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Root resorption during orthodontic
treatment with self-ligating or
conventional brackets: a systematic
review and meta-analysis
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Abstract

Background: The aim of this study was to compare the external apical root resorption (EARR) in patients receiving
fixed orthodontic treatment with self-ligating or conventional brackets.

Methods: Studies comparing the EARR between orthodontic patients using self-ligating or conventional brackets
were identified through electronic search in databases including CENTRAL, PubMed, EMBASE, China National
Knowledge Infrastructure (CNKI) and SIGLE, and manual search in relevant journals and reference lists of the
included studies until Apr 2016. The extraction of data and risk of bias evaluation were conducted by two
investigators independently. The original outcome underwent statistical pooling by using Review Manager 5.

Results: Seven studies were included in the systematic review, out of which, five studies were statistically pooled
in meta-analysis. The value of EARR of maxillary central incisors in the self-ligating bracket group was significantly
lower than that in the conventional bracket group (SMD −0.31; 95% CI: −0.60–−0.01). No significant differences in
other incisors were observed between self−ligating and conventional brackets.

Conclusions: Current evidences suggest self-ligating brackets do not outperform conventional brackets in reducing
the EARR in maxillary lateral incisors, mandible central incisors and mandible lateral incisors. However, self-ligating
brackets appear to have an advantage in protecting maxillary central incisor from EARR, which still needs to be
confirmed by more high-quality studies.
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Background
Currently, orthodontic treatment requires an average
duration of 2–3 years. The lengthy treatment poses
higher risks of numerous side effects to patients, among
which external apical root resorption (EARR) has been
frequently reported [1].
EARR could be defined as the blunting and shortening

of root apex caused by the pathologic loss of the
cementum and dentine. It is widely accepted that the
elimination of hyalinization zone is critical for the

physiological tooth movement [2]. However, this process
is initiated by microphage-like cells from periodontal
ligament blood supply, which could also damage the
nearby cementoblast layer covering the cementoid [3].
After the exposure of cementum, the denuded root sur-
face is more susceptible to resorption by scavenger cells
and osteoclasts during the hyaline tissue elimination [4].
The EARR induced by orthodontic treatment, most of

which were graded as minor or moderate, generally re-
sulted in no significantly clinical symptoms [5]. Never-
theless, the alternations of root length could cause an
unfavorable crown-root ratio, which should be cared
with caution when patients suffered from alveolar bone
loss simultaneously [6]. Therefore, this issue deserves
more attention since an increasing number of adults
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who are more vulnerable to periodontal diseases are
seeking for orthodontic treatment.
Although EARR in orthodontics has been considered

as an iatrogenic problem, the relationship between
orthodontic treatment-related factors and EARR has
never been fully answered. Previous study suggested the
occurrence of EARR appears to be closely associated
with mechanical factors during orthodontic treatment
[6]. The treatment duration and force magnitudes have
been claimed as contributory factors to the development
of EARR [7]. Moreover, the distance of tooth movement,
type of force application and treatment techniques have
also been reported to influence the incidence and sever-
ity of EARR during orthodontic treatment [8].
In current orthodontic clinics, self-ligating (SL) brackets

have been widely used due to the free of ligature by add-
itional rubber elastics or steel ligatures, and the resulting
reduction of the chair time and the frictional resistance
between archwire and brackets [9]. Furthermore, SL
brackets have been claimed to have advantages in shorter
treatment duration, less orthodontic pain and better oral
hygiene [10]. The popularization of SL brackets raises the
question that whether they would have different effect on
EARR compared with conventional brackets (non-SL
brackets). Thus a critical systematic review would be quite
beneficial for clinicians. In present study, we carried out a
systematic review to comprehensively evaluate, in an
evidence-based way, the EARR in fixed orthodontic treat-
ment with SL or non-SL brackets.

Methods
This systematic review and meta-analysis was performed
referring to Cochrane Handbook for systematic Reviews
of Interventions and Perferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
checklist [11]. Two reviewers (J.Y and M.L) independ-
ently conducted the study inclusion, data extraction and
assessing the risk of bias of the retrieved articles.
Cohen’s Kappa coefficient was calculated to measure
agreement in selecting studies [12], the score of 0.88
suggests the inter-examiner bias was low [13]. Any dis-
crepancy in the conduction of this systematic review was
settled by discussing with a third reviewer (Y.L).

