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Abstract

Objective: Minimal invasive surgical procedures have been suggested to accelerate or-

thodontic tooth movement.

In this study, we tried to evaluate, if there is evidence supporting these claims by a sys-
tematic review of the literature. Additionally, we investigated the impact of a single pie-
zocision on the speed of tooth movement and on the presence of root resorption in an
animal model. Moreover, we assessed the osteoblastic activity related to orthodontic

tooth movement by means of the 99MTc-MDP uptake in the newly formed bone.

Methods: The database of Pubmed and Google Scholar were used to find all articles
published by May 2016 using the combined key
with input of the terms fAosteoperforationo a
man species and to minimally invasive surgical procedures without the elevation of a

mucoperiosteal flap could be included.

In the animal study, ten male Wistar rats underwent an orthodontic movement. All three
maxillary molars of each side were moved against the combined incisors with a fixed
orthodontic appliance, which delivered a force of 25 cN. On a randomly selected side, a

piezocision was performed 2 mm mesial from the mesial root of the first maxillary molar.

Each rat underwent an injection of 99MTc-MDP tracer and a bone SPECT/CT imaging
before surgery (T0), after (T1) and after 4 weeks (T2).

A skull micro-computed tomography and a SPECT imaging wre performed before the

beginning of the treatment (T0), after two (T1) and after four weeks (T2).

On the reconstructed images, the distance between the apex of mesial root of the first
molar and the Canal incisivus as well as the length of the mesial root of the firstt molar

were measured. Following the reconstruction of the 3D-images, the volume of interest

was determined on each side and the 10 voxels with the higher uptake of 99MTc-MDP

were selected.

Results: Out of 576 articles, only 36 met the first criterion, and out of these only 13 fulfilled
the second respectively. In only 4 of them, the acceleration effect was properly quantified

however, no publication was completely free of bias.
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The speed of tooth movement was significantly higher on the surgical compared to the
control side. There was a strong correlation between the speed of tooth movement and
root resorption. No significant differences in bone uptake between the surgical and the

non-surgical side were found.

Conclusion: The evidence in the literature classified as low, after piezocision a significant
acceleration of tooth movement accompanied by an increased root resorption could be
found. However, no statistically significant difference of osteoblastic activity was detected.

Zusammenfassung

Ziel: Zur Beschleunigung der kieferorthopadischen Zahnbewegung wurden minimalinva-
sive chirurgische Eingriffe vorgeschlagen. In dieser Studie haben wir versucht, durch eine
systematische Literaturrecherche zu beurteilen, ob es Beweise gibt, die diese Behaup-

tungen stutzen.

Dariiber hinaus untersuchten wir den Einfluss einer einzelnen Piezozision auf die Ge-
schwindigkeit der Zahnbewegung und auf das Vorhandensein einer Wurzelresorption in

einem Tiermodell. Dartiber hinaus wollten wir die osteoblastische Aktivitat im Zusammen-

hang mit der kieferorthopadischen Zahnbewegung anhand der 99MTc-MDP-Aufnahme
im neu gebildeten Knochen beurteilen.

Methodik: Mithilfe der Datenbank von Pubmed und Google Scholar wurden alle bis Mai

2016 ver°ffentlichten Arti kel mi t den kombi

bewegungi sowie unter Eingabe der Begriffe

funden. Es kénnten Studien eingeschlossen werden, die sich auf die Menschen und auf
minimalinvasive chirurgische Eingriffe ohne die praparation eines Mukoperiostlappens

beschréanken.

Im Tierversuch wurden zehn mannliche Wistar-Ratten einer kieferorthopadischen Bewe-
gung unterzogen. Alle drei Oberkiefermolaren jeder Seite bewegten sich mit einer festsit-
zenden kieferorthopadischen Apparatur, die eine Kraft von 25 cN ausubte, gegen die die
kombinierten Schneidezéhne. Zu Beginn der Behandlung, in T1 und T2 wurde eine Scha-
del-Mikrocomputertomographie durchgefihrt.

r

;
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Auf einer zufallig ausgewahlten Seite wurde eine Piezozision 2mm mesial von der mesi-

alen Wurzel des 1. Molaren durchgefuhrt. Jede Ratte erhielt in TO, in T1 und T2 eine

Injektion von 99MTc-MDP-Tracer und eine Knochen-SPECT/CT-Bildgebung.

Auf den rekonstruierten Bildern wurde der Abstand zwischen der Spitze der mesialen
Wurzel des 1. Molaren und dem Canalis Incisivus sowie die Lange der mesialen Wurzel
des 1. Molaren gemessen. Nach der Rekonstruktion der 3D-Bilder wurde das VOIs auf

jeder Seite bestimmt und die 10 Voxel mit der héheren Aufnahme von 99MTc-MDP aus-

gewahilt.

Ergebnisse:

Von 576 Artikeln erfullten nur 36 das erste Kriterium und von diesen erfullten jeweils nur
13 das zweite Kriterium. Nur bei vier von ihnen wurde der Beschleunigungseffekt
ordnungsgemaf quantifiziert, allerdings war keine Veroffentlichung vollig frei von

Verzerrungen.

Die Geschwindigkeit der Zahnbewegung war auf der operierten Seite deutlich héher als
auf der Kontrollseite. Es bestand ein starker Zusammenhang zwischen der Geschwindig-

keit der Zahnbewegung und der Wurzelresorption. Es wurden keine signifikanten Unter-

schiede in der Knochenaufnahme von 99MTc-MDP zwischen der operierten und der

nicht-operierten Seite festgestellt.

