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Abstract

The researchers have tended to study on methods which will shorten orthodontic treat-
ment periods due to the fact that orthodontic treatments are long-term treatments with
increased side-effect potentials depending on the use of orthodontic force. There is a
need for shortening orthodontic treatment time besides minimizing the side effects and
achieving permanent results. Therefore, local or systemic application of various chemi-
cal agents, some physical-mechanic stimulus, and surgery-assisted methods are used.
Surgically assisted methods have a longer clinical history with more predictable and
consistent results among the acceleration methods of tooth movement. On the other
hand, they include some complication risks due to the interventions as they are invasive
methods, which is accepted as the disadvantage of these methods. Outstanding with its
ease of implementation and repeatability, “micro-osteoperforation,” which is less inva-
sive than other surgical methods, is an up-to-date technique. Animal studies show that
micro-osteoperforations increase orthodontic tooth movement rate by enhancing the cel-
lular response. These findings are also supported by a limited number of clinical studies.
Although micro-osteoperforations were reported to be included in tooth acceleration
techniques as a trustable and applicable method in clinical routine, issues such as appli-
cation techniques, possible side effects, and combining with different mechanics should
be evaluated with further clinical studies.

Keywords: micro-osteoperforations, accelerated orthodontics, tooth movement,
bone remodeling

1. Introduction

Many orthodontic patients complain about the physical and social discomfort which is asso-
ciated with prolonged use of fixed appliances [1]. There are also numerous studies which
report that dental and periodontal complications such as apical root resorption, subsequent
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gingivitis, periodontitis, enamel demineralization, increased levels of dental caries, and open
gingival embrasure spaces may occur during orthodontic treatment [2].

However, a major challenge in orthodontics is to shorten treatment time by avoiding unde-
sirable side effects without compromising treatment outcome. The rate of orthodontic tooth
movement is primarily determined by the remodeling of tissues surrounding the roots; this
in return is under the control of molecular mechanisms regulating cellular behaviors in the
alveolar bone and periodontal ligament [3]. Assuming that the clinician optimized mechanics
and cooperation for any patient, the main factor controlling the treatment time and rate will
be the patient’s biological response to the orthodontic forces [4, 5]. Therefore, identifying and
controlling the cellular regulators are essential to shorten orthodontic treatment time safely.

The concept of accelerating tooth movement has received increased attention recently [6] with
the introduction of various clinical techniques; including local injection of cellular mediators [7],
physical or mechanical stimuli [8] and surgically assisted orthodontics [9, 10]. Local or systemic
pharmaceutical administration and physical or mechanical stimulation methods might not be
applicable to daily clinical practice because of their possible side effects and their outcomes that
await validation [11]. Over the past decade, the regional acceleratory phenomenon induced
by surgical trauma has received emphasis for accelerating orthodontic tooth movement and
reducing the treatment time [11]. However, many techniques which are surgically assisted
involve considerably high surgical trauma limiting application of the technique currently.

A new method which uses micro-osteoperforations (MOPs) to stimulate alveolar bone
remodeling without the disadvantages of surgery such as the requirement of corticotomies,
cuts in cortical bone, raising split-thickness flap, and decorticating the bone has recently been
identified [5, 12]. Animal studies revealed that micro-osteoperforations significantly stimulate
expression of inflammatory markers and increase the number of osteoclasts and bone resorp-
tion. The increase in bone remodeling contributes to the rise in both rate and magnitude of
tooth movement [4]. In addition to the requirement of additional studies, similar results are
reported in clinical trials [4, 5].

In this chapter, we focused on the biologic basis of orthodontic tooth movement, accelerated
tooth movement techniques and application methods, advantages, disadvantages, effects, and
possible side effects of micro-osteoperforations as a new, reliable, repeatable and minimally
invasive method for accelerating orthodontic tooth movement.

2. Biologic basis of orthodontic tooth movement

Application of mechanical forces to teeth causes orthodontic tooth movement as a result of
the biological responses of the periodontal tissues. Alveolar bone remodeling includes selec-
tive resorption in some areas and apposition in others. The biologic response to orthodontic
therapy includes not only the response of the periodontal ligament and alveolar bone but also
the response of growing areas which are distant from the dentition. However, it can be stated
that tooth movement is primarily a periodontal ligament phenomenon because the alveolar
bone response is also mediated by the periodontal ligament [13].
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The first step of the biological response to orthodontic force is “tension and compression in
the periodontal ligament” which constricts and deforms blood vessels damaging cells in the
periodontal tissues. The initial aseptic acute inflammatory response is realized by releasing
chemokines and cytokines from localized cells such as osteoblast, fibroblast, and endothelial
cells. Most of these cytokines are pro-inflammatory providing the continuity of the inflam-
matory response by activating osteoclast precursors of periodontal ligament in extravascular
range and inflammatory cells. Infiltration of inflammatory cells causes the increase of che-
mokine and cytokine levels. This enables differentiation of osteoclast precursors to multi-
nucleated giant cells which will realize alveolar bone resorption that is required for tooth
movement. The continuity of the existence of anti-inflammatory chemokines and cytokines
is essential in order to suppress destructive pro-inflammatory and osteolytic processes [4].
Therefore; the pro- and anti-inflammatory responses of alveolar bone, periodontal ligament,
and inflammatory cells to orthodontic force are required to be known in order to develop safe
methods to shorten orthodontic treatment period.

