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Currently, many adult patients are seeking orthodontic treat-
ment. However, successful orthodontic treatment can be dif-
ficult when treating adult patients because dentoalveolar
development ceases after adolescence. The average orthodon-
tic treatment time for adults is considerably longer than for

adolescent patients, ranging from 18.7 to 31 months.1-3 It is
also more likely for adult patients to experience root resorp-
tion because of an aplastic, narrow, and less vascular periodon-
tal membrane, as well as denser, avascular, and aplastic bone.4

Surgically assisted orthodontic tooth movement has been
used since the 1800s. Corticotomy-facilitated tooth move-
ment was first described by L.C. Bryan in 1893, published
in a textbook by S. H. Guilford.5 In the past 50 years, rap-
id tooth movement without significant root resorption has
been reported.6-9 In these cases, the total treatment time was
reduced to one-third to one-fourth that of traditional non-
extraction and extraction orthodontic treatments.9 The cur-
rent corticotomy procedures adopted or modified by most
clinicians are based on Heinrick Köle’s combined radicu-
lar corticotomy/supraapical osteotomy technique, first de-
scribed in 1959.6 Köle’s technique consisted of buccal and
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Abstract: This case report documents the first use of particulate autogenous bone graft with the corticotomy-assisted

rapid orthodontic procedure known as periodontally accelerated osteogenic orthodontics (PAOO). A 41-year-old man,

with class II, division 2 crowded occlusion, was treated with the PAOO procedure. Buccal mucoperiosteal flaps were

reflected, and selected vertical and horizontal corticotomy was performed around the roots in both the maxillary and

mandibular arches. Particulate bone graft was harvested from the rami and exostosis for alveolar ridge augmentation.

Orthodontic movement was initiated immediately after the surgical intervention and adjusted every 2 weeks. Eight

months after corticotomy surgery, total active orthodontic treatment was completed. No detrimental periodontal effects

or root resorption were observed. The alveolar ridges of both the maxilla and mandible maintained the original thickness

and configuration despite facial tipping of the incisors. It was concluded that PAOO is an effective treatment approach

in adults to decrease treatment time and reduce the risk of root resorption. Selected corticotomy limited to the buccal

and labial aspects also significantly reduces treatment time. More clinical studies with additional patients and long-term

follow-up are needed to determine the optimal amount of autogenous bone graft. 
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lingual interproximal vertical corticotomy cuts limited to cor-
tical layers, with these vertical corticotomy cuts being con-
nected by horizontal osteotomy cuts approximately 1 mm
beyond the apices of the roots. Then, in 1991, Suya replaced
supraapical horizontal osteotomy with horizontal corticoto-
my to facilitate luxation of the corticotimized bone blocks.8

Wilcko et al3 further modified the corticotomy-assisted
orthodontic technique with the addition of alveolar augmen-
tation and patented the procedure as periodontally accelerated
osteogenic orthodontics (PAOO). Before Wilcko’s modifica-
tions, alveolar augmentation was used to increase the thick-
ness of alveolar bone to reduce the likelihood of dehiscence
during rapid orthodontic tooth movement. Wilcko’s modi-
fied technique used a combination of demineralized freeze-
dried bone allograft (DFDBA)/xenograft (Osteograft®/
N-300, DENTSPLY Friadent CeraMed, Lakewood, CO)
or a bioabsorbable alloplastic graft (PerioGlas®, NovaBone
Products, LLC, Jacksonville, FL) for alveolar augmentation.
Buccolingual thickness of overlying buccal bone was increased
with coverage of preexisting fenestrations. However, particles
of the xenograft were found not incorporated on the super-
ficial surface of augmented sites at reentry.

Köle attributed the accelerated tooth movement by selec-
tive corticotomy to moving “blocks of bone.”6 Köle believed
that teeth were embedded and moved in “blocks of bone”
connected to each other by medullary bone only, instead of
today’s understanding of how teeth move through alveolar
bone. Therefore, he postulated that with less resistance from
medullary bone compared with that from the denser cortical
plate, rapid tooth movement could be achieved.

Recent evidence suggests a localized osteoporosis state,
as a part of a healing event called regional acceleratory phe-
nomenon (RAP), may be responsible for the rapid tooth
movement.3 RAP was first described by Frost in 1983,10

although this phenomenon has been familiar to many his-
tomorphometrists since 1966. Frost noted that the original
injury somehow accelerated the normal regional healing
processes. This acceleration is the regional acceleratory phe-
nomenon. RAP usually occurs after a fracture, arthrodesis,
osteotomy, or bone-grafting procedure, and may involve
recruitment and activation of precursor cells necessary for
wound healing concentrated at the site of injury.10,11 RAP
is not a separate healing event, but it can expedite hard-
and soft-tissue healing stages two- to tenfold. Shih and
Norrdin12 demonstrated that when intraoral cortical bone
was injured by corticotomy, RAP accelerated the normal

regional healing processes by transient bursts of hard- and
soft-tissue remodeling.