Schlussfolgerung:

Die in der Literatur als gering eingestufte Evidenz lasst darauf schlie3en, dass nach der
Piezozision eine deutliche Beschleunigung der Zahnbewegung mit einer erhdhten
Wurzelresorption einhergeht. Es wurde jedoch kein statistisch signifikanter Unterschied

der osteoblastischen Aktivitat festgestellt.
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1 Introduction

Orthodontic tooth movement is based upon the application of force to the teeth which
induces a remodeling of the alveolar bone and, ideally, moves the tooth into the planned
position. However, orthodontic treatment often lasts a long time, on average 2-3 years for
a comprehensive orthodontic treatment (1,2). It is often uncomfortable and may be ac-
companied by undesired side effects.

Decreasing the length of time that fixed appliances have to be worn would have many
benefits. The duration of treatments with fixed orthodontic appliances is almost directly
linked to the demineralization of enamel, causing i w h spoté e s i anehreobresorption
(3).

A number of methods have been proposed to achieve this. Non-surgical approaches in-
clude low-level laser therapy (4), pulsating magnetic field therapy (5), electric currents (6)
and mechanical vibration (7). Surgical approaches such as distraction osteogenesis (81

10), and corticotomy in the alveolar process have also been proposed (11,12).

Corticotomy-type surgeries were first performed by Bichlmayr in 1931 (13) in combination
with orthodontic appliances with the aim of rapidly correcting severe maxillary protrusion.
In 1983, Frost (14) attributed the accelerating effect of surgical procedures on orthodontic
tooth movement to the fi r a @cceteratory phenomenono (RAP), which refers to an in-
crease in the turnover of bone accompanied by a temporary reduction of the mineral con-
tent in the region of the injury. RAP enhances the tissue remodeling and thus may pro-
voke a faster movement of the teeth.

Recent studies have indicated that less invasive surgical procedures such as osteoper-
foration (15) and decortication (16) can also promote bone remodeling in the alveolar
process and accelerate orthodontic tooth movements. Another method that has been pro-
posed is piezocision, a minimally invasive procedure which uses ultrasound to cut through
the osseous tissue by offering a relative protection of the soft tissue. Patients treated in

this way have reported significantly less pain and swelling (17).

Dibart S et al. (18) were the first to apply a flapless piezocision to patients to accelerate
orthodontic tooth movement. Their results were encouraging. A systematic review by Yi

et al. (19) reported that in the short term, piezocision represents a safe way to accelerate
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orthodontic tooth movement. Unfortunately, insufficient information is available about its

effect on the periodontal status and root resorption.

A study by Dibart et al (20) in rats measured the speed of tooth movement with and with-
out piezocision. They demonstrated that speed in the piezocision group was more than
double that of controls. However, the findings were based on a very small number of

animals, which raises questions about their reliability.

Other studies based on rat models used either a neighboring molar or the incisors as
reference points to measure the tooth movement (217 23). However, the neighboring mo-
lar may experience some mesial tooth movement or the distance between the incisors
and the first molar may change during growth, and these phenomena could distort the
results (24).

It also remains unclear how piezocision affects root resorption. A clinical study (25) re-
ported an increased risk of root resorption and the possibility of iatrogenic damage to
adjacent roots. However, bone remodeling also enhances osteoclastic activity and mini-
mizes the resistance of the bone to the moving root (26).

As there is only limited evidence about the benefits of piezocision of the alveolar process
on the speed of orthodontic tooth movement, our first aim was to search the literature to
perform a systematic review.

In a second step, the impact of piezocision of the alveolar process on the speed of tooth
movement and its effect upon root resorption should be investigated in a study on rats. In
addition, the animal experimental study should also supply information about the osteo-
blastic activity by means of nuclear medicine.
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2 Methods

2.1 Systematic review

A systematic review in accordance with the PRISMA guidelines was performed. As there

could be found only a very limited number of papers, also controlled clinical studies and

patient reviews were investigated, in additon to randomized controlled studies (27).

A search of the databases PubMed and Google Sc hol ar wusing the key
and 66tooth movement 66 was performed indepen
terms O60osteoperforationédé an@7)Dataseachaovgsunct u
limited up to May 2016. Papers not available in an electronic version were supplied by

the authors on request. In addition, the reference lists of the included papers were

checked by hand and relevant publications underwent an evaluation for suitability.

In a first step papers reporting randomized controlled trials, controlled trials and case
series dealing with the effect of piezo surgery or osteoperforation on the speed of tooth
movement were selected. All conservative methods aiming at an acceleration of tooth
movement such as drugs, light, ultrasound as well as orthognathic surgery and distraction
osteogenesis were sorted out. Apart from the English language, 9 other idioms were ta-
ken into account (27).

Only clinical studies on humans fulfilled the first criterion of inclusion. In a second step all
articles with the elevation of a flap were skipped. The control group had to represent
similar patients undergoing orthodontic tooth movement in a conventional way or by
means of another acceleration method. In addition, studies performed with a split mouth
design were elgible as well (27).

No limitations were applied considering the age, sex or patientsébackgrounds.

The distance a tooth or a root moved in a certain time, the overall treatment time or the
time in which a certain orthodontic task could be performed qualified as a measure of
outcome.

The data were collected first independently and then in cooperation between the two au-

thors of the study. Any non-consensus was clarified unanimously after discussion.
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The data was collected on the basis of a form which contained the following features: the
year of publication, the surgical and the orthodontic method used, the number of indivi-
duals participating as well as their sex and age, diagnosis and endpoints, duration,
treatment complications, level of evidence, meassured acceleration, and finally the
method of recruitment procedure used (27).

