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ABSTRACT

Introduction: Piezocision is a minimally invasive surgical technique proposed to accelerate orthodontic tooth
movement. However, evidence regarding its effect on the alignment of mandibular anterior teeth remains
inconsistent.

Objective: To evaluate the effect of piezocision on the time required to achieve mandibular anterior alignment
during fixed orthodontic treatment compared with orthodontic treatment without piezocision.

Materials and Methods: A systematic review and meta-analysis was conducted in accordance with the PRISMA
2020 guidelines. PubMed/MEDLINE, Cochrane CENTRAL, ScienceDirect, Embase/Ovid, and Google Scholar
were searched from inception to January 30, 2026. Randomized controlled trials evaluating piezocision assisted
fixed orthodontic treatment for mandibular anterior crowding were considered eligible. Two reviewers
independently performed study selection and data extraction, and risk of bias was assessed using the Cochrane
Risk of Bias 2 tool. Where sufficiently comparable data were available, continuous outcomes were synthesized
using mean differences with 95% confidence intervals (CIs) under an inverse-variance random-effects model.
Results: Six randomized controlled trials were included in the systematic review. Four studies contributed to the
meta-analysis of time required to achieve mandibular anterior alignment. The pooled analysis suggested a
reduction in alignment time favouring piezocision (MD —46.29 days, 95% CI —76.12 to —16.45; P = 0.002);
however, substantial heterogeneity was observed (I* = 93%), limiting confidence in the consistency and
generalizability of this estimate.

Conclusion: Piezocision may accelerate the alignment of mandibular anterior teeth during fixed orthodontic
treatment. However, substantial heterogeneity among studies indicates considerable uncertainty regarding the
magnitude and consistency of this effect.

KEYWORDS: Piezocision; orthodontic tooth movement; mandibular anterior crowding; dental alignment;
accelerated orthodontics; systematic review; meta-analysis

INTRODUCTION

Over the past decade, advances in orthodontic technology have increased the expectations of both clinicians and
patients for more efficient treatment outcomes, including the duration of active orthodontic treatment.' Prolonged
treatment may increase the risk of enamel decalcification, gingival inflammation, root resorption and patient
dissatisfaction, affecting treatment acceptance and compliance.'? Orthodontic tooth movement is relatively slow
and varies considerably according to the type of tooth movement, force system, biological characteristics and
measurement method.>>

Consequently, various approaches have been investigated to accelerate orthodontic tooth movement and reduce
treatment duration. These include surgical and minimally invasive techniques such as corticotomy, corticision,
periodontally accelerated osteogenic orthodontics, micro-osteoperforation (MOP) and piezocision, as well as non-
surgical approaches such as low level laser therapy and mechanical vibration.®!® Among these approaches,
piezocision has attracted considerable interest because it aims to enhance orthodontic tooth movement while
avoiding the extensive flap elevation associated with conventional corticotomy procedures. '

Piezocision is a minimally invasive corticotomy-assisted orthodontic technique involving small soft-tissue
incisions through which a piezoelectric instrument is used to create selective cortical bone injuries.'®!! The
procedure has been proposed to accelerate orthodontic tooth movement by inducing a transient regional bone-
remodelling response, commonly associated with the regional acceleratory phenomenon.'!!2

Mandibular anterior crowding is one of the most common orthodontic problems encountered in clinical practice. '3
The initial alignment phase is an essential component of fixed orthodontic treatment and is influenced by several
factors, including the severity of crowding, periodontal characteristics, initial tooth position, archwire sequence,
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bracket system and the biomechanics used during treatment.!> The duration of this phase may therefore vary
considerably between patients. 416

Studies have reported faster reduction in mandibular anterior crowding and shorter time to achieve alignment
following piezocision, whereas others have not demonstrated a statistically significant advantage over
conventional orthodontic treatment.!”?? Differences in initial crowding severity, patient characteristics,
orthodontic appliance systems and mechanics, piezocision protocols, incision characteristics, and outcome
definitions may contribute to the variability in reported findings.

