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Abstract

Purpose The aim of this retrospective study was to investigate whether a piezocision technique influences molar intrusion
in open-bite cases.

Methods In all, 30 patients with open-bite malocclusion were assigned to one of two groups: the piezocision group com-
prised 15 patients who were treated using curved arches and anterior elastics with the simultaneous combination of
piezocision which was performed interdentally in the upper posterior region, while the control group comprised 15 patients
who were treated with the same treatment mechanics without piezocision. In both groups, after leveling and aligning, up-
per 0.017x 0.025 accentuated curve and lower 0.017 x 0.025 reversed curve of Spee NiTi archwires were placed. Anterior
vertical elastics were applied between laterals and the canines on both sides. The effects of treatments were investigated
on cone-beam computed tomography images acquired before use of elastics and after correction of open-bite.

Results Open-bite closure was achieved in 2.85+0.85 and 4.1+ 1.58 months in the piezocision and control groups,
respectively, while total treatment lasted 1.4+0.42 and 1.7+0.43 years, respectively. Extrusion of lower posterior teeth
(p<0.05) was observed together with extrusion of incisors and canines (p<0.001) in the piezocision group, while only
incisors and canines were extruded in the control group (p<0.001). There were no significant differences between the
groups (p>0.05) except significant lower incisor extrusion (p<0.05) and counter-clockwise rotation of the lower occlusal
plane in the piezocision group (p<0.001).

Conclusion The duration of open-bite correction was significantly shorter in the piezocision group. No molar intrusion
was observed in either group. Open bite correction was achieved mainly by extrusion and retrusion of the incisors while
maintaining upper molar positions.

Keywords Multiloop edgewise archwire - Regional accelerated phenomenon - Tooth movement techniques - Orthodontic
appliances, fixed - Piezosurgery
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Wirkung der Piezozision auf die Molarenintrusion bei der Behandlung eines offenen Bisses mittels
einer modifizierten MEAW-Technik

Zusammenfassung

Ziel Ziel dieser retrospektiven Studie war es, zu priifen, ob eine Piezozisionstechnik die Molarenintrusion bei einem
offenen Biss beeinflusst.

Methoden Insgesamt 30 Patienten mit einer offenen Bissfehlstellung wurden einer von 2 Gruppen zugeordnet: Die Piezo-
zisionsgruppe umfasste 15 Patienten, die behandelt wurden mit gekriimmten Bogen und anterioren Elastics in Kombination
mit gleichzeitiger Piezozision, die interdental im oberen Seitenzahnbereich durchgefiihrt wurde. Die Kontrollgruppe um-
fasste 15 Patienten, die mit der gleichen Behandlungsmechanik, aber ohne die Verwendung von Piezozision behandelt
wurden. In beiden Gruppen wurden nach Nivellierung und Ausrichtung im Oberkiefer 0,017 x 0,025 akzentuierte NiTi-
Spee-Bogen und im Unterkiefer 0,017 x 0,025 umgekehrte Spee-NiTi-Bogen platziert. Anteriore vertikale Elastics wur-
den zwischen den seitlichen Schneidezdhnen und den Eckzéhnen auf beiden Seiten angebracht. Die Auswirkungen der
Behandlungen wurden auf DVT(digitale Volumentomographie)-Bildern untersucht, die vor dem Einsatz von Elastics und
nach der Korrektur des offenen Bisses aufgenommen wurden.

Ergebnisse Ein Verschluss des offenen Bisses wurde in 2,85+ 0,85 Monaten in der Piezozisions- und nach bzw. 4,1+ 1,58
Monaten in der Kontrollgruppe erreicht, wobei die Gesamtbehandlung 1,4+0,42 bzw. 1,7+£0,43 Jahre dauerte. Die Ex-
trusion der unteren Seitenzdhne (p<0,05) wurde zusammen mit der Extrusion der Schneide- und Eckzihne (p<0,001)
in der Piezozisionsgruppe beobachtet, wihrend in der Kontrollgruppe nur die Schneide- und Eckzédhne extrudiert wurden
(p<0,001). Es gab keine signifikanten Unterschiede zwischen den Gruppen (p>0,05), mit Ausnahme der signifikanten
Extrusion der unteren Schneidezihne (p<0,05) und der Drehung der unteren Okklusionsebene gegen den Uhrzeigersinn
in der Piezozisionsgruppe (p<0,001).

Schlussfolgerung Die Dauer der Korrektur des offenen Bisses war in der Piezozisionsgruppe signifikant kiirzer. In beiden
Gruppen wurde keine molare Intrusion beobachtet. Die Korrektur des offenen Bisses wurde hauptsichlich durch Extrusion

und Retrusion der Schneidezéhne unter Beibehaltung der oberen Molarenpositionen erreicht.

