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ABSTRACT

Objectives: This systematic review study aims to evaluate the effectiveness of flapless laser corticotomy in accelerating 
canine distalization during extraction-based orthodontic treatment.
Material and Methods: Present systematic review followed PRISMA guidelines and was registered at the PROSPERO 
database (CRD420251055675). Literature searches were conducted across PubMed, The Cochrane Library, ScienceDirect, 
Web of Science databases. The search included human studies, which measured canine distalization rate, published in English 
up to August 31, 2025, with no time restriction. The quality of the studies was assessed using the Cochrane risk of bias tool 
(RoB 2.0) and the statistical examination was done using the Review Manager (RevMan).
Results: Seven split-mouth randomized controlled trial studies with 103 patients were included, of which four studies with 
55 patients were suitable for quantitative analysis. Flapless laser corticotomy significantly accelerated canine distalization in 
the first month (MD = 0.83; 95% CI = 0.3 to 1.35, where MD indicates mean difference and CI - 95% confidence interval, P = 
0.002) and second month (MD = 0.44; 95% CI = 0.09 to 0.79; P = 0.01), despite high heterogeneity. No significant differences 
were found in the third (MD = 0.03; 95% CI = -0.18 to 0.24; P = 0.79) or fourth month (MD = -0.04; 95% CI = -0.13 to 0.05; 
P = 0.37).
Conclusions: The results proved flapless laser corticotomy as an effective method to increase canine distalization speed 
during the first two months of the treatment. However, more trials with bigger sample sizes should be performed to validate 
its clinical effectiveness.
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INTRODUCTION

The duration of extraction orthodontic treatment is 
28 months on average, which is 5 months longer than 
non-extraction treatment [1]. Extended orthodontic 
treatment can lead to negative consequences 
such as external apical root resorption, enamel 
demineralization spots, dental caries, gingivitis, 
and periodontitis. In addition, patient cooperation 
decreases, which can directly affect the treatment 
outcome [2]. For these reasons, methods that 
accelerate orthodontic tooth movement (OTM) 
increase treatment efficiency and reduce the risk of 
adverse effects are of great importance [3].
Corticotomy is one of the oldest methods for 
accelerating orthodontic tooth movement. The first 
to apply this method in practice was Heinrich Köle 
in 1959 [4]. Although Köle’s method speeds up 
orthodontic tooth movement, it is invasive, as it 
requires lifting a mucoperiosteal flap, causing pain 
and discomfort for patients [5]. One of the more 
recent proposed methods is to use high-energy laser 
therapy (HELT) to perform corticotomy to trigger the 
regional acceleratory phenomenon (RAP). Erbium 
fiber lasers can remove both soft and hard tissues 
without physical contact with the bone, allowing 
the procedure to be performed without raising a 
mucoperiosteal flap [6]. The compact bone is cut 
with minimal thermal damage and healing after 
the procedure is faster than with bone drilling [6,7]. 
For these reasons, this method is considered one 
of the minimally invasive surgical approaches to 
accelerating OTM [8].
Despite the widespread use of HELT in medicine, few 
studies assess its effectiveness in corticotomy procedures 
aimed at accelerating tooth movement [9]. The only 
published systematic literature review, conducted by 
Shaadouh et al. [10], presented low to moderate quality 
evidence supporting the effectiveness of flapless laser 
corticotomy (FLC) in accelerating OTM, at least during 
the first two months. So far, no systematic literature 
reviews and meta-analysis have been conducted 
examining the effect of FLC on canine distalization after 
first premolar extraction.

This systematic review and meta-analysis aim to 
evaluate the effectiveness of flapless laser corticotomy 
in accelerating canine distalization during extraction-
based orthodontic treatment.

MATERIAL AND METHODS
Protocol and registration

The present study was registered conducted in 
accordance with the guidelines outlined in the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 statement [11]. 
The protocol was at the International Prospective 
Registry of Systematic Reviews (PROSPERO) 
database (registration number: CRD420251055675) 
and conducted per protocol. The protocol can be 
accessed at: www.crd.york.ac.uk/PROSPERO/view/
CRD420251055675.

Focus question

The focus question was structured using the 
Population, Intervention, Comparison, and Outcome 
(PICO) framework (Table 1): patients undergoing 
orthodontic treatment with maxillary first premolar 
extraction and canine distalization (P), laser-assisted 
corticotomy (I), comparison with conventional 
orthodontic treatment without corticotomy (C), and 
acceleration of maxillary canine distalization (O).
The focus question was: “Does laser corticotomy 
during orthodontic treatment accelerate maxillary 
canine distalization after first premolar extraction?”

Information sources

An electronic search was conducted using the 
databases PubMed, The Cochrane Library, 
ScienceDirect and Web of Science. Additionally, 
to ensure comprehensive coverage, the included 
literature’s reference list was manually searched, and 
sought through Google Scholar. 

Search strategy

Keywords were used in various combinations  

Table 1. Focus question development based on the PICO framework

Population (P) Patients undergoing orthodontic treatment with maxillary first premolar extraction and canine distalization
Intervention (I) Laser-assisted corticotomy
Comparison (C) Conventional orthodontic treatment without corticotomy
Outcome (O) Acceleration of maxillary canine distalization

Focus question Does laser corticotomy during orthodontic treatment accelerate maxillary canine distalization after first premolar 
extraction?

http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2ht.htm
https://www.crd.york.ac.uk/PROSPERO/view/CRD420251055675
https://www.crd.york.ac.uk/PROSPERO/view/CRD420251055675
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with Boolean operators (AND, OR) to perform 
online searches: (Orthodontic Tooth Movement 
OR Movement OR Orthodontic Tooth OR tooth 
movement OR teeth movement OR canine retraction 
OR teeth retraction OR Tooth Displacement OR 
Accelerated Orthodontic Treatment OR Accelerated 
Orthodontic OR Rapid tooth movement) AND 
(Minimal invasive OR Laser corticotomy OR HELT 
OR high-energy laser OR laser-assisted flapless 
corticotomy OR lasercision). The databases were 
searched for English-language studies up to August 
31, 2025, with no year restriction applied.

Selection of studies

Two reviewers (E.J. and M.V.) independently 
screened the titles and abstracts of the identified 
publications according to the eligibility criteria. Any 
discrepancies were resolved through discussion with 
the senior author (A.V.). Full texts of the selected 
studies were manually retrieved and assessed 
autonomously by the same two reviewers (E.J. and 
M.V.). For excluded studies, reasons for exclusion 
were recorded following group discussion. Any 
disagreements between the reviewers were resolved 
by consensus in consultation with a third reviewer 
(A.V.) who was not involved in the initial selection 
process. Publications that met the predefined inclusion 
criteria proceeded with data extraction. 

Types of publication

The present study included all human split-mouth 
randomized clinical trials (RCTs) that investigated 
the effect of laser-assisted corticotomy on the rate of 
maxillary canine distalization following first premolar 
extraction during fixed orthodontic treatment.

