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a b s t r a c t   

The current overview aimed to summarise the findings provided by systematic reviews (SRs) on the effect of 
surgical procedures in the acceleration of tooth movement and to assess the methodological quality of the 
included SRs. Three electronic databases have been explored. SRs addressing the effects of surgical pro
cedures on the acceleration of tooth movement were included. The methodological quality of the included 
SRs was assessed using the updated version of “A Measurement Tool to Assess Systematic Review” 
(AMSTAR‐2). Twenty-eight (28) SRs were included. The methodological quality of the included reviews 
ranged between critically low (6 studies) and high (12 studies). The most common critical weakness in the 
included reviews was the absence of clearly a‐prior established review methods and any significant de
viations from the protocol. The most studied surgical procedure was corticotomy, followed by micro-os
teoperforation, piezocision and periodontally accelerated osteogenic orthodontics. The majority of the 
included SRs supported short-term favourable effects of corticotomy on treatment time and tooth move
ment rate, in the short-term. However, the authors of the included SRs reported that results were based on 
weak quality evidence. Conflicting results arise from the existent SRs with regards to the effectiveness of 
piezocision and micro-osteoperforation. Few SRs summarised complications and side effects of surgical 
techniques, supporting absence of loss of tooth vitality, periodontal problems, or severe root resorption. The 
current overview of SRs highlighted the need of high quality SRs comparing different surgical approaches 
for tooth movement acceleration though network meta-analysis, in order to determine the most efficient 
instrument for orthodontic movement acceleration. 
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1. Introduction 

One of the major concerns of orthodontic patients before starting 
an orthodontic treatment, apart from treatment results, is the 
duration of the treatment. In the literature, average orthodontic 
treatment time (OTT) has been estimated of approximately 2 years  
[1]. Several factors have been investigated as variables contributing 
to orthodontic treatment length, such as clinicians’ expertise, ex
traction treatment plan, severity of the initial malocclusion, inter
individual differences in biological responses and patient’s 
compliance and appointments adherence [2,3]. Furthermore, recent 
findings pointed out that also bone anatomy and cortical bone 
thickness are negatively correlated to overall orthodontic treatment 
duration [4]. Increased orthodontic treatment duration can have 
adverse effects on teeth and surrounding tissue, such as spot lesion 
and dental caries, external apical root resorption, gingivitis and 
periodontitis [5,6]. Moreover, nowadays an increasing number of 
adult patients demand orthodontic treatment for aesthetic purposes, 
and short treatment time is a primary request for aesthetic and 
social concerns [7]. In fact, recent findings from an interview study is 
showed that patients are willing to undergo additional procedures to 
reduce the treatment duration and to bear additional costs [8]. 

In this regard, various surgical and non-surgical approaches (i.e. 
photobiomodulation [9], corticotomy [10], low-level laser therapy  
[11], micro-osteoperforation [12], and piezocision [13] have been 
proposed to accelerate the orthodontic tooth movement (OTM), in 
order to reduce the overall duration of orthodontic treatment. Sys
tematic Reviews (SRs) are the preferred publication type to collect 
existing evidences, and to offer the clinicians a summary of the most 
updated findings, in order to answer to a clinical question from the 
scientific literature [14]. In particular, numerous SRs have been 
conducted to assess the effects of surgical procedures in the accel
eration of tooth movement, presenting different inclusion/exclusion 
criteria and conflicting results. Moreover, the variation in the quality 
of primary studies, methodology and publication time produces 
difficulties in the evaluation of the evidence and decision making. 

With the increasing number of SRs available in the same topic 
area, the logical next step to provide decision makers in healthcare 
with the evidence they need is to perform overviews of these SRs. 
Overviews of SRs are similar to reviews of interventions, but the unit 
of searching, inclusion and data analysis is the SR rather than the 
primary study. Overviews of SRs are often broad in their scope, and 
aim to provide an “user-friendly” summary of the results from the 
multiple SRs and meta-analyses. Finally, overviews of SRs provide 
quality assessment on the existing SRs on a given topic, describing 
the current body of SRs evidence on a topic of interest, and high
lighting the evidence gap in the existent literature, Therefore, 
overview of SRs are important tool for clinicians to guide their 
treatment planning based upon the highest level of evidence, and for 
researcher to recognize topic to be prioritised in future researches. 

