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Chapter

Current Methods for Acceleration
of Orthodontic Tooth Movement

Mehmet Akin and Leyla Cime Akbaydogan

Abstract

The awareness of the society and, accordingly, the number of patients who need
orthodontic treatment has increased gradually. Nowadays, the importance of the
concept of time has focused the attention of researchers on the completion of orth-
odontic treatments in a shorter time. Heavy forces applied to shorten the treatment
period in orthodontic treatments cause many undesirable conditions, such as root
resorption, crushing of periodontal fibers, and formation of hyalinization tissue.
Therefore, researchers are working on methods that will accelerate orthodontic
tooth movement and shorten the treatment time. In this section, applications that
accelerate orthodontic tooth movement will be discussed.

Keywords: tooth movement, piezocision, propel, vibration, corticotomy

1. Introduction

As aresult of the awareness of the society and the increasing interest in esthetic
appearance, the number of patients who want to receive orthodontic treatment,
especially in adults, is increasing [1]. However, one of the biggest problems in
orthodontic treatments is the length of the treatment period [2]. Increased caries
risk [3, 4], external root resorption risk, [5, 6] and decreased patient cooperation
[7] in long-term orthodontic treatments lower its success. For some patients, the
long duration of orthodontic treatment may be the only reason for their refusal
[8]. The fact that the concept of time has gained importance for both patients and
physicians has led researchers to work on completing orthodontic treatment in a
shorter time [9].

The methods used to accelerate tooth movement in orthodontic treatment are
examined under three main titles as pharmacological and biological applications,
mechanical-physical applications and surgical applications [10].

2. The methods used to accelerate tooth movement in orthodontic
treatment

2.1 Pharmacological and biological applications

2.1.1 Prostaglandins

Prostaglandins, especially prostaglandin E2 (PGE2), are one of the most effec-
tive regulators of bone metabolism [11]. Since prostaglandins play a role in both
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bone destruction and bone formation, researchers have conducted many studies on
the role of prostaglandins during tooth movement [11-14].

Yamasaki et al., in their clinical study, injected prostaglandin E1 (PGE1) submu-
cosal into the distal canine tooth during canine distalization and reported that tooth
movement occurred twice as fast. They stated that it is an effective and safe method
that can be used to accelerate tooth movement without causing any side effects
other than mild pain in patients [15].

Leiker et al., in an animal study examining the effects of PGE2 dose and the
number of applications on orthodontic tooth movement, reported that there was
no significant difference between a single dose and multiple applications; however,
high doses and multiple injections may cause an increase in root resorption [12].

2.1.2 Corticosteroids

Also called steroids are a group of substances used as anti-inflammatory drugs
for a wide range of conditions; its name was derived from an internal hormone
produced by the adrenal cortex. Cortisone is the most famous type of this group
that is used in the treatment of many inflammatory and autoimmune diseases such
as theumatoid arthritis, skin diseases, ulcerative colitis, adrenal insufficiency and
asthma [16]. The effects of corticosteroid on the bone turnover were demonstrated
in different studies, but the mechanism by which corticosteroids suppress the bone
formation and increase bone resorption is still not really understood [17].

Ashcraft et al., in a study that included 16 New Zealand rabbits, in which they
examined the effect of corticosteroids on tooth movement speed, stated that the
speed of tooth movement was four times higher in the experimental group in which
they gave cortisone acetate compared to the control group. In addition, in the
histopathological examination of the bone sections they took, it was stated that the
areas of bone resorption were higher in the experimental group than in the control
group [18].

Ong et al. reported that there was no significant change in orthodontic tooth
movement speed, but root resorption was less in their study on rabbits to which
they applied prednisolone, a corticosteroid derivative [19].

2.1.3 Parathyroid hormone

The main task of the parathyroid hormone is to maintain the calcium balance in
the body together with the hormones calcitonin and 1,25 dihydroxycholecalciferol.
Parathyroid hormone accelerates bone remodeling by stimulating osteoclasts and
osteoblasts [20].

Gianelly injected parathyroid hormone (PTH) locally into the distal mucosa of
the upper left incisors of six rats and investigated its effect on tooth motility. As
aresult, he reported that the amount of tooth movement was higher in the PTH
applied group [21].