Search strategy
An extensive electronic search was conducted through
databases including Cochrane Central Register of
Controlled Trials (CENTRAL), PubMed, EMBASE,
China National Knowledge Infrastructure (CNKI) and
SIGLE. The search strategy combined MeSH heading
words with free text words without context. The adopted
MeSH terms were ‘root resorption’ and ‘orthodontic ap-
pliances’. The free text words included root shortening,
root alternation, self-ligating and ligating. The search

strategies for databases were established based on that
for PubMed. The electronic search was conducted on
Apr 10, 2016. In addition, manual search was under-
taken among issues of relevant journals and the refer-
ence lists of retrieved articles by reviewing the titles and
abstracts. No language restriction was applied during the
literature search.

Criteria for included studies
The inclusion criteria were as follows: (1) Types of stud-
ies: randomized controlled trials (RCTs), controlled clin-
ical trials (CCTs) and cohort studies are eligible; (2)
Types of participants: subjects should be healthy patients
who required fixed orthodontic treatment; (3) Types of
Intervention: patients received fixed orthodontic
treatment using SL or non-SL brackets; (4) Out-
comes: the reduction of root length (in millimeters
and in percentage).
The exclusion criteria were as follows: (1) Review arti-

cles, descriptive studies, opinion articles, case reports or
abstracts; (2) Animal studies; (3) Studies involving sub-
jects with systemic diseases or diagnosed as root absorp-
tion before orthodontic treatment.

Data extraction and analysis
A customized data extraction form was developed. Rele-
vant information regarding study designs, participant in-
formation, interventions, outcomes (EARR, evaluated
teeth, measurement approach) and treatment duration
were extracted.

Risk of bias evaluation
The risk of bias assessment form recommended by Salt-
aji et al. [14] and Wu et al. [15] was used to evaluate the
risk of bias of included studies. This assessment system
evaluated the risk of bias on the basis of four broad per-
spectives: study design (8 items), study measurements (3
items), statistical analysis (3 items) and baseline informa-
tion (1 item), with a maximum score of 19. the item was
scored as 1 point (√) when the trial reported the domain
properly, as 0.5 point (≠) when the trial partially fulfilled
the criteria and as 0 point (×) when the trial did not ful-
fill the methodological criteria (Table 1). The study was
assessed as ‘low risk of bias’ when the score was higher
than 15, ‘moderate risk of bias’ when the score was be-
tween 10 and 15, and ‘high risk of bias’ when the score
was less than 10 points [14, 15].

Statistical analysis
Review Manager (RevMan5.3; Nordic Cochrane Centre,
Cochrane collaboration, Copenhagen, Denmark) was
used for the meta-analysis of quantitative data. For con-
tinuous data, the standardized mean difference (SMD)
and its 95% confidence interval (CI) were adopted as the
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treatment effects and pooled for analysis. The hetero-
geneity of recruited studies was explored by I2 statistic.
The random-effect model would be adopted for the
meta-analysis if the heterogeneity was assessed as high
(I2 > 50%); Otherwise, the fixed-effect model was
employed. The statistical significance of the hypothesis
test was set as p < 0.05 (2-tailed Z test). Subgroup ana-
lysis was performed on the basis of treatment durations.
Sensitivity analysis was performed to test the stability of
overall results in the meta-analysis by omitting study
separately. Descriptive analysis was adopted when the
statistical synthesis of data failed. The funnel plot and
Beggs’ rank correlation test were used to determine the
publication bias if the number of recruited studies
exceeded 10 [16].

Results
Search results
A total of 449 articles were retrieved through the elec-
tronic and manual searching. Of these, 439 irrelevant ci-
tations were excluded and ten studies were considered
potentially eligible after evaluating titles and abstracts.
The full-texts of the reserved ten studies were retrieved
and assessed referring to the inclusion and exclusion
criteria. Finally, seven studies [17–23] fulfilled the
criteria and were included in present systematic review,
five of which [17–21] were pooled for meta-analysis. A

flow diagram of the study selection process was demon-
strated in Fig. 1.

Characteristics of included studies
A total of 553 participants were included. All the partici-
pants were systemically healthy and received fixed
orthodontic treatment. Among the seven recruited stud-
ies, one was categorized as RCT, two were CCTs and the
other four studies were cohort studies (Table 2). One of
the included studies was published in Chinese [18], and
the remaining six were in English. 1 RCT, 2 CCTs and
two cohort studies were enrolled in the meta-analysis.
The detailed information of included studies regarding
study design, participants, interventions, outcome and
measurements were summarized in Table 2.

