
ABSTRACT:

Corticotomy-assisted orthodontic treatment is an established and efficient technique that has recently been 
studied. It has gradually gained popularity as an adjunct treatment option for the orthodontic treatment of 
adults. Corticotomy facilitated orthodontics advocated for comprehensive fixed orthodontic appliances in 
conjunction with full thickness flaps and labial and lingual corticotomies around teeth to be moved. Bone graft 
should be applied directly over the bone cuts and the flap sutured in place. Tooth movement should be initiated 
two weeks after the surgery and every two weeks thereafter by activation of the orthodontic appliance. This 
technique has several advantages, including faster tooth movement, shorter treatment time, safer expansion 
of constricted arches, enhanced post-orthodontic treatment stability and extended envelope of tooth 
movement. The aim of this article is to present a comprehensive review of the literature, including historical 
background, biologic rationale, contemporary clinical techniques, indications, contraindications, 
complications and side effects.

Keywords: Corticotomy, decortication, accelerated osteogenic orthodontics (AOO), periodontally 
accelerated osteogenic orthodontics (PAOO).

Introduction:

When are you taking off my braces? This is probably 

the question most often addressed to orthodontists 

in their daily practice. Which orthodontic patient is 

not enthusiastic about the possibility of reducing 

their treatment time? Given this constant demand 

for shorter treatments, orthodontists from around 

the world have increasingly sought ways to boost 

orthodontic treatment efficiency. The search for this 

efficiency, i.e., new approaches to shorten treatment 

time without foregoing optimal results, has become 

a primary goal of all areas of orthodontics. Low 

friction and self-ligating bracket systems, robot 

preformed arch wires, rapid canine retraction and 

alveolar corticotomies are examples of approaches 

that aim to reduce the time required by orthodontic 

therapy. Since the promise of a faster treatment 

h o l d s  c o n s i d e ra b l e  c o m m e rc i a l  a p p e a l ,  

orthodontists are faced with a major challenge: To 

critically shift through the available options by 

distinguishing genuine breakthroughs in 

alternative treatment approaches from others more 

financially oriented and not committed to 

improving service quality for our patients. 

Professionals intent on performing alveolar 

corticotomies to enhance orthodontic treatment are 

bound to be confronted by this challenge. 
th Reintroduced in the late 20 century, this alternative 

treatment has aroused much curiosity and 

controversy, fuelled, in part, at least by the 

promotional and commercial interest of the 

professionals who put it back into the orthodontic 

scenery. Despite some initial resistance, some 

researchers saw potential in the clinical reports and 

began to investigate the effects of corticotomies 

with a more scientific perspective. Currently there 

are at least ten centres and research groups 

studying this topic in countries like South Korea, the 
1U.S., Japan and Brazil . So based on scientific 

publications and clinical experience, we aim to 

explain important aspects that should be taken into 

consideration in using alveolar corticotomies as an 

aid to orthodontic treatment. We also propose to 
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in 1978, Anholm et al in 1986, Gantes et al in 1990, 

and Suya in 1991  built upon the supra-apical 
2horizontal osteotomy used by Köle .In these 

publications the  osteotomy cut was replaced with 

labial and lingual corticotomy cuts. Köle's 

interpretation of the rapid tooth movement being 

attributable to “bony block” movement did prevail 
7until the 2001 publication of Wilcko et al . Case 

reports were presented in which computed 

tomography scan evaluation of patients who had 

undergone corticotomy showed that the rapid tooth 

movement was not the result of bony block 

movement but rather a transient localized 

demineralization/ remineralization process in the 

bony alveolar housing consistent with the wound 
8

healing pattern of the RAP . The authors proposed 

that after the demineralization of the alveolar 

housing

Biologic Rationale of PAOO

The clinical technique involving selective alveolar 

decortications is a form of periodontal tissue 

engineering resulting in a transient osteopenia and 

high turnover adjacent to the injury site. Alveolar 

decortication initiates a healing response, the 

degree of which is directly related to the intensity 

and proximity of the surgical insult. In healthy 

tissues, bony healing is synonymous with high 

osseous turnover, calcium depletion from the 

hydroxylappatite crystal lattice, and diminished 
8bone density but not bone matrix volume  . Bogoch 

