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Abstract

Objective
This meta-analysis aimed at critically assessing currently available evidence regarding the

overall effectiveness of Piezocision in accelerating orthodontic tooth movement, as well as
the adverse effects of this intervention in orthodontic patients.

Search methods

Electronic search of 6 databases and additional manual searches up to April 2019 without
restrictions, also update the search was done by 20" November.

Selection criteria

Randomized controlled trials (RCT) and controlled clinical trials (CCT) reporting piezocision-
assisted orthodontics versus conventional orthodontics were included in the review.

Data collection and analysis

The data are expressed by mean differences (MD), 95% confidence intervals, fixed-effect
model or random-effect model in the meta-analysis in regard to statistical heterogeneity
analyses (tau?, and 1). Included randomized studies were assessed for risk of bias using
the new Cochrane Risk of Bias tool (ROB.2) and the non-randomized studies were
assessed using (ROBINS ) tool. The studies were graded according to the GRADE
approach.

Results

Fourteen papers for 13 unique trials were included in this systematic review and eight stud-
ies were included in the meta-analysis. The meta-analysis showed that the mean difference
of the canine retraction rate in the first and second month after piezocision was 0.66 mm/
month and 0.48mm/month, respectively. A total canine retraction rate in the first two months
after piezocision was statistically significant (0.57 mm/month, p<0.00001), favoring the
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piezocision group with a high heterogeneity between studies 1° = 69%. For the total treat-
ment time outcome measure, there was a statistically significant difference in the overall
treatment time (MD 101.64 Days, 95% ClI, 59.24—144.06) favoring the piezocision group.

Conclusions

Low quality evidence suggests that piezocision is an effective surgical procedure in acceler-
ating the rate of canine retraction in the first two months and reducing the treatment dura-
tion. However, this effect appears to be clinically insignificant.

Systematic review registration
CRD42019136303,

Introduction

Malocclusion is a common problem of the maxillofacial region and has a global distribution.
[1] It can negatively affect the quality of life of a person by compromising aesthetics and func-
tion. Patients with malocclusion can benefit from either removable or fixed orthodontic treat-
ment, but treatment duration can range from months up to 2-3 years in case of
comprehensive treatment[2] and is a matter of concern for the patient. Patient compliance to
follow up orthodontic appointments decreases by 23% for every 6-month increase in treatment
duration.[3] Also, longer treatment durations can increase the chances of iatrogenic damage
like root resorption[4], white spot lesions [5], and periodontal problems.[6, 7]

Different non-surgical and surgical interventions have been used over the years to decrease
the duration of orthodontic treatment. Non-surgical techniques include modification of biome-
chanics by customization in brackets and archwires, biological methods which include injection
of different cell mediators, and device-assisted methods, which include vibrational stimulation,
pulsed electromagnetic fields, low-level laser therapy, electric currents, and static magnetic field.
[8] Surgical techniques include osteotomy or corticotomy procedures, interseptal alveolar sur-
gery, micro-osteoperforations, corticision, discision, piezocision, and piezopuncture.

The surgical adjunct procedures work on the principle of regional accelerated phenomenon
(RAP) first introduced by Frost.[9] RAP is evoked by noxious stimulus and is characterized by
an increase in inflammatory mediators at the surgical site, which results in a decrease in bone
density and an increase in bone resorption.[10] In RAP, increase osteoclastic activity was seen
on the compression side, while increase staining of osteogenic markers was found on the ten-
sion side of orthodontic tooth movement in an animal study.[11] Among the surgical proce-
dures used, piezocision is considered a safe adjunct[8, 12]procedure to rapid tooth movement
showing more patient acceptability.

Vercellotti [13] in 2007 reported the first use of piezosurgery after conventional full thick-
ness flap elevation for accelerating orthodontic tooth movement. Dibart [14] in 2009 recom-
mended flapless corticotomies using a piezosurgical micro saw for making 3 mm deep
incisions and coined the term ‘Piezocision’ for this procedure. In this technique, a BS1 cutting
tip is used under copious irrigation to make an incision through the soft tissue and bone. The
surgical incision is performed below the attached gingiva and is usually 5-10 mm long and 1
to 3 mm deep. A potential complication of this procedure involves root damage while per-
forming the mucoperiosteal incision, as there is no direct visualization of the root position.
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Radiographic metal guides placed on archwires have been advocated to avoid this complica-
tion.[15]

Many systematic reviews studied the effect of surgical and non-surgical adjunct procedures
on the acceleration of orthodontic tooth movement, but none of them reported the pure quan-
titative effect of the piezocision.[12, 16-19]

Objective

The current systematic review and meta-analysis aim to critically appraise the available evi-
dence regarding the effectiveness of piezocision in accelerating canine retraction in the first
two months after piezocision, alignment of teeth in crowded cases, en-masse retraction, treat-
ment duration, as well as the adverse effects of this intervention in orthodontic patients.

Material and methods
Protocol and registration

This systematic review protocol was registered on PROSPERO (Registration Number:
CRD42019136303). Review authors followed PRISMA statement[20] and the Cochrane Hand-
book for Systematic Reviews of Interventions [21] in reporting and conducting this review.

Eligibility criteria
The reviewers have defined the eligibility criteria based upon the (PICOS) approach as follows:

Participants. Medically fit patients with any type of malocclusion, but without craniofa-
cial anomalies or periodontal disease, from any age group in the permanent dentition, and
requiring orthodontic treatment by fixed appliances.

Intervention. A piezoelectric device was used to perform corticisions for accelerating
orthodontic tooth movement.

Comparison. Conventional orthodontics without any adjunct procedures for accelerating
tooth movement.

Outcome. The primary outcomes: Canine retraction velocity measured in mm/month in
the first two months, and the duration of the orthodontic treatment in relation to tooth align-
ment in crowded cases, en-masse retraction, and in maxillary incisors’ retraction. The second-
ary outcomes: loss of anchorage, root resorption, gingival indices, and the patients’ pain
experience as assessed by the Visual Analogue Scale (VAS).

Study design. Randomized controlled trials (RCT) and controlled clinical trials (CCT)
with a minimum of 10 participants.

Exclusion criteria. Studies were excluded for the following reasons:

« Animal and lab studies.
« Using burs for surgical cuts.
o Osteoperforation or any other adjunct surgical technique for acceleration.

o Decortication for rapid maxillary expansion.

Patients taking medications that can affect tooth movement. e.g. prostaglandin Inhibitors
and bisphosphonates.

Involving participants who underwent orthognathic surgery by surgery-first approach.

« Individuals with craniofacial clefts or other syndromic conditions.
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o Non-comparative studies from designs of cross-sectional, cohort studies, case series, or case
reports.

Information sources, search strategy and study selection

Electronic databases were searched up to 10™ April 2019: Medline through PubMed, the
Cochrane database, Cochrane Central Register of Controlled Trials (CENTRAL), and Scopus.
[22] Also, for registered trials, we searched ClinicalTrial.gov and the International Clinical Tri-
als Registry Platform (ICTRP). For further records, references of the included studies were
checked. The principal author (S.M) has developed the search strategy for Medline using the
PubReMiner tool [23, 24], and the search strategy for each database was based upon Medline
search strategy with respect to differences in controlled vocabularies among databases.

(Table 1 and S1 Table)

The search was not restricted to language, publication year, or initial malocclusion. Also,
the updated PubMed search was done up to the 20™ November 2019.

Two reviewers (S.M and H.K) performed the search and assessed the titles and the abstract
for inclusion independently and in duplicate. Again, they assessed the full text for eligibility
criteria independently with an excellent agreement of 85.7%, according to Kappa statistical
analysis. The disagreement was resolved with discussion and consultation with the third
author (S.S).

Data item and collection

Two reviewers (S.M and H.K) extracted the data from the included studies independently and
in duplicate. The disagreement was resolved by a joint discussion with the third author (S.S).
Predesigned data extraction forms were used to describe the included study information.

Risk of bias in individual studies

The same two reviewers (S.M and H.K) assessed the risk of bias in duplicate for the included
studies and independently, using ROB.2 Cochrane risk of bias tool for the randomized con-
trolled trials and ROBINS-I tool for non-randomized controlled trials.[25, 26] Any disagree-
ment was resolved by joint discussion with the third author (S.S).