3. Accelerated tooth movement

The methods which accelerate tooth movement can be classified in three groups:

1. Chemical applications (local or systemic applications)
2. Mechanical-physical stimulations

3. Surgical-assisted techniques [14]

3.1. Chemical applications

In this method, substances such as prostaglandins, corticosteroids, vitamin D, cytokines,
neuropeptides, leukotrienes, nitric oxide, diazepam, and vasoactive medications, which are
considered as physiological agents that transform mechanical forces into cellular response,
are used to decrease the resistance to the strength applied during tooth movement that occurs
within the cells and to change the environmental factors [15, 16].

Taking systemic effect rather than being limited to the applied area and affecting other target
cells in the body are reported as a common side effect of using these hormones and medica-
tions [17]. Therefore, there is no medication treatment which safely accelerates tooth move-
ment [18].

3.2. Mechanical-physical stimulations

It was reported that stimulating periodontal ligament mechanically or physically can increase
alveolar bone remodeling and tooth movement accordingly. Physical methods frequently
include equipment-assisted treatment methods [6] such as low-dose laser applications,
electromagnetic field, direct electrical current, and vibrational applications. These methods
take effect by inducing signal molecules such as receptor activator of nuclear factor-kappa
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B (RANK), receptor activator of nuclear factor-kappa B ligand (RANKL) pathway, mitogen-
activated protein kinase (MAPK), c-fos, and nitric oxide [6, 19].

Low-dosage laser applications are reported to increase osteoblastic and osteoclastic activ-
ity by stimulating cellular proliferation and differentiation and accelerate orthodontic tooth
movement without creating side effects on periodontal ligament [6, 20].

It is also reported that electromagnetic field applications increased levels of a group of
enzyme which is responsible from regulating intracellular metabolism and cellular prolif-
eration accordingly by influencing sodium-calcium change speed in cell membrane [21].
Increase in osteoblastic and osteoclastic activity causes an acceleration in the tooth move-
ment. Darendeliler et al. [22] reported that static magnetic field accelerated tooth movement
by shortening unproductive period when no tooth movement is observed but the side effect
can be a decrease in serum calcium and slight changes in the chemistry of blood.

Applying direct electric current is also among tooth acceleration techniques, but its clinical use
is asserted as not appropriate due to some complications such as application difficulty, ionic
reactions that cause damages in tissues, and replacing of bone tissue with connective tissue [23].

Resonance vibration and ultrasonic vibration are also among the methods which are used
to accelerate tooth movement. Resonance vibration is reported to increase release of peptide
which is called RANKL within periodontal ligament and increase tooth movement rate by
providing formation, function, and continuity of osteoclasts. Tooth movement can also be
accelerated via ultrasonic vibration with the same mechanism but there is a risk that the heat
can cause damage in the dental pulp [19].

3.3. Surgical-assisted techniques

The most clinically used and predictable option with stable results among the techniques
which accelerate tooth movement is the surgical-assisted technique; it is evaluated as a costly
invasive method [6]. It is based on the idea that rapid tooth movement can be achieved by
increasing the biological response which is formed in periodontal ligament and alveolar
bone. Creating an injury in the bone is a potential physical mechanism which provides rapid
tissue recovery. Higher regional tissue response during this tissue remodeling/regeneration
period is called as regional acceleratory phenomenon (RAP) [24]. Regional acceleratory phe-
nomenon is a complex physiological case in which initially osteoclastic activity and secondly
bone density is decreased followed by a rapid osteoblastic activity and a remodeling process.
Orthodontic tooth movement acceleration is provided via the increase in cytokine activity
around the teeth and decrease in cortical bone resistance and formation of hyalinization tissue
by activation of this recovery mechanisms [25]. The advantages of the dentoalveolar surgical
intervention in orthodontic treatment of adult patients are reported as: (a) less treatment time,
(b) avoidance of potential periodontal complications, (c) favorable direction of growth, and
(d) extensive envelope of the tooth movement [26].

3.3.1. Corticotomy and osteotomy combinations

They were first used by Heinrich Kole who stated that the basic resistance toward tooth move-
ment was in cortical layer so by applying corticotomies and osteotomies might accelerate
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tooth movement by breaking the resistance [27]. Kole et al. applied vertical corticotomies
between the roots of two adjacent teeth buccally and lingually and horizontal osteotomies
subapically as to combine corticotomies buccal-lingually. They theorized that the segments
which became “blocks of bone” move as a whole to achieve rapid tooth movement without
devitalization in long-term monitoring. Diiker et al. also reported that pulpal and periodontal
tissues of the teeth which were applied orthodontic force similarly were not damaged in their
study on dogs with reference to Kole’s corticotomies [28].

Although Kole and Diiker proposed the opposite, periodontal and pulpal damages can be formed
following invasive horizontal subapical osteotomies [29]. Additionally, osteotomy surgery is an
invasive intervention with possible complications such as vascular and nerve damages so it is not
a widely accepted method [30]. Nonetheless, Kole’s studies pioneered surgery-assisted methods
which accelerate tooth movement to be involved in the literature of modern orthodontics.