All suitable studies were assessed for quality by two investigators independently. If there
occured a difference of opinion, it was cleared unanimously in a discussion by two resear-
chers. The quality of the methodology used in the articles was rated based upon a three-
point grading system which also served to judge the reliability. The Cochrane Collabora-

tion® tool for assessing risk of bias was applied to all selected studies (27,28).

2.2 Animal model

Ten male Wistar rats (age 10 weeks, weight 3001 350 g) were acclimatized, in the animal
care facility at the Berlin Experimental Radionuclide Imaging Centre (Charite - Universi-
tatsmedizin Berlin) for 1 week and kept on a 12:12-h light/dark cycle, at a constant tem-
perature of 22°C and a humidity of 50%. The animals had rat food and water freely

available. Animal basic data, such as weight changes, were registered continuously.

Orthodontic appliance

An orthodontic appliance described in detail in another publication by Ren et al. (29) was
inserted in every animal under general anaesthesia with additional local injections of
ultracain into the upper jaw. All molars of one side were bound together by means of a
wire ligature which was covered by composite, using acid etch technique and light harde-
ning (24). The molar block of each side was then connected to the joined frontal teeth by

means of a closed coil spring delivering a continuous force of 25 cN (24).
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Figure 1: Orthodontic appliance with piezocision: 1) the closed coil spring depicted in blue
colour 2) the vertical incision depicted in red colour and 3) the yellow circle shows the
mesial apex of the mesial root of the first maxillary molar (Permission by editor. Modifica-

tion from Papadopoulos et al., 2021) (24)

Piezocision

According to a previously generated randomization list, the side of the surgical interven-
tion was determined and under additional local anaesthesia, a vertical incision of the soft
tissue was made mesial from the maxillary first molar with a microsurgical scalpel (24).
The bone was then exposed on a length ranging from the apical region to the first molars
to the alveolar ridge (24). A vertical cut of the cortical bone was performed by means of

a piezotome (24). At the end of the procedure, the margins of the wound were adapted.

Imaging

Imaging took place three times as a longitudinal follow-up examination: before placement
of the orthodontic appliance, two weeks later, and at the end of tooth movement, four
weeks later.

Under general anaesthesia, all animals received an injection of 140 MBq of **"Tc-MDP
(0.2 ml) into the tail vein and after a latency of 45 minutes, they were examined in a prone
position with a NanoSPECT/ CTplus scanner (Mediso, Hungary/Bioscan, France) (30).
Every detector possessed a nine pinhole aperture (rat high resolution diameter 1.5 mm,
spatial resolution 1.16 mm full width at half maximum for °*™Tc-MDP) (31).

Following a low dose CT scan, a SPECT image of 20 minutes duration was recorded,
built up from 20 projections with five steps and a 18° displacement for each step. The

energy window was approximately 140 keV. In addition, a further CT scan (matrix 478 x
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478 x 347, dimensions 0.15 x 0.15 x 0.15 mm?3, 55 kVp, 1500 ms exposure time and 360

projections) was performed (30).

CT-measuring

All measurementswereper f or med by one researcher exper
the PMOD software version 3.4 at a 200-fold magnification (24).

In the first place, a reconstruction of the images from the scanner data took place which

were then stored in the DICOM format. All measurements were performed at TO, T1 and

T2 resulting in three assessment intervals, the first two weeks, the second two weeks and

the overall treatment duration.

Tooth movement

The movement of the first molars was quantified by determining the distances between
the distal edge of the incisive canal and the tip of the apex of the mesial root on each side
(Fig. 2). As the incisive canal is considered a stable structure in the rat (32), it served as
an anterior reference. After reconstruction, the three dimensional images of the upper jaw
were arranged in a way that the palatal plane was parallel to the horizontal plane (Fig. 3)
which was arranged through both condylar heads, the coronal perpendicular to this and

a third plane rectangular to the two others through the incisive canal (Fig. 4) (24).

Figure 2: Incisive canal: Incisive canal (1) between the two incisors (2) (Permission by

editor. Modification from Papadopoulos et al., 2021) (24)
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Figure 3: Sagittal plane: palatal plane parallel to the horizontal plane (created by Pa-
padopoulos N.)

Figure 4: Coronal plane: 1) horizonal plane, 2) molars, 3) condylar heads and 4) incisors
(created by Papadopoulos N.)

Root resorption

After 3D-image reconstruction of the first molar with the mesial root in right angle to the
horizontal plane (Fig. 5), the root length was determined as the distance between the
trifurcation and the tip of the apex (Fig. 6) (24). This measuring was limited to TO and T2

because of artifacts caused by the orthodontic appliance in situ at T1 (24).
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Figure 5: Root orientation: Reorientation of the mesial root of the 1st molar in order to be
vertical to the horizontal plane (created by Papadopoulos N.)

Figure 6: Root length: The yellow arrow shows the distance between the trifurcation and
the tip of the apex (Permission by editor. Modification from Papadopoulos et al., 2021)
(24)

Histological examination

After euthanasia, the maxillae underwent fixation, decalcification over 12 weeks and em-

bedding in paraffineinahor i zont al direction. Sections of
means of a microtome and underwent staining with hematoxylin-eosin (24).

Histological examination was performed microscopically. A search was made for root re-

sorption lacunae on the surface of the mesial root of the first molar (24). To dertermine
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the extent of the resoption process, the root resorption score was determined at 120 fold
magnification following the method of Lu et al. (33). Therefore, the resorption score was
determined as the number of periradicular grids with root resorption divided by the total
number of grids and multiplied by 100.

