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            Abstract

            
               
The orthodontic patient has evolved in recent years, leaving an important place for adult patients. These patients most often
                  require special management, they are demanding aesthetic orthodontic treatments, but also shorter. The acceleration of orthodontic
                  movement has long been sought for its multiple potential contributions, including the reduction of treatment time, a reduction
                  of side effects linked to the maintenance of orthodontic equipment in the oral cavity (such as bacterial plaque retention,
                  root resorption, and the open spaces of the gingival embrasure), an improved tooth movement envelope, differential tooth movement,
                  and improved stability after treatment. Numerous surgical techniques have been developed to speed up orthodontic movements.
                  The aim of this study was to review the current literature regarding the periodontally accelerated osteogenic orthodontics
                  technique. 
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               Introduction

            In 1989, the orthopaedist Frost noticed a phenomenon of Activation-Differentiation-Reorganization after a surgical attack
               of long bones near the surgical site. This cascade of scar events is named by Frost regional activation phenomenon (PAR) or
               Regional Accelerated Phenomenon (RAP).1 RAP is characterized by: an increased cell turnover, a decrease in bone density, a link between surgical trauma, intensity
               healing and proximity to the surgical site, a transient and reversible nature of the phenomenon.1 Several animal studies also confirm the presence of PAR after corticotomies. Sebaoun, et al. find, three weeks post corticotomies,
               a tripling of osteoblastic and osteoclastic activities, associated with a decrease in bone density near the surgical site.
               At 11 weeks, a return to normalcy is observed. The authors describe this phenomenon as a "localized space-time opportunity
               window". 2

            The PAOO technique was introduced by the Wilcko brothers (a periodontist and orthodontist), and has become a relevant therapeutic
               approach in the field of surgical orthodontics for induction of faster dental movement. 3 PAOO is the combination of 2 procedures, alveolar shelling and periodontal augmentation, and has been proposed to facilitate
               rapid dental orthodontic movement. It differs from previous techniques by the additional stage of alveolar bone grafting.
               It has been suggested that this technique may be responsible for an increase in the amount of postoperative alveolar bone,
               which prevents relapse. 4 Compared to traditional orthodontic treatment, this approach has the advantage of being faster, amplifying dental displacement
               and providing greater alveolar volume for increased post-operative stability with reduced side effects. 5

            Thus PAOO technique involves induced and controlled surgical damage that accelerates the bone metabolic mechanism to help
               the orthodontic displacement, resulting in a treatment 2 to 3 times faster than the conventional orthodontic technique. 6 The aim of this study was to review the current literature covering the periodontally accelerated osteogenic orthodontics
               technique. 
            

         

         
               Orthodontic Bone Remodeling

            The physiological process of activation-resorption (catabolic) or activation-formation (anabolic) on bone surfaces, which
               produces three-dimensional changes in shape, size, or circumstance, is known as bone modeling. 7 On the other hand, bone remodeling or renewal is a local physiological process that starts with bone resorption and ends
               with the replacement of the old bone with a new bone, using a renewal sequence that uses osteoclasts, osteoblasts, and osteocytes.
               8 Bone remodeling affects the rate of orthodontic motion even though, under physiological conditions, it only renews the internal
               bone content without altering the size or shape of the bone. 9 Orthodontic displacement is influenced by two processes: bone remodeling and bone modeling. Bone resorption at the periodontal
               bone-ligament (PDL) interface is the limiting factor in dental motion velocity. Bone modeling during orthodontic motion is
               an inflammatory process.10   The initial step in the orthodontic dental movement appears to be the activation of osteoblasts by mechanical orthodontic
               forces, inflammatory stimuli, or hypoxia. Specific mediators of osteoclastic formation and early bone resorption are triggered
               by activated osteoblasts. 11 The cellular actions of osteoclasts, osteoblasts, and osteocytes regulate both physiological processes. In the process of
               bone modeling, osteoclasts carry out bone resorption while osteoblasts carry out bone formation. Basic multicellular units,
               which are organized osteoclasts and osteoblasts, carry out the resorption-formation sequence of the bone remodeling process.
               11 The rates of bone modeling and remodeling are regulated by biochemical and mechanical factors. According to earlier research,
               orthodontic treatment promotes alveolar bone modeling and bone remodeling that is similar to the regional accelerator phenomenon
               (RAP), which is characterized by an increase in the quantity and activity of osteoclasts and osteoblasts.11 Most animal studies have shown that the main biological mechanism underlying the acceleration of orthodontic motion is the
               phenomenon of regional acceleration (RAP). RAP was defined as a physiological event and reorganization activity that happened
               close to the site of the lesion and caused a localized decrease in bone density in healthy tissue. 12