3.3.2. Corticotomy-assisted treatments

Kole’s horizontal subapical osteotomies were changed with horizontal subapical corticoto-
mies by Gantes et al. [31] and Suya [32] and it was stated that treatment of the cases was
completed in almost 50% less period when compared to conventional methods. Gantes et al.
[31] reported that overall vitality of the tooth was preserved and none of the patients had a
periodontal damage that can be clinically recognized despite minimal root resorptions and
gingival recession. Suya [32] asserted that corticotomy-assisted orthodontics had less root
resorption and relapse risk and pain when compared to traditional treatments. In a recent
study, Uzuner et al. [33] reported that corticotomy-assisted orthodontics increased the rate of
tooth movement during canine retraction in 20% ratio and also relative bodily movement was
achieved with the corticotomy-combined treatment.

3.3.3. Periodontal ligament distraction

The method was introduced to orthodontic literature by Liou and Huang [34]. Initially, a
distractor device which consists of canine and molar bands was applied to the patients by the
researchers and following extraction of upper first premolar teeth, surgical preparation phase
which consists of two vertical channels formed buccally and lingually toward canine teeth
through the extraction socket and a horizontal incision on the base of the extraction socket
that connects the channels was completed at the same session. Interseptal bone was not cut
mesiodistally during the surgical intervention. Activation was carried out without a need for
latent period different from traditional distraction method and distalization of canine teeth
was completed in a short period of 3 weeks with minimal anchorage loss. None of the patients
suffered from pain and minimal resorption was observed in the roots of canine teeth in the
radiographies at the end of procedure. Suggesting to be used especially in orthodontic treat-
ments with primary premolar extraction which has anterior crowded teeth, Liou and Huang
[34] associate the periodontal ligament distraction with this method to the distraction which
is formed in midpalatal suture during rapid maxillary expansion.

3.3.4. Dentoalveolar distraction

The method was introduced by Kisnisci et al. [35] in 2002. The researchers applied a distrac-
tion device before teeth extraction as in periodontal ligament distraction method but a more
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rigid device was used. Initially, the osteotomy curved apically at a distance of 3-5 mm from
the apex of the canine at the same session with the primary premolar tooth extraction as a
surgical preparation. Cortical bone which remained in the buccal of the socket after the extrac-
tion was carefully removed. Direct distraction was applied by skipping latent period similar
to periodontal ligament distraction method. Canine distraction was reported to be completed
within 8-12 days without anchorage loss. Root resorption or vitality loss was not observed in
the posttreatment evaluations.

Although a faster canine distalization is achieved with less teeth tilting in dentoalveolar dis-
traction method when compared to periodontal ligament distraction method, it is clear to be
a more invasive method [36].

3.3.5. Periodontally accelerated osteogenic orthodontics

The method which is known as “Wilckodontics” or “periodontally accelerated osteogenic
orthodontics” was introduced by Wilcko and Wilcko [9, 37-40]. According to the research-
ers, achieving optimal tooth movement is possible by forming a bone layer of 1.5 mm or
less on the root surface in the direction of movement in corticotomy-assisted orthodon-
tic treatment. When the force is applied, soft tissue matrix and osteoid islets remaining
from the demineralized layer move with the root and remineralized when the orthodontic
movement is completed. Wilcko brothers explained the acceleration of tooth movement
following corticotomy with demineralization-remineralization period that is generated
from rapid osteoclastic activity in alveolar bone in the beginning of “regional accelera-
tory phenomenon” which was introduced by Frost [24]. According to this mechanism, less
resorption and rapid orthodontic tooth movement is achieved as a result of the decrease
in alveolar bone density and increased metabolic activity in bone tissue. Thus, the term
“movement of bone blocks” which was defined by Kole [27] was replaced with the term
“bone matrix transplantation.”

Wilcko and Wilcko discussed the need for applying a bone graft in order to prevent dehis-
cences, fenestrations, and relapses which can occur in posttreatment period due to the
decrease in alveolar bone density within the cases with buccal move of the roots or thin
buccal bones following corticotomy. They proposed to use resorbable bone graft by satu-
rating clindamycin phosphate or platelet-rich plasma and creating circular perforations on
the surface of the bone in order to increase blooding of graft material if the cortical bone
thickness is sufficient [37]. The applied surgery apart from this procedure is almost the same
with Suya procedure [32]. In this technique, bonding and applying forces to teeth is initiated
1 week earlier from the surgical intervention and biweekly orthodontic examinations are
recommended.

