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Abstract
External apical root resorption (EARR) is a serious complication that should be avoided during orthodontic 
treatment; this pathology depends on multiple factors. Data from clinical studies should be assessed to 
determine the influence these factors have on the development of EARR. This systematic review aims to 
compare EARR produced by different factors (orthodontic systems, dental trauma, and dental vitality). The 
protocol was registered on the PROSPERO database. The search was performed on 5 databases. Accepted 
study designs included randomized controlled trials, nonrandomized clinical trials, and observational 
studies. Full-text articles from clinical studies of EARR associated with orthodontic treatment in English, 
Spanish, or Portuguese with no publication date restrictions were selected. Data from the studies, such 
as age, population, study groups, and outcome measures, were recorded. Multiple meta-analyses were 
performed with data from the included studies. Evidence suggests that EARR induced by orthodontic 
treatment is similar, regardless of the technique used. Evidence of the effect of previous dental trauma on 
EARR during orthodontic treatment is limited. There is less EARR associated with orthodontic treatment in 
endodontically treated teeth than in vital teeth. These conclusions should be considered with caution due 
to the low certainty of the evidence.

Keywords: root resorption factors, external apical root resorption, self-ligating brackets, conventional 
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Cite as
Villaman-Santacruz H, Torres-Rosas R, Acevedo-Mascarúa AE, 
Argueta-Figueroa L. Root resorption factors associated with 
orthodontic treatment with fixed appliances: A systematic re-
view and meta-analysis. Dent Med Probl. 2022;59(3):437–450. 
doi:10.17219/dmp/145369

DOI
10.17219/dmp/145369

Copyright
Copyright by Author(s)
This is an article distributed under the terms of the 
Creative Commons Attribution 3.0 Unported License (CC BY 3.0)
(https://creativecommons.org/licenses/by/3.0/).

Review 

Root resorption factors associated with orthodontic treatment 
with fixed appliances: A systematic review and meta-analysis
Humberto Villaman-Santacruz1,B–D, Rafael Torres-Rosas2,A–D,F, Alfonso Enrique Acevedo-Mascarúa2,E,F, Liliana Argueta-Figueroa3,A,C–F

1	 Department of Orthodontics, Division of Postgraduate Studies, School of Dentistry, Benito Juárez Autonomous University of Oaxaca (UABJO), Mexico
2	 Laboratory of Immunology, Research Center for Health Sciences and Disease, School of Dentistry, Benito Juárez Autonomous University of Oaxaca (UABJO), Mexico
3	 National Council on Science and Technology (CONACyT) – School of Dentistry, Benito Juárez Autonomous University of Oaxaca (UABJO), Mexico

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation;  
D – writing the article; E – critical revision of the article; F – final approval of the article

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)� Dent Med Probl. 2022;59(3):437–450

https://creativecommons.org/licenses/by/3.0/


H. Villaman-Santacruz et al. Root resorption in orthodontic treatment438

Introduction
Orthodontic treatment can lead to complications such 

as external apical root resorption (EARR),1 tooth loss,2 
dental fractures,3 root exposure,4 demineralization,5 white 
spots on the enamel,6 early closure of the apex,2 pulpitis,7,8 
periodontal disease,9 bone resorption,10 traumatized soft 
tissues,11 temporomandibular joint dysfunction,12 and 
condylar resorption.13,14 Individual factors such as short 
roots and trauma can predispose the patient to these 
complications.15,16

Root resorption (RR) is a  serious complication that 
should be avoided during orthodontic treatment. This pa-
thology depends on multiple factors, including: 1) factors 
specific to the patient, such as genetics (interleukin (IL)-
1β polymorphism),17 age and gender,18 personal habits,2,19 
shape of  the root,10 systemic factors,20 periodontal dis-
ease,21–23 occlusal relationship,24,25 dental morphology,26 
dental size,27 traumatized teeth,28 periapical infection,29 
and previous root resorption15; and 2)  factors related to 
orthodontic treatment,30 such as inadequate biomechan-
ics,31 long duration of  treatment,32 type of  orthodontic 
movements,33 intensity of  the forces,34 range of  move-
ments, and type of  orthodontic appliances.35 The man-
dibular and maxillary incisors have been reported as the 
teeth most susceptible to RR due to orthodontic treat-
ment36; therefore, the orthodontist should consider de-
termining factors for proper management during orth-
odontic treatment.37 Root resorption can be classified as 
internal resorption and EARR. The latter is defined as any 
reduction in the radiographic lengths of the maxillary and 
mandibular teeth from the tip of the incisal edge or the tip 
of the most prominent cuspid to the apex of the root. This 
can be assessed with numerous methods, such as radiog-
raphy, computed tomography (CT) and the Malmgren 
root resorption scoring system.38,39

This review synthesizes the available evidence regard-
ing EARR; its results will allow orthodontists to make 
proper clinical decisions in order to minimize the risk 
of  EARR severity. Thus, the aim of  this systematic re-
view was to compare EARR due to different conditions: 
1) orthodontic systems (self-ligating compared to conven-
tional), 2) dental trauma and 3) dental vitality.

Methods

Protocol and registration 

The protocol for this systematic review was registered 
in the International Prospective Register of  Systematic 
Reviews (PROSPERO) database (CRD42021270140). 
It was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA)40 and the Cochrane Handbook for Systematic 
Reviews of  Interventions.41 The PRISMA flow diagrams 

summarize all of  the steps in the selection of  included 
studies and were developed using an online tool.42

Eligibility criteria and participant 
characteristics of the studies 

The eligibility criteria for inclusion were defined con-
sidering the Participants, Intervention, Comparator, and 
Outcome (PICO) strategy. The types of studies included 
in the systematic review were randomized controlled tri-

Fig. 1. PRISMA flow diagram search for studies of external apical root 
resorption (EARR) factors according to each research question



Dent Med Probl. 2022;59(3):437–450 439

als, nonrandomized clinical trials and observational stud-
ies. Case reports, case series, letters, comments, short 
communications, pilot studies (10 patients or less), ani-
mal studies, in vitro studies, in silico studies, and litera-
ture reviews were excluded. The eligible studies were full-
text articles in English, Spanish or Portuguese. There were 
no publication date restrictions.

Information sources and search strategy 

The search was performed on the electronic databas-
es PubMed, ProQuest and Web of Science. The Google 
Scholar database was used to identify registers and pro-
tocols at ClinicalTrials.gov. The manual search was per-
formed through bibliographical references of the studies 
included in the review (Fig. 1 and Table 1). This search was 

carried out from July 2019 to October 2019 and updated 
on June 15, 2021. The keywords and algorithms used for 
the search strategy are shown in Table 1. Two reviewers 
(HVS and RTR) performed the search and selection pro-
cess. In the case of any disagreement, a 3rd reviewer (LAF) 
resolved the conflict.

Selection process 

The studies were evaluated for inclusion in this sys-
tematic review by reading the title and abstract of each 
record identified by the search. The full text of each se-
lected article that matched the eligibility criteria was re-
trieved for detailed analysis. If the full text did not fully 
meet the eligibility criteria, those studies were excluded 
with reasons. 

Table 1. Algorithms used in the search strategy adapted for each database and question

PICO strategy

Population: Patients with orthodontic treatment 
Interventions/condition: Q1 – self-ligating, Q2 – traumatized teeth, Q3 – non-vital teeth 
Comparator: Q1 – conventional brackets, Q2 – non-traumatized teeth, Q3 – vital teeth 

Outcomes: Root length, root resorption, root volume, Malmgren score

Focused questions

Q1 – What is the effect on the external apical root resorption induced by orthodontic treatment with self-ligating vs. conventional 
techniques? 

Q2 – What is the efffect of dental trauma on external apical root resorption in patients with orthodontic treatment? 
Q3 – What is the efffect on the external apical root resorption induced by orthodontic treatment in non-vital teeth vs. vital teeth?