Types of studies

All studies published in English up to August 31, 
2025 were included, without any year restrictions.

Types of participants

Patients treated with fixed orthodontic appliances 
after first premolar extraction and canine distalization, 
during which laser-assisted corticotomy was 
performed, without age restrictions.

Inclusion criteria

Studies were eligible for inclusion if they met 
the following conditions:

•	 Studies conducted on individuals undergoing 
fixed orthodontic (braces) treatment requiring 
extraction of the first premolars.

•	 Studies that compared the use of FLC 
(intervention) with no intervention (control).

•	 Studies involving participants with any type of 
malocclusion, regardless of treatment mechanics, 
age, or ethnicity.

•	 Studies in which primary outcome was the rate of 
canine retraction, while the secondary outcomes 
were canine rotation and molar anchorage 
loss.

Exclusion criteria

Studies were excluded if they met any of the 
following conditions:
•	 Studies published in languages other than English. 
•	 In vitro studies, histopathological investigations, 

and animal studies.
•	 Letters, editorials, conference abstracts, guidelines, 

PhD theses, case reports, meta-analyses, 
systematic literature reviews, and scoping reviews.

Sequential search strategy

The selection process comprised four stages:
1.	 Title relevance screening;
2.	 Duplicate removal;
3.	 Abstract relevance assessment;
4.	 Full-text analysis.
Two authors (E.J. and M.V.) independently reviewed 
titles and abstracts, with inter-rater reliability verified 
on 10% of publications using Cohen’s kappa (κ).

Data extraction

A customized data extraction form was created and 
used to collect information from the selected studies. 
All relevant details were systematically extracted and 
documented by two reviewers (E.J. and M.V.).

Data items

Data from the included studies was collected and 
organized into the following categories:
•	 “Author (year)” - provided details of the author 

and publication year.
•	 “Study design” - specified the type of the study.
•	 “Participants (sex, age)” - reported the total 

number of patients, their sex and age.
•	 “Orthodontic procedure and anchorage” - 

described the performed orthodontic procedure 
and used anchorage.

http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2ht.htm
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•	 “Intervention method” - clarified details about 
performed laser corticotomy.

•	 “Intervention location” - specified the surgical site 
in which the procedure was done. 

•	 “Control” - defined control groups of the study.
•	 “Primary outcome and measurement tool” - 

described the rate of canine retraction and used 
measurements. 

•	 “Follow-up and rate of tooth movement (FLC 
side, control side)” - specified the time point 
at which follow-up was conducted and canine 
retraction (mm).

•	 “Secondary outcomes and measurement tools” - 
indicated canine rotation and molar anchorage loss 
results.

•	 “Conclusion” - compared laser corticotomy 
effectiveness to other methods.

Risk of bias assessment

The quality of the studies included was assessed by 
two reviewers (E.J. and M.V.) using the Cochrane 
risk of bias tool - RoB 2.0 (https://methods.cochrane.
org/). Any disagreements were resolved through 
discussion involving a third author (A.V.). The RoB 
2.0 [12] tool comprises five domains: bias related 
to randomization, bias resulting from deviations in 
intended interventions, bias due to missing outcome 
data, bias in outcome assessment, and bias in the 
selection of the reported result.
The included studies were categorised as: “low risk” 
(plausible bias unlikely to seriously alter the results), 
“unclear risk” (plausible bias that raises some doubt 
about the results) or “high risk” (plausible bias that 
seriously weakens confidence in the results). The 
overall risk of bias was assessed, and included studies 
were categorized according to: low risk of bias (low 
risk of bias in all key domains); unclear risk of bias 
(unclear risk of bias in one or more key domains); 
high risk of bias (high risk of bias in one or more key 
domains).

Strategy for data synthesis

The canine distalization distance (mm) was selected 
as the primary outcome for the meta-analysis. Studies 
were included if they measured canine distalization at 
the same time intervals and reported the mean canine 
distalization distance and standard deviation for each 
study group. Upper canine retraction was defined as 
the linear distance of canine movement relative to the 
anteroposterior plane. Separate meta-analyses were 
performed to assess the effects of FLC on canine 
rotation measured as the angle between the canine 

long axis and the midsagittal plane and on molar 
anchorage loss, defined as the change in distance 
between the molar and the anteroposterior plane 
during canine distalization.

Statistical analysis

The statistical examination was done using the 
Review Manager (RevMan) version 5.4. (The 
Cochrane Collaboration; Oxford, UK). Numerical 
values were presented as mean and standard deviation 
(M [SD]). The level of P-value considered statistically 
significant at P < 0.05. 
Agreement between the two reviewers in selecting 
abstracts and full-text studies was assessed using 
Cohen’s kappa coefficient (κ).

Assessment of heterogeneity

Study heterogeneity was assessed using Cochran’s 
Q and I² tests. The I² test was used to determine 
the degree of heterogeneity among studies, with 
ɑ = 0.1. Based on the guidelines by Higgins et al. 
[13], I² values were interpreted as follows: 0 to 
40% indicated negligible heterogeneity, 30 to 60% 
moderate, 50 to 90% substantial, and 75 to 100% 
considerable heterogeneity. The effect size was 
evaluated by calculating the odds ratio and 95% 
confidence intervals. The effect size was estimated 
using a random-effects model, and the studies were 
pooled using the inverse variance weighing method. 
Publication bias was not assessed.

RESULTS
Study selection

The initial search yielded 583 articles (Figure 1). 
After the removal of duplicates (n = 149), 434 
unique abstracts were screened based on their titles 
and abstracts. Of these, 426 publications were 
excluded for not meeting the inclusion criteria, 
leaving 8 articles for full-text evaluation. Ultimately, 
7 split-mouth studies were included in the qualitative 
analysis, and 4 were suitable for the quantitative 
analysis. 
The agreement between the two reviewers (E.J. and 
M.V.) in selecting abstracts was very high, measured 
at κ = 0.95.

Exclusion of studies

One article was excluded for the following reason: 
1 patient-centered study [14].

http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2ht.htm
https://methods.cochrane.org/
https://methods.cochrane.org/
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Study characteristics

Table 2 and 3 provide an overview of the attributes 
of the studies that were incorporated. The studies 
included in the analysis were all split-mouth RCTs 
designs [7-9,15-18]. The origin of the studies was 
widespread across different countries, including 
Iraq [7], Iran [8,16], Syria [9,15], Egypt [17] and 
India [18]. Most studies incorporated a sample of 
male and female participants [7-9,15-17]. The age 
distribution of the sample was between 15 and 30 
years. Age and sex were not comparable between 
groups.

