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Abstract

Background Existing literature supports the efficacy of PAOO in augmenting alveolar bone volume and facilitating
orthodontic tooth movement. However, there is a paucity of literature addressing its application in the treatment of
adults with skeletal Class Il malocclusion. This retrospective clinical study aimed to compare the clinical efficacy of
camouflage orthodontic treatment combined with and without PAOO in adult patients presenting with skeletal Class
Il malocclusion.

Methods A retrospective study was performed in 38 patients with mild to moderate skeletal Class Il malocclusion
who underwent orthodontic treatment. Patients were divided into two cohorts: the experimental group, which
underwent the PAOO procedure combined with orthodontic treatment, and the control group, which received
traditional camouflage orthodontic treatment alone. Radiographic assessments, including lateral cephalograms
and cone-beam computed tomography (CBCT) scans, were conducted before treatment (T0) and after treatment
(T1) to evaluate changes in maxillary incisor inclination, alveolar bone thickness, and various skeletal and soft tissue
parameters.

Results The experimental group exhibited a significant reduction in the axial inclination of the maxillary incisors
after treatment (P<0.05; U1-PP, -4.97 +5.23°). The root apex of the maxillary incisors moved labially, and the A-point
moved forward. In contrast, the control group demonstrated significant proclination of the maxillary incisors (P < 0.05;
U1-PP, 6.80+7.89°). The ANB assessments demonstrated significant improvements (P < 0.05; 3.03 +1.62°), with a
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significant difference between groups that favored the experimental group. Nasolabial angle and G Vert-Sn increased
significantly only in the experimental group (P < 0.05; Nasolabial A, 947 +12.67°% G Vert-Sn, 2.19+2.56 mm). Compared
with TO, labial bone thickness significantly increased in the experimental group at T1, while it decreased significantly

in the control group.

Conclusion The integration of PAOO with orthodontic treatment appears to enhance labial alveolar bone
augmentation and facilitate the labial movement of maxillary incisor roots in patients with skeletal Class Il
malocclusion. Concurrently, it results in significant improvements in patients’ aesthetics of both soft and hard tissue

profiles.

Keywords Skeletal class Ill, Camouflage orthodontic, PAOO, Alveolar bone augmentation, Aesthetic

Background

Skeletal Class III malocclusion represents a prevalent yet
intricate craniomaxillofacial dysplasia characterized by
a prognathic mandible and maxillary hypoplasia, as evi-
denced by insufficient soft tissue in the subnasal region
[1, 2]. Additional dental features commonly observed
include anterior crossbite or significant proclination of
maxillary incisors, impacting both mastication and smile
esthetics [3, 4].

In addressing skeletal Class III malocclusion in non-
growing patients, the preferred therapeutic approach
typically involves a combination of orthodontic and
orthognathic treatments to rectify dental and soft tis-
sue anomalies [5]. However, acceptance of orthognathic
surgery varies due to factors such as surgical risks and
financial considerations. Consequently, for cases of mild
or moderate skeletal Class III malocclusion, camouflage
treatment using orthodontic appliances presents a prac-
tical alternative, albeit with inherent drawbacks. Cam-
ouflage orthodontic interventions entail the deliberate
displacement of teeth to compensate for the inherent
disharmony between the maxilla and mandible, often
resulting in undesired excessive labial proclination of the
upper incisors [6, 7]. This can compromise the health
and stability of the stomatognathic system and yield only
marginal improvements in hard and soft tissue esthet-
ics. Furthermore, in the context of Chinese individuals
with skeletal Class III malocclusion, anterior dental mor-
phology reveals a prevalence of 16.1% for labial alveolar
bone fenestration and 20.7% for dehiscence [8]. The risk
of periodontal deterioration and the limitation of bodily
labial movement for upper incisors during camouflage
orthodontic treatment is greatly increased due to the
delicate and tenuous alveolar bone of skeletal Class III
malocclusion. Given these challenges, meticulous atten-
tion to periodontal safety is imperative in the orthodon-
tic management of adult patients with skeletal Class III
malocclusion, emphasizing the necessity for stringent
precautions to mitigate periodontal risks and optimize
treatment outcomes.

