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Abstract

Background: Fixed appliances have been the mainstream for orthodontic treatment, while clear aligners, such as

Invisalign system, have become increasingly popular. The prevalence of apical root resorption (ARR) in patients with
clear aligners is still controversial. The aim of this study was to investigate and compare the prevalence and severity
of ARR in patients treated with clear aligners and fixed appliances using cone beam computed tomography (CBCT).

treatments.

clear aligners group (P < 0.001).

those in patients with fixed appliances.

Materials and methods: A total of 373 roots from 70 subjects, with similar baseline characteristics and the ABO
discrepancy index scores (i.e, treatment difficulty), were included into two groups: the clear aligners group
(Invisalign, Align Technology, California, USA) and fixed appliances group (Victory Series; 3 M Unitek, California, USA).
Root length of each anterior tooth was measured on the CBCT images by two blinded investigators. The ARR on
each tooth was calculated as the difference of root length before and after orthodontic treatment. Chi-square test
and paired t test was used to compare the ARR between the two groups as well as before and after orthodontic

Results: Prevalence of ARR in the clear aligners group (56.30%) was significantly lower than that in the fixed
appliances group (82.11%) (P < 0.001). The severity of ARR in the clear aligners group (0.13 + 047 mm) was
significantly less than that in the fixed appliances group (1.12 + 1.34 mm) (P < 0.001). The most severe ARR was
found on the maxillary canine (1.53 + 1.92 mm) and lateral incisor (1.31 + 1.33 mm) in the fixed appliances group;
the least ARR was found on the mandibular canine (- 0.06 £ 047 mm) and lateral incisor (0.04 +0.48 mm) in the

Conclusions: The prevalence and severity of ARR measured on CBCT in patients with clear aligners were less than
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Background

Apical root resorption (ARR), a permanent loss of hard
tissue on the root apex of a tooth, is one of the most un-
desirable side effects during orthodontic treatment. The
prevalence of ARR varies from 20 to 100% among ortho-
dontic patients [1]. Severe ARR is rare with an incidence
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between 1 and 5% but the resorption can be more than
5 mm or one-fourth of root length [2]. ARR can cause
an imbalanced ratio of crown and root in the affected
teeth, and even teeth loss, affecting patients’ quality of
life and orthodontic treatment result.

Fixed appliances have been the mainstream for ortho-
dontic treatment. Clear aligners, such as Invisalign system,
have become increasingly popular due to its advantages,
such as esthetics and comfort, in comparison with fixed
appliances [3, 4]. It has been found that the type of fixed
appliances used for orthodontic treatment was associated
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with the incidence of ARR [5, 6]. The prevalence of ARR
in patients with clear aligners is still controversial [7]. For
example, a study on clear aligners assessed the upper and
lower anterior teeth and first molars using panoramic ra-
diographs and found that 46% of the teeth showed meas-
urable root reduction during the treatment with clear
aligners [8]. This prevalence of ARR seems equal to or less
than that in fixed appliances [9, 10]. The potential prob-
lem is that clear aligners are usually used in relatively sim-
pler cases where root resorption might be expected to be
less. Therefore, it would be good that patients treated with
either technique must be equal in difficulty, amount of
tooth movement required, and outcome quality for treat-
ment and comparison.

In addition, the tools used for assessing ARR in those
studies could also influence the accuracy of ARR measure-
ment. For example, a study has compared clear aligners with
fixed appliances using panoramic radiography and found a
similar ARR predisposition on maxillary central and lateral
incisors [11]. However, the study using cone beam com-
puted tomography (CBCT) to measure ARR found that pa-
tients with clear aligners suffered from significantly less
incisor root resorption than that with fixed appliances [12].
It has been found that panoramic radiography may overesti-
mate the prevalence of ARR by 20% compared with periapi-
cal radiography [13], and underestimate compared with
microtomography [14]. Since ARR is a three-dimensional
topographical change, two-dimensional radiography, such as
panoramic and periapical radiographs, have limitations in
the accuracy of ARR measurement. In contrast, the three-
dimensional radiography, cone beam computed tomography
(CBCT), has demonstrated a relatively higher accuracy in
diagnosis and measurement of ARR [15, 16].

