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1. INTRODUCTION

Orthodontic treatment is a dental procedure which generally requires several
months to years(1,2), with majority of treatment demanding around 2 years of treatment. This
is of great concern as it carries the risk of (1,2)caries, external resorption(3) and decreased
patient cooperation. Thus, any decrease in the treatment period by accelerating orthodontic
tooth movement will be beneficial. It limits the risk of such undesirable effects and associated
financial burden on the patient, in turn increasing patient contentment in the treatment(4,5).
Efforts to speed-up tooth movement can be traced back to the 1890s(6). Several approaches
have been advocated to accelerate orthodontic tooth movement. They can be broadly
classified into surgical and non-surgical(7). The non-surgical approaches are more acceptable
as to its non-invasive and less traumatic nature. This can further be looked at as device
assisted method and pharmacological methods.

Biology of tooth movement

In orthodontic tooth movement a force is applied onto a tooth. Through the tooth
it is transferred on to the periodontal ligament (PDL). This force creates compression of
periodontal tissue on one side and compression on the other. There is altered perfusion in the
PLD. As mechanical stress is induced, the cells in the PDL respond by inducing resorption
and formation of the bone matrix by signaling for the osteoblast and osteoclast cells(8). An
increase in the concentration of osteoclast is seen in the compressed side leading to more
resorption on of the alveolar bone. (9,10). Osteoclastogenesis is regulated by cytokines of
which the most important ones are the RANKL (receptor activator of nuclear factor kappa B
ligand) and M-CSF (macrophage colony-stimulating factor(11). On the surface of the cells
we can find the RANKL, which is a membrane bound protein, and it supports
osteoclastogenesis. Cells belonging to the osteoclast lineage hold the RANK receptor (for
RANKL)(12). Both RANK-L and osteoprotegerin (OPG) bind at the same RANK receptor.
OPG can bind to the receptor and prevent the expression of RANK-L and a balance between
the action of RANKL and OPG serve as a method of regulation of bone resorption(13).

2. SURGICAL APPROACH
A significant increase in bone turnover is seen after bone fracture and osteotomy.
This is due to the induced regional accelerated phenomenon(14). As the bone turnover rate
increases, it inadvertently increases the rate of alveolar bone remodeling. There is a reduction
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of density of bone, which, in turn will reduce the resistance to orthodontic tooth
movement(15). This is the logic behind the surgical approach and is most commonly used in
adult patients, in cases where the treatment is time bound.

The various surgical approach include

Interseptal alveolar surgery (distraction osteogenesis)

Osteotomy

Corticotomy

Piezocision

Micro osteoperforation

ok N E

Inter septal alveolar surgery

Distraction osteogenesis was originally used for limb lengthening and for surgical
treatment of craniofacial skeletal dysplasia.(16) The resultant increase in bone turnover rate
in these surgical sites prompted its use in accelerating orthodontic tooth movement.
(17)In the rapid canine distraction technique, at the time of extraction of premolar, the bone
distal to the canine is undermined surgically to a thickness of 1 to 1.5mm. The extraction
socket is also deepened to the length of the canine using a round bur.

Corticotomy

In this surgical technique, the cortical bone is cut and the medullary bone is left
undisturbed(18). The reasoning behind this is to reduce the resistance of the hard cortical
bone, thus accelerating tooth movement. (19)It was first introduced in orthodontics by Kole

Decortication

The intention of doing decortication is not to create movable bone segment but to
induce the RAP response. To achieve this we generally use a No.1 or No.2 round bur with a
high-speed handpiece or dental implant drill. The decortications are made on the alveolar
bone. A piezoelectric knife may also be used in its place. In the inter-radicular space, midway
between the root prominences, a vertical groove is placed. This groove extends from a point 2
to 3 mm below the crest of the bone to a point 2 mm beyond the apices of the roots. These
vertical corticotomies are then connected with a circular-shaped corticotomy. It is important
not to extent the cortical cuts to areas with neurovascular structure.

Particulate Grafting

Corticotomies are usually followed by grafting. The direction and amount of
tooth movement expected, the thickness of the alveolar bone prior to corticotomy, and the
requirement for labial support by the alveolar bone determine the volume of the graft material
to be used. Bovine bone, autogenous bone, decalcified freeze-dried bone allograft are the
most commonly used graft material.