Risk of bias of the included studies
The detailed information regarding the risk of bias
evaluation was summarized in Table 3. Out of the seven
included studies, one study had a low risk of bias and
the other six studies had a moderate risk of bias. The
five studies underwent statistical pooling included one
study with low risk of bias and four studies with moder-
ate risk of bias. All recruited studies had a clearly de-
fined objective, calibrated baseline information, effective
follow-up duration, appropriate study design, measure-
ments and statistical analysis.

External apical root resorption
Five studies reported the values of EARR with teeth
grouped as maxillary central incisors, maxillary lateral
incisors, mandibular central incisors and mandibular lat-
eral incisors during fixed orthodontic treatment. The
feasible data was statistically pooled to compare the
values of EARR between two types of brackets. The
meta-analysis results showed that the patients using SL
brackets suffered less EARR of maxillary central incisor
compared to those using non-SL brackets (SMD −0.31;
95% CI:−0.60–−0.01) (Fig. 2), while no significant
difference was detected in maxillary lateral incisors
(SMD −0.14; 95% CI:−0.43–0.16) (Fig. 2), mandibular
central incisors (SMD 0.20; 95% CI: −0.05–0.45)
(Fig. 2) and mandibular lateral incisors (SMD −0.15;
95% CI: −0.45–0.14) (Fig. 2).
Out of the five included studies in meta-analysis, three

studies [18–20] had follow-ups of approximate
20 months while the other two studies [17, 21] had com-
paratively shorter treatment durations (Table 2). The
subgroup analysis on the basis of treatment durations
was conducted to decrease the potential heterogeneity,
showing no difference in either studies classified as
long-term studies or those short-term studies, except
that no difference in the EARR of maxillary central

Table 1 Risk of bias assessment form for the recruited studies

Study Design (11√)

1. Objective – clearly defined (√)

2. Population – adequately described (√)

3. Sample size – considered adequate (√)

4. Selection criteria – clearly described (√), adequate (√)

5. Randomization or consecutive selection – stated (√)

6. Follow-up length – clearly described (√)

7. Timing – prospective design (√)

8. Type of Study – RCT (3√), CCT (2√), Cohort study (√)

Study measurements (3√)

9. Measurement method – appropriate (√)

10. Blinding – stated (√)

11. Reliability – Described (√)

Statistical Analysis (4√)

12. Dropouts – accounted (√)

13. Statistical analysis – appropriate (√)

14. Presentation of data – exact P value (√), variability measures
(SD or CI) stated (√)

Baseline (1√)

15. Datum line situation: − two groups were calibrated and most
consistent (√)

Maximum score = 19
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incisors between two types of brackets was observed in
those short-term studies (Table 4).
The other two studies [22, 23] were not included in

the meta-analysis due to the lack of comparability of
data. Pandis et al. [22] found the EARR of maxillary inci-
sors were not associated with different brackets using a
multivariate model (coefficient: 0.37; SE: 0.20; p =0.06).
Jacobs et al. [23] also reported no significant difference
in EARR of incisors between SL or non-SL brackets
(3.0 ± 5.6% vs 4.5 ± 6.6%, p > 0.05).

Sensitivity analysis
Leite et al. [17] evaluated the EARR using CBCT while
the other four studies in meta-analysis adopted
periapical radiographs. Moreover, the participants in
Scott et al. and Leite et al. [17, 21] are featured with
comparatively heterogenous age. Therefore, the sensitiv-
ity analysis was conducted by omitting the two studies
separately. The exclusion of Leite et al. and Scott et al.
resulted in no changes in the overall results in all evalu-
ated teeth (Table 5).