Treatments are completed in three or four times shorter periods with “periodontally acceler-
ated osteogenic orthodontics” method when compared to traditional orthodontic treatments
besides its increased root resorption and relapse risks. Its need for additional surgical inter-
vention with an extra cost, possibility of bone loss in alveolar crest, and gingival recession
following the surgery and surgical complications such as pain and edema are among the
disadvantages of the procedure.
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3.3.6. Corticision

The necessity to remove flaps during corticotomy-assisted orthodontic treatment makes the
method invasive, decreasing its acceptability by the patients and clinicians. Therefore, cortici-
sion was introduced by Park et al. [41] as an alternative approach for corticotomy procedures.
The researchers made the patients rinse their mouth with an antiseptic mouthwash and then
placed a stabilized scalpel on the attached gingiva interradicularly as to make an angle of
45-60 with the long axle of root of the teeth and applied cortical incisions via a surgical ham-
mer without removing flaps [42]. Incisions were applied as 2/3 of the roots vertically and
in 10 mm depth. Corticision area must be cleaned with physiological saline solution until
hemorrhage stops. Park reported that fixed orthodontic treatment of a patient without extrac-
tion was completed in a short period of 10 months through this method. Although corticision
method is minimally invasive with a short surgical intervention, it is not widely accepted as it
is not appropriate to grafting and the surgical technique is disturbing for the patience.

3.3.7. Piezocision

In 2009, Dibart et al. [43] introduced a minimally invasive technique that can be applied by
piezosurgical tools, the piezoincision method, which can be carried out without any flap
surgery as in corticision method but it allows hard or soft tissue grafting differently. In this
method, small piezoelectric incisions are placed in the area from the targeted corticotomy area
to periost. Piezoincisions of 3 mm length and depth are applied with the piezosaw without
removing mucoperiosteal flap. In this stage, mucoperiosteal flap can be removed as a tunnel
and a bone graft in pad form can be replaced if necessary. Sutures are required if grafting is
applied, otherwise there is no need for sutures. It was reported that no significant difference
was found in terms of tooth movement speed and root resorption in the studies which com-
pare corticotomy-assisted methods with piezoincision method [44].

Piezoincision is a practical, minimally invasive, and effective method. Additionally, ultra-
sonic vibrations which occur during the procedure in piezoincision method also contribute
to accelerate tooth movement [3]. Required precautions must be taken before the procedure
with patients in high-risk group due to possibility of temporary bacteremia formation risk
following the procedure.

3.3.8. Piezopuncture

“Piezopuncture” method, which is applied by using an ultrasonic piezosurgical tool, “piezotome”
without gingival incisions in piezoincision method was developed by Kim et al. [45]. In their
study on 10 dogs, the researchers created several cortical punctures both buccally and lingually
on the mesial and distal sides of the teeth which will be moved and reported that anabolic activity
and tooth movement were accelerated at the end of the procedure. Omidkhoda et al. who carried
out piezopuncture technique on human reported that tooth movement was accelerated but they
observed distal tilt in the canine teeth crowns in their case reports which consist of two cases [46].

“Piezopuncture” method also takes part in literature as a method with promising positive
results but it must be evaluated by further clinical studies.
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4. Micro-osteoperforations

Orthodontic tooth movement is a biological response which is created by an external force
that will prevent the dentofacial complex to be in physiological balance [13]. Orthodontic force
creates an aseptic inflammatory response in periodontal tissues. An increase on vascular per-
meability and cellular infiltration of leucocytes was reported in the early period of orthodontic
tooth movement [47]. Along with native cells such as osteoblasts and fibroblasts, migrated
immune cells produce inflammatory cytokines that include chemotactic factors, growth factor,
monocyte-derived factor, lymphocyte, and colony-stimulating factors [48, 49]. The gingival
crevicular fluid of moving teeth includes tumor necrosis factor-a (TNFa), interleukin-1 (IL-1),
IL-2, IL-3, IL-6, IL-8, osteoclast differentiation factor, and interferon-y (IFNy) [48, 50].

Orthodontic tooth movement rate is basically found associated with the rate of bone resorp-
tion which is controlled by osteoclast activity [51]. Therefore, any factors which effect activi-
ties of osteoclast precursor cells and their transformations into osteoclasts can be assumed
to have significant effects on orthodontic tooth movement. There are a lot of researches that
report the increase in the activity of inflammatory markers such as chemokines and cytokines
as a response to orthodontic forces [5, 25]. It is reported that several cytokines which play role
in osteoclast formation and activity such as TNFa, IL-1, and IL-6 are found in gingival cre-
vicular fluid during orthodontic tooth movement [25]. Although the roles of chemokines and
cytokines during orthodontic treatment are not clearly known, they are valued as essential
mediators for orthodontic tooth movement in terms of their significant roles on differentiation
and activity of osteoclast cells [52-54]. Significant decrease on orthodontic tooth movement
rate within the studies in which the effects of these markers are blocked via different tech-
niques such as anti-inflammatory medication or genetic manipulation can be accepted as a
proof that these factors are extremely efficient on orthodontic tooth movement rate [55-57].
Previous studies represent that surgical interventions which cause minor bone traumas
increase inflammatory cytokines, bone remodeling, and orthodontic tooth movement accel-
eration together with regional bone density [24, 58]. Surgery-assisted techniques which are
applied in order to accelerate orthodontic tooth movement should be studied under subtitles
such as corticotomy and osteotomy techniques, dental distraction technique, perisegmental
corticotomy, and piezoincision. Corticotomy-assisted orthodontic treatment increases bone
remodeling which accelerates recovery and repair mechanisms and tooth movement rate
accordingly by creating a mechanical trauma in cortical bone [59]. Although corticotomy-
assisted orthodontic treatment was reported to be an efficient method in accelerating tooth
movement, the significance of removing flaps is also stated to cause important postoperative
complications [60]. Piezoincision technique, which is a minimally invasive technique that
includes piezoelectric incisions without removing flaps, was developed in order to overcome
these disadvantages [43]. Piezoincision is known to be an effective method for acceleration of
tooth movement but it was reported to have high risks of damaging tooth roots [18]. Surgery-
assisted techniques are invasive with disadvantages such as bone loss, postoperative pain,
edema and infection, avascular necrosis besides low acceptance rates by the patients [37, 40].
Based on this, the hypothesis that small osteoperforations on cortical bone without removing
flaps will increase bone remodeling and tooth movement rate accordingly by stimulating
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release of inflammatory cytokines minimizing these disadvantages was developed (Figure 1).
Micro-osteoperforation is an up-to-date procedure which is promoted as an auxiliary dentoal-
veolar procedure which can accelerate tooth movement via minimum surgical interventions.