Evidence specifically addressing the effect of piezocision on mandibular anterior alignment during fixed
orthodontic treatment remains limited and heterogeneous. Furthermore, differences in surgical protocols and
outcome definitions may limit direct comparison among studies. Therefore, this systematic review and meta-
analysis evaluated whether adjunctive piezocision reduces the time required to achieve mandibular anterior
alignment during fixed orthodontic treatment compared with treatment without piezocision.

METHODOLOGY

The research was conducted in accordance with the PRISMA 2020 guidelines. The research question was
formulated according to the PICOS framework: “In patients undergoing fixed orthodontic treatment with
mandibular anterior crowding, does adjunctive piezocision reduce the time required to achieve mandibular
anterior alignment compared with fixed orthodontic treatment without piezocision?”” (Table 1).

Table 1. PICOS framework for the research question

Population Intervention Control Outcome Study design
Patients undergoing | Piezocision Conventional fixed | Time required to | randomized
fixed orthodontic | assisted orthodontic treatment | achieve controlled
treatment with | orthodontic without piezocision or | mandibular trials
mandibular  anterior | treatment with any non-piezocision | anterior

crowding comparator alignment

Inclusion Criteria:

Studies were eligible for inclusion if they were randomized controlled trials evaluating the effect of piezocision
on the time required to achieve mandibular anterior alignment in human participants undergoing fixed orthodontic
treatment for mandibular anterior crowding. Studies were required to report at least one clinically relevant
outcome related to mandibular anterior alignment, including time required to achieve alignment. Studies reporting
secondary outcomes, including changes in Little's Irregularity Index (LII), rate of alignment or decrowding,
periodontal parameters, or patient-reported outcomes, were also eligible. Only full-text articles published in peer-
reviewed journals and available in English were included.

Exclusion criteria

Studies were excluded if they were non randomized controlled trials, observational or retrospective studies, case-
control studies, case reports, case series, in vitro or animal studies, systematic reviews, meta-analyses, narrative
reviews, scoping reviews, conference abstracts, editorials, letters to the editor or expert opinions. Studies
evaluating orthodontic acceleration techniques other than piezocision were excluded unless a separate piezocision
intervention group was available for comparison. Studies without an appropriate conventional orthodontic
treatment comparator or those that did not report at least one relevant outcome were excluded. Studies in which
piezocision was combined with other acceleration interventions that prevented the independent effect of
piezocision from being determined were excluded. Duplicate publications and studies for which the full text was
unavailable were also excluded.

Search Strategy:

A comprehensive electronic literature search was conducted in PubMed/MEDLINE, Cochrane CENTRAL,
ScienceDirect, Embase/Ovid, and Google Scholar from database inception to January 30, 2026. The search
strategy was developed using keywords and controlled vocabulary related to the intervention, orthodontic
treatment, and mandibular anterior alignment. The primary search concepts included piezocision, piezoincision,
piezo-assisted corticotomy, orthodontic treatment, fixed orthodontic appliances, alignment, decrowding,
mandibular anterior teeth, and lower anterior crowding. Boolean operators AND and OR were used to combine
the search terms, and appropriate truncation and database-specific search syntax were applied where applicable.
The complete search strategies for each database are presented in Table 2. The reference lists of all included
studies and relevant systematic reviews were also screened manually to identify additional potentially eligible
studies. No restrictions were applied based on publication date.