Closure Techniques
Excessive tension should be avoided when doing the primary closure of the
gingival flaps. The sutures are maintained in place for 1 to 2 weeks.
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Corticision technique

The corticision technique was put forward by Park et al in 2006(20), and Kim et
al in 2009(21), as a minimally invasive alternative option to surgically injure the bone
without flap elevation. They used a reinforced scalpel and mallet to go through the gingiva
and cortical bone. (21)Corticision procedure was able to achieve bone resorption of the
bundle bone with minimal hyalinization and faster removal of hyalinizes tissue, thanks to the
cell mediated response stimulated via RAP phenomenon.

Piezocision

In the year 2007, Vercelotti and Podesta(22), introduced a technique for
accelerated orthodontics which utilised piezo-surgery. Here a full periosteal flap was raised
which led to a good amount of post-surgery discomfort. This compromised the acceptance of
this technique. Dibart et al in 2009 came-up with the technique piezocision(23). His aim was
to develop a technique that would achieve faster orthodontic tooth movement at the same
time would not have the side-effects of extensively invasive surgical procedures.
Micro-Osteo Perforation

Micro-osteoperforation is the least invasive of all the surgical alternatives in
accelerated orthodontics. It was first advices by Teixeira et al(15). This method utilises the
natural inflammatory response of the body. Controlled micro-trauma in the form of micro-
osteoperforation are applied in the desired area. These micro trauma can help preserve the
integrity and architecture of the adjacent tissue. It will exaggerate the normal body reaction to
orthodontic force(24).

Previous studies have clearly stated the heightened activity of chemokines and
cytokines in response to orthodontic tooth movement(25-27). Chemokines increase
osteoclast cells. Cytokines increase osteoclast cell through the prostaglandin E2 pathway and
the RANK/RANKL pathway(28-30).

(24)In micro-osteoperforations there is less chance of root resorption because of
two reasons
1. Osteoclast are more on the endosteal surface and not on the periodontal ligament
tissue
2. The cell free zone is smaller since the density of bone is less. Smaller cell-free zone is
resorbed faster
3.

3. PHYSICAL/MECHANICAL METHODS
All surgical methods are invasive in one way or the other and so have their
related complications and side effects. Therefor device assisted approach, which is far less
invasive has come into use to accelerate orthodontic tooth movement.
The technique available are
1. Direct electric currents
Pulsed electromagnetic field
Static magnetic field
Resonance vibration
Low level laser

ok wn
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Of all the above techniques, the low level laser technique has given the best
results.
The above mentioned techniques are all based on the bone bending theory. Application of
orthodontic force develops bone bending and a bioelectric potential. The concave side is
negatively charged and the convex side will be positively charged attracting osteoblast and
osteoclast respectively. This has been explained by Zengo(31) in his study conducted on
dogs. It was found that application of discontinuous forces cause the bioelectrical potential to
be created and so the idea of using cyclic forces and vibrations were considered.

Photo-stimulation: LED and low level laser

When light is emitted onto living tissue, it can get absorbed, reflected, scattered
or transmitted to the tissue as energy(32). The effects can be photochemical, photo thermal or
photoionizing. The nature and amount of interaction can depend on the wavelength and
intensity of light. Photobiostimulation is the nonthermal effect on tissue when light is applied
onto living tissue. In medicine, photobiostimulation has found its application in accelerating
would healing, control inflammation, reduce pain and improve blood circulation(32).
Photo-bio-stimulation may be used therapeutically through lasers and light emitting diodes.
Both uses near infrared wavelength of around 600 to 1000 nm. The ideal and recommended
range is 730 to 850 nm which being relatively narrow allows more response from the
tissue(33-36).

Photobiostimulation at the cellular and molecular level

Photostimulation has the ability to increase cellular metabolism. At the
wavelength between 600 to 950nm, it stimulates the production of mitochondrial cytochrome
c oxidase which in turn increases cell metabolism(34,37).
According to “single-oxygen hypotheses” molecules like porphyrins and flavoproteins can
become activated and react with oxygen to give electronically excited oxygen molecules thus
increasing to metabolism(37).

Another hypothesis explaining photostimulation is the “redox properties
alteration hypothesis”. Here the cell redox potential is altered for greater oxidation. This
allows cells with lower resting intracellular state to have a better metabolic state(37).

Photobiostimulation is thought to have a direct positive effect on RNA and DNA
synthesis and replication, protein synthesis and cell metabolism by increases in Na'/K* pump
activity and intracellular Ca?*.(38).