Quality assessment of the included studies

Out of the total 7 studies, two RCTs were determined 
to have a low risk of bias [9,17], three studies were 
identified as having some concerns [8,15,16] and two 
studies were assessed as having a high risk of bias 
[7,18].
The primary factors contributing to the high risk 
and some concerns were related to the allocation 
sequence randomization and its concealment in the 
randomization procedure D1. None of the studies 

could uphold a double-blind study design because 
of the inherent character of the investigation. The 
evaluations of the subjects’ risk of bias are illustrated 
in Figure 2.

Results of individual studies
Maxillary canine retraction

Jaber et al. [15] reported statistically significant 
difference in the rate of canine retraction between 
the experimental and control groups during the 
baseline to first-week interval (P < 0.001), and 
the movement velocity on the experimental side 
was approximately 2.5 times greater than that of 
the control. Significant differences were observed 
between the two groups at subsequent intervals 
(weeks 1 to 2 and 2 to 4), with the experimental 
group demonstrating a retraction velocity 
approximately 1.8 times faster than the control 
(P < 0.001). Similarly, Salman et al. [7], Alfawal 
et al. [9] and Toodehzaeim et al. [16], reported that 
upper canine retraction was significantly greater on 
the experimental side (FLC) than on the control side 
(P < 0.05, P < 0.001, P < 0.05, respectively) (Table 2 
and 3).

Figure 1. Flow diagram of studies selection according PRISMA guidelines.
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Table 2. Study characteristics according to methodology

Study Year of
publication

Study 
design

Patient
Orthodontic procedure and anchorage Intervention method Intervention location Control

No. Gender
(M/F)

Age 
(years)

Salman et al. [7] 2014
Split-
mouth 
RCT

15 5/10 21.7
(17 to 28) Maxillary canine retraction

KaVo laser device (using special hand 
piece with fiberoptic delivery system)

Er:YAG laser (parameters for bone 
ablation and another type of hand 
piece in non-contact mode with 
constant water spray irrigation)

Between the canine and the second 
premolar, buccally 4 circular holes 

were made (2 to 3 mm apart, 1.5 mm 
in diameter, about 3 mm depth)

Maxillary canine 
retraction without 

intervention

Mahmoudzadeh 
et al. [8] 2020

Split-
mouth 
RCT

12 9/3 18.91
(SD 3.87)

Maxillary canine retraction done with MBT 
brackets with 0.022 x 0.028-inch slots and 

0.016 x 0.022-inch SS wire with 9-mm NiTi 
coil springs delivering 150 g force.

First molar used as anchorage

Er,Cr:YSGG laser (3.5 W, 30 Hz, H’ 
mode, 40% air/80% water) with MZ5 

tip (500 µm)

Vertical buccal incisions, 1 mm 
below the alveolar crest and parallel 
to the mesial and distal root surfaces, 

extended to the mucogingival 
junction (2 to 3 mm deep)

Maxillary canine 
retraction without 

intervention

Alfawal et al. 
[9] 2018

Split-
mouth 
RCT

17 5/12 17.47
(SD 3.3)

Maxillary canine retraction done with MBT 
brackets (0.022-inch slots), 0.019 x 0.025-
inch SS wire, and NiTi closed-coil springs 

delivering 150 g force.
First molar used as anchorage

Er:YAG laser with R14C handpiece 
and 1.3 x 8 mm tip at 100 mJ, 10 Hz, 

2 W; then 200 mJ, 12 Hz, 3 W for 
cortical perforations, under water–air 
spray cooling in non-contact mode 

(tip 1 to 2 mm from tissue)

Five buccal gingival perforations 
between upper canine and second 

premolar, each 1.3 mm wide, 1.5 to 
2 mm apart, and 3 mm deep

Maxillary canine 
retraction without 

intervention

Jaber et al. [15] 2022
Split-
mouth 
RCT

18 7/11 16.9
(SD 2.5)

Maxillary canine retraction with MBT 
brackets (0.022-inch), 0.019 x 0.025-inch 

SS wire, and elastic chains from first molar 
to canine brackets delivering 150 g force.
Titanium mini-screws used as anchorage

Er:YAG laser: gingival application 
with 2062 handpiece (200 mJ, 10 

Hz), then cortical bone perforations 
with 2060 handpiece (200 mJ, 15 

Hz) directed through pilot beam on 
prepared gingival sites

Eight buccal gingival perforations (1 
mm width, 3 mm depth): four at first 

premolar extraction sites and four 
around the evaluated canine

Maxillary canine 
retraction without 

intervention

Toodehzaeim et 
al. [16] 2024

Split-
mouth 
RCT

12 5/7 15 to 30

Maxillary canine retraction done with MBT 
brackets with 0.022 x 0.028-inch slots and 
0.019 x 0.025-inch SS wire with NiTi coil 

springs delivering 150 g force.
First molar used as anchorage

Er:YAG laser at 2 W, 100 mJ, 10 Hz, 
MSP mode with air/water spray; then 
3 W, 200 mJ, 12 Hz, QSP mode for 

cortical bone perforation

Buccally, midway between 
canine and second premolar, three 
perforations were made with 2 to 3 

mm cortical bone incision

Maxillary canine 
retraction without 

intervention

Bakr et al. [17] 2023
Split-
mouth 
RCT

14 2/12 20.4
(SD 2.5)

Maxillary canine retraction done with MBT 
brackets (0.022-inch), 0.017 x 0.025 SS 
wire and 9-mm closed-coil springs from 

canine to first molar delivering 150 g force.
Titanium mini-screws used as anchorage

Er,Cr:YSGG laser (2780 nm, MZ8 
tip 800 µm x 6 mm) at 2.5 W, 40 Hz, 
62.5 mJ, H-mode, 20 air:40 water; 
for bone, 4.5 W, 40 Hz, 112.5 mJ, 

H-mode, same air/water ratio

Using a custom guide, the first hole 
was made 6 mm above the bracket 

slot, with three mesial and three 
distal holes (2 mm apart) parallel to 
the canine root, each 3 mm deep into 
medullary bone to enhance bleeding

Maxillary canine 
retraction without 

intervention

Chauhan et al. 
[18] 2022

Split-
mouth 
RCT

15 - 15 to 30

Maxillary canine retraction with ROTH 
PEA 0.018-inch, rigid SS arch wire (0.016 
x 0.022-inch), NiTi closed coil springs of 9 

mm length with force of 150 g for both sides

Er:YAG laser (2,940 nm)
3 W (QSP mode, Energy = 200 

mJ, water and air sprays and pulse 
frequency = 15 Hz)

Interproximal area between right 
maxillary canine and first premolar, 

four holes diameter 1.5 mm, distal to 
the canine

Maxillary canine 
retraction without 

intervention

RCT = randomized controlled trial; M = male; F = female; MBT brackets = McLaughlin, Bennett, Trevisi brackets; N/A = not applicable.

http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2ht.htm
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Table 3. Study characteristics according to outcomes

Study Primary outcome and measurement tool Follow-up
times

Canine retraction rate
(mm/month) Secondary outcomes and measurement tools

Canine rotation rate
(degrees/month)

Molar movement rate
(mm/month) Conclusions

Mean (SD) Mean (SD) Mean (SD)

Salman et al. [7] Canine movement rate.
Dental casts

T0 = initial;
T1 = 6 weeks

FLC:
T0-T1 = 1.63

Control:
T0-T1 = 0.83

Gingival sulcus depth measured with a periodontal probe.
Pulp vitality tested using an electric pulp tester N/A N/A

Flapless laser assisted corticotomy can be 
considered for acceleration of orthodontic tooth 

movement in humans

Mahmoudzadeh et al. [8]
Canine movement rate measured on plaster model 
of 3D superimposition (Maestro3D Dental Scanner 

MDS500 - AGE Solutions; Pisa, Italy) 

T0 = initial;
T1 = 1 month

FLC:
T0-T1 = 1.95 (0.22)

Control:
T0-T1 = 0.79 (0.12)

Canine rotation - angle between the median raphe and the line 
through the mesial and distal edges of the canine.