Summary measures and approach to synthesis

The researchers pooled data in this meta-analysis from studies that were similar in partici-
pants, intervention, and outcomes. For the quantitative synthesis, the treatment effect with the

Table 1. Search strategy.

Database Number of records
PubMed 804
Cochrane 88

Scopus 984
Trial.gov 108

ICTRP 2

Updated Search 10

Other sources 1

Sum of records 1997

https://doi.org/10.1371/journal.pone.0231492.t001
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results for continuous outcome was expressed as mean difference (MD) with 95% confidence
interval (CI).[21] The impact of the heterogeneity between studies was detected by Tau” and I*
statistics in RevMan 5.3 software. The researchers used a fixed- effect model for the meta-anal-
ysis when I” was under 50% and a random-effect model when I” was above 50% and there was
a substantial heterogeneity between studies.

Risk of bias across studies and additional analyses

If the number of studies was sufficient, we planned analyses for small-study effects. Wherever
possible, subgroup analyses were based on characteristics of intervention and measurement
scales. The GRADE approach was followed to assess the quality of evidence.[27, 28]

Results
Study selection and characteristics

The electronic searches resulted in 1986 records, plus one record identified through other
sources and 10 records from updated PubMed search (Fig 1, Table 1). After removing dupli-
cates, 1728 articles remained. When reviewing the remaining 1728 titles and abstracts, 30 ref-
erences were identified, and 1698 records were excluded on the basis of their title and abstract.
However, six studies were registered trials and not published. The authors of these studies
were contacted but most of them failed to respond while others refused to share their data as
their registered trials were still in progress. After the critical full text reading, 16 studies were
omitted because they used burs or other types of corticision or because of the study design (S2
Table), One of those was a Chinese study and was excluded because of poor methodology, and
one other record was a thesis for a published included paper [29]. Finally, 14 papers for 13

Fig 1. Flow diagram for included articles.

https://doi.org/10.1371/journal.pone.0231492.g001
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unique trials were included in this systematic review. For the quantitative analysis, eight out of
the final 14 studies were pooled in the meta-analysis. Of those eight studies, one trial [30] did
not use clear baseline parameters, and the measurements of the outcome were not suitable.
One study[15] had a discrepancy in the data, while two papers reported the same trial, and one
study([31] used different statistical distribution.

Risk of bias within studies

The summary findings are presented in Fig 2, Table 2, and S3 Table.

Most of the RCT's were classified as having a high risk of bias. Only one study[32] was
judged as having a low risk of bias, and three studies[33-35] were judged in the “some con-
cerns” category. The two CCTs were having a serious risk of bias because of a lack of informa-
tion regarding missing data.

Some studies [36, 37] failed to treat the missing data, and other studies [15, 31, 33, 35, 38-
40]had some concerns in treating missing data. The randomization process was in some con-
cern in five studies[29, 31, 35-37] and at low risk of bias for other studies[15, 32, 33, 38-41].

Measurement of the outcome was classified as having a high risk of bias in five studies,
[15,31, 37, 38, 41]because of the lack of blinding of the assessors and the method of
measurement.

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

0% 25% 50% 75% 100%

- Low risk Some concerns . High risk

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

- Low risk Moderate risk . Serious risk . No information

Fig 2. A.Summary of Risk of bias assessment for randomized controlled trials using ROB.2 tool. B. Summary of Risk of Bias assessment for non-randomized controlled
trials using ROBINS-I tool.

https://doi.org/10.1371/journal.pone.0231492.9002
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Table 2. A; Summary of risk of bias assessment for randomized controlled trials. B; Summary of risk of bias assessment for non-randomized controlled trials.

A
Study

Uribe
Tuncer
Abbas
Aksakali
Alfawal

Charavet
2016

Charavet
2019

Charavet
(PROMs)
2019

Gibreal 2018
Gibreal 2019

Al-Imam
2019

Raj 2020
B
Study

Wu

Yavuz

Randomization

process

Some concerns
Low risk
Some concerns
Some concerns
Low risk

Some Concerns
Low risk
Low risk
Low risk

Low risk

Low risk

Some Concerns

Bias due to
confounding

Moderate

Serious

Deviations from
intended

High risk
Some Concerns
High risk
Some Concerns
Some Concerns

Some Concerns
Low risk
Low risk
Some Concerns

Some Concerns

Some Concerns
High risk

Bias in selection of
participants into
the study

Low

Moderate

https://doi.org/10.1371/journal.pone.0231492.t1002

Missing outcome
data

High risk
Low risk
Low risk
Low risk
Low risk

Low risk
Low risk
Low risk
Low risk

Low risk

Low risk

Some Concerns

Bias in
classification of
interventions

Low

Low

Measurement of the
outcome

Low risk

High risk

Some Concerns
Low risk

Low risk

High risk

Low risk

High risk

Low risk
High risk

Low risk
High risk

Bias due to
deviations from
intended
interventions

Low

Low

Selection of
the reported
result

Low risk
Low risk
Low risk
Low risk
Low risk

Low risk
Low risk
Low risk
High risk
Low risk

Low risk

Low risk

Bias due to
missing data

NI
NI

Overall Bias

High risk
High risk
High risk
Some Concerns
Some concerns
High risk

Low risk
High risk
High risk

High risk

Some Concerns
High risk

Bias in
measurement of
outcomes

Moderate
Moderate

Bias in Overall
selection of the
reported result

Low Serious

Low Serious

Results of individual studies, meta-analysis, and additional analysis

Based on the outcome measures in the included studies, we pooled the data into two catego-

ries; Canine Retraction and Treatment Time Duration.

Canine retraction

Four split-mouth randomized controlled trials [33, 35-37] studied the acceleration of canine
retraction. Three trials [33, 35, 36] used 0.022x 0.028- inch slot brackets. Also, most of them
[35-37]used 0.016x0.022-inch SS archwires for retraction, except Alfawal et al.[33] who used
0.019x 0.025-inch SS archwire for canine retraction. (Tables 3 and 4)
The meta-analysis showed (Fig 3) that the mean difference of the canine retraction rate in
the first two months after piezocision was statistically significant; 0.57 mm/month (95% CI,
0.42-0.71, p<0.00001) and favored the piezocision group with a high heterogeneity between
studies I” = 69%. Also, there was no statistically significant difference in the movement rate
between the first and the second month after the piezocision surgery (Fig 3). Molar anchorage
loss was more in the control group (MD 0.53mm, 95% CI, 0.05-1.01 mm, p = 0.03, I* = 72%)
with a high heterogeneity. (Fig 4)

Treatment duration

En-masse retraction. Two trials[38, 42]studied the acceleration of en masse retraction.
However, Tuncer et al.[38] used 0.016x0.022-inch SS archwire for retraction with bi-
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Table 3. Results summary table showing the quality of the evidence according to GRADE approach.

Piezocision compared to Control in Orthodontic

Patient or population: Orthodontic

Intervention: Piezocision

Comparison: Control

Outcomes of participants (studies) | Certainty of the evidence JGETIV/XIi{Iu] Anticipated absolute effects
Follow-up (GRADE) (95% CI) Risk with Risk difference with Piezocision
Control
Canine Retraction Rate assessed 81 (4 RCTs) BPOO Low *P* - MD 0.57 mm/month more (0.42
with: MM/Month more to 0.71 more)
En masse retraction 55 (2 RCTs) SPOO Low absc - MD 4.3 month lower (4.23 lower to
assessed with: Months 12.48 lower)
Total Treatment Timeassessed 45 (2 RCTs) APOO LOW *P* - MD 101.64 Day lower (59.23 lower
with: Days to 144.06 lower)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% CI).

CI: Confidence interval; MD: Mean difference

GRADE Working Group grades of evidence High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

https://doi.org/10.1371/journal.pone.0231492.t003

dimensional brackets, while Wu et al. [42] used 0.022x 0.028- inch slot brackets with 0.019x
0.025-inch SS archwire during en-masse retraction. (Tables 3 and 4).

The pooled estimate for en-masse retraction resulted in 4.30 months (CI 95%, 4.23-12.48,
P =0.32), but it was not statistically significant with a very high heterogeneity between the two
studies I* = 96% (Fig 5).

Decrowding. Two RCTs[31, 32] and two CTs[42, 43] compared the overall treatment
duration for leveling and alignment between the piezocision group and control group using
self-ligating brackets. Only Uribe et al.[29] assessed the alignment time.