The two main features of RAP in bone healing include
decreased regional bone density and accelerated bone turn-
over, which are believed to facilitate orthodontic tooth move-
ment.13,14 Goldie and King13 induced an osteoporosis state
by depleting calcium intake in lactating rats and found an
increase in the orthodontic tooth movement. In addition,

Figure 1 Pretreatment maxillary arch.

Figure 2 Pretreatment mandibular arch.

Figure 3 Pretreatment cephalometric tracing.



reduced root resorption was demonstrated.13 Most recently,
Wilcko et al14 showed radiographic evidence of an osteo-
porosis state in an alveolar bone treated with corticotomy,
a characteristic seen in RAP. Data from computed tomog-
raphy (CT) scans did not support the concept of “blocks
of bone” movement, but suggested a demineralization-
remineralization phenomenon. Additionally, the researchers
found comparable tooth movement acceleration with small,
round cortical perforations and with corticotomy cuts in a
split-mouth design. This finding further supported that RAP
is responsible for rapid orthodontic tooth movement.14

The use of particulate autogenous bone graft for alveo-
lar augmentation with corticotomy-facilitated orthodontic
tooth movement has never been documented. The purpose
of this case report is to present the first clinical study using
the corticotomy-facilitated orthodontic procedure com-
bined with alveolar augmentation with autogenous partic-
ulate bone graft harvested from the rami and mandibular
exostosis, a modified PAOO approach.

CASE REPORT
The patient, a 41-year-old man, wanted to complete his or-
thodontic treatment more quickly than the normal treatment
time of 2 years. A decision was made to perform PAOO. The
patient presented the following malocclusions:

1. Class II, division 2 (maxillary canines were in mild class
II position) (Figure 1)

2. 3-mm overjet
3. Severe overbite
4. 6-mm mandibular (Figure 2) and 3-mm maxillary

crowding
5. Average profile (Figure 3)

Surgical Procedures
All surgical procedures were performed after obtaining the
consent of the patient. Under local anesthesia, full-thickness
envelope flaps were raised with sulcular incisions while pre-
serving interdental papilla on the buccal sides of maxillary
and mandibular anterior regions only. No flap elevation or
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Figure 5 Buccal and facial selected corticotomy with verti-
cal and horizontal cuts in mandible.

Figure 7 Particulate autogenous bone graft laid down on
mandible after selected corticotomy.

Figure 4 Buccal and facial selected corticotomy with verti-
cal and horizontal cuts in maxilla.

Figure 6 Particulate autogenous bone graft laid down on
maxilla after selected corticotomy.
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corticotomy was performed on the palatal or lingual side in
this case. Care was taken not to damage neurovascular bun-
dles exiting mental foramens. Vertical corticotomy cuts were
performed with round burs with water irrigation and in be-
tween roots from the distals of second premolars to the dis-
tals of the opposing second premolars on both arches. These
vertical cuts were extended approximately 2 mm past the
apices of the teeth and connected with horizontal corticoto-
my cuts. The vertical corticotomy cuts stopped about 2 mm
short of the alveolar crests. Both corticotomy cuts and per-
forations were extended through the entire thickness of the
cortical plate, just barely into the cancellous bone (Figure 4
and Figure 5).

Autogenous bone graft was harvested from the rami and
mandibular exostosis. The horizontal envelope mucoperi-
osteal flap was extended to the retromolar areas. Particulate
bone was harvested with bone scrapers from both rami and
the exostosis on the buccal aspect of the mandibular right
premolars and the first molar region. Particulate bone was
laid down on the buccal aspects of the maxillary and man-
dibular anterior regions (Figure 6 and Figure 7). The muco-
periosteal flaps were replaced and sutured with 4-0 silk
sutures. The patient was given amoxicillin, 500 mg t.i.d. for
10 days and chlorhexidine mouth rinse 0.12% b.i.d. for
2 weeks. Over-the-counter ibuprofen as needed was pre-
scribed for postoperative discomfort. The sutures were re-
moved after 1 week.