Schliisselworter Multiloop edgewise archwire - Regional beschleunigtes Phdnomen - Verfahren zur Zahnbewegung -

Festsitzende kieferorthopéddische Apparaturen - Piezochirurgie

Introduction

Anterior open-bite, depending on the severity and the
causative factors, can be one of the most difficult maloc-
clusions to treat and to ensure stability [1]. One of the
causes of the development of open-bite is overeruption of
the upper molars due to multiple etiological factors. There-
fore, intrusion of the posterior teeth or at least prevention
of molar extrusion during orthodontic treatment is crucial
for vertical control in open-bite patients since 1-4mm of
molar extrusion was reported during any fixed orthodontic
treatment [2, 3].

In 1987, Kim [4] developed the multiloop edgewise arch-
wire (MEAW) technique which is comprised of anterior
vertical elastics and stainless steel (SS) archwires with an
accentuated curve of Spee in the maxilla and a reverse
curve of Spee in the mandible combined with distally an-
gulated boot loops to control the posterior segments. With
this technique, open-bite is said to be closed by the extru-
sion of anterior teeth and uprighting of the posterior teeth
causing clockwise rotation of the maxillary occlusal plane
and counterclockwise rotation of the mandibular occlusal
plane. However, this technique requires high professional
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skills [5]. To simplify the MEAW technique, Enacar et al.
[6] modified Kim’s technique by using upper accentuated
and lower reverse curved nickel-titanium (NiTi) archwires
with vertical elastics which were applied in the canine re-
gions and they reported similar treatment results to those
obtained with the MEAW technique. Kucukkeles et al. [7]
and Atout et al. [8] reported the technique as being less
time consuming since there is no need for wire bending,
more hygienic and less irritating for the soft tissues. How-
ever, all these studies were performed analyzing two-dimen-
sional (2D) measurements which are not reliable consider-
ing superposition of the right and left landmarks. Therefore,
when the intrusion effect on posterior teeth is investigated,
cone-beam computed tomography (CBCT) images provide
more accurate evaluations. Recently, Erdem and Kucukke-
les [9] investigated the effects of this modified technique
with CBCT and reported vertical control of molars during
the open-bite closure.

In the literature, there are also case reports explaining
that with the application of a corticotomy more efficient
molar intrusion was achieved [10, 11]. Mostafa et al. [12]
performed corticotomy between the roots of the upper ante-
rior teeth in open-bite patients and claimed that the amount
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Fig. 1 Flow diagram of pa-
tient selection based on the [
CONSORT (Consolidated Stan-

Enrollment

3D records of open-bite patients treated by curved arches and anterior elastics

in a University archive assessed for eligibility (n=45)

dards of Reporting Trials) state-
ment guidelines

Abb. 1 Flussdiagramm zur
Patientenauswahl auf Basis
der CONSORT(Consolidated
Standards of Reporting Tri-
als)-Statement-Leitlinien
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of upper incisor extrusion exceeded the lower incisor ex-
trusion because the corticotomies initiated the regional ac-
celerated phenomenon (RAP) around the upper teeth [13].
Since corticotomy surgeries require full-thickness flaps and
cause morbidity and postsurgical discomfort, minimally in-
vasive and flapless alternatives have been developed such as
piezopuncture [14], microosteoperforations [15], or piezo-
cision [16, 17]. The piezocision procedure consists of flap-
less corticotomies through vertical interproximal incisions
using a piezoelectric device. The piezoelectric knife is used
to decorticate the alveolar bone through the microincisions
on the buccal gingiva in order to initiate RAP which is
characterized by a decrease in bone density and an in-
crease in bone turnover [18], leading to faster orthodon-
tic tooth movement. Also, the period of RAP is reported
to begin within a few days after surgery, usually peaks
in 1-2 months, and then slows down and disappears as
remineralization sets in [19]. Therefore, researchers have
focused on using piezocision for accelerating orthodontic
tooth alignment and some studies have found this technique
effective [20-22], while others have concluded the opposite
[23].

Studies [20, 21] evaluating canine retraction with the
help of piezocision reported faster distalization when com-

pared to the control group. Other studies in which piezo-
cision was performed in crowding cases revealed accelera-
tion in tooth movement during alignment [16, 24, 25] and
greater efficiency in the maxilla [24]. It was also reported
that piezocision was effective in accelerating orthodontic
treatment during 3 months after surgery [24].

Thus, an important question arises. Do less invasive in-
terventions such as piezocision achieve efficient molar in-
trusion? As piezocision is also reported to initiate a RAP
effect and shortening effect of treatment time, the aim of
this study was to investigate whether it is possible to ac-
celerate the tooth movement and achieve molar intrusion
when piezocision is performed in the posterior region with
the combination of curved NiTi arches and anterior verti-
cal elastics so that the clinicians can decide whether this
technique is worth applying in open-bite cases.

Materials and methods
Protocol registration

This single-center, single-blinded retrospective study was
reviewed and approved by the ethical committee of Mar-
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mara University, Institute of Health Sciences, Istanbul,
Turkey (2019-354). The CBCT records of 45 patients with
anterior open-bite treatment using the described technique
were retrieved from the archives of the Department of
Orthodontics, Faculty of Dentistry, Marmara University,
Istanbul, Turkey. Written informed consents were signed
by all patients/parents willing to participate in this study.