Molar anchorage loss - the distance between the mesial contact point 
of the permanent first molar and the rugae line that indicates the 

molar movement

FLC:
T0-T1 = 5.66 (1.13)

Control:
T0-T1 = 2.54 (0.71)

FLC:
T0-T1 = 0.57 (0.19)

Control:
T0-T1 = 0.68 (0.18)

FLC is an effective, minimally invasive 
technique to increase the speed of canine 

retraction

Alfawal et al. [9]

Rate of canine retraction measured from digital 
photographs of plaster models using the AudaxCeph® 

software (Orthodontic software suite - Audax Ltd.; 
Ljubljana, Slovenia)

T0 = initial;
T1 = first month;

T2 = second month;
T3 = third month;
T4 = fourth month

FLC:
T0-T1 = 1.57 (0.36);
T1-T2 = 1.25 (0.3);
T2-T3 = 1.06 (0.28);
T3-T4 = 0.89 (0.16)

Control:
T0-T1 = 0.79 (0.11);
T1-T2 = 0.85 (0.14);
T2-T3 = 0.96 (0.25);
T3-T4 = 0.9 (0.16)

Canine rotation - the angle between the mid-palatal suture and the 
line passing through the mesial and distal margins of upper canine.

Molar anchorage loss - the distance between medial end of third 
palatal rugae and the central fossa of maxillary first permanent molar

FLC:
T0-T1 = 6.88 (0.37) 
T1-T2 = 5.82 (2.26)

T2-T3 = 5 (2.04)
T3-T4 = 3.39 (1.62)

Control:
T0-T1 = 6.11 (2.2);

T1-T2 = 5.59 (2.53);
T2-T3 = 4.75 (2.23);
T3-T4 = 2.53 (0.99)

FLC:
T0-T1 = 0.61 (0.2);
T1-T2 = 0.5 (0.21);
T2-T3 = 0.49 (0.2);
T3-T4 = 0.32 (0.22)

Control:
T0-T1 = 0.69 (0.2);

T1-T2  = 0.65 (0.27);
T2-T3  = 0.54 (0.21);
T3-T4  = 0.33 (0.19)

Laser-assisted flapless corticotomy doubled 
canine retraction speed in the first month and 

increased it 1.5x in the second month

Jaber et al. [15]
Canine retraction rate measured as the distance from 
first molar labial hook to canine bracket hook using a 

digital Boley gauge

T0 =  initial;
T1 = first week;

T2 = second week;
T3 = fourth week;
T4 = eighth week;
T5 = twelfth week

FLC:
T0-T1 = 0.85 (0.21) 
T1-T2 = 0.72 (0.2) 
T2-T3 = 1.21 (0.35) 
T3-T4 = 0.4 (0.18) 
T4-T5 =  0.23 (0.1)

Control:
T0-T1=  0.34 (0.16);
T1-T2 = 0.38 (0.15);
T2-T3 = 0.69 (0.34);
T3-T4 = 0.22 (0.08);
T4-T5 = 0.26 (0.1)

N/A N/A N/A

Laser-assisted flapless corticotomy appeared 
effective in accelerating canine retraction, 
achieving a rate 2.5 times faster than the 

conventional method

Toodehzaeim et al. [16]
Magnitude and speed of canine retraction measured 
on plaster model of 3D superimposition (Maestro3D 

Dental Scanner MDS500 - AGE Solutions; Pisa, Italy)

T0 = initial;
T1 = first month;

T2 = second month;
T3 = third month;
T4 = fourth month

FLC:
T0-T1 = 2.36 (0.3);
T1-T2 = 1.58 (0.41);
T2-T3 = 0.81 (0.37);
T3-T4 = 0.4 (0.15)

Control:
T0-T1 = 1.05 (0.64); 
T1-T2 = 0.8 (0.4); 

T2-T3 = 0.66 (0.27); 
T3-T4 = 0.51 (0.24)

N/A N/A N/A

Flapless Er: YAG laser corticotomy significantly 
enhanced canine retraction with no adverse 
effect on other parameters and no patients’ 

complication

Bakr et al. [17]
Rate of canine retraction measured on plaster model 

of 3D superimposition (3Shape® Orthoanalyzer 
software - 3Shape A/S; Copenhagen, Denmark)

T0 = initial;
T1 = first month;

T2 = second month;
T3 = third month

FLC:
T0-T1 = 0.62 (0.15);
T1-T2 = 1.01 (0.68);
T2-T3 = 0.84 (0.36)

Control:
T0-T1= 0.51 (0.22);
T1-T2 = 0.91 (0.41);
T2-T3 = 1.13 (0.6)

Canine rotation - the angle between a line connecting the distal and 
mesial contact points of canines and the sagittal plane

Molar anchorage loss - the distance between the AP plane and the 
mesiobuccal cusp tip of molars

FLC:
T0-T1 = 2.89 (1.01)

Control:
T0-T1 = 3.49 (2.29)

FLC:
T0-T1 = 0.33 (0.15)

Control:
T0-T1 = 0.46 (0.35)

The FLC was unable to accelerate the rate of 
upper canine retraction

Chauhan et al. [18] Rate of maxillary canine movement measured directly 
on plaster models with a digital vernier calliper

T0 = initial;
T1 = completion of 

canine retraction
(when canine 

contacted
the second premolar)

FLC:
T0-T1 = 1.43 (0.11) 

Control:
T0-T1 = 1.22 (0.11)

Mean distance travelled by canine measured linearly on casts:
T0-T1 = 6.97 (SD 0.55) mm (FLC); 

T0-T1 = 5.87 (SD 0.55) mm (Control).
Pain perception assessed using a Visual Analogue Scale at 3 h

and 24 h after procedure

N/A N/A

Use of laser in cases of individual maxillary 
canine retraction resulted in a higher rate of 
canine distalization and shorter duration of 

overall treatment, with no major complications 
after laser-assisted alveolar corticotomies