The aim of the study was to investigate and compare
the prevalence and severity of ARR in patients treated
with clear aligners and fixed appliances using CBCT.

Materials and methods
The study was designed as a retrospective cohort study.
A total of 373 roots from 70 subjects (mean age 23.61 £
7.03 years, 21 males and 49 females) were included from
the Department of Orthodontics (Table 1). The sample
size determination was based on previous estimates of
ARR variability in patients wearing fixed appliances [9],
with o set at 5%, 3 at 20%, effect size of 0.8, a total of 52
patients (26 per group) were needed. To allow for pos-
sible dropout during the study, we included 70 patients.
Ethical approval was obtained from the Ethics Commit-
tee of West China Hospital of Stomatology, Sichuan
University. Written informed consent was obtained from
each participant.

Inclusion criteria were (1) subjects that have full per-
manent dentition with no missing teeth, (2) no history
of major dental treatment, (3) received orthodontic
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Table 1 Baseline characteristics of participants in the two

groups
Clear aligners Fixed appliances
(N=35) (N=135)
Age (mean £ SD) 2471 +£748 22511647
Sex (N, %)
Male 13 (37%) 8 (23%)
Female 22 (63%) 27 (77%)
Treatment time (mean + SD) 2154 +555 2331+6.25
Extraction (N, %) 19 (54%) 14 (40%)

SD standard deviation

treatment with traditional appliances or clear aligners,
and (4) the CBCT images were taken as part of their
orthodontic diagnosis and treatment plan and were of
good quality. Exclusion criteria were (1) craniofacial de-
fects, syndromes or skeletal deformity (e.g., cleft lip and
palate); (2) history of trauma; (3) history or orthodontic
or endodontic treatment on the anterior teeth; (4) sig-
nificant dental pathology affecting anterior teeth, such
as root absorption, periodontitis, periodontal diseases,
and caries; and (5) supernumerary teeth, impacted teeth
(except the third molars), and temporomandibular joint
disorders.

The clear aligners group (1 = 35) received treatment with
clear aligners (Invisalign, Align Technology, California, USA).
The fixed appliances group (1 = 35) received treatment with
the conventional fixed orthodontic appliances (Victory Series;
3 M Unitek, California, USA). To maximize the comparabil-
ity of the two groups, the following variables were taken into
account during the screening of 578 patients for eligibility:
the severity and type of malocclusion, biomechanics, and
amount of tooth movement (e.g, extraction and non-
extraction), and treatment outcome quality. The American
Board of Orthodontics (ABO) discrepancy index (DI) was
used to assess the case difficulty in the two groups (Fig. 1)
[17]. Baseline characteristics of the participants in the two
groups were all similar (P > 0.192 for all) (Table 1). The ABO
discrepancy index took into account the overall DI scores of
clear aligners group (18.80 + 7.74) and fixed appliances group
(17.14 £ 10.14), and indicating that the baseline difficulty of
the two groups was also similar (P = 0.445, Table 2).

CBCT images were obtained from all participants be-
fore and after orthodontic treatments. All CBCT images
were taken using the same CBCT machine (3D Accui-
tomo, Morita Group, JPN), and the settings used were in
accordance with the manufacturers’ recommendations
(10 x 10 cm FOV, 85kV, 4 mA and 360° rotation). Dur-
ing image acquisition, the participants were seated stat-
ically with the Frankfort plane parallel to the ground.

To assess the apical root resorption (ARR), two
blinded dental investigators (Y.L. and S.D.) measured
the root length from the mid-point of the incisal
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DISCREPANCY INDEX
CASE CATEGORY

TOTAL D.I. SCORE

CAST EVAL. SCORE
OVERJET

0 mm. (edge to edge) = 1 pt.
1-3 mm. = 0 pts.
3.1-5 mm. = 2 pts.
5.1-7 mm. = 3 pts.
7.1-9 mm. = 4 pts.
> 9 mm. = 5 pts.

Negative OJ (x-bite) 1 pt. per mm. per tooth =

Total =
OVERBITE
0—3 mm. = 0 pts.
3.1 -5 mm. = 2 pts.
5.1-7 mm. = 3 pts.
Impinging (100%) = 5 pts.