23 
et al. made a penetrating surgical incision into the 

head of the tibia in rabbits and studied the healing 

response adjacent to the surgical wound. They 

4 5  
6
 

 

 

 over the root surfaces, a soft tissue matrix of 

the bone, which could be carried with the root and 

later remineralize, occurred after the completion of 

the orthodontic treatment. In an effort to enhance 

bony volumes after the application of orthodontic 

forces, they also suggested the use of particulate 

bone  graf t ing  in  combinat ion  with  the  

decortications procedures. The Wilckos combined 

the refined corticotomy-facilitated orthodontic 

technique with alveolar augmentation and named 

the orthodontic and periodontal aspects of this 

procedure the accelerated osteogenic orthodontics 

(AOO) technique and, more recently, the PAOO 

surgical technique, respectively.

discuss the historical perspective of this therapeutic 

approach.

This procedure is theoretically based on the bone 

healing pattern known as the regional acceleratory 

phenomenon (RAP).

Historical background

A corticotomy is defined as a surgical procedure 

whereby only the cortical bone is cut, perforated, or 

mechanically altered. The medullary bone is not 

changed. This is in contrast to an osteotomy, which is 

defined as a surgical cut through both the cortical 

and medullary bone.

Surgical intervention to affect the alveolar housing 

and tooth movement has been described in various 

forms for over a hundred years. Heinrich Köle's 

publication in 1959 was the first to describe 
2

modern-day corticotomy-facilitated orthodontics

From Köle's work arose the term bony block to 

describe the suspected mode of movement after 

corticotomy surgery. Köle believed the surgical 

preparation of the alveolus would permit rapid 

tooth movement, suggesting that it was the 

continuity and thickness of the denser layer of 

cortical bone that offered the most resistance to 

tooth movement. He erroneously assumed that the 

surgically outlined blocks of bone retained their 

structural integrity during healing. By use of 

relatively gross movements accomplished with very 

heavy orthodontic forces using removable 

appliances fitted with adjustable screws, Köle 

reported that the major active tooth movements 

were accomplished in 6 to 12 weeks. Most of the 

movements described by Köle were space closing. 

He used vertical wedge-shaped crestal ostectomies, 

thus leaving only a thin layer of bone over the 

proximal root surfaces of the adjacent teeth. Köle 

reported that after 6 to 8 months of retention, the 

corticotomy-facilitated orthodontic cases remained 

remarkably stable. One confusing semantic aspect 

of Köle's publication was that a corticotomy cut was

often referred to as an ostectomy of the cortical layer 
3of bone. Subsequent publications by Generson et al

Periodontal accelerated osteogenic orthodontics 

(PAOO) is a clinical procedure that combines 

selective alveolar corticotomy, particulate bone 

grafting, and the application of orthodontic forces. 
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to the decortication site. Although induced 

osteopenia is a transient condition in the 

functionally normal alveolus, it was surmised that 

tooth movement perpetuates the decalcified 

condition of the trabecular bone.

Case Selection

PAOO can be used to accelerate tooth movement in 

most of the cases requiring orthodontic treatment. 

It has been shown to be particularly effective in 

treating moderate to severe crowding, in Class II 

malocclusions requiring expansion or extractions, 
7,10and mild Class III malocclusions . PAOO can be 

used in both maxillary and mandibular arches. 

However, the decision regarding the site of PAOO 

can be made based on clinical judgement. For 

example, maxillary expansion generally requires 

more time than correction of mild mandibular 

anterior crowding. So a case with a narrow maxilla 

and mild anterior crowding may benefit with PAOO 

in the maxilla and traditional orthodontic therapy in 

the mandibular arch. On the other hand, a case of 

bimaxillary dentoalveolar protrusion requiring 

extractions in both the arches can be treated with 

PAOO to hasten the result in both the arches. Having 

both arches corrected in a similar time frame is 

ideal.

