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A pilot clinical study of Class III surgical patients facilitated by improved
accelerated osteogenic orthodontic treatments
JiaQi Wua*; Jiu-Hui Jiangb*; Li Xuc; Cheng Liangd; YunYang Baie; Wei Zouf
ABSTRACT
Objective: To evaluate if the improved accelerated osteogenic orthodontics (IAOO) procedure
could speed Class III surgical patients’ preoperative orthodontic treatment duration and, if yes, to
what extent. This study was also designed to determine whether or not an IAOO procedure affects
the tooth-moving pattern during extraction space closure.
Materials and Methods: The samples in this study consisted of 24 Class III surgical patients.
Twelve skeletal Class III surgery patients served as an experimental group (group 1) and the
others as a control group (group 2). Before treatment, the maxillary first premolars were removed.
For group 1, after the maxillary dental arch was aligned and leveled (T2), IAOO procedures were
performed in the maxillary alveolar bone. Except for this IAOO procedure in group 1, all 24 patients
experienced similar combined orthodontic and orthognathic treatment. Study casts of the maxillary
dentitions were made before orthodontic treatment (T1) and after extraction space closure (T3). All
of the casts were laser scanned, and the amount of movement of the maxillary central incisor,
canine, and first molar, as well as arch widths, were digitally measured and analyzed by using the
three-dimensional model superimposition method.
Results: The time durations T3–T2 were significantly reduced in group 1 by 8.65 6 2.67 months
and for T3–T1 were reduced by 6.39 6 2.00 months (P , .001). Meanwhile, the tooth movement
rates were all higher in group 1 (P , .05). There were no significant differences in the amount
of teeth movement in the sagittal, vertical, and transverse dimensions between the two groups
(P . .05).
Conclusion: The IAOO can reduce the surgical orthodontic treatment time for the skeletal Class III
surgical patient by more than half a year on average. The IAOO procedures do not save
anchorage. (Angle Orthod. 2015;85:616–624.)
KEY WORDS: Corticotomy; Class III surgical patients; Preoperative orthodontic treatment
duration; Three-dimensional measurement; Tooth movement pattern; Improved accelerated
osteogenic orthodontics
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Young adult patients who have a skeletal facial
discrepancy such as a skeletal Class III malocclusion
must seek interdisciplinary treatment. A combination of
surgical and orthodontic therapy is chosen for most of
these patients. They also care very much about the
treatment duration.1 In general, the presurgical orthodontic treatment for these patients takes 1.5 or even
2 years,2 and the postoperative orthodontic treatment
takes about 6 months to 1 year.3 The overall treatment
time, therefore, for these patients usually takes about
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CLASS III SURGICAL PATIENTS FACILITATED BY IAOO
Table 1. Demographic Information for Samples in Group 1 and Group 2
Age

Maxillary Crowding, mm

Group

Sample
Size

Sex
(Male:Female)