Number of registers 
found for each 
database

Algorithms used in the search strategy adapted for each database and question

PubMed:  
Q1 = 7 
Q2 = 2 
Q3 = 4

Q1 = (“fixed appliances” OR “orthodontic treatment”) AND (self-ligating AND (conventional OR “non-self-ligation” OR “traditional 
brackets”)) AND (“apical root resorption” AND “external apical root resorption”) 

Q2 = (“fixed appliances” OR “orthodontic treatment”) AND (“traumatized teeth” OR “dental trauma”) AND (“apical root resorption” AND 
“external apical root resorption”)  

Q3 = (“fixed appliances” OR “orthodontic treatment”) AND (“root canal treatment” OR “endodontic treatment” OR “non-vital teeth”) AND 
(“apical root resorption” AND “external apical root resorption”) 

Google Scholar: 
Q1 = 334 
Q2 = 439 
Q3 = 395

Q1 = (“fixed appliances” OR “orthodontic treatment”) AND (“self-ligating” AND (“conventional” OR “non-self-ligation” OR “traditional 
brackets”)) AND (“apical root resorption” AND “external apical root resorption”) 

Q2 = (“fixed appliances” OR “orthodontic treatment”) AND (“traumatized teeth” OR “dental trauma”) AND (“apical root resorption” AND 
“external apical root resorption”)  

Q3 = (“fixed appliances” OR “orthodontic treatment”) AND (“root canal treatment” OR “endodontic treatment” OR “non-vital teeth”) AND 
(“apical root resorption” AND “external apical root resorption”) 

Clinical Trials: 11
orthodontic treatment | root resorption 

Applied filters: completed

ProQuest:  
Q1 = 7 
Q2 = 2 
Q3 = 4

Q1 = (“fixed appliances” OR “orthodontic treatment”) AND (self-ligating AND (conventional OR “non-self-ligation” OR “traditional 
brackets”)) AND (“apical root resorption” AND “external apical root resorption”) 

Q2 = (“fixed appliances” OR “orthodontic treatment”) AND (“traumatized teeth” OR “dental trauma”) AND (“apical root resorption” AND 
“external apical root resorption”)  

Q3 = (“fixed appliances” OR “orthodontic treatment”) AND (“root canal treatment” OR “endodontic treatment” OR “non-vital teeth”) AND 
(“apical root resorption” AND “external apical root resorption”)

Web of Science:  
Q1 = 6 
Q2 = 2 
Q3 = 4

Q1: 
TS3 = (“fixed appliances” OR “orthodontic treatment”) 

TS2 = (self-ligating AND (conventional OR “non-self-ligation” OR “traditional brackets”))  
TS1 = (“apical root resorption” AND “external apical root resorption”) 

Q2: 
TS = (“fixed appliances” OR “orthodontic treatment”)  

TS = (“traumatized teeth” OR “dental trauma”) 
TS = (“apical root resorption” AND “external apical root resorption”) 

Q3:  
TS = (“fixed appliances” OR “orthodontic treatment”)  

TS = (“root canal treatment” OR “endodontic treatment” OR “non-vital teeth”)  
TS = (“apical root resorption’ AND “external apical root resorption”) 

https://clinicaltrials.gov/
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Data collection process and data items 

Microsoft Excel 2016 (Microsoft Corp., Redmond, 
USA) was used to generate spreadsheets to record the 
relevant data of the included studies. These included the 
demographic characteristics of the participants, groups 
studies, methodology used, results, baseline measures, 
follow-up measures, and p-values. Two reviewers were 
responsible for the data extraction (HVS and RTR). In 
addition, the corresponding authors of  some included 
studies were contacted by email to obtain missing data 
or additional details.

Risk of bias in individual studies  
and quality assessment 

Two reviewers (HVS and RTR) assessed the risk of bias 
of the included studies using the Risk of Bias in Non-Ran-
domized Studies of Interventions (Robins-I) tool.43 Next, 
the 2 reviewers (HVS and RTR) assessed the quality of the 
included studies using the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) ap-
proach.44 When there was a disagreement, a 3rd reviewer 
(LAF) resolved the differences of opinion.

Effect measures and synthesis methods 

The main outcome of interest in this review was a de-
crease in root length related to orthodontic treatment. 
The effect measure of  interest was the mean difference 
(MD) calculated for each study. Qualitative and quantita-
tive syntheses were performed from the data of  the in-
cluded articles. The studies were grouped according to 
the outcomes that answered the review questions. For the 
meta-analysis, the information collected from the select-
ed studies was carefully analyzed to determine whether 
the studies could be pooled. The standardized MDs were 
calculated from the individual studies and combined us-
ing a  random-effects model. A  95% confidence interval 
(95% CI) and two-sided values were calculated. The het-
erogeneity between the studies in terms of measures of ef-
fect was evaluated using the heterogeneity statistic (I2), 
considering that an  I2 value greater than 70% indicated 
substantial heterogeneity.

Results

Study selection and the results 
of individual studies 

This section was divided according to the answers 
to Q1, Q2 and Q3. Regarding the archwire sequences 
used across the studies, the information was provided 
for some of  the studies. Spurrier  et  al.,45 Brin  et  al.,46 

Blake  et  al.,47 Mirabella and Årtun,36 Kreia  et  al.,48 Es-
teves  et  al.,49 Llamas-Carreras  et  al.,50 Kawashima-Ichi-
nomiya et  al.,51 and Castro et  al.52 did not provide such 
data. Pandis et al.53 reported that the conventional group 
included 0.016  in and 0.020  in copper-nickel-titanium 
and finished with 0.019  in  ×  0.025  in stainless steel. In 
the self-ligating group, the archwire sequence involved 
a 0.014  in, a 0.016  in × 0.025  in copper-nickel-titanium, 
and a  0.019  in  ×  0.025  in stainless steel for finishing. 
Leite et al. only described that in both groups, the treat-
ments used the same sequence of 0.013 in, 0.014 in, and 
0.016 in nickel-titanium archwires; each kind of archwire 
remained for 2 months.54 Jacobs et al. used an archwire 
sequence of a 0.015 in twistflex (stainless steel), 0.016 in 
nickel-titanium, 0.016  in  ×  0.022  in nickel-titanium, 
0.017 in × 0.025 in nickel-titanium, and 0.019 in × 0.025 in 
stainless steel in all patients.55 Chen et al.39 utilized an ini-
tial 0.012  in or 0.014  in nickel-titanium, followed by 
0.016  in, 0.018  in, 0.019  in  ×  0.025  in nickel-titanium, 
and 0.019 in × 0.025 in stainless steel archwires. For the 
self-ligating group, Aras et al. used an archwire sequence 
of  0.014  in copper-nickel-titanium, 0.016  in  ×  0.025  in 
copper-nickel-titanium, and 0.019 in × 0.025 in stainless 
steel, while the control group used 0.016 in copper-nickel-
titanium (35°), 0.016 in × 0.022 in copper-nickel-titanium 
(35°), and 0.019 in × 0.025 in stainless steel archwires.56 
Qin and Zhou followed an archwire sequence that con-
sisted of 0.012 in, 0.016 in, and 0.019 in × 0.025 in cop-
per-nickel-titanium and finished with 0.019 in × 0.025 in 
stainless steel in the conventional group.57 The archwire 
sequence for the self-ligating group included 0.014  in, 
0.014 in × 0.025 in copper-nickel-titanium, and finished 
with 0.019 in × 0.025 in stainless steel.

Q1. EARR associated with orthodontic 
systems 

A total of 390 records of articles were identified in the 
databases. Sixty-five duplicate records were removed, 
so 336 records remained, and their titles and abstracts 
were screened. Twelve articles were retrieved in full text; 
of  these, 3 articles were removed, leaving 9 studies that 
met all eligibility criteria. The screening process is detailed 
in the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow diagram (Fig. 1), and 
the synthesis of the results is presented in Table 2.

Except for 2 studies, evaluations of the treatments were 
carried out at the beginning of  the orthodontic treat-
ment and after treatment.39,47,51,53,55,57,58 Leite et al. mea-
sured EARR before and 6 months after orthodontic treat-
ment initiation.54 Aras et al. evaluated EARR before and 
9 months after the treatment started.56

Blake  et  al. found no statistically significant dif-
ference in EARR between self-ligating and conven-
tional appliances.47 In particular, gender and duration 
of treatment were not indicators related to EARR. Pan-
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dis et al. reported no significant difference between the 
appliances used.53 In particular, age, gender, duration 
of treatment, and dental extractions were not variables 
related to EARR. Leite  et  al. found no differences in 
EARR between the groups studied on the maxillary and 
mandibular incisors.54 Kawashima-Ichinomiya et al. re-
ported a statistically significant difference in EARR in 
favor of self-ligating appliances.51 In addition, IL-6 lev-
els were evaluated, which were lower in patients treat-
ed with self-ligating brackets than in those with con-
ventional brackets.51 Jacobs  et  al. reported that there 
was no difference in EARR between the appliances 
used.55 However, using the Malmgren score, they found 
that the right maxillary central incisors and left max-
illary lateral incisors had less EARR (grade  1), while 
the mandibular central incisors exhibited more EARR 
(grade 4). Chen et al. also reported no statistically sig-
nificant differences in EARR using different applianc-

es.39 Likewise, that study evaluated EARR according to 
the Malmgren system and found that the self-ligating 
system group showed a greater distribution of frequen-
cies in grades 1 and 2 compared to conventional ap-
pliances. However, the authors did not perform a sta-
tistical analysis to determine if there were differences 
between the grades according to the Malmgren score. 
Handem et al. found no statistically significant differ-
ence between self-ligating and conventional brackets.58 
Aras et al. reported that there were no statistically sig-
nificant differences in root volume loss between the 
self-ligating and conventional systems.56 Qin and Zhou 
evaluated EARR in patients with class I malocclusion 
and dental extractions.57 They found no statistically 
significant differences in the amount of EARR between 
the brackets used. Age and gender were not associated 
with EARR; however, EARR was positively correlated 
with duration of treatment.