Low level laser therapy(LLLT)

The biostimulatory effect of laser on bone tissue is being utilized in accelerating
tooth movement. Application of laser onto the tissue stimulates the proliferation of osteoclast
osteoblast and fibroblast, which in turn increases bone remodeling paving the way for
accelerated movement of tooth. Tooth movement is accelerated by the production of ATP and
activation of cytochrome-C.In 2004, Cruz et al(39) was the first to carry out a human study
on the effect of low-intensity laser therapy on orthodontic tooth movement. They showed that
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the irradiated canines were retracted at a rate 34% greater than the control canines over 60
days.

Orthodontic tooth movement is considered to increase by 30-60% and is
supported by various studies. The variations amongst the studies seems to arise from
variations in frequency of application of laser, intensity of laser, and method of force
application on the tooth.

Vibration aided orthodontic tooth movement

According to the piezoelectricity theory of alveolar bone remodeling, osteogenic
changes are induced by the electrical charges generated through the applied orthodontic
force. Piezoelectric charges are generated when stress is applied and released(40). For this
reason Shapiro et al(41) advices that orthodontic force aid in tooth movement should not be
continuous. The intermittent force applied by the vibrational force help tooth movement in
two ways. One by inducing piezoelectric charges with in the bone inducing bone remodeling.
Secondly, by decreasing the frictional resistance to sliding between brackets and arch-
wires(42,43). Pain preserved by the patient during the treatment is also seen to be less in
patients when treated with vibrational devices(44—46).

(47)There are mainly two devices available in the market that utilizes this
technology:- Acceledent and Tooth Masseuse. Tooth masseuse is no longer available in the
market. Acceledent is manufactured by OrthoAccel Technologies(47).

Low Intensity Pulsed Ultra Sound(LIPUS)

Low Intensity Pulsed Ultra Sound abbreviated as LIPUS is a form of mechanical
energy passed through the living tissue creating biochemical changes at the cellular and
molecular level. It is transmitted as acoustic wave pressure(48). One of the outcomes of the
biochemical changes is the soft tissue and hard tissue healing rate(49,50).

The bio-stimulatory effect of LIPUS is due to the mechanical stress and micro-
stream signal given onto the tissue. These signals result in signal transduction and subsequent
gene transcription through direct stimulation of the cell membrane, cytoskeleton and adhesion
molecules(51).

Upon LIPUS stimulation, the tissue changes help in the faster orthodontic tooth
movement(52).LIPUS also helps in prevention of root resorption. LIPUS is considered to
inhibit the resorption of root or to induce periodontal regeneration after root resorption has
occurred. el-Bialy et al suggested that anti-root resorptive action of LIPUS is due to the
induced deposition of cementum and dentin which acts as a preventive layer against root
resorption(53).

LIPUS is a safe non invasive technique to accelerate orthodontic tooth movement.
Further studies are required to further explore the full potential of this technique.

Electric current and electromagnetic field
Ze’ev Davidovitch in 1980, published a study where he looked into the effect of
D.C. electric current on the periodontal tissue, the difference it creates in the tissue turnover

and on how it will effect the rate of orthodontic tooth movement(54). Application of electric
current onto the alveolar bone supporting the tooth has a direct effect on the rate of tooth
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movement. Both, an electric current and orthodontic force is applied onto the tooth to be
moved orthodontically(55). This technique has the potential to increase the rate of tooth
movement by one third and thus reduce the treatment duration. It can accelerate orthodontic
tooth movement by 2.42mm/month. In case of canines, the current should be applied 5 hours
a day.

In the study by Kim et al, there was a 30% increase in the amount of tooth
movement in the experimental side when compared to the control side. The difference was
statistically significant. In the four week period of the experiment, the first two weeks showed
the maximum amount of difference in tooth movement when comparing the experimental and
control side. The study concluded that, when exogenous current had the potential to
significantly increase in rate of tooth movement. A one third increase in rate of movement
was noted.

4. PHARMACEUTICAL METHODS

Drugs and nutrients ingested by the patient can interact and alter the normal
response of tissue supporting teeth and involved in orthodontic tooth movement. The change
can be inhibitory, additive or synergistic. Inflammatory mediators, neurotransmitters, growth
factors and other cytokines are all involved in orthodontic tooth movement. Their synthesis
and release can get affected by drugs consumed by the patient(56).