Goldie and King reported in their study that in the group fed with a calcium-
deficient diet, parathyroid hormone secretion increased and resulted in a decrease
in bone density, resulting in increased tooth movement speed and less root resorp-
tion [22].

2.1.4 1,25-Hydroxyvitamin D
Another factor that is important in orthodontic tooth movement is 1,25 dihy-

droxycholecalciferol (1,25-DHCC), the active form of vitamin D, and is involved in
calcium hemostasis. 1,25-DHCC stimulates bone deposition and inhibits PTH release.
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While it does not affect bone resorption at physiological doses, low doses stimulate
the release of receptor activator nuclear kappa B ligand (RANKL) from osteoblasts,
changing the receptor activator nuclear kappa B (RANK)/RANKL ratio and causing
differentiation of osteoclasts. Thus, it takes part in the osteoclastic activity. It has also
been shown to play a role in osteoblastic cell differentiation and bone mineralization
in a dose-dependent manner in addition to its bone resorption function [14].

Collins and Sinclair examined the effects of injection of the active form of
vitamin D on tooth movement in their study and reported that there was a 60%
increase in tooth movement speed compared to the control group [23].

Takano-Yamamoto et al., in their study on rats, applied force to the maxillary
first molar and additionally injected 1,25-dihydroxycholecalciferol locally every
three days [24]. As a result, they reported that local injection of 1,25-dihydroxycho-
lecalciferol with mechanical forces accelerated tooth movement, and the pause in
tooth movement determined in the control group was not observed in the experi-
mental group.

Kale et al., in their study evaluating the effects of locally applied 1,25-dihy-
droxycholecalciferol and PGE2 on orthodontic tooth movement using histological
parameters, reported that both applications increased the speed of tooth move-
ment, but the effects of the applications on the amount of tooth movement were
similar [14].

2.1.5 Osteocalcin

Osteocalcin is a non-collagenous matrix protein that is abundant in bone tissue
and functions as a negative regulator of mineral apposition and bone formation due
to its high-binding strength with calcium and hydroxyapatite [25].

Hashimoto et al. injected local osteocalcin to the maxillary first molars of rats,
while applying mesial motion with a spiral spring, and evaluated tooth movement
histologically for a period of 10 days [26]. In their results, they determined that
local application of osteocalcin accelerated tooth movement and explained this with
the increase of osteoclast on the pressure side in the early period.

2.1.6 Nitric oxide

Nitric oxide is synthesized from arginine by the enzyme nitric oxide synthase.

It is a short-lived molecule that plays a key role in the regulation of some functions
of the nervous, defense, respiratory, circulatory, and reproductive systems [27].
Nitric oxide is also important in bone turnover and the regulation of pulpal blood
flow [28].

Shirazi et al. injected L-arginine G-nitro-L-arginine methyl ester into experi-
mental animals in their study. As a result, they reported increased bone remodeling
and osteoclastic activity [28].

Akin et al., in their study, reported a significant increase in multinucleated
osteoclasts, howship lacunae, vascularization and orthodontic tooth movement as a
result of nitric oxide injection in rats [29].

2.1.7 Platelet vich plasma (PRP) and platelet rich fibrin (PRF)

Recently, there have been studies investigating the effect of PRP and PRF on
orthodontic tooth movement speed. Studies have reported that these applications
can accelerate orthodontic tooth movement [30-34].

In the last two decades, after a better understanding of the role of platelets in
wound healing, the idea of using these cells for treatment has been proposed. The
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new autogenous product called PRP has been widely used in orthopedics, plastic
surgery, and dentistry [35]. PRP is the plasma fraction obtained by centrifuging
whole blood and containing a higher concentration of platelets than whole blood.
It contains a high amount of platelets, growth factors, and coagulation factors in
PRP [36].

After tooth extraction, resorptive remodeling of the alveolar bone usually
occurs. This event is beneficial in accelerating tooth movement in patients with
moderate crowding and undergoing fixed orthodontic treatment [37, 38].

In the literature, there are studies on the use of various bioactive grafts to increase
the orthodontic tooth movement speed [39]. In orthodontic treatment, a sufficient
amount of alveolar bone is required for successful orthodontic tooth movement
during the closure of the extraction space. However, the application of different graft
materials can promote bone formation. It has been reported that PRF has positive
effects on bone healing, socket protection and acceleration of tooth movement [34].