Eligibility criteria

The inclusion criteria were as follows:

Patients with full eruption of all teeth,

Class I or mild class II skeletal and dental relationship,
Mild to moderate open-bite, and

Normal or minimally increased facial height.

The exclusion criteria were as follows:

Patients with missing teeth,

Craniofacial anomalies,

Missing and unclear records,

Patients who were reported failure to follow the routine

of the treatment protocol,

e Patients having systemic, hormonal, or congenital dis-
ease, or

e Patients with altered bone metabolism (e.g., due to an-

tiresorptive drug, steroids or immunosuppressant use).

The flow diagram of patient selection based on the
CONSORT (Consolidated Standards of Reporting Tri-
als) statement is shown in Fig. 1. Finally, 30 patients
were assigned to one of two groups according to whether
piezocision was performed or not. All the patients were
treated using curved arches and anterior vertical elastics;
however, piezocision was performed in 15 patients (piezo-
cision group) and no piezocision was performed on the
other 15 patients (control group). The treatment of the
piezocision group was done by one orthodontist and the
piezocisions were performed by the same orthodontist. The
treatment of the control group was carried out by another
orthodontist.

Sample size collection

Sample size estimation was based on a previous study by
Kucukkeles et al. [7] and a minimum of 15 patients for each
group was required (power of 0.80; a level of 0.05).
Orthodontic procedure

All the patients were treated with 0.022 inch slot MBT
metal brackets. Both maxillary and mandibular teeth, in-

cluding second molars, were leveled and aligned with su-
perelastic NiTi archwires. Following this stage, 0.017x
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0.025 inch maxillary accentuated curve of Spee and
mandibular reverse curve of Spee NiTi archwires were
placed and CBCT images were taken (TO0). Surgical hooks
were crimped between central and lateral incisors in both
arches and vertical box elastics were applied between
crimped hooks and the canine bracket hooks on both sides
for all day except during meals.

In both groups, after the achievement of 2mm positive
overbite, the patients were instructed to use their elastics
for another 6-8 weeks on 0.017x0.025 inch straight SS
archwires. Then the second CBCT images were taken (T1).

Piezocision procedure

In the piezocision group, just before the anterior vertical
elastics use, vertical interproximal incisions with a length
of 4mm were performed 4 mm above the interdental papil-
lae on the soft tissue under local anesthesia. These inci-
sions were done interproximally between the upper canine
and second molars on both sides. Then 3mm depth and
4mm length of alveolar cortical incisions were performed
with a piezosurgery knife (no. 0T7) by using a Mectron
Piezosurgery® 3 device (Mectron, Genova, Italy) (Fig. 2).
No sutures were applied following the procedure. Treat-
ment records of one patient from the piezocision group are
shown in Figs. 3 and 4.

Data collection

The effects of the treatment were investigated on CBCT
images and cephalograms derived from the CBCTs which
were acquired before the usage of elastics (T0) and after
the correction of open-bite (T1). The CBCT images were
acquired using an Iluma® Imtec Imaging Machine (3M,
Ardmore, OK, USA). The DICOM data were transferred to

Fig.2 Intraoral photo showing the piezocision region

Abb. 2 Intraorale Aufnahme der Piezozisionregion
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Fig. 3 Intraoral photographs of a patient at each stage of treatment; (a, e) initial; (b, f) before use of vertical elastics; (¢, g) after correction of the
open bite; (d, h) final

Abb. 3 Intraorale Aufnahmen eines Patienten in jeder Behandlungsphase: (a, e) zu Beginn; (b, f) vor der Verwendung von vertikalen Gummibén-
dern; (¢, g) nach Korrektur des offenen Bisses; (d, h) zum Abschluss der Behandlung

Fig.4 Extraoral photographs of a patient at each stage of treatment; (a, e) initial; (b, f) before use of vertical elastics; (¢, g) after correction of the
open bite; (d, h) final

Abb. 4 Extraorale Aufnahmen eines Patienten in jeder Behandlungsphase: (a, e) zu Beginn; (b, f) vor der Verwendung von vertikalen Gummibén-
dern; (c, g) nach Korrektur des offenen Bisses; (d, h) zum Abschluss der Behandlung
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Fig.5 Reference planes (RP1,
RP2, RP3, and RP4)
Abb.5 Referenzebenen (RPI,
RP2, RP3 und RP4)

Table 1 Dental reference points used on the three-dimensional images
Tab.1 Auf den dreidimensionalen Bildern verwendete zahnmedi-
zinische Referenzpunkte