One previous overview of SRs summarised the findings regarding 
surgical and non-surgical interventions on the acceleration of or
thodontic tooth movement [15]. The authors conducted their 

literature search up to August 2016, and identified 11 SRs concluding 
that low-level laser therapy and corticotomy were effective to pro
mote orthodontic tooth movement in the short term, although these 
findings were supported by low quality evidence. Due to the in
creasing amount of primary studies published on the topic of or
thodontic tooth movement acceleration, numerous additional SRs 
have been published following the last Overview of SRs, pointing out 
the need to perform a new summary of findings. Therefore, this 
overview aimed to summarise the findings provided by SRs on the 
effects of surgical procedures in the acceleration of orthodontic 
tooth movement and to assess the methodological quality of the 
published SRs. 

2. Materials and methods 

According to the PICO (P: population, I: intervention, C: compar
ison, O: outcome) statement, this overview aimed to answer to the 
question “Do surgical procedures (Intervention) modify the overall 
orthodontic treatment time and the tooth movement rate (Outcome) 
in orthodontic patients wearing fixed orthodontic appliances 
(Population)?” All surgical techniques described in the current sci
entific literature for tooth movement acceleration purpose were be 
included as “Interventions”. Untreated controls, conventional or
thodontics, and acceleration procedures other than surgical were 
considered as “Comparisons”. Secondary outcomes were side effects 
and complications (i.e. periodontal outcomes, root resorption, pain, 
discomfort, swelling, hypersensitivity, etc.). 

The protocol was registered on the PROSPERO National Institute 
of Health Research Database (CRD42021258587). 

2.1. Literature search and review selection 

Three electronic databases (PubMed, Scopus, The Cochrane 
Library) have been explored up to December 2020 using combina
tions of keywords and MeSH terms according to the database rules 
(Table 1). A manual search on orthodontic journals (European 
Journal of Orthodontics, American Journal of Orthodontics and 
Dentofacial Orthopedics and The Angle Orthodontist) and a further 
search among the references of the included papers were performed. 
An effort of exploration of the grey literature was done by searching 
among the conference abstracts published on Web of Science and 
Scopus and on the databases of scientific dental congresses (Eur
opean Orthodontic Society and International Association of Dental 
Research). Two authors (RG, FDR) separately carried out the elec
tronic literature search. SRs and meta-analyses addressing the ef
fects of surgical procedures in the acceleration of tooth movement 
were included. After title and abstract screening, the articles were 
selected for full‐text reading. Whenever differences in the judge
ment of the eligibility of title and abstract occurred, full texts were 
included for final assessment. Dual publications, narrative reviews, 
animal or laboratory study, updated publications, data from ongoing 
studies, acceleration techniques other than surgery (vibration, low 
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lever laser therapy, etc.) were excluded. Articles written in any 
language other than English were excluded. 

Disagreements between the two investigators were solved 
through discussion; if needed, a third operator (RB) was contacted 
for final decision. 

2.2. Data extraction 

Data were independently extracted by two authors (RG, FDR) 
using a pre‐determined extraction form. Whenever the information 
provided in the SR were not clear, the individual studies have been 
consulted. The authors were not contacted for further details. The 
following data were extracted: author, publication year, study design 
(SR with or without meta-analysis), total number of subjects in
cluded, search period, databases, intervention and control groups, 
outcome measures, methods of measurement, quality tool and 
quality of the individual studies, results, author's conclusion. 

2.3. Methodological quality of included reviews 

The methodological quality of the included SRs was in
dependently assessed by two reviewers (RG and RB) using the re
vised and updated version of A Measurement Tool to Assess 
Systematic Review (AMSTAR‐2) [16]. AMSTAR‐2 is a valid and reli
able instrument composed by 16 items, each categorised into a 
standardised set of three or two possible responses: “yes,” “partial 
yes” or “no.” After interpreting weaknesses detected in critical and 
non‐critical items, the overall rating of the quality of the SR was 
reported as “high,” “moderate,” “low” or “critically low”. 

