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Abstract: A common complication of tooth replantation after
traumatic avulsion is tooth ankylosis causing dental malpositioning,
partial loss of function, tipping of adjacent teeth and worsening of
aesthetics. The aim of this study is to evaluate the effects of a
repositioning procedure of such ankylosed permanent front teeth by
a distraction osteogenesis procedure. Five patients (mean age 13.4
years), with an ankylosed permanent front tooth in the anterior area,
were enrolled in the present study. After the pre-operatory ortho-
dontic preparation, each selected site was treated with single-tooth
dento-alveolar block osteotomy surgery performed with a piezo-
electric surgery device with ultrasonic cuts on the buccal side.
Subsequently, a custom distraction device, made by a resin splint
and a sector expansion screw, was set in such a way it delivered a
force with direction and sense towards the planned position of the
tooth as well as the osteotomy’s incision. After a latency period of
14 days, the distraction of the dento-alveolar block was started with
a rate of distraction of 0.8 mm per day. The average shift obtained
by the ankylosed teeth was 7.8� 0.75 mm (�SD), and the anky-
losed tooth was regularly positioned into the occlusion in
20.4� 1.85 days (�SD), with a slight relapse (�0.5 mm) observed
after 1 year. This study indicates that a therapeutic approach
combining piezoelectric surgery and orthodontic therapy may be
useful for the treatment of ankylosed permanent teeth in the frontal
area with a long-term follow-up over 5 years.
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T ooth loss following a maxillo-facial trauma is reported in 0.5%
to 3% of cases involving the anterior dentition.1 Tooth replanta-

tion may be successful in the short term, but long-term survival of
the tooth is frequently questionable, leading even to tooth loss or
extraction at a later stage.1 If tooth is not replanted immediately or if it
is not stored in a suitable environment before replantation, it’s more
likely to develop root resorption compared with tooth replanted after
few minutes or stored under favourable conditions.2 Severe injuries to
periodontal ligament remnants may lead also to ankylosis phenom-
enon causing the fusion between the mineralized root surface and the
alveolar bone.3 If ankylosis occurs in a growing child, tooth remains
in a state of static retention whereas, in the adjacent areas, tooth
eruption and alveolar growth continue. The orthodontic tooth move-
ment may determine incomplete alveolar process development,
replanted tooth infraocclusion, occlusal disharmony, tipping of adja-
cent teeth, supra-eruption of opposing teeth, delayed tooth move-
ments, and, if affecting permanent maxillary incisors, an anesthetic
smile.4 In such a case absence of the physiological response to
orthodontic forces occurs and any following treatment, that initially
requires the extraction of ankylosed tooth, is generally aggravated by
the complexity of extraction procedures leading often to severe
deficiencies of alveolar hard and soft tissues.5

When performing a treatment aiming to maintain and reposition
an ankylosed tooth, the role of surgery becomes fundamental in
conjunction with orthodontic therapy. Different surgical techniques
have been described for the facilitation of orthodontic tooth move-
ments such as corticotomy6 and distraction osteogenesis.7 Accord-
ing to Long et al8 both surgical procedures are effective and safe to
accelerate orthodontic movement of teeth with a healthy period-
ontal ligament. Regarding ankylosed permanent front teeth, several
case reports have shown good results with different techniques for
tooth repositioning.9,10 A reported procedure is distraction osteo-
genesis (DO) that consists in carrying out subperiosteal osteotomies
leading to a bone block containing the ankylosed tooth. This is
followed by a controlled slight displacement of surgically created
bone segment through orthodontic incremental tractions that let
bone and soft tissue to expand due to mechanical tissue stretching at
the osteotomy site.7,11

The aim of this study is to describe a long-term follow-up of a
case series of ankylosed permanent front teeth repositioned by
orthodontic displacement of a dento-alveolar block according to
distraction osteogenesis procedure.

METHODS
Five patients (2 males and 3 females; aged 12–15 years; mean age:
13.4 years), in permanent dentition who needed orthodontic treat-
ment with fixed appliances, with a chief complaint of irregular teeth
eruptions in the anterior area and an ankylosed permanent front
tooth, were enrolled in the present study. For each patient, informed
written consent was collected about the possible risks of the study.
The institutional ethical committees of the University of Naples
‘‘Federico II’’ and of the University of Messina approved the study
protocol (#18/04 and #22/05).