Point Definition

UIR Midmost point of the upper right first incisor’s incisal
edge

U3R Midmost point of upper right canine tip

U3L Midmost point of upper left canine tip

USR Buccal cusp tip of upper right second premolar

USL Buccal cusp tip of upper left second premolar

u6L Trifurcation of upper left first molar

U6R Trifurcation of upper right first molar

U7L Trifurcation of upper left second molar

U7R Trifurcation of upper right second molar

LIR Midmost point of the lower right central incisor’s incisal
edge

L3R Midmost point of the lower right canine tip

L3L Midmost point of the lower left canine tip

L5R Buccal cusp tip of the lower right second premolar

L5L Buccal cusp tip of the lower left second premolar

L6L Trifurcation of lower left first molar

L6R Trifurcation of lower right first molar

L7L Trifurcation of lower left second molar

L7R Trifurcation of lower right second molar

MIMICS 19.0 software (Materialise Europe, Leuven, Bel-
gium) and three-dimensional (3D) images were created.
Following reference planes were created on 3D images
(Fig. 5) and linear measurements from the dental points
(Table 1) to the reference planes were made accordingly.

o RP1 (Frankfort horizontal plane): The plane passing from
the right and left porions and the right infraorbital point.

o RP2: The vertical reference plane that passes through the
right and left porions and perpendicular to RP1.
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RP2 (Vertical Reference Plane)

RP1
(Horizontal
Reference Plane)

RP3
(Mandibular Plane)

Fig.6 Measurements used for cephalometric evaluation: / SNA (°),
2 SNB (°), 3 ANB (°), 4 N-ANS (mm), 5 ANS-Me (mm), 6 SN-MP (°),
7 IMPA (°), 8 U1-SN (°), 9 SN-UOP (°), 10 SN-LOP (°)

Abb.6 Zur kephalometrischen Auswertung verwendete Messwerte:
1 SNA (°), 2 SNB (°), 3 ANB (°), 4 N-ANS (mm), 5 ANS-Me (mm),
6 SN-MP (°), 7 IMPA (°), 8 UI-SN (°), 9 SN-UOP (°), 10 SN-LOP (°)
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e RP3 (mandibular plane): The plane passing from the right
and left gonions to menton.

e RP4: The vertical reference plane that passes through the
right and left gonions and perpendicular to RP3.

In addition, 7 angular and 4 linear parameters were mea-
sured on the constructed cephalometric images (Fig. 6).

All measurements were performed by the same examiner
who was blinded to the type of treatment protocol and was
not involved in treating the patients.

Statistical analysis

IBM SPSS® Statistics for Windows, version 22.0 (IBM
Corp., Armork, NY, USA) was used for statistical analy-
sis. To assess intraexaminer reliability, the measurements
were repeated for six randomly selected patients 1 week
after the first measurements. Distribution of the data was
analyzed with the Kolmogorov—Smirnov test. The Student
t-test was used for intergroup comparisons of the parame-
ters with normal distribution. The paired-samples t-test was
used for within-group comparisons of parameter changes
from T1 to TO. The intraclass correlation coefficient (ICC)
was calculated for analyzing the method error. Significance
was evaluated at a level of P<0.05.

Results

All measurements were repeated by the same operator.
ICCs, which were calculated for each variable to assess
the reliability of the measurements, ranged from 0.871 to
1.000 and showed a high level of agreement.

Patient characteristics

The mean age of the patients in the piezocision group
was 18.65+2.51 years, while that of patients in the con-
trol group was 18.26+2.96 years. Total treatment time was
1.4+0.42 and 1.7+0.43 years, respectively. There was no
statistically significant difference between the groups in
terms of the mean age, total treatment time, and the lev-
eling—aligning duration (p<0.05). However, a statistically
significant difference was found between the two groups in
terms of T1-TO duration (Table 2).

Cephalometric variables at TO were similar between the
groups, except for overjet (higher in the piezocision group)
and anterior facial height (higher in the control group; Ta-
ble 3).

Table 2 Initial treatment ages and duration of vertical elastics usage
Tab.2 Alter bei Erstbehandlung und Dauer der Verwendung vertikaler
Elastics

Piezocision Control group p
group (n=15)
(n=15)
Mean+ SD Mean= SD
Initial treatment age ~ 18.65+2.51 18.26+2.96 0.384
(years)
Leveling and align- 1454 16.4+5.42 0.234
ing (months)
T1-TO (months) 2.85+0.85 4.1£1.58 0.012%*
Total treatment 1.4+0.42 1.7+£0.43 0.062

(years)

Samples t test

SD standard deviation, 70 before use of vertical elastics, T/ after cor-
rection of the open bite

*p<0.05

Table 3 Evaluation of initial values of skeletal and dental parameters
Tab.3 Evaluierung skelettaler und dentaler Parameter vor Behand-
lungsbeginn

TO Piezocision Control p
Mean+ SD (p) Mean+SD (p)

SNA (°) 80.33+3.88 79.73+4 0.680
SNB (°) 76.53+4.17 75.87+2.87 0.614
ANB (°) 3.93+2.84 3.63+2.14 0.746
N-ANS (mm) 54.13+3.33 58.26+1.4 0.001%*
ANS-Me (mm) 77.31£6.77 68.12+16.27 0.053
SN-MP (°) 40.6+6.43 39.2+4.26 0.488
IMPA (°) 96.4+5.93 95.4+4.86 0.618
U1-SN (°) 107+4.67 105.93+4.65 0.536
SN-UOP (°) 15.27+3.69 14.93+3.45 0.800
SN-LOP (°) 18.93+4.44 17.86+2.89 0.443
OVERIJET (mm) 46119 2.71+1.16 0.003**
OVERBITE (mm) -2.06+1.62 -2.03+1.64 0.956