Periodontal accelerated osteogenic orthodontics
(PAOO) integrates corticotomy, particulate grafting,

and orthodontic forces [9]. Existing literature supports
PAOO’s efficacy in expanding tooth movement feasibil-
ity, augmenting alveolar bone volume, and fortifying the
periodontium [10-12]. It has demonstrated superior out-
comes compared to traditional orthodontic treatment
due to its ability to increase tooth movement without
elevating the risk of apical root resorption while simul-
taneously reshaping the alveolar bone [9]. Furthermore,
a prior meta-analysis also demonstrated its effectiveness
in accelerating specific tooth movements and reduc-
ing orthodontic relapse [13]. However, in the context of
PAOO’s application for skeletal Class III malocclusion,
research has predominantly focused on mandibular ante-
rior teeth decompensation and their labial periodontal
hard tissue changes, leaving a significant gap in empirical
knowledge regarding its use on the maxilla to facilitate
the movement of maxillary incisors [14].

Given the underlying biological mechanisms, PAOO
for upper front teeth emerges as an advanced adjunctive
methodology for managing skeletal Class III malocclu-
sion with a retrognathic maxilla. Further investigations,
specifically addressing PAOO’s nuanced impact on the
labial movement of maxillary incisor roots and subnasal
soft tissue aesthetics, are warranted to inform its clinical
application in skeletal Class III malocclusion.

This retrospective clinical study aimed to compare the
clinical efficacy of camouflage orthodontic treatment
combined with and without PAOO in adult patients pre-
senting with skeletal Class III malocclusion. Specifically,
it assessed the movement of maxillary central incisors
and alveolar bone thickness using cone-beam computed
tomography (CBCT), along with variations in overlay-
ing hard and soft tissues using lateral cephalograms. The
findings aimed to offer valuable insights for future clini-
cal research and guide treatment strategies for skeletal
Class III malocclusion in adults.

Methods

Selection of the sample

This retrospective study involved patients with mild to
moderate skeletal Class III malocclusion who underwent
orthodontic treatment at Hangzhou Dental Hospital
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from January 2018 to September 2023. Approval was
obtained from the institutional review board of Hang-
zhou Dental Hospital in Hangzhou, Zhejiang, China
(2023LL08). Based on the inclusion and exclusion cri-
teria, 19 adult patients were enrolled as the experimen-
tal group (with PAOO; 5 men, 14 women; mean age,
27.32%5.48 years). Matched with age, sex, and FH-MP,
additional 19 adult patients were enrolled as the control
group (without PAOO; 5 men, 14 women; mean age,
28.21+5.78 years). Based on the results of the pre-exper-
iment, selecting U1-PP angle as the main outcome mea-
sure, the difference between the experimental group and
the control group is 6.07, and the standard deviation is
5.67, a minimum sample size of 19 subjects in each group
was required to conduct a statistical analysis with a sig-
nificance level of 0.05 and a statistical power of 90%.

Inclusion criteria were as follows: aged>18 years; skel-
etal Class III malocclusion with maxillary hypolasia (-5°<
ANB<0°, APDI>89°, Wits<-1 mm, SNA<80°); maxillary
mild-moderate crowded; crown-to-root ratios of maxil-
lary central incisor<l; without severe facial asymmetry
(>5 mm of lower midline deviation from the facial mid-
line); dental Class I relationship at the end of orthodon-
tic treatment; complete CBCT images and X-ray lateral
cephalograms before and after orthodontic treatment.

The exclusion criteria were severe periodontal disease,
gingival recession over the upper anterior teeth heavily,
endodontic treatment or crown restoration on the upper
anterior teeth, maxillary trans-verse deficiency heavily,
simple functional crossbite, temporomandibular joint
disease, smoking, pregnant or lactating, previous orth-
odontic or orthognathic treatment, use of any medication
that could affect bone metabolism, cleft lip, or palate or
other craniofacial syndromes.