Orthodontic Procedures
Full maxillary and mandibular braces (0.018 x 0.025) with
self-ligating brackets were placed before periodontal surgery.
Surgery was followed by the placement of the first arch wires
(0.014 copper nitinol). A nitinol open-coil spring and a pow-
er thread were tied to displaced tooth No. 28; 0.016 cop-
per nitinol and 0.016 x 0.022 copper nitinol wires then were
placed in sequence to level and align the arches. After ap-
proximately 3 months, both maxillary and mandibular rec-
tangular, stainless steel wires were placed (0.016 x 0.022); a
rotation wedge was placed on tooth No. 28 to help complete
alignment. Eight months after the surgery, detailing of the
occlusion was completed and the braces were removed sub-
sequently. Maxillary and mandibular removable Hawley re-
tainers were delivered within 4 days.

The total active orthodontic treatment took 8 months.
Routine orthodontic adjustments were made every 2 weeks.
The following orthodontic results were achieved:

1. Ideal class I occlusion obtained.
2. Overjet remained the same—3 mm.
3. Anterior closed bite was opened by 4 mm.
4. Mandibular plane angle increased from 20° to 24°. The

4° change, along with the 2 mm of maxillary incisor in-
trusion, contributed to the bite opening achieved. The
mandibular incisors remained in approximately the same
vertical position.

Figure 8 Pretreatment panoramic radiograph.

Figure 9 Panoramic radiograph at the completion of ortho-
dontic treatment.

Figure 10 Cephalometric tracing at the completion of
orthodontic treatment.
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5. Maxillary incisor labial angulation was increased from
5° to 14°.

6. Mandibular incisors tipped labially by 4° (97° to 101°),
which indicated that most of the arch length gained oc-
curred through expansion in the buccal segments.

Ideal esthetic and functional results were achieved in 8
months or one-third the average treatment time without
detrimental periodontal effects or root resorption (Figure 8
through Figure 10).

Reentry
One year after the corticotomy surgery, both maxillary and
mandibular anterior buccal regions were revisited. Under
local anesthesia, full-thickness mucogingival flaps were raised
on the buccal aspects. Resorption and remodeling of partic-
ulate autogenous bone graft was evident in both arches. The
thickness of the buccal plates in the maxilla and mandible
remained unchanged. There was no loss in the alveolar height,
and no new fenestration or dehiscence on the teeth was ob-
served (Figure 11 through Figure 13).

DISCUSSION
In this case study, ideal esthetic and functional results were
achieved in 8 months (one-third the average treatment time).
According to Hajii,9 an average treatment time for the PAOO
procedure was one-third to one-fourth of traditional ortho-
dontic treatment. Wilcko et al14 reported an average of 6.1
months of treatment time for the PAOO procedure. The
authors’ case result agreed with these observations. However,
unlike the procedures described by Köle6 and Wilcko et al,3

corticotomy was performed only at the buccal aspects of
both the maxilla and mandible in this case. This was in agree-
ment with Germec et al,15 who reported rapid tooth move-
ment when corticotomy was performed at the buccal aspects
of alveolar bone. The researchers noted that the elimination
of palatal and lingual corticotomy reduced the length and
the extent of the surgery and avoided the risk of violating
vital lingual anatomy.15

The authors’ case study is the first to report the use of par-
ticulate autogenous bone graft with the PAOO procedure.
Intramembranous autogenous bone grafts have been used in
the restoration of osseous volume as the gold standard of al-
veolar ridge reconstruction. Intraoral donor sites include the
maxillary tuberosity, mandibular symphysis, angle of the
mandible, ramus, and exostosis.16 The advantages of autoge-
nous bone grafts include potential osteogenesis from surviv-
ing bone cells, osteoinductivity from cytokines and growth
factors, and osteoconductivity from the autogenous bone.
The particulate form of autogenous bone graft has been used
successfully for filling intrabony periodontal defects, sinus
augmentation, and guided bone regeneration.17,18

Figure 11 Buccal alveolar ridge of maxilla 1 year after
selected corticotomy.

Figure 12 Buccal alveolar ridge of mandible 1 year after
selected corticotomy.