Table 2. Characteristics and results of the included studies of the EARR associated with orthodontic treatment

Reference Patients Groups Age  
[years] Teeth Assessment 

method Results

Q
1.
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na

l t
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Blake et al.  
1995

n = 63

GI: conventional fixed 
appliances, slot 0.018 
(Edgewise) (n = 33) 
 
GII: self-ligating fixed 
appliances, slot 0.018 
(no data) (n = 30)

M ±SD 
GI: 13 ±2.7 
GII:12.10 ±2.3

maxillary lateral 
incisors 
maxillary central 
incisors 
mandibular lateral 
incisors 
mandibular central 
incisors

panoramic 
radiograph

EARR M ±SD 
maxillary central incisors: 
GI: 9.41 ±8.63; GII: 7.29 ±6.44 
mandibular lateral incisors:  
GI: 12.83 ±8.65; GII: 12.21 ±9.25 
mandibular central incisors: 
GI: 4.60 ±7.94; GII: 7.36 ±6.86 
mandibular lateral incisors: 
GI: 7.27 ±7.91; GII: 5.00 ±7.63 
(p > 0.05)

Pandis et al.  
2008

n = 96 

GI: conventional fixed 
appliances, slot 0.022 
(Microarch) (n = 48) 
GII: self-ligating fixed 
appliances slot 0.022 
(Damon 2) (n = 48)

M ±SD 
13.21 ±1.64

maxillary incisors 
mandibular 
incisors

panoramic 
radiograph

EARR M ±SD  
maxillary incisors:1.23 ±0.97 
mandibular incisors:1.36 ±0.90 
univariate model:  
(β = 0.40, SE = 0.26, p = NS) 
multivariate model: 
(β = 0.37, SE = 0.20, p = 0.06) 
(p > 0.05)

Leite et al.  
2012

n = 19

GI: passive self-
ligating fixed 
appliances, slot 0.022 
(Easyclip) (n = 11) 
 GII: conventional 
pre-adjusted fixed 
appliances, slot 0.022 
(3M Unitek) (n = 8)

M: 20.6 
range: 11–30

maxillary central 
incisor 
maxillary lateral 
incisor 
mandibular central 
incisor 
mandibular lateral 
incisor

CBCT

EARR M ±SD 
maxillary central incisor:  
GI: −0.34 ±0.24; GII: −0.33 ±0.19 
maxillary lateral incisor: 
GI: −0.43 ±0.33; GII: −0.44 ±0.33 
mandibular central incisor:  
GI: −0.39 ±0.52; GII: −0.31 ±0.21 
mandibular lateral incisor:  
GI: −0.23 ±0.23; GII: −0.40 ±0.24 
(p > 0.05)

Kawashima-
Ichinomiya  
et al. 2012

n = 60

GI: passive self-
ligating fixed 
appliances, slot no 
data (Damon) (n = 30) 
GII: conventional fixed 
appliances, slot 0.022 
(Edgewise) (n = 30)

M ±SD 
18 ±5.3

maxillary central 
incisor

periapical 
radiographs 
and 
cephalograms

EARR M ±SD  
maxillary central incisor: 
GI 2.5 ±1.5; GII: 0.88 ±0.9  
(p = 0.005)

Jacobs et al.  
2014

n = 213

GI: self-ligating fixed 
appliances, slot 0.022 
(Smart clip) (n = 139) 
GII: conventional fixed 
appliances, slot 0.022 
(Victory) (n = 74)

M ±SD 
12.4 ±2.2

maxillary and 
mandibular 
incisors

panoramic 
radiograph

rRR M ±SD 
GI: 3.0 ±5.6; GII: 4.5 ±6.6 
sEARR % 
GI: n = 3–0.3%; GII: n = 3–0.5% 
(p = 0.33) 
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Reference Patients Groups Age  
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method Results
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Chen et al. 
2015

n = 70

GI: passive self-
ligating fixed 
appliances, slot 0.022 
(Damon 3) (n = 35) 
GII: conventional fixed 
appliances, slot 0.022 
(3M Unitek) (n = 35)

M ±SD 
GI:13.52 ±2.84 
GII:13.42 ±2.50

maxillary central 
incisor 
maxillary lateral 
incisor 
mandibular central 
incisor 
mandibular lateral 
incisor

periapical 
radiograph

EARR M ±SD 
maxillary central incisor: 
GI: 0.3 ±0.4; GII: 0.5 ±0.3 
maxillary lateral incisor:
GI: 0.2 ±0.3; GII: 0.3 ±0.5 
mandibular central incisor:  
GI: 0.4 ±0.4; GII: 0.4 ±0.5 
mandibular lateral incisor:  
GI: 0.3 ±0.3; GII: 0.3 ±0.5 
(p > 0.05) 
Malmgren score: 
GI: n = 280 (%) 
score 0: 0 (0%) 
score 1: 188 (67.14%) 
score 2: 67 (23.93%)
score 3: 22 (7.86%) 
score 4: 3 (1.07%) 
GII: n = 280 (%) 
score 0: 0 (0%) 
score 1: 156 (55.71%) 
score 2: 70 (25.00%) 
score 3: 48 (17.14%) 
score 4: 6 (2.14%) 
teeth n = 560 (%) 
score 0: 0 (0%)  
score 1: 344 (61.4%)  
score 2: 137 (24.4%)  
score 3: 70 (12.5%)  
score 4: 9 (1.6%)  
(p = ND)

Handem 
et al.  
2016

n = 52

GI: self-ligating fixed 
appliances, slot 0.022 
(Damon) (n = 25) 
GII: conventional fixed 
appliances, slot 0.022 
(Roth) (n = 27)

range: 
GI:16.04–18.06 
GII:16.77–18.47

maxillary central 
incisor 
maxillary lateral 
incisor 
mandibular central 
incisor 
mandibular lateral 
incisor

periapical 
radiograph

EARR M [±SD?] 
maxillary right central incisor: 
GI: 0.72; GII: 0.59 
maxillary right lateral incisor: 
GI: 0.72; GII: 0.70 
maxillary left central incisor: 
GI: 0.88; GII: 0.66 
maxillary left lateral incisor: 
GI: 0.80; GII: 0.74 
mandibular right central incisor: 
GI: 0.64; GII: 0.66 
mandibular right lateral incisor:  
GI: 0.48; GII: 0.40 
mandibular left central incisor: 
GI: 0.60; GII: 0.62 
mandibular left lateral incisor: 
GI: 0.56; GII: 0.55 
(p > 0.05) 
Malmgren score: 
GI: n = 200 (%) 
score 0: 93 (46.5%) 
score 1: 83 (41.5%) 
score 2: 20 (10%) 
score 3: 4 (2%) 
score 4: 0 (0%) 
GII: n = 216 (%) 
score 0: 114 (52.7%) 
score 1: 74 (34.2%) 
score 2: 24 (11.1%) 
score 3: 4 (1.85%) 
score 4: 0 (0%) 
teeth n = 560 (%) 
score 0: 207 (49.7%) 
score 1: 157 (37.7%)  
score 2: 44 (10.5%)  
score 3: 8 (1.92%)  
score 4: 0 (0%) 
(p = ND)
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Reference Patients Groups Age  
[years] Teeth Assessment 

method Results
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Aras et al. 
2018

n = 32

GI: self-ligating fixed 
appliances, slot 0.022 
(Damon Q) (n = 16) 
GII: conventional fixed 
appliances, slot 0.022 
(Titanium Orthos) 
(n = 16)

M ±SD: 
GI:15.00 ±1.03 
GII:14.94 ±1.06

central incisor 
lateral incisor

CBCT

volumetric changes M ±SD  
central incisor: 
GI: 27.08 ±12.71; GII: 28.29 ±13.48 
intergroup differences:  
(p = 0.712) 
lateral incisor: 
GI: 20.32 ±11.67; GII: 19.77 ±11.05 
intergroup differences: 
(p = 0.587)

