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Abstract

Opver the years orthodontics has gained much popularity. Treatment initiated to correct functional disturbances is now being advocated to improve appearances and
aesthetics, not only for children and adolescents, but for adults as well. The new challenge experienced by practitioners and researchers in the field of orthodontics,
is obtaining swift results with minimal adverse effects and chances of relapse. In today’s world, time is of the essence, and the current orthodontic treatment times
remain a concern to most patients.

The advent of corticotomy-facilitated orthodontics as a predictable, albeit aggressive, method of dramatically accelerating orthodontic tooth movement and enhancing
post-orthodontic treatment stability, has paved the way forward for clinicians to modify this approach and develop less invasive techniques. This article reviews the
recent advancements in corticotomy-assisted orthodontics and hopes to encourage future research to further refine these techniques such that they are more patient-

centred.

Introduction

Over the recent years, as a result of the emphasis placed on facial
aesthetics and appearance by society, an increasing number of adults
are undergoing orthodontic treatment with the aim of achieving
beautiful smiles [1]. However, there are still a number of patients who
are reluctant to seek orthodontic treatment, their primary concern
being the prolonged duration of treatment [2,3].

The duration of orthodontic treatment also poses a concern from a
dental point of view; the predisposition towards root resorption [4-6],
dental caries [7] and gingival recession [8] rising with an augmentation
in treatment time.

Decades have been invested into research; involving the trial of
biologically active substances which accelerate bone metabolism [9],
the application of cyclic mechanical and electric forces across teeth
fitted with fixed appliances [10-12], and the development of surgically-
facilitated orthodontics, with the sole purpose of increasing the speed
and efficiency of orthodontic treatment.

Utilising surgical techniques concomitantly with fixed orthodontic
appliance therapy have proven to be clinically predictable and effective
methods at accelerating orthodontic tooth movement and reducing
the duration of treatment [13,14]. Current evidence suggests that
bone exposed to surgical insults undergo a regional acceleratory
phenomenon during healing; the decreased regional bone density and
accelerated bone remodelling after injury is thought to be responsible
for the acceleration of tooth movement during orthodontic therapy
[15,16].

Periodontally accelerated osteogenic orthodontics
(PAOO)

The regional acceleratory phenomenon became the foundation for
the development of a novel orthodontic modality; a multidisciplinary
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approach combining selective alveolar decortications, particulate
bone grafting and the subsequent application of orthodontic forces.
Periodontally Accelerated Osteogenic Orthodontics (PAOO) or
Wilckodontics, introduced by the Wilcko brothers (2001), enabled
teeth to be moved 2 to 3 times further in 1/3 to 1/4" the time required
for traditional orthodontics, as well as improved post-treatment
stability and retention [17,18].

This surgical approach improved on the technique of using
corticotomies to facilitate orthodontic treatment, which although
clinically resulted in an acceleration of orthodontic tooth movement
by up to 66%, gave rise to alveolar bone loss, thereby compromising the
periodontal support of the target teeth. The ability of the procedure to
increase the alveolar bone volume resulted in an augmentation of the
bony support for the teeth and overlying gingiva, reduced the need for
extractions, and allowed for a degree of facial reshaping [19,20].

However, drawbacks still remained. Most patients were discouraged
by the invasiveness of the procedure, the post-operative swelling and
pain that could be expected for several days, and the possibility of
subcutaneous hematomas of the face & neck associated with intensive
corticotomies. Additionally, there was dissatisfaction amongst the
orthodontists, as the chances of periodontal defects; slight interdental
bone loss and loss of attached gingiva, still existed [21,22].
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Monocortical tooth dislocation and ligament distraction
technique (MTLDT)

In an attempt to preserve the health of the periodontium whilst
maximising the rapidity of orthodontic tooth movement, Vercellotti
and Podesta (2007) invented and developed the Monocortical tooth
dislocation and ligament distraction technique.

This procedure, more aptly known as a luxation manoeuvre, avoids
the involvement of the periodontal ligament. Therefore, a significant
reduction in post-operative bone resorption and ligament ankylosis
was expected, in comparison to traditional and corticotomy assisted
orthodontics, when the technique was used to treat deep bites, open
bites and cross bites in eight patients.