Treatment procedures

Orthodontic treatment procedures

In the control group, all patients underwent maxillary
non-extraction orthodontic treatment. Metal active self-
ligating brackets of the 0.022x0.028-inch slot (3 M Min-
nesota, United States) with standard Roth values were
used for all patients. Both dental arches were leveled with
continuous nickel-titanium archwires and working up to
0.019x0.025-inch stainless steel wires. Anterior cross-
bites or mild overjet were corrected through controlled
buccolingual tipping movements of the anterior teeth
using Class III elastics and temporary anchorage devices
(TADs). During the finishing stage, final detailing of the
occlusion was performed. Fixed retainers were delivered
to secure the stability of both arches.

In the experimental cohort, all patients also underwent
maxillary non-extraction orthodontic treatment. The
orthodontic brackets and archwires utilized were consis-
tent with those employed in the control group. However,
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prior to PAOO surgery, the brackets on the upper inci-
sors were repositioned inversely on the tooth surfaces to
induce negative torque. Upon achieving adequate space
and elimination of occlusal interferences for significant
movement of the upper anterior teeth, corticotomy with
bone grafting surgery was performed on the maxilla.
Immediate orthodontic forces were applied to the maxil-
lary anterior teeth post-surgery to control the labial root
torque. The major orthodontic treatment of the maxillary
anterior teeth lasted for 3 to 5 months, with adjustments
every 2 weeks. Meanwhile, class III elastics and TADs as
mandible anchorage devices were employed if necessary.
Subsequent treatments mirrored those in the control

group.

PAOO Surgical procedures

The surgical procedures were carried out by the same
periodontist (DY Xuan) for all cases in the experimental
cohort. Following local anesthesia administration, cre-
vicular incisions were made on the labial aspect (from
the maxillary left first premolar to the right first premo-
lar) using a #15 surgical blade. Full-thickness flaps were
raised, and vertical corticotomy was executed in the
labial cortical plate between the teeth utilizing a piezo-
electric surgical device (UltraSurgery Led, Woodpecker,
China). The vertical corticotomy ranged from 2 to 3 mm
below the crest of the alveolar bone to 2 to 3 mm below
the apex, complemented by a horizontal corticotomy
performed 2 to 3 mm below the apices (Fig. 1A and B).
Subsequently, bone graft material (Bio-Oss, Geistlich,
Switzerland) was applied to the labial aspect of the
decorticated anterior cortical bone. A bioabsorbable
collagen membrane (Bio-Gide, Geistlich, Switzerland)
was employed to cover the graft site entirely. Flaps were
repositioned with single-sling sutures and interrupted
interdental sutures utilizing non-absorbable 5.0 polyvi-
nylidene fluoride (Asflex, Crownjun, Japan; Fig. 1C and
D).

Method of measurements

X-ray lateral cephalogram and large field-of-view (FOV)
CBCT imaging using New Tom GiANO (Aperio Ser-
vices, Verona, Italy) were taken before treatment (TO)
and after treatment (T1). CBCT images were recorded in
full scan mode (110 kVp; 2.05 mA; 0.15-mm voxel size;
scan time, 3.6 s; and FOV of 15*3*12 cm).

A total of 9 angular measurements and 5 linear mea-
surements were evaluated in both TO and T1 lateral
cephalometric images. The definitions of the 14 measure-
ments are shown in Table 1; Fig. 2.

The movement of the maxillary central incisor was
assessed by analyzing the displacement of specific land-
marks. The anterior nasal spine (ANS)-posterior nasal
spine (PNS) line was designated as the X-axis, and the
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Fig. 1 Surgical procedure for corticotomy with bone grafting in a subject with skeletal Angle Class Ill malocclusion. (A) After local anesthesia of the
maxillary, full-thickness flaps were elevated on the labial aspect; (B) vertical corticotomy was performed in the cortical plate between the teeth; (C) bone
derivative material was placed onto the labial area, then bioabsorbable collagen membrane was placed to completely cover the graft site; (D) flaps were
repositioned and sutured

line perpendicular to the X-axis at the PNS was defined
as the Y-axis [15]. The following measurements were
recorded: (1) U1E-sag, the distance from the incisal tip of
the maxillary central incisor (U1) to the Y-axis; (2) U1A-
sag, the distance from the root apex of Ul to the Y-axis;
(3) U1E-ver, the distance from the incisal tip of U1 to the
X-axis; and (4) UlA-ver, the distance from the root apex
of U1 to the X-axis (Fig. 3).