3. Results 

3.1. Search results 

A total of 524 records were identified through electronic and 
manual search. After duplicates removal, title and abstracts of 425 
records were screened. Afterwards, 38 manuscripts were included 
for full text reading, of which 10 were excluded according to the 
pre‐determined exclusion criteria and the most common exclusion 
criterion was the absence of a systematic search strategy (see Table 
S1 for the references of the excluded full-text and reasons). Finally, 
28 SRs were included in the current overview [17–44]. The selection 
process is given in Fig. 1. 

3.2. Characteristics of included reviews 

Summarised data extracted from the 28 SRs are presented in  
Table 2. The number of primary studies included in each SR ranged 
between 2 and 29. Twelve (12) SRs were integrated with a meta‐a
nalysis. 

Most of the SRs included as primary study clinical controlled 
studies and randomised clinical trials, but 4 SRs included also 
non‐controlled studies and case series. None of the included reviews 
was based on non‐controlled studies only. The number of total 

subjects included in each review ranged between 31 and 618. The 
initial orthodontic diagnosis was not clearly specified in any of the 
included reviews. The most studied surgical procedures studied was 
corticotomy, followed by micro-osteoperforation and piezocision. 
Surgical acceleration of the tooth movement was compared to 
conservative orthodontic treatment and/or untreated control group. 
The primary outcomes in most of the studies were rate of tooth 
movement (RTM- 17 studies) and OTT or OTM. Other reported out
comes were periodontal parameters, root resorption, pain and dis
comfort. 

3.3. Methodological quality of included reviews 

The methodological quality of the included reviews as measured 
with the AMSTAR-2 ranged from critically low (6 studies) to high (12 
studies). The most common critical weakness in the included re
views was the absence of clearly a‐prior established review methods 
and any significant deviations from the protocol (Table 3). 

3.4. Clinical findings 

3.4.1. Corticotomy 
Corticotomy was the most frequently reported surgical proce

dure associated to orthodontic treatment, addressed in 17 out of the 
28 included SRs [19,21,23,24,26–30,32,33,35–37,39,40,43]. Corti
cotomy was generally defined as a surgical procedure in which the 
cortical bone was cut, perforated or mechanically altered, without 
affecting the medullary bone. 

Most of the included SRs addressing this topic agreed that cor
ticotomy prior to the commencement of an orthodontic tooth 
movement was a safe and effective treatment to accelerate the rate 
of dental movement, reducing the overall treatment time.  
[19,24,36,39]. 

Gil and co-workers [28] reported a mean total treatment time of 
8.85 months following corticotomy, whereas in the control group 
(conventional treatment) the duration was 16.4 months on average, 
supporting a decreased treatment time after surgical intervention. 
Similarly, Hassan and co-workers pointed out that corticotomy ac
celerated the OTM by 2–2.5 folds when compared to conventional 
treatment [30], and Darwike and colleagues showed that corti
cotomy accelerated the OTM by 2–2.3 folds, but the authors under
lined that level of evidence supporting these findings was too low to 
draw valid conclusions [21]. With similar results, Viwattanatipa 
showed that corticotomy induced a more significant (i.e., 2–4 times 
faster) increase in the rate of tooth movement than did the con
ventional method [43]. Fleming and collaborators reported that 
tooth movement was slightly quicker with corticotomy in compar
ison with conventional treatment over periods of one month (MD 
0.61 mm; 95% CI 0.49–0.72; P value < 0.001) and three months (MD 
2.03 mm, 95% CI 1.52–2.54; P value < 0.001) [26]. Kalemaj and col
leagues found that, in the short-term, corticotomy can accelerate 
RTM up to 2.3 times whereas long-term effects are questionable, 
thus no firm conclusions can be made on its efficacy and benefit of 
clinical use [33]. 

Table 1 
Search strategy for each database and relative results.    

