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Introduction
In this fast-paced and self-conscious society, time and aesthetics 

have become increasingly important and the number of adult 
patients looking for aesthetic and comfortable alternatives to 
WUDGLWLRQDO� ¿[HG� DSSOLDQFH� WKHUDSLHV� LV� LQFUHDVLQJ� VLJQL¿FDQWO\�2QH�
of the biggest challenges an adult orthodontic patient faces is the 
time spent wearing the appliance: to accelerate orthodontic tooth 
movement, and thus shorten treatment duration, is thus a topical 
issue.1 Corticotomy is an effective and safe technique to accelerate 
orthodontic treatment: surgical wounding of cortical bone potentiates 
tissue reorganization and healing, by a transient burst of localized 
hard and soft tissue remodeling. The so called Regional Acceleratory 
Phenomena (R.A.P.) healing is a natural localized reaction of soft 
and hard tissues in response to an injury, characterized by increased 
perfusion, bone turnover and decreased bone density. Its well know 
WKDW�VXUJLFDO�WUDXPD�RI�WKH�FRUWLFDO�ERQH�LQFUHDVHV�WKH�H[SUHVVLRQ�RI�
VHYHUDO�LQÀDPPDWRU\�F\WRNLQHV��ZKLFK�OHDGV�WR�PRUH�RVWHRFODVW�DQG��
consequently, greater bone remodeling process.2 The time available to 
accelerate tooth movement is thus limited to the 2-3 months following 
corticotomy. During the reactive and reparative phases 4-6 mm of 
WRRWK� PRYHPHQW� PLJKW� EH� H[SHFWHG�� GRXEOLQJ� WKH� QRUPDO� UDWH� RI�
RUWKRGRQWLF�WRRWK�PRYHPHQW��$�UHFHQW�UHYLHZ�RI�WKH�H[LVWLQJ�OLWHUDWXUH�
reported that tooth movement was found to be slightly quicker with 
surgically assisted orthodontics in comparison with conventional 
treatment over periods of one month (MD 0.61 mm; 95% CI 0.49 to 
0.72; P value <0.001) and three months (MD 2.03 mm; 95% CI1.52 
to 2.54; P value <0.001).3 However corticotomies are associated to 
VLJQL¿FDQW� SRVW�RSHUDWLYH� GLVFRPIRUW�� DUH� WLPH� FRQVXPLQJ� DQG�PD\�
require patient sedation: moreover are associated to post-operative 
PRUELGLW\� DQG� SHULRGRQWDO� ULVNV� PDLQO\� GXH� WR� WKH� ÀDS� HOHYDWLRQ��

Alternative minimally invasive procedures combining micro-incision 
with selective tunneling hard and soft tissue grafting and piezoelectric 
incision, have thus being developed to shorten surgical time and 
to limit patient discomfort and to increase periodontal safety. The 
association of mini-invasive surgical approaches and aesthetic and 
comfortable aplliances, like aligner orthodontics, could increase the 
DFFHSWDQFH�UDWH�RI�DGXOW�SDWLHQWV��2Q�WKH�EDVLV�RI�WKHVH�FRQVLGHUDWLRQV�
and with the aim of a further improvement of minimally invasive 
SURFHGXUHV� DQ� LQQRYDWLYH��PLQLPDOO\� LQYDVLYH�� VLPSOL¿HG� WXQQHOLQJ�
procedure combining piezoelectric cortical incisions and bone tissue 
grafting has been designed and will be here described.

Materials and methods
A 24 years old male presented with a bilateral molar class I 

malocclusion, severe crowding, open bite and reduced upper arch 
ZLGWK� �)LJXUH� ���� ,Q� RUGHU� WR� DYRLG� WKH� SDODWDO� VXUJLFDO� H[SDQVLRQ�
and considering the conclusions by Bhattacharya et al. according to 
which alveolar corticotomies not only can accelerate the orthodontic 
treatment but also provide the advantage of increased alveolar width 
to support the teeth and overlying structures, corticotomies were 
selected to assist the Invisalign® (Align Technology, San José, CA, 
USA) orthodontic treatment.4 A cone beam computed tomography 
(CBCT) scan was collected among all the conventional orthodontic 
and surgical diagnostic data in order to design the surgical assisted 
orthodontic treatment plan. CBCT data were very helpful in reviewing 
the orthodontic treatment plan via the Clin Check® planning in order to 
REWDLQ�D�PD[LOODU\�DUFK�H[SDQVLRQ�RI�DERXW��PP�LQ�WKH�SUHPRODU�UHJLRQ�
with staging set at 0.25 mm per aligner. A total duration of 30months 
of treatment was forecasted. The patient did not report any systemic 
contraindication to surgery and provided written informed consent 
to the described procedures. All the statements of the Declaration of 
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Abstract

