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Abstract
Background. There are several publications that show the efficacy of surgical interventions in accelerating 
the rate of tooth movement in orthodontics. Consequently, possible adverse effects must also be evaluated.

Objectives. The aim of the present study was to compare the perception of pain and root resorption be-
tween orthodontic treatment with a surgical acceleration intervention vs. conventional orthodontic treat-
ment. 

Material and methods. An electronic search was conducted in the MEDLINE, Scopus, Web of Science 
(WoS), ScienceDirect, Cochrane Library, and Virtual Health Library (VHL) databases up to September 12, 
2022. Randomized or non-randomized, controlled, parallel-arm or split-mouth clinical trials were 
included. Fixed-and random-effects meta-analyses were performed with regard to heterogeneity. The risk 
of bias (RoB) was assessed using the RoB 2.0 and ROBINS-I tools.

Results. A total of 1,395 articles were initially retrieved, 40 studies were finally included in the review and 
15 studies were eligible for quantitative analysis. The meta-analysis showed a significant difference in pain 
perception between acceleration surgery vs. conventional orthodontics at 24 h (p = 0.040); however, this 
difference was not significant at 7 days (p = 0.080). Overall, the patients who underwent any acceleration 
procedure presented significantly less resorption as compared to those who were applied conventional 
treatment (p < 0.001). A similar significant difference was found in retraction movements (p < 0.001) 
and alignment movements (p = 0.030).

Conclusions. In the first 24 h, surgical interventions for the acceleration of  tooth movement produce 
a  greater perception of  pain as compared to conventional orthodontic treatment, but the perception is 
similar after 7 days. Acceleration surgery results in less root resorption – in alignment movements, and 
especially in retraction movements.
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Introduction
In recent years, techniques for accelerating tooth move-

ment in orthodontics have been demonstrated, and they 
have become an  interesting option for adult patients who 
require fixed orthodontic treatment, but within a  shorter 
period.1–4 In general, acceleration interventions initiate a re-
gional inflammatory process with temporary osteopenia 
due to increased osteoclastic activity, enabling the reduction 
of bone resistance with respect to tooth movement.2,3 Surgi-
cal interventions may include techniques such as corticot-
omy – with or without laser, piezocision, discision, cortici-
sion, piezopuncture, and micro-osteoperforation.4,5

Ideally, this approach should allow clinicians to control 
both the level and location of  inflammation, preventing 
negative side effects as much as possible.5 However, it has 
also been established that the inflammatory mechanisms 
necessary to generate tooth movement share some char-
acteristics with inflammatory processes that are not fa-
vorable for tissue integrity.6–8

Recently, a  significant number of  publications have 
reported evidence of  the effect of  surgical acceleration 
interventions in orthodontic treatment, showing favor-
able results with respect to the amount and rate of move-
ment.8–13 There are fewer and fewer clinical trials that 
evaluate, under a certain methodology, the adverse effects 
due to the inflammatory mechanisms of an acceleration 
intervention.8–10 The perception of pain and root resorp-
tion are 2 important outcomes in terms of patient accep-
tance and long-term success of  the intervention,4,9 but 
there are very few systematic reviews that quantitatively 
report on these unfavorable outcomes,9,13 making more 
studies necessary to be able to reach a consensus on the 
safety of acceleration interventions.

Therefore, the purpose of  this systematic review was 
to summarize and analyze the available evidence regard-
ing the effect of surgical interventions to accelerate tooth 
movement with respect to pain perception and root re-
sorption as compared to conventional treatment.

Material and methods
This review followed the Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA) guide-
lines.14 The focused question was: “Do surgical interven-
tions to accelerate tooth movement produce a  similar 
perception of  pain and root resorption as compared to 
conventional orthodontic treatment?”

The inclusion criteria were established according to the 
PICO strategy. The population comprised adult and ado-
lescent patients undergoing orthodontic treatment (P). 
Surgical techniques for tooth movement acceleration were 
considered as interventions (I). Conventional orthodontic 
treatment was considered the comparison (C). The out-
comes were pain perception and root resorption (O).