The technique aimed to accomplish complex tooth movements in
a relatively short period via two phases of treatment. The first phase
involved the use of a piezoelectric saw to place corticotomy cuts
laterally and apically to the tooth radix on the bone, after conventional
flap elevation, and the immediate application of biomechanical force.
This resulted in the rapid dislocation of the root and cortical bone as
a unit, in the desired direction of tooth movement. Simultaneously,
on the root surface opposite to the direction of tooth movement,
there was a resultant rapid distraction of ligament fibres. During the
osteogenic healing process that followed, the second phase of treatment
was initiated, and the application of normal orthodontic biomechanics
achieved the final tooth movement.

In comparison to traditional orthodontic approaches, the average
duration of treatment in the mandible and maxilla was reduced by 60%
and 70% respectively. All eight patients were followed up for more than
a year after treatment, and no periodontal defects were observed [23].

A second study was carried out by Bertossi et al. (2012), where ten
patients affected by different dental malformations were treated using
the monocortical tooth dislocation and ligament distraction technique.
Treatment time was shortened by up to 70% and no periodontal or
gingival damage was observed, although all 10 patients experienced
moderate oedema and pain [24].

Corticision

Park et al. (2006) developed the corticision technique whereby a
reinforced scalpel is used as a thin chisel to separate the interproximal
cortices transmucosally without reflecting a flap. According to Park,
this flapless corticotomy technique is minimally invasive, and speeds
up tooth movement by stimulating osteoblasts and bending alveolar
bone that has been surgically separated.

The procedure involves the insertion of surgical blade
interproximally and parallel to the occlusal plane 5 mm apical from
the tip of the papilla. The blade is tapped with a mallet to a depth
of approximately 8 mm. The angle of the blade is then changed to
approximately 45 degrees apically and the blade is tapped to a depth of
10-12 mm. The goal is to cut the cancellous bone between the roots to
50%-75% of the root length. The blade is then removed and orthodontic
forces are applied immediately. Every fortnight, the teeth are forcibly
mobilized to induce minor trauma to extend the regional acceleratory
phenomenon effect [25].

Kim et al. (2009) tested this innovative technique in cats. Histologic
and histomorphometric studies performed on tissue specimens showed
that corticision activated catabolic remodelling in the direction of
tooth movement, showing extensive direct resorption of bundle bone
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with less hyalinisation and more rapid removal of hyalinised tissue.
Corticision accelerated the anabolic remodelling as well; after 28 days
of the experiment, the accumulated mean apposition area of new bone
was observed to be 3.5 times higher in the experimental group than in
the control group. This acceleration in bone remodelling resulted in
acceleration of orthodontic tooth movement. No pathologic changes in
the paradental tissues, or root resorption were revealed in the histologic
findings following corticision [26,27].

However, the technique has several drawbacks resulting in its
unpopularity. It does not offer the benefits of bone and soft tissue
grafting to correct inadequacies and reinforce the periodontium [28].
Additionally the repeated malleting can result in dizziness or benign
paroxysmal positional vertigo, post-surgery, in real patients [29].

Peizocision

To overcome these disadvantages, Dibart et al. (2009) introduced
piezocision; a minimally invasive technique to accelerate orthodontic
tooth movement, combining piezosurgical cortical micro incisions
with selective tunnelling that allows for hard- or soft-tissue grafting if
required [30-32]. Due to their small size and precision, piezoelectric
cutting inserts realize precise osteotomies without the risk of
osteonecrosis, and the possibility of grafting gives this procedure the
additional advantage of enhancing the periodontal support of the teeth
[33].

The procedure demonstrated a similar clinical outcome when
compared to the classic decortication approach but had the added
advantages of being quick, minimally invasive, and less traumatic to
the patient, therefore gaining greater patient acceptance [34]. An added
benefit of this technique is that it can be used in selected cases with
Invisalign to treat adults who would otherwise not pursue orthodontic
treatment, leading to better aesthetic appearance and less treatment
time [35].

