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The indications for orthodontic treat-
ments in adults are constantly increas-
ing. These treatments make it possi-
ble to correct—both functionally and 
esthetically—dentofacial harmony. Such 
orthodontic treatments often require long 
durations, and pose the risk of more serious  

complications at the dentoperiodontal level 
(increased risk of root resorptions and peri-
odontal recessions are a risk of orthodontic 
treatment).

Various techniques for accelerating 
orthodontic dental displacement have been 
proposed to overcome this problem of 
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ABSTRACT

The acceleration of orthodontic tooth movement due to alveolar corticotomies has been well docu-
mented in the literature. It is defined by a phenomenon of transient osteopenia named “the regional 
acceleratory phenomenon” by Frost. This biological mechanism has been described in studies on both 
humans and animals. However, other interesting effects in orthodontics are associated with alveolar 
corticotomies: higher amplitude of tooth movements, a decrease of the root resorptions and an increase 
of stability after orthodontic treatment.
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treatment duration in adults, in particu-
lar the use of alveolar corticotomies.

An alveolar corticotomy can be de-
fined as a controlled surgical lesion of 
the alveolar bone to induce a localized 
acceleration of bone remodeling, re-
sulting in transient osteopenia and the 
facilitation of dental displacement at 
this level. As its name indicates, it only 
concerns the cortical bone and does 
not affect the medullary cavity unlike 
osteotomies, which involves both the 
cortex and medulla16.

Historically, Heinrich Köle (1959) was 
one of the first to propose a mech-
anistic hypothesis by proposing the  
concept of acceleration of the tooth 
movement by displacing “bone blocks.” 
According to him, the cortical bone 
is one of the main factors preventing 
dental movement. By weakening this 
bone, he suggested that the speed of 
the dental movement could be accel-
erated. His surgical protocol included 
vestibular and lingual inter-radicular 
corticotomies as well as supra-apical 
osteotomies, creating removable bone 
blocks interconnected by the medul-
lary cavity. The crowns of the teeth to 
be moved were then used as anchors 
to mobilize these blocks. Although this 
technique was effective in accelerating 
orthodontic treatment, severe compli-
cations such as pulpal necrosis were 
observed12.

Since then, various authors have 
supported this theory while making 
improvements to the initial operating 
protocol. In 1975, Düker improved the 
prognosis by sparing the crestal bone 
in his corticotomies8. In 1991, Suya 
replaced supra-apical osteotomy with 
a simple corticotomy; reporting fewer 
complications than Köle (root resorp-
tions, pulpal necrosis, recurrence)21.

Currently, the consensual theory jus-
tifying accelerated tooth movement 
has been proposed by Wilcko et al. 
(2001), who radiographically assessed 
the presence of transient deminerali-
zation followed by remineralization at 
the corticotomy level.22 This phenome-
non of transient local osteopenia was 
initially described on long bones by 
Frost and called “regional acceleratory 
phenomenon”10. They then proceeded 
to demonstrate that these zones of 
demineralization consists of collagen-
ous tissues moving with the dental 
roots and remineralizing once the den-
tal movement stopped. This theory is 
known as bone matrix transport.”

The acceleration of the speed of  
orthodontic dental displacement by 
alveolar corticotomies has been exten-
sively described in the literature and 
has in particular been the subject of 
controlled prospective studies with a 
high degree of scientific robustness. 
This surgical technique would allow, 
depending on the case, a 3–4-fold re-
duction in the duration of orthodontic 
treatment in adults.22.

However, alveolar corticotomies have 
other uses in orthodontic practice than 
the simple acceleration of dental dis-
placement, which many orthodontists 
are unaware of. The alveolar corticoto-
mies are particularly interesting in the 
increase of the envelope of the possi-
ble dental movements, in the reduction 
of the risk of root resorption and in the 
increase of the orthodontic post-treat-
ment stability.