We pooled two homogenous studies[32, 43] in the meta-analysis. There was a statistically
significant difference in the overall treatment time (MD 101.64 Days, 95% CI, 59.24-144.06)
favoring the piezocision group with a statistical homogeneity I* = 0 (Fig 6).

Incisors’ retraction. Only one study[40] reported the acceleration of incisors’ retraction
with assistance of piezocision cuts from the palatal and labial aspects. The authors concluded
that the piezocision accelerated the incisors’ retraction and decreased the time of retraction by
27% when compared to incisors’ retraction without piezocision procedure.

Adverse effects

Root resorption. Abbas et al.[36] concluded that root resorption was higher in the control
group. Two studies[31, 32] reported that there was no increase in root resorption, and there
was no significant increase in fenestration or dehiscence of the roots. Also, Raj et al.[37]
reported statically significant root resorption in canines in the piezocision and control sides
without differences between them in the six months follow up.

Periodontal score. Two studies [35, 43] reported that there was no statistical difference
between the two groups regarding gingival indices and mobility scores. Aksakalli et al.[35]
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Table 4. Included studies’ extraction table.

Study
Abbas, N.
2016

Aksakalli
2016

Wu 2015

Tunger
2017

Alfawal/
2018

Uribe 2017

Charavet
2019

Charavet
2019
PROMs

Charavet
2016

Gibreal
2018

Yavuz
2018

Raj 2020

Design, settings | Participants
S-M, RCT

Faculty of mild or no crowding; age:

dentistry Egypt | 15-25

S-M, RCT Class II malocclusion N: 10

University (6 F:4M) Mean age:

Istanbul, 163+24y

Turkey

A pilot clinical | Class III N: 24; age: 18-30

study Peking Upper mild crowding

University

China

RCT Bagkent Class I or Class IT N: 15 per

University group, (13 F:2 M); age: PG

Turkey 17.7y, CG 17.0y

S-M, RCT ClassIIdivIN: 17, (11 EF, 7

University, M) age: 18.70 + 3.6

Syria

RCT Uni, US LLI > 5 mm of mandibular
anterior crowding Age: CG
29.4y (6 M, 7 F) PG: 30y (6
M, 10 F) LII >5 CG 8.32
(2.29) PG 6.73(1.99)

RCT Uni, N: 24 (15 F:9M) LII< 6

Belgium. Mean age: PG 29 + 8 CG
277

RCT Uni, N: 24 (15 F:9M) LII< 6

Belgium. Mean age: PG 29 £ 8 CG
27+7

RCT Uni, N: 24 (9 M, 15 F) age: CG

Belgium 27+7PG:34+811<6

Maxilla PG: -2.8 + 1.2 CG:
—2.3 + 1.5 Mandible PG:
-34+14CG:-2.6+1.8

N: 36, SC age: 16-27 (20.32)
CG:7M10FPG:8M9F

RCT Uni, Syria

LII =10 mm

CT Uni, Class I, M-SC,NE N: 35 F

Turkey CG; n = 14; age 13-19y PG;
n =9;aged 13-18 y LII
10.48 (6.16) Mndible 6.47
(3.87)

S-M, RCT Uni, | Class II N: 20, age

Cuttack 2318+ 141y

N: 10 patients Class II Divl,

Interventions / Comparison

Roth 0.022 AW 0.016 x 0.022-in SS.
CCS 150 g Intervention: RF,

Roth .022- AW 0.016 x 0.022-inch SS
EC 150 g Intervention: 2 Cuts, PD 3
mm Flapless

Edgewise 0.022 AW 0.019x
0.025-inch SS. EMR Intervention;
FR. PD: cortical plate thickness BG

AW 0.016 x 0.022, Bidimensional
Brackets CCS 250g Flapless PD 3 mm

MBT 0.022. AW sequences: 0,014. Or
0.016. 0,016 x 0,022, 0,017 x 0,025 in.
NiTi, 0,019 x 0,025 in. ss.
Intervention: PD 3mm CCS 150-g
force

SL Carriere brackets V. Aw sequence
0.014, 0.014 x 0.025-inch CuNiTi
Intervention: 3 PC, PD Imm Flapless

CAD/CAM SL appliances AW
sequence 0.014-in, 0.018-in,

0.014 x 0.025-in, 0.018 x 0.025-in
CuNITI 0.019 x 0.025-in SS.
Intervention: FR, PD 3mm, PL 5mm

CAD/CAM SL appliances AW
sequence 0.014-in, 0.018-in,
0.014 x 0.025-in, 0.018 x 0.025-in
CuNITT, 0.019 x 0.025-in SS.
Intervention: FR, PD 3mm

DSL (Ormco) AW sequence:
0.014-in, 0.018-in., 0.014 x 0.025-in,
0.018 x 0.025-in. Cu NiTi.

0.019 x 0.025-in. ss. Intervention:
FR PD 3mm PL 5mm

MBT 0.022. AW sequence:
0.014-inch, 0.016-inch, 0.016 x 0.022-
inch, 0.017X 0.025-inch NiTij,

0.019 x 0.025-inch ss. Intervention:
Flapless PD 3mm PL 5-8mm

Roth SLB 0.022. AW sequence:
0.014-in., 0.016-in., 0.018-in.,

0.016 x 0.022-in., 0.017 x 0.025-in.
NiTi 0.019 x 0.025-in.ss.
Intervention: Flapless PD 3mm PL7
mm

prescription: NI Intervention:
Flapless PD 3-mm CCS 150 mg on
0.016%0.022 SS wire.

Outcomes

Canine movement rate
Anchorage loss Periodontal
health canine root resorption

canine and molar movement
rate Mobility scores and
gingival indices for the
canines transverse changes

Leveling and alignment time
EMR rates Total orthodontic
treatment time

EMR rates of maxillary
anterior teeth

The rate of canine movement,

molar anchorage loss, canines’

rotation and the duration of
canine retraction,

Orthodontic outcomes Little’s
irregularity index was used to
measure the amount of
crowding on the dental
models at every appointment.

Overall treatment duration
periodontal parameters,
gingival scars Radiographic
root resorptions, dehiscence
and fenestration scores using

patient-centered outcomes
Level of apprehension Pain
level Paracetamol
consumption—Patient
satisfaction

The total Treatment time
Periodontal Parameters:
Radiographic Root
resorptions, dehiscence and
fenestration score.

The overall alignment time of
the lower arch

LII scores Periodontal
measurements VAS The total
orthodontic treatment
durations

The canine and molar
movement rate Periodontal
indexes ABL Root resorption

Follow-up

3 months after the start of the
canine retraction 2 weeks
interval

2-week intervals

4 weeks

day 15, 30, 60, 90 and 120. 9.3
months of follow-up

2 weeks interval 1, 2, 3and
4-months measurement taken

Follow up monthly (every 4-5
weeks) Final irregularity index
was <2 mm

Every 2 weeks and archwires
were changed only when full
bracket engagement was
achieved.

Every 2 weeks. Changing
archwires when they were no
more active.

Every two weeks. Changing
archwires when they were
passive.

2-3 weeks intervals.

Follow up period of 7 months.
The patients were seen after
surgery by at 1, 3, and 6 months
for periodontal assessment and
every two weeks for canine
retraction

(Continued)
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Table 4. (Continued)

Study Design, settings | Participants Interventions / Comparison Outcomes Follow-up
Gibreal RCT Uni, Syria | N:34, SC, EX; age: 17-24 MBT 0.022-inch. AW sequence: levels of pain, discomfort and | Patient called at every two
2019 (21.03) CG:7M9FPG:6 | 0.014-inch, 0.016-inch, 0.016 x 0.022- | patients’ satisfaction using weeks. Changing arch wires
MI10F inch, 0.017X 0.025-inch NiTi, visual analog scales when they were passive.
0.019 x 0.025-inch ss. Intervention:
Flapless PD 3-mm PL 5-8mm
Al-Imam | RCT Uni, Syria | Class II N: 42, age 15-26y. | MBT 0.022-inch. AW sequence: Rate of incisor retraction and | The patients were seen at 3
2019 0.014-inch, 0.016-inch, 0.016 x 0.022- | time required for retraction. weeks intervals.

inch, 0.017X 0.025-inch NiTi, Molar anchorage loss
0.019 x 0.025-inch ss. NiTi CCS; 150

g Intervention: Flapless PD 3-mm

from the palatal and buccal aspects

S-M: split mouth design, RCT: randomized controlled trial, PG: piezocision group, CG: control group, Uni: University settings, F: female, M: male, N: number, SC:

severe crowding FR: Flap raised, PD: Piezocision depth, PL: Piezocision length, CCS: closed coil spring, EC: elastic chain, AW: Archwire ABL: alveolar bone level, SL:

self-ligating, DSL: Damon self-ligating brackets. EMR: En-masse retraction

https://doi.org/10.1371/journal.pone.0231492.t1004

indicated a slight increase in mobility scores in both groups. However, there was no increase
in the overall recession score in the groups, and more than 50% of piezocision patients had
noticeable scars. [31, 32, 41] Also, Raj et al.[37] concluded that the probing depth and the rela-
tive attachment level (RAL) increased gradually in both sides without statistical differences
between the piezocision and control side. Moreover, Al-Imam et al.[34]reported that they
excluded one patient who had acute postsurgical inflammation between the upper central inci-
sors from the palatal aspect.