Finally, the osseous defect after the piezocision cut was investigated and the bony struc-

ture compared to the control side (Fig. 7).

Figure 7: Haematoxylin-eosin-stained specimen: arrows display areas with root resorp-
tion on the mesial side of the mesial root of the first maxillary molar (Permission by editor.

Figure from Papadopoulos et al., 2021) (24)

SPECT quantification

Reconstruction of the SPECT images was performed by an ordered subset expectation
maximization (OSEM) algorithm (HISPECT, Bioscan, Washington, DC, USA, standard
parameter settings (3 x 3 iterations, 35% smoothing) (Fig. 8) (30).
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Figure 8: In vivo fused SPECT/CT images: a) sagittal plane b) transverse plane c) coronal
plane (Permission by editor. Figure from Beindorff et al., 2022) (30)

The measuring of the *®"Tc-MDP uptake was performed by manually contouring the vo-
lume of interest (VOI) with the aid of the PMOD software (Fig. 9) (30).

Selecting the 10 vowels from the tracer positive area of the VOI with the highest uptake
activity, a standardized uptake value was calculated and described as a percentage of

the injected activity per ml (%lAmaxio/ml) (30).

Figure 9: Sagittal projection of VOI: The arrow indicates the place of the first maxillary
molar (Permission by editor. Figure from Beindorff et al., 2022) (30)

Statistical evaluation
A power analysis performed at the planning of the experiment showed that at least 8

animals were required (24).
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The collected data for CT measurement underwent a test for normal distribution and for
homoscedasticity. Consequently, a paired two-sided Student® t-test was applied for the
data related to the tooth movement and a Wilcoxon signed rank test for the length of the
roots.

Concluding, both data sets were analysed with the Spearman& rank correlation coeffi-
cient J for correlation (p<0.05).

Data analysis was performed with Excel (Microsoft, Redmond, WA, USA) and PASW
Statistics for Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA). The method error for

the distances and for root resorption was evaluated with two independent measurements

following Dahlberg@ met hod on 10 randomly selected

All nuclear imaging data was evaluated with IBM SPSS 21 and with the assumption of a
non-parametric distribution of the data. Metric data was presented as minimum and ma-
ximum, the median was determined and the interquartile range [IQR, 25thi 75th per-
centile] calculated (30).

Analysis of paired data was performed with the Friedman test including a Bonferroni-Holm
adjustment for pairwise post-hoc Wilcoxon tests. All tests were implemented as two sided

and with an assumed level of significance at p < 0.05.

A possible correlation of the parameters

coefficient for nonparametric data.

e C’

wa ¢



Results 15

3 Results

3.1 Review of the literature

From both databases, we gathered 576 articles (Pubmed 60, Google Scholar 516). After
elimination of duplicates, limitation to humans and piezosurgery or osteoperforation, 36
publications were collected (27). Out of these, 23 were related to more invasive surgical
procedures and consequently rejected. The remaining 13 papers were classified into
three categories by two researchers. Eight represented reports of single patient treat-
ments with minor significance as well as one prospective clinical pilot study. Four RCTs

were classified as moderately significant (27).

Risk of bias

No single publication out of the 13 selected was completely free of bias (27). In only two
studies, the randomization was suitable. In two others, randomization took place but was
not sufficiently described. Although blinding of the medical team and the patient in relation
to the surgery and the orthodontic treatment was impossible for practical reasons, the
evaluation process was blinded in three RCTs. In summary, the risk was high in all inves-
tigated publications. The fact is that only a very small number of studies were available
and even these also showed a high level of heterogeneity. As the orthodontic treatment,
the observation period and also the defined endpoints differed significantly in every study,

our intention of performing a meta-analysis had to be forgotten (27).

Effects of the interventions

Corticocision with a piezosurgery

In twelve publications piezosurgical, corticocision was evaluated. However, in only three
out of the twelve the effect of the intervention was quantified by comparing it to a control
group or a control side. Consequently, the effect reported in the remaining 9 publications
could not be judged accurately (27).

In one publication, a 43% longer treatment time was reported for the correction of anterior
crowding in the control group (34), and in another the closing of an extraction gap was
1.58 fold faster and mandibular anterior crowding benefited from an 1.6 fold acceleration

(35). Unfortunately, this effect diminished over the whole treatment period (23).
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Osteoperforation was investigated in only one study and resulted in a doubling of the

movement of maxillary canines within the 28 days after premolar extraction (20).

3.2 Animal study

Animals

All 10 rats showed an inconspicuous development and an increase of body weight by

the end of the observation period (24).

Orthodontic tooth movement

Data on tooth movement are presented in Table 1 and Table 2 (24).

- Orthodontics only side

The distance between the tip of the mesial root of the first molar and the incisive canal
decreased by 0.45 £ 0.29 mm and 0.39 = 0.21 mm adding up to an overall distance of
0.84 £ 0.24 mm (24).

- Piezocision side

Within the first two weeks the distance shrank by 0.53 + 0.29 mm and in the following two
weeks further by 0.62 £ 0.26 mm. The overall movement of the root tip added up to 1.15
+ 0.27 mm (24).