Qin and 
Zhou  
2019 

n = 98

GI: self-ligating fixed 
appliances, slot 0.019 
(Damon 3) (n = 49) 
GII: conventional fixed 
appliances, slot 0.019 
(3M Unitek) (n = 49)

M ±SD: 
GI: 15.21 ±4.43 
GII:15.15 ±4.52

maxillary central 
incisor 
maxillary lateral 
incisor 
mandibular central 
incisor 
mandibular lateral 
incisor

panoramic 
radiograph

EARR M ±SD  
maxillary right central incisor: 
GI: −0.32 ±0.24; GII: −0.40 ±0.28 
maxillary right lateral incisor: 
GI: −0.27 ±0.28; GII: −0.30 ±0.25 
maxillary left central incisor: 
GI: −0.33 ±0.27; GII: −0.39 ±0.31  
maxillary left lateral incisor: 
GI: −0.28 ±0.25; GII: −0.31 ±0.26 
(p > 0.05)

Q
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vs
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Brin et al. 
1991

n = 139

group T: ‘trauma’ 
group (n = 56) 
group O: 'orthodontic' 
group (n = 29) 
group TO: 'trauma-
orthodontic' group 
(n = 28) 
group C: 'intact' 
control group (n = 26)

M: 13.7 maxillary incisors
periapical 
radiograph 

prevalence of root resorption (%): 
group T: 7.8% 
group O: 6.7% 
group TO: 27.8% 
group C: 0.0%

Q
3.

 N
on

-v
ita

l v
s. 

vi
ta

l t
ee

th

Spurrier et 
al. 1990

n = 43
split-mouth 
GI: RFT 
GII: VHT

range: 
13–11 

incisors 
periapical 
radiographs

EARR M ±SD 
RFT: 1.28 ±1.09 
VHT: 2.05 ±1.49  
(p = 0.006)

Mirabella 
and Årtun 
1995

n = 36
split-mouth 
GI: RFT 
GII: VHT

range: 
20–70 

anterior maxillary 
teeth

periapical 
radiographs 
and 
cephalograms

The mean difference in root resorption 
between the contralateral pairs of teeth 
(n = 39) with and without endodontic 
treatment was 0.45 ±1.21 
(p < 0.05).

Kreia et al. 
2005

n = 40
split-mouth 
GI: RFT 
GII: VHT

ND maxillary incisors
periapical 
radiographs

EARR M ±SD 
RFT: 1.14 ±1.03 
VHT: 1.34 ±1.35 
(p = 0.903)

Esteves et al. 
2007

n = 16
split-mouth 
GI: RFT 
GII: VHT

ND maxillary incisors
periapical 
radiographs

EARR M ±SD 
RFT: 0.82 ±1.19  
VHT: 1.04 ±1 
(p = 0.29)

Llamas-
Carreras et 
al. 2012

n = 38
split-mouth 
GI: RFT 
GII: VHT

M ±SD 
31 ±10

maxillary incisors 
digital 
panoramic 
radiographs

EARR M ±SD 
RFT: 1.1 ±0.8 
VHT: 1.1 ±1.0 
PRR: 1.0 ±0.2 
(p > 0.05)

Castro et al. 
2015

n = 20
split-mouth 
GI: RFT 
GII: VHT

range: 
11–15 

posterior teeth CBCT

tooth length M ±SD 
RFT 
before orthodontic treatment: 20.55 ±1.21 
after orthodontic treatment: 20.25 ±1.18 
VHT 
before orthodontic treatment: 20.29 ±1.33 
after orthodontic treatment: 20.13 ±1.57  
(p = 0.4197)

GI – group I; GII – group II; rRR – relative root resorption; EARR – external apical root resorption; sEARR – severe external apical root resorption; M – mean; 
M ±SD – mean ± standard deviation; 95% CI – 95% confidence interval; OR – odds ratio; SE – standard error; ND – no data; NS – not statistically significant; 
CBCT – cone-beam computed tomography; RFT – root filled tooth; VHT – vital homologous teeth; PRR – proportion of root resorption.
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Risk of bias and quality assessment 

The studies included in this review showed moderate 
risk of bias. The main deficiencies were found in the do-
mains Confounding (100%), Missing data (55%), Devia-
tions from interventions (11%), and Measuring outcomes 
(11%). The quality of  the articles was low to moderate, 
with a critical level of evidence. Risk of bias and the results 
of quality assessments are shown in Fig.2 and Tables 3–5, 
respectively.

Meta-analysis 

The heterogeneity found in the meta-analysis 
of  EARR of  maxillary central incisor teeth was very 

high (I2  =  89%). No statistically significant difference 
was found between the EARR of teeth orthodontically 
treated with self-ligating and conventional techniques 
(p = 0.76). When analyzing the variations between the 
results of the studies, it was found that there were dif-
ferences in both the age and sex of the participants that 
could have influenced the effect of  the intervention. 
The age of  the participants varied considerably. In 2 
of  the studies,51,54 the mean age was 18.0  ±5.3  years 
and 20.6  years, while in the other 2  studies,39,57 the 
mean age was 13.52 ±2.84 years and 15 years. Thus, it 
is apparent that the participants in the first 2  studies 
were young adults, while the last 2 studies evaluated 
adolescent participants. Additionally, the female:male 
ratio in 1 study was 3:1,51 while it was 1:1 in the other 

Table 3. Quality assessment of the included studies that evaluated EARR associated with orthodontic treatment (Q1. Self-ligating vs. conventional appliances)

Certainty assessment Number  
of patients Effect
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(9
5%
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I)

ab
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(9

5%
 C

I)

Maxillary central 
incisors

4 
observational 

studies 
serious serious 

not 
serious 

not 
serious 

106 106 – 
MD 0.3 lower 

(0.86 lower to 0.26 higher) 
⊕⊕ 

low
critical

Maxillary lateral 
incisors

3 
observational 

studies 
serious 

not 
serious 

not 
serious 

not 
serious 

76 76 – 
MD 0.07 higher 

(0.09 lower to 0.24 higher) 
⊕⊕⊕ 

moderate 
critical

Mandibular 
central incisors

3 
observational 

studies 
serious 

not 
serious 

not 
serious 

not 
serious 

76 76 – 
MD 0.04 lower 

(0.25 lower to 0.18 higher) 
⊕⊕⊕ 

moderate 
critical

Mandibular 
lateral incisors

3 
observational 

studies 
serious 

not 
serious 

not 
serious 

not 
serious 

76 76 – 
MD 0.08 higher 

(0.1 lower to 0.27 higher) 
⊕⊕⊕ 

moderate
critical 

95% CI – 95% confidence interval; MD – mean difference. 

Table 4. Quality assessment of the included studies that evaluated EARR associated with orthodontic treatment (Q2. Dental trauma vs. non-dental trauma)

Number  
of studies Results Impact Number  

of participants Certainty Importance

1

Reabsorption from dental trauma. Evaluated 
using periapical radiographs.  

Follow-up: Half a year after the end of the 
retention period.

Reabsorption was more frequent indirectly 
injured teeth than in the group with dental 
trauma before orthodontic treatment. No 

further information.

139 ⊕ 
very low

critical

95% CI – 95% confidence interval; MD – mean difference. 

Table 5. Quality assessment of the included studies that evaluated EARR associated with orthodontic treatment (Q1. Self-ligating vs. conventional appliances)

Certainty assessment Number  
of patients Effect
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%
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5%
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 %
 

(9
5%

 C
I)

Non-vital vs. vital 
incisor teeth

5 
observational  

studies 
serious serious 

not 
serious 

not 
serious 

145 145 – 
MD 0.28 lower 

(0.51 lower to 0.05 lower) 
⊕⊕ 

low
critical

Non-vital vs. vital 
posterior teeth

1
observational 

studies 
serious serious 

not 
serious 

not 
serious 

20 20 – 
MD 0.2 higher 

(0.42 lower to 0.82 higher) 
⊕⊕⊕ 

moderate 
critical

95% CI – 95% confidence interval; MD – mean difference. 
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3 studies.39,54,57 Although the 4 studies included in this 
meta-analysis exhibited moderate risk of  bias, 1 pre-
sented more domains with risk of bias51 compared to 
the other studies (Fig.  3). In the meta-analysis of  the 
EARR of the maxillary lateral incisor teeth, there was 
no statistically significant difference (Fig.  3). In the 
meta-analysis of  the EARR of  the mandibular central 
incisor teeth, there was no statistically significant dif-
ference between the appliances (Fig. 3). There was no 
heterogeneity in either analysis. In the meta-analysis 
of  the EARR of  the mandibular lateral incisor teeth, 
it was found that there was no statistically significant 
difference (p  =  0.49); moderate heterogeneity was 
demonstrated (Fig. 3).