Mean 6 SD

Z

P

Mean 6 SD

Z

P

1
2

12
12

4:8
4:8

20.1 6 1.6
20.6 6 2.0

20.569

.570

2.0 6 1.5
1.6 6 1.6

20.707

.479

3 years, sometimes even longer. To shorten the
treatment time and still meet the facial esthetic
requirements of these patients is an important goal.
A corticotomy that can facilitate the speed of
orthodontic treatment may be one solution that will
meet the needs of these young adult patients.
Corticotomy-facilitated tooth movement was first described by Bryan in 1893.4,5 A surgical procedure that
involved both osteotomy and corticotomy was first
described by Kole in 1959.6 Accelerated osteogenic
orthodontics (AOO), or Wilckodontics, was demonstrated by Wilcko et al. in 2001.7 This technique
includes selective alveolar decortification, alveolar
augmentation, and orthodontic treatment. In 2009,
Dibart et al.8 used the piezocision technique to achieve
rapid orthodontic tooth movement. To reduce surgical
injury, we combined two kinds of operative methods
proposed by Wilcko and Dibart, respectively, improving the AOO procedure. A piezoelectric method has
been used in our study to replace the traditional slowspeed drills. We named this procedure the improved
accelerated osteogenic orthodontics (IAOO).
Wilcko reported that orthodontic treatment could be
completed in one-third to one-fourth of the time
required by traditional orthodontic treatment.4,9 In
2007, Fischer10 reported that a corticotomy-assisted
surgical technique helps reduce orthodontic treatment
time for palatally impacted canines, and in 2011,
Aboul-Ela et al.11 described that the average daily rate
of canine retraction was two times more rapid on the
corticotomy side of a sample than on the control side
during the first 2 months after the corticotomy surgery.
Most clinical articles are case studies and nonextraction cases.12 For surgical patients, AOO has also been
used to reshape and increase the buccolingual
thickness of the supporting alveolar bone during and
after orthodontic treatment.13–15
There were three objectives for this pilot clinical
study. The first was to find out whether or not the IAOO
procedure could reduce the duration of preoperative
orthodontic treatment. The second objective was to
determine to what extent IAOO could reduce the
preoperative orthodontic treatment time. The third
objective was to find out whether or not the IAOO
procedure affects the tooth-moving pattern during
extraction space closure or, in other words, whether
or not the IAOO procedure saves molar anchorage
when it is applied to the anterior dental area.

MATERIALS AND METHODS
The University Ethics Committee and Competent
Authority approved this clinical trial protocol before it
started and has been supervising the process. All
patients were provided information about the proposed
treatment and signed consent forms. The samples in
this study consisted of 24 Class III surgical patients.
Twelve of them agreed to have the IAOO procedures.
These patients served as the experimental group
(group 1). Another 12 patients, matched according to
age, gender, diagnosis, extraction pattern, and crowding, served as the control group (group 2; Table 1).
The screening criteria for all patients were as follows:
(1) 18 to 30 years of age; (2) Class III anterior, canine,
and molar relationships, ANB ,24u or Wits ,26 mm;
(3) bilateral extraction of maxillary first premolars and
nonextraction in the mandibular arches; and (4) mild
crowding in the maxillary arch (#3 mm; Table 1).
Exclusion criteria were patients with active periodontal
disease, supernumerary teeth, and craniofacial syndromes. The cephalometric analyses for the two
groups were compared and are shown in Table 2.
Treatment Progress
After the extraction of maxillary first premolars,
patients were bonded with preadjusted edgewise
0.022-inch fixed appliances. For group 1, after aligning
and leveling the maxillary arch, a 0.0193 0.025-inch
stainless-steel archwire was ligated into the maxillary
Table 2.

Cephalometric Measurements of the Sample
Group 1 (n 5 12)

Variable
SNA, u
SNB, u
ANB, u
FH-NP, u
NA/PA, u
U1-NA, mm
U1/NA, u
L1-NB, mm
L1/NB, u
U1/L1, u
U1/SN, u
MP/SN, u
MP/FH, u
L1/MP, u
Y, u
Wits, mm

Mean 6 SD
80.20
85.74
25.54
92.85
212.15
10.75
35.51
4.89
21.59
128.45
115.71
36.88
30.02
78.97
59.84
213.44

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

2.69
3.12
1.92
2.56
3.94
2.11
6.21
2.54
7.80
12.07
8.20
6.07
6.45
9.30
4.34
3.10

Group 2 (n 5 12)
Mean 6 SD
81.91
86.08
24.17
90.76
29.45
9.77
34.93
5.27
22.07
127.17
116.84
35.81
31.53
80.18
62.23
210.33

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

4.59
3.98
2.81
2.23
8.57
1.08
4.85
2.92
8.77
13.61
6.59
3.54
4.59
7.93
2.85
3.38

Z

P

20.630
20.315
20.840
21.575
20.315
21.260
20.053
20.210
20.210
20.105
20.105
20.840
20.420
20.315
21.050
21.575