- Difference between both sides

More movement could be observed with piezocision. However, this difference was 18 %
during the first two weeks and 59 % in the following two weeks, resulting in an overall
acceleration of 37 %. It was significant only in the second interval (p < 0.05) and for the
whole observation period (p < 0.0005) (24).
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Table 1: Distances between the apex of the mesial root of the first molar and the incisive

canal in millimeters (Modification from Papadopoulos N. et al., 2021) (24)

Statistical

value

Mean

Standard

deviation

Maximum

Minimum

Controlled Side Surgical Side
Distance Distance Distance Distance Distance  Distance
TO T1 T2 TO T1 T2
10.97 10.52 10.13 10.97 10.44 9.82
0.26 0.22 0.23 0.24 0.26 0.24
11.32 11.03 10.58 11.32 11.03 10.14
10.44 10.14 9.85 10.58 10.14 9.41

Table 2: Tooth movement during the first two weeks (TO-T1), the second two weeks (T1-

T2) and the entire period (TO-T2) in millimeters (Modification from Papadopoulos N. et

al., 2021) (24)

Period

TO-T1

T1-T2

TO-T2

0.45 + 0.29
(0.00,0.85)

0.39 + 0.21
(0.14,0.74)

0.84 + 0.24
(0.29,1.18)

Orthodontics only
side (n= 10 rats)

Surgical side

(n=10 rats)

0.53 + 0.29
(0.00,0.88)

0.62 + 0.26
(0,15,1.18)

1.15 + 0.27
(0.59,1.47)

Values are presented as mean * standard deviation (minimum, maximum)

@ equal s

t he

ncrease

TO, initial; T1, 2 weeks later, T2, 4 weeks later

produced

min % p-value
18 127
59 0.011*
37 0.000***
by piezocisio

Differences between two sides were tested by paired t-test and considered significant at
p<0.05.*p<0.05;**p<0.001
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Root resorption ¢ CT evaluation

Data of root resorption as measured in ¢CT images are presented in Table 3, Table 4
and Table 5 (24).

- Orthodontics only side

Root resorption could be found in 9 animals and the shortening being 0.12 + 0.09 mm
(24).

- Piezocision side

Root resorption could be found in all animals with an average reduction of the length of
0.28 £ 0.12 mm (24).

- Difference between both sides

Root resorption was detectable in all but one animal and significantly more distinct after
piezocision (p < 0.05) (24).

Table 3: Root lengths before (TO) and after orthodontic treatment (T2) in millimeters (Mo-
dification from Papadopoulos N. et al., 2021) (24)

Intervals Orthodontics only Surgical side p-value
side (n=10 rats) (n=10 rats)

TO 2.59+0.24(2.06,2.94) 2.60+0.19(2.21,2.79) NA
T2 2.47+0.23(1.91,2.79) 2.32+0.17(2.06,2.50) NA
T2-TO -0.12+ 0.09(- -0.28+£0.12(-0.44,- 0.041*
0.29,0.00) 0.15)

Values are presented as mean * standard deviation minimum, maximum)

T2-TO indicates the amount of root resorption

NA, not available

Differences between two sides were tested by paired t-tests and considered significant
at p<0.05*. *p<0.05
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Table 4: Root resorption score with and without peizocision (Modification from Papadop-
oulos N. et al., 2021) (24)

Orthodontics only side Surgical side p-value
23.0+4.4(16,29) 29,6+ 4.5(23,37) <0.005

Values are presented as mean + standard deviation (minimum, maximum)

Table 5: The correlation between the overall tooth movement and root resorption (Modi-
fication from Papadopoulos N. et al., 2021) (24)

Statistical value Orthodontics only side Piezocision side
Spear manos 0.63 0.97
p-value 0.053 0.001

S p e a r nrank doselation test was performed. S p e a r ma mdicatestthe correla-
tion was weak and not significant for the orthodontics only side but strong and signifi-

cant after piezocision

Root resorption score

- Orthodontics only side

Lacunae of resorption were detectable in every animal. The root resorption score amoun-
ted to 23.0 £ 4.4 (24).

- Piezocision side

More lacunae could be counted after surgery resulting in a resorption score of (29.6 +
4.5) (24).

- Difference between both sides

Root resorption was significantly more distinct after the piezosurgical intervention (p <
0.005) (24).
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Correlation between tooth movement and root resorption

The correlation between tooth movement and root resorption was weak on the orthodon-

tics only side but strong after piezocision (24).

Scintigraphy

Uptake of **™Tc-MDP was outstanding in the area of the maxillary molars, but no signifi-

cant difference was detectable between both sides at any time point Table 6 (30).

A significant increase of the uptake could be found after two weeks when pooling the
data, TO (3.2 [2.813.9] 2.614.9) to T1 (4.4 [3.814.6] 3.414.8; p = 0.001), followed by a
non-significant decrease until the end of the experiment (T2: 3.8 [3.114.4] 2.814.8), p =
0.116) (30).

Uptake was highest at two weeks and no significant difference was detectable between

the preorthodontic data and the data after orthodontics (30).

Between TO, T1 and T2 examination periods no correlation found if piezocision was ap-
plied () = Obut@h8re was a modddate @@relgtion on the orthodontics only
side (J = Q30B831, p = 0.1)

Table 6: Uptake of ®®*™Tc-MDP in each side of maxilla by TO, T1 and T2 intervals (Modifi-
cation from Beindorff N. et al., 2022) (30)

TO T1 T2

Orthodon- Piezocision Orthodon- @ Piezocision Orthodon- @ Piezocision

tics only side tics only side tics only side

side side side
Median 3.1 3.3 4.3 4.5 4.0 3.7
IQR 2.8-3.9 2.9-4.3 3.8-4.5 3.7-4.6 3.1-45 3.0-4.4
min-max 2.6-4.7 2.7-4.9 3.4-4.8 3.5-4.7 2.8-4.8 2.8-4.8
p-value 0.83 0.285 0.62

Each set of data includes the median (%lAmax10/ml), interquartile range [IQR], mini-

mum-maximum
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4 Discussion

4.1  Short summary of results

The systematic literature review investigated probably for the first time the influence of a
single piezosurgical corticocision or osteoperforation of the alveolar process on orthodon-
tic tooth movement. Already existing reviews mainly dealt with more invasive surgical
interventions [36, 37].