In studies, it has been observed that PRP, which is applied at a high level, inhibits
the division of bone cells and reduces bone density, and it is therefore thought that
orthodontic tooth movement can be accelerated with this application [40, 41, 31].
Giileg et al., as a result of their experimental studies in which medium- and high-
level PRP was injected into the mesial side of the first molar teeth of rats, showed
that high-level PRP accelerated tooth movement by temporarily activating osteo-
clastic activity and that medium-level PRP applied at high level [31]. They reported
that it accelerated tooth movement, although less than PRP. Rashid et al. reported in
their study on dogs that local PRP injection can accelerate tooth movement without
clinical and microscopic side effects [32].

Liou reported in their research on humans that submucosal PRP injection can
increase the speed of tooth movement without surgical application and alveolar bone
loss. In his clinical study, he reported that local submucosal PRP injection was 1.7 times
faster in maxillary and mandibular leveling and this acceleration was PRP dose-
dependent [30]. This PRP ratio (platelet count in PRP/platelet count in the blood) is
<12.5. He stated that the ideal number of PRP platelets to be used to accelerate tooth
movement should be 9.5-12.5 times the normal. On the other hand, PRP injection
during en-masse retraction reduced alveolar bone loss by 71-77% on the pressure side,
which is also dose-dependent. The optimal dose of PRP for optimal clinical perfor-
mance is 11.0-12.5-folds, with submucosal injection of PRP accelerating orthodontic
tooth movement and at the same time protecting the alveolar bone on the pressure
side of orthodontic tooth movement. A single dose of PRP injection is effective for
5-6 months. It has been reported that the most effective period of PRP injection in
accelerating tooth movement is the second half of the 4th month after the injection.

Tehranchi et al. in their study on humans, in eight patients who needed bilateral
first premolar extraction, L-PRF was placed in the extraction socket on one side fol-
lowing a tooth extraction, and the opposite side constituted the control group. As a
result of the study, tooth movement was found to be faster on the side where L-PRF
was inserted into the extraction socket compared to the control side [34].

Nemtoi et al. reported that PRF placed in the extraction socket accelerates bone
regeneration and tooth movement compared to the control side, and anterior and
posterior teeth move faster toward the extraction cavity [33].

2.2 Physical/mechanical stimulation methods
2.2.1 Resonance vibration

In order to accelerate tooth movement, resonance or ultrasonic vibration
applications are made. The application of vibration to accelerate tooth movement
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was first tried by Krishtab et al. [42]. Later, Ohmae et al. argued that ultrasonic
vibration increases the speed of tooth movement, but they reported that ultrasonic
vibration has a detrimental effect on the dental pulp [43].

Nishimura et al. showed in their study on rats that resonance vibration increases
the speed of tooth movement and does not cause periodontal damage. They
reported that the resonance vibration method was effective with the activation of
RANK-RANKL in periodontal tissues [44].

In their study, Kau et al. had 14 patients undergoing fixed orthodontic treat-
ment use a new commercial product, Acceledent™ (OrthoAccel Technologies,
Inc., Bellaire, TX, USA) (Figure 1) for 20 minutes a day, in accordance with the
manufacturer’s recommendations [45]. They reported that there was an increase
in tooth movement speed compared to the control group, which did not apply any
acceleration method.

2.2.2 Direct electric curvent and electromagnetic stimulation

In animal studies investigating the effect of direct electric current on tooth move-
ment, it has been reported that direct current is applied to the anode in the pressure
regions and the cathode in the voltage regions, changing the bioelectric potential of
the direct current and accelerating tooth movement. However, it has been reported
that electrical current may have side effects such as ionic reactions causing damage to
tissues and displacement of bone tissue with connective tissue [46].

Darendeliler et al. suggested that the static magnetic field accelerates tooth move-
ment by shortening the pause period in which orthodontic tooth movement is not
seen. It has been reported that the electromagnetic field affects the level of a group
of enzymes responsible for the regulation of intracellular metabolism by changing
the sodium-calcium exchange rate in the cell membrane, thereby increasing cel-
lular proliferation [47]. By affecting the cellular activity in the periodontal space,
it accelerates both osteoclastic and osteoblastic activities, and thus, the movement
takes place in a shorter time in force-applied teeth. It has been reported that due to
the stabilization of the rate of resorption due to increased bone formation, mobility
in the teeth decreases and pain is not observed in teeth exposed to chewing forces
[48, 49]. In a study on the side effects of this method, it was reported that minor
changes in blood chemistry may occur with a decrease in serum calcium level [47].

