Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. Const. Soc. Am. Board Orthod. 2016, 149, 308-318.
https://doi.org/10.1016/j.ajod0.2015.09.020.

Mavreas, D.; Athanasiou, A.E. Factors affecting the duration of orthodontic treatment: A systematic review. Eur. J. Orthod. 2008,
30, 386-395. https://doi.org/10.1093/ejo/cjn018.

Pachéco-Pereira, C.; Pereira, ].R.; Dick, B.D.; Perez, A.; Flores-Mir, C. Factors associated with patient and parent satisfaction
after orthodontic treatment: A systematic review. Am. J. Orthod. Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. Const. Soc. Am.
Board Orthod. 2015, 148, 652—-659. https://doi.org/10.1016/j.ajod0.2015.04.039.

Aboalnaga, A.A.; Fayed, M.M.S.; El-Ashmawi, N.A.; Soliman, S.A. Effect of micro-osteoperforation on the rate of canine retrac-
tion: A split-mouth randomized controlled trial. Prog. Orthod. 2019, 20, 21. https://doi.org/10.1186/s40510-019-0274-0.

Attri, S.; Mittal, R.; Batra, P.; Sonar, S.; Sharma, K.; Raghavan, S.; Rai, K.S. Comparison of Rate of Tooth Movement and Pain
Perception during Accelerated Tooth Movement Associated with Conventional Fixed Appliances with Micro-osteoperfora-
tions— A Randomised Controlled Trial. J. Orthod. 2018, 45, 225-233. https://doi.org/10.1080/14653125.2018.1528746.

Chan, E.; Dalci, O.; Petocz, P.; Papadopoulou, A K.; Darendeliler, M.A. Physical properties of root cementum: Part 26. Effects of
micro-osteoperforations on orthodontic root resorption: A microcomputed tomography study. Am. |. Orthod. Dentofac. Orthop.
Off. Publ. Am. Assoc. Orthod. Const. Soc. Am. Board Orthod. 2018, 153, 204-213. https://doi.org/10.1016/j.ajod0.2017.05.036.
Sivarajan, S.; Doss, ].G.; Papageorgiou, S.N.; Cobourne, M.T.; Wey, M.C. Mini-implant supported canine retraction with micro-
osteoperforation: A split-mouth randomized clinical trial. Angle Orthod. 2019, 89, 183-189. https://doi.org/10.2319/011518-47.1.
Munn, Z.; Peters, M.D.J.; Stern, C.; Tufanaru, C.; McArthur, A.; Aromataris, E. Systematic review or scoping review? Guidance
for authors when choosing between a systematic or scoping review approach. BMC Med. Res. Methodol. 2018, 18, 143.
https://doi.org/10.1186/s12874-018-0611-x.

Tricco, A.C,; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.; et
al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467-473.
https://doi.org/10.7326/M18-0850.

Page, M.].; McKenzie, ].E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A.;
Brennan, S.E; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
https://doi.org/10.1136/bm;j.n71. Available online: http://www.prisma-statement.org/ (accessed on 02 February 2022).
Sivarajan, S.; Ringgingon, L.P.; Fayed, M.M.S.; Wey, M.C. The effect of micro-osteoperations on orthodontic tooth movement
rate: A systematic review and meta-analysis. Am. J. Orthod. Dentofac. Orthop. 2020, 157, 290-304.

Babanouri, N.; Ajami, S.; Salehi, P. Effect of mini-screw-facilitated micro-osteoperforation on the rate of orthodontic tooth move-
ment: A single-center, split-mouth, randomized, controlled trial. Prog. Orthod. 2020, 21, 7. https://doi.org/10.1186/s40510-020-
00306-8.

Alikhani, M.; Raptis, M.; Zoldan, B.; Sangsuwon, C.; Lee, Y.B.; Alyami, B.; Corpodian, C.; Barrera, L.M.; Alansari, S.; Khoo, E.;
et al. Effect of micro-osteoperforations on the rate of tooth movement. Am. J. Orthod. Dentofac. Orthop. Off. Publ. Am. Assoc.
Orthod. Const. Soc. Am. Board Orthod. 2013, 144, 639-648. https://doi.org/10.1016/j.ajod0.2013.06.017.



Children 2022, 9, 208 12 of 12

22. Bolat Giimiis, E.; Kinsiz, E. Effects of micro-osteoperations facilitated by mini-screws on orthodontic tooth movement rate: A
randomized controlled trial with split mouth. J. Orofac. Orthop. 2022, Epub ahead of print. https://doi.org/10.1007/s00056-021-
00371-6

23. Frost, H.M. The regional acceleratory phenomenon: A review. Henry Ford Hosp. Med. 1983, 31, 3-9.

24. Sugimori, T.; Yamaguchi, M.; Shimizu, M.; Kikuta, J.; Hikida, T.; Hikida, M.; Murakami, Y.; Suemitsu, M.; Kuyama, K.; Kasai,
K. Micro-osteoperations accelerate orthodontic tooth movement by stimulating periodontal ligament cell cycles. Am. ]. Orthod.
Dentofac. Orthop. 2018, 154, 788-796.

25. Agrawal, A.A,; Kolte, A.P.; Kolte, R.A.; Vaswani, V.; Shenoy, U.; Rathi, P. Comparative CBCT analysis of changes in buccal
bone morphology after corticotomy and micro-osteoperative assisted orthodontic treatment—Case series with a split mouth
design. Saudi Dent. |. 2019, 31, 58-65.