Discussion
This systematic review was performed to provide data
on the EARR during orthodontic treatment using SL or
non-SL brackets. After a comprehensive literature search
and evaluation, seven articles were recruited in this sys-
tematic review, among which, five studies were statisti-
cally pooled for the quantitative analysis. The meta-
analysis results suggest that SL bracket is superior to
non-SL bracket in protecting maxillary central incisors
from EARR (Fig. 2). While no significant differences in

the EARR of maxillary lateral incisors, mandibular cen-
tral incisors and mandibular lateral incisors were found
between two types of brackets (Fig. 2). The results based
on currently available evidences may suggest the priority
of using SL brackets when patients with more vulnerable
maxillary central incisors or diminished root-crown ratio
are receiving orthodontic treatment.
The sensitivity analysis omitting Leite et al. and Scott

et al. [17, 21] brought about no changes to the overall ef-
fects in all evaluated teeth (Table 5). The consistent out-
comes seemed to be the indicative of the robustness of
the meta-analysis results. Nevertheless, only five studies
were included in the quantitative analysis. Moreover, it
should be noted the upper limit of the SMD (95% CI) in
the meta-analysis comparing the occurrence of EARR in
maxillary central incisors was close to 0 (Fig. 2, Table 5).
Thus the aforementioned advantage of SL brackets is
recommended to be interpreted cautiously in clinical
settings.
The exact mechanism of the EARR development is

still unclear, but it is generally accepted the root resorp-
tion is positively associated with force magnitudes and
apical movement distance [6, 24]. Recent systematic re-
view suggests that SL brackets have no superiority in
treatment efficiency [9]. Nevertheless, owing to the free
of ligation by steel ligatures and rubber elastics, archwire
could have more free space in slots of SL brackets than
in non-SL brackets, which could result in the lower fric-
tional force in SL bracket systems and might exert
smaller force to teeth in the initial alignment [25, 26].
On the other hand, in typical cases characterized by
maxillary protrusion, the root of maxillary central

Fig. 1 Flow diagram of the study inclusion of the systematic review and meta-analysis
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Table 2 General information of recruited studies

Study Study design Participants Comparisons Outcomes (Method) Evaluated teeth treatment duration

Blake et al.
(1995) [20]

CCT S:n = 30(M12,F18;12.8 ± 2.3y)
N:n = 33(M16,F17;13 ± 2.5y)

SL bracket (Speed, Strite inductries)
vs non-SL bracket

Root resorption in percentage
(periapical radiograph)

(11,21),(12,22),(13,23),(14,24) S:20.9 ± 4.36 month
N:20.6 ± 4.6 month

Scott et al.
(2008) [21]

RCT S:n = 32 (M12, F20;16.19 ± 3.68y)
N:n = 28 (M19, F9; 16.38 ± 5.28y)

SL brackets vs non-SL bracket
(Synthesis, Ormco)

Root resorption in millimeter
(periapical radiograph)

Mandibular right central incisor S:8.5 ± 2.1 month
N:8.1 ± 2.7 month

Pandis et al.
(2008) [22]

Cohort study S:n = 48(M17,F31;13.29 ± 1.57y)
N:n = 48(M12,F36;13.14 ± 1.73y)

SL bracket (Damon2, Ormco) vs
Non-SL bracket (Microarch, GAC)

Root resorption in millimeter
(panoramic radiographs)

Maxillary incisors S:26.89 ± 5.94 month
N:25.97 ± 6.65 month

Leite et al.
(2012) [17]

CCT n = 19(20.6y,min11,max30)
S:n = 11(M6,F5) L:n = 8(M2,F6)

SL bracket (EasyClip) vs non-SL
bracket (3 M)

Root resorption in millimeter (CBCT) (11,21),(12,22),(13,23),(14,24) 6 month

Liu et al.
(2012) [18]

Cohort study S:n = 35(M7,F8;15.13y)
L:n = 35(M9,F6;14.93y)

SL bracket (Damon3, Ormco)
vs non-SL bracket

Root resorption in millimeter
(periapical radiographs)

(11,21),(12,22),(13,23),(14,24) S:20.4 ± 5.04 month
N:16.8 ± 2.66 month

Jacobs et al.
(2014) [23]

Cohort study S:n = 139(M56,F83;12.6 ± 2.3y)
L:n = 74(M23,F51;12.1 ± 2.2y)

SL bracket (SmartClip 3 M)
vs non-SL bracket (Victory,3 M)

Root resorption in percentage
(panoramic radiographs)

Maxillary and mandibular incisors S:20.7 ± 4.9 month
N:18.1 ± 5.3 month

Chen et al.
(2015) [19]

Cohort study S:n = 35(M17,F18;13.52 ± 2.84y)
L:n = 35(M16,F19;13.42 ± 2.50y)

SL bracket (Damon3, Ormco)
vs Non-SL bracket (3 M)

Root resorption in millimeter
(periapical radiographs)