Pain in patients reported outcome measures. The visual analogue scale (0-10) after
piezocision surgery for pain level was (6.0 £ 1.9) and (6.8 + 2.8) in Charavet studies[31, 32, 41],
and (3% 2) in Yavuz study [43]. However, Gibreal et al.[39] reported that there were no

Piezocision Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
2.1.1 First Month
Abbas -0.9 0.14 10 -0.55 0.15 10 17.9% -0.35[-0.48,-0.22] —
Aksakalli -1.53 0.67 10 -0.78 0.24 10 7.1% -0.75[-1.19, -0.31] e
Alfawal -1.65 0.4 17 -0.83 0.18 17 14.5% -0.82[-1.03,-0.61] B
Raj 2020 -1.54 04 20 -0.75 0.3 20 14.1% -0.79[-1.01, -0.57] —
Subtotal (95% ClI) 57 57 53.7% -0.66 [-0.95, -0.37] -
Heterogeneity: Tau? = 0.07; Chi? = 21.34, df = 3 (P < 0.0001); I*> = 86%
Test for overall effect: Z = 4.48 (P < 0.00001)
2.1.2 Second Month
Abbas -1.3 0.24 10 -0.85 0.15 10 15.9% -0.45[-0.63, -0.27] —_—
Aksakalli -1.37 0.86 10 -0.95 0.72 10 3.6% -0.42[-1.12,0.28]
Alfawal -1.38 0.32 17 -0.88 0.14 17 16.3% -0.50[-0.67,-0.33] —
Raj 2020 -1.57 0.6 20 -1.09 0.4 20 10.5% -0.48[-0.80, -0.16] I S—
Subtotal (95% Cl) 57 57 46.3% -0.48 [-0.59, -0.36] <o
Heterogeneity: Tau? = 0.00; Chi? = 0.19, df = 3 (P = 0.98); I> = 0%
Test for overall effect: Z = 8.38 (P < 0.00001)
Total (95% CI) 114 114 100.0% -0.57 [-0.71, -0.42] s 2
Heterogeneity: Tau? = 0.03; Chi? = 22.50, df = 7 (P = 0.002); I = 69% _’1 _Of s 3 055 i

Test for overall effect: Z = 7.65 (P < 0.00001)

Favours [Piezocision] Favours [control]

Test for subgroup differences: Chi? = 1.40, df = 1 (P = 0.24), I* = 28.4%

Fig 3. Forest plot for canine retraction rate (mm/month) between piezocision and control groups for the first two months after surgery with subgroups for the

first and second months.

https://doi.org/10.1371/journal.pone.0231492.9003
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Piezocision Control Mean Difference Mean Difference
Study or Subgroup Mean [mm] SD [mm] Total Mean [mm] SD [mm] Total Weight IV, Random, 95% CI [mm] 1V, Random, 95% CI [mm]
Abbas -3 0.38 10 -3.25 0.52 10 35.4% 0.25 [-0.15, 0.65] T
Aksakalli -2.04 0.52 10 -3.01 0.37 10 35.6% 0.97 [0.57, 1.37] —
Alfawal -1.93 0.81 17 -2.26 0.83 17 29.0% 0.33 [-0.22, 0.88] —T
Total (95% CI) 37 37 100.0% 0.53 [0.05, 1.01] i
Heterogeneity: Tau? = 0.13; Chi’ = 7.11, df = 2 (P = 0.03); I = 72%

-1 -05 0 05 1

Test for overall effect: Z = 2.15 (P = 0.03) Favours [Piezocision] Favours [control]

Fig 4. Forest plot showing anchorage loss differences between piezocision and control groups in canine retraction.

https://doi.org/10.1371/journal.pone.0231492.g004

statistically significant differences regarding pain, discomfort, jaw movement limitations
between the piezocision and control group in the first and seventh days after onset of the
treatment.

Additional analysis. Sensitivity analysis was not possible according to the insufficient
studies for each outcome.

Risk of bias across studies. GRADE approach[44] was used to rank the quality of the
body of evidence. The qualities of the evidence were graded as low (Table 3) because of the
high risk of bias within studies in more than one domain, the inconsistency in delivering the
intervention, and the small sample sizes in the included studies.

Discussion
Summary of evidence

Our meta-analysis showed that piezocision increases the canine retraction rate by 0.57 mm per
month for the initial two months after the surgical intervention. There was also a less total
molar anchorage loss of 0.53 mm by piezocision. These findings demonstrate the effectiveness
of the piezocision procedure in accelerating the canine retraction rate with a statistically signif-
icant difference. Similar results regarding accelerating tooth movement were made in other
studies [12, 16, 17, 36, 45-47] but differed in the effect size. Interestingly, Fu et al. [17] reported
similar results in their meta-analysis, but they included five different surgical interventions,
one of them was in combination with laser and pooled heterogeneous methodological and
clinical studies in the same meta-analysis. Also, they pooled the 2-weeks movement rate with
the monthly movement rate in the same meta-analysis to get the monthly tooth movement
rate. Also, Viwattanatipa and Charnchairerk [18] study found five trials that studied effect cor-
ticotomy or piezocision on tooth movement, and they included only two studies of our
included studies which were done prior to 2018 (Table 4). In addition, there are some doubts
about the interpretation of the results by the authors in that meta-analysis as they reported that
the surgical intervention could increase the movement rate up to four-fold. However, the pres-
ent meta-analysis was done regardless of age variation among studies, as there was no signifi-
cant effect of age variation on the treatment duration in the Mavreas study.[2] However, the

Piezocision Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Tunger 9.33 4.1 15 9.27 2.55 15  49.9% 0.06 [-2.38, 2.50]
Wu 5.52 1.28 12 14.17 3.95 12 50.1% -8.65[-11.00, -6.30] ——
Total (95% ClI) 27 27 100.0% -4.30[-12.84,4.23]

I

Heterogeneity: Tau? = 36.44; Chi? = 25.36, df = 1 (P < 0.00001); I> = 96% 1 1 t

, -10 -5 0 5 10
Test for overall effect: Z = 0.99 (P = 0.32) Favours [Piezocision] Favours [control]

Fig 5. Forest plot demonstrates the overall en-masse retraction duration differences between piezocision and control groups by months.

https://doi.org/10.1371/journal.pone.0231492.9005
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Piezocision Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Charavet 2019 278 80.2 11 393 55.7 11 54.0% -115.00[-172.70,-57.30] ——
Yavuz 238.56 69.9 9 324.5 81.65 14 46.0% -85.94[-148.51, -23.37] ——
Total (95% CI) 20 25 100.0% -101.64 [-144.06, -59.23] S
ity: i2 = = = 2= U t t t
Heterogeneity: Chi* = 0.45, df = 1 (P = 0.50); I° = 0% 20 100 5 100 260

Test for overall effect: Z = 4.70 (P < 0.00001)

Favours [Piezocision] Favours [control]

Fig 6. Forest plot demonstrating piezocision effects on overall treatment duration by months.

https://doi.org/10.1371/journal.pone.0231492.9006

pooled trials [33, 35-37] for this outcome are split-mouth design studies which mostly neglect
the correlation between the two sides of mouth during sample size calculation and statistical
analysis, and neglect the baseline characteristics of the two sides during randomization pro-
cess.[48, 49]

The lowest canine retraction rate by piezocision was reported by Alfawal et al.[33] who
used a 0.019x 0.025- inch S.S archwire for canine retraction versus 0.016x0.022- inch S.S arch-
wire used in the other studies.[35, 36] It is a well-known fact that the archwires size can affect
sliding of teeth during space closure.[50]

The highest canine retraction rate (MD; 0.76 mm /month) was reported by Aksakalli [35]
but with a very wide confidence interval of 95% (0.19-1.34 mm / month). This wide confi-
dence interval lowers the precision in the point of estimate and increases uncertainty about the
intervention estimate in that study.