Student t test
SD standard deviation, 70 before use of vertical elastics
*p<0.05, **p<0.01

Cephalometric findings

There were no significant differences between the groups
with regard to changes in skeletal parameters except the
SN-MP angle (Table 4; Fig. 7). Measurements for IMPA
(6.4£3.11° in the piezocision group; 6.47+3.44° in the
control group) and UI1-SN (8.13+3.66° in piezocision
group; 5.53+4.65° in the control group) decreased signif-
icantly in both groups. SN-UOP increased in both groups,
whereas SN-LOP decreased only in the piezocision group
and the difference between the groups regarding SN-LOP
was significant. All patients finished the treatment with
a positive overbite and the achieved changes were signifi-
cant in both groups.

@ Springer



170

H. N. Yilmaz et al.

Table 4 Intra- and intergroup comparisons of skeletal and dental parameters measured on cephalometric images at TO and T1
Tab.4 Intra- und Inter-Gruppen-Vergleiche skelettaler und dentaler Parameter, gemessen auf kephalometrischen Bildern bei TO und T1

Piezocision Control Piezocision
TO T1 Difference TO T1 Difference VE control
mean = SD (p)* mean = SD (p)* P

SNA (°) 80.33+3.88  80.33+3.85 0x0.75 79.73+4 80.13+3.66 0.4+1.24 0.296
SNB (°) 76.53+4.17  76.27+431 -0.27+0.7 75.87+2.87 76+2.69 0.13+1.12 0.253
ANB (°) 393+2.84 4.07+2.63 0.13+0.74 3.63£2.14 4.06+2.31 0.43+1.32 0.450
N-ANS (mm) 54.13+3.33 54.67+3.04 0.54+1.41 58.26+1.4 5821+14 -0.05+£0.75 0.167
ANS-Me (mm) 77.31+6.77  77.82+591 0.51+£2.48 68.12+16.27 68.58+16 0.46+2.27 0.952
SN-MP (°) 40.6+6.43 40.87+6.38  0.27+1.03 39.2+4.26 40.6x£4.1 1.4+ 1.59%* 0.028*
IMPA (°) 96.4+5.93 90+6.6 —6.4£3.11%%* 95.4+4.86 88.93+5.82  —6.47+3.44%%* 0.956
U1-SN (°) 107+ 4.67 98.9+5.01 —8.13£3.60%** 105.93+4.65 100.4x4.71  —5.53+4.65%** 0.100
SN-UOP (°) 1527+3.69  20.13£5.84  4.87+3.09%** 14.93+3.45 18.66+3.69  3.73+3.39%%** 0.347
SN-LOP (°) 18.93+4.44  15.87+531  -3.07x£2.31%** 17.86+2.89 18.06+2.93  0.2+1.37 0.0071%#%%*
OVERJET (mm) 4.61+19 4.04+1.32 -0.57+1.92 2.71+1.16 3.1£0.62 04+1.24 0.114
OVERBITE (mm) -2.06£1.62 2.69+0.9 4.75+2.04%** -2.03+1.64 2.4+0.6 443+ 1.65%** 0.634

SD standard deviation, 70 before use of vertical elastics, T/ after correction of the open bite

*p<0.05, **p<0.01, ***p<0.001
“Paired-samples t test
bStudent t test

TO

—  T1

Fig.7 Superimposition of the cone-beam computed tomography
(CBCT) images

Abb.7 Uberlagerung der DVT(digitale Volumentomographie)-Auf-
nahmen

CBCT findings

According to the dental parameters measured on 3D im-
ages, in the piezocision group, maxillary and mandibu-
lar incisors (1.28 mm and 1.96 mm, respectively), canines
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(0.7mm and 1.4mm, respectively), mandibular premolars
(0.46 and 0.66mm), and first molars (0.5 and 0.45mm)
were extruded (Table 5). Furthermore, both maxillary and
mandibular incisors (1.57 and 1.96 mm, respectively), ca-
nines, and premolars were uprighted. On the other hand, in
the control group, both maxillary and mandibular incisors
(1.97 and 1.4 mm, respectively) and canines were extruded
but only the incisors were uprighted (1.25 mm on the max-
illa and 0.53 mm on the mandible). When the dental changes
achieved with the treatment protocols were compared be-
tween the groups, only the amount of extrusion of the lower
incisor was significantly higher in the piezocision group.

