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Abstract
Purpose: The objective of the study was to explore the effect of periodontally accelerated osteogenic
orthodontics (PAOO) in orthodontic patients with bone dehiscence and fenestration in the anterior
alveolar region of the mandible.

Methods: A retrospective study was performed in 42 patients with bone dehiscence and fenestrations in
the anterior alveolar region of the mandible underwent the PAOO technique. Bleeding index (BI), probing
depth (PD), keratinized gingiva width (KGW), gingival recession depth (GRD), and gingival phenotype
were recorded and assessed at baseline, postoperative 6 and 12 months. Cone-beam computerized
tomography was utilized for bone volume measurement in term of root length (RL), horizontal bone
thickness at different levels and vertical bone height at baseline, 6 months and 12 months after the
surgery.

Results: The sample was composed of a total of 42 patients (22 males and 20 females; mean age, aged
25.6 ± 4.8 years) with 81 teeth showing dehiscence/fenestrations and 36 sites presenting with gingival
recessions. There was no signi�cant difference in BI, PD, and KGW (between baseline, postoperative 6
and 12 months) based on the clinical evaluations (P > 0.05). Gingival recession sites demonstrated a
signi�cant reduction in the GRD after surgery (P < 0.05). Besides, the proportion of teeth with thick
gingival phenotype was increased from 33.61% at baseline to 53.13% at the end of the follow-up. In
addition, the bone thickness at mid-root and crestal level was markedly increased compared with the
baseline records (P < 0.05), although the increase in apical level was not statistically signi�cant (P >
0.05). Moreover, alveolar bone height was also remarkably increased at postoperative 6 month compared
with the baseline records (P < 0.05).

Conclusions: Within the limitations of the study, the obtained results show that PAOO technique is
bene�cial to periodontal conditions in terms of soft and hard tissue augmentation. PAOO procedure may
represent a safe and e�cient treatment for orthodontic patients with bone dehiscence and fenestration.

Trial registration: This study was approved by the ethics committee of stomatological hospital a�liated
to Xi'an Jiaotong University (xjkqll[2019]NO.016) and registered in Chinese Clinical Trial Registry
(ChiCTR2100053092).

1. Background
At present, the number of adult patients demands esthetics-centered, function-oriented and fast-paced
orthodontic treatment is increasing, which brings great challenge to the clinical practice [1–3]. Generally,
age is not a contraindication to orthodontic treatment, however, the tissue response to orthodontic forces
in terms of the cell activity and collagen �ber conversion is markedly slower in adults compared with
younger patients (teenagers and children). Additionally, the hyalinized zones are formed easily on the
pressure side of the orthodontically moved tooth, which could hinder the tooth from moving into the
intended direction [4, 5]. Thus, the average orthodontic treatment time for adults is 18.7 to 31 months,
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which considerably longer than that for children and teenagers. And the longer duration for toot
movement, to a certain degree, limits the possibility of providing suitable treatment procedure for a high
number adults seeking orthodontic treatment.

Under this context, some alternative treatments have been proposed to get over the above limitations of
orthodontics. In particular, the introduction of periodontally accelerated osteogenic orthodontics (PAOO)
has bring about gospel for adult patients. PAOO distinguishes itself from traditional orthodontics by
combining clinical periodontal treatment with orthodontic movement, involving selective surgical
corticotomy, bone grafting, and orthodontic forces; which based on the principle of regional accelerated
phenomenon (RAP), an increase in bone metabolism and transitory osteopenia allows for accelerated
teeth movement [6, 7]. An accumulating body of research indicated that PAOO gain an advantages over
traditional orthodontic methods, in terms of accelerated tooth movement up to 3 to 4 times, increased
scope of orthodontic therapy, abridged treatment duration, sustainable alveolar bone augmentation,
increased range of tooth movement and reduced root resorption [6, 8, 9]. To our knowledge, although the
present studies indicated that PAOO is a safe, time-consuming and effective treatment, most of the
studies were case reports [10–13], and there is lacking systematic studies to prove whether PAOO is safe
or detrimental to the periodontal tissues of adults, especially in patients with bone dehiscence and
fenestration.