         

         
               The Periodontally Accelerated Osteogenic Orthodontics (Paoo) Technique 

            It involves combining periodontal and orthodontic care, which includes surgical alveolar decortication, bone grafting, and
               orthodontic treatment. The achieved results lead to a reduction in the length of orthodontic treatment while also improving
               periodontal health over the long term. 13 
            

            For the first time, L. C. Bryan (1892) treated malocclusion cases using a corticotomy; subsequently, Heinrich Kole reintroduced
               this method to treat malocclusion. Wilcko et al. recently recommended orthodontic therapy, grafting, and selective alveolar
               dehiscing. They created the term "PAOO." According to the authors, PAOO surgery can treat orthodontic cases in 6 to 8 months,
               which is significantly less time than traditional orthodontic treatment. 14 The purpose of this intervention is to ensure adequate periodontal support in the prevention and aggravation of the risks
               of dehiscence and fenestration. In addition, this bone graft would provide an expanded alveolar base guaranteeing a wider
               envelope of orthodontic movements. Finally, greater stability of treatment would be achieved. The Wilcko brothers question
               the mechanical theory of “bone blocks” and highlight a new biological theory. 15 This technique offers better stability after treatment and less recidive. The prognosis of malocclusion can be improved to
               consider new therapeutic options and thus avoid orthognathic surgery and extractions in some cases. It provides rapid removal
               of impacted teeth such as canines that have the highest prevalence of inclusion. It was also noted that the patient profile
               can be improved. 14 However, it may be contraindicated in the case of fine mandibular cortical, patients at risk of active periodontal disease
               or gingival recession. Some malocclusions constitute a limit to this technique: A posterior cross joint associated with a
               brachymaxilla, cases of biprotrusion with a gummy smile. 14

         

         
               The Surgical Technique

            In order to fully expose the surgical field and release tissue tension, PAOO surgery is performed under local anesthesia.
               A full-thickness mucoperiosteal flap is lifted at the interdental papillae on the oral aspect (from the first premolar to
               the first controlateral premolar), and two vertical release incisions are placed one tooth beyond the bone activation region.
               16 After that, a split-thickness flap is slowly raised between 3 and 4 mm apical. In the coronal and apical regions, two segments
               of periosteal flaps are produced as a result. A corticotomy is done after the flap is reflected. More specifically, horizontal
               grooves (2 to 3 mm beyond the root ends) are connected to vertical alveolar shelling (2 to 3 mm below the crest of the alveolar
               bone) in the interradicular space. A collagen membrane is then used to increase the stability of the grafted material after
               deproteinized bovine bone material has been lightly pressed into the prepared area. The grafted material and collagen membrane
               must then be completely covered by the flap tissue, which must then be coronally advanced and positioned at the cement-enamel
               junction. 16 Individual absorbent interrupted sutures that connect the lingual tissue, the labial flap, and the membrane are then used
               to finish the procedure. 16

            According to Wilcko et al., bone graft material should be applied to the decortication sites and is typically made up of a
               mixture of bovine bone (xenograft) and either mineralized freeze-dried bone allograft (FDBA) or demineralized freeze-dried
               bone allograft (DFDBA); ideally, DFDBA should make up at least 50% of the volume of the mixture. 17 The patient is seen every two weeks for orthodontic adjustments following graft placement. It is advised that the surgical
               procedure be carried out a week after the placement of the fixed orthodontic appliance and that the appliance be in use when
               the surgery is done. 17