To date, the number of adult patients looking for aesthetic and comfortable alternatives 
WR� WUDGLWLRQDO� ¿[HG� DSSOLDQFH� WKHUDSLHV� LV� LQFUHDVLQJ� VLJQL¿FDQWO\�� 2QH� RI� WKH� ELJJHVW�
challenges an adult orthodontic patient faces is the time spent wearing the appliance: to 
accelerate orthodontic tooth movement and shorten treatment duration is thus a topical 
issue. Corticotomy is an effective and safe technique to accelerate orthodontic treatment: 
KRZHYHU� FRUWLFRWRPLHV� DUH� DVVRFLDWHG� WR� VLJQL¿FDQW� SRVW�RSHUDWLYH� GLVFRPIRUW� DQG� DUH�
time consuming. Alternative minimally invasive procedures combining micro-incision 
with selective tunneling hard and soft tissue grafting and piezoelectic incision, have thus 
being developed to shorten surgical time and to limit patient discomfort and to increase 
periodontal safety. The association of mini-invasive surgical approaches and aesthetic and 
comfortable aplliances, like aligner orthodontics, could increase the acceptance rate of adult 
SDWLHQWV��2Q�WKH�EDVLV�RI�WKHVH�FRQVLGHUDWLRQV�DQG�ZLWK�WKH�DLP�RI�D�IXUWKHU�LPSURYHPHQW�
RI�PLQLPDOO\�LQYDVLYH�SURFHGXUHV�DQ�LQQRYDWLYH��RXWSDWLHQW��VLPSOL¿HG�WXQQHOLQJ�SURFHGXUH�
combining piezoelectric cortical incisions, bone tissue grafting and clear aligners has been 
designed and will be here described.
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Helsinki were followed. The day when surgery was scheduled, the 
SDWLHQW�SHUIRUPHG�PRXWK�ULQVH�FRQWDLQLQJ������FKORUKH[LGLQH� IRU���
minute pre-operatively and Mepivacaine (carbocaine 2% AstraZeneca 
6�S�D�� 0LODQ�� ,WDO\�� ZLWK� DGUHQDOLQH� ���������� ZDV� LQ¿OWUDWHG� WHD�
reducing bleeding at the surgical site. Full-thickness vertical gingival 
incisions were performed along the median and both in lateral 
IUHQXOD�XVLQJ�D�QXPEHU����EODGH�DQG�QRW�H[WHQGLQJ�WR�WKH�NHUDWLQL]HG�
gingiva. Full thickness incisions were made cutting the mucosa to the 
periosteum, allowing the blade to touch the alveolar bone. A sharp 
periosteal elevator allowed wide subperiosteal tunneled dissection 
over the roots of the involved teeth, both mesially and distally (Figure 
2) Subsequently, a piezoelectric micro saw (Surgysonic Moto® 
Esacrom S.r.l. Imola, Italy) was introduced into the tunnel created 
XQGHUQHDWK�WKH�ÀDS�DQG�LQWHUSUR[LPDO�FRUWLFRWRPLHV�H[WHQGHG�WKURXJK�
the entire thickness of the cortical layer, just barely penetrating the 
medullary bone were performed between the dental roots following the 

