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Surgical Considerations and Decision Making in Surgically Facilitated
Orthodontic Treatment/Periodontally Accelerated Osteogenic

Orthodontics
George A. Mandelaris,∗†‡ Colin Richman§ and Richard T. Kao‖¶

Focused Clinical Question: Surgically facilitated orthodontic treatment (SFOT)/periodontally accelerated
osteogenic orthodontics (PAOO) has the potential of allowing safer orthodontic treatment in vulnerable periodontium
with thin phenotypes. SFOT/PAOO is a phenotype modification therapy (PhMT) approach where thin bone morphotype
and/or gingiva are surgically augmented to convert a fragile-thin to a robust-thick periodontal environment. This permits
orthodontic treatment in these previously thin phenotype cases to proceed without iatrogenically-induced adverse effects.
This is an infrequently performed procedure with few available clinical recommendations.

Summary: In this practical application paper, three clinicians with the collective clinical experience of over 1500
SFOT cases developed a clinical decision-making algorithm outlining the key steps for SFOT. A sample case is provided
for clinical appreciation of the procedure. Lastly, this panel reviewed and detailed the critical decision making and surgical
approaches associated with the use of SFOT. Though the basic decision making is consistent, individual variations on
surgical management are compared. This is summarized in a clinical decision tree along with a sample clinical case.
Additionally, the cumulative experience has been organized into tables that provide comparative decision and surgical
approaches. There are similarities and differences. Lastly, strategies that have not been individually effective are also
noted.

Conclusion: SFOT/PAOO is an effective PhMT approach whereby the bone and/or soft tissue phenotype can be
surgically modified to permit orthodontic treatment in patients with thin phenotypes. The cumulative experience of three
experienced clinicians provides clinical recommendations for SFOT management of PhMT for pre-orthodontic treatment.
Clin Adv Periodontics 2020;0:1–11.
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Background
Orthodontic treatment is limited by the inherent regional
hard and soft tissue anatomy within any individual. This
BEC paper focuses on surgical phenotype modification
therapy (PhMT) in concert with orthodontic treatment.
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Although the modification of soft tissue through various
augmentative procedures has been extensively detailed at
the 2014 Regeneration Workshop,1,2 orthodontic treat-
ment may require bone augmentation of the osseous
housing and, at times, increasing the gingival tissue thick-
ness. This is necessary such that orthodontic tooth move-
ment does not result in increased development of bony
dehiscence and fenestration and potential gingival reces-
sion, mobility, and create risk for future recession-based
attachment loss.
Surgically facilitated orthodontic therapy (SFOT) is a

surgical procedure which can permit the pursuit and
completion of more complicated orthodontic cases in an
area with minimal or inadequate soft and hard tissue
volume.3-5 SFOT describes a broad category of surgical
procedures that can facilitate and support orthodon-
tic therapy. This would include the use of corticotomy
surgery plus dentoalveolar bone decortication with bone
augmentation ± gingival grafting which has been popu-
larized as periodontally accelerated osteogenic orthodon-
tics (PAOO). As a broader category, SFOT also includes
the use of temporary anchorage device (TAD) and/or
anchor plates. The term PAOO has been described by
others under the patented name of accelerated osteogenic
orthodontics (AOO) orWilcodontics. In this article, SFOT
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FIGURE 1 Decision tree for SFOT/PAOO.

will focus on the use of dento-alveolar corticotomy
surgery with dentoalveolar bone decortication and bone
augmentation to facilitate orthodontic treatment ± soft
tissue grafting.3 This procedure is efficacious in the treat-
ment of malocclusion by increasing alveolar volume and
enhancing periodontal phenotypes.3 It can also be effec-
tive in the management of dentoalveolar deficiencies that
when tooth movement exceeds the orthodontic boundary
conditions.6-9 The benefits of SFOT include accelerated
treatment time,6 greater stability of clinical outcome with
less relapse,10 and enhanced the scope of treatment for
malocclusion.3 Clinically, SFOT has been shown to resolve
crowding of the natural dentition,4 facilitate eruption
of impacted teeth,11 accelerate canine retraction,4 intru-
sion, and open bite correction,3,8 and facilitate border-
line orthognathic/orthodontic surgical cases.12 With bone
augmentation that is performed in conjunction with the
corticotomy surgery, the increased thickness of the alveo-
lar bone is believed to enhance post-orthodontic stability
of the dentition.13–15 In a 2016 systematic review,6 corti-
cotomy did not result in negatively influencing periodon-
tal health, including periodontal probing depth, gingival
recession, clinical attachment levels, and alveolar crestal
bone heights.

Whereas the treatment planning of these cases is com-
plicated, as described in the previous paper,7 the surgi-
cal operational aspect of the procedure is familiar and
highly suited to periodontists with advanced training in
this therapeutic modality. In this paper, three experienced
clinicians with at least over 1500 collective cases have
developed a decision tree for SFOT, and shared their sur-
gical experiences and various management approaches. It
is the objective of this BEC series to have the profession
develop a familiarity, level of comfort, and an appreciation
for the treatment inmanaging this type of interdisciplinary
treatment requiring SFOT.