(11,21),(12,22),(13,23),(14,24) S:20.53 ± 3.62 month
N:20.34 ± 3.40 month
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incisors would move labially in the initial alignment
stage and then move palatally during the space closure.
The reciprocating and distant movement could cause
the high incidence of EARR in maxillary central incisors
[24]. Taken together, maxillary central incisors is under a
higher risk of EARR development, thus the lower force
magnitude transmitted to teeth in SL systems could be
more readily to produce a significant protective effect

from tooth resorption in maxillary central incisors rather
than other evaluated teeth (Fig. 2). Anyway, this opinion
is mostly empirical and needs to be further identified.
The treatment duration has been suggested as a risk

factor to the development of root resorption [6]. Among
the five studies in meta-analysis, Leite et al. and Scott et
al. [17, 21] had shorter follow-up duration (about
6 months) and were thus considered as the short-term

Fig. 2 Meta-analysis of EARR values comparing SL with non-SL brackets

Table 3 Risk of bias evaluation of included studiesa

Study ID Study design Study measurements Statistical analysis Baseline Total

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Blake et al. (1995) [20] √ √ ≠ ×× × √ √ 2√ √ × ≠ × √ ×√ √ 11

Scott et al. (2008) [21] √ √ ≠ √× √ √ √ 3√ √ ≠ √ √ √ ×√ √ 15.5

Pandis et al. (2008) [22] √ √ ≠ √√ × √ × √ ≠ × ≠ × √ √≠ √ 11

Leite et al. (2012) [17] √ √ × √√ × √ √ 2√ √ × × × √ √√ √ 13

Liu et al. (2012) [18] √ √ × √× × √ × √ √ × ≠ × √ √√ √ 10.5

Jacobs et al. (2014) [23] √ ≠ ≠ √√ × √ × √ √ × × × √ ×√ √ 10

Chen et al. (2015) [19] √ √ ≠ √√ × √ × √ √ × × × √ ×√ √ 10.5
a1 to 15: methodologic criteria in Table 1
√ = 1point; ≠ = 0.5point; × = 0point
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studies, while the other three studies were classified as
long-term studies due to the follow-ups of approximate
20 months (Table 2). In the subgroup analysis, the pro-
tective effect of SL brackets on maxillary central incisors
is significant to the long-term studies, while not to the
short-term study (Table 4), indicating the protective ef-
fect of SL brackets seem to be valid only in a long run.
Nevertheless, more studies are needed to obtain a more
reliable result.
Previous studies demonstrated the association between

EARR occurrence and numerous mechanical factors
including force magnitude, amount of tooth movement,
force type and treatment appliance [6, 7]. The hetero-
geneity of these factors could influence the results
concerning root resorptions. However, limited informa-
tion regarding aforementioned factors is available in
included studies of this review, which could reduce the
stability of our results and should be considered in fu-
ture clinical trials.
The diagnosis of EARR has been mainly through ra-

diographs. Out of the seven included studies, four stud-
ies adopted periapical radiographs, two used panoramic
radiographs, and the other one employed CBCT
(Table 2). Though no significant difference was detected
in the sensitivity analysis that excludes the study using
different radiographic tool (Table 5), the varied magnifi-
cations and distortions of the foregoing techniques could
restrict the comparability of recruited studies and affect
the overall results [27]. The recent study has suggested
CBCT as a more reliable and valid measurement for root
resorption compared to the 2-dimensional approaches
including periapical films and panoramic radiographs
since it enables clinicians to visualize and evaluate the
root resorption on any surface of roots and eliminates
the structure superimposition [28]. From the perspective
of measurement accuracy and better comparability,

future studies should use CBCT to assess the occurrence
of EARR in orthodontic treatment. However, the higher
radiation exposure and more expenses of CBCT should
also be considered [29].

Limitations
Firstly, though extensive literature search was con-
ducted, only five studies were included in the meta-
analysis, leading to the deficient statistical power.
Secondly, out of the five studies in meta-analysis, one
study evaluated the percentage of root reduction while
the other four reported the absolute values of root re-
sorption. Though SMD was computed in the quantita-
tive analysis, the outcomes should be interpreted with
caution in clinical settings. Thirdly, though subgroup
and sensitivity analysis was performed, the source of het-
erogeneity might not be thoroughly investigated since
no information regarding several risk factors of EARR,
like tooth movement distance and force magnitude, was
reported in primary studies. Fourthly, funnel plots for
publication bias assessment has not been conducted be-
cause only five studies were included in the meta-
analysis. Therefore, further high-quality original studies
are needed to arrive at a more stable conclusion.