The inclusion criteria were as follows:

(1) irregular teeth eruptions in the anterior area scheduled for
orthodontic treatment,

(2) ankylosis of a permanent front tooth (not responding to
orthodontic forces),

(3) absence of active periodontal disease with good plaque
control,

(4) no history of systemic diseases that would contraindicate oral
surgical treatment.12

Before the surgical procedure, each patient was given supple-
mental oral hygiene instructions and underwent full-mouth

From the �Department of Neurosciences, Reproductive and Odontosto-
matological Sciences; University of Naples ‘‘Federico II’’, Naples;
yDepartment of Biomedical, Odontostomatological Sciences and of
Morphological and Functional Images; University of Messina, Messina;
and zDepartment of General Surgery and Surgical-Medical Specialties,
University of Catania, Catania, Italy.

Received November 26, 2018.
Accepted for publication December 27, 2018.
Address correspondence and reprint requests to Marco Cicciù, DDS, PhD,
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supragingival scaling with ultrasonic devices and/or hand instru-
mentation. Before the surgery, the space for the repositioning of the
ankylosed tooth was orthodontically created.

After the pre-operatory orthodontic preparation, the site was
ready for the single-tooth dento-alveolar block osteotomy surgery
(Fig. 1A–C).13 The extension of the mucoperiosteal flap included
the ankylosed tooth and at least the mesial and distal teeth from the
distal interdental papillae (Fig. 2A). The osteotomy was performed
with a piezoelectric surgery device using thin inserts OT7 or OT2
piezoelectric surgery tips (Mectron s.p.a., Carasco, Genova,
Italy).14 Two vertical osteotomies were made right in the middle
of the inter-radicular space, mesially and distally the ankylosed
tooth, and a horizontal osteotomy was made to connect the other 2
(Fig. 2B). All the osteotomy cuts reached the palatal mucosa, and
the osseous box containing the ankylosed tooth had to be displace-
able towards the desired position. (Fig. 2C). Ultrasonic cuts were
generated on the buccal side.

The flap then was replaced in his original position and sutured
with nonabsorbable silk surgical suture 4–0 (Fig. 2D and E).

In all patients, amoxicillin was prescribed (1 g 2 times a day for 3
days), and a 0.12% chlorhexidine solution (rinsing twice a day,
starting 24 hours after surgery for 7 days).

The custom distraction device was made for the patients, using a
resin splint and a sector expansion screw. The splint was made of:

1) the passive part, that was cemented to the occlusal surface of all
the upper arch teeth except the ankylosed one;

2) the active part, that was the movable part of the screw bonded to
the widest possible surface of the ankylosed tooth’s crown with
orthodontic bonding and composite resin (Fig. 3A and B). The
screw was set in such a way it delivered a force with direction
and sense towards the planned position of the tooth as well as
the osteotomy’s incision (Fig. 3B).

After 10 days from the surgical procedure, the distraction device
was bonded to the maxillary teeth. After a following latency period
of 4 days, the distraction of the dento-alveolar block was started.
Each activation equivalent to 0.4 mm, was made twice a day
(Fig. 3A) with a rate of distraction of 0.8 mm per day. The position
of the ankylosed tooth was overcorrected by 1 mm. The changes in

the movement of the ankylosed treated tooth over time were
recorded.

After active orthodontic treatment, the stabilization of the dental
arch was obtained with an SS .019 x .025 arch wire (Fig. 3B).

RESULTS
Table 1 shows the patients data. A better smile aesthetic and a
normo-occlusion have been reached in the anterior region due to the
regularisation of overbite and overjet values of the ankylosed tooth
in all patients. In the analyzed sample, the average shift obtained
from the ankylosed teeth was 7.8� 0.75 mm (�SD), and the
ankylosed tooth was regularly positioned into the occlusion in
20.4� 1.85 days (�SD). When the ankylosed tooth reached the
occlusal plane, an arch wire retainer, including the ankylosed teeth,
was inserted for a period of 6 months to monitor the evolution. A
slight relapse (�0.5 mm) observed after 1 year and then stable in the
long term.