AP plane = antero-posterior plane; 3D = three-dimensional; FLC = flapless laser corticotomy; N/A = not applicable.
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In contrast, Mahmoudzadeh et al. [8] and Bakr et 
al. [17] found no statistically significant differences 
in canine retraction between the FLC and control 
groups at the one month time point (P > 0.05, P = 
0.19). At two months post-treatment, Alfawal et 
al. [9], Jaber et al. [15] and Toodehzaeim et al. [16] 
reported a statistically significant increase in the 
canine retraction rate in favour of the FLC group 
compared to the control group (P < 0.05, P < 0.001, 
P < 0.05). Conversely, Bakr et al. [17] reported no 
significant difference in canine retraction between 
the laser and control groups at the same time point 
(P = 0.66).
By the three month mark, Alfawal et al. [9], Jaber et 
al. [15], Toodehzaeim et al. [16] and Bakr et al. [17] 
concluded that there were no statistically significant 
differences in canine retraction distance between the 
FLC and control groups (P > 0.05, P = 0.427, P = 0.29, 
P = 0.16, respectively). Furthermore, Toodehzaeim et 
al. [16] and Alfawal et al. [9] extended these findings 
by reporting no significant difference at the four month 
follow-up (P = 0.29, P > 0.05).
In terms of the duration required for complete canine 
distalization, Chauhan et al. [18] found that the mean 
(SD) period of complete distalization was 4.9 (SD 
0.57) months on the laser side and 5.9 (SD 0.61) 
months on the control side. Complete distalization 
took significantly longer on the control side than on 
the laser side (P < 0.001). Similarly, Alfawal et al. 
[9] reported significantly shorter duration of canine 
retraction on the experimental side compared with the 
control side, with a mean difference of 1.05 months 
(P  ≤ 0.001).

Maxillary canine rotation angle

Alfawal et al. [9], Toodehzaeim et al. [16] and Bakr et 
al. [17] reported no statistically significant differences 
in canine rotation between the FLC and control groups 

Figure 2. Risk of bias summary for the included randomized 
controlled trials.
+ = low; - = some concerns; D1 = bias arising from randomizing 
process; D2 = bias due to deviation from intended intervention; D3 
= bias due to missing outcome data; D4 = bias of measurement of 
the outcome; D5 = bias in selection of the reported result.

one month after treatment (P = 0.17, P = 0.29, P = 
0.51, respectively). In contrast, Mahmoudzadeh et 
al. [8] found a statistically significant difference in 
the angle index between the FLC and control groups 
at the one month mark, with a mean difference of 
-3.12 (SD 1.34) and a P-value of 0.020 compared 
to baseline. Furthermore, Alfawal et al. [9], 
Toodehzaeim et al. [16] and Bakr et al. [17] concluded 
that there were no statistically significant differences 
in canine rotation between the FLC and control groups 
at two and three months post-treatment (P = 0.544 and 
P = 0.517, P = 0.39 and P = 0.39, P = 0.65 and P = 
0.44, respectively). Additionally, Alfawal et al. [9] and 
Toodehzaeim et al. [16] extended these findings by 
reporting no statistically significant difference at the 
four month mark (P = 0.316; P = 0.67).

Maxillary molar anchorage loss

Mahmoudzadeh et al. [8], Alfawal et al. [9], 
Toodehzaeim et al. [16] and Bakr et al. [17] concluded 
that there was no statistically significant difference in 
molar anchorage loss between the FLC and control 
groups one month after treatment (P = 0.891, P > 0.05, 
P = 0.76, P = 0.24, respectively). Furthermore, there 
were no significant difference of two months post-
treatment [8,9,16,17]. Conversely, Bakr et al. [17] 
observed that, three months after treatment, the control 
group exhibited a statistically significantly greater 
loss of anchorage in the upper arches compared to the 
FLC group, with a mean difference of 0.3 mm (P = 
0.023). However, Alfawal et al. [9] and Toodehzaeim 
et al. [16] reported no significant difference at the three 
month mark (P > 0.05, P = 0.65). Additionally, Alfawal 
et al. [9] and Toodehzaeim et al. [16] extended these 
findings by reporting no significant difference at the 
four month mark (P > 0.05, P = 0.86).

Meta-analysis

Certain studies were excluded from meta-analysis 
based on predefined criteria - one study with 
incompatible measurement method [15], and two 
studies due to methodological heterogeneity that 
precluded quantitative synthesis [7,18].

Canine retraction rate

Four split-mouth RCTs involving 55 patients met the 
inclusion criteria for the meta-analysis [8,9,16,17]. 
Two of the studies were assessed as having a low risk 
of bias [9,17], while the remaining two were judged to 
have some concerns regarding risk of bias [8,16].
A random-effects model was employed to 
analyse the canine retraction rate during the first, 

Alfawal et al. [9]
Bakr et al. [17]
Chauhan et al. [18]
Jaber et al. [15]
Mahmoudzadeh et al. [8]
Salman et al. [7]
Toodehzaeim et al. [16]
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second and third months. While a fixed-effects model 
was applied for the fourth month.
In the first month, four studies [8,9,16,17] reported 
that FLC significantly accelerated canine distalization 
(55 patients; mean difference [MD] = 0.83; 95% 
confidence interval [CI] = 0.3 to 1.35; P = 0.002). 
However, substantial heterogeneity was observed 
among the studies (I² = 97%, P < 0.00001) (Figure 3).
During the second month, three studies [9,16,17] 
indicated a significantly higher rate of canine 
distalization in the intervention group (43 patients; 
MD = 0.44; 95% CI = 0.09 to 0.79; P = 0.01), 

with considerable heterogeneity (I² = 77%, P = 0.03) 
(Figure 4).
In the third month, three studies [9,16,17] found no 
statistically significant difference between the groups 
(43 patients; MD = 0.03; 95% CI = -0.18 to 0.24; P = 
0.79), with moderate heterogeneity noted (I² = 52%, 
P = 0.12) (Figure 5).
In the fourth month, two studies [9,16] also showed 
no statistically significant difference between the 
groups (29 patients; MD = -0.04; 95% CI = -0.13 to 
0.05; P = 0.37), and low heterogeneity was observed 
(I² = 3%, P = 0.31) (Figure 6).

Figure 3. Effectiveness of flapless laser corticotomy (FLC) during the first month on canine retraction.
aCI calculated by Wald-type method.
bTau2 calculated by Restricted Maximum-Likelihood method.

Figure 4. Effectiveness of flapless laser corticotomy (FLC) during the second month on canine retraction.
aCI calculated by Wald-type method.
bTau2 calculated by Restricted Maximum-Likelihood method.