Conclusion
Based on present limited evidence, SL brackets appear
to have a long-term protective effect to maxillary central
incisors from root resorption compared to non-SL
brackets. No different influences on other incisors were
detected. The results of this study could suggest the pri-
ority of SL brackets to patients with more susceptible
maxillary central incisor roots or unfavorable crown-
root ratio in fixed orthodontic treatment. However,
methodologically sound clinical trials are required to
provide more reliable evidences regarding this issue.

Table 5 Sensitivity analysis data summary

Maxillary CIa Maxillary LIb Mandibular CI Mandibular LI

Exclusion of Scott et al. −0.31(−0.60–0.01) −0.14(−0.43–0.16) 0.15(−0.14–0.44) −0.15(−0.45–0.14)

Exclusion of Leite et al. −0.35(−0.66–0.04) −0.15(−0.46–0.16) 0.20(−0.06–0.46) −0.10(−0.40–0.21)
aindicates central incisors
bindicates lateral incisors

Table 4 Subgroup analysis data summary

Evaluated
teeth

Long-term studies Short-term studies

SMD 95% confidence interval SMD 95% confidence interval

Maxillary CIa −0.35 −0.66–−0.04 0.04 −0.87–0.95

Maxillary LIb −0.15 −0.46–0.16 −0.03 −0.94–0.88

Mandibular CI 0.15 −0.16–0.46 0.31 −0.13–0.75

Mandibular LI −0.10 −0.40–0.21 −0.69 −1.64–0.25
aindicates central incisors
bindicates lateral incisors
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SL brackets: Self-ligating bracket; SMD: Standardized mean difference

Acknowledgements
None.

Funding
This work was supported by the National Nature Science Foundation of
China Nos.11372202 and 31470904.

Availability of data and material
The summary of data extraction in this study is available upon request to the
corresponding author.

Authors’ contributions
JY, ML, YL conducted the literature search, performed the statistical analysis
and draft the manuscript. XL and ZZ designed the study and revised the
manuscript. All authors read and approved the final version of submission.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Author details
1Department of Orthodontics, State Key Laboratory of Oral Diseases, West
China Hospital of Stomatology, Sichuan University, #14, 3rd Section, South
Renmin Road, Chengdu 610041, People’s Republic of China. 2Department of
Pediatric Dentistry, State Key Laboratory of Oral Diseases, West China
Hospital of Stomatology, Sichuan University, Chengdu, China.

Received: 10 July 2016 Accepted: 10 November 2016

References
1. Artun J, Smale I, Behbehani F, Doppel D, Van’t Hof M, Kuijpers-Jagtman AM.

Apical root resorption six and 12 months after initiation of fixed orthodontic
appliance therapy. Angle Orthod. 2005;75:919–26.

2. Wise GE, King GJ. Mechanisms of tooth eruption and orthodontic tooth
movement. J Dent Res. 2008;87:414–34.

3. Hellsing E, Hammarstrom L. The hyaline zone and associated root surface
changes in experimental orthodontics in rats: a light and scanning electron
microscope study. Eur J Orthod. 1996;18:11–8.

4. Brezniak N, Wasserstein A. Orthodontically induced inflammatory root
resorption. Part I: The basic science aspects. Angle Orthod. 2002;72:175–9.

5. Janson GR, De Luca CG, Martins DR, Henriques JF, De Freitas MR. A
radiographic comparison of apical root resorption after orthodontic
treatment with 3 different fixed appliance techniques. Am J Orthod
Dentofacial Orthop. 2000;118:262–73.

6. Roscoe MG, Meira JB, Cattaneo PM. Association of orthodontic force system
and root resorption: A systematic review. Am J Orthod Dentofacial Orthop.
2015;147:610–26.

7. Chan E, Darendeliler MA. Physical properties of root cementum: Part 5.
Volumetric analysis of root resorption craters after application of light and heavy
orthodontic forces. Am J Orthod Dentofacial Orthop. 2005;127:186–95.

8. Weiland F. Constant versus dissipating forces in orthodontics: the effect on
initial tooth movement and root resorption. Eur J Orthod. 2003;25:335–42.