The acceleration was not significantly higher in the first month after piezocision than the
second month (Fig 3). Wilcko et al.[51] reported that RAP reaches its peak between the 3rd
and 11™ weeks after the bone injury. Only Alfawal et al.[33] revealed that the acceleration was
higher in the first month. Otherwise, Abbas et al.[36] reported a higher acceleration in the
third month. Raj et al. [37]found that the acceleration increased in the second month and
decreased in the third month.

Uribeet al.[29] reported that there was no statistical difference in the alignment time in the
piezocision group and control group, which was contradictory to other studies.[32, 43] As the
depth of piezocision was 1 mm in the Uribe study[29] versus 3mm for other studies.[29, 32,
43] So, it can be suggested that accelerated tooth movement needs at least a 3 mm penetration
depth of the piezocision cuts to get the desirable intended effect. Gibreal et al.[15] concluded
that the overall time of alignment in the piezocision group was 59% less than the control
group. Although, they demonstrated in their data that alignment was done in more than two
months for the two groups, they reported that the alignment time was less than two months in
piezocision group, which lead to conflict in their findings.

The effect of piezocision is still unclear in en-masse retraction. The total duration of retrac-
tion was shorter but not statistically significant in our meta-analysis (Fig 5). Tuncer et al.[38]
found no statistically significant difference in duration of en- masse retraction between control
and piezocision groups, while Wu et al.[42] reported a shorter period in the piezocision group.
However, there are substantial differences in the study design between these two studies. Inter-
estingly, Wu et al.[42] conducted a clinical trial without randomization, and this may raise the
selection bias, also they raised a full thickness flap using bone graft material to cover the bone,
and this may have increased the inflammatory response. However, the severity and the type of
malocclusion play a role in tooth movement as suggested by Mavreas[2]. Tuncer et al.[38]
treated class I or class II patients while Wu et al.[42] treated presurgical class III patients. Also,
Wou et al.[42] did not mention the magnitude of the applied force.

The present meta-analysis suggests that piezocision was effective in minimizing the overall
duration of orthodontic treatment. It decreased the overall treatment time by more than three
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months (Fig 6). This is statistically significant, but we cannot say if it would be clinically signif-
icant, as the mean treatment duration varies between 19-34 months.[2]

For maxillary incisors’ retraction, Al-Imam et al.[40] found a statistically significant
increase in the rate of retraction. According to this study[40] palatal and labial piezocision
decreased the time of incisors’ retraction by 3 weeks when compared to incisors’ retraction
without piezocision. That was a small difference if we consider the whole treatment time.[2]

Every treatment has benefits and harms. The reasonable interpretation of less root resorp-
tion in the piezocision group[36] is the shorter treatment duration and possibly the change in
the bony nature of the surgical site, which is demonstrated in the Segal study[52]. Two studies
[31, 32] in this review found similar apical root resorption between the two groups, although
these two studies[31, 32] found a significant difference in the treatment duration, while one
study[30] showed less root resorption in the piezocision group. Although those two studies
reported a significant difference in the treatment duration and have the same active treatment
time in the two groups. In contrast, Patterson et al.[53] reported the iatrogenic effect of piezo-
cision procedure and root harms for five patients during surgery, and they found volumetric
root resorption in piezocision side. However, Al-Imam et al.[34] reported acute palatal post-
surgical inflammation case and they interpreted that it was because of poor oral hygiene,
although their criteria comprised the good oral hygiene patients and they prescribed them
antibiotics, which suggests that the surgery from the palatal side has more potential risks than
when performed on the buccal side.

The periodontal parameters were stable and similar between groups without the probability
of recession risk in studies. [30, 32, 41] The remaining scars in the surgical group may cause an
esthetic problem for patients with a high smile line, but this is unpredictable. Pain levels were
varied from mild [42]to high[31, 41]the day after surgery and decreased in the next seven days.
The differences in pain records between studies might be related to age differences between
studies as Charavet et al. [31, 41] had patients in their mid-thirties who felt more pain versus
13-19 years old young patients in Yavuz study [43] who felt less pain after surgery. The
reported age variation can increase pain experience and may have an effect on the main
PROMs psychometric properties.[54]

Previous systematic reviews [12, 19] assessed a number of the studies included in this
review[29, 31, 36] as having an unclear risk of bias, but they were assessed as having a high risk
of bias in our review, as we have used the last version of the Cochrane Risk of Bias tool
(ROB.2), which is more comprehensive and more critical than the original ROB tool.[55]

Limitations and strength

Although our study was conducted with rigorous methodology according to the Cochrane and
PRISMA guidelines, there were still some limitations. First, the included RCTs and CCT's were
low quality and had a low sample size and suffered from a lack of randomization and assessor’s
blinding.

Many studies failed to mention the effect of piezocision on the overall treatment time and
did not study the relation between the depth of corticision and the acceleration of tooth move-
ment. Also, none of the included studies reported the harm or iatrogenic effect of piezocision
on the roots of the teeth.

Interestingly, our decision was to include one surgical intervention in the meta-analysis to
decrease the clinical heterogeneity. However, the statistical heterogeneity among studies
ramped up the inconsistency about the estimate, and more subgroup analyses were not possi-
ble. In contrast, a recent meta-analysis [17]pooled five different interventions and different
outcomes in their meta-analysis.
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The present meta-analysis has more strength in terms of studies included than other studies
[12, 17-19], as much related primary research has emerged in the last two years. Also, these
studies were not registered in PROSPERO.

The registration of the protocol in PROSPERO, which reduces bias in conducting the
review [17, 56], the use of the latest Cochrane Risk of Bias tool for the intervention trials, and
the GRADE assessment of the studies’ quality were strong points for this review. Therefore, we
can say with a low certainty that piezocision increases the rate of canine retraction by 0.57
mm/month for the first two months and that piezocision can decrease the overall treatment
time by more than three months. Our estimate is limited, and the true effect may be substan-
tially different from our estimate.

Recommendations

We suggest that more high quality RCT's with large sample sizes should be conducted to study
the effect of the piezocision in the long term, with its relapse possibility, and the need to define
the overall effect on the treatment time with more focus on the iatrogenic effects of piezocision
especially root harms, as well as the relationship between the depth of cuts and the interven-
tion’s effectiveness.

Conclusion

The low-quality evidence suggests that piezocision is an effective surgical procedure in acceler-
ating orthodontic tooth movement, but we should take into account that this effect is clinically
small and transient for the first three months according to bone remodeling. Moreover, no
high quality RCT's with a large sample size have yet been done in order to help in constructing
a more solid scientific point of view regarding this intervention.

In our clinical orthodontic practice, we should weigh the cost and limited benefit of this
intervention to our patients, as there are some clear adverse effects like pain and scarring fol-
lowing this type of intervention.

Supporting information

S1 Checklist. PRISMA 2009 checklist.
(DOC)

S1 Table.
(DOCX)

S2 Table.
(DOCX)

§3 Table.
(DOCX)

Author Contributions

Writing - original draft: Samer Mheissen, Haris Khan, Shadi Samawi.

References

1. Alhammadi MS, Halboub E, Fayed MS, Labib A, El-Saaidi C. Global distribution of malocclusion traits:
A systematic review. Dental Press J Orthod. 2018; 23(6):40 e1—e10. Epub 2019/01/24. https://doi.org/
10.1590/2177-6709.23.6.40.e1-10.0onl PMID: 30672991; PubMed Central PMCID: PMC6340198.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231492  April 22, 2020 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231492.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231492.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231492.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231492.s004
https://doi.org/10.1590/2177-6709.23.6.40.e1-10.onl
https://doi.org/10.1590/2177-6709.23.6.40.e1-10.onl
http://www.ncbi.nlm.nih.gov/pubmed/30672991
https://doi.org/10.1371/journal.pone.0231492

PLOS ONE

Piezocision in orthodontics: SR and MA

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Mavreas D, Athanasiou AE. Factors affecting the duration of orthodontic treatment: a systematic
review. Eur J Orthod. 2008; 30(4):386—95. Epub 2008/08/06. https://doi.org/10.1093/ejo/cjn018 PMID:
18678758.