Alveolar bone thickness (ABT) of the maxillary central
incisor was measured by importing DICOM files into
Mimics software (versus 20.0; Materialise Mimics Medi-
cal, Belgium) and selecting axial, coronal, and sagittal
visualization displays [16]. The coronal, cross-sectional,
and sagittal planes were displayed on the 2D multiplanar
reconstructed interface, with three distinct colored lines
representing different cross-sections: red for the cross-
sectional plane, orange for the coronal plane, and green
for the sagittal plane. The image was adjusted so that
the orange line on the sagittal plane passed through the

incisal edge and apical point, the red line intersected the
cementoenamel junction (CEJ), and the green line tra-
versed the midpoint of the edge and apical point on the
coronal plane. The sagittal plane was selected as the mea-
surement plane (Fig. 4). The following radiographic data
were collected: horizontal ABT on the labial and palatal
sides at 3, 6, and 9 mm from the CEJ, which was desig-
nated as crestal, mid-root, and apical third (Fig. 5).

During the measurement period, the identity informa-
tion of each patient was anonymized to prevent bias. Two
examiners performed all the measurements. After a two-
week interval, the same examiners repeated the mea-
surements. The intraclass correlation coefficient (ICC)
analyzed for interrater agreement ranged from 0.813 to
0.927, thereby confirming the repeatability and reliabil-
ity of the radiographic evaluation. The differences ranged
from 0.12 to 0.29 mm for linear measurements, from 0.34
to 1.45 for angular measurements, according to Dahl-
berg’s formula.
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Table 1 Description of the cephalometric measurements

Measurements Description

FH-MP (°) Angle between FH plane and MP plane

SNA (°) Angle between S-N line and N-point A line

ANB (°) Angle between N-point A line and N-point B line

NA-APo (°) Angle between N-A line and A-Pog line

APDI (°) Facial plane to FH plane +facial plane to AB+FH
plane to palatal plane

Wits (mm) Wits appraisal (Ao to Bo)

U1-NA (°) Angle formed by the intersection of tooth axis
of upper incisor and N-point A line

U1-NA (mm) Distance between the incisal tip of upper incisor
and N-point A line

U1-PP (°) Angle formed by the intersection of tooth axis
of upper incisor and ANS-PNS line

U1-SN (°) Angle formed by the intersection of tooth axis
of upper incisor and S-N line

UL-EP (mm) Distance from point UL to E-line

Nasolabial A (°)

G Vert-Sn (mm)
U1-A perp (mm)

Angle formed by intersection of Cm-Sn line and
Sn-Ls

Distance from point Sn to Gall line

Distance between the most labial point of
upper incisor and perpendicular line from point
Ato the FH plane
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Statistical analysis

For the measurements derived from CBCT, the mean
values of the two maxillary central incisors were utilized
in this study. Continuous variables were described as
meanztstandard deviation. The normality of the distribu-
tion of the variables was assessed by the Shapiro-Wilks
test. The independent ¢ test was performed for the com-
parisons between the two groups, the paired ¢ test was
used for the comparisons between baseline and after
orthodontic treatment in each group. The P<0.05 level of
significance was chosen for all tests. All statistical analy-
ses were performed with SPSS statistical software (ver-
sion 21; IBM, Armonk, NY).