Table 2. Database specific search strategy
Database Platform | Search strategy
MEDLINE PubMed | ("piezocision" OR "piezoincision" OR "piezo-assisted corticotomy" OR
"piezocision corticotomy'") AND (orthodontic OR "fixed orthodontic treatment"
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OR braces) AND alignment OR "tooth movement" OR "alignment efficiency")
AND (mandibular OR mandible OR "lower arch")

CENTRAL Cochrane | ("piezocision" OR "piezoincision" OR "piezo-assisted corticotomy" OR
"piezocision corticotomy'") AND (orthodontic OR "fixed orthodontic treatment"
OR braces) AND (alignment OR "tooth movement" OR "alignment efficiency”)
AND
(mandibular OR mandible OR "lower arch")

ScienceDirect | Elsevier | (Piezocision) AND (mandibular anteriors) AND (rate of alignment)

Embase Ovid (Piezocision)AND (alignment) AND (mandibular anterior OR lower anterior)

Google Google ("Piezocision") AND (“alignment" OR "alignment efficacy") AND ("mandibular

Scholar anteriors" OR "lower anterior crowding")

Study Selection:

A total of 121 records were identified through the electronic database search. After removal of 8 duplicate records,
113 records underwent title and abstract screening. Two reviewers independently screened the titles and abstracts
based on the predefined eligibility criteria and 106 studies that did not meet the inclusion criteria were excluded.
The full texts of the 7 potentially eligible studies were subsequently retrieved and assessed by the two reviewers
for final eligibility. The reference lists of the included studies were also screened, where applicable, to identify
any additional eligible studies. One potentially eligible study was excluded because arch-specific outcome data
for the mandibular anterior teeth could not be extracted. Charavet et al. evaluated piezocision-assisted orthodontic
treatment involving both maxillary and mandibular anterior teeth; however, separate mandibular data were not
reported.”?  Throughout the selection process, any disagreements between the reviewers were resolved through
discussion and consensus. Study selection process and the number of records identified, screened, assessed for
eligibility, and included in the systematic review are presented in the PRISMA flow diagram (Figure 1).

Number of records identified =121
PubMed/MEDLINE (17)
Cochrane CENTRAL (6)
Science Direct (34)
Embase/Ovid (31)
Google Scholar (33)

Number of duplicate records = 8

]

Number of records screened = 113 I

1

Number of records excluded at
Title/abstract screening = 106
Systematic reviews (28)
Animal studies (1)
Case reports (11)
Other Experimental procedures (40)
Other sites (16)
Measured other parameters (5)
Other reasons (5)

1

Number of records sought for
retrieval = 7

Number of records excluded after full text

[ Screening ] [ [dentification ]

assessment = 1
(Insufficient data)

- ~
z T
s =
£ 2 Number of studies included in
'§- ] systematic review = 6
»n
S ——
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Figure 1. PRISMA flow diagram for studies retrieved through the searching and selection process
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Characteristics of included studies

Six randomized controlled trials published between 2017 and 2025 were included in the systematic review,
comprising a total of 186 participants. Five studies used a two-arm design, four of them comparing piezocision
assisted orthodontic treatment with conventional orthodontic treatment and one with micro-osteoperforation. One
study used a three-arm design comparing piezocision, micro-osteoperforation, and conventional orthodontic
treatment. The sample sizes ranged from 20 to 44 participants, and the reported mean ages ranged from
approximately 17 to 30 years. Baseline mandibular anterior crowding, assessed using LII, varied across studies,
with reported mean values ranging from approximately 5.6 to 11.7 mm; the Rao et al. study included participants
with moderate-to-severe crowding (LII >5 mm), although group-specific baseline means were not reported. The
piezocision protocols also differed between studies, including conventional flapless piezocision and a 3D-guided
piezocision approach. Outcome assessment varied across the studies and included time required to achieve
mandibular anterior alignment, serial changes in LII, rate of mandibular anterior alignment or decrowding,
periodontal parameters, and patient-reported comfort and oral-health-related quality of life. The criterion used to
define completion of alignment was also not uniform, with some studies using an LII threshold of <1 mm and

others using <2 mm. Detailed characteristics of the included studies are presented in Table 3.

Table 3. Characteristics of the included randomized controlled trials evaluating the effect of piezocision on
mandibular anterior alignment and levelling.