Surgical Technique

The surgical technique for PAOO consists of 5 steps 

viz. raising of flap, decortication, particulate 

grafting, closure and orthodontic force application.

- Flap Design

A proper flap design is essential for the success of 

any surgical procedure. In PAOO also the flap should 

provide proper access to the alveolar bone wherein 

corticotomies are to be performed. Preservation of 

the gingival form is also important for proper 

esthetic appearance. The basic flap design is a 

combination of a full thickness flap in the most 

coronal aspect of the flap with a split-thickness 
11dissection performed in the apical portions . The 

flap should be extended beyond the corticotomy 

sites mesially and distally so that vertical releasing 

incisions are not required. For esthetic purposes the 

papilla between the maxillary central incisors 

should be preserved on the labial and palatal 

found a 5-fold increase in medullary bone turnover 
39adjacent to the corticotomy site. Buchanan et al.  

documented a similar observation in alveolar bone 
9following tooth extraction, as did Yaffe et al.   after 

alveolar periosteal flap elevation and  after tooth 

movement.
41Sebaoun  studied the effect of decortication 

without tooth movement on alveolar turnover in the 

rat in a split mouth design using multiple 

approaches. Maxillary buccal and lingual full-

thickness periosteal flaps were elevated adjacent to 

the upper left first molar, and decortication was 

performed with five palatal and five buccal bur 

marks (0.2 mm) under sterile irrigation. The 

following was observed adjacent to the 

decortication site at 3 weeks after surgery: (1) a 2-

fold increase in decalcified trabecular bone 

(histomorphometric analysis using hematoxylin 

and eosin staining) (2) a 1.5-fold increase in new 

trabecular bone formation (vital staining ad 

libitum), (3) a 4-fold increase is osteoclast count 

(osteoclast count after TRAP staining), and (4) a 2-

fold increase in lamina dura apposition (vital stain 

injection series). These findings collectively indicate 

high tissue turnover immediately adjacent to the 
40

decortication site. Pham-Nguyen  studied the 

three-dimensional volume of periodontal tissues 

surrounding the upper first molar in the rat model 

following buccal and lingual selective decortication. 

Using micro-CT technology, a significant decrease in 

alveolar mineralization was evident by 7 days post 

decortications.

Conceptual ly,  increased t issue turnover  

(osteopenia) is a condition that favours rapid tooth 

movement. This tenet was demonstrated by Verna 
42

et al  using a rat model by moving teeth after 

pharmacologically inducing high and low bone 

turnover. They showed significantly greater tooth 

movement in the high turnover group compared 

with normal and low bone turnover groups. In our 
40,41

laboratory rat studies , surgical injury to the 

alveolus induced a dramatic increase in tissue 

turnover that was expressed both spatially and 

temporally. The effect of alveolar decortication was 

localized to the area immediately adjacent to the 

injury. It is obvious that considerable medullary 

bone demineralization occurs immediately adjacent 
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ce can be applied to the teeth and in all cases 

initiation of orthodontic force should not be delayed 

more than 2 weeks after surgery. A longer delay will 

fail to take full advantage of the limited time period 

that the RAP is occurring. The orthodontist has a 

limited amount of time to accomplish accelerated 

tooth movement. This period is usually 4 to 6 

months, after which finishing movements occur 
11with a normal speed . Given this limited “window” 

of rapid movement, the orthodontist will need to 

advance arch wire sizes rapidly, initially engaging 

the largest arch wire possible.

Indications and Clinical Applications

Several clinical applications for PAOO have been 
9,13,14,12,15,16,17reported . Corticotomy was used to facili-

tate orthodontic tooth movement and to overcome 

some shortcomings of conventional orthodontic 

treatment, such as the long required duration, 

limited envelope of tooth movement and difficulty 

of producing movements in certain directions. 