Results

The average duration from postoperative PAOO to the
completion of orthodontic treatment in the experimen-
tal group was 19.40+7.56 months. The overall average
treatment duration was 22.851+6.59 months. The average
treatment duration in the control group was 32.79+5.08
months.
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Fig. 2 Landmarks of cephalometric image and lateral cephalometric measurement items used in this study
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Fig. 3 Landmarks and measurement items of maxillary central incisors. ANS: Anterior Nasal Spine. PNS: Posterior Nasal Spine. UTE: Incisal tip of central
incisor. UTA: Root apex of central incisor. X-axis: The line connecting ANS and PNS. Y-axis: The line perpendicular to the X-axis at the PNS. 1: UTA-ver, the
distance from the root apex of U1 to the X-axis. 2: UTE-ver, the distance from the incisal tip of U1 to the X-axis. 3: UTA-sag, the distance from the root apex
of U1 to the Y-axis. 4: UTE-sag, the distance from the incisal tip of U1 to the Y-axis

Change in position of the maxillary central incisor

Table 2 illustrates the movement of the maxillary cen-
tral incisors. In the experimental group, the incisal tip
moved backward while the root apex moved forward.
Conversely, in the control group, the incisal tip moved
forward while the root apex moved backward, with the
movement of the incisal tip being significantly greater
than that of the root apex.

Change in alveolar bone thickness

Dentoalveolar changes surrounding the maxillary cen-
tral incisors were visible in the CBCT images. As listed
in Table 3, the control group exhibited significant
labial alveolar bone loss at 3 mm from CEJ (P<0.05;
0.49+0.35 mm). At 6 mm and 9 mm from CEJ, mini-
mal changes were observed in labial alveolar bone thick-
ness, whereas a significant reduction in palatal alveolar
bone thickness was noted (P<0.05). In the experimental
group, significant increases in labial alveolar bone thick-
ness were observed at 3 mm, 6 mm, and 9 mm from
CEJ (P<0.05). Regarding the palatal alveolar bone, there
was a slight increase, which was not statistically signifi-
cant except at 9 mm from CEJ. Furthermore, at the end
of orthodontic treatment, the labial and palate alveolar
bone thickness at 9 mm from CEJ in the experimental
group was substantially greater than in the control group.

Change in skeletal and soft tissues

Table 4 presents the variations in various measurements
from TO to T1 for both the experimental and control
groups. Significant changes in ANB were observed in
both groups (P<0.05). In the experimental group, the
average change of ANB was 3.03° (from —3.58° to -0.55°),
whereas in the control group, it was 0.73° (from —3.30° to
-2.57°). The variation in APDI and Wits was statistically
significant only in the experimental group, with an aver-
age change of -5.90° (from 92.26° to 86.36°) for APDI and
3.74 mm (from —7.65 mm to -3.91 mm) for Wits. This
indicates that the experimental group showed more sig-
nificant improvement in inherent disharmony between
the maxilla and mandible compared to the control group.

The change in the maxillary central incisor palatal
plane angle demonstrated a statistically significant pro-
clination of the maxillary incisors in the control group,
with a mean proclination of 6.80° (from 120.52° before
treatment to 127.32° after treatment). In contrast, U1-PP
decreased significantly in the experimental group, with a
mean change of -4.97° (from 124.72° before treatment to
119.74° after treatment).

Regarding soft tissue indicators, the G Vert-Sn and the
nasolabial angle exhibited significant changes only in the
experimental group, with all increasing after treatment
(P<0.05).

When comparing the measurement changes between
the experimental group and the control group, all
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Fig. 4 CBCT image reconstruction and processing. The red line represents the cross-section, the orange line represents the coronal plane, and the green
line represents the sagittal plane

measurements showed significant differences except
FH-MP and UL-EP.

Discussion

This study investigated the clinical changes in the posi-
tion of maxillary central incisors and the surrounding
alveolar bone in adult patients with skeletal Class III mal-
occlusion after PAOO for the first time. For patients with
skeletal Class III malocclusion, traditional camouflage
orthodontic treatment is often implemented to address
the anteroposterior discrepancy between the maxilla and
mandible [17]. However, this treatment typically results
in increased proclination of the maxillary incisors due to
limitations in alveolar housing [18]. Consistent with pre-
vious studies, the control group in this study exhibited
forward movement of the incisal tip of maxillary central
incisors and backward movement of the root apex [19,
20]. Fortunately, the experimental group demonstrated a
significant reduction in the axial inclination of the max-
illary incisors and noticeable forward movement of the
root apex. The biomechanics of PAOO, involving corti-
cotomy and grafting of regenerative material, effectively
reduced labial cortex resistance and widened the fragile-
thin alveolar bone [11, 21]. This predictably allowed for