Author, year | Study groups Mean age | Mean LII at | Follow | Outcomes (primary &
& study (years) baseline up secondary)
design (mm) time
Flavio Uribe, | Intervention: Intervention: | Intervention: | Until Primary: Overall
2017 2 Flapless 30+12.5 6.73£1.99 LII <2 | alignment  time  of
(Two-arm piezocision assisted | Control: Control: mm mandibular anteriors
parallel-group | orthodontic 29.449.3 8.32+£2.29 Secondary: Changes in
randomized treatment  (n=16) LII measured during
clinical trial) (10 females & 6 alignment.

males)

Control:

conventional

orthodontic

treatment (n=13)

(7 females & 6

males)
Gibreal et al., | Intervention: Intervention: | Intervention: | Until Primary: Overall
2019 '8 Flapless 20.29 +1.79 11.57+1.19 LII <I | alignment  time  of
(two-arm, piezocision assisted | Control: Control: mm mandibular anteriors
parallel-group | orthodontic 20.35+2.17 11.32+0.97 Secondary: Changes in
randomized treatment (n=17). | Overall: 20.32 LII measured monthly
controlled (9 females & 8 | =1.96. during alignment.
trial) males)

Control:

conventional

orthodontic

treatment (n=17)

(9 females & 8

males)
Gibreal et al., | Intervention: 3D- | Intervention: | Intervention: | Until Primary: Overall
2022 guided piezocision- | 20.86+1.98 11.59+0.69 (LII <1 | alignment time of
(two-arm, assisted orthodontic | Control: Control: mm) mandibular anteriors.
parallel-group | treatment (n=18). 21.27+£1.87 11.66+1.17 Secondary: LII changes
randomized (10 females & 8 | Overall: 21.03 at TO, 1 month, 2 months,
controlled males) + 1.96. and completion of
trial) Control: alignment.

Conventional

orthodontic

treatment (n=17).

(9 females & 7

males)
Kilinc and | Intervention: Piezocision: Piezocision: 16 Primary: Rate of
Baka, 20232' | Flapless 16.99 £ 1.74 8.20+1.52 weeks | mandibular anterior

piezocision- MOP: MOP: levelling and alignment
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(Three-arm
randomized
controlled
clinical trial)

assisted orthodontic
treatment (n=15) (9
females & 6 males)
Flapless Micro-
osteoperforation
assisted orthodontic
treatment (n=14) (
females & 5 males)
Control:

17.51+£2.43
Control: 17.40
+2.16.

7.71 £ 1.40
Control:
6.93+1.25

measured by changes in
LII

Secondary: Periodontal
parameters and patient
comfort (VAS scores &
OHIP-14 scores)

Conventional

orthodontic

treatment. (n=15),

(7 females & 8

males)
Rao et al., | Piezocision: overall mean | Moderate-to- Until Primary: Rate of lower
2024 20| Flapless age: 19.6 £ 2.6 | severe LII <1 | anterior decrowding.
(Randomized | piezocision assisted | years; group- | crowding with | mm Secondary: Total
comparative orthodontic wise mean | LII >5 mm. alignment/decrowding
clinical study) | treatment. (n=12) ages not | Exact baseline time and serial changes in

Micro- reported. group means LII.

osteoperforation: were not

Flapless micro- reported.

osteoperforation

assisted orthodontic

treatment

(n=12)

(16 females & 8

males overall)
Kumar et al., | Intervention: Piezocision: Piezocision: Until Primary outcome: Time
2025 '7 (Two- | Flapless 23.80+£2.044 | 5.60+0.944 LII <2 | required for complete
arm piezocision assisted | Control: 24.00 | Control: mm mandibular anterior
randomized orthodontic +2.749 5.90 £ 0.994 alignment
controlled treatment (n=10) Secondary outcome:

clinical trial)

Control:
Conventional
orthodontic
treatment (n=10)
Individual gender
count was not
mentioned.