Discussion

Wilcko et al. were among the first to document the RAP
effects on bone remodeling. They reported the onset af-
ter 1-2 months following bone injury and the lasting of the
effects for 2—4 months [26, 27]. Studies regarding the effec-
tiveness of piezocision for canine retraction showed a sig-
nificantly higher rate of canine retraction by 1.5-2 times
during the first 3 months [20, 21, 28]. A recent random-
ized clinical trial reported a reduction of 59% in the overall
alignment time when piezocision was used in the correction
of severely crowded lower anterior teeth after first premo-
lar extractions [25]. However, there are also studies report-
ing conflicting results [23, 29]. These controversial findings
might be due, for example, to sample size, differences in
the surgical protocol (invasiveness of the cuts, piezocision
site), orthodontic protocol (activation frequency of the me-
chanics or treatment method of the malocclusion such as
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Table 5 Intra- and intergroup comparisons of dental parameters measured on three-dimensional images at TO and T1
Tab.5 Intra- und Inter-Gruppen-Vergleiche dentaler Parameter, gemessen auf dreidimensionalen Bildern bei TO und T1

Piezocision Control Piezocision
TO Tl Difference Mean+ SD TO T1 Difference Mean+ SD Vts’ control
) )" P

VERTICAL (mm)

RPI-UIR 51.96+2.72 53.23+2.92 1.28+ [.1%#%* 50.12+3.16 52.09+3.39 1.97 £ 1.42%** 0.148
RP1-U3R 51.72+2.74 52.51+2.89 0.79+0.91** 50.27+3.15 51.33+3.35 1.06+0.97%*** 0.439
RP1-U3L 51.56+2.35 52.26+2.62 0.71+0.66%** 50.09+3 51.35+3.27 1.26+£0.8%*%* 0.052
RPI1-USR 49.81+2.64 49.65+2.79 -0.16x£0.79 48.93+3.2 48.87+3.15 -0.06+0.96 0.760
RP1-USL  49.6+2.41 49.54+2.53 -0.06+£0.78 48.82+3.12 48.73+3.4 -0.09+0.87 0.910
RP1-U6R  39.09+2.59 38.97+2.74 -0.13+£0.54 36.51+3.29 36.2+3.71 -0.3+0.78 0.474
RP1-U6L 38.84+2.46 38.7+2.43 -0.14£0.92 36.61+2.89 36.68+2.83 0.07+0.56 0.448
RPI1-U7R  37.1+2.84 36.74+2.83 -0.36+£0.82 33.75+3.13 33.77+3.29 0.02+0.92 0.251
RPI1-U7L 36.45+2.7 36.17+2.81 -0.28+0.83 33.52+3.24 33.77+3.45 0.25+0.74 0.074
RP3-L1R  41.01+3.37 42.97+3.27 1.96+0.72%** 41.86+3.86 43.26+3.86 1.4+0.75%%%* 0.048*
RP3-L3R  39.46+3.22 40.89+3.33 1.43+0.82%** 40.22+3.66 41.58+3.85 1.35+£0.96%%* 0.828
RP3-L3L  39.74+3.37 41.21+3.16 1.47+0.69%** 40.19+£3.77 41.41+3.8 1.22+£0.84%#%%* 0.383
RP3-L5R  35.12+3.39 35.59+3.69 0.46+0.66** 35.73+3.47 35.8+3.96 0.07+1.61 0.386
RP3-L5L  34.95+3.2 35.61+3.15 0.66+ 0.5%** 35.32+3.52 35.6+£3.65 0.29+1.13 0.259
RP3-L6R  23.39+3.9 23.89+3.71 0.5+0.88% 22.57+3.52 22.82+3.72 0.25+1.31 0.548
RP3-L6L  23.47+3.31 23.92+3.31 0.45+0.74* 22.23+3.36 22.29+3.54 0.07+0.93 0.227
RP3-L7R  19.85+4.19 19.58+4.48 -0.27+£0.96 17.6+3.79 17.55+3.98 -0.05+1.31 0.598
RP3-L7L  20.39+3.53 20.36+3.7 -0.04+£0.97 17.86+2.88 17.39+2.96 -0.46+£0.9 0.221
SAGITTAL (mm)