Decision Process
In the orthodontic management of thin phenotype cases,
the critical decision is to determine if the periodontal
phenotype has adequate soft tissue (keratinized tissue
width and gingival thickness) with a bone morphotype
that will be conducive to the planned tooth movement.
Depending on the extent of the thin soft tissue mor-
phology, the soft tissue augmentation may be performed
simultaneously with corticotomy surgery and bone
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FIGURE 2 Detailed steps of SFOT/PAOO. a) pre-op clinical view; b) pre-op computer analysis of CBCT (note the prevalence of fenestration and
dehiscence- dentoalveolar deficiencies); c) surgical view- maxillary view; d) maxilla with corticotomy; e) surgical viewmandibular view; f) mandible
with corticotomy; g) bone augmented maxilla with portions covered with collagen barrier membrane; h) closure with ePTFE sutures; i) 1 wk. post-op;
j) case completion; and k) post-op computer analysis of CBCT.

augmentation or can be addressed as a preliminary
preparatory surgical procedure. In this latter situation, an
additional 3 months of healing is required. In Fig. 1, the
panel jointly developed a decision tree for SFOT with or
without soft tissue augmentation. Additionally, the pan-
elists compared and contrasted their various approaches
to SFOT.

Clinical Scenarios
In the treatment of thin phenotype cases requiring tooth
movement, orthodontic treatment may require SFOT.
Should the overlying gingival tissue be suspected to be
inadequate to support the bone augmentation, PhMT

may require surgical correction or embellishment of
the mucogingival tissue. This often involves soft tissue
augmentation using autogenous or tissue substitute
materials. If localized, this may be addressed during the
corticotomy-bone augmentation phase of SFOT. If the
gingival tissue is thin in a generalized fashion, preliminary
soft tissue augmentation/embellishment may be beneficial
(Fig. 1).
Critical stages for the management of PhMT in thin

phenotype cases involve an interdisciplinary assessment
of the osseous and mucogingival tissue, the scope of
proposed orthodontic tooth movement, the actual
corticotomy-bone augmentation procedure, and post-
operative care as detailed in Fig. 2. There are many
commonalities in the therapeutic approaches by each
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panelist; however, there are individual preferences
especially in terms of surgical supplies as noted in
Tables 1 to 3. The extensive experience of the group has
also identified strategies that may improve, along with
those that do not enhance clinical outcomes. Once the
soft tissue has been determined to be adequate to support
the corticotomy-bone augmentation phase, several critical
steps have been defined for successful outcomes. A clinical
case is provided to define these steps (see Fig. 2 for clinical
case).

Discussion
Orthodontic treatment limitation is usually based on the
extent of the proposed orthodontic tooth movement and
osseous boundaries as defined by the CBCT analysis.6-9

The extent of tooth movement is somewhat subjective
and variable as the modulus of elasticity of dentoalveolar
bone (in vivo and in humans) has no consensus. Proffit’s
envelope of discrepancy can be cited for some direction on
malocclusion case management, but these numbers do not
consider opportunities when dentoalveolar bone augmen-
tation has been performed.16 Ferguson et al. published
on the scope of treatment with periodontally accelerated
osteogenic orthodontic therapy and reported that cer-
tain tooth movements can be 2× to 3× greater that of
conventional orthodontic parameters, from a horizontal
(bucco-lingual) or veritical.3 The extent of tooth move-
ment and need for dentoalveolar bone augmentation is
best evaluated with 3D simulation technology that allows
the dentoalveolar bone complex to be scrutinized as to
the influence on those structures from tooth movement.12

Displaying only the crowns of teeth in software simula-
tions (whether for traditional orthodontic appliances or
for aligner therapy) does not respect the periodontium
attached to the crowns of teeth and does not provide
transparency to unavoidable changes that occur within
the dentoalveolar bone complex when tooth movement
occurs. It is the periodontist’s responsibility to define
areas where hard and/or soft tissue augmentation will
be needed and how much augmentation is possible to
enhance dentoalveolar bone volume to which arch forms
can be decompensated or corrected. This starts, in part,
with an analysis of the mucogingival status with focus on
the keratinized tissue width, gingival thickness, and pres-
ence/risk for recession16,17 after confirming a healthy oral
situation relative to gingivitis or periodontitis, localized
or generalized. Marginal tissue may be defined as thick
versus thin. This group found that the most convenient
approach is to use the phenotype probe visibility test.
(Hu Friedy). It is important to define if the areas of soft
tissue deficiencies are localized or generalized. Limited
localized areas can be managed during the corticotomy-
bone augmentation procedure. If there is generalized thin
soft tissue, there should be concern about whether the
thin tissue can sustain the bone augmentation procedure.
If there are concerns, it is the consensus that a two-step

