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ABSTRACT

Purpose: This study aimed to compare orthodontic treatment outcomes in maxillary 
protrusion enhanced by piezoelectric Corticotomy with and without bone graft guided 
by 3D surgical template. Subjects and Methods: sample of 20 patients with age range 
(18-25) year-old allocated randomly into 2 groups, Group I: patients were treated with 
piezocision corticotomy without bone graft guided by surgical template. Group II: pa-
tients were treated with piezocision corticotomy with bone graft guided by surgical 
template. Treatment changes were evaluated for each group and compared between 
groups. Data were analyzed using Paired t-test for each group and Student t-test to com-
pare between the two groups. Results: There was a significant decrease in mean SNA, 
ANB, H angles, SN-U1, MP-L1, overjet measurements and significant increase in mean 
interincisal and nasolabial angles for both groups. While there was a non-significant 
difference between mean differences in skeletal, dental and soft tissue measurements 
between the two groups (p<0.05). Both groups revealed decrease in the mean en masse 
retraction time. Conclusion: Maxillary protrusion cases treated with piezoelectric cor-
ticotomy revealed improvements in profile, esthetics and acceleration in orthodontic 
tooth movement.
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INTRODUCTION

The innovation of Corticotomy facilitated ortho-
dontics provides solutions to obstacles in the adults’ 
orthodontic therapy (1).

Corticotomy assisted orthodontics was invented 
by Kole (2) who proposed bony block movement by 
osteotomy in the alveolar process. 

Facilitated orthodontic tooth movement is due 
to Regional Acceleratory Phenomenon (RAP) and 
not on the block movement of bone (3). In healthy 
tissues RAP decrease the bone density whereas 
the bone matrix volume remains constant. The ap-
plication of orthodontic force alone is sufficient to 
stimulate mild RAP activity. When tooth movement 
is accompanied with selective decortication, RAP is 
maximized (4).

Periodontally Accelerated Osteogenic 
Orthodontics (PAOO) technique based on RAP. 
Osteopenia due to surgical trauma will reduce the 
resistance of bone and accelerate tooth movement(5).

The advantages of PAOO include less treatment 
time, the teeth can be accelerated two to three times 
in third to fourth the time needed for conventional 
orthodontic treatment, induce expansion, differ-
ential tooth movement, facilitate traction of teeth 
impacted and increase stability post orthodontic 
therapy. With PAOO the preexisting alveolar vol-
ume becomes not a problem, reduce occurrence of 
fenestrations and dehiscence (6). 

Piezoelectric surgery (PES) is a new technique 
introduced in bone surgery for corticotomies by 
utilizing a surgical device called the Mectron PES. 
In comparison to conventional bone cutting instru-
ments, PES is safe in bone surgery and provides 
precision (7). 

The following study was done to assess the treat-
ment outcomes of flapless piezoelectric corticotomy 
procedure accompanied with bone grafting.

MATERIAL AND METHODS

A statistical power analysis was done to deter-
mine the sample size. The alpha level was (0.05) 
5%, power of 80% and the suggested sample size 
was 20 patients for both groups (10 each group). The 
study was performed on patients selected from the 
clinic of Orthodontic Department, Faculty of Dental 
Medicine for Girls, Al-Azhar University. Consents 
were obtained from the patients after explanation of 
the aim and method of the study.

Twenty adult female patients were selected with 
maxillary protrusion and orthodontic treatment entail-
ing the extraction of maxillary first premolar teeth. 
Randomly the sample was allocated into 2 groups: 
Group I: Consist of 10 patients that were treated with 
piezocision corticotomy without bone graft guided by 
surgical template. Group II: Consist of 10 patients that 
were treated with piezocision corticotomy with bone 
graft guided by surgical template. 

Cephalometric records pre, post treatment and 
cone beam computed tomography of upper arch pre, 
6 months post-surgery were done. Fixed direct bond 
Roth system appliance with (0.022’’x0.028’’) inch 
slot was performed. Double Transpalatal bar appli-
ance was soldered to the maxillary 1st and 2nd mo-
lar bands. Leveling and alignment arch wires were 
placed in sequential order. 

The Piezocision corticotomy was done us-
ing Ultrasonic Piezotome guided with 3D surgical 
template in both groups. In Group II a tunnel was 
performed by micro periosteal elevator inserted be-
tween the gingival incisions, allowed wide subperi-
osteal tunnelled dissection, to provide enough space 
for bone grafting (xenograft) and PRF. Fig (1)

Maxillary six anterior teeth EN masse retrac-
tion along (0.016x 0.022) inch stainless steel arch 
wire using sliding mechanics was initiated im-
mediately after the surgical procedure. Extraction 
Space closure was applied postsurgical by elasto-
meric memory closed Power chains extended from 
the hook of maxillary canine bracket to the hook of 
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maxillary first molar band with retraction force of 
approximately (250-300 gm). Orthodontic adjust-
ments were performed every 2 weeks until extrac-
tion space closure.

Total retraction time was estimated from be-
ginning of retraction till complete space closure. 