the completion of historically considered unfavorable
teeth movements of upper incisors. Research indicates
that the decompensation of maxillary incisors’ inclina-
tion would improve smile attractiveness, especially in
profile photographs [22]. Additionally, it was observed
that in a few cases within the experimental group, there
was no difference in the inclination of the maxillary inci-
sors before and after treatment. These cases exhibited a
normal inclination of the maxillary incisors but had an
anterior crossbite prior to treatment. Therefore, PAOO
in such cases may promote the bodily movement of the
upper incisors forward while maintaining their nor-
mal inclination. Moreover, the Ul-NA measurement in
the experimental group at T1 (29.71+5.26°) was closer
to the normal value (22.00+5.00°) compared to TO
(36.46+5.90°), which is more appropriate for the anterior
teeth.

To prevent periodontal side effects and root resorption,
3-dimensional positioning of the roots inside the bony
envelope at the end of the treatment becomes an asset
of orthodontic treatment [23]. In our study, PAOO has
demonstrated the promotion of periodontal support tis-
sue, specifically alveolar bone. Labial bone thickness at
3 mm, 6 mm, and 9 mm from CE]J of the central incisors
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Fig. 5 lllustration of measurements and reference points used to evalu-
ate alveolar bone thickness (ABT) based on CBCT examination. O =labial
aspect of the cementoenamel junction, O’ = palatal aspect of the cemen-
toenamel junction; A=limit of the labial cortical surface at 3 mm under
cementoenamel junction (CEJ-3 mm), A'= limit of the palatal cortical sur-
face at CEJ-3 mm, B=labial aspect of the root at CEJ-3 mm, B' = palatal
aspect of the root at CEJ-3 mm, C=limit of the labial cortical surface at
6 mm under cementoenamel junction (CEJ-6 mm), C'= limit of the palatal
cortical surface at CEJ-6 mm, D=labial aspect of the root at CEJ-6 mm, D'=
palatal aspect of the root at CEJ-6 mm, E=limit of the labial cortical surface
at 9 mm under cementoenamel junction (CEJ-9 mm), E'= limit of the pala-
tal cortical surface at CEJ-9 mm, F=labial aspect of the root at CEJ-8 mm,
F'= palatal aspect of the root at CEJ-9 mm. The AB, CD, and EF distances
were measured as the horizontal bone thickness of the labial aspect at
CEJ-3 mm, CEJ-6 mm and CEJ-9 mm, respectively. The AB, C'D; and E'F’
distances were measured as the horizontal bone thickness of the palatal
aspect at CEJ-3 mm, CEJ-6 mm, and CEJ-9 mm, respectively

significantly increased in the experimental group. Con-
versely, the control group did not exhibit any augmenta-
tion in bone mass; instead, labial bone thickness at 3 mm
from CEJ and palatal alveolar bone thickness at 6 mm
and 9 mm from CEJ significantly decreased. This out-
come may be attributed to the labial tipping movement of
maxillary incisors and the limited reconstruction of alve-
olar bone in the control group [24]. Consequently, PAOO

Table 2 Changes in maxillary anterior tooth movement
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in patients with skeletal Class III malocclusion appears to
be an effective method for minimizing the risk of mar-
ginal bone resorption and fenestration by augmenting
bone mass following the labial movement of the upper
incisors outside the original cortical plane. It is crucial to
note that our research focused solely on the two central
incisors and their alveolar bone. Further validation of our
findings requires data from a larger sample of anterior
teeth.

Moreover, the substantial remodeling of alveolar
bone signifies a breakthrough in the bone boundary for
patients with skeletal Class III malocclusion [25]. Fol-
lowing orthodontic treatment, there was a significant
increase in ANB in both cohorts. Notably, the Antero-
posterior Pysplasia Indictor (APDI) [26], the most corre-
lated indicator for assessing anteroposterior discrepancy,
decreased exclusively in the experimental group. A piv-
otal discovery in our research is the significant forward
movement of point A in the experimental group, attrib-
uted to prominent remodeling and augmentation of labial
alveolar bone. Conversely, there was no apparent change
in the SNA value after traditional camouflage orthodon-
tic treatment, corroborating with previous studies [27].
However, one study did report a slight increase in the
SNA angle after camouflage treatment [19].