Change in LII

Risk of Bias:

Two reviewers independently assessed the risk of bias of the included randomized controlled trials using the
Cochrane Risk of Bias 2 (RoB 2) tool. Assessment was performed across the five domains: 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, and bias in selection of the reported result. Disagreements were resolved through

discussion and consensus. Risk-of-bias judgements were considered when interpreting the findings of the meta-

analysis.

The RoB 2 assessment indicated that five of the six included studies had some concerns regarding overall risk of

bias, while one study (Puneeth Kumar et al.) was judged to have a high overall risk of bias. The main concerns

involved the randomization process, deviations from intended interventions, and selection of the reported result.
All studies were judged to have a low risk of bias for missing outcome data and measurement of the outcome.

Detailed domain-level judgements are presented in Figure 2.
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Study ID Experimental Comparator Outcome Weight D1 D2 D3 D4 DS Overall
Burnc Kilinc, 2023 Piezocision control Rate of alignment and levelling 1 ! @ @ + ! @
Omar Gibreal, 2019 Plezocision Control Rate of alignment and levelling 1 @ @ @ @ ! @
Flavio Uribe, 2017 Piezocision Control Rate of alignment and levelling 1 ! ! @ @ ! @
Raghunath Rao, 2024 Piezocision MOP Rate of alignment and levelling 1 ! ! @ @ ! @
Omar Gibreal, 2022 Piezocision Control Rate of alignment and levelling 1 @ @ ® @ ! @
Puneeth Kumar, 2025 Piezocision Conttrol Rate of alignment and levelling 1 . ! @ @ ! .

D1 Randomisation process

@ Low risk D2 Deviations from the intended interventions

! some concerns D3 Missing outcome data

. High risk D4 Measurement of the outcome

D5 Selection of the reported result

Figure 2. Risk of bias assessment of the included RCTs using the Cochrane Risk of Bias 2 (RoB 2) tool across
five domains

Data Extraction:

Data were independently extracted by two reviewers using a standardized, predefined data extraction form. The
following information was extracted from each included study: first author and year of publication, study design,
sample size, participant characteristics, severity of mandibular anterior crowding, duration of follow-up, and
outcome assessment methods.

The clinical outcomes extracted included data related to the alignment of mandibular anterior crowding and rate
of alignment. For continuous outcomes, the mean values and measures of variability, preferably standard
deviations, were recorded for each intervention and comparator group. Any discrepancies between the two
reviewers during data extraction were resolved through discussion and consensus. The outcome data of the
included studies are presented in Table 5.

Table 5. Data extracted from the included randomized controlled trials evaluating the effect of piezocision on
mandibular anterior alignment.

Study Outcome Intervention Intervention Control Control Quantitative
reported sample (n) mean + SD sample mean = | synthesis
(n) SD
Uribe et | mandibular 16 102.13+4.73 | 13 112.00 =+ | included
al., 2017 | anterior alignment 46.22
time (days)
Gibreal mandibular 17 53.53+£12.50 | 17 131.40 =+ | included
et al., | anterior alignment 38.50
2019 time (days)
Kilinc & | Reduction in | 15 7.60 £ 1.55 15 595 £ | not pooled with
Baka, mandibular 1.28 alignment time
2023 anterior LIl over
16 weeks (mm)
Rao et | Mean rate of LII | 12 4.38£0.61 12 3.82 £ | not pooled with
al., 2024 | change 0.47 alignment time
(mm/month)
Gibreal mandibular 18 61.90+12.52 | 17 129.11 =+ | included
et al., | anterior alignment 35.53
2022 time (days)
Kumar mandibular 10 104.50+4.972 | 10 131.60 =+ | included
et al., | anterior alignment 5.103
2025 time (days)

Effect of piezocision on the time required to achieve mandibular anterior alignment