Bone dehiscence (a defect that extends to the cervical surface of the root, leading to marginal alveolar
bone loss) and fenestration (a window that affects the root surface but is still bordered by bone along its
coronal aspect) are the commonly manifestations of alveolar bone defect [14–15]. A previous study
identi�ed that the Class II and Class III subjects showed high prevalence of bone defects up to 41.11%
and 45.02% in the anterior mandible teeth, respectively [16]. These defects usually lead to root exposure,
gingival recession and even treatment relapse or failure, which bring challenges to the orthodontic
treatment [17, 18]. Therefore, how to shorten the orthodontic time and decrease the severe sequelae is of
great signi�cance for orthodontic patients, especially the adults with bone fenestration and dehiscence
also concerned time-consuming and esthetics issues. PAOO has been regarded as a promising
therapeutic strategy with minimal side effects, in terms of root resorption and bone defect risk [13].
However, it is not clear whether PAOO is still applicable when the orthodontic patients suffer from bone
fenestration and dehiscence in themselves, and the clinical effect remains unknown, especially on the
periodontal tissues that play a cornerstone role on the overall tooth treatment.

Therefore, the present study was designed to examine the clinical e�cacy of PAOO in adult patients with
bone fenestration and dehiscence. Periodontal status was evaluated by bleeding index (BI), probing depth
(PD), keratinized gingiva width (KGW), gingival recession height (GRH) and gingival phenotype at
baseline, postoperative 3, 6 and 12 months. Bone volume was also measured during the follow-up period,
with the aim to provide guidance for the clinical application of PAOO therapy.

2. Methods
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2.1. Study design
The present single-center, retrospective study included 54 recruited subjects who were prescribed PAOO
surgery by the Department of Periodontology, School of Stomatology, Xi'an JiaoTong University, China
from December 2017 to June 2019. The inclusion criteria included: (a) patients aged at least 18 years; (b)
with alveolar bone fenestration or dehiscence on the labial surface of the mandible before surgery; (c)
non-smoker; (d) no uncontrolled systematic diseases such as infectious or metabolic diseases,
hypertension, diabetes, cardiovascular disease and immunode�ciency. The exclusion criteria were as
follows: (a) subjects who underwent bisphosphonate therapy, chemotherapy or radiotherapy,
anticoagulant therapy or reported a history of head/neck radiation that could affect bone metabolism; (b)
subjects who were taking medications associated with the occurrence and development of drug-induced
gingival enlargement, e.g. calcium channel antagonist; (c) females who were lactating or pregnant; (d)
previous orthognathic or orthodontic treatment. The current study was conducted in accordance with the
Declaration of Helsinki, and the protocol was reviewed and approved by the ethics committee of School
of Stomatology, Xi'an Jiao Tong University (approval number: xjkqll [2019] NO.016). In addition, the study
registered in Chinese Clinical Trial Registry (ChiCTR2100053092). All the recruited subjects were explicitly
informed of the intent and duration of the study, and the informed consent was received from all the
patients.

2.2. Surgical and procedures

2.2.1. Treatment protocol
In accordance with the clinical treatment guidelines, each subject was treated with a mandibular pre-
adjusted �xed appliance (“0.022 × 0.028” in size, Integra Brackets, Rocky Mountain Orthodontics Inc,
Denver, CO, USA) during the week preceding PAOO surgery, however, the appliance was not activated pre-
surgically. Orthodontic tooth movement was started 2 weeks after the periodontal surgical procedure.
During orthodontic treatment, nickel-titanium arch wires (0.012", 0.014", 0.016", and 0.018", were aligned
and leveled the postoperative arch) and stainless steels arch wires (0.019" × 0.025", to complete the
treatment) were used in accordance with routine orthodontic adjustment guidelines [19, 20].