Minimally invasive rapid orthodontics (MIRO)

In Dibart’s description of the use of Piezocision to accelerate tooth
movement, he emphasised on the careful placement of the cortical
micro incisions, since irremediable damage could occur if they were
placed in close proximity to the interproximal papilla or to the roots.
Jofre et al. (2013) stated that Dibart’s Piezocision technique was a blind
approach as it lacked reference points to guide the surgical procedure
and prevent inadvertent root damage. Therefore in an attempt to
improve the safety and accuracy of the procedure they proposed a
modification to the approach.

The minimally invasive rapid orthodontic method of accelerating
tooth movement developed by Jofre et al. (2013), uses metal markers
as radiographic references or guides for accurate placement of the
incisions, and subsequently the corticotomy cuts. The metal guides
are positioned in between each tooth, perpendicular to the main arch
wire. Digital radiographs are then taken to ensure that the metal guides
are not superimposed over the tooth roots. Once this is confirmed,
incisions and piezoelectric corticotomy can be done using the metal
guides as references, thus improving the precision of the procedure
[36].

Cassetta and Giansanti (2016) further improved on this technique
with the development of custom made, 3-D printed, computer-aided
designed and computer-aided manufactured surgical templates. These
surgical templates have slots designed to guide, at first, a scalpel blade
and then a piezoelectric cutting insert, aiding the clinician in achieving
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a minimally-invasive, flapless piezoelectric corticotomy with minimal
discomfort and surgical complications to the patient [37].

Laser assisted flapless corticotomy

For many years now, Erbium lasers have been widely used in
various aspects of dentistry; from restorative dentistry to oral surgery,
on both soft and hard tissues. When used on hard tissues, the Erbium
laser energy heats up the water within the hard tissues. As the water
is converted to steam, a mini-explosion occurs, and the hard tissue
is “ablated” or removed. Ideally, the remaining hard tissue beneath
should not be affected by the Erbium laser ablation, thereby allowing
precise control and minimal damage to the surrounding tissue [38].

Due to the Erbium lasers’ popularity in dentistry, dental researchers
decided to test its application in corticotomy facilitated orthodontics,
replacing the invasive bone cutting burs with the Erbium laser, which
offers significant advantages over the conventional corticotomy
technique; such as a noncontact intervention, absence of mechanical
vibration, free and elaborate cut geometries and aseptic effects, making
it a more patient centred alternative [39].

Seifi et al. (2012) carried out a study on rabbits to observe the effects
of laser assisted flapless corticotomy (around the first right mandibular
premolar) on the rate of orthodontic tooth movement. They concluded
that the amount of orthodontic tooth movement in the experimental
group was significantly greater than that of the control group. Within
two weeks of the surgery, the tissues on the side with the corticotomy
procedures appeared similar to the side without corticotomies. None
of the rabbits showed clinical signs of swelling or displayed healing
problems of the periodontal tissues beyond 10 days post-surgery.
Data showed that laser assisted flapless corticotomy can enhance
orthodontic tooth movement without jeopardizing the healing process
of the soft tissue and the hard tissue [40].

Salman and Ali (2014) carried out a split-mouth study to evaluate
the effect of laser assisted flapless corticotomy on the acceleration of
maxillary canine retraction in 15 patients who required extraction of
their maxillary first premolars followed by retraction of the canines as
part of their orthodontic treatment plan. Flapless cortical decortications
were done in the second stage of orthodontic treatment, on either side
of the canine, using the erbium-doped yttrium aluminium garnet laser.
The canines on the laser corticotomy side showed statistically higher
mean value of retraction than their controls during the six week study
period. Pulp vitality response and post-surgery gingival sulcus depth
showed no significant difference between the pre-laser and post-laser
surgery [41].

Savard (2016) also studied the effects of the laser-cision corticotomy
procedure on the rate of orthodontic movement. Several advantages
were noted in addition to the acceleration of orthodontic tooth
movement. As the laser was used in a pre-contact mode, the patient
felt no unpleasant sensation during the intervention, there was no
reports of post-surgery pain, oedema or evidence of tissue necrosis and
the gingiva healed rapidly without scarring, making it a very patient
friendly procedure [42].