.529
.753
.401
.115
.753
.208
.958
.834
.834
.916
.916
.401
.674
.753
.294
.115
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Figure 1. (a) Sulcular incision performed on the anterior teeth area. (b) Reflection of full-thickness flap. (c, d) Interradicular alveolar corticotomy
grooves with piezosurgery. (e) Bone graft material filled the corticotomy area. (f) Flap was sutured.

brackets; corticotomies were performed only on the
buccal side of the alveolar bone with a piezo ultrasonic
surgery unit (Piezotome made in France by SATELEC). During the procedure, a full-thickness mucoperiosteum flap was reflected. Parallel vertical incisions were then made in the interradicular spaces from
the mesial area of the right second premolar to the
mesial area of the left second premolar. These
incisions cut through the entire thickness of the cortical
plate. No horizontal corticotomy cuts were made. Bone
grafting material (Cerasorb, 50,500 mm, 0.5 g, Curasan AG, Germany) was applied to cover the selective
decortification areas. The flaps were carefully repositioned and sutured (Figure 1). Two weeks later, the
patients were examined for the first orthodontic
adjustment after the IAOO procedure. En masse
retraction of the anterior teeth was completed. Group
2 had no IAOO procedure, but the same orthodontics
and subsequent orthognathic surgery were done. The
intervals for orthodontic adjustments averaged 4 weeks
for both groups.
Measurements and Statistical Method
Treatment time before orthognathic surgery. Time
points included the following:
N T1: The date when brackets and bands were placed
on the maxillary dentition.
N T2: The date when the upper teeth were aligned and
leveled.
N T3: The date when the maxillary dentition spaces
were closed.
Measurements. Measurements included the time
duration for (1) maxillary dentition leveling and
Angle Orthodontist, Vol 85, No 4, 2015

alignment (T2–T1), (2) extraction space closure (T3–
T2), and (3) preoperative orthodontic treatment for
leveling, alignment, and extraction space closure (T3–
T1). Independent samples nonparametric tests
(Mann-Whitney test) were applied to compare the
two groups.
Measurements of the Three-Dimensional Virtual
Maxillary Models
Maxillary digital dental model creation. Maxillary
dental models of T1 and T3 were scanned by a threedimensional (3D) laser scanner (R700 laser scanner, 3
Shape, 60.02 mm, Denmark), and the digital models
were named T1 scan and T3 scan, respectively.
Reconstruction and analyses of 3D images were
performed using reverse engineering software (Rapidform2006; INUS Technology Inc, Seoul, Korea).
Establishment of the 3D coordinates. A coordinate
system modified from the proposal of Cha et al.16 and
Chen et al.17 was established on the T1 scan. The
junction of the incisive papilla and the palatine raphe
served as the origin (0, 0, 0), resulting in an x-, y-, and
z-axis and three planes (Figure 2).16,17
Three-dimensional model superimposition. To measure orthodontic tooth movement, digital maxillary
casts T1 and T3 were registered using the iterative
closest point (ICP) method,18 in which initial rotation
and translation scans are estimated using the 3D
palatal vault region (PVR). This 3D cast superimposition method was performed on the 3D PVR and
included the medial two-thirds of the palatal vault
between the third rugae and a line in contact with the
distal surface of the left and right maxillary first molars
(Figure 3).17
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Figure 2. The coordinate system. (a) The x-z horizontal plane is the section that includes the junction of inclusive papilla and palatine raphe
(PMRJ) and parallel to the occlusal plane constructed by connecting the mesio-buccal cusp tips of the right and left maxillary first molars and the
midpoints of the central incisor edges using the best-fitting process. (b) The x-y sagittal plane is the section inclusive of one arbitrary point on the
midpalatal suture and the PMRJ and perpendicular to the x-z horizontal plane. (c) The x-z frontal plane is the section inclusive of the PMRJ and
perpendicular to both the horizontal and sagittal planes.