Prostaglandins and analogs

In orthodontic tooth movement, at the site of compression prostaglandins and
leukotrienes are released from the paradental cells. On realising the effect of prostaglandins
on tooth movement, researchers have considered the possibility of accelerated tooth
movement by local injection of prostaglandins. Yamasaki et al(57,58) conducted a study
where he observed a rise in number of osteoclast cells after local injection of PGE1. PGE2
stimulated differentiation of osteoblastic cells, thus leading to bone deposition coupled with
bone resorption in an invitro environment.(59). Studies on the relation of rate of tooth
movement to prostacyclin and thromboxane A2 showed an increase in the concentration of
bone resorptive cells and improvement in the resorption of alveolar bone.(60).

Hyperalgesia and associated discomfort and uncooperative nature from the
patient is seen with local injection of prostaglandins.(61) as a solution to this, research is
being done to use this technique along with local anesthetics to minimize the pain(62).

Relaxin

Relaxin was discovered in 1926 as a naturally occurring hormone in the
body(63). Relaxin belongs to the insulin/relaxin family of structurally related hormones. (64).
An increase in relaxin levels is seen in pregnancy. The role of relaxin in physiologic
processes like collagen turnover, angiogenesis, and antifibrosis in both males and females is
well documented. These effects of relaxin point out that it can create alterations of the
periodontal ligament (PDL) which in turn can directly affect orthodontic tooth
movement(65).
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On application of orthodontic tooth movement, both the soft and hard tissue responds to it, of
which soft tissue is the first to respond. The tooth is not in direct contact with the soft tissue,
but through the periodontal ligament. Because of relaxin’s ability to remodel soft tissues, its
use in orthodontic tooth movement is being studied. With tooth movement, the gingival
response is to increase collagen formation to resist movement. The gingival “memory” also
plays a role in relapse after treatment.(66)

Vitamin D3

Once orthodontic tooth moving force is applied, bone remodeling occurs, which
includes a bone resorptive and formative phases occurring within the alveolar bone.(67). A
clear correlation has been shown to exist between vitamin D receptor polymorphisms and
periodontitis and bone metabolism(68).

Collins and Sinclair(69) did a study exploring the use of vitamin D to increase the
rate of tooth movement. They were able to show that vitamin D metabolites when applied
locally through intra-ligamentary injection can lead to an increase in the number of
osteoclasts in the area, which would complement the rate of bone resorption, leading to an
increase in the rate of tooth movement during canine retraction. In 2004, Kale et al(70)
studies how the administration of prostaglandin (PG) and 1,25-dihydroxy cholecalciferol
(1,25 DHCC) can change the rate of orthodontic tooth movement. Both PG and 1,25 DHCC
were found to have a significant positive effect on tooth movement when compared to
controls. They were able to find a higher number of Howship lacunae and capillaries with
both the experiment groups on their pressure side. The number of osteoblasts were also seen
to have increased on the surface of alveolar bone in the experimental group where 1,25
DHCC was given when compared to the group where PG was administered. The authors
conclude that 1,25 DHCC has an impact on the amount of bone deposition and resorption
thus changing the rate of tooth movement.

Other investigators have also suggested other merits to the use of Vit.D. Some suggest that
apart from increased rate of tooth movement, local administration of Vit.D also improves the
tooth position post-treatment stability. Experiments have been conducted by Kawakami and
Takano- Yamamoto(67) on rats to explore the effect of 1,25-dihydroxyvitamin D3
(1,25(0H)2D3) on alveolar bone formation. The stability of orthodontic treatment relies a lot
on the supportive tissue. The study was bases on calcitriol’s effect on its improvement in
bone and periodontal tissue remodelling through improved local cellar activity. With local
injection of 1,25-dihydroxyvitamin D3, an increase in mineral appositional rate was noted on
the tension side of the orthodontically moved teeth. The authors were able to learn that there
is a better reestablishment of tooth supporting tissue post orthodontic treatment with 1,25-
dihydroxyvitamin injections. Relatable findings can also be seen in experiments by Boyce
and Weisbrode, (71). They say that in the first two days there is a temporary rise in the rate of
bone resorption which is followed by a rise in bone formation after 14 days of calcitriol
administration.
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Osteocalcin

Osteocalcin, or BGP (Bone Gla Protein) is a non-collagenous protein commonly
seen in the periodontium. It amounts to 3% of total bone protein. The protein consist of 49
amino-acids with three gammacarboxyglutamic acid residues. Gammacarboxyglutamic acid
IS an amino acid that binds to calcium and in the protein it form the calcium binding site.
BGP is secreted in the sites of mineralisation by osteoblast cells, cementoblast cells and
periodontal ligament fibroblast subpopulations.(72,73).