Figure 5. Effectiveness of flapless laser corticotomy (FLC) during the third month on canine retraction.
aCI calculated by Wald-type method.
bTau2 calculated by Restricted Maximum-Likelihood method.
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Canine rotation

Three split-mouth RCTs with a total of 43 patients 
were included in the meta-analysis on posterior 
anchorage loss [8,9,17]. Two of the studies were 
assessed as having a low risk of bias [9,17], whereas 
the third presented some concerns [8,16].
An analysis of canine rotation at the one month mark 
was conducted using a random-effects model.
No statistically significant difference was found 
between the intervention and control groups 
(43 patients; MD = 1.2; 95% CI = -1.03 to 3.42; 
P = 0.29). However, significant heterogeneity was 
observed among the studies (I² = 87%, P < 0.0001) 
(Figure 7).

Molar anchorage loss

Three split-mouth RCTs involving 43 patients 
met the inclusion criteria for the canine rotation 
meta-analysis [8,9,17]. A low risk of bias was 
identified in two of the trials [9,17], whereas 
some concerns were noted in the remaining one 
[8].
A fixed-effects model was used to analyse molar 
anchorage loss after one month.
In the FLC group, molar anchorage loss was 
significantly lower than in the control group 
(43 patients; MD = -0.1, 95% CI = -0.19 to -0.01; 
P = 0.03). Heterogeneity among studies was negligible 
(I² = 0%, P = 0.91) (Figure 8).

Figure 6. Effectiveness of flapless laser corticotomy (FLC) during the fourth month on canine retraction.

Figure 7. Effectiveness of flapless laser corticotomy (FLC) on canine rotation.
aCI calculated by Wald-type method.
bTau2 calculated by Restricted Maximum-Likelihood method.

Figure 8. Effectiveness of flapless laser corticotomy (FLC) on molar anchorage loss.
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DISCUSSION
Summary of evidence

The present review reduced variability in 
biomechanics and tooth type, by limiting inclusion 
to split-mouth RCTs in canine retraction [7-9,15-
18]. Salman et al. [7] in 2014 presented the very first 
human study on laser-assisted flapless corticotomy, 
assessing its effectiveness in accelerating tooth 
movement and its impact on tooth vitality and 
surrounding structures. The results supported their 
hypothesis: canines on the laser side moved 67% of 
the total retraction distance, compared to only 33% on 
the control side. The effectiveness of this innovative 
surgical technique in accelerating orthodontic tooth 
movement has contributed to its wider adoption in 
clinical practice today. To the best of our knowledge, 
current systematic review and meta-analysis is the 
first to specifically investigate the effectiveness 
of high-energy laser therapy in combination with 
flapless corticotomy for accelerating canine retraction 
following first maxillary premolar extraction. The 
only previously published systematic review, by 
Shaadouh et al. [10], examined the application of 
HELT with flapless corticotomy for accelerating 
orthodontic tooth movement in general, without a 
specific focus on canine retraction. They reported 
significant acceleration during the first two months, 
but noted substantial heterogeneity in protocols, small 
sample sizes, and a decline in effect thereafter.
Our findings are parallel with those of Shaadouh 
et al. [10], that show significant acceleration of 
canine distalization in the first one to two months [7-
9,15,16], followed by convergence with conventional 
mechanics by months three and four [9,15-17].
Animal studies support this time-limited effect. 
Studies on rabbits have demonstrated that erbium 
laser–assisted corticotomy can accelerate orthodontic 
tooth movement without compromising the healing of 
either soft or hard tissues [19].
This acceleration can be explained by the RAP 
phenomenon. Originally described by Frost [20] in 
1983, the RAP refers to a cascade of biological events 
marked by elevated bone turnover in response to a 
noxious stimulus.
The RAP is considered the biological basis of 
orthodontic tooth movement [21,22], and surgical 
stimulation of the RAP has been shown to clinically 
enhance tooth movement. Various surgical approaches 
have been proposed to trigger this phenomenon, 
thereby reducing orthodontic treatment time 
[23-25]. The first technique based on the RAP 
included reflection of full‐arch, full‐thickness flaps, 

and extensive cortical penetrations using  a rotary 
bur [22]. However, its invasiveness raised significant 
concerns for both clinicians and patients [26], 
prompting the emergence of less invasive alternatives 
such as FLC [19].
Laser-assisted corticotomy is minimally invasive 
method, designed to activate the RAP while reducing 
alveolar bone resistance to movement [20,23]. The 
targeted removal of small amounts of alveolar bone 
by laser energy elevates inflammatory markers and 
cytokine levels, stimulating osteoclast activity and 
thereby promoting bone remodeling and accelerated 
tooth movement [27,28]. According to Wilcko et al. 
[23,29], the RAP response begins within days after 
the surgical stimulus, reaches its maximum between 
four and eight weeks, and subsides within two to 
four months. This transient biological activity likely 
explains the acceleration observed during the first two 
months in the included studies, followed by a gradual 
reduction in retraction speed thereafter. 
In addition to its potential for accelerating tooth 
movement, current evidence suggests that FLC does 
not negatively impact periodontal or pulpal health. 
Regarding pulp vitality, both Toodehzaeim et al. [16] 
and Bakr et al. [17] reported no statistically significant 
differences between FLC-treated and control canines 
at baseline or during follow-up periods of up to three 
months. Similarly, gingival health, as measured by the 
gingival index and width of attached gingiva, remained 
stable across intervention and control groups in studies 
by Mahmoudzadeh et al. [8] and Bakr et al. [17].
Potential adverse effects on tooth structure also 
appear minimal. Although Bakr et al. [17] reported 
evidence of root resorption, with both the control 
and FLC groups demonstrating a statistically 
significant reduction in canine root length. However, 
no statistically significant differences were found 
between the FLC and control sides in either the upper 
or lower canines at baseline or after three months of 
retraction in terms of root resorption
In terms of pain and discomfort, visual analogue 
scale (VAS) scores were comparable between 
groups in the studies by Toodehzaeim et al. [16] 
and Mahmoudzadeh et al. [8], with Jaber et al. [15] 
further reporting rapid pain reduction after the initial 
postoperative period.

Limitations

This study has certain limitations that need to be 
addressed. Firstly, the number of studies included 
in this systematic review and meta-analysis is the 
main limitation. A lack of large, high-quality studies 
investigating FLC in the acceleration of canine 
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retraction rate is evident. Altogether, some of the 
included studies had a high or moderate risk of bias 
and relatively small sample sizes. Long-term follow-
up of the response to these interventions was also 
lacking among the included studies. Additionally, 
further well-designed studies with larger sample 
sizes and standardized methodologies are necessary 
to validate its clinical effectiveness in enhancing 
orthodontic tooth movement.

CONCLUSIONS

Considering both qualitative and quantitative 
findings, flapless laser corticotomy may be regarded 
as a supplementary technique for accelerating 
canine orthodontic tooth movement, particularly 
during the first two months of treatment. 