Figure 3. Superimposition of maxillary digital casts of T1 (in blue; please see the online version for color) and T3 (in red) on the three-dimensional
palatal vault region.
Angle Orthodontist, Vol 85, No 4, 2015

620

WU, JIANG, LIANG, BAI, ZOU

Figure 4. (a) The measuring points on T1 scan (in blue; please see the online version for color). UR1 indicates the midpoint on the edge of
maxillary right central incisor; UL1, midpoint on the edge of maxillary left central incisor; UR3, tip of maxillary right canine; UL3, tip of maxillary left
canine; UR6, fovea of right maxillary first molar; UL6, fovea of maxillary left first molar; intercanine width, distance between UR3 and UL3;
intermolar width, distance between UR6 and UL6. (b) The maxillary right central incisor was detached from the T1 scan. (c) UR1 fixed on the
maxillary right central incisor on the T1 scan was transferred into the maxillary right central incisor on the T3 scan (in red) with the threedimensional image registration technique. (d) The measuring points on the T1 scan were transferred into the corresponding teeth on the T3
scan, respectively.

Measuring and Statistics Analysis
Using the coordinate system of the superimposed
3D models, the measuring points were fixed on the T1
scan. The points were the midpoint on the edge of the
maxillary right central incisor (UR1) and the maxillary
left central incisor (UL1), the tip of the maxillary right
canine (UR3) and maxillary left canine (UL3), and the
fovea of the maxillary right (UR6) and maxillary left first
molars (UL6; Figure 4a). With a 3D image registration
technique using the ICP method, these points on the
T1 scan were transferred onto the corresponding teeth
on the T3 scan (Figure 4).19 These superimposed
digital casts described the maxillary first molar, canine,
and central incisor movement. The widths of the arch
forms were measured (Figure 4a,d). The mean sagittal, vertical, and total tooth movement along with
Angle Orthodontist, Vol 85, No 4, 2015

widths of arch form for group 1 were compared with
those of group 2.
The Mann-Whitney tests were performed to determine whether significant differences existed between
the two groups. Two operators measured digital casts
twice and compared their findings. The intraclass
correlation coefficient (.0.8) exhibited high reliability
between operators. The definitive values were defined
as the average values from two examiners.
RESULTS
Treatment Time Before Orthognathic Surgery
There was no statistically significant difference for
T2–T1 between the two groups (P 5 .250; Table 3).
The T3–T2 and T3–T1 times were significantly shorter
for group 1 than for group 2 (P , .001).
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Table 3. Comparison of the Treatment Duration Between Group 1 and Group 2a
Group 1 (n 5 12)

Group 2 (n 5 12)

Period

Mean 6 SD

Mean 6 SD

Differences

Z

P

T2–T1
T3–T2
T3–T1

5.61 6 1.81
5.52 61.28
12.48 6 2.17

4.70 6 1.86
14.17 6 3.95
18.87 6 4.17

0.91 6 0.05
8.65 6 2.67
6.39 6 2.00

21.149
23.974
23.251

.250
.000*
.001*

a
T2–T1 indicates the duration of leveling and aligning arches; T3–T2, the duration of closing space; T3–T1, the duration of preoperative
orthodontic treatment in leveling, alignment, and extraction space closure phase.
* P , .001.