RP2-UIR 92.9+7.62 91.34+7.38 —1.57 £ 1.13%%* 93.94+6.15 92.7+5.9 —1.25+£0.82%%%* 0.375
RP2-U3R 83.93+7.31 83.13+7.45 -0.8+1.03* 85.29+5.36 85.23+5.31 -0.06+1.24 0.091
RP2-U3L 84.15+6.64 83.36+6.96 -0.78 £ 1.09* 85.13+5.48 84.83+5.58 -0.3+1.24 0.267
RP2-U5R  70.48+6.65 69.9+6.51 —0.59£0.72%%* 71.99+5.12 71.99+5.06 -0.01+£1.25 0.132
RP2-USL  70.6+6.62 70.06+6.46 —0.54+£0.85% 71.21+4.53 70.91+5.09 -0.3+1.28 0.558
RP2-U6R 61.97+5.79 61.85+5.68 -0.11£0.57 62.04+5.02 62.17+£5 0.36+0.76 0.064
RP2-U6L 61.81+5.77 61.78+5.67 -0.02+£0.63 62.14+5.26 62.44+5.24 0.29+0.76 0.228
RP2-U7R  53.66+6.85 53.35+6.75 -0.32+£0.83 54.27+3.74 54.33+3.46 0.06+0.91 0.241
RP2-U7L  52.66+5.23 52.58+5.27 -0.08+0.74 53.81+3.87 54.04+3.97 0.23+0.78 0.270
RP4-L1IR  60.02+6.99 58.06+6.71 —1.96+ 1.39%%* 57.53+5.25 56.53+5.02 —1+1.39%* 0.070
RP4-L3R  55.17+6.73 53.41+6.51 —1.76 £ 1.33%%* 51.49+5.29 50.86+5.21 -0.63+£1.92 0.073
RP4-L3L  54.89+6.78 53.61+6.6 —1.28+ 1.51%** 53.23+4.94 52.93+5.51 -0.3+1.58 0.092
RP4-L5SR  43.41+6.11 42.49+5.83 —0.92+1.28% 39.25+5.43 39.02+5.18 -0.23+£1.65 0.213
RP4-L5SL.  43.12+6.58 42.17+6.34 —0.94+ 1.34* 41.64+4.51 41.47+4.84 -0.17+1.57 0.156
RP4-L6R  36.99+5.98 36.63+5.59 -0.36+£1.42 33.15+5.77 33.20+5.21 0.05+1.84 0.501
RP4-L6L  36.29+6.55 35.72+6.35 -0.57+£1.19 35.09+5.29 35.09+5.31 0.00+1.94 0.336
RP4-L7R  27.14+6.35 26.7+5.92 -0.45+1.48 23.38+6.13 23.71+5.48 0.33+1.72 0.196
RP4-L7L  25.68+7 25.23+6.59 -0.45+1.34 25.6+5.55 26.08+5.07 0.48+1.73 0.111

SD standard deviation, 70 before use of vertical elastics, T/ after correction of the open bite
*p<0.05, **p<0.01, ***p<0.001
“Paired-samples t test
bStudent t test

alignment of the crowded anterior teeth, canine distaliza-
tion, en masse retraction), and measuring methods. Thus,
the aim of the present study was to investigate the effects

of piezocision in the course of open-bite correction.

In most of the open-bite patients, the palatal plane is
rotated in counterclockwise direction and upper posterior
alveolar height is increased [30-32]. Therefore, intrusion
of the upper posterior teeth can reverse this situation. Zy-
gomatic miniplates are reported as effective anchorage units
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to correct skeletal anterior open-bites [31]. There are also
case reports in the literature explaining how the corticotomy
procedure was applied to achieve efficient molar intrusion
[10, 11]. Mostafa et al. [12] performed corticotomy cuts be-
tween the roots of the upper anterior teeth and the open-bite
patients were instructed to use vertical elastics between the
upper and lower anterior teeth to increase the overbite. They
claimed that the amount of upper incisor extrusion exceeded
the lower incisor extrusion since the corticotomies initiated
the regional accelerated phenomenon (RAP) around the up-
per teeth [13]. However, due to the need of flap surgery and
suturing, the corticotomy procedure is more invasive than
piezosurgery. Bleeding from the surrounding soft tissues is
also reduced due to less vibration and noise in piezocision.

The treatment effects of curved archwires and anterior
elastic mechanics were reported as extrusion and retraction
of upper and lower incisors, change of the occlusal plane
inclinations and distal uprighting of posterior teeth [4, 6,
7]. The aim of this study was to evaluate if the piezocision
procedure around the upper molars can enhance the possible
intrusion effect on upper posterior teeth or at least maintains
the vertical positions while the upper and lower incisors are
being extruded with the elastics.

Former studies, except Erdem and Kucukkeles [9], used
either cephalometrics [4, 6, 7] or oblique cephalograms [33]
in which superimpositions of right and left sides can mis-
lead the results [4, 34]. Even though the oblique cephalo-
grams is more useful since it captures two different images
for the right and left side, none of them is as accurate as
CBCT measurements [35]. In addition, true molar intru-
sion can be evaluated only when the center of resistance
of the molar is used as the reference point to quantify the
vertical movement of the molar. Using the cusps or apices
would lead to incorrect results since the technique caused
distal tipping of posterior teeth [36]. These limitations were
solved by having the CBCT images in the present study.

There was a statistically significant difference between
the groups regarding the duration of open-bite closure.
However, it was just one-month difference and patients
who underwent piezocision might have used the elastics
more intensively because they understood the severity of
the malocclusion due to being subjected to some kind of
surgery from their point of view.

According to the dental changes observed in this study,
the maxillary and mandibular incisors were consider-
ably extruded and retruded in both groups. The extru-
sion amounts in the piezocision group were 1.28 mm and
1.96mm for the upper and lower incisors, respectively.
These changes were 1.97mm and 1.4mm in the control
group. Upper and lower incisors had 1.57 mm and 1.96 mm
of retrusion in the piezocision group while 1.25mm and
Imm of retrusion were seen in the control group, re-
spectively. Overbite increased by almost 4.5mm in both
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groups. The only significant difference between the groups
was the increased extrusion of the lower incisors in the
piezocision group which caused a statistically significant
counterclockwise rotation of the lower occlusal plane angle
in this group. Similar changes for the anterior teeth were
observed by studies using both the MEAW technique and
the modified technique [4, 6-9, 33].