Database Search strategy  

Pubmed ("orthodontics"[MeSH Terms] OR "orthodontic*"[All Fields] OR "malocclusion"[MeSH Terms] OR "Tooth Movement Techniques"[MeSH Major Topic]) AND 
("accelerated tooth movement"[All Fields] OR "corticotomy"[Title/Abstract] OR "bone grafting"[Title/Abstract] OR "piezocision"[Title/Abstract] OR 
"osteotomy"[Title/Abstract] OR "osteoperforation"[Title/Abstract] OR "corticision"[Title/Abstract] OR "piezotomy"[Title/Abstract]) AND 
("review"[Publication Type] OR "meta-analysis"[Publication Type]) 

Scopus ( TITLE-ABS-KEY ( orthodontic*) OR TITLE-ABS-KEY ( malocclusion*)) AND ( TITLE-ABS-KEY ( "accelerated tooth movement") OR TITLE-ABS-KEY ( 
corticotomy) OR TITLE-ABS-KEY ( "bone grafting") OR TITLE-ABS ( piezocision) OR TITLE-ABS-KEY ( osteotomy) OR TITLE-ABS-KEY ( osteoperforation) OR 
TITLE-ABS-KEY ( corticision) OR TITLE-ABS-KEY ( piezotomy)) AND ( LIMIT-TO ( DOCTYPE, "re")) 

Cochrane (accelerated orthodontic tooth movement):ti,ab,kw 
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Fu and co-workers pointed out after flapless corticotomy pro
cedures, increased canine retraction movement rates by weighted 
mean differences of 0.63 mm (P = 0.003) and 0.64 mm (P = 0.16) at 
1 and 2 months follow-up, respectively. The mean treatment time 
was 68.42 days (P = 0.003) less that than for minimally invasive 
surgery, with only low-quality evidence to prove it [27]. Similar 
findings were observed by Gkantidis and colleagues, observing 
higher canine retraction rate following corticotomy during the first 
month of therapy (P  <  0.01) in a period longer than 3 months, but 
the level of evidence observed by the authors supporting this in
tervention was low [29]. MacDonald et al. [37] showed that the 
best adjunctive therapy to accelerate the canine retraction for the 
first 2 months of treatment was corticotomy, followed by piezo
cision, in comparison with conventional orthodontic treatment. In 
addition, Khlef and colleagues found no significant difference was 
found between en-masse/flapless corticotomy and en-masse/con
trol groups in terms of anterior teeth retraction (p = 0.661); while 
there was a significantly greater anterior teeth retraction in cor
ticotomy with flap elevation group compared to control group 
(p  <  0.001). [35]. 

With regards to side effects, no periodontal damage was found  
[23,24,29,40], although this was only studied in the short term. 
Moreover, no or little risk of root resorption [30] or vitality loss  
[32] were observed while minor complications, such as pain, 
swelling and dentine hypersensitivity, seemed to be more fre
quent [28]. 

3.4.2. Periodontally accelerated osteogenic orthodontics (PAOO) and 
corticotomy-accelerated osteogenic orthodontic treatment (CAOOT) 

Two SRs [34,42] reported results from PAOO technique and one 
SR [20] reported results from CAOOT technique. Differently from 
conventional corticotomy, PAOO and CAOOT included concomitant 
bone grafting and augmentation. 

Vannala et al. reported contradictory results of PAOO effect on 
treatment duration [42], whereas Kamal and co-workers [34] 
showed reduced treatment duration and significant improvement in 
overall periodontal health through evaluation of probing depth fol
lowing PAOO. 

According to Dab and colleagues, CAOOT appeared to accelerate 
the tooth movement during the first few months and to increase the 
bone thickness and bone density, but the clinical significance of 
these changes was considered questionable. Moreover, CAOOT 
seemed to reduce en-mass retraction time of the upper anterior 
teeth compared to conventional treatment by 2.80 months. 
However, the authors reported that level of the body of evidence 
ranged from very low to low [20]. 

3.4.3. Piezocision 
Piezocision was assessed in 9 SRs [17,19,25,27,31,37,38,43,44]. In 

general, with the term “piezocision” the authors referred to a tech
nique including cutting tip used under copious irrigation, to make 
the cortical incisions through the soft tissue. 