Inclusion criteria 

The inclusion criteria were as follows:
–	clinical trials comparing a  surgical intervention to ac-

celerate tooth movement with conventional orthodon-
tic treatment;

–	clinical trials with the following outcomes evaluated – 
perception of pain or root resorption;

–	randomized or non-randomized, controlled, parallel-
arm or split-mouth clinical trials; and

–	clinical trials in any language and without restrictions 
regarding the publication time.

Exclusion criteria 

The exclusion criteria were as follows:
–	clinical trials using more than one surgical acceleration 

intervention, an additional surgical technique or bone 
grafting in the experimental group;

–	clinical trials using some surgical procedure in the com-
parison group;

–	clinical trials with acceleration surgeries provided to-
gether with orthopedic or functional treatment; and

–	observational studies, animal studies, case reports, 
books, editorials, and expert opinions.

Search strategy 

An electronic literature search was carried out by 2 
independent reviewers (M.O.P and M.J.C.H.), using the 
following databases: MEDLINE (via PubMed), Scopus, 
Web of Science (WoS), ScienceDirect, Cochrane Library, 
and Virtual Health Library (VHL). Handsearching was 
performed in other sources, such as Google Scholar to 
identify unpublished articles, orthodontic journals with 
an impact factor greater than 1, and through the reference 
list of each retrieved article. This review also shows the 
results of a supplemental search of gray literature through 
OpenGray and MedRxiv. The general search expression 
was as follows: (rapid* OR accelerat* OR speed*) AND 
(“tooth movement” OR orthod*) AND (“root resorption” 
OR “orthodontic resorption” OR “pain” OR “visual analog 
scale”). The search strategy used was modified accord-
ing to the search syntax in each database. The literature 
search was performed without time restrictions, and the 
last date of the search was September 12, 2022.

Data collection 

After the removal of duplicates, 2 independent review-
ers (M.O.P and M.J.C.H.) selected the remaining articles 
in 2 phases. In the 1st phase, both reviewers examined the 
studies by title and abstract to determine retrieved articles 
that met the inclusion criteria. In case of disagreement, 
a decision was made by consensus through the participa-
tion of a  third evaluator (S.A.B.P.), and then the articles 
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were incorporated. In the 2nd phase, the same reviewers 
performed a  full-text evaluation of  the pre-selected ar-
ticles to determine their eligibility and proceed to data 
extraction.

Data extraction 

Two independent reviewers (M.O.P and M.J.C.H.) ex-
tracted the information from the included articles using 
a standardized Microsoft Excel spreadsheet. The follow-
ing data was extracted: title; first author; year of  publi-
cation; study design; sample size; dental groups; gender 
and age of the participants; characteristics of the maloc-
clusion; mechanics of  movement and the applied force; 
type and details of  the intervention; and characteristics 
of  the evaluated outcomes (definition, measurement in-
strument, unit of measurement, and follow-up time). Any 
discrepancies or disagreement were resolved through the 
participation of a third investigator (S.A.B.P.).

Risk of bias 

The risk of bias (RoB) assessment of the included stud-
ies was carried out using different tools depending on the 
study design. For randomized clinical trials (RCTs), the 
RoB 2.0 tool15 of  the Cochrane Collaboration was used, 
allowing the studies to be classified as being of low RoB, 
some concerns or high RoB. The ROBINS-I tool16 was 
used to evaluate non-randomized studies (NRSs), allow-
ing the studies to be classified into low, moderate, serious, 
critical RoB, or no information categories. Again, the RoB 
assessment was performed independently by 2 reviewers 
(M.O.P and M.J.C.H.), and any disagreement was resolved 
through discussion with a third author (S.A.B.P.).

Statistical analysis 

The primary outcome was pain perception and the sec-
ondary outcome was root resorption. Quantitative data 
from studies with similar measurement methodologies 
and follow-up time for outcomes were pooled. For the 
perception of pain, a measurement interval of 24 h was 
considered for scales from 1 to 10, and 7 days for scales 
from 1 to 100, while the evaluation of root resorption was 
considered in linear millimeters, with a minimum follow-
up period of  3  months, and according to tooth move-
ments of alignment or retraction.

A meta-analysis was performed using a  computer 
program (RevMan, v. 5.4), and the extracted data was 
expressed as continuous variables. The mean and stan-
dard deviation (M ±SD) with a  95% confidence interval 
(CI) were used to estimate the treatment effect. Statisti-
cal significance for the hypothesis test was established at 
p < 0.05. A random-effects model was considered, while 
heterogeneity between the studies was estimated based 
on the χ2, τ and I2 statistics.