2.2.2. PAOO surgery
All subjects underwent PAOO surgery under local anesthesia, speci�cally, a full thickness mucoperiosteal
�ap was raised with the 15# blade at the interdental papillae on the buccal aspect (�rst premolar to �rst
premolar), two vertical releasing incisions were positioned at one tooth beyond the “bone activation”
region, with the aim to fully expose the surgical �eld and relieve tissue tension. A split-thickness �ap
(separating the periosteum �ap from the overlying mucosal layer) was then carefully elevated apically for
3–4 mm. Two periosteal �ap segments in terms of the “coronal” and “apical” region were �nally created.
After the �ap re�ection, corticotomy was performed. In speci�c, in the inter-radicular space, vertical
alveolar decortications which extended 2–3 mm below the crest of the alveolar bone were created, and
then connected with horizontal grooves (located 2–3 mm beyond the apices of the roots). Afterwards,
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deproteinized bovine bone material (Bio-Oss, Geistlich, Wolhuser, Switzerland) was placed on the
prepared region with light pressure, besides, the collagen membrane (Geistlich) was utilized to increase
the stability of the graft material. Subsequently, �ap tissue was coronally advanced and positioned at the
cemento-enamel junction (CEJ) level, completely covering the graft material and collagen membrane. The
procedure was �nally completed by single interrupted suturing with 4 − 0 absorbable polyester, which
connected the lingual tissue, the labial �ap and the membrane together.

2.2.3. Post-operative management
All patients were provided with cold packs for external application to ameliorate postoperative swelling or
edema. Routine antibiotics and nonsteroidal anti-in�ammatory drugs were prescribed for use for at least
3 days. Each patient was provided oral hygiene instructions explicitly, and the use of antiseptic mouth
wash (0.12% chlorhexidine gluconate solution) for plaque control was recommended. The sutures were
removed 1 week after the surgery. All the enrolled subjects were asked to participate in regular follow-up
to receive clinical examination and radiographic evaluations.

2.3. Clinical outcomes

2.3.1. clinical examination
The following clinical parameters were measured and recorded during the follow-up period. (1) probing
depth (PD): the distance from the gingival margin to the bottom of the gingival sulcus; (2) bleeding index
(BI): score from 0–5 according to Mazza’s bleeding index [21]; (3) keratinized gingiva width (KGW): the
distance from the gingival margin to the mucogingival junction [22];(4) gingival recession height (GRH):
the distance from CEJ to the lowest point of the gingival margin;(5) gingival phenotype: based on the
transparency of the periodontal probe through the gingival margin while probing the labial sulcus. If the
outline of the underlying periodontal probe could be seen through the gingiva, it was categorized as a thin
biotype; if not, it was categorized as a thick biotype.

2.3.2. Radiographic measurements
All patients were scanned using a commercially available CBCT scanner (Vatech, Korea) before surgery
and postoperative 6 and 12 months. CBCT images were reconstituted using image software Mimics 18.0
(Materialise, Belgium). The following radiographic parameters were measured (Fig. 2) according to Xiao
Xu et al. [23]:

(1) root length (RL): the distance from the root apex (dot 0) to the intersection (dot 1) of labial-lingual CEJ
line and the long axis; (2) bone thickness at apical level (ABT): a line perpendicular to the long axis was
made through the root apex (dot 0). ABT was the distance from dot 0 to the intersection (dot 2) of the
labial alveolar bone surface and the line referred above; (3) bone thickness at mid-root level (MBT): a line
perpendicular to the long axis was made through the mid-root point of the labial root surface (dot 3).
MBT was the distance from dot 3 to the intersection (dot 4) of the labial alveolar bone surface and the
line referred above; (4)bone thickness at crestal level (CBT): a line perpendicular to the long axis was
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made through the point 2mm below labial CEJ (dot 5), CBT was the distance from dot 5 to the
intersection (dot 6) of the labial alveolar bone surface and the line referred above; (5) vertical bone height
(VBH): the shorter the distance from labial CEJ (dot 7) to alveolar crest (dot 8), the higher the vertical
bone height.

2.4. Statistical analysis
The Statistical Package for Social Sciences (SPSS, version 18.0, Chicago, IL) was utilized for statistical
analysis. All the descriptive data were presented as the means ± SD. Then, the data were tested to
determine whether they were normally distributed and homogeneity of variance. We found some of them
lacked normal distribution. One-way analysis of variance (ANOVA) and Kruskal-Wallis test were used to
access the e�cacy between before surgery (Baseline), after 6 months and 12 months. The data analysis
was performed with SPSS (Version 25.0, Chicago, IL, USA), and a P-value < 0.05 was considered
signi�cant.