2.2.3 Low-level laser irradiation therapy
One of the techniques developed to accelerate tooth movement is low-dose

laser application. Laser is a light source obtained by stimulating and amplifying
radiation [50].

Figure 1.
Acceledent™,
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Laser application: It has been stated that it stimulates the proliferation of
osteoclasts, osteoblasts, and fibroblasts and thus accelerates tooth movement by
affecting bone remodeling [51]. Low-dose laser application activates the cyto-
chrome C oxidase enzyme in electron transfer, causing an increase in adenosine
triphosphate (ATP) in the cell, thus accelerating the tooth movement [52]. It has
been reported that low-dose laser application accelerates tooth movement through
RANK-RANKL, M-CSF, and the receptor of this factor [53].

In an animal study in which the effect of low-dose laser application on tooth
movement speed was examined for the first time, 10 g orthodontic force was
applied to the molar teeth of experimental animals for 12 days in three parts of
the teeth (buccal, palatal, mesial) for a total of 9 minutes a day, 35.3 W/cm2 (54
Joule) Gallium aluminum arsenide (GaAlAr) diode laser with a wavelength of 830
nanometers (nm) was applied. As a result of histomorphometric and histological
analyzes, it was reported that there was an increase in bone remodeling and a 1.3-
fold acceleration in tooth movement with laser application [54].

Cruz et al. conducted the first clinical study on the effect of low-dose laser
application on tooth movement and applied only mechanical activation on one side
of the arch and laser with mechanical activation on the other side in 11 patients
who were planned to undergo canine distalization [55]. After each force activation,
GaAlAr semiconductor diode laser was applied at a power of 780 nm and a dose of
5J/cm?2 for 10 seconds. They showed that they could accelerate tooth movement by
34% when they applied four times a month over the mucosa from the buccal and
palatal of the canine tooth to the cervical, middle and apical third of the root. They
also found a significant reduction in patient discomfort and pain sensation.

Seifi et al. and Yamaguchi et al. reported that laser application did not cause any
change in tooth movement speed [13, 56].

There have also been several studies showing contrasting results with low-level
laser therapy. Therefore, more studies are needed to distinguish the optimum
wavelength, optimum energy, and optimum duration.

3. Surgical methods
3.1 Corticotomy and osteotomy

Corticotomy and osteotomy are surgical techniques that have been used clinically
for many years. Osteotomy a is surgical cut in the bone, including the cortical and
trabecular bone [57, 58]. Corticotomy is incisions, cut and perforation procedures
performed only in the cortical bone, not involving the medullary bone [51].

Corticotomy-assisted orthodontic tooth movement was first described by LC
Bryan in 1893 [59]. However, corticotomy performed by Henrich Kéle in 1959 to
accelerate orthodontic tooth movement is an evolution in this regard [60]. Kole
thought that the main resistance to tooth movement was the cortical bone and that
tooth movement could be accelerated by disrupting the integrity and continuity
of the cortical bone. Kole created “bone blocks” by making interradicular vertical
corticotomy incisions on the buccal and palatal surface and subapical horizontal oste-
otomy incisions connecting these incisions in the buccopalatinal direction. He made
the incisions only in the cortical bone without causing any damage to the cancellous
bone. He reported that when high orthopedic forces are applied with adjustable screw
appliances, major active tooth movement can be completed within 6-12 weeks [60].

The changes that occur in the bone after corticotomy was first described by
Herald Frost as the Regional Acceleratory Phenomena (RAP) [61]. Based on this
phenomenon, increasing the rate of tooth movement is not due to the decreasing
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bone resistance only but also the effects of the healing process on the rapidity of
bone cell activation.

The most widely accepted technique today was put forward by Wilcko et al.

[62, 63]. According to the results of their studies, they stated that tooth movement
resulted from demineralization and remineralization in reversible osteopenia
occurring in the alveolar bone during wound healing, in line with RAP, rather than
bone block movement.