This article aims to take stock of the 
biological mechanisms underlying the 
effect of alveolar corticotomies and 
their consequences on these three 
less well-known indications of this sur-
gical technique.
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The regional acceleratory phenom-
enon (RAP), initially described in long 
bones by Frost in 1983, corresponds 
to rapid bone remodeling in response 
to surgical trauma such as a fracture, 
arthrodesis, osteotomy, or bone graft-
ing10. It consists of an increase in  
osteoclastic bone activity (increased 
cellular turnover and decrease in region-
al bone density), followed by a state of 
transient osteopenia, which is then fol-
lowed by complete bone healing with a 
return to initial bone density (increased 
osteoblastic activity). RAP starts a few 
days after the fracture with a peak at 
1–2 months and may persist for 6–24 
months22. This phenomenon allows an 
accelerated physiological bone healing 
at 2–10 times the normal speed.

In addition to the long bones, this 
phenomenon also affects the jaw 
bones. In 1994, Yaffe et al. showed an 
acceleration of bone growth after the 
retraction of a mucoperiosteal man-
dibular flap in rats, with a return to the 
original bone density after 120 days25.

Various authors (Midgett 1981, Goldie 
1984, Verna 2000) have shown—in  
animal models—that increased bone turn-
over and osteopenia had an effect on the 
response to orthodontic forces, resulting 
in significantly faster tooth movement.

Baloul et al., in 2011, studied the  
biological response during dental move-
ments with and without alveolar cortico-
tomy. Orthodontic dental displacement 

is based on the property of the alveolar–
dental ligament to maintain a constant 
width (no movement of the ankylosed 
teeth and implants) as well as on the 
turnover of the alveolar bone. In the 
“orthodontic treatment + corticotomy” 
group, osteoclastic cells and markers as 
well as bone demineralization were sig-
nificantly greater after 7 days compared 
than in the “just orthodontic treatment” 
group. The tooth movement was con-
tinuous until day 42 in the group with  
corticotomies whereas in the group 
without corticotomies, we observed the 
following sequence: acceleration from 
D7 to D14 and stagnation until D28 and 
movement similar between the two 
groups from D28 to D42. Moreover, 
the association of resorption and bone 
formation in the early postcorticotomy 
phases presents many arguments that 
corroborate the improvement of the 
dental movements in the early phases 
following this treatment2.

Several other studies report that RAP 
would induce greater tooth movement 
than conventional orthodontic treat-
ment alone. In humans, Charrier et al. 
described that the overall duration of 
treatment had been cut in half4, where-
as Wilcko et al in their studies observed 
an acceleration of three to four times 
the normal rate22. These results are 
concordant with those of Cho et al. in 
dogs (two times faster in the mandible 
and four times faster in the maxilla)5.

Before any corticotomy can take 
place, a healthy periodontium is essen-
tial to ensure optimal healing.

Preoperative planning makes it pos-
sible to indicate a treatment, to de-
cide on the decortication scheme and  

BIOLOGICAL MECHANISMS OF ALVEOLAR CORTICOTOMIES

SURGICAL PROCEDURES (Fig. 1–5)
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decide on the operating protocol. Many 
different corticotomy procedures have 
been proposed in the literature, but the 
intensity of decortication and its prox-
imity to the teeth in question seem to 
be the main factors of success23.

The literature seems to agree that 
recommending an antibiotic premedi-
cation before alveolar corticotomies is 
beneficial9,17.

Orthodontic arches should be placed 
at least 1 week before the alveolar 
corticotomy so that the arch could be 
shaped at the end of the procedure.

The alveolar corticotomies are classi-
cally performed under local anesthesia, 
although they can also be done under 
general anesthesia (during associated 
orthognathic surgery).

The main operating times are as fol-
lows:

•	 Intrasulcal distal incision (at least 
one tooth of the last corticotomy 
line24) and retraction of a mucoper-
iosteal flap beyond the dental apex 
so as not to damage the neurovas-
cular bundle.

•	 The corticotomy features are usu-
ally monocortical and localized 
exclusively on the vestibular side. 
It is essential to preserve the 

alveolar rim to prevent the risk of 
periodontal recession, the vertical 
corticotomy is to be carried out 
2–3 mm from the alveolar rim.8. 
These features of corticotomies 
are performed either with ball 
cutters, with a saw, or with a pie-
zotome under abundant irrigation. 
In all cases, the bleeding of the 
operated area indicates a break 
in the medullary space (indicator 
of the good depth of the corticot-
omy) (Fig. 1). Most often, vertical 
cross-radicular corticotomies be-
tween the teeth in question are 
sufficient.