In their animal study in 2010, Teixeira et al. [25] classified 48 rats, which were applied experimen-
tal orthodontic tooth movement, into four groups as one group with only orthodontic forces,
a group via application of soft tissue flaps together with orthodontic force, a group that was
applied 3 small perforations on cortical plate with soft tissue flaps together and orthodontic force
and a control group. The researchers stated that they formed the microperforations in the cortical
bone by using a round bur and handpiece. It was observed that at the end of experimental tooth
movement period, release of 37 out of the 92 cytokines increased in all experimental groups and
21 of them were at the maximum level in the group which was applied perforation. In addition
to that, light and fluorescent microscopy, microcomputed tomography, and immunohistochem-
istry examinations, which were carried at the end of the experiment, represented a significant
increase in osteoclast number which accompanied by generalized osteoporosis and orthodontic
tooth rate besides bone remodeling activity [25]. Similar to previous studies, researchers also
demonstrated that the increase in bone remodeling was not limited around the loaded teeth
but also involved the periodontal structures of the adjacent teeth. The researchers, who argued
that the observed effects of osteoperforations on tooth movement can be related to loss in bone
structure rather than release of increased inflammatory cytokine, stated that perforations were
applied in the smallest amount and number possible and the remaining cortical bone was
healthy in order to minimize this possibility. These findings also represent that the perforations
that will be applied in order to accelerate tooth movement rate are not necessarily be adjacent
to the moved teeth. Stating that inflammation can cause negative effects on periodontium and
tooth structure when it is uncontrolled because it is a double-sided injury, it is also reported that
applying micro-osteoperforations instead of some surgical interventions such as corticotomy,
which are applied for acceleration of tooth movement, can minimize the side effects.

Orthodontic forces ]+ I Micro-osteoperforations

!

1

!

Bone Remodeling

!

Orthodontic
Tooth Movement

Figure 1. Micro-osteoperforations on cortical bone increase bone remodeling and tooth movement rate by stimulating
release of inflammatory cytokines.
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Tsai et al. [11] applied both micro-osteoperforations and corticision without removing flaps dif-
ferent from the previous studies and evaluated the differences between the procedures in their
animal study which was carried out to evaluate the effects of micro-osteoperforations and corti-
cisions on orthodontic tooth movement rate. It was stated that bone and bone mineral densities
were significantly decreased when compared to control group and tooth movement rate was
increased in both groups without any significant difference. The rise in tooth movement rate in
both groups in this study is smaller than the previous studies. The researchers, who stated that
there might be a direct proportion between trauma amount and remodeling rate, reported that
the difference was resulted from the smaller amount of the trauma as the flap was not removed.

In 2016, Cheung et al. [12] published a study which evaluated the effectiveness of micro-
osteoperforations. Mini-implants were used in order to form micro-osteoperforations differ-
ent from the previous animal studies and the existence of external apical root resorption was
evaluated following the procedure. Similar to previous studies, it was observed that there was
a decrease on the density and volume of the bone surrounding moved molar teeth compared
with the control side besides the acceleration of orthodontics tooth movement on the side
where micro-osteoperforations were applied in the split mouth design study with six rats.
Histological examinations also showed that new bone formation increased as well as osteo-
clast numbers on the side with micro-osteoperforations. This is a proof of the existence of
osteoclasts-osteoblast coupling formation with decortication. Despite the fact that resorption
and new bone formation were represented together, bone fraction volume and bone mineral
density was decreased, which shows that resorption was more than new bone formation dur-
ing tooth movement period. Contrary to conventional theories which assert osteoclast activity
is limited to pressure area, the recent studies show that periodontium was remodeled as a
single unit [61]. This study also shows that osteoclast rate in all alveolar bone surrounding the
moving teeth is clearly on the pressure areas.