Results
The electronic search of the databases identified 1,310 

articles published up to September 12, 2022. According to 
the established protocol, additional 85 articles were manu-
ally identified from other sources. Duplicate records were 
eliminated, and the remaining 997 studies were screened 
by title and abstract, with 834 records being excluded and 
163 full-text articles reviewed for eligibility. Finally, after 
applying the exclusion criteria, 40 studies were included 
in the qualitative synthesis of  the systematic review and 
15 studies in the quantitative synthesis (Fig. 1).

Study characteristics 

Table  1 summarizes the main features of  all includ-
ed studies that evaluated treatment assisted by accel-
eration surgery vs. conventional orthodontic treat-
ment.1,2,17–54 Of the 40 included studies, 33 studies were 
RCTs,18–20,22,25–34,36–54 of  which 15 had a  parallel-arm 
design18,28–30,34,36,41,44,45,47,48,50,51,53,54 and 18 used a  split-
mouth design.19,20,22,25–27,31–33,37–40,42,43,46,49,52 Likewise, 7 
studies were NRSs,1,2,17,21,23,24,35 of which 2 had a parallel-
arm design1,17 and 5 used a split-mouth design.2,21,23,24,35

Fig. 1. Flowchart of the study according to the PRISMA (Preferred Reporting 
Items for Systematic reviews and Meta-Analyses) guidelines
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Within the surgical acceleration techniques, 
18  studies used micro-osteoperforation in 299 
patients,18,22–28,32,33,36,39,41,44,46,47,51,52 16 studies used piezo-
cision in 208 patients,1,20,21,24,29–31,34,35,38,39,42,48–50,54 3 stud-
ies used laser corticotomy in 46 patients,31,37,40 3 studies 
used traditional corticotomy in 50 patients,17,19,43 2 studies 
used corticision in 52 patients,45,53 1 study used discision 
in 12 patients,1 and another study performed piezopunc-
ture in 17 patients.2

Overall, across all the included studies, 26 studies as-
sessed pain perception,1,2,18,19,22,25–34,36,37,40,41,43,49–54 and 22 
studies assessed root resorption.1,17,20–24,26–29,34,35,38,39,42–48

Risk of bias within the studies 

Regarding RCTs, 16 studies were classified as low 
risk,22,25,26,28,30–32,36,37,39,40,44–47,53 6 were evaluated with 
some concerns33,34,41,43,50,52 and 11 studies were classified 
as high risk of bias18–20,27,29,38,42,48,49,51,54 (Fig. 2). The assess-
ment of bias for NRSs is shown in Table 2, where 2 studies 
were classified as moderate risk2,24, 3 serious1,17,35 and 2 
critical.21,23

Meta-analysis 

Perception of pain 

Two meta-analyses were performed regarding the units 
of measurement and the follow-up periods used for the pri-
mary outcome, pain perception. The 1st meta-analysis includ-
ed 83 patients in 4 studies that used micro-osteoperforation 
along with an evaluation scale of 1–10. The analysis showed 
a statistically significant increase in the pain score of patients 
with acceleration surgeries as compared with those who un-
derwent conventional treatment within a 24-hour observa-
tion period. The mean increase on the pain analog scale was 
0.46 (95% CI: 0.02, 0.91; p = 0.04), and the studies showed ho-
mogeneity: χ2 = 0.17; df = 3 (p = 0.98); I2 = 0% (Fig. 3A). Four 
studies that used a scale of 1–100 were included in the 2nd 
meta-analysis, with a total of 136 patients who underwent 
corticotomy, piezocision and corticision. Acceleration sur-
geries and conventional orthodontics produced similar pain 
scores over a 7-day observation period. The non-significant 
difference was 12.41 (95% CI: −1.32, 26.13; p = 0.08), and the 
studies showed heterogeneity: τ2 = 187.32; χ2 = 88.42; df = 3 
(p < 0.00001); I2 = 97% (Fig. 3B).