            The success of this technique depends on the practitioner. Because complex osteotomies are often performed at anatomically
               or technically difficult sites, it requires surgical expertise to ensure the safety of nearby structures. In periodontal surgery,
               the mucosa, gingiva, and roots of the teeth are vulnerable to damage. 17

         

         
               Discussion

            According to Han et al in their study, PAOO could improve a quantity of periodontal hard and soft tissues in patients with
               class III skeletal malocclusion with insufficient amount of soft tissue, including gingival thickness and keratinized gingival
               width. They used a digital 3D model based on the combination of digital intraoral scanning and CBCT data to digitally measure
               gingival thickness with high precision and reliability.18 In the same light, and despite the limits of the study, Chen et al have obtained results showing that the PAOO technique
               is beneficial to periodontal conditions in terms of increased soft and hard tissue. PAOO can be a safe and effective treatment
               for orthodontic patients with bone dehiscence and fenestration. This is no longer an intervention limit in patients with weakened
               periodontitis. 16

            The surgical techniques examined and described in the article of Keser et al. all accelerate orthodontic movement at different
               speeds. It was not possible for the authors to clearly compare the time savings obtained by these different techniques because
               of the weakness of the available data.  Some of the described techniques are gaining popularity (Micro-osteoperforations MOPs,
               piezocision), while others (canine rapid retraction, corticision) are no longer popular, due to limited applications, patient
               discomfort, or the invasivity of the technique. Piezocision and PAOO have the advantage of grafting during surgery, improving
               hard and soft tissue and preventing periodontal defects that may occur due to thin alveolar bone. Piezocision, MOD and corticision
               are flapless approaches and are less invasive than PAOO. The use of Mallet in corticision is traumatic for the patient. 19 MODs seem to be the least invasive technique. PAOO seems to be the most invasive one. The use of the piezoelectric knife
               seems to have a greater effect on bone metabolism and creates a greater response compared to other techniques. The depth of
               the injury created has a direct impact on the phenomenon of the RAP. Therefore, it plays a very important role in the effectiveness
               of the approaches. 19

            However, Amit G et al report that PAOO can cause adverse effects on the periodontal after corticotomy, such as bone and gingival
               resorption, periodontal defects observed in cases with a short interdental distance. In addition, the post-operating effects
               can be present for several days: oedema, pain, subcutaneous hematomas of the face and neck were also reported after intensive
               corticotomies. No effect on pulp vitality of teeth adjacent to the corticotomy site was reported. 20

            The prospective cohort study conducted by et al revealed that on the first post-operative day, the patient experiences high
               levels of pain and discomfort, with moderate to severe levels of swelling and difficulty in chewing, which reduces jaw movement.
               However, patient satisfaction with the PAOO procedure was high; the level of pain decreased statistically significantly after
               one week of surgery. The ability to extrapolate results may be limited, as it included patients with specific malocclusion
               with a particular age group. More controlled cohort studies of different cases of malocclusion are preferable to generalize
               results. 21

            According to the scientific evidence presented in the systematic review of Alsino et al, PAOO has been effective in reducing
               the duration of orthodontic treatment. The evidence was extracted from several studies with different levels of risk of bias,
               This indicates the need for more high-quality randomized controlled clinical trials on the efficacy of PAOO compared to the
               accelerated conventional orthodontic method or accelerated treatments using other methods. 22 The systematic review of Vannala et al, also raised the importance of randomized tests in humans to confirm the benefits
               of this procedure and evaluate its long-term clinical decline. 23

         

         
               Conclusion

            The literature has covered the PAOO technique in great detail. In fact, this method enables a demanding adult patient to shorten
               the length of orthodontic treatment. This strategy should not be used, though, unless there are clear indications of its advantages,
               which should always outweigh any possible risks.
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