Regarding soft tissue aesthetics, patients with skeletal
Class III malocclusion typically exhibit a retrusive point-
Sn and a smaller nasolabial angle due to the retrognathic
maxilla and compensatory labial inclination of the upper
anterior teeth [2]. Some studies suggest that maintain-
ing the nasolabial angle within the normal range is the
most aesthetically pleasing for the profile [28, 29]. In the
experimental group, the increased fullness of the ante-
rior maxillary alveolar base and improved inclination of
the maxillary incisors after treatment resulted in the for-
ward advancement of the onlay point-Sn of the soft tis-
sue, leading to an increase in the nasolabial angle. These
outcomes suggest that combining camouflage orthodon-
tic treatment with maxillary PAOO for skeletal Class III
patients could enhance bone augmentation in the sub-
nasal region, thereby improving the overall profile and
overcoming the limitations of traditional camouflage
treatment on soft tissue aesthetics.

Experimental group(n=19)

Control group(n=19)

Comparison between

groups
Measurements TO T T1-TO Pvalue TO T1 T1-TO Pvalue Pvalue
AtTO AtT1 T1-TO
U1E-ver(mm) 2501+328 2540+244 039+171 0330 2626+362 2539+283 -088+226 0.109 0.268  0.991 0.059
UTA-ver(mm) 893+205 847+221 -046+123 0.121 827+250 868+194 041+152 0253 0374 0764 0.060
U1E-sag(mm) 50.14+£282 4936+195 -078+1.71 0.061 5064+3.78 5340+280 277+271 <0001* 0652 <0.001* <0.001*
UTA-sag(mm)  3859+235 3995+200 1354159 0.002* 3898+197 37994239 -099+1.89 0.035* 0588 0.010* <0.001*

Note. Values are presented as meantstandard deviation. *Statistically significant differences between groups (P<0.05)
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Experimental group(n=19)

Control group(n=19)

Comparison between

groups
Measurements  TO T1 T1-TO Pvalue TO T1 T1-TO Pvalue Pvalue

AtTO AtT1 T1-TO
Labial CEJ-:3mm  1.09+049 143+046 034+053 0011* 1.01£050 052+042 -049+035 <0.001* 0623 <0001* <0.001*
Labial CEJ-6 mm  1.00+043 1.77+0.73 0.78+0.90 0.001* 1284050 1.12+041 -016+£037 0.073 0.071 0.002 <0.001*
Labial CEJ-9mm  140+062 281+097 142+085 <0001* 156+063 195+1.18 040+093 0077 0435 0.019* 0.001*
Palatal CE)-3mm  139+068 133+0.79 -006+041 0496 1.30£051 1.13+£050 -0.17+0.53 0.182 0618 0355 0.503
Palatal CE)-6 mm  2.50+1.16 261+136 0.11+087 059 264+093 227+089 -037+062 0.018* 069 0363 0.058
Palatal CE)-9mm 433+158 534+152 101+£072 <0001* 425+130 3.04+138 -121£090 <0001* 0865 <0.001* <0.001*

Note. Values are presented as mean standard deviation. *Statistically significant differences between groups (P<0.05)

Table 4 Changes of measurement items of the cephalometric measurements

Experimental group(n=19)

Control group(n=19)