At the 24-month post-treatment follow-up, the maxillary
anterior gingival margins were improved, and alignment and level-
ing were completed in both arches (Fig. 4A and B). A normal
overjet and overbite improved the midline coincidence, and Class I
molar and canine relationships were obtained. The post-treatment
radiograph after more than 5 years of follow-up showed that the root
of the ankylosed tooth presented the same stable root reabsorption
of the final active treatment (Fig. 5A and B).

Even with different events occurred during the treatment (such
as little relapse or aesthetic requests), the clinical procedure allowed
the patient to maintain function and a good aesthetic without any
prosthetic solution. Advantage of this procedure is the recreation of
healthy hard and soft tissues, that could in anytime be used to place
an implant to improve further the smile aesthetic.

DISCUSSION
After traumatic dental avulsion tooth ankylosis, due to severe
injuries of the periodontal ligament, is a common complication
of tooth replantation. Ankylosis of permanent teeth in the frontal
area may cause dental malpositioning, partial loss of function,

FIGURE 2. A, B, and C, Osteotomy performed with a piezoelectric device;
D and E, immediate post-surgical stage.

FIGURE 3. A, Application of the osteodistraction device; B, Active orthodontic
treatment and stabilization of the ankylosed tooth.

FIGURE 1. A, B, and C, Initial case and orthodontic treatment.

TABLE 1. Clinical Results

Patient Age Sex

Ankylotic

Tooth

Shift

Obtained

(mm)

Expansion

Duration

(days)

E.R. 12 F 1.1 8 20

G.A. 13 M 1.1 8 22

A.S. 13 M 1.2 7 19

C.M. 15 F 2.1 9 23

G.T. 14 F 2.2 7 18

Average Value 13.4 / / 7.8� 0.75 20.4� 1.85
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tipping of adjacent teeth and worsening of aesthetics. For a func-
tional and aesthetic rehabilitation of such condition, sometimes
vertical bone augmentation by tissue regeneration or bone grafting
is necessary. However, techniques that require bone augmentation
in some cases have shown conflicting results, particularly in
cases of vertical bone augmentation.15,16 Maintaining the tooth
on the arch and moving it to the occlusal plane would be a better
treatment option.

For the relocation of ankylosed teeth, a technique proposed in
the literature is the segmental osteotomy.17 The immediate mobil-
ization and repositioning of the alveolar segment, associated or not
with xenogenic bone grafts,18 seems to be a surgical repositioning
technique with satisfactory results.19 For this procedure, mainten-
ance of the vascularization is an important factor for the long-term
result of the soft and hard tissues of the ankylosed tooth.19,20 To
enable a gradual and slower soft tissue stretching, an osteotomy
associated with a distraction device has been proposed to treat
ankylosed teeth.21 Although adequate results have been reported,
these techniques use a specific device that is sometimes complex
and constraining. Furthermore, distractors have a unidirectional
impact with heavy strengths (distraction rate of 0.5 to 1 mm/day).
These techniques poorly predict movement in the sagittal direction
and can lead to incorrect distraction vectors.22

The piezoelectric surgery is a technique that provides precise
bone cutting and increased tactile control since the application of
excessive force is not needed as with conventional drills.23 The
vibrating tip also drives the irrigation solution through a cavitation
phenomenon which allows for better visibility and a clean operating
field.24 Therefore, the surgeon can safely and precisely carry out the
bone surgery, with minimal chances of instrument slippage which
can damage the adjacent tissues. In contrast to macrovibrations
produced by conventional drills, piezoelectric surgery acts on the
principle of microvibrations thus minimizing the patient’s psycho-
logical stress and fear.21,25

Wilcko et al26 proposed that it is possible to maintain and even
thicken the layer of pre-treatment bone over the prominences of the
roots without increasing the risk of apical root resorption. Further-
more, corticotomy by piezoelectric bone surgery seems to be an

effective treatment that allows to decrease the time required for the
orthodontic movement as well as reducing the root resorption rate.27

The repositioning procedure of ankylosed permanent front teeth
by a distraction osteogenesis. approach combining piezoelectric
surgery and orthodontic therapy may be useful for the treatment of
post-traumatic replanted teeth showing an ankylotic complication.