Table (1) Mean, SD values of cephalometric measurements post-treatment between the two groups 

Type of measurements Measurement
Group I Group II Mean 

Difference P value
Mean  SD Mean  SD

Skeletal
 Measuements  

SNA 80.67 1.03 80.50 1.05 0.17 0.7872

SNB 76.67 0.82 77.00 2.28 -0.33 0.7471

ANB 4.00 1.26 4.00 0.63 0.00 1.0000

FACIAL Ấ 84.00 3.22 83.67 2.34 0.33 0.8421

 Ấ of Convexity 8.50 3.39 9.33 3.78 -0.83 0.6961

 Dental 
Measurements

1͟  to SN 99.33 3.33 101.33 3.88 -2.00 0.3610

1͞  to M.P 96.50 6.16 98.83 1.60 -2.33 0.4054

1͟  to 1͞ 126.50 5.89 125.17 4.79 1.33 0.6766

Over jet 3.17 0.75 2.83 0.75 0.33 0.4608

Over bite 3.33 0.52 2.83 0.75 0.50 0.2131

Soft tissue
Measurements

Nasolabial 102.50 4.97 103.50 5.58 -1.00 0.7498

H^ 19.00 3.03 20.67 3.72 -1.67 0.4160

Z^ 64.33 8.98 63.00 6.20 1.33 0.7716

SD=Standard Deviation, *: Significant at P ≤ 0.05

Cephalometric analysis was used for evaluation of 
soft and hard tissue changes before and post treat-
ment in both groups.

RESULTS

The results of the current study were collected, 
tabulated and statistically analyzed using SPSS. 
Paired t-test used to study changes post treatment 
for each group and Student test to evaluate compari-
son between the 2 groups.

Cephalometric measurements:

There was a significant decrease after treatment 
at both groups in mean SNA, ANB, SN-U1, MP-L1, 
overjet, H angle and significant increase in mean in-
terincisal, nasolabial angle while there was a non-
significant difference between mean changes in all 
measurements between the two groups. Table (1)

Figure (1) Inserting bone graft in a tunnel
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Retraction time:

Both groups (piezoelectric corticotomy without bone graft group) and (piezoelectric corticotomy with 
bone graft group) revealed decrease in the mean en masse retraction time (127.5±17.01) and (129.5 ±11.78) 
days respectively while there was a non-significant change in mean difference of retraction time between 
the two groups. Table (2)

Table (2) Mean, SD and Mean difference of Retraction time between the two groups

Rate of 
 retraction 

(days)

Group I Group II Mean  
Difference

P 
valueMean SD Mean SD

127.00 17.01 129.50 11.78 -2.50 0.7740

SD=Standard Deviation, *: Significant at P ≤ 0.05

DISCUSSION

Piezosurgery is a non-invasive procedure with-
out flap which combine incisions of cortex with se-
lective tunneling that permits for bone or soft-tissue 
graft.

Time is an important factor in orthodontic treat-
ment. The mean en masse retraction time of the 
current study was in accordance with previous stud-
ies(4,7). These results also agreed with those of study 
which reported the mean time for the en masse re-
traction in the corticotomy group was observed to 
be (131±7.5 days) in contrast to (234±9 days) for 
the conventional technique (8).  

The results confirmed by previous study which 
suggested that the high rate of tooth movement with 
corticotomy to a RAP, in which bone turnover in-
creased and mineral content decreased (9).

In the present study both groups who undergone 
flapless piezoelectric corticotomy showed a signif-
icant decrease in mean SNA angle post treatment 
which revealed the change of anteroposterior rela-
tion of maxilla to cranial base and also showed a 
significant decrease in ANB angle while the whole 
change was brought by the maxilla that provides 
change in profile and esthetics.

These results agreed with a study that found a 
significant decrease in SNA, ANB angle measure-
ments with corticotomy group than conventional 
orthodontics (10). 

In the present study both groups who under-
gone flapless piezoelectric corticotomy showed a 
significant decrease in mean SN-U1, MP-L1 mea-
surements post treatment and significant increase in 
mean interincisal angle, owing to the corticotomy 
procedure actively reducing the proclination of the 
upper incisors in relation to the mandibular incisors.

These results are in agreement with another clin-
ical study for evaluation of corticotomy facilitated 
orthodontics in maxillary anterior segment retrac-
tion in which the dental parameters revealed that the 
inclination of upper incisor significantly reduced, 
the interincisal angle was also increased to give the 
inference that there was a significant change of the 
angle (11).

In the current study, there was a significant de-
crease in mean overjet measurements post treatment 
in both groups which improved lip competence.

Results were in agreement with a study for com-
paring of cephalometric evaluations in anterior seg-
ment retraction combined with alveolar corticoto-
mies before and after treatment, which showed that 
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the overjet was significantly improved, excessive 
overjet was effectively treated with approximately 
5mm decrease (12). 

In the present study, there was a significant in-
crease in mean Nasolabial angle measurements and 
significant decrease in mean H angle measurements 
such that upper lips showed retrusion with the back-
ward movement of A point and retraction of pro-
clined maxillary incisors which revealed improve-
ment in soft tissue profile and lip competence.

The soft tissue changes of the current study were 
in agreement with a study evaluating the efficacy of 
corticotomy facilitated treatment in skeletal class II 
patients which found increase in nasolabial angle in 
corticotomy group than control group (13).

CONCLUSION

From the current study, the following conclusion 
could be extracted:

1.	 Piezoelectric surgery provide high precision 
and safe surgery in bone. 

2.	 Corticotomy facilitated orthodontics not only 
accelerate orthodontic tooth movement but also 
improve profile in maxillary protruded patients 
regardless of bone grafting.
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