Bukhari OM, Sohrabi K, Tavares M. Factors affecting patients’ adherence to orthodontic appointments.
American journal of orthodontics and dentofacial orthopedics: official publication of the American Asso-
ciation of Orthodontists, its constituent societies, and the American Board of Orthodontics. 2016; 149
(3):319-24. Epub 2016/03/02. https://doi.org/10.1016/j.ajodo.2015.07.040 PMID: 26926018.

Fox N. Longer orthodontic treatment may result in greater external apical root resorption. Evid Based
Dent. 2005; 6(1):21. Epub 2005/03/25. https://doi.org/10.1038/sj.ebd.6400304 PMID: 15789049.

Sundararaj D, Venkatachalapathy S, Tandon A, Pereira A. Critical evaluation of incidence and preva-
lence of white spot lesions during fixed orthodontic appliance treatment: A meta-analysis. Journal of
International Society of Preventive & Community Dentistry. 2015; 5(6):433-9. Epub 2016/01/14. https://
doi.org/10.4103/2231-0762.167719 PMID: 26759794; PubMed Central PMCID: PMC4697225.

Boke F, Gazioglu C, Akkaya S, Akkaya M. Relationship between orthodontic treatment and gingival
health: A retrospective study. European journal of dentistry. 2014; 8(3):373-80. Epub 2014/09/10.
https://doi.org/10.4103/1305-7456.137651 PMID: 25202219; PubMed Central PMCID: PMC4144137.

Jager F, Mah JK, Bumann A. Peridental bone changes after orthodontic tooth movement with fixed
appliances: A cone-beam computed tomographic study. The Angle orthodontist. 2017; 87(5):672-80.
Epub 2017/05/30. https://doi.org/10.2319/102716-774.1 PMID: 28553985.

Nimeri G, Kau CH, Abou-Kheir NS, Corona R. Acceleration of tooth movement during orthodontic treat-
ment—a frontier in orthodontics. Progress in orthodontics. 2013; 14:42. Epub 2013/12/12. https://doi.
org/10.1186/2196-1042-14-42 PMID: 24326040; PubMed Central PMCID: PMC4384959.

Frost HM. The regional acceleratory phenomenon: a review. Henry Ford Hospital medical journal.
1983; 31(1):3-9. Epub 1983/01/01. PMID: 6345475.

Verna C. Regional Acceleratory Phenomenon. Frontiers of oral biology. 2016; 18:28-35. Epub 2015/
11/26. https://doi.org/10.1159/000351897 PMID: 26599115.

Zou M, Li C, Zheng Z. Remote Corticotomy Accelerates Orthodontic Tooth Movement in a Rat Model.
Biomed Res Int. 2019; 2019:4934128. Epub 2019/07/19. https://doi.org/10.1155/2019/4934128 PMID:
31317031; PubMed Central PMCID: PMC6601503.

YiJ, Xiao J, Li Y, Li X, Zhao Z. Efficacy of piezocision on accelerating orthodontic tooth movement: A
systematic review. Angle Orthod. 2017; 87(4):491-8. Epub 2017/04/22. https://doi.org/10.2319/01191-
751.1 PMID: 28429956.

Vercellotti T, Podesta A. Orthodontic microsurgery: a new surgically guided technique for dental move-
ment. Int J Periodontics Restorative Dent. 2007; 27(4):325-31. Epub 2007/08/31. PMID: 17726988.

Dibart S, Sebaoun JD, Surmenian J. Piezocision: a minimally invasive, periodontally accelerated ortho-
dontic tooth movement procedure. Compendium of continuing education in dentistry (Jamesburg, NJ:
1995). 2009; 30(6):342—4, 6, 8-50. Epub 2009/09/01. PMID: 19715011.

Gibreal O, Hajeer MY, Brad B. Efficacy of piezocision-based flapless corticotomy in the orthodontic cor-
rection of severely crowded lower anterior teeth: a randomized controlled trial. Eur J Orthod. 2019; 41
(2):188-95. Epub 2018/06/23. https://doi.org/10.1093/ejo/cjy042 PMID: 29931294.

Fleming PS, Fedorowicz Z, Johal A, EI-Angbawi A, Pandis N. Surgical adjunctive procedures for accel-
erating orthodontic treatment. The Cochrane database of systematic reviews. 2015;(6):Cd010572.
Epub 2015/07/01. https://doi.org/10.1002/14651858.CD010572.pub2 PMID: 26123284,

FuT, Liu S, Zhao H, Cao M, Zhang R. Effectiveness and Safety of Minimally Invasive Orthodontic
Tooth Movement Acceleration: A Systematic Review and Meta-analysis. Journal of Dental Research.
2019. https://doi.org/10.1177/0022034519878412

Viwattanatipa N, Charnchairerk S. The effectiveness of corticotomy and piezocision on canine retrac-
tion: A systematic review. Korean journal of orthodontics. 2018; 48(3):200—11. Epub 2018/05/08.
https://doi.org/10.4041/kjod.2018.48.3.200 PMID: 29732306; PubMed Central PMCID: PMC5932322.

Figueiredo D-S-F, Houara R-G, Mata-Cid Pinto L-S-d, Diniz A-R, de AraEjo Vn-E, Thabane L, et al.

Effects of piezocision in orthodontic tooth movement: A systematic review of comparative studies. J
Clin Exp Dent 2019.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. J Clin Epidemiol. 2009; 62(10):1006—12. Epub 2009/07/
28. https://doi.org/10.1016/j.jclinepi.2009.06.005 PMID: 19631508.

JPTH,JT,JC,MC, TL, MJP, etal. Cochrane Handbook for Systematic Reviews of Interventions ver-
sion 6.0. Second edition ed2019.

Littlewood A, Kloukos D. Searching the literature for studies for a systematic review. Part 2: Resources
for searching the medical literature. American journal of orthodontics and dentofacial orthopedics:

PLOS ONE | https://doi.org/10.1371/journal.pone.0231492  April 22, 2020 15/17


https://doi.org/10.1093/ejo/cjn018
http://www.ncbi.nlm.nih.gov/pubmed/18678758
https://doi.org/10.1016/j.ajodo.2015.07.040
http://www.ncbi.nlm.nih.gov/pubmed/26926018
https://doi.org/10.1038/sj.ebd.6400304
http://www.ncbi.nlm.nih.gov/pubmed/15789049
https://doi.org/10.4103/2231-0762.167719
https://doi.org/10.4103/2231-0762.167719
http://www.ncbi.nlm.nih.gov/pubmed/26759794
https://doi.org/10.4103/1305-7456.137651
http://www.ncbi.nlm.nih.gov/pubmed/25202219
https://doi.org/10.2319/102716-774.1
http://www.ncbi.nlm.nih.gov/pubmed/28553985
https://doi.org/10.1186/2196-1042-14-42
https://doi.org/10.1186/2196-1042-14-42
http://www.ncbi.nlm.nih.gov/pubmed/24326040
http://www.ncbi.nlm.nih.gov/pubmed/6345475
https://doi.org/10.1159/000351897
http://www.ncbi.nlm.nih.gov/pubmed/26599115
https://doi.org/10.1155/2019/4934128
http://www.ncbi.nlm.nih.gov/pubmed/31317031
https://doi.org/10.2319/01191-751.1
https://doi.org/10.2319/01191-751.1
http://www.ncbi.nlm.nih.gov/pubmed/28429956
http://www.ncbi.nlm.nih.gov/pubmed/17726988
http://www.ncbi.nlm.nih.gov/pubmed/19715011
https://doi.org/10.1093/ejo/cjy042
http://www.ncbi.nlm.nih.gov/pubmed/29931294
https://doi.org/10.1002/14651858.CD010572.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26123284
https://doi.org/10.1177/0022034519878412
https://doi.org/10.4041/kjod.2018.48.3.200
http://www.ncbi.nlm.nih.gov/pubmed/29732306
https://doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19631508
https://doi.org/10.1371/journal.pone.0231492

PLOS ONE

Piezocision in orthodontics: SR and MA

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

official publication of the American Association of Orthodontists, its constituent societies, and the Ameri-
can Board of Orthodontics. 2019; 155(3):445—7. Epub 2019/03/04. https://doi.org/10.1016/j.ajodo.
2018.12.005 PMID: 30826048.