Total =
ANTERIOR OPENBITE
0 mm. (edge to edge) = 1pt.
then 2 pts. per mm. per tooth

Total =
LATERAL OPENBITE
2 pts. per mm. per tooth

Total =
CROWDING
0 -3 mm. = 1 pt.
3.1-5mm. = 2 pts.
5.1-7 mm. = 4 pts.
> 7 mm. = 7 pts.

Total =

Fig. 1 The ABO discrepancy index (DI)

OCCLUSION

Class I to end on
End on Class II or III
Full Class I or I1I

Beyond Class II or III

Total

LINGUAL POSTERIOR X-BITE

1 pt. per tooth Total

BUCCAL POSTERIOR X-BITE

2 pts. per tooth Total

CEPHALOMETRICS

ANB>550r<-1.5

Each Additional Degree

SN-GO-GN 27 deg. — 37 deg.

SN-GO-GN > 37 deg.
SN-GO-GN < 27 deg.
IMPA > 98 deg.

Total
OTHER 2 Points
(See instructions)

INDICATE PROBLEM

0 pts.
2 pts. per side
4 pts. per side

1 pt. per mm.
Additional

4 pts.

1pt.

0 pts.

2 pts. per degree
1 pt. per degree

1 pt. per degree
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Table 2 Baseline discrepancy index (DI) of the two groups

Clear aligners Fixed appliances P value
Overjet 302+£333 229107 0216
Overbite 1.02£1.18 046 +0.89 0.025
Anterior open bite 0.86+2.35 029+1.18 0.205
Lateral open bite 0.06+0.34 1.60 + 2.86 0.003
Crowding 243+238 131+184 0.032
Occlusion 240+237 1.54 +2.06 0.111
Posterior crossbite 069 + 1.64 0.17 051 0.084
ANB angle 2494278 229+299 0.773
SN-MP angle 1.00+2.28 369+528 0.008
IMPA angle 4.14+5.85 3.03+£398 0.355
Total score 1880+ 7.74 17.14£10.14 0445

edge/cusp to the apex using the Dolphin 3D 11.9 pro-
gram (Dolphin Imaging & Management Solutions,
Chatsworth, CA) (Fig. 2). ARR on each tooth was cal-
culated as the difference (millimeter) of tooth length
before and after orthodontic treatment. All maxillary
and mandibular anterior teeth were included in the
measurements and analysis.

Both intra-operator and inter-operator reliabilities were
tested by using intra-class correlation coefficients. Ten

Fig. 2 Measurement of apical root resorption (ARR) on CBCT
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CBCT images were randomly selected and measured by
the two independent dental investigators; after 4 weeks,
each investigator repeated the measurements. The inter-
rater reliability was excellent (correlation coefficient was
0.98). The intra-rater reliability was excellent (correlation
coefficients for the two investigators were 0.98 and 0.97).
The two investigators as well as the statistician were all
blinded to the study design.

Statistical analysis

Data were analyzed using SPSS Statistics 21(Statistical
Package for the Social Sciences, SPSS Inc., Chicago, IL,
USA). Student’s ¢ test was used to compare the baseline
characteristics of the two groups. Chi-square test and
paired ¢ test was used to compare the prevalence and se-
verity of ARR between the two groups as well as before
and after orthodontic treatment. P values of less than
0.05 were considered statistically significant.

Results

The prevalence of ARR in the clear aligners group
(56.30%) was significantly lower than that in the fixed
appliances group (82.11%) (P <0.001, Table 3). The
highest prevalence of ARR was found on the lateral inci-
sors in patients with fixed appliances (maxillary 88.52%,
mandibular 88.33%), and the lowest was found on the
canines in patients with clear aligners (maxillary 45.00%,
mandibular 35.38%).