Alikhani et al. [5] designed a clinical trial to evaluate tooth movement with or without micro-
osteoperforations in order to investigate whether this phenomenon occurs in human or not.
They called the technique of creating micro-osteoperforations in the bone as “alveocentesis.”
In their study, 20 adults were divided into 2 groups as control and experimental groups. Micro-
osteoperforations were applied in the experimental group on one side of the maxilla using a
disposable micro-osteoperforation device designed for this purpose by Propel Orthodontics
(Ossining NY) and the control group did not receive any micro-osteoperforations. Following
28 days of canine retraction period, amount of the tooth movement was measured and also
the activity of inflammatory mediators was determined in gingival crevicular fluid with an
antibody-based protein assay. Additionally, the presence of pain or discomfort was evaluated
with a numeric rating scale. Results of this first clinical trial about micro-osteoperforations in
the literature reported significant increase in the levels of inflammatory markers and also 2.3-
times rise in the rate of tooth movement with micro-osteoperforations. However, significant
pain or discomfort during or after the procedure was not reported by the patients; also, any
other complications were not observed.

It was stated that orthognathic surgery, corticotomies (applying several incisions and perfora-
tions with removing flaps), piezoincision (creating injury on the bone with small incisions
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without removing flaps via a piezoelectric device), and even tooth extractions will increase
the release of inflammatory markers and bone remodeling by creating injuries similar to
micro-osteoperforations on alveolar bone effecting the rate of tooth movement accordingly
[5]. Unfortunately, increase of inflammatory marker release cannot continue for a long period
of time and a decrease in cytokine activity is observed regardless of the severity of the trauma
after 2-3 months [4] which reveals the necessity for repeating the procedure during orthodon-
tic treatment. Therefore, the extraction is suggested to be applied at the same time with major
tooth movement for the patients whose tooth is planned to be extracted. There will not be a
need for micro-osteoperforation requirement to accelerate tooth movement process as remod-
eling will speed up. In other words, it would be appropriate to prefer micro-osteoperforations
in the treatments without tooth extraction or when extraction is carried out long after the
orthodontic treatment because its effects are similar to tooth extraction. It is considered that
as the level of trauma increases, inflammatory response will also rise. The rise on tooth move-
ment rate when micro-osteoperforation number is increased can be shown as a proof. It was
stated that regional acceleratory phenomenon (RAP) took effect in 1 or 2 days following the
surgical intervention and reached its maximum level in 1 or 2 months [9]. Aboul-Ela et al. [59],
Al-Naoum et al. [62], and Leethanakul et al. [63] reported that tooth movement speed was high
during 2 months following the creation of traumas in cortical layers but it gradually decreased
in this period. Alikhani et al. also stated that cytokine activity decreased after 2 months fol-
lowing micro-osteoperforation so they proposed that the procedure shall be repeated after a
month break [4]. Micro-osteoperforations are repeatable which can be considered as an advan-
tage because application time can affect the results in all surgically assisted procedures. On the
other hand, there is not a clear information on how frequently micro-osteoperforations can be
applied in order to achieve an optimum acceleration in tooth movement rate.

In a recent thesis study in Akdeniz University, Faculty of Dentistry, Department of
Orthodontics (Antalya, Turkey), efficiency of micro-osteoperforations on molar distalization
rate with cervical headgear was evaluated on 3D digital models [64]. About 17 patients whose
molar relations were bilateral class II (minimum teeth to teeth) with class I skeletal anomalies
or normal or low vertical growth pattern were included in the study which is regarded as the
first study to evaluate the efficiency of micro-osteoperforations on molar distalization. Propel
device (Ossining, NY) was used to form three micro-osteoperforations—one mesially and
two distally —of 1.5 diameter and 5 mm depth on a random molar teeth, in the session where
distalization was initiated with cervical headgears in the split-mouth designed study. Micro-
osteoperforations were renewed at least twice during the distalization period every 8 weeks
in each sample. The procedure continued until class I relationship was achieved on the side
where tooth movement was considered to be slower. Studies were carried out on 3D digital
models which were taken just before and after molar distalization in order to compare molar
distalization rate and tilt and rotation rate in molar teeth. While no significant difference was
observed between tilting and rotation rates, it was concluded that on the micro-osteoperfora-
tion side, more tooth movement was seen.

Lee et al. [65], who stated that in the studies which evaluated the efficiency of micro-
osteoperforations on orthodontic tooth movement, micro-osteoperforations were gen-
erally applied on healthy alveolar bone, planned a study considering that the effects of
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bone remodeling process that was activated by applying orthodontic tooth movement and
micro-osteoperforations on the atrophic ridge could be different. The researchers, who
created atrophic alveolar ridge model on eight beagle dogs, evaluated tooth movement
rates and atrophic alveolar ridge area on the sides with and without osteoperforations in
their study which they planned via split mouth design. Micro-CT based histomorphom-
etry analysis similar to the previous studies suggested that osteoperforations accelerated
tooth movement with a decrease in bone density without any differences in atrophic ridge
volume. This up-to-date finding can be evaluated as an indicator that the efficiency of
micro-osteoperforations on bone remodeling is more related to resorption mechanism and
osteoclast activation.

In the literature, there is a limited number of studies which evaluate the effects of micro-
osteoperforations on tooth movement in human. Current studies indicate that micro-
osteoperforation is a safe method that can accelerate tooth movement but it must be taken
into consideration that several factors such as occlusal relations, movement type, applied
mechanics, age and gender of the patient, oral hygiene, periodontal illnesses, alveolar bone
loss, systemic diseases, and medication use effect tooth movement rate in human. Therefore,
the efficiency of micro-osteoperforations must be evaluated with long-term studies in which
study groups are standardized as much as possible considering these variable where different
tooth movement types (distalization, intrusion, eruption of impacted tooth, etc.) and mechan-
ics are applied containing more sample numbers.