Root resorption 

Three meta-analyses were performed to assess root 
resorption as a secondary outcome. In the 1st overall as-
sessment, we included 9 studies using corticotomy, pi-
ezocision, corticision, or micro-osteoperforation in 235 
patients. There was a  significant decrease in resorption 
in patients who received any acceleration surgery as com-
pared to those who underwent conventional treatment. 

Fig. 2. Summary of the risk of bias (RoB) assessment for randomized 
controlled trials (RCTs) according to the RoB 2.0 tool
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The mean decrease in root resorption was 0.24 mm (95% 
CI: −0.30, −0.17; p < 0.00001), and the studies showed ho-
mogeneity: χ2 = 7.92; df = 10 (p = 0.64); I2 = 0% (Fig. 4A). 
Seven studies registered 155 patients and evaluated root 
resorption in retraction movements, showing a  statisti-
cally significant decrease for patients who received cor-
ticotomy, piezocision or micro-osteoperforation as com-
pared to conventional treatment. The mean decrease 
in root resorption was 0.26  mm (95% CI: −0.33, −0.18; 
p < 0.00001), and the included studies showed homoge-
neity: χ2 = 5.68; df = 8 (p = 0.68); I2 = 0% (Fig. 4B). Finally, 
2 studies evaluated root resorption in 80 patients during 
alignment movements. It was found that the patients who 
received corticision or micro-osteoperforation presented 

a  significant decrease in root resorption of  0.16  mm as 
compared to conventional treatment (95% CI: −0.30, 
−0.01; p = 0.03), and the included studies showed homo-
geneity: χ2 = 0.83; df = 1 (p = 0.36); I2 = 0% (Fig. 4C).

Discussion
The present systematic review summarizes the evi-

dence from randomized and non-randomized clinical 
trials that compared surgical interventions to accelerate 
tooth movement vs. conventional treatment without ac-
celeration with respect to adverse effects, such as pain 
perception and root resorption.

Table 2. Risk of bias (RoB) assessment for non-randomized studies (NRSs) according to the ROBINS-I tool

Study Bias due to 
confounding

Bias in the 
selection 

of participants 
for the study

Bias in the 
classification 

of interventions

Bias due to 
deviations from 
the intended 
interventions

Bias due to 
missing data

Bias due to the 
measurement 
of the outcome

Bias due to the 
selection of the 
reported result

Overall risk 
of bias

Yavuz et al.1 
2018

moderate moderate moderate serious no information serious serious serious

Omidkhoda et al.2 
2020

low low low moderate low low low moderate

Shoreibah et al.17 
2012

serious moderate serious serious no information serious moderate serious

Patterson et al.21 
2017

serious low serious serious low critical low critical

Chan et al.23 
2018

serious low serious serious low critical low critical

Elkalza et al.24 
2018

low low low moderate low moderate low moderate

Ibrahim et al.35 
2020

low moderate low serious no information serious low serious

Fig. 3. Forest plot depicting the mean difference between surgical acceleration and conventional orthodontics for pain perception on assessment scales 
1–10 (A) and on assessment scales 1–100 (B)
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The findings of  this meta-analysis showed that surgi-
cal interventions together produced a greater perception 
of pain at 24 h, recorded on a scale of 0–10. The differ-
ence with regard to conventional treatment became non-
significant when the analysis was performed at 7  days 
and on a scale of 0–100. Fu et al.8 and MacDonald et al.10 
performed systematic reviews to assess pain perception in 
studies using acceleration surgery, but without quantita-
tive analyses.

Dab et al.9 and Mousa et al.13 carried out meta-analyses 
to compare surgical interventions vs. conventional treat-
ment with respect to pain perception without finding 
significant differences. However, some factors must be 
considered. Dab et al. included 2 studies that used peri-
odontal accelerated osteogenic orthodontics (PAOO) and 
micro-osteoperforation, with the same units of measure-
ment, but with unspecified follow-up time, and with the 
use of bone graft in one of the studies.9 Mousa et al. ana-
lyzed 2 RCTs that also evaluated micro-osteoperforation 
with the same measurement scale and follow-up time, but 
only in canine retraction movements.13 Although they 
found no differences, a similar trend was observed, which 
may become significant with a larger number of studies. 
In addition, it should be considered that the present study 