3. Results

3.1. Sample description
A �owchart of the recruited subjects is presented in Fig. 1. During the follow-up period, two subjects were
excluded from the study: one female subject was unable to perform CT due to pregnancy, and one
subject could not be contacted because of phone number changes. A total of 42 subjects (20 males and
22 females, aged 43.9 ± 12.8 years) with a total of 244 teeth were included in the study and �nally
completed the follow-up.

3.2. Clinical outcomes
All the enrolled subjects had no post-operative complications except the mild pain within the surgical
area, which recovered largely soon. For periodontal tissues, there was no signi�cant difference in BI and
PD at baseline, postoperative 3, 6 and 12 months (P > 0.05). At the end of the observation period, KWG
was observed to increase by 0.12 mm, although the difference was not signi�cant (P > 0.05). As
compared with the baseline, there was a signi�cant reduction in the mean GRD (Fig. 4) after surgery (P < 
0.05). At the end of the observation period, GRD decreased by 2.01mm, (Table 2). However, these
differences were not signi�cant during the follow-ups. In the present study, a total of 16 teeth had Miller
class  gingival recession (the mean GRH was 1.94 mm) at the baseline. GRH decreased by 1.35 mm and
1.38 mm on average at 3 and 6 months after surgery, the differences were statistically signi�cant (P < 
0.05) (Table 1). the proportion of teeth with thick gingival phenotype increased from 43.6% (82/188) to
63.3% (119/188) at 6 months after surgery.
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Table 1
The basic information of patients

Variable Outcome assessment

No. of patients (sites) 42 (244)

Mean age (range: yr) 30.9 (20.1–43.7)

Sex ratio (male: female) 20:22

Mean follow-up (range: month) 12 (11–13)

Biotype ratio (thin: thick) 103:141

Table 2
The descriptive statistics of clinical measurements

  Multiplecomparison

  BL 6m 12m P BL-6m BL-12m 6m-12m

BI 0.68 ± 0.56 0.60 ± 0.51 0.56 ± 0.52 0.061      

PD 2.21 ± 0.84 2.21 ± 0.85 2.21 ± 0.84 0.827      

KGW 4.76 ± 1.66 5.21 ± 1.69 4.97 ± 1.76 0.420      

GRH 1.25 ± 1.35 0.56 ± 0.86 0.64 ± 0.86 0.000 0.000 0.000 1

Note: Data are presented as mean (95% CI)

12m = 12 months after surgery, 6m = 6 months after surgery, BL = baseline, PD = probing depth, KGW 
= keratinized gingiva width, GRD = gingival recession height.
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Table 3
The descriptive statistics of radiographic measurements

          Multiplecomparison

  BL 6m 12m P BL-6m BL-12m 6m-12m

RL 12.11 ± 1.47 11.99 ± 1.46 11.84 ± 1.44 0.147      

CBT 0.37 ± 0.47 0.68 ± 0.52 0.66 ± 0.50 0.000 0.000 0.000 1

MBT 0.34 ± 0.43 1.82 ± 0.77 1.77 ± 0.76 0.000 0.000 0.000 1

ABT 3.73 ± 1.40 3.91 ± 1.31 3.90 ± 1.29 0.318      

VBH 8.36 ± 3.02 9.48 ± 2.10 9.09 ± 2.03 0.000 0.000 0.154 0.095

Note: Data are presented as mean (95% CI)

12m = 12 months after surgery, 6m = 6 months after surgery, BL = baseline, RL = root length, CBT = 
bone thickness at crestal level, MBT = bone thickness at mid-root level, ABT = bone thickness at apical
level, VBH = vertical bone height

3.2. Radiographic evaluations
Base on the obtained data, there was no statistically signi�cant difference on root length at each follow
up points (P > 0.05). Compared with the baseline, the mean bone thickness at mid-root and crestal level
apical level was increased at 6 and 12 months after surgery, and the difference was statistically
signi�cant (P < 0.05). although the increase in apical level was not statistically signi�cant (P > 0.05).