4.1. Micro-osteoperforation application techniques

Micro-osteoperforation is an up-to-date method among the surgery-assisted techniques of
accelerating tooth movement. Therefore, in the literature, there are studies in which different
methods are used in order to create MOPs on alveolar bones.

We observe that low-speed handpiece and round bur combinations [11, 25] and mini-implants
[12] are used within the animal studies which evaluate effects of MOPs on tooth movement
and both methods are accepted as effective. Even if in a limited number of clinical trial; micro-
osteoperforations are typically applied with a handheld disposable appliance designed by
Propel Orthodontics (Ossining, NY). Propel is an appliance which is designed to apply alveo-
centesis procedure. The foremost part of the device which is like an orthodontic stainless
steel screw is patented, allowing perforation of alveolar bone traumatically over keratinized
gingiva and moving mucosa. Contrary to other rotatory devices, Propel was reported to
have a slight effect on soft issue. It is a device which enables tissue remodeling and micro-
osteoperforations between tooth roots over both stable and moving tissue of 1.5 mm diameter
and 3, 5, and 7 mm depth without flap surgery in order to accelerate tooth movement. The
appliance has an adjustable length and a light signal that turns on when the clinician achieved
desired depth [5, 64]. Micro-osteoperforations, which are applied on the defined depth, reach
to medullar bone from cortical bone increasing inflammatory mediators. The device was also
reported not to cause soft tissue damage while enabling remodeling process [5].

While it is not always possible to create homogenous perforations of same size using micro-
osteoperforation methods such as round burs, Propel device which is designed in order to
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form MOPs has not included in routine clinical use yet. Thus, mini-implants are considered
more advantageous than other methods as they are included in clinical routine and fre-
quently used by orthodontists for different purposes and easily tolerated by the patients. On
the other hand, in the literature, there are limited studies in which mini-implant-facilitated
micro-osteoperforations are carried out with human. Aksakalli et al. [66] applied three micro-
osteoperforations distal to the canine teeth with miniscrews just before canine distalization
period. In their case report, they reported that MOP method with miniscrews accelerated
canine distalization in their 14-year-old male patient with class II malocclusion by almost
1.5-fold and also without harmful effects on root and periodontal structures. On the con-
trary, Alkebsi et al. [67] could not find any differences of anchorage loss, canine rotation,
and tipping between the MOP and control sides in their randomized controlled clinical trial
where they investigated the effectiveness of miniscrew-facilitated MOPs on the rate of canine
distalization.

All of the methods are applied without a need for additional periodontal surgeries which is
considered as a significant advantage but additional clinical studies are required in order to
evaluate the efficiency of each technique and their advantages and disadvantages over each
other in detail.

4.2. Advantages of micro-osteoperforation over other surgical techniques

When micro-osteoperforations are compared with several surgical techniques, which are proved
to accelerate tooth movement, they are considered as more advantageous because they are less
invasive with no need for removing flaps eliminating possible side effects of the surgery [4, 5].
Additionally, all techniques which make use of micro-osteoperforation do not include an inva-
sive surgical procedure represent that they are easily applicable in the clinics by the orthodon-
tists and can be added to clinical routine. Patients did not report any pain or discomfort in the
clinical studies with micro-osteoperforations which shows that it is easily accepted and tolerated
by the patients who are under orthodontic treatment [5, 64]. These advantages also enable the
micro-osteoperforations to be periodically repeated until the desired results are achieved [4, 64].

4.3. The relation of micro-osteoperforations with pain and root resorption

There is a limited number of studies that evaluate patients” pain and discomfort levels among
the clinical studies in which micro-osteoperforations are applied. Alikhani et al. [5] asked their
patients to scale their pain and discomfort levels via a numeric rating scale on the day they
replaced the device, the day they began canine distalization, 24 h, 7th and 28th days after
canine distalization in their study in which they evaluated the effect of micro-osteoperfora-
tions on canine distalization. In this scale, which is reported as having high credibility, “0”
presents no pain, while “10” stands for the existence of the worst pain. Data analyses showed
that the patients had the most pain in 24 h following canine distalization but no significant
difference was observed between experimental and control groups. The patients defined a
slight and resistible pain on the micro-osteoperforation side which does not require taking
painkillers but no statically significant difference was found. The similar feedbacks were
taken in Boz’s thesis study in 2018 concluding that micro-osteoperforations did not cause a
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significant pain or discomfort [64]. In line with these findings, it is possible to state that micro-
osteoperforations are easily tolerated by the patients and can be applied to routine clinical use.