9. Fleming PS, Johal A. Self-ligating brackets in orthodontics. A systematic
review. Angle Orthod. 2010;80:575–84.

10. Pringle AM, Petrie A, Cunningham SJ, McKnight M. Prospective randomized
clinical trial to compare pain levels associated with 2 orthodontic fixed
bracket systems. Am J Orthod Dentofacial Orthop. 2009;136:160–7.

11. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. BMJ.
2009;339:b2535.

12. Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions. Chichester: Wiley; 2009.

13. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159–74.

14. Saltaji H, Major MP, Altalibi M, Youssef M, Flores-Mir C. Long-term skeletal
stability after maxillary advancement with distraction osteogenesis in cleft
lip and palate patients. Angle Orthod. 2012;82:1115–22.

15. Wu F, Weng S, Li C, Sun J, Li L, Gao Q. Submandibular gland transfer for the
prevention of postradiation xerostomia in patients with head and neck
cancer: a systematic review and meta-analysis. ORL J Otorhinolaryngol Relat
Spec. 2015;77:70–86.

16. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. 1994;50:1088–101.

17. Leite V, Conti AC, Navarro R, Almeida M, Oltramari-Navarro P, Almeida R.
Comparison of root resorption between self-ligating and conventional
preadjusted brackets using cone beam computed tomography. Angle
Orthod. 2012;82:1078–82.

18. Liu XQ, Sun XL, Yang Q, Fan CH, Chen XJ. Comparative study on the apical
root resorption between self-ligating and conventional brackets in
extraction patients. Shanghai J Stomatol. 2012;21:460–5.

19. Chen W, Haq AA, Zhou Y. Root resorption of self-ligating and conventional
preadjusted brackets in severe anterior crowding Class I patients: a
longitudinal retrospective study. BMC Oral Health. 2015;15:115.

20. 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;108:76–84.

21. Scott P, DiBiase AT, Sherriff M, Cobourne MT. Alignment efficiency of Damon3
self-ligating and conventional orthodontic bracket systems: a randomized
clinical trial. Am J Orthod Dentofacial Orthop. 2008;134:470. e1-8.

22. Pandis N, Nasika M, Polychronopoulou A, Eliades T. External apical root
resorption in patients treated with conventional and self-ligating brackets.
Am J Orthod Dentofacial Orthop. 2008;134:646–51.

23. Jacobs C, Gebhardt PF, Jacobs V, Hechtner M, Meila D, Wehrbein H. Root
resorption, treatment time and extraction rate during orthodontic treatment
with self-ligating and conventional brackets. Head Face Med. 2014;10:2.

24. Tieu LD, Saltaji H, Normando D, Flores-Mir C. Radiologically determined
orthodontically induced external apical root resorption in incisors after non-
surgical orthodontic treatment of class II division 1 malocclusion: a
systematic review. Prog Orthod. 2014;15:48.

25. Kim DY, Lim BS, Baek SH. Frictional property comparisons of conventional
and self-ligating lingual brackets according to tooth displacement during
initial leveling and alignment: an in vitro mechanical study. Korean J
Orthod. 2016;46:87–95.

26. Hiroce M, Fernandes DJ, Elias CN, Miguel JA. Sliding resistance of
polycarbonate self-ligating brackets and stainless steel esthetic archwires.
Prog Orthod. 2012;13:148–53.

27. Katona TR. Flaws in root resorption assessment algorithms: role of tooth
shape. Am J Orthod Dentofacial Orthop. 2006;130:698. e19-27.

28. D’Addazio PS, Campos CN, Ozcan M, Teixeira HG, Passoni RM, Carvalho AC.
A comparative study between cone-beam computed tomography and
periapical radiographs in the diagnosis of simulated endodontic
complications. Int Endod J. 2011;44:218–24.

29. Signorelli L, Patcas R, Peltomaki T, Schatzle M. Radiation dose of cone-beam
computed tomography compared to conventional radiographs in
orthodontics. J Orofac Orthop. 2016;77:9–15.

Yi et al. BMC Oral Health  (2016) 16:125 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Search strategy
	Criteria for included studies
	Data extraction and analysis
	Risk of bias evaluation
	Statistical analysis

	Results
	Search results
	Characteristics of included studies
	Risk of bias of the included studies
	External apical root resorption
	Sensitivity analysis

	Discussion
	Limitations

	Conclusion
	show [abb]
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