Measurements of the 3D Virtual Maxillary Models
The sagittal, vertical, and total amount of movement
of maxillary central incisor, maxillary canine, and
maxillary first molar indicated no statistical differences
between the two groups (P . .05; Table 4). Similarly,
the intercanine widths and intermolar widths showed
no significant differences between the two groups (P .
.05; Table 5).
Tooth Movement Rate During the Preoperative
Orthodontic Treatment in Leveling, Alignment, and
Extraction Space Closure Phase
Rates of maxillary central incisor, canine, and first
molar total movement were significantly higher in
group 1 than in group 2 (P , .05; Table 6; Figure 5).
DISCUSSION
The length of treatment time is a major concern for
the young adult patient, especially for those who have
a combination of orthodontics and surgical therapy.
Luther et al.2 reported that the median duration of the
presurgical phase of orthodontic treatment for Class III
patients was 18 months. Many factors such as
extraction or nonextraction, malocclusion classification, sex, age, and so forth influence preoperative

orthodontic treatment duration. Dowling et al.20 found
that the median duration of preoperative orthodontics
was 15.4 months. They found that extractions added
5 more months to the median preoperative duration
(P , .001).
Some research studies claim that corticotomy
induces a localized increase in turnover of alveolar
spongiosa and the acceleration of a physiologic
demineralization and remineralization process (reversible osteopenia).7,21 A recent study confirmed that the
basic mechanism underlying corticotomy is the coupling between osteoblasts and osteoclasts initiated at
the same time after a mechanical injury.22
The T3–T2 and T3–T1 times were significantly
shortened after the IAOO procedures for group 1. The
treatment time was reduced by 8.65 6 2.67 months and
6.39 6 2.00 months, respectively. This finding suggests
that preoperative orthodontic treatment time in the
leveling, alignment, and extraction space closure phase
(T3–T1) can be shortened at least half a year by
utilization of the IAOO procedure. If the time duration for
extraction space closure (T3–T2) is considered, nearly
9 months has been saved for the patient. The rates of
tooth movement further confirmed this result.
In this study, a piezoelectric surgical device replaced
the slow-speed hand piece that is commonly used

Table 4. Mann-Whitney Test Comparing Central Incisor, Canine, and First Molar Movement Measured From Group 1 and Group 2
Digital Models
Group 1 (n 5 12)

Group 2 (n 5 12)

a

Variable

Mean 6 SD, mm

Mean 6 SD, mma

Z

P

Central incisor
U1 – Sagittal (X)
U1, vertical (Y)
U1, total

22.99 6 1.44
0.00 6 1.88
3.66 6 1.43

23.05 6 0.92
20.91 6 1.28
3.51 6 0.97

20.258
21.385
20.634

.796
.166
.526

24.67 6 1.17
0.26 6 1.64
5.20 6 1.17

24.36 6 1.39
20.19 6 1.02
4.79 6 1.29

20.587
21.244
21.009

.557
.213
.313

2.17 6 1.08
0.24 6 0.82
3.74 6 0.85

2.46 6 1.01
20.06 6 0.65
4.18 6 0.94

20.399
21.385
21.502

.690
.166
.133

Canine
U3, sagittal (X)
U3, vertical (Y)
U3, total
First molar
U6, sagittal (X)
U6, vertical (Y)
U6, total
a

Negative horizontal measurement 5 distal movement; negative vertical measurement 5 intrusion.
Angle Orthodontist, Vol 85, No 4, 2015
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Table 5. Comparison of Intercanine Widths and Intermolar Widths Between Group 1 and Group 2 Measured at T1 and T3a

Variable
Intercanine widths at T1
Intermolar widths at T1
Intercanine widths at T3
Intermolar widths at T3
a

Group 1 (n 5 12)

Group 2 (n 5 12)

Mean 6 SD, mm

Mean 6 SD, mm

35.55
49.20
33.06
44.12

6
6
6
6

1.87
2.29
1.66
1.17

36.11
50.62
34.09
44.77

6
6
6
6

2.03
3.78
1.42
2.79

Z

P

20.886
21.511
21.609
20.033

.375
.131
.108
.974

T1 indicates the date when brackets have been put on; T3, the date when the upper extraction spaces have been closed.