However, the lack of depth control of the lasers, which is currently
limited to visual inspection, and the necessity for careful handling -
the necessity to continuously irrigate the surgical site so that it acts as
heat sink [43], keep the energy settings as low as possible to enable
cool ablation [44], and avoid keeping the laser beam in a fixed and
contact mode to prevent charring and iatrogenic damage [45], are still
technical limitations that need to be overcome.
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Nevertheless with adequate operator training and experience,
and with further developments in laser technology; special miniature
laser systems [46], depth control feedback systems [47], and robotic
navigation [48], laser assisted corticotomy may soon be endorsed
as a completely safe and effective non-invasive method to speed up
orthodontic tooth movement.

Micro osteo perforations (Alveocentesis)

Texeira et al. (2010) carried out animal studies to observe the
effects of micro osteoperforations on bone metabolism and the rate
of tooth movement. They documented a significant increase in the
expression of inflammatory markers at the site of the shallow cortical
bone perforations, which in turn resulted in an increase in the local
activity of osteoclasts, responsible for the accelerated bone remodelling
which followed and the subsequent increase in the rate and magnitude
of tooth movement. They concluded that the micro perforations did
not need to be in close proximity to the teeth to have such a significant
impact on the rate of tooth movement, and as the perforations were
small and limited - only 3, the majority of the cortical bone remained
intact [49].

Inspired by this study, and the potential of this micro invasive
technique to effectively reduce the duration of orthodontic treatment
duration, Propel Orthodontics invented and patented the Propel
system, consisting of a ready-to-use sterile disposable device that can
be used to place 2-3 micro perforations in the cortical bone through the
gingival tissue, between each tooth undergoing orthodontic treatment.
According to Propel Orthodontics, the procedure can be completed
chair-side within minutes and does not require any advanced surgical
training [50].

Mani Alikhani et al. (2013) decided to investigate the effects of the
Propel system on the rate of orthodontic tooth movement in humans.
Twenty adults with Class II Division 1 malocclusion were divided into
control and experimental groups. The control group did not receive
micro-osteoperforations, and the experimental group received micro-
osteoperforations on one side of the maxilla. Both maxillary canines
were retracted, and movement was measured after 28 days.

They observed that micro osteoperforations increased the rate of
canine retraction 2.3 times compared to the control group; this was
accompanied by a significant increase in the levels of inflammatory
markers. Although, initially, patients reported mild discomfort locally
at the spot of the micro osteoperforations, two weeks after the procedure
had been initiated, little to no pain was experienced. Based on the
results of their study, they concluded that micro osteoperforation is
an effective, comfortable, and safe procedure to accelerate orthodontic
tooth movement, with the potential to reduce treatment time by up to
62% when compared to traditional orthodontics [51].

However, as this was the first study investigating the micro
osteoperforations method, there were certain issues that were not
addressed, namely, the effect of micro osteoperforations on root
resorption and possible long term complications of the procedure.
Therefore, further studies and clinical trials are warranted not only
to further investigate the procedure, but to also determine the precise
depth and number of cortical perforations required to optimize the
effect of micro osteoperforations on the rate of tooth movement.

Conclusion

Prolonged duration of orthodontic treatment is still one of the
main reasons why patients are hesitant to undergo orthodontic
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treatment. With the discovery of corticotomy-assisted orthodontics,
accelerated orthodontic treatment has become a reality. However,
due to its aggressiveness, its clinical application has been limited.
Developments and modifications to this approach, has given rise to less
invasive, patient-centred techniques, such as the recent introduction of
piezocision, which clinically, has resulted in better periodontal tissue
response and esthetics.

Further clinical research is required to investigate and safely
endorse a particular method of accelerating orthodontic tooth
movement. However, the way has been paved forward for this new
frontier in orthodontics, which will hopefully encourage more patients
to seek orthodontic treatment.
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