4. Discussion
A great many adult patients with malocclusions show reluctance to the traditional orthodontic procedure
due to the drawn out treatment time, which usually increase the probability of suffering from other
concomitant diseases including dental caries, decalci�cation, root resorption, gingival recession and
other periodontal diseases. Under this context, PAOO technology has been introduced to satisfy the adult
patient demand of shorter treatment time without compromising results. Indeed, Orthodontic tooth
movement involves the compression of periodontal ligament, further activating the kinetics of crestal
bone resorption and reconstruction, which thereby is considered a “periodontal phenomenon” [24]. Thus,
it is prerequisite and of great signi�cance to explore the effect of PAOO procedure on the periodontal
status in adult patients; in particular, patients with bone fenestration and dehiscence, which in itself is a
periodontal hazard. Based on our current study, PAOO technique were demonstrated to be bene�cial to
the periodontal tissues in terms of soft and hard tissue augmentation, which may represent a safe and
e�cient treatment for orthodontic patients with bone fenestration and dehiscence.

As a novel technology to shorten the treatment period without compromising orthodontic results, PAOO
carries a big weight in the comprehensive treatment for patients with occlusal and esthetic issues. PAOO
was �rstly introduced by Wilcko in 2001 based on the RAP theory [7], the author assumed that the
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surgical trauma in healthy tissues could cause osteopenia, reduce the bone resistance to tooth movement
and further allow for the tooth acceleration movement. More importantly, PAOO procedure was identi�ed
to be an effective treatment with minimal root resorption and bone dehiscence when compared with the
conventional orthodontic treatment. However, when the orthodontic patients in themselves are involved in
bone dehiscence and fenestration, it is not clear whether PAOO is still applicable and bene�cial to the
periodontal tissues, in view of this, the present study was conducted.

In our current study, there were no signi�cant difference in BI, PD and KGW (between at the baseline,
postoperative 3, 6 and 12 months), which was in line with the previous study conducted by Miyamoto T
et al, periodontal parameters were identi�ed to remain stable after the implementation of PAOO surgery
supplied by deproteinized bovine bone mineral with 10% collagen (DBBM-C) or without [24]. BI and PD are
closely related to plaque bio�lm and gingival in�ammation; keratinized gingiva is of great signi�cance for
periodontal tissues to resist external stimulation, and its ability to resist in�ammation was identi�ed to be
positively related to the KGW [25]. Based on the data obtained from our present study, well-controlled
plaque could be achieved with good oral hygiene habits, and PAOO didn’t increase the risk of gingival
in�ammation, for the reduced time within �xed appliance not facilitate the conversion of commensal
bacterial bio�lms to destructive periodontopathic organisms [26]. In addition, the proportion of teeth with
thick gingival phenotype was increased from 43.6% (at baseline) to 63.3% (12 months post-surgery) in
the present study, this encouraging results may be the results of GBR procedure, which aimed to
periodontal bone regeneration, and the gingival thickness was identi�ed to be positively correlated with
the alveolar bone width, then the increase of bone thickness (at mid-root and crestal level) observed in the
present study may lead to the increase of thick gingival phenotype [27]. In general, thick gingival
phenotype was correlated with a relatively well clinical therapeutic effect, which indicated a relatively
promising therapeutic effect of PAOO in patients with bone fenestration and dehiscence. Gingival
recession is a commonly complication in orthodontic treatment and it was reported that about 15% of the
patients suffer development or aggravation of gingival recession after orthodontic implementation [28].
However, in this particular study, 112 teeth sites without gingival recession before the treatment
demonstrated no developing gingival recession 12 months after the operation. On contrary, a signi�cantly
reduction in GRD was recognized in the gingival recession sites at the end of observation period. The
signi�cant effect on reducing the gingival recession and covering the exposed root may be correlated
with the coronally advanced �ap technology. Additionally, the improved stability of the periodontium was
considered to be a result of managing bone dehiscence and fenestration, which can decrease the
possibility of periodontal tissue recession [8]. Collectively, these obtained data indicated that the PAOO
procedure does not increase the risk of gingival recession and tissue in�ammation in patients with bone
fenestration and dehiscence, and to a certain degree, performing PAOO technology may be bene�cial to
the gingival recession sites.