The single tooth dento-alveolar osteotomy technique proposed
in the present study resulted in clinical outcomes that were similar
to those of the classic decortication approach. In contrast to the
findings of Yaffe et al,28 who reported slight interdental bone loss,
reduced attached gingiva, and periodontal defects, we observed no
significant negative effects on the periodontal tissues after osteot-
omy performed by piezoelectric surgery. In fact, this kind of bone
movement allowed for the adaptation of the soft gingival tissues in
the area of the ankylosed tooth.29–31

Moreover, this approach presented the additional advantages of
being minimally invasive, precise, and less traumatic for the patient.

This study indicated the effectiveness of the combined surgical-
orthodontic approach using osteotomy performed with the piezo-
electric surgery and segmental alveolar bone distraction for the
treatment of ankylosed tooth in the frontal area. The advantages of
this approach were a 3-dimensional fine movement of the ankylosed
tooth and prevention of alveolar bone loss and recession of gingival
margins in a long-term follow-up. Over 5-years follow-up retention
of ankylosed treated teeth in the frontal area was achieved without
any negative effect on the aesthetic appearance in terms of infra-
occlusion and gingival irregularity due to surrounding alveolar
growth.

The results of the present study are promising and demand
further studies with a larger sample to better understand the role and
benefits of the reported combined surgical-orthodontic procedure in
the management of ankylosed permanent front teeth.
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Minimally-Invasive Endoscopic-
Assisted Sinus Augmentation

Filippo Giovannetti, MD, PhD, Ingrid Raponi, MD,
Paolo Priore, MD, PhD, Antonio Macciocchi, MD,
Giorgio Barbera, MD, and Valentino Valentini, MD

Objectives: The purpose of this article is to evaluate endoscopic-
assisted technique by lateral approach for sinus floor augmentation,
to reduce the incidence of Schneiderian membrane perforation, and
to guarantee a sufficient apposition of new bone even in the
posterior maxillary sinus.
Methods: From January 2017 to December 2017, 10 patients
affected by severe maxillary atrophy underwent endoscopic-
assisted sinus augmentation using a lateral approach.
Results: In only 1 patient, a little perforation of sinus membrane
was observed intraoperatively and it was repaired. No abnormal
postoperative bleeding was observed. None of the patients experi-
enced oro-antral fistula, infection, or V2 dysesthesia. The authors
did not find radiologic evidences of biomaterial displaced on the
maxillary sinus or postoperative sinusitis.
Conclusions: The authors evaluated endoscopic-assisted maxillary
sinus augmentation technique using a lateral approach that allows a
direct and clear view of the surgical field. This technique, as the
preliminary results demonstrate, is safe and helpful, especially in
avoiding membrane perforation and in xenograft optimal distri-
bution. It could be very useful in retreatment patients.

Key Words: Endoscopic assisted, implant surgery, maxillary sinus

augmentation, minimally-invasive sinus lift

M axillary sinus floor augmentation is a surgical procedure that
allows the rehabilitation of atrophic edentulous posterior

maxilla and is crucial to dental implant procedure. New homolo-
gous or heterologous bone graft could be used to increase maxillary
sinus floor bone height.1 Tatum2 and Boyne and James3 1st
described the lateral approach, which consisted in drilling a window
in the lateral sinus wall to access to the Schneiderian membrane. In
the following years, a lot of modifications of this technique have
been published, and when the increase of vertical bone is <9 mm, a
transcrestal technique could be indicated.4–6 Some complications
have been described: sinusitis, displacement of heterologous bone
graft into the maxillary sinus, abscesses, and Schneiderian mem-
brane perforation.7 To avoid these complications, some works about
endoscopic-assisted transcrestal sinus lift have been reported.8–10

In the present work, we propose an endoscopic-assisted sinus floor
augmentation associated with lateral maxillary wall approach to
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