Orthodontically induced inflammatory root resorption (OIIRR) is included in negative side
effects of orthodontic tooth movement as a frequent research subject. Although its etiology and
predictors are not fully understood, it is considered to be resulted from complex interaction of
individual sensitivity [68], applied mechanics [69, 70], and specific dental predisposition [71].
Orthodontically induced inflammatory root resorption was stated to be related with periodon-
tal ligament remodeling which is a result of the pressure applied to tooth root during tooth
movement and removal of hyalinized necrotic tissues after trauma. Excessive pressure that
causes ischemic necrosis [72] of periodontal ligament and root resorption related to orthodontic
tooth movement is reported to be frequently observed in the areas in which excessive pressure
is applied to periodontal ligament [73]. The underlying biological process of both orthodontic
tooth movement and root resorption covers local inflammatory response. Animal studies show
that many pro-inflammatory cytokines are common in both pathways. Cytokines such as IL-1,
TNFa, and chemokines as IL-8 and MCP-1 are known to have significant roles to initiate and
ease root resorption process [74]. These inflammatory mediators have significant roles on acti-
vation of tooth movement and osteoclast activity [75]. Inhibition of cytokine activity decreases
osteoclast and odontoclast rate as well as tooth movement and root resorption [76]. It is known
that accelerated tooth movement techniques increase inflammatory cytokine activation.

In the literature, there are several studies that evaluate the effects of accelerated tooth move-
ment and decortication on root resorption [5]. The cytokines which promote inflammation are
also reported to activate cementoclasts which cause root resorption increasing root resorp-
tion risk accordingly [77]. On the contrary, there are findings in the literature which state
that decortication and demineralization of alveolar bone decrease the pressure toward tooth
movement enabling an ease for the movement and decreasing root resorption risk accord-
ingly [12]. It was found out that the effects of tooth movement accelerated via corticotomy
on orthodontically induced inflammatory root resorption were similar to conventional orth-
odontic treatment but it was also reported that periapical radiographies may not be reliable
for assessing root resorption in two studies which was carried out by evaluation of periapical
radiographies [78, 79]. In an animal study which evaluates the effects of corticotomies on
tooth movement, it was found out that there were not any differences between control and
experimental groups in terms of root resorption [80].

In the literature, there is a limited number of studies which evaluates the effects of micro-
osteoperforations on root resorption. Tsai et al. reported in their study in which they
compared the efficiency of micro-osteoperforations and corticisions that root resorption
creation risk of minor surgical interventions is lower when compared with conventional
orthodontic treatments. The hematoxylin and eosin analysis of the researchers showed that
micro-osteoperforation-assisted accelerated tooth movement was resulted in decreased root
resorption [11]. Similarly, in the study in which Cheung et al. evaluated effects of micro-
osteoperforations on experimental tooth movement in rats, root resorption was observed
on the MOP application side on the samples which were colored with hematoxylin eosin
reporting that 3D volumetric analysis did not show any volumetric difference in the root
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of upper molar teeth which was moved [12]. Although all findings support the idea that
micro-osteoperforations do not increase root resorption risk showing that mini-implants can
be safely used for MOP procedures in terms of root resorption, it is clear that there is a need
for further supportive studies with increased sample number.

Cheung et al. [12] included 20 patients whose upper primary premolars are planned to be
extracted for orthodontic purposes in their study which is known as the initial clinical study
to evaluate the effects of MOPs on OIRR. About 150 g buccal tipping force was applied to
premolar tooth which was planned to be extracted and micro-osteoperforations of 5 mm
depth were applied to mesial and distal parts of the premolar teeth on the experimental side
via Propel device (Propel Orthodontics, San Jose, Calif) evaluating the patient’s opposite side
as the control group. Following 28 days of tooth movement period, premolar tooth on both
sides was extracted and examined by microcomputed tomography, volumes of root resorp-
tion craters were calculated and compared. Volumetric root loss average of the premolar
tooth on the side which micro-osteoperforations are applied was found to be 42% more than
the premolars on the control side. The researchers represented that the side to be applied
micro-osteoperforations was not randomly selected (decision was taken in accordance with
the availability of the distance between the roots) and evaluation was carried out following
a short-term tooth movement as the limitations of the study and suggested further studies
with treatments of longer terms and larger sample numbers. Nonetheless, when the findings
of the study are considered, it can be stated that special attention shall be paid on planning
micro-osteoperforations with patients who are individually prone to root resorption.

As a result, there are studies which report that micro-osteoperforations can cause positive
and negative effects on root resorption. Their relations were not clearly explained so there is
a need for further studies.

5. Conclusions

* Among several techniques which are defined to accelerate orthodontic tooth movement
and treatment periods accordingly, due to numerous studies, surgical techniques that have
the most predictable results have been an essential part of modern orthodontics.

* Micro-osteoperforations are outstanding as a minimal invasive, easy-to-use, repeatable,
and efficient new method that can eliminate some disadvantages of surgery among the
defined invasive techniques.

* Experimental studies have proved that micro-osteoperforations accelerated bone remod-
eling process and orthodontic tooth movement accordingly together with an increase in
osteoclast number and new bone formation and a decrease on bone volume and density. A
limited number of clinical studies also support the findings.

¢ Different techniques are defined to apply micro-osteoperforation in the literature but there
is a need for studies that evaluate differences between techniques in order to determine the
ideal method.
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¢ Further studies are required for the ideal timing and frequency of the application in order
to achieve optimum tooth movement acceleration.

¢ Although it is reported that side effects such as pain or root resorption are not observed
due to micro-osteoperforations, long-term studies with more samples are required.
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