•	 The closure of the operative site 
is performed by O-points or verti-
cal padding with 5–0 absorbable or 
nonabsorbable thread.

Figure 1
Alveolar corticotomy performed with a 

round bur for closing the anterior spaces.

a b c

Figure 2
(a) Alveolar corticotomy performed by piezosurgery for intrusion of the molar. (b) Fitting of  

vestibular orthodontic traction plate. (c) Fitting of palatal orthodontic traction screws.
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a b

c d

Figures 4
(a, b) Intraoperative and postoperative view of alveolar corticotomy performed with a ball cutter 
for mesialization of molars in sector 4. (c, d) Intraoperative and postoperative view of alveolar 

corticotomy performed with a ball cutter for mesialization of molars in sector 4.

a b

Figure 3
(a) Alveolar corticotomy performed by piezosurgery to close spaces in sector 1. (b) Alveolar corti-

cotomy performed by piezosurgery to close spaces in sector 2.

Orthodontic activation should be 
done immediately after the corticot-
omy to maximize the acceleration of 
secondary dental movement by RAP.1,9. 
This RAP lasts 4–6 months, during 

which it is recommended to reactivate 
orthodontic traction every 15 days18.

In order to limit any potential side 
effects (hematoma, edema, pain, dis-
comfort) secondary to conventional 
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alveolar corticotomies, new mini-inva-
sive approaches have been developed, 
which do not require a mucoperiosteal 
flap (Fig. 2a and 2b). However, these 
techniques could increase the risk of 

root damage during bone cutting. In 
order to compensate for this lack of 
visual control, cutting guides made by 
CAD/CAM have been proposed.3.

In addition to the well-known ortho-
dontic movement accelerating effect, 
rapid bone remodeling induced by 
controlled surgical aggression of alve-
olar corticotomies provides other ben-
efits in orthodontic practice, described 
below.

Increasing the range of possible 
dental movements

One of the lesser known effects of al-
veolar corticotomies is their impact on 
the range of possible tooth movements.  
In a 2007 original study in dogs, Lino 

et al. have studied the different ef-
fects of alveolar corticotomies on the 
mesialization of the third mandibular 
premolars, one side having benefited 
from alveolar corticotomy before being 
paired and the other being paired, serv-
ing as a control. Apart from an accel-
eration of tooth displacements, these 
authors also observed an increase in 
the range of these movements, twice 
as large compared to the unoperated 
side11. These authors hypothesize that 
this increase in range could be, in fact, 
secondary to the acceleration of treat-
ment (and that if the study had been 

“OVERLOOKED” INDICATIONS OF ALVEOLAR CORTICOTOMIES

a b

Figure 5
(a) Alveolar corticotomy performed on the diamond disc for space planning for the impacted 
canine. (b) Visualization of the impacted canine, corticotomy not performed on the canine.

Illustrations provided by doctors: Dr. Julie Leclercq, AHU Paris 7. Implantology. Pitié Salpêtrière 
Hospital Group - Dr. Rafael Toledo, PH Implantology Manager. Hospital group Pitié-Salpêtrière, 

Paris
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continued longer, the premolar of the 
unoperated side could have moved as 
much as the operated side). Neverthe-
less, this team and others thereafter 
demonstrated increases in the mag-
nitude of total tooth displacements in  
humans regardless of the speed of 
movement19. This increase in the mag-
nitude of the dental displacements oc-
curs in all three dimensions, opening up 
interesting perspectives in the manage-
ment of transversal deficits (for details, 
read the bibliographical reference1).