In the majority of the publications, no precise information about the accelerative effect
was communicated or it was unreliable due to the lack of a control group. An accurate
guantification was reported in only four papers. One publication stated a 2.3-fold acceler-
ation during 4 weeks of observation, in three others it amounted to approximately 50%.
However, Uribe et al. [22] conceded, that this effect vanished when considering the whole
orthodontic treatment.

As a consequence of the heterogeneity of the trials, no meta-analysis could be performed.
The animal study was the first to analyze the effects of piezocision on the speed of tooth
movement by sequential measurements. When our study was designed, a study in rats
existed already (20), however, the measurements were not designed as a follow-up and
only a smaller number of animals was involved.

Although all rats underwent orthodontic treatment and surgery, a steady gain of weight
could be measured, which reflects a high level of animal welfare stays in contrast to other
reports in the literature (38).

The speed of tooth movement was significantly higher on the surgical compared to the
control side and the greater part of the accelerated tooth movement took place in the third
and fourth week, whereas during the first 2 weeks only a slight and statistically insignifi-
cant increase could be detected (24). Root resorption was an almost ubiquituous phe-
nomenon and a strong correlation between the speed of tooth movement and the amount

of root resorption could be found (24).

The scintigraphic investigation showed the highest bone uptake of 9MTc-MDP 14 days
after initiation of tooth movement representing a significant increase compared to pre-
treatment. Afterwards a non-significant decrease could be found. However, there existed

no significant differences of the uptake between the surgical and orthodontic sides (30).
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4.2  Interpretation of results

The fact that the surgical tools for both minimally invasive techniques had been developed
only recently can explain why there was only a small number of studies not older than
five years which could be included.

In our animal model, we were able to prove an acceleration of orthodontic tooth move-
ment after one single corticocision. As it was shown from the literature that multiple corti-
cocisions and major surgical interventions in the alveolar process would speed up tooth
movement (36,37), our study clearly verifies that also a very small trauma of the alveolar
cortical bone can have an impact on the velocity with which teeth move. Therefore, it can
be stated that this small osseous corticocision represents the smallest necessary i d o s e 0
of trauma which is known to us to speed up tooth movement under controlled and repli-
cable conditions.

The greater part of the accelerated tooth movement took place in the third and fourth
week, whereas during the first 2 weeks only a slight and statistically insignificant increase
could be detected. This observation is in line with Burstone (26), who named the first
phase after force initiation Athe | ag phaseo
tions of orthodontic tooth movement and for piezocision, a peak of osteoclastogenesis
was reported 7 days after surgery. In summary, the acceleration in the second half can
be attributed to the increase in osteoclastic function.

In our study, all animals remained sane and demonstrated a steady gain of weight after
surgery. This is in contrast to common observations of loss of body weight after surgery
or trauma in humans and rats, which had been explained by aggravated food intake in
the early post-surgical phase. Most probably, this phenomenon can be explained by the
additional wet food offered to the animals as well as a sufficient analgesia and is in line
with Charavet et al. (34).

This chronological sequence of bone uptake representing the osteoblastic activity did not
show significant differences between both sides (30). We expected an increase on the
surgical side.

Piezocision increased tooth movement and root resorption, both of which can be explai-

ned by enhanced osteoclastic activation. This is considered the decisive factor for ortho-

dontic tooth movement, but it is not directly related to an increased 99MTc-MDP uptake.

Only in the following repair and built up phase, which will be characterized by upregulated

osteoblast activity, will the 99MTc-MDP uptake rise. A possible explanation for the small
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difference between both sides could be that the trauma induced by piezocision only pro-
voked a small repair reaction compared to the osteoblastic activity induced by the ortho-

dontic tooth movement.

4.3 Embedding the results into the current state of research

The intention of the systematic review was to search the literature for all accessible infor-
mation about the effect of two minimally invasive techniques on the speed of tooth move-
ment in humans. Already existing reviews mainly dealt with more invasive surgical inter-
ventions (36,37). Smaller surgical interventions have the advantage of not provoking a
major trauma of the connected soft tissue as is the case if mucoperiosteal flaps are pre-
pared (39). As a consequence, these methods could be more suitable for use in ortho-
dontic offices, especially when performed with local anesthesia.

This animal study was the first to analyze the effects of piezocision on the speed of tooth
movement by sequential measurements (24). When our study was designed, a study in
rats by Dibart et al. (20), already existed. However, their measurements were not de-
signed as a follow-up and only a smaller number of rats was involved.

To our best knowledge, this study also investigated for the first time, the bone remodeling
following piezocision combined with orthodontic tooth movement by scintigraphic meth-
ods (30).

4.4  Strengths and weaknesses of the studies

The search and assessment of the literature were broad and not limited by date or lan-
guage, making it possible to also detect research which was not published in the English
language. The data collection process was performed in a standardized way and based
upon the PRISMA guidelines which guaranteed a replicable access to the research pa-
pers. Apart from the PubMed data base, a Google Scholar search was conducted as well,
enabling us to find academic publications not yet published in scientific journals. The
search process was performed by two researchers and finally revised by a third re-
searcher, which contributed to the objectivity of the data collection. The Cochrane Col-
| a b or adoliassarédurther reliability during the assessment process. On the other
hand, there was no a priori registration in the PROSPERO database, which contributes
to the standardization of the data collection process. This may be considered a weakness

of the study.
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As a consequence of the heterogeneity of the trials, the meta-analysis we intended to
perform was not feasible. A further limitation was, that apart from one study, only adult
patients were included in the detected studies. This does not correspond to the majority
of patients who are treated in orthodontic practices, who are mainly children and adoles-
cents (27). No information could be found about complications apart from swelling and
scar formation. In contrast, possible complications like root resorption, bone loss or
parodontal damage were not properly investigated in the collected literature (27). As the
majority of controlled studies were performed in an academic environment, it might also
be possible that a patient selection bias may have taken place.