Although intrusion of the upper molars was the main
target, the open-bite correction was achieved by extrusion of
the incisors in both groups. On the other hand, a vertically
stable position of the upper posterior teeth was seen in
both groups. However, Kucukkeles et al. [7] and Chang
and Moon [37] reported significant extrusion (1.11 mm and
1.41 mm, respectively) of the upper posterior teeth.

Differing from the control group, distal tipping of the ca-
nines and premolars and extrusion of the lower premolars
and first molars were observed in the piezocision group. The
lower posterior teeth were extruded due to the vertical elas-
tics use while they were uprighted. Although these move-
ments in the piezocision group were statistically signifi-
cant, they were insignificant clinically due to small amounts
(ranging between 0.45 and 0.66 mm) and also insignificant
when the groups were compared. Even though lower pos-
terior teeth extruded, the lower occlusal plane angle which
normally was expected to rotate clockwise in this instance
decreased significantly (3.07°). This was due to lower in-
cisor extrusion being larger than molar extrusion in this
group.

The only study that reported significant intrusion of max-
illary molars was performed by Kim et al. [38]. With the
MEAW technique, they reported 0.66 mm intrusion which
could be a misleading result of cephalometric analysis due
to distal tipping of molar cusps and superposition of the
right and left sides. In addition, maxillary second or third
molars were extracted in most of the cases in their study
and they reported that the treatment results were stable at
a 2-year follow-up. However, in the present study differ-
ently from the study of Kim et al. [38], no tooth extractions
were performed. Therefore the long-term stability of the
modified MEAW technique should also be monitored.

According to the results of a recent systematic review
[39], there is only limited evidence that minimally inva-
sive techniques for accelerating tooth movement are effec-
tive; however, the results of this meta-analysis might have
been affected by the use of different archwires, inconsistent
forces in moving the teeth, measuring methods and opera-
tive methods in each study. It is also important on which
site the piezocision was performed since the acceleration
effect in the maxilla was reported to be more immediate
and lasted longer compared to that in the mandible due to
the higher density of mandibular bone [22]. The present
studies related to accelerating tooth movement mostly fo-
cused on canines and incisors and there is no research on
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other teeth. As it was the first study to examine the effects
of piezocision on intrusion movement, there is no study to
compare with our results.

Piezocision is only capable of starting a regional RAP
effect. However, the movement of intrusion is not just lo-
calized on the buccal region. Therefore, piezocision can be
recommended to be performed additionally on the palatal
side of the alveolar bone for future studies. Also, it has
been reported that the effectiveness of the piezocision lasted
3 months after surgery and this progressive and transient ac-
celeration might be explained by the initiation and the expi-
ration of the RAP effect [12, 19, 24]. The risk of premature
fusion of piezocision cuts is higher than that for decorti-
cations since the knives used for piezocision technique are
thinner than the burs. As it was reported in a recent sys-
tematic review, acceleration of tooth movement during ca-
nine retraction was four times faster with the corticotomies
and only twice as fast with the piezocision when compared
with the conventional method [40]. Therefore, the duration
of regional acceleration seems to be limited in piezocision
technique and so performing a second stage of piezocision
after 3 months might be suggested although it has not been
investigated yet.

Charavet et al. [24] suggested placing the archwires
1-2 weeks before the surgery to trigger tooth displacement,
perform the cuts at least 3mm in depth and 5-8mm in
length and monitor the patient at 2-week intervals to ac-
tivate the mechanics if possible. In the present study, the
piezocision was performed on the same day with the wire
insertion. The depth of cuts was relevant; however, the
length of the cuts was shorter as it was only 4 mm which
might be the reason for the differences since the magnitude
of the RAP effect is highly dependent on the invasiveness
of the procedure [13, 26, 41, 42]. The gingival incision
was made long enough for the tip of the piezosurgery knife
to enter. Longer gingival incisions may require suturing
or may cause scarring of the gingiva which may result
in an unesthetic gingival appearance. There was no need
to activate the mechanics every 2 weeks since the curved
archwires were already active and the intraoral elastics
were changed daily.

Conclusion

o Open-bite closure was significantly faster in the piezoci-
sion group.

o The correction was achieved mainly by extrusion and
retrusion of the incisors and maintaining upper molar po-
sitions vertically stable in both groups.

e No evidence was found to support the claim that the
piezosurgery technique is an efficient way for upper
molar intrusion.

o No molar intrusion was observed in either group.

o The efficiency of piezosurgery technique for molar in-
trusion in open-bite cases should be further investigated
with an additional palatal surgical approach and also re-
peated piezosurgeries can be suggested.

o The long-term stability of the treatment results in both
groups should be monitored.
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