Fig. 1. PRISMA Flow Diagram of the included and excluded records.  
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Following piezocision, Mheissen and co-workers reported that 
canine retraction rate in the first and second month was 0.66 mm/ 
month and 0.48 mm/month, respectively, and the total canine re
traction rate in the first two months was significantly reduced as 
compared to the conventional treatment (0.57 mm/month, 
p  <  0.001) [38]. Similarly, Alpimova and co-authors supported an 
increase the rate of dental movement during the first months, 
however the observed a return to baseline values in the following 
months. [19] Viwattanatipa and colleagues also reported positive 
findings regarding short-term acceleration of OTM following piezo
cision in the short term, but the level of evidence provided to sup
port these results was weak [43]. 

With regards to total treatment time, Mheissen and co-workers 
reported statistically significant difference in the overall treatment 
time (MD 101.64 Days) in the piezocision group compared to con
ventional treatment. However, the authors underlined that these 
findings were supported by low quality evidence, and the clinically 
significance of those findings was considered questionable [38]. 
Figueiredo and colleagues showed contradictory results on the ef
fects of piezocision and lacked to find high-quality evidence [25]. 
Similarly, also Hoffmann and co-workers pointed out that the extent 
of the acceleration was inconsistent using piezocision [31]. Finally, 
authors of three included SRs concluded that efficacy of piezocision 
in acceleration of orthodontic tooth movement could not be re
ported due to low-quality evidence. [17,27,37]. 

3.4.4. Micro-osteoperforations (MOPs) 
MOP was addressed in 9 SRs [17,18,22,23,27,31,37,39,41], and it 

was generally described as a procedure in which small pinhole 
perforations are created in the bone around the teeth to be ortho
dontically displaced. Dos Santos and co-workers, observed no dif
ferences between conventional method and MOP, related to rate of 
canine retraction or total anterior retraction per month [22]. Simi
larly, also Fu and colleagues found no accelerated tooth movement in 
the MOP group [27]. Authors from other SRs conclude that the evi
dence was too weak to support the role of MOP in the acceleration of 
orthodontic tooth movement [17,31,37,39]. On the contrary, Sha
habee and co-workers found that the rate of canine retraction per 
month was significantly higher in the MOP group [mean difference 
(MD) = 0.45 mm] as compared to conventional group [41], and also 
Al-Khalifa and colleagues concluded that MOP was an effective 
method of accelerating tooth movement [18]. 

4. Discussion 

The currently available literature demonstrated conflicting con
clusions regarding the adjunctive interventions for accelerating or
thodontic treatment time. Thus, the present study aimed to collect 
and rate the scientific evidence provided by SRs on the effect of 
surgical procedures in the acceleration of orthodontic tooth move
ment and to assess the methodological quality of the published SR. 
The present overview identified 28 SRs that addressed different 
surgical techniques: corticotomy, piezocision and micro-osteo
perforations. 

The idea of surgical acceleration came after the introduction of 
regional acceleratory phenomenon (RAP) by Frost in 1989 [45]. RAP 
phenomenon was studied predominately in animals’ models and in 
in-vitro studies, and it has been described as a tissue reaction to a 
noxious stimulus that increases the healing capacities of the affected 
tissues [46]. It appears that the size of the affected region and the 
intensity of its response varies directly with the magnitude of that 
stimulus, although to different degrees in different individuals. RAP 
is characterized by acceleration of the normal cellular activities. 
Indeed, increased osteoclast activity was found on the compression 
side while osteogenic markers were found on the tension side of the 
tooth movement [47]. Indeed, elevated catabolic bone biomarkers 

(tumour necrosis factor-alpha, TNF-α and tartrate-resistant acid 
phosphatase- TRAP) were observed during 2 or 3 weeks immediately 
following surgical acceleration techniques [23]. 

The majority of the included SRs provided positive findings with 
regards to corticotomy, that seemed to consistently accelerate the 
orthodontic tooth movement. However, different surgical techniques 
and instruments were used in the primary studies included in each 
review. For instance, in the study of Long and co-workers, corti
cotomy was studied as small perforations on the alveolar bones 
along the way by which the tooth would be moved, whereas other 
SRs summarized results from mandibular and maxillary corticotomy 
made by piezosurgical microsaw or conventional instruments [21]. 
Also, number, length, and depth of cortical bone incisions were 
different among studies and this might influence the acceleration of 
the movement and the postoperative sequelae. Hence, the hetero
geneity among techniques contributes to make the results less 
conclusive. 