Presence of BGP in alveolar bone, dentin and root cement have been confirmed
through immune-histochemistry studies. Its role in the biomineralization process has been
partially determined. It was noted that in animal studies where warfarin, a Vit.K antagonist,
was given to the animals, they showed bone hyper-mineralization(74-76).

The local application of osteocalcin accelerated the rate of tooth movement (mm/day)
in the early experimental period and increased the total amount of tooth movement. On
histological observation it was revealed that the acceleration of tooth movement was due to
enhanced recruitment of osteoclastic cells(77).

Parathormone

Parathyroid glands secrete parathyroid hormone which serves the function of

increasing calcium level in blood through stimulation of bone resorption. It is an 84 amino
acid molecule, but the active segment contains only amino acids from 1 to 34(78).
If an increases PTH level is maintained over time it can lead to bone loss but an intermittent
short increase in the hormone level can have an anabolic effect on bone tissue(79). Several
studies and research data has shown that a daily application of PTH hormone for a short
duration can lead to an improvement in skeletal tissue strength, density, and mass(80).
Teriparatide is used in the treatment of osteoporosis. It contains the active segment of PTH
(amino acid 1 to 34). Daily injections of teriparatide stimulate new bone formation, leading to
increased bone mineral density(78).

Soma et al., 1999(81) did a in-vivo study on rats to find out the effect of infusion
of PTH on the rate of orthodontic tooth movement. They reported that a continuous infusion
of PTH created a 2 to 3 fold increase in the number of osteoclast cells in the region of
compressed periodontium. This means that there is an increased resorptive activity in the side
with compression which is in favour of accelerating the orthodontic tooth movement. No
significant increase in bone loss was noted in the other areas of the periodontal tissue. With
intermittent injection of PTH at the same dose, no significant increase in the rate of tooth
movement was noted. Based on these findings, it can be concluded that, with a continuous
administration of PTH an acceleration of tooth movement can be achieved. The study by
Takano Yamamoto and Rodan, 1990(82) showed that direct injection of PTH into the bone
marrow of long bones can induce an increase in the number of osteoclast. This suggest a
positive effect of PTH on the bone resorptive activity in the injected area. Based on the above
research data it can be inferred that a local and continuous long-term administration of PTH
into the periodontal tissue can have a desirable effect leading to an increased rate of
orthodontic tooth movement especially when the concentration of PTH in the area is kept at
an increased level.
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GENE THERAPY

In the study by Kanzaki et al(83), it was hypothesized that if RANKL gene was
transferred into the periodontal tissue it may accelerate orthodontic tooth movement. Kanzaki
et al did the study on 6-week-old male Wistar rats, where the upper first molars were moved
palatally using orthodontic force. Periodic injection of hemagglutinating-virus of Japan(HVJ)
envelope vector containing RANKL expression plasmid was given into the periodontal tissue
on the palatal aspect of maxillary molar. It was noted that local injection of RANKL gene
significantly improved its expression and osteoclastogenesis with any significant systemic
effect. An improvement was noted with the rate of tooth movement on the side with RANKL
gene transfer. The study concluded that activation of osteoclastogenesis and an increased rate
of tooth movement was seen after the transfer of RANKL gene to the periodontal tissue. It is
also suggested that local RANKL gene transfer can also be used in the treatment of ankylosed
teeth.

5. CONCLUSION

One of the main drawbacks of orthodontic treatment is its long duration. From the patient’s
point of view, it makes the treatment looks tedious and time consuming. Accelerated
orthodontics address this issue. Attempts to fasten the progress of orthodontic treatment can
be dated back to 1890s. These attempts have definitely taken the field of orthodontics to
newer heights. It started with surgeries that were highly invasive which moved onto
minimally invasive techniques like micro-osteoperforations, to treatment modalities that are
negligibly invasive or completely non-invasive. All these developments provide us with a
wide array of techniques that can cater the different demands that are being put forward by
treatment needs of patients.

Further possibilities are still being explored by enthusiasts from within and outside the
orthodontic fraternity. These efforts will help us get better and faster results expanding the
reach and possibilities of orthodontic treatment.
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