The Wilcko brothers introduced the technique called “accelerated osteogenic
orthodontics”(AOO), in which they combined selective alveolar decortication,
alveolar augmentation, and orthodontic tooth movement, later called “periodon-
tally accelerated osteogenic orthodontics”(PAOO) or “Wilckodontics.” The basic
principle in this technique is to create a layer of bone of 1.5 mm or less on the root
surface in the direction of intended tooth movement. Similar to techniques in which
bone block is created, the flap is raised and vertical corticotomies are performed.
Alternatively, horizontal corticotomies that do not descend into the medullary bone
are performed under the roots of the teeth to be moved. Thus, it was stated that
the vitality of the teeth was preserved. In order to accelerate healing, a bone graft
was applied and RAP was modified. (Figure 2) As a result of the study, no peri-
odontal problems, root resorption, luxation, and changes in alveolar bone height
were found, and the duration of orthodontic treatment was reduced by 1/3 or 1/4
[62, 63].

The advantages of the technique are shortening the treatment period compared
to conventional treatments, moving the teeth more, reducing hyalinization and root
resorption due to the decrease in the pressure in the periodontal ligament, treating
bone defects by grafting, and decreasing the recurrence rate by deteriorating tissue
memory with corticotomies. The invasive surgical procedure, additional costs, risk

Figure 2.
Treatment of a 23 year-old male patient. A, Before treatment, anterior view. B, After treatment, total AOO
treatment time 6 months 2 weeks,anterior view. Corticotomy and bone grafting (Wilcko 2009).
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of bone loss, and complications such as pain, edema and infection due to surgery
are also disadvantages of the technique [62, 63].

The “rapid orthodontic treatment” technique developed by Chung is based on
corticotomy and serial movement of the dentoalveolar segments with orthopedic
forces [64]. The method is similar to the accelerated osteogenic orthodontic tech-
nique, but the difference of this technique is that the dentoalveolar segment is also
moved along with the teeth [65].

3.1.1 Distracting the periodontal ligament

Liou and Huang, in their study, defined the technique as “distraction of the peri-
odontal ligament,” which is based on the formation of new bone due to the tension
of the healing bone, by reducing bone resistance in principle similar to distraction
osteogenesis. The aim of this technique is to distalize in a short time, to prevent loss
of anchorage in posterior teeth and resorption of canine teeth. In cases where they
applied fixed treatment with first premolar extraction in this technique, the interseptal
bone distal to the canine after extraction was vertically weakened with a drill [66].
Following the surgical procedures, a special tooth-supported intraoral distractors
were placed and activated 0.5-1 mm per day. With this technique, the canines were
moved 6.5 mm toward the extraction space in three weeks. It has been reported that
this technique can accelerate tooth movement without causing serious root resorption,
ankylosis and root fracture [51]. However, some conflicting results have been reported
regarding the vitality of distalized canine teeth. Liou and Huang reported that 9 out of
26 teeth responded positively to the vitality test, while 7 out of 20 teeth responded pos-
itively to the vitality test after the sixth month of retraction, in the study by Sukurica et
al. [66, 67]. Therefore, there are still uncertainties regarding this technique.

3.1.2 Dentoalveolar distraction

Dentoalveolar distraction differs from periodontal ligament distraction in that
the tooth is moved together with the surrounding bone. Kisnisci et al. presented
this technique in order to shorten the duration of orthodontic treatment. In this
technique, following the extraction of the first premolar tooth, the alveolar segment
around the canine was mobilized and an intraoral distractor was placed and 0.8 mm
of tooth movement per day was performed. Canine distalization was completed in
8-14 days. Researchers stated that there was no loss of anchorage, root resorption,
ankylosis and discoloration in the first molar teeth [68, 69].

3.1.3 Micro-osteoperforation (MOP)

The method of creating holes in the alveolar bone to increase osteoclastic
activity in order to accelerate orthodontic tooth movement is called “alveosynthe-
sis.” For this purpose, a disposable device called propel was designed by “propel
orthodontics.” It has been reported that microosteoperforations (MOPs) applied
during canine distalization cause a significant increase in the amount of cytokines
that increase osteoclast differentiation and number. It has been found that MOPs
increase tooth movement 2-3 times compared to the control group during canine
distalization. It was stated to be a comfortable and reliable method [70].