A modification of corticotomy with or without alveolar bone 
grafting has been referred to as corticotomy-accelerated osteogenic 
orthodontic treatment (CAOOT) and more recently to as “period
ontally accelerated osteogenic orthodontics” (PAOO). PAOO is a 
combination of periodontal and orthodontic treatment, which in
cludes corticotomy followed by bone graft and orthodontic treat
ment. In the included SRs different bone grafts were used to 
augment the bone thickness and density in adjunct to corticotomy 
like allograft, bovine bone or bioactive glass graft. The grafts differ 
considerably as embryology, histology, mechanical properties and 
rate of resorption concerned [48,49], so it may influence the bone 
density, bone thickness and periodontal parameters evaluated in the 
included studies. Moreover, these surgical techniques are technical- 
demanding and require expert surgeons [50]. The assessment of 
bone density before and after the abovementioned surgical proce
dures was evaluated with different radiographic methods. Although 
mild improvements in alveolar bone density and thickness were 
detected, these findings were confounded by the use of particulate 
bone allograft, which made difficult to assess the true effect of the 
surgical procedure on alveolar bone parameters. 

Some studies have also reported that procedures involving full- 
thickness flap elevation could cause periodontal problems and in
crease tooth mobility and bone dehiscence [51]. In this regard, a 
recent article pointed out clinical benefits in terms of minimizing 
gingival recession when a vestibular incision subperiosteal tunnel 
access (VISTA) was used [52]. 

Although the abovementioned techniques reduce the side effects 
of the prolonged orthodontic treatments, some noteworthy com
plications need to be reported during or after the surgical proce
dures, like pain, swelling, temporary paraesthesia etc. Above all 
instruments used, the piezoelectric osteotomy reduces the degree of 
inflammation, pain, swelling, and morbidity, improving satisfaction 
and patient comfort [53]. The AMSTAR scale is a validated tool for 
the methodological quality assessment of SRs [16]. AMSTAR‐2 was 
developed to enable the appraisal of SRs of randomised and non- 
randomised studies of healthcare interventions. The AMSTAR‐2 is 
composed by 16 items in total (compared with 11 in the original), 
and the overall rating is based on weaknesses in critical domains 
which may greatly affect the confidence on the results provided by a 
SR. In this overview, the methodological quality of the included re
views ranged between critically low (6 studies) and high (12 stu
dies), indicating a moderate overall quality. The most common 
critical weakness was the absence of clearly a‐prior established re
view methods and any significant deviations from the protocol. In 
particular, the presence of an “a priori” review methods refers to the 
registration of the review protocol, before the commencement of the 
review, using international dedicated online databases such as 
PROSPERO (International Prospective Register of Ongoing Systematic 
Reviews). The protocol registration allows transparency in the 
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review process and show adherence to pre-determined review 
methods. However, many SR failed to perform registration since they 
were published before protocol databases had been lunched [54]. 

The findings of the current study should be understood in the 
light of its important limitations. Although a comprehensive search 
strategy was employed and complemented through extensive 
manual cross-reference searching for identification of all relevant 
articles, it may still be possible that some grey literature was missed. 
Additionally, it should be noted that most of the current literature 
reported relatively short-term results, as reflected by the average 
follow-up time of 3 months. 

Conclusions 

The current overview of SR highlighted that the quality level of 
the published SRs focusing on the topic of surgical procedures in 
orthodontic tooth movement acceleration was extremely variable, 
thus ranging from low to high. Therefore, it is crucial for clinicians 
and researchers to be familiar with the dedicated tools to appraise 
the quality of the available literature, to access the best level of 
evidence. 

According to the results provided by currently published SRs, 
favourable consistent findings regarding corticotomy can be found, 
in terms of both orthodontic treatment length and tooth movement 
rate, as compared to conventional treatment. On the other hand, 
with regards to the other studied surgical approaches (piezocision, 
micro-osteoperforation and cortico/piezocision with graft) con
fecting results arise from the currently published SR, thus preventing 
from supporting or discouraging the use of those techniques for the 
acceleration of the orthodontic tooth movement. 
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