Q2. EARR associated with dental trauma 

The search identified a  total of  481 articles. Fifty-two 
duplicate records were removed, so the titles and ab-
stracts of 440 records that remained were screened. Two 
articles were retrieved in full text; 1 article was removed,38 
resulting in 1 study that met all of the eligibility criteria. 
The screening process is detailed in the PRISMA flow di-
agram (Fig. 1), and the synthesis of the results is presented 
in Table 2.

Brin et al. evaluated the EARR of traumatized perma-
nent maxillary incisors which underwent orthodontic 
treatment using periapical radiographs, with a  6-month 
follow-up after completion of the retention period.46 That 
study examined 4 groups: with dental trauma, with orth-
odontic treatment, with trauma and orthodontic treat-
ment, and the control group without trauma or orthodon-
tic treatment. The results suggest that the combination 
of  dental trauma and orthodontic treatment results in 
teeth that are more susceptible to RR. This study evalu-
ated EARR linked to treatment duration without finding 
any correlation.

Risk of bias and quality assessment 

The included study showed moderate risk of  bias; 
the main deficiencies were found in the Confounding, 
Selection bias, Missing data, and Measuring outcome 
domains. In the quality assessment, very low certain-
ty of  the evidence was observed due to 1)  risk of  bias, 
2)  non-assessable consistency between findings in the 
literature for a  single study on the effect of  trauma on 
EARR during orthodontic treatment, and 3)  indirec-
tion due to the evaluation of a  surrogate variable. Risk 
of bias and quality assessments are shown in Fig. 2 and 
Tables 3–5, respectively.

Q3. EARR associated with dental vitality 

The search identified a total of 459 records of articles. 
Fifty-five duplicate records were removed, so 404 records 
remained, and their titles and abstracts were screened. 
Nine articles were retrieved in full text; of  these, 3 ar-
ticles were removed,59–61 resulting in 6 studies36,45,48–50,52 
that met all of the eligibility criteria; there were 173 par-
ticipants in total. Mirabella and Årtun36,59 reported the 
results from 2 articles, and Llamas-Carreras  et  al.50,60 
reported results from 2 articles as well. Thus, this re-
view included only 1 study by Mirabella and Årtun36 and 
1 study by Llamas-Carreras et al.50 which provided the 
necessary data for answering the review question. The 
screening process is detailed in the PRISMA flow dia-
gram (Fig. 1), and the synthesis of  the results is shown 
in Table 2.

The measurements to determine the amount of EARR 
in all of the studies were performed before and after orth-
odontic treatment and had a split-mouth design. Corre-
sponding vital homologous teeth were used as controls for 
comparison. Spurrier et al.45 demonstrated that vital ho-
mologous teeth suffered more resorption than endodon-
tically treated teeth; this difference was statistically sig-
nificant. This study assessed EARR linked to gender and 
found no correlation. Mirabella and Årtun,36 Kreia et al.,48 
Esteves et al.,49 Llamas-Carreras et al.,50 and Castro et al.52 
reported that non-vital teeth exhibited similar resorption 
to their contralateral vital teeth. 

Fig. 2. Risk of bias in the included studies that assessed EARR factors 
according to each research question



H. Villaman-Santacruz et al. Root resorption in orthodontic treatment446

Risk of bias and quality assessment 

The included studies showed moderate risk of bias; 
the main deficiencies were found in the Confounding 
(85.7%), Missing data (42.8%), Measuring outcomes 

(42.8%), and Reporting bias (14%) domains. The qual-
ity of  the studies was low, with a  critical level of  ev-
idence. The risk of  bias and quality assessments are 
shown in Fig. 2 and Tables 3–5, respectively.

Fig. 3. Forrest plots of EARR on anterior teeth using self-ligation (SL) compare to conventional (Non-SL) appliances and non-vital compared to vital teeth



Dent Med Probl. 2022;59(3):437–450 447

Meta-analysis 

The sample analyzed by Mirabella and Årtun36 con-
sisted of 36 patients with 39 endodontically treated and 
their vital homologous anterior teeth, which included 
the canines. However, for the meta-analysis, the remain-
ing studies used the incisors only. As a result, a subgroup 
from the sample was used following the same strategy as 
previously reported in a systematic review by Ioannidou-
Marathiotou et al.62 The study that evaluated the amount 
of  EARR in molar teeth was not included in the meta-
analysis due to the type of teeth studied.52 The data from 
145 patients was pooled in the meta-analysis of EARR for 
non-vital and vital teeth.36,45,48–50 It was determined that 
there was a statistically significant difference between the 
groups; i.e., the non-vital teeth showed less EARR com-
pared to their contralateral vital teeth following orth-
odontic treatment (Fig. 3).

Discussion

Q1. EARR produced by the self-ligating 
compared to conventional techniques 

Analysis of  the articles included in this systematic re-
view suggested that there is no statistically significant dif-
ference in EARR when comparing self-ligating and con-
ventional techniques. However, 9 observational articles 
were analyzed that had moderate risk of bias and moder-
ate quality of evidence. No controlled clinical trials were 
found; therefore, the studies provide limited evidence.

A review performed by Yi  et  al. evaluated studies 
of EARR due to orthodontic treatment with self-ligating 
and conventional techniques.63 They assessed 7 studies, 5 
of which were pooled for a meta-analysis.39,47,54,64,65 Their 
results suggest that the use of self-ligating brackets causes 
less EARR in maxillary central incisor teeth during orth-
odontic treatment (without differences in the rest of the 
teeth evaluated). However, the studies included in that re-
view had moderate risk of bias, and no quality assessment 
was performed. Their heterogeneity results (I2  =  0) did 
not correlate with the confidence intervals and direction 
of effect from the included studies. Finally, concerning the 
maxillary lateral incisors, mandibular central incisors and 
mandibular lateral incisors, there was no statistically sig-
nificant difference in the amount of EARR between the 2 
techniques.

Q2. EARR of traumatized compared 
to non-traumatized teeth 

Resorption was more frequent in directly injured teeth 
in the group with dental trauma before orthodontic treat-
ment; however, the study by Brin et al. was observational 

and had moderate risk of bias and very low quality.46 No 
controlled clinical trials were found. Consequently, the 
evidence is limited, so more studies are required to de-
termine whether there is a  direct relationship between 
previous dental trauma and EARR in patients undergoing 
orthodontic treatment. In the same sense, no systematic 
reviews of this topic were found.

Q3. EARR of non-vital compared  
to vital teeth 

The included studies suggest that there is a statistical-
ly significant difference in the amount of EARR in end-
odontically treated teeth compared to homologous vital 
teeth after orthodontic treatment. In this systematic re-
view, 6  observational studies were analyzed; 5 of  those 
included in the meta-analysis showed low quality.36,45,48–50 
When conducting the bias assessment, these studies were 
determined to have moderate risk of bias. No controlled 
clinical trials were found. Consequently, the evidence is 
limited regarding the effect of orthodontic treatment on 
the amount of EARR in non-vital compared to vital teeth.

The systematic review carried out by Ioannidou-
Marathiotou et al.62 assessed 6 studies36,45,48,49,59,60 that fo-
cused on the amount of EARR in endodontically treated 
teeth after orthodontic treatment. The authors of the re-
view reported that endodontically treated teeth exhibited 
relatively less RR than teeth with vital pulps. Their meta-
analysis included 4 articles36,45,48,49 and revealed a statisti-
cally significant difference (p = 0.005) between the groups 
and low heterogeneity (I2 = 0%) across the studies. In the 
review by this research team, no evaluation of  bias was 
performed. In addition, the overall quality of the included 
studies was considered low.

Currently, there are no specific and effective treatments 
for EARR. Nanotechnology has been used as a novel ap-
proach for dentistry treatments66–69; in that sense, chi-
tosan and hydroxyapatite nanoparticles have been de-
veloped for the treatment of  EARR. Unfortunately, the 
studies that have been carried out so far have been animal 
models and case reports.70,71 Consequently, the only prov-
en available management of EARR is preventive through 
adequate diagnosis and orthodontic treatment.