Decreased risk of root resorptions 
after orthodontic treatment

During orthodontic dental displace-
ment, the compression of the alveo-
lar–dental ligament forms osteoclastic 
cells inducing bone demineralization as 
well as cell destruction (hyalinization)4. 
This hyalinization consists of a zone of 
aseptic necrosis having an acellular vit-
rified appearance, when viewed under 
a microscope (Reitan, 1951). It is the 
first phase of the tooth movement af-
ter the initial activation phase and per-
sists for up to 4 weeks in children and 
40 days in adults, explaining the delay  
observed before any dental movement. 
This hyaline zone is then resorbed  
(10–12 days) which leads to the crea-
tion of a new alveolodental ligament.

According to Iino et al. (2007), the 
acceleration of postcorticotomy tooth 
movement is thought to be because of 
a considerable reduction in the phase 
of hyalinization during accelerated 
bone remodeling (explaining the dif-
ferences in tooth movement kinetics 
between the operated and unoperated 

sides). The root resorptions occurring 
during the hyalinization phase, the 
alveolar corticotomies decreased their 
formation by decreasing the severity of 
this hyalinization phases. Therefore, in 
the same study, the authors found no 
radicular resorption on the corticotomy 
side compared with resorptions ob-
served at 4 and 8 weeks on the treated 
side in a conventional way11.

In addition, by decreasing the to-
tal duration of orthodontic treatment,  
alveolar corticotomies also indirectly 
contribute to a reduction in the risk of 
root resorptions (risk proportional to 
the duration of orthodontic treatment).

Increased stability after  
orthodontic treatment

One of the major challenges of  
orthodontic treatment is to ensure 
and maintain post-treatment stability. 
Recurrence is frequent, especially for 
certain orthodontic movements (for ex-
ample, rotations).

Because of rapid bone turnover, 
alveolar corticotomies can improve 
long-term orthodontic post-treatment 
stability by decreasing local “tissue 
memory.”14,20. Nevertheless, imme-
diate post-treatment orthodontic re-
straint remains necessary.

In addition, various authors have sug-
gested the possibility of an increase in 
bone volume after alveolar corticoto-
mies because of bone remodeling with 
greater osteoblastic activity than oste-
oclastic activity.2,15,16,22. This postopera-
tive increase in peridental bone volume 
would promote better post-treatment 
stability.
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Because of their multiple therapeu-
tic effects and indications (for review, 
see16), the alveolar corticotomies rep-
resent a very interesting adjuvant ther-
apy in daily orthodontic practice.

The different effects generated by 
these alveolar corticotomies can only 
be fully optimized with the perfect col-
laboration between orthodontists and 
oral surgeons. The exchange between 
practitioners will allow the orthodontist 
and the oral surgeon to coordinate and 
take maximum advantage of the bene-
fits of corticotomies and the various ef-
fects mentioned above. They will also 
discuss the best choice of decortica-
tion scheme13 and add dental avulsions 
or osteotomies to the protocol accord-
ing to the clinical case and the desired 
orthodontic movements.

Moreover, in certain specific cases 
where the orthodontist is reluctant 
to choose orthognathic surgery, but 

orthodontic treatment alone is insuffi-
cient, alveolar corticotomies may be an 
interesting solution6,7 with less postop-
erative follow-up.

Although alveolar corticotomies 
were decried for a long time due to 
their side effects (pain, swelling, he-
matoma), corticosteroids are useful for 
controlling the side effects. Corticos-
teroids are generally well tolerated by 
patients, and complete recovery after 
alveolar corticotomy can be expected 
between 7–10 days, with less pain/dis-
comfort than that in dental avulsions1. 
Their use in daily orthodontic practice 
is therefore perfectly justified and is 
part of an improvement in the quality 
of orthodontic treatments—especially 
in adults—accompanied by the best 
understanding of the biological mech-
anisms underlying orthodontic dental 
movement.

The addition of alveolar corticotomies 
during orthodontic treatment allows for 
a reduction in the duration of treatment, 
an effect well known to orthodontists. 
In addition to this effect which has been 
the subject of many scientific articles, it 
also allows larger tooth displacements, 
a reduction in the risk of root resorption 
and a gain in stability after the removal 

of orthodontic devices. Close collabora-
tion between the orthodontist and the 
oral surgeon will make it possible to 
choose the optimal decortication pro-
tocol according to the indication while 
favoring a minimally invasive approach.
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