However, the effect appears to be transient, as several 
studies have reported no statistically significant 
differences in retraction distance between flapless 
laser corticotomy and control groups by the third and 
fourth months. Due to variability in the results across 
studies, it remains challenging to establish a definitive 
conclusion regarding the long-term efficacy of flapless 
laser corticotomy. 

ACKNOWLEDGMENTS AND DISCLOSURE 
STATEMENTS 

All authors declare that they have received no 
financial or non-financial support from any 
organization for the submitted work. They further 
confirm that no other relationships or activities exist 
that could have influenced the work.

REFERENCES

1.	 Kafle D, Mishra RK, Mahto RK, Luintel S, Shrestha S, Sangroula S. Comparison of orthodontic treatment duration among 
extraction versus non-extraction therapies. Orthod J Nepal. 2019 Dec 31;9(2):57-60. [doi: 10.3126/ojn.v9i2.28416]

2.	 Alotaibi S. Potential side effects of comprehensive fixed orthodontic treatment: a narrative review. Open Dent J. 
2023 Mar 29;17(1):e187421062302150. [doi: 10.2174/18742106-v17-230307-2022-74]

3.	 Zheng Y, Lam XY, Wu M, Lin Y. Acceleration of Orthodontic Tooth Movement: A Bibliometric and Visual Analysis. Int 
Dent J. 2025 Apr;75(2):1223-1233. [Medline: 39237400] [PMC free article: 11976635] [doi: 10.1016/j.identj.2024.08.012]

4.	 Köle H. Surgical operations on the alveolar ridge to correct occlusal abnormalities. Oral Surg Oral Med Oral Pathol. 1959 
May;12(5):515-29 concl.  [Medline: 13644913] [doi: 10.1016/0030-4220(59)90153-7]

5.	 Patatou A, Iacovou N, Zaxaria P, Vasoglou M, Vasoglou G. Corticotomy-assisted orthodontic treatment: a literature 
review. Oral. 2023 Aug 14;3(3):389-401. [doi: 10.3390/oral3030031]

6.	 Dantas CMG, Vivan CL, Dominguez GC, de Fantini SM, de Freitas PM. Light in orthodontics: applications of high-
intensity lasers, photobiomodulation, and antimicrobial photodynamic therapies in daily practice. Photonics. 2023 Jun 
15;10(6):689. [doi: 10.3390/photonics10060689]

7.	 Salman LH, Ali FA. Acceleration of canine movement by laser assisted flapless corticotomy: an innovative approach 
in clinical orthodontics. J Baghdad Coll Dent. 2014;26(3):133-7. [URL: https://jbcd.uobaghdad.edu.iq/index.php/jbcd/
article/view/530]

8.	 Mahmoudzadeh M, Poormoradi B, Alijani S, Farhadian M, Kazemisaleh A. Efficacy of Er,Cr Laser incision Corticotomy 
in Rapid Maxillary Canine Retraction: A Split-Mouth Randomized Clinical Trial. J Lasers Med Sci. 2020 Fall;11(4): 
442-449. [Medline: 33425295] [PMC free article: 7736949] [doi: 10.34172/jlms.2020.69]

9.	 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 Med. 2018 Feb 17;14(1):4. 
[Medline: 29454369] [PMC free article: 5816528] [doi: 10.1186/s13005-018-0161-9]

10.	 Shaadouh RI, Hajeer MY, Mahmoud G, Murad RMT. Systematic Review: Is High-Energy Laser Therapy (HELT) With 
Flapless Corticotomy Effective in Accelerating Orthodontic Tooth Movement? Cureus. 2022 Feb 17;14(2):e22337. 
[Medline: 35198339] [PMC free article: 8853717] [doi: 10.7759/cureus.22337]

11.	 Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan 
SE, Chou R, Glanville J, Grimshaw JM, Hróbjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, McDonald S, 
McGuinness LA, Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P, McKenzie JE. PRISMA 2020 explanation 
and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ. 2021 Mar 29;372:n160. 
[Medline: 33781993] [PMC free article: 8005925] [doi: 10.1136/bmj.n160]

12.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng HY, Corbett MS, Eldridge 
SM, Emberson JR, Hernán MA, Hopewell S, Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson T, Li T, 
McAleenan A, Reeves BC, Shepperd S, Shrier I, Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 
2: a revised tool for assessing risk of bias in randomised trials. BMJ. 2019 Aug 28;366:l4898. [Medline: 31462531] 
[doi: 10.1136/bmj.l4898]

http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2ht.htm
https://doi.org/10.3126/ojn.v9i2.28416
https://doi.org/10.2174/18742106-v17-230307-2022-74
http://www.ncbi.nlm.nih.gov/pubmed/39237400
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11976635
https://doi.org/10.1016/j.identj.2024.08.012
http://www.ncbi.nlm.nih.gov/pubmed/13644913
https://doi.org/10.1016/0030-4220(59)90153-7
https://doi.org/10.3390/oral3030031
https://doi.org/10.3390/photonics10060689
https://jbcd.uobaghdad.edu.iq/index.php/jbcd/article/view/530
https://jbcd.uobaghdad.edu.iq/index.php/jbcd/article/view/530
http://www.ncbi.nlm.nih.gov/pubmed/33425295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7736949
https://doi.org/10.34172/jlms.2020.69
http://www.ncbi.nlm.nih.gov/pubmed/29454369
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5816528
https://doi.org/10.1186/s13005-018-0161-9
http://www.ncbi.nlm.nih.gov/pubmed/35198339
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8853717
https://doi.org/10.7759/cureus.22337
http://www.ncbi.nlm.nih.gov/pubmed/33781993
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8005925
https://doi.org/10.1136/bmj.n160
http://www.ncbi.nlm.nih.gov/pubmed/31462531
https://doi.org/10.1136/bmj.l4898


http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2ht.htm	 J Oral Maxillofac Res 2025 (Oct-Dec) | vol. 16 | No 4 | e2 | p.13
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH	 Jančauskaitė et al.

13.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002 Jun 15;21(11):1539-58. 
[Medline: 12111919] [doi: 10.1002/sim.1186]

14.	 Alfawal AMH, Hajeer MY, Ajaj MA, Hamadah O, Brad B, Latifeh Y. Evaluation of patient-centered outcomes associated 
with the acceleration of canine retraction by using minimally invasive surgical procedures: A randomized clinical 
controlled trial. Dent Med Probl. 2020 Jul-Sep;57(3):285-293. [Medline: 32909702] [doi: 10.17219/dmp/120181]

15.	 Jaber ST, Al-Sabbagh R, Hajeer MY. Evaluation of the efficacy of laser-assisted flapless corticotomy in accelerating 
canine retraction: a split-mouth randomized controlled clinical trial. Oral Maxillofac Surg. 2022 Mar;26(1):81-89. 
[Medline: 33876339] [doi: 10.1007/s10006-021-00963-x]