ORQJ�D[LV�RI�WKH�DOYHROXV�DQG�VWRSSLQJ�DW�D�GLVWDQFH�RI���PP�IURP�WKH�
SDSLOOD�XS�WR�WKH�YHVWLEXODU�IRUQL[������PP�DERYH�WKH�DSH[�RI�WKH�WHHWK��
QRW� SHQHWUDWLQJ� WKH�PD[LOODU\� VLQXV�� (QGRVFRSLF� DVVLVWDQFH� WKURXJK�
¿EHU�RSWLF�ZDV�QRW�QHFHVVDU\�EHFDXVH�RI�WKH�GLUHFW�VLJKW�DOORZHG�E\�
the frenula incisions. An established augmentation procedure was 
performed in this case. The suture of the vertical incisions using 
PGA 3–0 thread (Omnia S.p.a, Fidenza, Italy) in the muscular layer 
and Silk 3-0 thread (Ethicon, Johnson & Johnson, Somerville, NJ, 
USA) on the mucosa complete the surgical procedure. Prophylactic 
DPR[LFLOOLQ� �� JU� SHU� GD\�PHGLFDWLRQ�ZDV� SUHVFULEHG� IRU� RQH�ZHHN��
pain killing was achieved using Paracetamol 500mg+Codeine 30mg 
WKUHH� WLPHV� D� GD\� UHVWULFWHG� WR� WKH�¿UVW� SRVWRSHUDWLYH� GD\V� WR� DYRLG�
LQWHUIHUHQFH�ZLWK�WKH�5$3��2UWKRGRQWLF�WUHDWPHQW�ZDV�UHVXPHG�RQ�WKH�
same day using Invisalign® aligners. During the RAP phase aligners 
were changed every 5 days, reducing of about one third the normal 
protocol of aligners changing (14 days). 

Figure 1 patient upper arch before and after treatment and Clincheck image. 

Figure 2 The minimally invasive surgical access. 

Result
This approach permitted to reduce the duration treatment 

forecased from 30 to 18 months. Nor dentinary hyper sensibility 
neither loss of tooth vitality, nor adverse periodontal events neither 

VLJQL¿FDQW�UHGXFWLRQ�LQ�FUHVWDO�ERQH�KHLJKW�DQG�QR�HYLGHQFH�RI�DSLFDO�
root resorption effects were clinically and radiographically noticeable 
during 12 months of follow-up evaluation. A TC Cone Beam was 
FROOHFWHG�WR�HYDOXDWH�¿QDO�UHVXOWV��)LJXUH����
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Figure 3 Cone Beam images before and after treatment. 

Discussion
The biologic limit of orthodontic tooth movement includes 

the pre-treatment alvolar bone and the surrounding soft tissues. 
Historically surgery was required in order to overcome these limits but 
SHULRGRQWDOO\�DFFHOHUDWHG�RVWHRJHQLF�RUWKRGRQWLFV¶��3$22��PHWKRGV��
SXEOLVKHG� LQ� WKH� ODVW� ��� \HDUV� LQFOXGLQJ� ÀDSOHVV� µSLH]RFLVLRQ¶� DQG�
transmucosal micro-osseous perforations, have been demonstrated 
effective in reducing overall orthodontic treatment times. However, 
these techniques have not been widely embraced by the orthodontic 
community since they associated with post-operative discomfort 
and a high risk of complications leading to a low acceptance by the 
patient. These are also the main reasons why minimally invasive 
corticotomies techniques were introduced: furthermore the possibility 
of restoring alveolar volume and peridontium integrity in a single 
stage procedure makes this minimally invasive approaches even more 
attractive.5,6 The physical injury determined by the corticotomy evokes 
regional acceleratory phenomena (RAP) that involves a temporary 
osteopenia responsible for the rapid tooth movement: with the 
Invisalign® technique, aligners were changed every 5days. Selective 
bone injury stimulates both the catabolic and anabolic responses in 
the peridontium and the sequential demineralization-demineralization 
SKHQRPHQRQ�MXVWL¿HV�WKH�IDFLOLWDWHG�WRRWK�PRYHPHQW�DIWHU�FRUWLFRWRP\�
surgery.1� 7KH� UHDVRQ� IRU� WKLV� NLQG� RI� DSSURDFK� LV� WR� PD[LPL]H� WKH�
usefulness of the RAP window, lasting for about 9 weeks after 
surgery, but up to 14 weeks if the orthodontic movement is continued 
where the bone is more pliable allowing moving teeth rapidly 
WKURXJK�WKH�GHPLQHUDOL]HG�ERQH�PDWUL[��:LOFNR�SHUIRUPHG�H[WHQVLYH�
corticotomy cuts with burs after a sulcular-releasing incision and full-
WKLFNQHVV� ÀDS� HOHYDWLRQ� ODELDOO\� DQG� OLQJXDOO\� XQGHU� LQWUDYHQRXV� RU�
oral sedation.5�6LJQL¿FDQW�WUDXPD�DOZD\V�GHULYHG�IURP�WKH�HOHYDWLRQ�
RI�ODUJH�ÀDSV�DQG�WKH�H[WHQVLYH�QDWXUH�RI�WKH�FRUWLFRWRPLHV��QR�PDWWHU�
the technique: ultrasonic microsaws, once introduced, allowed a safer 
corticotomy.�� Hernandez-Alfaro presented endoscopically assisted 
piezocision perfomred under local anesthesia through a tunnel 
apporach using only one to three buccal vertical incisions per arch at 
the upper or lower midline and/or behind the upper canine, performed 
with angled piezoelectric saws: their technique permitted an improved 
endoscopic control of the cuts with respect to the roots. The technique 
here presented is an evolution of the one proposed by Hernanedz-
alfaro and Dibart.�� Incisions are made through the frenula, allowing 
D� PRUH� GLVWDO� VXUJLFDO� DFFHVV�� WKH� PHGLDQ� WR� WKH� VL[� DQWHULRU� WHHWK�
while the lateral ones to the premolars and molars of the respective 
quadrant. Another advantage of this technique is represented by the 
FKDQFH�WR�UHDFK�WKH�VXSHULRU�ZLVGRP�WHHWK�LI�WKHLU�H[WUDFWLRQ�KDV�EHHQ�

planned: the tunnel started at the lateral frenulum could be used to 
access the bone surrounding the wisdom tooth with the piezoelectric 
VDZ��'HGLFDWHG�(VDFURP��(VDFURP�6�U�O���,PROD��,WDO\��DQJXODWHG�VDZV�
have been designed and engineered to perform corticotomies through 
the surgical access without the need of endoscopic assistance. The use 
of dedicated piezoelectric saw is mandatory to avoid thermal damage 
of the soft tissues. Cortical incisions can be easily performed on direct 
crown and cortical bone vision, together with the tactile sensation of 
the interdental concavity between the root prominences, just designing 
PRUH� GLVWDO� ODWHUDO� LQFLVLRQV�� HYHQ� LI� URRW� SUR[LPLW\�� URRW� FRQYH[LW\�
RU�DEQRUPDO�URRW�DQJXODWLRQ�DUH�FULWLFDO��:LWK�WKLV�VXUJLFDO�WHFKQLTXH�
WKH�JUDIW�FRXOG�EH�HDVLO\�ORFDWHG�DV�UHTXHVWHG�E\�:LOFNR��9HUFHOORWWL�
and Dibart, and placed as crestally as required.�� This technique is 
very respectful of the periodontium since no sulcular incisions are 
SHUIRUPHG� HYHQWKRXJK� D� IXOO�WKLFNQHVV� ÀDS� HOHYDWLRQ� LV� REWDLQHG��
At the meantime it is aimed to be user-friendly, being performed in 
GHQWDO� RI¿FH�� DOORZLQJ� VRIW� DQG�KDUG� WLVVXH�JUDIWLQJ�ZKHQ� UHTXLUHG��
minimizing post-operative discomfort, and reducing chairside 
time. It allows the clinician to treat both full-arch and segmental 
malocclusion in one-step or sequential surgery. This technique has 
been conceived to overcome the referred complications of previously 
described approaches, to avoid periodontal damage and to offer the 
chance to apply a unique surgical protocol, no matter the number of 
sites to treat and the need or not of bone graft. To date in literature 
there are only two published reports concerning Invisalign®-assisted 
treatment with corticotomies, and both of them involve a segmental 
malocclusion: by means of this technique we treat successfully a 
full arch malocclusion.9,10� &OLQLFDO� WULDOV� DUH� JXDUDQWHHG� WR� FRQ¿UP�
these preliminary results in order to elicit this technique as the novel 
surgical standard in performing corticotomies.
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