On the current market, clear aligner therapy (CAT) has 
become a popular option when compared to fixed appli-
ances due to its advantages of superior esthetics and com-
fort.72 Aldeeri  et  al. performed a  systematic review that 
aimed to evaluate the evidence concerning EARR in CAT 
during orthodontic treatment.73 They reported a low risk 
of EARR associated with CAT. However, due to the de-
sign and quality of  the included studies, solid evidence 
could not be established. Later, Fang  et  al. performed 
a meta-analysis aimed at assessing the amount of EARR 
in patients undergoing orthodontic treatment with CAT 
compared to those treated with fixed appliances.74 They 
reported that the incidence and severity of  EARR were 
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lower in those using CAT. Finally, Gandhi  et  al. carried 
out a  meta-analysis that aimed to investigate EARR in 
patients treated with pre-adjusted edgewise appliances 
compared to those treated with CAT.75 They concluded 
that neither pre-adjusted edgewise appliances nor CAT 
resulted in clinically significant EARR. However, the 
amount of EARR was higher in the pre-adjusted edgewise 
appliance users only in tooth 12. We can conclude that 
the use of CAT could diminish the risk of EARR. How-
ever, there is a lack of satisfactory quality of evidence in 
the studies included in the previously mentioned reviews.

At present, the number of publications in basic science, 
observational studies and clinical trials has been increas-
ing exponentially. However, randomized clinical trials are 
considered the best evidence to evaluate a  health prob-
lem. The literature includes mixed reports of  basic sci-
ence results that are not automatically reflected in clinical 
practice.76,77 Moreover, several publications in dentistry 
report divergent results despite presenting characteristics 
that superficially seem similar or use different variables to 
determine the effect of an intervention.78,79 Hence the im-
portance of evidence-based medicine aimed to determine 
the validity and analyze the data set of published studies 
through systematic reviews.

Limitations 

This review encountered several limitations, including 
limited research in the field, moderate risk of  bias, low 
quality of the observational studies, and lack of random-
ized clinical trials that met the inclusion criteria.

Conclusions
The evidence suggests that the EARR induced by orth-

odontic treatment with self-ligating or conventional 
brackets is similar, regardless of the technique used. How-
ever, although the meta-analysis had low heterogeneity, 
the included studies exhibited a moderate risk of bias and 
low to moderate quality. Future studies are required with 
adequate internal and external validity, and EARR assess-
ment methods used in the future should be more accu-
rate.

The evidence on the effect of dental trauma on EARR 
during orthodontic treatment is limited, with very low 
quality and moderate risk of bias in the studies assessed. 
There are no conclusive results from this analysis.

The current evidence suggests that the amount of EARR 
during orthodontic treatment in endodontically treated 
teeth is lower than in vital teeth. However, the included 
studies showed a moderate risk of bias and low quality.

Ethics approval and consent to participate

Not applicaple.

Data availability 

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on 
reasonable request.

Consent for publication 

Not applicable.

ORCID iDs
Humberto Villaman-Santacruz  https://orcid.org/0000-0001-8438-2314
Rafael Torres-Rosas  https://orcid.org/0000-0002-5934-003X
Alfonso Enrique Acevedo-Mascarúa  
 https://orcid.org/0000-0002-8812-9137

Liliana Argueta-Figueroa  https://orcid.org/0000-0002-1044-6757

References
1.	 McNab S, Battistutta D, Taverne A, Symons AL. External apical 

root resorption following orthodontic treatment. Angle Orthod. 
2000;70(3):227–232. doi:10.1043/0003-3219(2000)070<0227:earr
fo>2.0.co;2

2.	 Talic NF. Adverse effects of  orthodontic treatment: A  clini-
cal perspective. Saudi Dent J. 2011;23(2):55–59. doi:10.1016/j.
sdentj.2011.01.003

3.	 Owtad P, Shastry S, Papademetriou M, Park JH. Management 
guidelines for traumatically injured teeth during orthodontic treat-
ment. J Clin Pediatr Dent. 2015;39(3):292–296. doi:10.17796/1053-
4628-39.3.292

4.	 Kalina E, Zadurska M, Górski B. Postorthodontic lower incisor and 
canine inclination and labial gingival recession in adult patients. 
J Orofac Orthop. 2021;82(4):246–256. doi:10.1007/s00056-020-00263-1

5.	 Øgaard B, Alm AA, Larsson E, Adolfsson U. A prospective, random-
ized clinical study on the effects of  an  amine fluoride/stannous 
fluoride toothpaste/mouthrinse on plaque, gingivitis and initial 
caries lesion development in orthodontic patients. Eur J Orthod. 
2005;28(1):8–12. doi:10.1093/ejo/cji075

6.	 Khoroushi M, Kachuie M. Prevention and treatment of white spot 
lesions in orthodontic patients. Contemp Clin Dent. 2017;8(1):11–19. 
doi:10.4103/ccd.ccd_216_17

7.	 Zainal Ariffin SH, Yamamoto Z, Zainol Abidin lZ, Megat Abdul 
Wahab R, Zainal Ariffin Z. Cellular and molecular changes in 
rthodontic tooth movement. ScientificWorldJournal. 2011;11:761768. 
doi:10.1100/2011/761768

8.	 Yamaguchi M, Kasai K. The effects of  orthodontic mechanics on 
the dental pulp. Semin Orthod. 2007;13(4):272–280. doi:10.1053/j.
sodo.2007.08.008

9.	 Li Y, Jacox LA, Little SH, Ko C-C. Orthodontic tooth move-
ment: The biology and clinical implications. Kaohsiung J Med Sci. 
2018;34(4):207–214. doi:10.1016/j.kjms.2018.01.007

10.	 Oyama K, Motoyoshi M, Hirabayashi M, Hosoi K, Shimizu N. Effects 
of  root morphology on stress distribution at the root apex. Eur 
J Orthod. 2007;29(2):113–117. doi:10.1093/ejo/cjl043

11.	 Baricevic M, Mravak-Stipetic M, Majstorovic M, Baranovic M, Bar-
icevic D, Loncar B. Oral mucosal lesions during orthodontic treat-
ment. Int J Paediatr Dent. 2011;21(2):96–102. doi:10.1111/j.1365-
263X.2010.01078.x

12.	 Egermark I, Carlsson GE, Magnusson T. A prospective long-term study 
of  signs and symptoms of  temporomandibular disorders in patients 
who received orthodontic treatment in childhood. Angle Orthod. 
2005;75(4):645–650. doi:10.1043/0003-3219(2005)75[645:aplsos]2.0.co;2

13.	 Lau PY-W, Wong RW-K. Risks and complications in orthodontic 
treatment. Hong Kong Dent J. 2006;3(1):15–22. http://www.hkda.
org/hkdj/V3/N1/v3N1_P15_FA2.pdf. Accessed January 3, 2021.

14.	 Roberts-Harry D, Sandy J. Orthodontics. Part 11: Orthodon-
tic tooth movement. Br Dent J. 2004;196(7):391–394. doi:10.1038/
sj.bdj.4811129

http://www.hkda.org/hkdj/V3/N1/v3N1_P15_FA2.pdf
http://www.hkda.org/hkdj/V3/N1/v3N1_P15_FA2.pdf


Dent Med Probl. 2022;59(3):437–450 449

15.	 Alzamora TS. Factores de riesgo que predisponen a  la reabsor-
ción radicular durante el tratamiento ortodóncico. Rev Esp Ortod. 
2000;30:351–363.

16.	 Maués CP, do Nascimento RR, Vilella Ode V. Severe root resorp-
tion resulting from orthodontic treatment: Prevalence and risk 
factors. Dental Press J Orthod. 2015;20(1):52–58. doi:10.1590/2176-
9451.20.1.052-058.oar

17.	 Hartsfield Jr JK, Everett ET, Al-Qawasmi RA. Genetic factors in 
external apical root resorption and orthodontic treatment. Crit Rev 
Oral Biol Med. 2004;15(2):115–122. doi:10.1177/154411130401500205

18.	 Jiang R-P, McDonald JP, Fu M-K. Root resorption before and after 
orthodontic treatment: A clinical study of contributory factors. Eur 
J Orthod. 2010;32(6):693–697. doi:10.1093/ejo/cjp165

19.	 Alstad S, Zachrisson BU. Longitudinal study of  periodontal con-
dition associated with orthodontic treatment in adolescents. Am 
J Orthod. 1979;76(3):277–286. doi:10.1016/0002-9416(79)90024-1

20.	 Najeeb S, Siddiqui F, Qasim SB, Khurshid Z, Zohaib S, Zafar MS. Influ-
ence of uncontrolled diabetes mellitus on periodontal tissues dur-
ing orthodontic tooth movement: A  systematic review of  animal 
studies. Prog Orthod. 2017;18(1):5. doi:10.1186/s40510-017-0159-z

21.	 d’Apuzzo F, Nucci L, Delfino I, et al. Application of vibrational spec-
troscopies in the qualitative analysis of gingival crevicular fluid and 
periodontal ligament during orthodontic tooth movement. J Clin 
Med. 2021;10(7):1405. doi:10.3390/jcm10071405

22.	 Cardaropoli D, Gaveglio L. The influence of  orthodontic move-
ment on periodontal tissues level. Semin Orthod. 2007;13(4):234–
245. doi:10.1053/j.sodo.2007.08.005

23.	 Elkordy SA, Palomo L, Palomo JM, Mostafa YA. Do fixed orthodon-
tic appliances adversely affect the periodontium? A  systemat-
ic review of systematic reviews. Semin Orthod. 2019;25(2):130–157. 
doi:10.1053/j.sodo.2019.05.005

24.	 Van Gastel J, Quirynen M, Teughels W, Carels C. The relation-
ships between malocclusion, fixed orthodontic appliances and 
periodontal disease. A  review of  the literature. Aust Orthod J. 
2007;23(2):121–129. PMID:18200790.