These applications include the following:

1. Resolve Crowding and Shorten Treatment 

Time. 

2. Accelerate Canine Retraction after Premolar 

Extraction

3. Enhance Post-Orthodontic Stability

4. Facilitate Eruption of Impacted Teeth 

5. Facilitate Slow Orthodontic Expansion 

6. Molar Intrusion and Open Bite Correction 

7. Manipulation of Anchorage

Contraindications and limitations

Patients with active periodontal disease or gingival 

recession are not good candidates for PAOO. In 

addition, PAOO should not be considered as an 

alternative for surgically assisted palatal expansion 

in the treatment of severe posterior cross-bite. 

PAOO also should not be used in cases where 

bimaxillary protrusion is accompanied with a 

gummy smile, which might benefit more from 
14segmental osteotomy .

Advantages of PAOO

– Reduced treatment time: this technique will 

reduce treatment time to one-third the time of    
7

conventional orthodontics .

aspects. Access to the labial alveolar bone in this 

area is achieved by “tunnelling” from the distal 
11

aspect .

- Decortication

Decortication refers to the removal of the cortical 

portion of the alveolar bone. However, it should be 

just enough to initiate the RAP response and should 

not create movable bone segments. After flap 

elevation, decortications of bone adjacent to the 

malpositioned teeth is performed by using low-

speed round burs under local anesthesia. In the 

PAOO procedure, decortication is performed at 

clinical sites without entering the cancellous bone, 

avoiding risk of damage to underlying structures, 

such as the maxillary sinus and the mandibular 

canal. The corticotomies may also be achieved with 
10,12

a piezoelectric knife . The corticotomies are 

placed on both the labial and lingual (palatal) 
11aspects of the alveolar bone .

- Particulate Grafting

The materials most commonly used for grafting 

after decortication are deproteinized bovine bone, 

autogenous bone, decalcified freeze-dried bone 
11allograft, or a combination thereof . Grafting is done 

in most areas that have undergone corticotomies. 

The volume of the graft material used is dictated by 

the direction and amount of tooth movement 

predicted the pretreatment thickness of the alveolar 

bone, and the need for labial support by the alveolar 

bone. A typical volume used is 0.25 to 0.5 ml of graft 
11material per tooth .

- Closure Techniques

The flap should be closed using non resorbable 

interrupted sutures without creating excessive 

tension. No pack is required. The sutures are usually 
11

left in place for 1 to 2 weeks .

- Timing of Orthodontic Treatment

The placement of orthodontic brackets and 

activation of the arch wires are typically done the 

week before the surgical aspect of PAOO is 

performed. However, if complex mucogingival 

procedures are combined with the PAOO surgery, 

the lack of fixed orthodontic appliances may enable 

easier flap manipulation and suturing. After flap 

repositioning, an immediate heavy orthodontic for-

MAHARAJA KRISHNAKUMARSINHJI BHAVNAGAR UNIVERSITY 72Vol. 4  Issue-1  January 2014

B U J O DB U J O D



not been evaluated in the literature. In an animal 
24study, Liou et al.  demonstrated normal pulp vitality 

after rapid tooth movement at a rate of 1.2 mm per 

week. However, pulp vitality deserves additional 

investigation. It is generally accepted that some root 

resorption is expected with any orthodontic tooth 
25movement . An association between increased root 

resorption and duration of the applied force was 
26,27,28reported . The reduced treatment duration of 

PAOO may reduce the risk of root resorption. Ren et 
2 9

al.  reported rapid tooth mo vement after 

corticotomy in beagles without any associated root 
30 

resorption or irreversible pulp injury. Moon et al.

reported safe and sufficient maxillary molar 

intrusion (3.0 mm intrusion in two months) using 

corticotomy combined with a skeletal anchorage 

system with no root resorption. Long-term effect of 

PAOO on root resorption requires further study.