Qualitative synthesis

Six randomized controlled trials evaluated the effect of piezocision on mandibular anterior alignment, although
the interventions, comparators, alignment criteria, and outcome measures varied across studies. 722

Uribe et al. (2017) reported a mean alignment time of 102.13 days in the piezocision group compared with 112.00
days in the conventional orthodontic treatment group, with no statistically significant between-group difference.?
Gibreal et al. (2019) reported substantially shorter alignment time with flapless piezocision, with mean times of
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53.53 days and 131.40 days in the piezocision and conventional treatment groups, respectively.'® The piezocision
group also demonstrated greater reduction in mandibular anterior irregularity at one month.'®

Similarly, Gibreal et al. (2022) reported shorter alignment time with three-dimensional-guided piezocision than
with conventional orthodontic treatment (61.90 £ 12.52 versus 129.11 + 35.53 days; P < 0.0001), together with
greater reduction in LII at one month." Kilinc and Baka (2023) compared piezocision, micro-osteoperforation
(MOP), and conventional orthodontic treatment and evaluated changes in LII over 16 weeks rather than time to a
predefined alignment endpoint.?' The reduction in LII was greater in the piezocision group than in the conventional
treatment group (7.60 = 1.55 versus 5.95 £+ 1.28 mm), although this outcome was not directly comparable with
the alignment-time outcomes.?!

Rao et al. (2024) compared piezocision with MOP in patients with moderate-to-severe mandibular anterior
crowding. 2 The mean rate of reduction in irregularity was 4.38 + 0.61 mm/month with piezocision and 3.82 +
0.47 mm/month with MOP, with a statistically significant between-group difference. 2 Kumar et al. (2025)
reported a mean alignment time of 104.50 days with piezocision compared with 131.60 days with conventional
orthodontic treatment. 7 Although alignment was achieved earlier in the piezocision group, LII values at
completion of alignment were similar between groups. !’

Overall, the four studies reporting alignment time showed point estimates favouring piezocision, whereas the
studies assessing changes or rates of LII provided additional but distinct evidence regarding early reduction in
mandibular anterior irregularity. '"2?? Because alignment time and changes in LII represent different outcomes,
these measures were considered separately in the synthesis.

Quantitative synthesis

Piezocision Control

Study or Subgroup Mean Difference Mean Difference

Mean sSD Total Mean sD Total Weight IV, Random, 95% ClI
Uribe et al, 2017 102.13 347 16 112.00 46.2 13 21.7% -9.87 [-40.22, 20.48) ——
Gibreal et al, 2019 5353 125 17 131.40 385 17 25.1% -77.87 [-97.11, -58.63] —i—
Gibreal et al, 2022 61.90 125 18 129.11 355 17 254% -67.21 [-85.06, -49.36] ——
Kumar et al, 2025 104.50 497 10 131.60 51 10 271.8% -27.10 [-31.52, -22.68] -
Total (95% CI) 61 57 100.0% -46.29 [-76.12, -16.45] ’
Heterogeneity: Tau® = 828.14; Chi? = 43.44, df = 3 (P = 0.0000); * = 93%

Test for overall effect: Z = -3.04 (P = 0.00236) ECU e e T

Piezocision Control

Figure 3. Forest plot of the effect of piezocision on time required to achieve mandibular anterior alignment. Mean
differences were calculated as alignment time in the piezocision group minus alignment time in the comparator
group; negative values favour piezocision. The pooled estimate was calculated using a random-effects model.
Four randomized controlled trials reporting the time required to achieve mandibular anterior alignment were
included in the quantitative synthesis. As the outcome was reported as a continuous variable in days, the treatment
effect was expressed as a mean difference (MD) with 95% confidence interval (CI). The MD was calculated as
the mean alignment time in the piezocision group minus that in the comparator group; therefore, negative values
indicated a shorter time to achieve alignment with piezocision. An inverse-variance random-effects model was
used to account for anticipated clinical and methodological variability among the included studies.