In addition to the reduced periodontal concerns, PAOO procedure was identi�ed to facilitate the increase
of bone volume. A previous study reported that both the alveolar bone height and width was increased
signi�cantly after the implementation of PAOO procedure. Also, a recent study conducted by Liu and
colleagues demonstrated that PAOO treatment can provide adequate graft stabilization in terms of
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superior coronal augmentation and favorable vertical volume [29]. Coscia et al revealed that PAOO can
remarkably increase the horizontal ridge thickness (at the mid-root and apex level) of lower anterior teeth,
while no statistical change within vertical alveolar bone was identi�ed [30]. In our current study, the bone
height and width (at the mid-root and crestal level) were increased markedly compared with the baseline
records, although the increase in apical level was not statistically signi�cant. The observed increase in
bone thickness and height could be positively related to the bone grafting and the RAP phenomenon [31].

Root resorption is an undesirable sequelae of traditional orthodontic treatment associated with a long
treatment duration [32], usually attributed to the hyalinization necrosis of periodontal ligament, and
commonly identi�ed in adults. However, signi�cant root resorption was not identi�ed in the current study,
which was in accordance with the previous �ndings [24]. Based on the current understanding, after PAOO
surgery performed, cortical incision initiates the RAP phenomenon to reduce the resistance to tooth
movement, leading to the decrease of the orthodontic treatment time and reduce of root resorption.

The present study, combined with previously published data show that, as a technology combines
corticotomy-facilitated orthodontics, alveolar augmentation, and periodontal treatment, PAOO treatment
facilitates the management of pre-existing bone fenestration and dehiscence, further improving the
periodontal stability. However, Although the present study demonstrated favorable results based on the
outcomes obtained, there still exists some limitations, the long-term clinical e�cacy of PAOO in adult
patients with bone fenestration and dehiscence remains unknown. Besides, although the quantity of new
bone was identi�ed, the quality of the newly formed bone also needs to be measured and analyzed. In the
future studies, we will expand the data pool and continue the study along with histologic analysis, to
provide more basic theory and clinical basis for the proper use of PAOO.

5. Conclusion
Data obtained from the present study shows that PAOO may represent a safe and promising effective
treatment for adults with bone fenestration and dehiscence, which can result in an improvement of
periodontal health, and simultaneously facilitate the repair of bone dehiscence and fenestration in the
labial aspect of the mandibular anterior area. However, further clinical investigations with long-period
should be performed to evaluate the long-term post operatory stability of PAOO procedure.

6. List Of Abbreviations
Periodontally accelerated osteogenic orthodontics (PAOO)

Regional accelerated phenomenon (RAP)

Bleeding index (BI)

Probing depth (PD)
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Keratinized gingiva width (KGW)

Gingival recession height (GRH)

Cemento-enamel junction (CEJ)

Root length (RL)

Bone thickness at apical level (ABT)

Bone thickness at mid-root level (MBT)

Bone thickness at crestal level (CBT)

Vertical bone height (VBH)
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Figures

Figure 1

Flowchart
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Figure 2

Schematic diagram of radiographic measurements. (0-the root apex; 1- the intersection of labial-lingual
CEJ line and the long axis; 2- the intersection of the labial alveolar bone surface and the line
perpendicular to the long axis which is through dot 0; 3-the mid-root point of the labial root surface; 4-the
intersection of the labial alveolar bone surface and the line perpendicular to the long axis which is
through dot 3; 5-the point 2mm below labial CEJ; 6-the intersection of the labial alveolar bone surface and
the line perpendicular to the long axis which is through dot 5; 7-labial CEJ; 8-the alveolar crest .)

Figure 3

Surgical procedure of PAOO. (a) Presurgical treatment. (b) Full-thickness �ap re�ection (yellow dotted
lines show bone dehiscence). (c) Performing corticotomies in the interradicular space. (d) Placing
grafting materials on the surface of alveolar bone. (e) Collagen membrane covering grafting materials. (f)
Interrupted sutures. (g) Six-month retention. (h) Twelve-month retention.

Figure 4

CBCT images of mandibular anterior teeth before and after surgery (6m, 12m)