Littlewood A, Kloukos D. Searching the literature for studies for a systematic review. Part 3: Using con-
trolled vocabulary. American Journal of Orthodontics and Dentofacial Orthopedics. 2019; 155(4):604—
5. https://doi.org/10.1016/j.ajodo.2018.12.014 PMID: 30935616

Littlewood A, Kloukos D. Searching the literature for studies for a systematic review. Part 4: Searching
with the use of text words. American journal of orthodontics and dentofacial orthopedics: official publica-
tion of the American Association of Orthodontists, its constituent societies, and the American Board of
Orthodontics. 2019; 155(5):741-3. Epub 2019/05/06. https://doi.org/10.1016/j.ajodo.2018.12.015
PMID: 31053291.

Higgins JPT SJ, Savovi¢ J, Page MJ, Hrdbjartsson A, Boutron |, Reeves B, Eldridge S. A revised tool
for assessing risk of bias in randomized trials In: Chandler J, McKenzie J, Boutron |, Welch V. Cochrane
Methods Cochrane Database of Systematic Reviews. 2016;(10). doi: dx.doi.org/10.1002/14651858.
CD20160.

Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, et al. ROBINS-I: a tool
for assessing risk of bias in non-randomised studies of interventions. BMJ. 2016; 355:i4919. Epub
2016/10/14. https://doi.org/10.1136/bmj.i4919 PMID: 27733354; PubMed Central PMCID:
PMC5062054

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines: 1. Introduction-
GRADE evidence profiles and summary of findings tables. J Clin Epidemiol. 2011; 64(4):383-94. Epub
2011/01/05. https://doi.org/10.1016/j.jclinepi.2010.04.026 PMID: 21195583.

Guyatt GH, Oxman AD, Schunemann HJ, Tugwell P, Knottnerus A. GRADE guidelines: a new series of
articles in the Journal of Clinical Epidemiology. J Clin Epidemiol. 2011; 64(4):380—2. Epub 2010/12/28.
https://doi.org/10.1016/j.jclinepi.2010.09.011 PMID: 21185693.

Uribe F, Davoody L, Mehr R, Jayaratne YSN, Almas K, Sobue T, et al. Efficiency of piezotome-cortici-
sion assisted orthodontics in alleviating mandibular anterior crowding-a randomized clinical trial. Eur J
Orthod. 2017; 39(6):595-600. Epub 2017/04/04. https://doi.org/10.1093/ejo/cjw091 PMID: 28371882.

Yu H, Jiao F, Wang B, Shen SG. Piezoelectric decortication applied in periodontally accelerated osteo-
genic orthodontics. The Journal of craniofacial surgery. 2013; 24(5):1750-2. Epub 2013/09/17. hitps://
doi.org/10.1097/SCS.0b013e3182902c5a PMID: 24036771.

Charavet C, Lecloux G, Bruwier A, Rompen E, Maes N, Limme M, et al. Localized Piezoelectric Alveolar
Decortication for Orthodontic Treatment in Adults. Journal of Dental Research. 2016; 95(9):1003-9.
https://doi.org/10.1177/0022034516645066 PMID: 27129491

Charavet C, Lecloux G, Jackers N, Albert A, Lambert F. Piezocision-assisted orthodontic treatment
using CAD/CAM customized orthodontic appliances: a randomized controlled trial in adults. Eur J
Orthod. 2019. Epub 2019/01/17. https://doi.org/10.1093/ejo/cjy082 PMID: 30649257.

Alfawal AMH, Hajeer MY, Ajaj MA, Hamadah O, Brad B. Evaluation of piezocision and laser-assisted
flapless corticotomy in the acceleration of canine retraction: a randomized controlled trial. Head & face
medicine. 2018; 14(1):4. Epub 2018/02/20. https://doi.org/10.1186/s13005-018-0161-9 PMID:
29454369; PubMed Central PMCID: PMC5816528.

Imam GA, Ajaj MA, Hajeer MY, Al-Mdalal Y, Almashaal E. Evaluation of the effectiveness of piezoci-
sion-assisted flapless corticotomy in the retraction of four upper incisors: A randomized controlled clini-
cal trial. Dent Med Probl. 2019. Epub 2019/12/04. https://doi.org/10.17219/dmp/110432 PMID:
31794163.

Aksakalli S, Calik B, Kara B, Ezirganli S. Accelerated tooth movement with piezocision and its periodon-
tal-transversal effects in patients with Class || malocclusion. The Angle orthodontist. 2016; 86(1):59-65.
Epub 2015/05/20. https://doi.org/10.2319/012215-49.1 PMID: 25989211.

Abbas NH, Sabet NE, Hassan IT. Evaluation of corticotomy-facilitated orthodontics and piezocision in
rapid canine retraction. American Journal of Orthodontics and Dentofacial Orthopedics. 2016; 149
(4):473-80. https://doi.org/10.1016/j.ajodo.2015.09.029 PMID: 27021451

Raj SC, Praharaj K, Barik AK, Patnaik K, Mahapatra A, Mohanty D, et al. Retraction With and Without
Piezocision-Facilitated Orthodontics: A Randomized Controlled Trial. The International journal of peri-
odontics & restorative dentistry. 2020; 40(1):e19—-e26. Epub 2019/12/10. https://doi.org/10.11607/prd.
3968 PMID: 31815981.

Tuncer NI, Arman-Ozcirpici A, Oduncuoglu BF, Gocmen JS, Kantarci A. Efficiency of piezosurgery
technique in miniscrew supported en-masse retraction: a single-centre, randomized controlled trial. Eur
J Orthod. 2017; 39(6):586—94. Epub 2017/04/13. hitps://doi.org/10.1093/ejo/cjx015 PMID: 28402521.

Gibreal O, Hajeer MY, Brad B. Evaluation of the levels of pain and discomfort of piezocision-assisted
flapless corticotomy when treating severely crowded lower anterior teeth: a single-center, randomized

PLOS ONE | https://doi.org/10.1371/journal.pone.0231492  April 22, 2020 16/17


https://doi.org/10.1016/j.ajodo.2018.12.005
https://doi.org/10.1016/j.ajodo.2018.12.005
http://www.ncbi.nlm.nih.gov/pubmed/30826048
https://doi.org/10.1016/j.ajodo.2018.12.014
http://www.ncbi.nlm.nih.gov/pubmed/30935616
https://doi.org/10.1016/j.ajodo.2018.12.015
http://www.ncbi.nlm.nih.gov/pubmed/31053291
https://doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/pubmed/27733354
https://doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
https://doi.org/10.1016/j.jclinepi.2010.09.011
http://www.ncbi.nlm.nih.gov/pubmed/21185693
https://doi.org/10.1093/ejo/cjw091
http://www.ncbi.nlm.nih.gov/pubmed/28371882
https://doi.org/10.1097/SCS.0b013e3182902c5a
https://doi.org/10.1097/SCS.0b013e3182902c5a
http://www.ncbi.nlm.nih.gov/pubmed/24036771
https://doi.org/10.1177/0022034516645066
http://www.ncbi.nlm.nih.gov/pubmed/27129491
https://doi.org/10.1093/ejo/cjy082
http://www.ncbi.nlm.nih.gov/pubmed/30649257
https://doi.org/10.1186/s13005-018-0161-9
http://www.ncbi.nlm.nih.gov/pubmed/29454369
https://doi.org/10.17219/dmp/110432
http://www.ncbi.nlm.nih.gov/pubmed/31794163
https://doi.org/10.2319/012215-49.1
http://www.ncbi.nlm.nih.gov/pubmed/25989211
https://doi.org/10.1016/j.ajodo.2015.09.029
http://www.ncbi.nlm.nih.gov/pubmed/27021451
https://doi.org/10.11607/prd.3968
https://doi.org/10.11607/prd.3968
http://www.ncbi.nlm.nih.gov/pubmed/31815981
https://doi.org/10.1093/ejo/cjx015
http://www.ncbi.nlm.nih.gov/pubmed/28402521
https://doi.org/10.1371/journal.pone.0231492

PLOS ONE

Piezocision in orthodontics: SR and MA

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

controlled clinical trial. BMC oral health. 2019; 19(1):57. Epub 2019/04/18. https://doi.org/10.1186/
$12903-019-0758-9 PMID: 30991984; PubMed Central PMCID: PMC6469154.