Discussion

Alveolar corticotomies have been commonly used in 

conjunction with orthodontics. Concerns about the 

possible risks of corticotomy procedure have led to 

the modification of this technique. The original 
2 

technique described by Kole  included a combined 

inter radicular corticotomy and supra apical 

osteotomy. Although the results of the Kole 

osteotomies were stable, pulp mortifications were 
31

not rare . Later, the supra-apical osteotomy was 

replaced by corticotomy, and labial and lingual 

corticotomy cuts were used to circumscribe the 
32,6 33

roots of the teeth  . Park et al  introduced the 

alternative approach consisting of incisions directly 

through the gingival and bone using a combination 

of blades and a surgical mallet. While decreasing the 

surgical time (no flaps or sutures; only cortical 

incisions), this technique did not offer the benefits 

of bone grafting to increase periodontal support in 

the areas where expansive tooth movement was 

desired. In addition, the extensive hammering in 

office to perform the cortical incisions appears to 

certain patients to be somewhat aggressive. 

Moreover, dizziness and benign paroxysmal 

positional vertigo have been reported, following the 
33

use of the hammer and chisels in the maxilla . 
34Furthermore, Germac  introduced modified 

corticotomy technique. In which, labial and lingual 

– Less root resorption due to decreased 
7resistance of cortical bone .

– More bone support due to the addition of bone 
7graft  .

6,7,13– History of relapse reported to be very low .

– Less need for extra-oral appliances and 
7headgear .

– The technique has its roots in orthodontic 
2,6,7,13research and treatments .

– In the ten years since PAOO was first applied, 
7the patients' outcomes were good .

– It can be used to expedite the rate of 

movement of individual teeth or dental 
13 segments, i.e.  canine  and  incisor retraction.

Disadvantages of PAOO

– Extra-surgical cost.

– Mildly invasive surgical procedure, and like all 

surgeries, it has its risks. Post-surgical  crestal 

bone loss and recession may occur.

– Some pain and swelling is expected, and the 

possibility of infection.

– Not applicable to all cases, proper case 

selection is necessary to attain a good result.                                                  

Maxillary and mandibular arch decrowding with 

normal skeletal relationship and incisors   
7 retraction are the main indications .

Complications and Side Effects

Although PAOO may be considered a less-invasive 

procedure than osteotomy-assisted orthodontics or 

surgically assisted rapid expansion, there have still 

been several reports regarding adverse effects to the 

periodontium after corticotomy, ranging from no 

problems to slight interdental bone loss and loss of 

attached gingiva, to periodontal defects observed in 
18,19,20,21some cases with short interdental distance . 

Subcutaneous hematomas of the face and the neck 
22,5

have been reported after intensive corticotomies . 

In addition, some post-operative swelling and pain 

is expected for several days. 

No effect on the vitality of the pulps of the teeth in 
22the area of corticotomy was reported . Long-term 

research on pulpal vitality after rapid movement has 

MAHARAJA KRISHNAKUMARSINHJI BHAVNAGAR UNIVERSITY 73Vol. 4  Issue-1  January 2014

B U J O DB U J O D Dave et al



introduction of a surgical phase to the orthodontic 

therapy may prevent a patient from considering 

PAOO as a treatment option. Only after careful 

consultation and communication with an 

orthodontic therapist and periodontal therapist, 

will the patient be able to understand the 

advantages and disadvantages of treatment. With 

the increasing number of adults considering 

orthodontic treatment, the propensity for adults 

and even some non growing adolescents for 

periodontal problems, the PAOO technique can be 

an especially attractive treatment option and be a 

“win-win” situation for the orthodontist, the 

periodontist and the patient.
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Fig 1: Corticotomy Procedure

(A) Incision and reflection of mucoperiosteal flap

(B) Corticotomy done

(C) Bone graft placement

(D) Flap sutured back in place

Figure Legends:
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