25.	 Mohlin B, Axelsson S, Paulin G,  et  al. TMD in relation to 
malocclusion and orthodontic treatment: A  systematic 
review. Angle Orthod. 2007;77(3):542–548. doi:10.2319/0003-
3219(2007)077[0542:tirtma]2.0.co;2

26.	 Preoteasa CT, Ionescu E, Preoteasa E, Comes CA, Buzea MC, 
Grămescu A. Orthodontically induced root resorption correlat-
ed with morphological characteristics. Rom J Morphol Embryol. 
2009;50(2):257–262. PMID:19434320.

27.	 Jung Y-H, Cho B-H. External root resorption after orthodon-
tic treatment: A  study of  contributing factors. Imaging Sci Dent. 
2011;41(1):17–21. doi:10.5624/isd.2011.41.1.17

28.	 Kindelan SA, Day PF, Kindelan JD, Spencer JR, Duggal MS. Den-
tal trauma: An  overview of  its influence on the management 
of  orthodontic treatment. Part 1. J Orthod. 2008;35(2):68–78. 
doi:10.1179/146531207225022482

29.	 Bender IB, Byers MR, Mori K. Periapical replacement resorption 
of permanent, vital, endodontically treated incisors after orthodon-
tic movement: Report of  two cases. J Endod. 1997;23(12):768–773. 
doi:10.1016/S0099-2399(97)80353-6

30.	 Deguchi T, Seiryu M, Daimaruya T, Garetto LP, Takano-Yama-
moto T, Roberts WE. Decreased alveolar bone turnover is relat-
ed to the occurrence of  root resorption during experimen-
tal tooth movement in dogs. Angle Orthod. 2014;85(3):386–393. 
doi:10.2319/021714-117.1

31.	 Asano M, Yamaguchi M, Nakajima R, et al. IL-8 and MCP-1 induced 
by excessive orthodontic force mediates odontoclastogenesis in 
periodontal tissues. Oral Dis. 2011;17(5):489–498. doi:10.1111/j.1601-
0825.2010.01780.x

32.	 Mota-Rodríguez A-N, Olmedo-Hernández O, Argueta-Figueroa  L. 
A  systematic analysis of  evidence for surgically accelerated ortho-
dontics. J Clin Exp Dent. 2019;11(9):e829–e838. doi:10.4317/jced.56048

33.	 Nogueira AVB, de Molon RS, Nokhbehsaim M, Deschner J, Cirelli 
JA. Contribution of biomechanical forces to inflammation-induced 
bone resorption. J Clin Periodontol. 2017;44(1):31–41. doi:10.1111/
jcpe.12636

34.	 Lopatiene K, Dumbravaite A. Risk factors of  root resorption 
after orthodontic treatment. Stomatologija. 2008;10(3):89–95. 
PMID:19001842.

35.	 Feller L, Khammissa RAG, Thomadakis G, Fourie J, Lemmer J. Api-
cal external root resorption and repair in orthodontic tooth 
movement: Biological events. Biomed Res Int. 2016;2016:4864195. 
doi:10.1155/2016/4864195

36.	 Mirabella AD, Årtun J. Prevalence and severity of apical root resorp-
tion of  maxillary anterior teeth in adult orthodontic patients. 
Eur J Orthod. 1995;17(2):93–99. doi:10.1093/ejo/17.2.93

37.	 Guijarro Bañuelos JM, Gutiérrez Cantú FJ, García Cortes JO,  et  al. 
Evaluation of  mandibular incisor inclination and lip projection rela-
tive to the size of the mandibular symphysis in skeletal class I and II 
in a mexican population [in Spanish]. Invest Clin. 2020;60(3):195–203. 
https://www.produccioncientificaluz.org/index.php/investigacion/
article/view/31340. Accessed February 4, 2021.

38.	 Malmgren O, Goldson L, Hill C, Orwin A, Petrini L, Lundberg  M. 
Root resorption after orthodontic treatment of traumatized teeth. 
Am J Orthod. 1982;82(6):487–491. doi:10.1016/0002-9416(82)90317-7

39.	 Chen W, Haq AAA, Zhou Y. Root resorption of self-ligating and con-
ventional preadjusted brackets in severe anterior crowding Class 
I patients: A  longitudinal retrospective study. BMC Oral Health. 
2015;15:115. doi:10.1186/s12903-015-0100-0

40.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: An updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. doi:10.1136/bmj.n71

41.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page  MJ, 
Welch VA, eds. Cochrane Handbook for Systematic Reviews 
of  Interventions. 2nd ed. Chichester, UK: John Wiley & Sons, 2019. 
doi:10.1002/9781119536604

42.	 PRISMA 2020. R package and ShinyApp for producing PRISMA 2020 
compliant flow diagrams (version 0.0.2). Zenodo; 2021. doi:10.5281/
zenodo.5082518

43.	 Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: A tool for assess-
ing risk of  bias in non-randomised studies of  interventions. BMJ. 
2016;355:i4919. doi:10.1136/bmj.i4919

44.	 Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduc-
tion: GRADE evidence profiles and summary of findings tables. J Clin 
Epidemiol. 2011;64(4):383–394. doi:10.1016/j.jclinepi.2010.04.026

45.	 Spurrier SW, Hall SH, Joondeph DR, Shapiro PA, Riedel RA. A com-
parison of apical root resorption during orthodontic treatment in 
endodontically treated and vital teeth. Am J Orthod Dentofacial 
Orthop. 1990;97(2):130–134. doi:10.1016/0889-5406(90)70086-R

46.	 Brin I, Ben-Bassat Y, Heling I, Engelberg A. The influence of  orth-
odontic treatment on previously traumatized permanent incisors. 
Eur J Orthod. 1991;13(5):372–377. doi:10.1093/ejo/13.5.372

47.	 Blake M, Woodside DG, Pharoah MJ. A  radiographic comparison 
of  apical root resorption after orthodontic treatment with the 
edgewise and Speed appliances. Am J Orthod Dentofacial Orthop. 
1995;108(1):76–84. doi:10.1016/s0889-5406(95)70069-2

48.	 Kreia TB, Tanaka O, Lara F, Camargo ES, Maruo H, Westphalen 
VPD. Evaluation of root resorption after orthodontic treatment in 
endodontically treated teeth [in Portuguese]. Rev Odonto Cienc. 
2005;20(47):50–56. https://revistaseletronicas.pucrs.br/ojs/index.
php/fo/article/view/1150. Accessed April 3, 2021.

49.	 Esteves T, Ramos AL, Pereira CM, Hidalgo MM. Orthodontic root 
resorption of endodontically treated teeth. J Endod. 2007;33(2):119–122. 
doi:10.1016/j.joen.2006.09.007

50.	 Llamas-Carreras JM, Amarilla A, Espinar-Escalona E, et al. External 
apical root resorption in maxillary root-filled incisors after orth-
odontic treatment: A split-mouth design study. Med Oral Patol Oral 
Cir Bucal. 2012;17(3):e523. doi:10.4317/medoral.17586

51.	 Kawashima-Ichinomiya R, Yamaguchi M, Tanimoto Y, et al. External 
apical root resorption and the release of interleukin-6 in the gingi-
val crevucular fluid induced by a self-ligating system. Open J Sto-
matol. 2012;11(1):46–53. doi:10.5466/ijoms.11.46 

52.	 Castro I, Valladares-Neto J, Estrela C. Contribution of  cone beam 
computed tomography to the detection of apical root resorption 
after orthodontic treatment in root-filled and vital teeth. Angle 
Orthod. 2015;85(5):771–776. doi:10.2319/042814-308.1