Allmam GA, Ajaj MA, Hajeer MY, Al-Mdalal Y, Aimashaal E. Evaluation of the effectiveness of piezoci-
sion-assisted flapless corticotomy in the retraction of four upper incisors: A randomized controlled clini-
cal trial. Dental and medical problems. 2019. Epub 2019/12/04. https://doi.org/10.17219/dmp/110432
PMID: 31794168.

Charavet C, Lecloux G, Jackers N, Maes N, Lambert F. Patient-reported outcomes measures (PROMs)
following a piezocision-assisted versus conventional orthodontic treatments: a randomized controlled
trial in adults. Clinical oral investigations. 2019. Epub 2019/04/08. https://doi.org/10.1007/s00784-019-
02887-z PMID: 30955096.

Wu J, Jiang J-H, Xu L, Liang C, Bai Y, Zou W. A pilot clinical study of Class Il surgical patients facilitated
by improved accelerated osteogenic orthodontic treatments. The Angle Orthodontist. 2015; 85(4):616—
24. https://doi.org/10.2319/032414-220.1 PMID: 25347045

Yavuz MC, Sunar O, Buyuk SK, Kantarci A. Comparison of piezocision and discision methods in ortho-
dontic treatment. Progress in orthodontics. 2018; 19(1):44. Epub 2018/10/30. https://doi.org/10.1186/
s40510-018-0244-y PMID: 30370430; PubMed Central PMCID: PMC6204431.

Schiinemann HB J G G, Oxman A,. GRADE handbook for grading quality of evidence and strength of
recommendations: The GRADE Working Group; 2013.

Hoffmann S, Papadopoulos N, Visel D, Visel T, Jost-Brinkmann PG, Prager TM. Influence of piezotomy
and osteoperforation of the alveolar process on the rate of orthodontic tooth movement: a systematic
review. J Orofac Orthop. 2017; 78(4):301-11. Epub 2017/03/23. https://doi.org/10.1007/s00056-017-
0085-1 PMID: 28321457.

Patterson BM, Dalci O, Darendeliler MA, Papadopoulou AK. Corticotomies and Orthodontic Tooth
Movement: A Systematic Review. Journal of oral and maxillofacial surgery: official journal of the Ameri-
can Association of Oral and Maxillofacial Surgeons. 2016; 74(3):453-73. Epub 2015/11/27. https://doi.
0rg/10.1016/j.joms.2015.10.011 PMID: 26608454.

Shahabee M, Shafaee H, Abtahi M, Rangrazi A, Bardideh E. Effect of micro-osteoperforation on the
rate of orthodontic tooth movement-a systematic review and a meta-analysis. Eur J Orthod. 2019. Epub
2019/06/20. https://doi.org/10.1093/ejo/cjz049 PMID: 31215993.

Chung B, Pandis N, Scherer RW, Elbourne D. CONSORT Extension for Within-Person Randomized
Clinical Trials. Journal of Dental Research. 2019:1-4.

Pandis N, Chung B, Scherer RW, Elbourne D, Altman DG. CONSORT 2010 statement: extension
checklist for reporting within person randomised trials. BMJ. 2017; 357:j2835. Epub 2017/07/02. https://
doi.org/10.1136/bm|.j2835 PMID: 28667088; PubMed Central PMCID: PMC5492474

Savoldi F, Visconti L, Dalessandri D, Bonetti S, Tsoi JKH, Matinlinna JP, et al. In vitro evaluation of the
influence of velocity on sliding resistance of stainless steel arch wires in a self-ligating orthodontic
bracket. Orthodontics & craniofacial research. 2017; 20(2):119-25. Epub 2017/04/18. https://doi.org/
10.1111/ocr.12156 PMID: 28414874.

Wilcko MT, Wilcko WM, Bissada NF. An Evidence-Based Analysis of Periodontally Accelerated Ortho-
dontic and Osteogenic Techniques: A Synthesis of Scientific Perspectives. Seminars in Orthodontics.
2008; 14(4):305—16. https://doi.org/10.10583/j.s0d0.2008.07.007

Segal GR S P, Tuncay OC. Meta analysis of the treatment-related factors of external apical root resorp-
tion. Orthod Craniofac Res. 2004 May; 7:71-8. https://doi.org/10.1111/j.1601-6343.2004.00286.x
PMID: 15180086

Patterson BM, Dalci O, Papadopoulou AK, Madukuri S, Mahon J, Petocz P, et al. Effect of piezocision
on root resorption associated with orthodontic force: A microcomputed tomography study. American
journal of orthodontics and dentofacial orthopedics: official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of Orthodontics. 2017; 151(1):53—-62.
Epub 2016/12/28. https://doi.org/10.1016/j.ajodo.2016.06.032 PMID: 28024782.

Hamilton d. F. G JM, Giesinger K. It is merely subjective opinion that patient-reported outcome mea-
sures are not objective tools. Bone Joint Res. December 2017; 6(12):665—6. https://doi.org/10.1302/
2046-3758.612.BJR-2017-0347 PMID: 29212762

Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ. 2019; 366:14898. Epub 2019/08/30. https://doi.org/10.
1136/bmj.14898 PMID: 31462531.

Stewart L, Moher D, Shekelle P. Why prospective registration of systematic reviews makes sense. Syst
Rev. 2012; 1:7. Epub 2012/05/17. https://doi.org/10.1186/2046-4053-1-7 PMID: 22588008; PubMed
Central PMCID: PMC3369816.</References>

PLOS ONE | https://doi.org/10.1371/journal.pone.0231492  April 22, 2020 17/17


https://doi.org/10.1186/s12903-019-0758-9
https://doi.org/10.1186/s12903-019-0758-9
http://www.ncbi.nlm.nih.gov/pubmed/30991984
https://doi.org/10.17219/dmp/110432
http://www.ncbi.nlm.nih.gov/pubmed/31794163
https://doi.org/10.1007/s00784-019-02887-z
https://doi.org/10.1007/s00784-019-02887-z
http://www.ncbi.nlm.nih.gov/pubmed/30955096
https://doi.org/10.2319/032414-220.1
http://www.ncbi.nlm.nih.gov/pubmed/25347045
https://doi.org/10.1186/s40510-018-0244-y
https://doi.org/10.1186/s40510-018-0244-y
http://www.ncbi.nlm.nih.gov/pubmed/30370430
https://doi.org/10.1007/s00056-017-0085-1
https://doi.org/10.1007/s00056-017-0085-1
http://www.ncbi.nlm.nih.gov/pubmed/28321457
https://doi.org/10.1016/j.joms.2015.10.011
https://doi.org/10.1016/j.joms.2015.10.011
http://www.ncbi.nlm.nih.gov/pubmed/26608454
https://doi.org/10.1093/ejo/cjz049
http://www.ncbi.nlm.nih.gov/pubmed/31215993
https://doi.org/10.1136/bmj.j2835
https://doi.org/10.1136/bmj.j2835
http://www.ncbi.nlm.nih.gov/pubmed/28667088
https://doi.org/10.1111/ocr.12156
https://doi.org/10.1111/ocr.12156
http://www.ncbi.nlm.nih.gov/pubmed/28414874
https://doi.org/10.1053/j.sodo.2008.07.007
https://doi.org/10.1111/j.1601-6343.2004.00286.x
http://www.ncbi.nlm.nih.gov/pubmed/15180086
https://doi.org/10.1016/j.ajodo.2016.06.032
http://www.ncbi.nlm.nih.gov/pubmed/28024782
https://doi.org/10.1302/2046-3758.612.BJR-2017-0347
https://doi.org/10.1302/2046-3758.612.BJR-2017-0347
http://www.ncbi.nlm.nih.gov/pubmed/29212762
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1186/2046-4053-1-7
http://www.ncbi.nlm.nih.gov/pubmed/22588008
https://doi.org/10.1371/journal.pone.0231492