approach would be prudent. In this scenario, the panel
varies on the type of grafting to be used, but the consensus
is to thicken the gingival tissue and allow for 3 to 4months
of healing and revascularization.
The corticotomy-bone augmentation procedure is the

critical part of this PhMT surgery. Interdental cortico-
tomy and decortication of the alveolar housing creates
a transient demineralization phase within the dentoalve-
olar complex, and the resulting soft tissue-bone matrix
permits an accelerated rate of tooth movement because
of an altered physiologic response known as the regional
acceleratory phenomenon (RAP) effect.10,18,19 This injury
results in acceleration of all processes involved in heal-
ing, including remodeling, cell turnover, metabolism, and
repair. In individuals with thin bone morphotype, the
movement of the teeth frequently results in bone loss
(fenestrations, dehiscence’s) and future gingival recession
if RAP is not employed. By combining soft tissue aug-
mentation and bone grafting techniques, it is possible to
convert a thin to a thick gingival phenotype and bone
morphotype. The interdental corticotomy is performed
primarily at interdental sites, with burs or piezo surgical
incision to a depth of at least 2 mm. The critical event
is to extend the corticotomies beyond the cortical bone
and into the medullary area. To date, devitalization of the
tooth and damage to the root structures was reported in
only one case by one panel member. The corticotomies
and bone augmentation should be provided on the facial
bone in the same direction of the tooth movement, that
is on the pressure side. For example, if arch expansion
is undertaken, the treatment is provided for the facial
alveolar bone only. Contrary to previous reports, the
corticotomy-dentoalveolar bone decortication need not be
done on both buccal and lingual sides as it has been shown
that the tension side of orthodontic tooth movement will
respond with bone deposition. However, it should also be
understood that injury to both sides may be required to
achieve the desired tooth movement as McBride et al. has
shown. The greater the surgical insult around the tooth
will result in greater magnitude of the RAP produced.20-22

Though each panelist has a preferred bone graft material
protocol, all panelists believe in a collagen barrier is not
necessarily for guided tissue regeneration purposes but
for graft containment. The importance of flap closure
and wound stability is emphasized. All believe in the use
of long termed stabilization through the use of passive
suturing.
Surgical healing is consistent with most regenerative

and mucogingival grafting surgery. Infection is generally
rare with the main adverse event consisting of incom-
plete root coverage. In extensive grafting with thin tissue
thickness, superficial sloughing of the epithelium may be
observed for the first few months, which requires mon-
itoring but no immediate active management. Relapse
of gingival recession, infrequently noted, is remedied
with subsequent corrective mucogingival surgery such as
additional subepithelial connective tissue grafts or aug-
mentation with allograft substitute. The primary concern
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a

b d

c

FIGURE 3 This is a SFOT case with a 10 + years. Follow-up. 3a) pre-op view. (note the “corrugated appearance”
because of root prominences for the anterior teeth); 3b) CBCT of the lower anterior segment. (note the lack of
supporting alveolar bone); 3c) post-op CBCT of the same area 14 mos. after SFOT; and 3d) clinical presentation
after 10 + year. The “corrugated appearance” of the facial alveolar bone, seen in the pre-treatment image no longer
evident in the post treatment clinical vies, because of bone augmentation. The orthodontic treatment did not result in
the appearance of gingival recession.

post-operatively is to activate orthodontic forces after 1
to 10 days post-SFOT surgery. The arch wire should be
activated within the first 2 weeks and usually adjusted
every other week as needed.
Post-SFOT monitoring, both short term and long term

include monitoring of the pocket depth, relapse of gingi-
val recession, soft tissue thickness, increased appearance
of bone thickness from CBCT views. This is confirmed
with pre- and post-op CBCT obtained prior to treatment
and after 1 or more years post treatment. As with any
therapeutic approach, stability of long-termed outcome is
important. This has been the consistent outcomes for this
panel of clinicians (Fig. 3).

Though it would be ideal to have randomized control
trials or prospective cohort designs, the risk of gingival
recession, attachment loss, increased tooth mobility, and

risk for tooth loss does not permit this type of comparison.
In this article, we have provided consensus opinions of
three clinicians who have performed more than a total of
1500 cases their appreciation and prospective of the SFOT
procedure.

Conclusion
SFOT is a PhMT that can open orthodontic treatment
opportunities for a certain population of patients with
malocclusion. The corticotomy-bone augmentation pro-
cedures are inherent to our periodontal training, but to
master the use of SFOT in orthodontic treatment, an inter-
disciplinary team is essential to properly coordinate treat-
ment sequencing, timing, surgical protocols, and address

10 Clinical Advances in Periodontics, Vol. 0, No. 0, xxx 2020 Consensus recommendations for SFOT
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the core problems of the patient. In this context, the inter-
disciplinary team uses the unique individual skillsets from
each member on the team who is best suited and trained
to manage each piece of the puzzle for the benefit of the
patient. A decision tree has been proposed and developed
from the experience of our panelist and is presented for
the periodontal community’s consideration.�
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