during the IAOO procedure. In previous reports, slowspeed drills showed signs of thermal damage and
bone fragments.23 Piezosurgery was claimed as ideal
to perform osteotomies in thin and fragile bones. The
ultrasound appliance is precise and easily handled,
and the microvibrations allow a selective cut of only
mineralized structures, thereby creating minimal damage to adjacent tissue. In addition, in this study, only
buccal-side corticotomy incisions were performed;
there was no horizontal subapical cut. Sebaoun et
al.21 reported that cuts on only the buccal side were
enough for inducing reversible osteopenia. For the
patients in group 1, little discomfort was reported
during and after the IAOO procedure.
Laser scanning was introduced to digitize the dental
casts and enhance the 3D measurement and analysis of
study casts.24 Compared with plaster dental casts, 3D
digital dental casts proved to be more accurate and
reliable.25,26 In previous studies, pretreatment and posttreatment maxillary digital dental casts were superimposed to analyze tooth movement patterns in extraction
patients.16,17 In this study, similar methods were used to
superimpose and analyze the T1 and T3 scans.
Wilcko and Wilcko27 mentioned that the AOO
procedure increased rates of movement differentially
between decorticated and nondecorticated teeth and
thus created the ability to alter the relative anchorage
between teeth. Therefore, the anchorage teeth should
be more effective anchors if not decorticated; conversely, decorticated teeth moved with greater ease. In
this study, the maxillary first premolars were removed
to allow the retraction of the maxillary anterior teeth.

An assumption had been made that the amount of the
incisor retraction in group 1 would be greater than that
in group 2. However, the results indicated that this was
not the case: there were no significant differences
between two groups, no differences in the amount of
movement of anterior teeth and molars in the sagittal,
vertical, and transverse dimensions. In another animal
study, two groups, selective alveolar decortications +
tooth movement and tooth movement alone, demonstrated that the cumulative tooth movement amount
was the same.22 The total amount of tooth movement
was not changed by the IAOO procedure, but the tooth
movement rates were increased. Molar anchorage loss
was similar between the two groups, so corticotomy
cuts performed in the anterior area did not affect the
pattern of tooth movement or relatively increase molar
anchorage. If patients need more anterior teeth
retraction, extra posterior anchorage devices should
be applied during the treatment.
To explore whether there was a selection bias, the
baseline data that might influence the results between
two groups were compared. First, patient age, gender,
and extraction patterns were matched in the two groups
(Table 1). Second, the detailed skeletal and dental
analysis of the two groups at baseline (T1) was done,
and the statistical analysis showed that the two groups
had no significant differences in measurable parameters (P . .05; Table 2). In addition, the amount of
crowding and incisor angulation indicated no statistical
differences between the two groups (P . .05; Tables 1
and 2). In conclusion, the only difference between the
two groups was the corticotomy intervention.

Table 6. Comparison of Upper Central Incisor, Canine, and First Molar Sagittal and Total Movement Ratesa
Group 1 (n 5 12)

Group 2 (n 5 12)

Variable

Mean 6 SD, mm/mo

Mean 6 SD, mm/mo

Z

P

Central incisor movement rate*
U1, total

0.30 6 0.13

0.19 6 0.06

22.462

.014*

0.43 6 0.11

0.26 6 0.07

23.447

.001**

0.31 6 0.09

0.23 6 0.07

22.134

.033*

Canine movement rate
U3, total
First molar movement rate
U6, total
a

Tooth movement rate indicates the absolute value of tooth movement distance/T3–T1.
* P , .05; ** P , .001.
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Figure 5. Graphic presentation of total tooth movement rate of group 1 and group 2 from T1 to T3.

This was a preliminary clinical research trial. This
study should be extended further to increase the
sample size and the follow-up period.
CONCLUSIONS
N The IAOO can reduce the preoperative orthodontic
treatment time in leveling, alignment, and extraction
space closure phase for the skeletal Class III surgical
patients by an average of more than half a year.
N The IAOO procedures do not save anchorage.
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