Figure 13 Final centric occlusion 1 year after selected 
corticotomy.
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Alveolar augmentation with DFDBA/xenograft (bovine
bone) or alloplastic graft (bioactive glass) was described by
Wilcko et al3 to cover any fenestrations and dehiscences and
increase bony support for teeth with corticotomy-assisted
orthodontic tooth movement. The authors noticed that par-
ticles of xenograft were not fully incorporated at reentry.
These graft materials, having the advantages of availability
and no secondary surgery, are not comparable with autoge-
nous bone graft, which facilitates bone integration. Literature
has shown that only 37% of bone-to-graft contact was pres-
ent for bovine bone xenograft after 6 to 7 months.19 Biop-
sies from DFDBA-filled extraction sockets showed dead
DFDBA particles embedded in dense connective tissue with
little to no new bone formation.20 Biopsies from bovine
bone xenograft showed dead particles surrounded by con-
nective tissue and only isolated sections showed host bone-
bovine contact with various degrees of new bone forma-
tion.20 In a different study, it was found that particulate
DFDBA remained encapsulated in connective tissue when
used for lateral ridge augmentation.21 A recent study revealed
that bioactive glass was not able to contribute to vertical
ridge augmentation and only a small gain in horizontal ridge
width (average 1.1 mm) occurred 6 months after a guided
bone regeneration procedure was used. In spite of being ex-
tremely bioabsorble, the histology revealed encapsulation of
residual particles with connective tissue.22

In this case, the authors found that, on reentry, bone
configuration was maintained for both the maxillary and
mandibular arches without significant augmentation. The
volume of autogenous bone harvested in this case was signif-
icantly less than that recommended by Wilcko et al.3 Auto-
genous bone graft is known to undergo extensive resorption
when used in a lateral augmentation procedure.21 In clinical
observation, at reentry after 1 year, resorption and remodel-
ing of the autogenous graft was evident in both the maxilla
and mandible. The maxillary and mandibular incisors were
tipped 14° facially.

Facial tipping of incisors can result in thinning of facial
alveolar bone.23 In this case, however, the thickness of max-
illary and mandibular buccal plates was not increased and an
anatomically sound alveolar configuration was maintained.
This result may be partially attributed to the autogenous
bone graft. However, the optimal quantity of bone graft has
not been determined and, as this report demonstrates, more
clinical research should be undertaken to determine the op-
timal amount of autogenous bone graft.

CONCLUSION
Because this study included only one patient, the conclu-
sions reached are limited. It is recommended that more
clinical studies be performed with additional patients and
long-term follow-up. However, this case suggests the fol-
lowing conclusions:

1. PAOO is an effective treatment approach in adults to
decrease treatment time and reduce the risk of root
resorption.

2. Using a modified surgical approach and limiting the
corticotomy to the buccal and labial aspects produced
the RAP needed to significantly reduce treatment time.

3. The reduction of surgery time and patient discomfort
are basic advantages to a modified surgical approach.

4. More clinical research is needed to determine the opti-
mal amount of autogenous bone graft.
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1. Because dentoalveolar development ceases after adoles-
cence, it is more likely for adult patients to experience:

a. a highly vascular periodontal membrane.
b. root resorption.
c. porous bone.
d. all of the above

2. Corticotomy-facilitated tooth movement was first
described in:

a. 1783.
b. 1893.
c. 1963.
d. 1993.

3. In the past 50 years, rapid tooth movement without
significant root resorption has been reported to reduce
total treatment time to how much of that of traditional
nonextraction and extraction orthodontic treatment?

a. two-thirds to one-half
b. one-half to one-third
c. one-third to one-fourth
d. one-fourth to one-eighth

4. Köle’s combined radicular corticotomy/supraapical
osteotomy technique used horizontal osteotomy cuts
approximately how far beyond the apices of the roots?

a. 0.5 mm
b. 1 mm
c. 1.5 mm
d. 2 mm

5. Wilcko modified the corticotomy-assisted technique
with the addition of:

a. a connective-tissue graft.
b. an autogenous bone graft.
c. alveolar augmentation with demineralized

freeze-dried bone allograft/xenograft.
d. all of the above

6. Which two main features of regional acceleratory 
phenomenon are believed to facilitate orthodontic
tooth movement?

a. increased regional bone density and decelerated
bone turnover

b. decreased regional bone density and decelerated
bone turnover

c. increased regional bone density and accelerated
bone turnover

d. decreased regional bone density and accelerated
bone turnover

7. In this case, autogenous particulate bone was laid
down on what aspects of the maxillary and mandibular
anterior regions?

a. lingual
b. buccal
c. palatal
d. all of the above

8. In this case, ideal esthetic and functional results
were achieved in:

a. 6 months.
b. 8 months.
c. 10 months.
d. 12 months.

9. In clinical observation, at reentry after 1 year, what was
evident in both the maxilla and mandible?

a. resorption and remodeling of the autogenous
graft

b. tipped incisors
c. root recession
d. grooves between the roots

10. In this case, the thickness of the maxillary and
mandibular buccal plates was:

a. increased by 0.5 mm.
b. increased by 1 mm.
c. increased by 1.5 mm.
d. not increased.