All four studies showed point estimates favouring piezocision, although the confidence interval for the study by
Uribe et al. crossed the line of no effect.

The pooled estimate corresponded to a mean difference of approximately 46 days in favour of piezocision (MD =
—46.29 days, 95% CI —=76.12 to —16.45; Z =—3.04; P = 0.002); however, substantial between-study heterogeneity
and differences in alignment thresholds (1 = 828.14; ¥ = 43.44, df = 3; P < 0.001; I> = 93%), substantially limit
its interpretation. The individual estimates ranged from a relatively small reduction of approximately 10 days in
the study by Uribe et al. to reductions of approximately 78 days in the studies by Gibreal et al. This variability
indicates that the pooled estimate should be interpreted cautiously and should not be considered evidence of a
uniform 46-day reduction in alignment time across clinical settings.

The observed heterogeneity may reflect differences in baseline crowding severity, orthodontic treatment
protocols, patient characteristics, piezocision techniques, and, importantly, the criteria used to define completion
of alignment. In particular, the included studies did not use a uniform alignment endpoint, with some defining
completion as an LII <1 mm and others as an LII <2 mm. Consequently, although the pooled analysis demonstrates
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a statistically significant overall effect favouring piezocision, the substantial heterogeneity and differences in
outcome definition limit the certainty and generalizability of the pooled magnitude of effect.

DISCUSSION

The present systematic review evaluated whether adjunctive piezocision accelerates mandibular anterior
alignment during fixed orthodontic treatment. Six randomized controlled trials were included, of which four
provided data for the meta-analysis of alignment time. The pooled analysis demonstrated a statistically significant
reduction in alignment time with piezocision; however, the substantial heterogeneity between studies limits
confidence in the magnitude and generalizability of the pooled estimate.

The direction of effect was consistent across the four studies reporting alignment time, although the magnitude of
acceleration varied considerably. This variability is likely to reflect differences in baseline crowding severity,
orthodontic mechanics, patient characteristics, piezocision protocols, and definitions of alignment completion.'’—
22 Importantly, the alignment endpoint was not standardized: Gibreal et al. defined completion as an LII <1 mm,
whereas Uribe et al. and Kumar et al. used an LII <2 mm.""-'*.2> Consequently, the pooled estimate represents
effects across study-specific operational definitions rather than a completely standardized clinical endpoint.

The findings based on LII should be interpreted separately from alignment-time outcomes. Changes in LII
quantify the extent or rate of reduction in anterior irregularity over a specified period, whereas time to a predefined
LII threshold represents the duration required to reach a particular clinical endpoint. These outcomes are related
but not interchangeable. The available studies generally reported greater early reductions in LII with piezocision,
although findings were not completely consistent. '™—2' Therefore, evidence for an effect on early irregularity
reduction should not be interpreted as direct evidence of a corresponding reduction in total orthodontic treatment
duration.
Influence of the surgical protocol
Variation in the delivery of piezocision is another potential contributor to the observed heterogeneity. The
included studies differed in the number, location, extent and depth of cortical incisions, and one study used three-
dimensional surgical guidance. Although differences in cortical penetration could theoretically influence the local
biological response, the available clinical evidence does not establish a relationship between incision
characteristics and orthodontic acceleration. Differences in surgical technique are accompanied by differences in
patient and treatment characteristics, making direct comparisons between protocols susceptible to confounding.
Comparative trials using standardized surgical protocols are therefore required before the influence of incision
characteristics can be determined.
Influence of the comparator
The comparator intervention is an important source of clinical heterogeneity. Most included trials compared
piezocision with conventional orthodontic treatment, whereas Rao et al. compared piezocision with micro-
osteoperforation (MOP), an intervention also intended to accelerate orthodontic tooth movement. Kilinc and Baka
included both MOP and conventional orthodontic treatment as comparator groups.?*?' These comparisons address
related but distinct clinical questions. Consequently, results from active-comparator trials should not be
interpreted as equivalent to comparisons of piezocision with conventional orthodontic treatment alone. Future
studies and meta-analyses should distinguish the comparator type when sufficient evidence becomes available.
Clinical interpretation
The findings suggest that piezocision may accelerate the early mandibular anterior alignment phase of fixed
orthodontic treatment. However, this should not be interpreted as evidence of a comparable reduction in total
orthodontic treatment duration. The biological rationale for an early effect is plausible because piezocision
produces localized cortical injury intended to stimulate a transient regional remodelling response; nevertheless,
the clinical benefit appears to be variable across studies. Furthermore, no established minimal clinically important
difference for reduction in alignment time was identified, and therefore the clinical importance of the pooled 46-
day difference cannot be determined solely from statistical significance.
Overall, the evidence indicates a potential benefit of piezocision for accelerating initial mandibular anterior
alignment, but the confidence in the magnitude of this effect is limited by substantial heterogeneity, variation in
surgical protocols and comparators, and inconsistent definitions of alignment completion. Future adequately
powered randomized controlled trials should use standardized piezocision protocols, clearly defined and clinically
justified alignment endpoints, comparable orthodontic mechanics, and validated patient-centred outcomes. Longer
follow-up is also required to determine whether acceleration of the initial alignment phase translates into a
meaningful reduction in overall orthodontic treatment duration.