In order to guarantee a high level of reliability for the outcome of our animal study, a
proper power analysis was performed and a split mouth design established. This may
have reduced interindividual variations by allowing for a series of measurements in the
same animal. In addition, choosing the incisive canal as a stable reference point for the
measurements, which is considered to remain stable during growth of the jaw, served as
an improvement of the reliability of our meassurements_(24).

The consistent implementation of medical and animal welfare during the postsurgical
phase and also the access to additional wet food and sufficient analgesia, have to be
considered as a further strength of our study which appeared in the form of a steady
weight gain in contrast to the expected weight loss following the surgical trauma (34).

A limitation of the nuclear medicine investigation was that the tracer only allowed for an
assessment of osteoblastic activity. As bone remodeling, which represents the basis of
orthodontic tooth movement is mainly determined by osteoclastic activity, thus, we could,

therefore, only asses the built up of bone but not its resorption.

4.5 Implications for practice and/or future research

Although we observed a significant acceleration in each individual animal, there were
large inter individual differences (24). The association of root resorption with piezocision
in our aninmal model, which could be documented not only radiologically but also by his-
tology emphasizes the possibility of risks which had not been reported in clinical studies
yet. It clearly documents not only the speed of tooth movement but also the root resorption
increases. Thus, it requires further investigation in humans with the focus on potential

damage.
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At the clinical level, there is only one study with a small number of patients investigating

the effect of osteoperforation on tooth movement and in the studies in which piezocision
was performed, only a limited level of evidence was found (27). As the collected data
based on adults in the first place, more precise information about the impact on children
and adolescents is of the utmost interest for the safety of orthodontic treatment (27). The
very short observation time after the surgical intervention, as well as the lack of an ex-
tended assessment of complications of the side effects, excludes a general recommen-
dation for the use of these methods as a routine in the orthodontic office.

Even if it can be proved that the methods improve the orthodontic outcome, a proper risk-
assessment remains indispensable. Further research investigating minimal invasive me-
thods and its outcome in the long term and with a large number of patients, is desirable.
Therefore, no recommendation based upon a solid foundation for the clinical practice

seems to be justified.
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5 Conclusions

In conclusion, due to the small number of patients and the observation period of only 4
weeks, no reliable recommendation can be given for osteoperforation.

Piezosurgical corticocision, in contrast, revealed a broader basis of three controlled stud-
ies and some case reports, that unanimously confirmed an acceleratory effect (27). How-
ever, acceleration was not always consistent and there were no long-term results availa-
ble.

A single piezosurgical cut in the maxillary alveolar process was able to accelerate ortho-
dontic tooth movement during an observation period of four weeks in rats. This impact
was stronger in the second half of the observation period. Root resorption could be found
by radiography and histology in the first molar. The correlation between speed and re-
sorption was distinct with piezocision, but weak without surgery.

SPECT imaging allowed for a reproduction of the time sequence of changes in bone up-
take following the placement of the orthodontic appliance and piezocision. However, it
could not detect an impact of piezocision upon bone remodeling represented by visuali-

zation of a changed bone uptake of 99MTc-MDP.
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Abstract

Objective The minimally invasive procedures piezosurgi-
cal corticocision and osteoperforation have been advocated
as methods to accelerate orthodontic tooth movement and
to shorten treatment time, but without large-scale trauma of
the periosteum and the bone. The aim of this study was to
evaluate if there is evidence supporting these claims based
on a systematic review of the literature.

Materials and methods A search of PubMed and Google
Scholar with the combined search terms “piezo*” and
“tooth movement” was performed until May 2016. In
addition, the keywords “osteoperforation” and “piezop-
uncture” were searched in both databases. All scientific
articles were considered and examined for suitability by
two scientists. Disagreements resolved by consensus. The
first inclusion criterion was studies with human species.
Second inclusion criterion the surgical procedure had to be
performed transmucosally and without the elevation of a
mucoperiosteal flap. Case series were also considered.
Results The Google Scholar search delivered 516, the
PubMed search 60 references. A total of 36 human trials
fulfilling the first inclusion criterion were identified.
Among those, in only 13 publications was a transmucosal
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technique used (12 on piezosurgical corticocision and 1 on
osteoperforation). Of the 13 articles, 9 represented case
series and only 4 were clinical trials. In all four trials, an
acceleration of the orthodontic treatment was reported.
However, the extent of the acceleration was inconsistent
and in one article it disappeared when assessing the overall
orthodontic treatment.

Conclusion Evidence for an acceleration of tooth move-
ment in conjunction with the minimally invasive methods
piezosurgical corticocision and osteoperforation of the
alveolar process in humans is low.

Keywords Accelerated tooth movement - Piezocision -
Piezopuncture - Corticocision osteoperforation -
Corticotomy

Zusammenfassung

Ziel Die minimal-invasiven chirurgischen Verfahren
Piezozision, Piezopunktion und Osteoperforation sollen
eine Beschleunigung der orthodontischen Zahnbewegung
bewirken, ohne jedoch eine groBflichige Traumatisierung
des Periosts zu erfordern. Ziel dieser Studie war es, anhand
einer systematischen Uberpriifung der Literatur zu
beurteilen, ob es Evidenz dafiir gibt, die diese
Behauptungen hinsichtlich einer Beschleunigung der
Zahnbewegung belegen.