did not only include minimally invasive surgical interven-
tions. The hyperalgesia described in the study can also be 
attributed to a cascade of inflammatory mediators, such 
as bradykinin, histamine, serotonin, and substance P, re-
leased by the action of prostaglandin E2 (PGE2) and the 
RANK/RANKL pathway as the first inflammatory mes-
sengers in osteoclastogenesis.6,55 No differences were 
found between surgical interventions and conventional 
treatment in over a 7-day period, perhaps due to advance-
ment toward a less invasive approach, where variations in 
the production of biochemical mediators associated with 
mild or moderate initial pain tend to decrease with post-
operative time, even from the first day.33 In addition, it 
is worth mentioning that pain recording was self-report-
ed and might be subject to decreased sensory memory, 
which is observed at a longer evaluation period.25

With respect to the root resorption outcome, it was 
found that surgical interventions produced significantly 
less resorption in general. A  different result was found 
by Dab et al., who performed a meta-analysis of 4 studies 
that reported their results in linear millimeters and cubic 
millimeters, with different follow-up times from one an-
other.9 The authors concluded that there was no signifi-
cant difference in root resorption between patients who 

Fig. 4. Forest plot depicting the mean difference between surgical acceleration and conventional orthodontics for root resorption (A); in retraction (B) and in 
alignment (C)
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received any acceleration surgery and those who under-
went conventional treatment.9 However, the difference 
between both systematic reviews can be explained based 
on the criteria used in the present investigation, where 
only studies that reported the outcome in linear milli-
meters were considered. Although measurements made 
by cone beam computed tomography (CBCT) are more 
accurate, progress periapical radiographs are still the 
main method used to detect root resorption during treat-
ment.11 Furthermore, most of  the studies that recorded 
measurements in cubic millimeters did not report com-
plete quantitative data, or the follow-up period was insuf-
ficient. Consequently, a  minimum acceptable follow-up 
of 3 months was established according to the literature.7,11

Acceleration surgeries caused less root resorption, 
which is partly due to the localized increase in the num-
ber of osteoclasts, which allowed a higher rate of move-
ment with less root resorption.5,6 However, there is evi-
dence that the recruitment of factors like catabolic agents 
for remodeling can have an  indiscriminate and deleteri-
ous effect on the surrounding tissues, e.g., cementum, ul-
timately depending on other factors, such as the applica-
tion of optimal force.12,32,56

Finally, it is precisely the concept of  the optimal ap-
plication of  force that can help explain the differences 
found between retraction and alignment movements. Al-
though in both meta-analyses significantly less resorption 
was observed after acceleration surgeries as compared 
to conventional treatment, the difference was smaller in 
alignment movements, where the forces released may be 
less controlled with respect to retraction. In this sense, 
it should be considered that intrusion, retraction and 
torque movements by themselves may not be responsi-
ble for increasing the risk of resorption,57 while the area 
of stress distribution, and the amount and lack of control 
of the force can play an important role in the exacerbation 
of root resorption in acceleration surgeries.6,56

Limitations 

Among the main limitations are the deficiencies in re-
porting the results in the included studies, which precluded 
the inclusion of a greater number of  investigations in the 
quantitative analysis. Although the number of participants 
was small in most investigations, this could have been off-
set by the number of investigations that were able to be in-
cluded to maintain adequate power in the meta-analysis. It 
should be considered that only half of the trials included in 
the meta-analyses were assessed to have a low risk of bias 
with considerable heterogeneity, and this made it difficult 
to draw definitive conclusions. Future studies are needed, 
assessing not only the tooth movement rate, but also other 
patient-reported outcomes that could not be evaluated in 
the present systematic review, such as functional impair-
ment (swelling, chewing, discomfort, mouth opening), the 
periodontal status and dental vitality.

Conclusions
Surgical interventions for the acceleration of  tooth 

movement produced a  greater perception of  pain than 
conventional orthodontic treatment at 24 h of follow-up. 
However, the perception of pain was similar when it was 
evaluated after a period of 7 days.

Overall, there was evidence of significantly less root re-
sorption in patients who received acceleration surgery for 
tooth movement in comparison with those who received 
conventional orthodontic treatment alone. Lower root re-
sorption was also found when acceleration interventions 
were performed in tooth alignment movements, with 
a greater difference in retraction movements.
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