53.	 Pandis N, Nasika M, Polychronopoulou A, Eliades T. External apical 
root resorption in patients treated with conventional and self-ligat-
ing brackets. Am J Orthod Dentofacial Orthop. 2008;134(5):646–651. 
doi:10.1016/j.ajodo.2007.01.032

https://www.produccioncientificaluz.org/index.php/investigacion/article/view/31340
https://www.produccioncientificaluz.org/index.php/investigacion/article/view/31340
https://revistaseletronicas.pucrs.br/ojs/index.php/fo/article/view/1150
https://revistaseletronicas.pucrs.br/ojs/index.php/fo/article/view/1150


H. Villaman-Santacruz et al. Root resorption in orthodontic treatment450

54.	 Leite V, Conti AC, Navarro R, Almeida M, Oltramari-Navarro P, 
Almeida R. Comparison of  root resorption between self-ligat-
ing and conventional preadjusted brackets using cone beam 
computed tomography. Angle Orthod. 2012;82(6):1078–1082. 
doi:10.2319/080911-501.1

55.	 Jacobs C, Gebhardt PF, Jacobs V, Hechtner M, Meila D, Wehrbein H. 
Root resorption, treatment time and extraction rate during orth-
odontic treatment with self-ligating and conventional brackets. 
Head Face Med. 2014;10:2. doi:10.1186/1746-160X-10-2

56.	 Aras I, Unal I, Huniler G, Aras A. Root resorption due to orthodontic 
treatment using self-ligating and conventional brackets. J Orofac 
Orthop. 2018;79(3):181–190. doi:10.1007/s00056-018-0133-5

57.	 Qin F, Zhou Y. The influence of bracket type on the external apical 
root resorption in class I extraction patients – a retrospective study. 
BMC Oral Health. 2019;19(1):53. doi:10.1186/s12903-019-0743-3

58.	 Handem RH, Janson G, Matias M,  et  al. External root resorption 
with the self-ligating Damon system – a retrospective study. Prog 
Orthod. 2016;17(1):20. doi:10.1186/s40510-016-0133-1

59.	 Mirabella AD, Årtun J. Risk factors for apical root resorption of maxil-
lary anterior teeth in adult orthodontic patients. Am J Orthod Dento-
facial Orthop. 1995;108(1):48–55. doi:10.1016/s0889-5406(95)70065-x

60.	 Llamas-Carreras JM, Amarilla A, Solano E, Velasco-Ortega E, Rodri-
guez-Varo L, Segura-Egea JJ. Study of external root resorption dur-
ing orthodontic treatment in root filled teeth compared with their 
contralateral teeth with vital pulps. Int Endod J. 2010;43(8):654–662. 
doi:10.1111/j.1365-2591.2010.01722.x

61.	 Iglesias-Linares A, Yañez-Vico R-M, Ortiz-Ariza E,  et  al. Post-
orthodontic external root resorption in root-filled teeth is influ-
enced by interleukin-1β polymorphism. J Endod. 2012;38(3):283–287. 
doi:10.1016/j.joen.2011.12.022

62.	 Ioannidou-Marathiotou I, Zafeiriadis AA, Papadopoulos MA. Root 
resorption of endodontically treated teeth following orthodontic 
treatment: A meta-analysis. Clin Oral Investig. 2013;17(7):1733–1744. 
doi:10.1007/s00784-012-0860-8

63.	 Yi J, Li M, Li Y, Li X, Zhao Z. Root resorption during orthodon-
tic treatment with self-ligating or conventional brackets: A  sys-
tematic review and meta-analysis. BMC Oral Health. 2016;16:125. 
doi:10.1186/s12903-016-0320-y

64.	 Scott P, DiBiase AT, Sherriff M, Cobourne MT. Alignment efficiency 
of Damon3 self-ligating and conventional orthodontic bracket sys-
tems: A  randomized clinical trial. Am J Orthod Dentofacial Orthop. 
2008;134(4):470-e1-8. doi:10.1016/j.ajodo.2008.04.018

65.	 Yang L, Tiwari SK, Peng L. Differences in root resorption between 
root canal treated and contralateral vital tooth during orthodontic 
tooth movement: A systematic review. Orthod J Nepal. 2016;6(1):41–44. 
doi:10.3126/ojn.v6i1.16180

66.	 Torres-Rosas R, Torres-Gomez N, Garcia-Contreras R, Scougall-Vilchis 
RJ, Dominguez-Diaz LR, Argueta-Figueroa L. Copper nanoparticles 
as nanofillers in an adhesive resin system: An in vitro study. Dent Med 
Probl. 2020;57(3):239–246. doi:10.17219/dmp/121973

67.	 González-Pedroza MG, Sánchez-Mendieta V, Morales-Valencia JA, et al. 
X-ray photoelectron spectroscopy study of  interactions between 
gold nanoparticles and epidermal growth factor for potential use in 
biomedicine. J Bionanosci. 2017;11(2):141–147. doi:10.1166/jbns.2017.1420

68.	 Gama-Lara SA, Morales-Luckie RA, Argueta-Figueroa L, Hinestroza JP, 
García-Orozco I, Natividad R. Synthesis, characterization, and catalyt-
ic activity of platinum nanoparticles on bovine-bone powder: A novel 
support. J Nanomater. 2018;2018:6482186. doi:10.1155/2018/6482186

69.	 Argueta-Figueroa L, Torres-Gómez N, Scougall-Vilchis R, Garcia-
Contreras R. Biocompatibility and nanotoxicology of titanium diox-
ide in the oral cavity: Systematic review [in Spanish]. Invest Clin. 
2018;59(4):352–368. doi:10.22209/IC.v59n4a06

70.	 Suresh N, Subbarao HJ, Natanasabapathy V, Kishen A. Maxillary 
anterior teeth with extensive root resorption treated with low-
level light-activated engineered chitosan nanoparticles. J Endod. 
2021;47(7):1182–1190. doi:10.1016/j.joen.2021.04.014

71.	 Seifi M, Arayesh A, Shamloo N, Hamedi R. Effect of  nanocrys-
talline hydroxyapatite socket preservation on orthodontically 
induced inflammatory root resorption. Cell J. 2015;16(4):514–527. 
doi:10.22074/cellj.2015.496

72.	 Li Y, Deng S, Mei L,  et  al. Prevalence and severity of  apical root 
resorption during orthodontic treatment with clear aligners and 
fixed appliances: a cone beam computed tomography study. Prog 
Orthod. 2020;21(1):1. doi:10.1186/s40510-019-0301-1

73.	 Aldeeri A, Alhammad L, Alduham A, Ghassan W, Shafshak S, Fatani E. 
Association of  Orthodontic Clear Aligners with Root Resorption 
Using Three-dimension Measurements: A  Systematic Review. 
J Contemp Dent Pract. 2018;19(12):1558–1564. PMID:30713189.

74.	 Fang X, Qi R, Liu C. Root resorption in orthodontic treatment with 
clear aligners: A  systematic review and meta-analysis. Orthod 
Craniofac Res. 2019;22(4):259–269. doi:10.1111/ocr.12337

75.	 Gandhi V, Mehta S, Gauthier M, et al. Comparison of external api-
cal root resorption with clear aligners and pre-adjusted edgewise 
appliances in non-extraction cases: A systematic review and meta-
analysis. Eur J Orthod. 2021;43(1):15–24. doi:10.1093/ejo/cjaa013

76.	 Amahirany M-T, Rafael T-R, Hugo M-Z, Lourdes A-P, Liliana A-F. 
Hydroxychloroquine in the treatment of COVID-19 disease: A sys-
tematic review and meta-analysis. Med J Indones. 2021;30(1):20–32. 
doi:10.13181/mji.oa.205012

77.	 Fiolet T, Guihur A, Rebeaud ME, Mulot M, Peiffer-Smadja N, 
Mahamat-Saleh Y. Effect of  hydroxychloroquine with or with-
out azithromycin on the mortality of  coronavirus disease 2019 
(COVID-19) patients: A  systematic review and meta-analysis. Clin 
Microbiol Infect. 2021;27(1):19–27. doi:10.1016/j.cmi.2020.08.022

78.	 Castro-Gutiérrez MEM, Argueta-Figueroa L, Fuentes-Mascorro G, 
Moreno-Rodríguez A, Torres-Rosas R. Novel approaches for the 
treatment of  necrotic immature teeth using regenerative end-
odontic procedures: A  systematic review and meta-analysis. Appl 
Sci. 2021;11(11):5199. doi:10.3390/app11115199

79.	 Ávila-Curiel BX, Gómez-Aguirre JN, Gijón-Soriano AL, Acevedo-
Mascarúa AE, Argueta-Figueroa L, Torres-Rosas R. Complementa-
ry interventions for pain in patients with temporomandibular joint 
disorders: A  systematic review [in Spanish]. Rev Int Acupuntura. 
2020;14(4):151–159. doi:10.1016/j.acu.2020.10.004