16.	 Toodehzaeim MH, Maybodi FR, Rafiei E, Toodehzaeim P, Karimi N. Effect of laser corticotomy on canine retraction 
rate: a split-mouth randomized clinical trial. BMC Oral Health. 2024 Apr 12;24(1):448. [Medline: 38609926] 
[PMC free article: 11015734] [doi: 10.1186/s12903-024-04192-y]

17.	 Bakr AR, Nadim MA, Sedky YW, El Kady AA. Effects of Flapless Laser Corticotomy in Upper and Lower Canine 
Retraction: A Split-mouth, Randomized Controlled Trial. Cureus. 2023 Apr 6;15(4):e37191. [Medline: 37159786] 
[PMC free article: 10163364] [doi: 10.7759/cureus.37191]

18.	 Chauhan D, Datana S, Sharma M, Kumar P, Chopra SS. Laser assisted accelerated orthodontics-a split mouth study. 
Clinical and Investigative Orthodontics. 2022 May 12;81(2):111-6. [doi: 10.1080/27705781.2022.2073677]

19.	 Seifi M, Younessian F, Ameli N. The innovated laser assisted flapless corticotomy to enhance orthodontic tooth movement. 
J Lasers Med Sci. 2012;3(1):20-5. [URL: https://journals.sbmu.ac.ir/jlms/article/view/2658]

20.	 Frost HM. The regional acceleratory phenomenon: a review. Henry Ford Hosp Med J. 1983;31(1):3-9. [Medline: 6345475]
21.	 Melsen B. Biological reaction of alveolar bone to orthodontic tooth movement. Angle Orthod. 1999 Apr;69(2):151-8. 

[Medline: 10227556]
22.	 Melsen B. Tissue reaction to orthodontic tooth movement--a new paradigm. Eur J Orthod. 2001 Dec;23(6):671-81. 

[Medline: 11890063] [doi: 10.1093/ejo/23.6.671]
23.	 Wilcko MT, Wilcko WM, Pulver JJ, Bissada NF, Bouquot JE. Accelerated osteogenic orthodontics technique: 

a 1-stage surgically facilitated rapid orthodontic technique with alveolar augmentation. J Oral Maxillofac Surg. 
2009 Oct;67(10):2149-59. [Medline: 19761908] [doi: 10.1016/j.joms.2009.04.095]

24.	 Kim SJ, Park YG, Kang SG. Effects of Corticision on paradental remodeling in orthodontic tooth movement. 
Angle Orthod. 2009 Mar;79(2):284-91. [Medline: 19216591] [doi: 10.2319/020308-60.1]

25.	 Dibart S. Piezocision™: Accelerating Orthodontic Tooth Movement While Correcting Hard and Soft Tissue Deficiencies. 
Front Oral Biol. 2016;18:102-8. [Medline: 26599123] [doi: 10.1159/000351903]

26.	 Zawawi KH. Patients’ acceptance of corticotomy-assisted orthodontics. Patient Prefer Adherence. 2015 Aug 12;9:1153-8. 
[Medline: 26316719] [PMC free article: 4542407] [doi: 10.2147/PPA.S89095]

27.	 Baloul SS, Gerstenfeld LC, Morgan EF, Carvalho RS, Van Dyke TE, Kantarci A. Mechanism of action and morphologic 
changes in the alveolar bone in response to selective alveolar decortication-facilitated tooth movement. Am J Orthod 
Dentofacial Orthop. 2011 Apr;139(4 Suppl):S83-101. [Medline: 21435543] [doi: 10.1016/j.ajodo.2010.09.026]

28.	 Teixeira CC, Khoo E, Tran J, Chartres I, Liu Y, Thant LM, Khabensky I, Gart LP, Cisneros G, Alikhani M. 
Cytokine expression and accelerated tooth movement. J Dent Res. 2010 Oct;89(10):1135-41. [Medline: 20639508] 
[PMC free article: 3318047] [doi: 10.1177/0022034510373764]

29.	 Wilcko MT, Wilcko WM, Bissada NF. An evidence-based analysis of periodontally accelerated orthodontic 
and osteogenic techniques: a synthesis of scientific perspectives. Semin Orthod. 2008 Dec;14(4):305-16. 
[doi: 10.1053/j.sodo.2008.07.007]

To cite this article:
Jančauskaitė E, Varoneckaitė M, Baliutavičiūtė A, Dainauskaitė M, Vasiliauskas A.
Effect of Flapless Laser Corticotomy on Maxillary Canine Retraction: a Systematic Review and Meta-Analysis
J Oral Maxillofac Res 2025;16(4):e2
URL: http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2.pdf
doi: 10.5037/jomr.2025.16402

Copyright © Jančauskaitė E, Varoneckaitė M, Baliutavičiūtė A, Dainauskaitė M, Vasiliauskas A. Published in the JOURNAL 
OF ORAL & MAXILLOFACIAL RESEARCH (http://www.ejomr.org), 31 December 2025.
This is an open-access article, first published in the JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH, distributed 
under the terms of the Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 Unported License, which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work and is 
properly cited. The copyright, license information and link to the original publication on (http://www.ejomr.org) must be 
included.

http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2ht.htm
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/32909702
https://doi.org/10.17219/dmp/120181
http://www.ncbi.nlm.nih.gov/pubmed/33876339
https://doi.org/10.1007/s10006-021-00963-x
http://www.ncbi.nlm.nih.gov/pubmed/38609926
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11015734
https://doi.org/10.1186/s12903-024-04192-y
http://www.ncbi.nlm.nih.gov/pubmed/37159786
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10163364
https://doi.org/10.7759/cureus.37191
https://doi.org/10.1080/27705781.2022.2073677
https://journals.sbmu.ac.ir/jlms/article/view/2658
http://www.ncbi.nlm.nih.gov/pubmed/6345475
http://www.ncbi.nlm.nih.gov/pubmed/10227556
http://www.ncbi.nlm.nih.gov/pubmed/11890063
https://doi.org/10.1093/ejo/23.6.671
http://www.ncbi.nlm.nih.gov/pubmed/19761908
https://doi.org/10.1016/j.joms.2009.04.095
http://www.ncbi.nlm.nih.gov/pubmed/19216591
https://doi.org/10.2319/020308-60.1
http://www.ncbi.nlm.nih.gov/pubmed/26599123
https://doi.org/10.1159/000351903
http://www.ncbi.nlm.nih.gov/pubmed/26316719
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4542407
https://doi.org/10.2147/PPA.S89095
http://www.ncbi.nlm.nih.gov/pubmed/21435543
https://doi.org/10.1016/j.ajodo.2010.09.026
http://www.ncbi.nlm.nih.gov/pubmed/20639508
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3318047
https://doi.org/10.1177/0022034510373764
https://doi.org/10.1053/j.sodo.2008.07.007
http://www.ejomr.org/JOMR/archives/2025/4/e2/v16n4e2.pdf
http://dx.doi.org/10.5037/jomr.2025.16402
http://www.ejomr.org
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://www.ejomr.org