Comparison between

groups
Measurements TO T1 T1-TO Pvalue TO T1 T1-TO Pvalue Pvalue

AtTO AtT1 T1-TO
FH-MP 2751+£756 2814+688 064+239 0.261 24.56+5.00 2554+578 098+224 0.071 0.165 0215 0.647
SNA 7738+3.05 80.15+325 2774161 <0001* 77.73+£298 7794+322 021+£1.14 0443 0.725 0.042*  0.000*
ANB -358+227 0554146 303+£162 <0.001* -330+1.66 -257+£226 073+£1.25 0.022* 0656 0.003* 0.000*
NA-APo -823+£486 -272+339 551+£279 <0.001* -7.19+440 -6.03+494 1.16+£1.79 0011* 0493 0.021*  0.000*
APDI 9226+648 8636+459 -589+599 0.000* 92324542 90.75+5.18 -157+642 0301 0976 0.009*  0.039*
Wits (mm) -765+257  -391+220 374+192 0.000* -639+2.14 -578+198  061+131 0057 0108 0.009*  0.000*
U1-SN () 113984483 109.66+502 -433+559 0.003* 11095+10.72 117.77+651 682+934 0.005* 0.272 <0.001* 0.000*
U1-NA (mm) 9.17+3.29 6.17+£143 -3.00£280 <0.001* 8.10+3.67 1043+£281 233+339 0.008* 0351 0.000* 0.000*
UT-NA () 3646+590 29.71+£526 -6.75+569 <0001* 3296+1044 39.82+779 686+£9.00 0.004* 0214 <0.001* 0.000%
U1-PP(°) 124724403 119.74+431 -497+523 0.001* 120.52+949 12732+753 680+7.89 0.001* 0.089 0.001* 0.000*
UL-EP (mm) -340+£243  -338+£159 002+£143 0949 -3.13+£2.36 -242+£140  071£149 0.052 0.727 0.055 0.154
U1-A perp (mm) 7.16+2.25 501+£1.10  -215+£268 0.003* 630+3.80 855+2.15  225+354 0012* 0398 0.000*  0.000%
GVert-Sn (mm)  4.09+£2.96 6.28+2.79 2194256 0.001* 406+349 4184278 0.12+295 0.866 0.980 0.025*  0.026*
Nasolabial A (°)  84.14+12.29 9361+957 94741267 0004* 8521+1264 8164+12.73 -357+£7.70 0059 0794 0.002* 0.0071*

Note. Values are presented as mean standard deviation. *Statistically significant differences between groups (P<0.05)

One limitation of this study may be attributed to the
relatively short follow-up duration. Although postop-
erative CBCT images revealed a prominent continu-
ous radiopaque line in the treated area, indicative of the
formation of a cortical bone structure, the follow-up
period in this study was insufficient, and the stability of
the observed outcomes necessitates further investiga-
tion. Secondly, due to the limited number of eligible cases
in the experimental group, the samples were not ample,
potentially undermining the robustness of the conclu-
sions drawn. Nonetheless, given the scarcity of research
in this specific field, the content of this article may still
serve as a valuable and uncommon reference for subse-
quent related studies. Thirdly, quantifying improvements
in facial soft tissue aesthetics in the midface can be chal-
lenging using traditional methods. In our research, evalu-
ation was solely based on lateral cephalometry. For future
studies, a more comprehensive assessment could be con-
ducted through alternative methods such as subjective
aesthetic evaluation or 3D image evaluation [30—-32].

Conclusion

PAOO holds promise as an approach to enhance topo-
graphical anatomy and address deficiencies in periodon-
tal soft and hard tissues.

+ PAOO can effectively increase labial bone thickness,
thereby protecting periodontal tissue.

« In adult patients with skeletal Class III malocclusion,
camouflage orthodontic treatment combined with PAOO
significantly reduced the axial inclination of the maxillary
incisors, with a noticeable forward movement of the root
apex. This treatment also resulted in the forward move-
ment of point A, thereby improving the inherent antero-
posterior discrepancy between the maxilla and mandible.

o Aesthetically, the increased fullness of the anterior
maxillary alveolar base led to the forward movement of
the soft tissue point-Sn, resulting in an increased naso-
labial angle and a significant improvement in the overall
facial profile.

Abbreviations

PAOO  Periodontally accelerated osteogenic orthodontics
CBCT Cone beam CT
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FOV Field-of-view

ABT Alveolar bone thickness
CEJ Cementoenamel junction
APDI Anteroposterior pysplasia indictor

TAD Temporary anchorage device
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