3.1.4 Piezocision

Corticotomy, which is one of the methods applied to accelerate orthodontic tooth
movement, is an effective method, but it is a highly invasive method. Because it
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requires wide flap removal and bone surgery, which can cause discomfort and compli-
cations after surgery [71]. Vercellotti and Podesta, in their study, recommended the
use of a piezosurgical blade in order to create safer and more precise corticotomies
without causing osteonecrotic damage after flap removal in order to reduce surgi-
cal trauma and accelerate tooth movement [72]. Kim et al. applied the corticization
method, which is a method that causes surgical damage to the bone without lifting
the flap. They argued that this method increased the effect of BHF and accelerated
tooth movement. However, due to the difficulty of accessing the periodontium and
the surgical procedures, temporary dizziness was observed in the patients [73]. Most
recently, Dibart et al. introduced the “piezoincision” technique, which is a new and
minimally invasive method and performed without flap lifting [74].

As aresult of a histological study, it has been shown that decortication with
piezoincision has an effect similar to the BHF effect. In this study, it was shown his-
tologically that transient osteopenia occurred and osteoclastic activity was stimu-
lated in as little as one day. In addition, it has been determined that piezoincision
application creates deeper demineralization areas and accordingly tooth movement
is twice as fast [75] (Figure 3).

It has been reported that, depending on the difficulty of tooth movement and
the bone morphology of the patient, the piezoincision procedure can be repeated
5-6 months later in order to reactivate the RAP [76].

Aksakalli et al., in their study investigating the effect of piezoincision during canine
distalization, reported that tooth movement speed increased, anchorage control was
better in posterior teeth, and there was no transversal narrowing in the upper jaw.
They also stated that periodontal health was not adversely affected [77]. It has been
reported that the possibility of bacterial endocarditis should be considered in high-risk
patients, since bacteremia may occur temporarily in patients with piezoincision [78].

The most important feature of piezoelectric surgery devices is that when they
come into contact with soft tissue, the tissue can absorb vibrations and disperse
them by converting them to a slight heat. In this case, the device cannot make the
incision. When the physician realizes that the vibrations have stopped, he realizes
that he is in contact with the soft tissue and stops the procedure. Even when you
continue to force it in the same position, no rupture occurs in the vessels or nerves.
In the worst case, the damage will usually be reversible. Due to this feature, it is pos-
sible to make precise incisions without damaging tissues such as nerves, vessels, and
membranes [79]. One of the important advantages of the device is the cavitation
phenomenon created by ultrasonic frequency. The cooling solution applied during
the procedure takes the form of an aerosol and washes the treated area, clogs small
vessels, and removes tissue residues and blood. In this way, it both reduces bleeding

Figure 3.
RAP with piezocision. (Dibart 2015).



Current Trends in Orthodontics

and provides a good viewing angle [80]. It is possible to make more precise incisions
since macro-vibrations do not occur as in conventional techniques [81]. In addition,
it is more comfortable for the patient as it produces less vibration and noise [82].
The vibrations created by the device and the shock waves that occur in the liquid
environment act as a disinfectant and reduce the bacteria [83]. In another study,
it was stated that the application of piezoincision may cause transient bacteremia
and therefore the risk of bacterial endocarditis should be considered [78]. Asa
result of the examinations made on the bone fragments exposed during the surgical
procedure, it was determined that the cells were alive and necrosis did not occur in
the bone tissue [84]. It is more advantageous than conventional techniques in terms
of wound healing and new bone formation, thanks to the reduction of the risk of
necrosis and the ability to make precise incisions with micro-vibrations [72].

4. Conclusions
In the literature, there are many invasive and non-invasive methods that acceler-

ate orthodontic tooth movement. More extensive studies should be done on this
subject.
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Acronyms and abbreviations

PGE2 prostaglandin E2

PGE1 prostaglandin E1

PTH parathyroid hormone

1,25-DHCC 1,25 dihydroxycholecalciferol

RANK receptor activator nuclear kappa B
RANKL receptor activator nuclear kappa B ligand
PRP platelet-rich Plasma

PRF platelet-rich Fibrin

ATP Adenosine triphosphate

GaAlAr gallium aluminum arsenide

RAP Regional acceleratory phenomena

MOP micro-osteoperforation

AOO accelerated osteogenic orthodontics
PAOO periodontally accelerated osteogenic orthodontics
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