Strengths and limitations

The strengths of this review include restriction to randomized controlled trials, independent study selection and
data extraction, use of the Cochrane Risk of Bias 2 tool, and quantitative synthesis only when outcome data were
considered sufficiently comparable. Nevertheless, the evidence base was limited to six randomized controlled
trials, with four studies contributing to the quantitative syntheses. The small number of studies limits statistical
precision and does not permit reliable investigation of potential sources of heterogeneity.
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Given the small number of studies contributing to the meta-analysis, formal subgroup analyses and meta-
regression were not considered appropriate; potential sources of heterogeneity were therefore evaluated
narratively.

Several sources of clinical and methodological heterogeneity were identified. The studies varied in initial
crowding severity, orthodontic mechanics and archwire progression, patient characteristics, timing and surgical
characteristics of piezocision, comparator interventions, follow-up periods, and outcome definitions. In particular,
completion of alignment was defined using different LII thresholds (<1 mm or <2 mm), limiting direct
comparability of alignment-time estimates. The very high heterogeneity observed for alignment time (I* = 93%)
further reduces confidence in the generalizability of the pooled magnitude of effect. The differing comparator
interventions are also relevant, as micro-osteoperforation represents an active acceleration procedure rather than
conventional orthodontic treatment alone.

The restriction to English-language publications may have introduced language bias because studies published in
other languages were excluded owing to the unavailability of translation resources. The small number of eligible
studies also precluded a meaningful assessment of publication bias. In addition, the review protocol was not
prospectively registered in PROSPERO. These limitations should be considered when interpreting the apparent
benefit of piezocision.

CONCLUSION

Overall, the available evidence suggests that piezocision may accelerate the early alignment of mandibular
anterior teeth. This is supported by the statistically significant pooled reduction in alignment time; however, the
magnitude of the effect varied considerably between studies, as reflected by the very high heterogeneity. The
findings support a possible acceleration effect but do not establish a consistent or predictable clinical advantage
across patients or treatment protocols.

Future recommendations

Future randomized controlled trials should adopt standardized piezocision protocols, clearly defined comparator
groups, and a clinically justified and consistent definition of alignment completion. Studies should report both
times to achieve alignment and total orthodontic treatment duration, together with validated measures of pain and
discomfort, periodontal outcomes, adverse effects, patient-reported outcomes, and treatment-related costs.
Adequately powered trials with longer follow-up are needed to determine whether acceleration of the initial
alignment phase translates into a clinically meaningful reduction in overall orthodontic treatment duration.
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