Material und Methoden In den Datenbanken PubMed und
Google Scholar wurde mit den kombinierten Suchbegriffen
“piezo*” und “tooth movement” recherchiert. Zudem
wurde in beiden Datenbanken nach den Suchbegriffen
“osteoperforation” und “piezopuncture” gesucht. Erstes
Einschlusskriterium war eine Beschriinkung auf die Spezies
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Mensch, sodass tierexperimentelle Studien herausfielen,
auch reine Technikbeschreibungen wurden eliminiert.
Zweites Kriterium war ein transmukosales chirurgisches
Vorgehen ohne Bildung eines Mukoperiostlappens.
Ergebnisse Google-Scholar lieferte 516, PubMed 60 Lite-
raturstellen. 36 Artikel erfiillten die Bedingung einer
klinischen Untersuchung am Menschen. Unter diesen 36
Artikeln fanden sich nur 13 mit einer transmukosalen
Vorgehensweise. 12 von ihnen berichteten iiber
Piezozisionen, eine iiber  Osteoperforationen  des
Alveolarfortsatzes. Neun von 13 Artikeln waren Kasuistiken
nur 4 der 13 Artikel klinische Studien. In allen 4 Studien
wurde iiber eine Beschleunigung der kieferorthopidischen
Behandlung  berichtet, das Ausmall war jedoch
unterschiedlich.

Schlussfolgerungen Zum gegenwirtigen Zeitpunkt ist die
Evidenz fiir eine Beschleunigung der Zahnbewegung im
Zusammenhang mit den minimal-invasiven Methoden
Piezozision, Piezopunktion und Osteoperforation des
Alveolarfortsatzes beim Menschen gering.

Schliisselworter Beschleunigung der Zahnbewegung -
Piezozision - Piezopunktion - Kortikozision -
Osteoperforation - Kortikotomie

Introduction

Long periods of treatment with fixed orthodontic appli-
ances are often associated with an increased risk for
undesirable side effects such as demineralization of the
enamel [1] and external root resorption [2, 3]. In addition,
the costs of an orthodontic treatment often increase pro-
portionally to its duration, while the motivation of the
patient is inverse to duration [4]. Consequently, a reduction
of the treatment time is desirable to limit the unfavorable
side effects of orthodontics. In recent years, improvements
could be achieved, for example, by an individualization of
orthodontic appliances [5] or by the introduction of skeletal
anchorage methods [6, 7].

Apart from such an optimization of the treatment devi-
ces, attempts have been made to accelerate alveolar bone
remodeling which is crucial for the speed of orthodontic
tooth movement. For that purpose, pharmaceuticals [8] and
various physical methods [9-11] have been applied. Fur-
thermore, surgical interventions at the alveolar process are
supposed to cause an activation of the bone metabolism
and consequently, speed up the orthodontic tooth move-
ment [12]. This could be shown for distraction osteogenesis
[13] and for osteotomies of the alveolar process [14]. Based
on patient reviews, positive effects of corticotomies of the
alveolar process on the speed of the tooth movement were
reported [15].

@ Springer

However, procedures at the alveolar process that are
conducted with rotating instruments or chisels have been
perceived as being rather unpleasant by patients [16]. In
orthopedics and maxillofacial surgery, these conventional
surgical procedures have, at least partially, been replaced
by piezosurgical interventions [17]. Thus, cortico- and
osteotomies are frequently performed by means of a
piezotome or a piezoelectric knife, which delicately cuts
the hard tissue and are based upon ultrasonic oscillation,
while the soft tissue is spared. As a consequence, the
overall risk of the procedures is reduced since damage to
the adjacent tissue, like sectioning of nerves or injuries to
the periodontal ligament, becomes more improbable.

Another approach to reducing the surgical trauma is to
minimize the spatial extent of the procedures. This can be
achieved by avoiding the elevation of a mucoperiosteal flap
and thus by reducing the traumatization of the soft tissue or
by limiting the osseous trauma. Apart from minimally
invasive piezosurgical corticocision, where the cutting of the
cortical bone is performed without the elevation of a
mucoperiosteal flap, micro-osteoperforations [18] are asso-
ciated with very limited traumatization of the soft and hard
tissue. This intervention is characterized by only punctiform
lesions of the cortical bone through tiny soft issue perfora-
tions. Despite the promising approach of these two tissue-
conserving methods, the evidence for their accelerative
impact on orthodontic tooth movement remains to be proven.

The aim of this study was to summarize and to grade the
existing evidence that minimally invasive piezosurgical cor-
ticocision or micro-osteoperforations in addition to an
orthodontic treatment lead to an acceleration of orthodontic
tooth movement compared with conventional orthodontic
treatment in the same orthodontic patients orin a control group
of patients receiving conventional orthodontic treatment.

Materials and methods

This systematic review is based upon the PRISMA
guidelines and was not registered a priori. For the prepa-
ration of the study protocol, a pilot search in PubMed was
performed and three eligible articles were selected. The
function of these papers was to provide guidance for the
draft of a study protocol and data extraction forms. As the
investigated procedures are relatively new and only very
few papers could be detected, not only randomized con-
trolled studies, but also controlled clinical studies and
patient reviews were taken into consideration.

Search strategy

A search in the scientific databases PubMed and Google
Scholar was performed independently by two authors (SH
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