The severity of ARR in clear aligners group (0.13+
0.47 mm on average) was significantly less than that in the
fixed appliances group (1.12 + 1.34 mm on average), as well
as for each individual tooth included in the study (all P<
0.001) (Table 4). In fixed appliances group, there was a sta-
tistically significant decrease in the root length of all teeth
measured before and after the treatment (P < 0.001 for all);
while in the clear aligners group, the root length change
was statistically significant only on the maxillary incisors
(P <0.001) and mandibular central incisor (P =0.001). The
most severe ARR was found on the maxillary canine
(1.53 + 1.92 mm) and lateral incisor (1.31 + 1.33 mm) in the
fixed appliances group; the least ARR was found on the

Table 3 Prevalence of apical root resorption in the two groups

Clear aligners  Fixed appliances P value
Maxillary central incisor 69.35% 84.62% 0.041
Maxillary lateral incisor 69.35% 88.52% 0.009
Maxillary canine 45.00% 80.00% 0.001
Mandibular central incisor ~ 60.00% 78.69% 0.023
Mandibular lateral incisor ~ 53.85% 88.33% <0.001
Mandibular canine 35.38% 72.58% < 0.001
Average 56.30% 82.11% <0.001
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Table 4 Severity of apical root resorption of individual tooth in the two groups

Measurements (mean =+ SD, Root length Apical root P value

mm) Before treatment After treatment resorption

Clear aligners
Maxillary central incisor 21.55+1.86 21294201 0.26+042 <0.001
Maxillary lateral incisor 20.60+1.94 2037 £2.02 0.23+£037 <0.001
Maxillary canine 2389+ 263 23.75£2.72 0.14+£0.53 0.075
Mandibular central incisor 18.56 +1.39 1836+£129 020+ 045 0.001
Mandibular lateral incisor 19.83 £ 140 19.79+£1.31 0.04+048 0463
Mandibular canine 2261 +237 2267 £2.35 -0.06+047 0.289
Average 21.09+261 2096 +2.66 0.13+£047 0.500

Fixed appliances
Maxillary central incisor 21.25+1.85 2002+ 1.94 1.23+£131 <0.001
Maxillary lateral incisor 2023+1.53 1892+£197 131+£133 <0.001
Maxillary canine 23394219 21.86+ 254 153+192 <0.001
Mandibular central incisor 18.26 +1.06 1761 +1.26 0.65+0.89 < 0.001
Mandibular lateral incisor 19.52+1.21 18.50+1.27 1.02+0.98 <0.001
Mandibular canine 2198 +1.71 20.96 +2.01 1.02+133 <0.001
Average 20.74+ 231 1962 £2.36 1.12+£134 <0.001

mandibular canine (- 0.06 +0.47 mm) and lateral incisor = Discussion

(0.04 + 0.48 mm) in the clear aligners group (P < 0.001).

To evaluate the clinical significance, the severity of
root resorption was categorized based on Sharpe’s
method [38]:

0° = No ARR, ARR = 0 mmy;

1° = Slight blunting of the root apex, ARR = 1-2 mmy;

2° = Moderate blunting of the root apex up to one
fourth of the root length, ARR = 2 mm-1/4 root length;

3° = Excessive blunting of the root apex beyond one
fourth of the root length, ARR > 1/4 root length.

In the fixed appliances group, 18.16% of the teeth ap-
peared to have 0° ARR, 61.79% appeared to have 1° ARR,
19.24% appeared to be 2° and 0.81% was 3°; while in the
clear aligners group, 43.70% displayed 0° ARR and
56.30% was 1°, indicating that the ARR in the fixed ap-
pliances group was generally greater than that in the
clear aligners group (Table 5).

Table 5 Classification of overall severity of apical root
resorption (ARR) in the two groups

Severity of ARR Clear aligners (N, %) Fixed appliances (N, %)

0° 163 43.70% 67 18.16%
1° 210 56.30% 228 61.79%
2° 0 0 71 19.24%
3° 0 0 3 0.81%

Apical root resorption (ARR) during orthodontic treat-
ment is prevalent and negatively affects patients’ quality
of life and orthodontic treatment result. Clear aligners
have become increasingly popular for orthodontic treat-
ment; ARR during the clear aligners treatment, however,
is still poorly understood. This study investigated and
compared the ARR in patients treated with clear aligners
and traditional fixed appliances using CBCT, and found
that both prevalence and severity of ARR in the clear
aligners group (56.30% and 0.13 + 0.47 mm) were statis-
tically and clinically significantly less than those in the
fixed appliances group (82.11% and 1.12 + 1.34 mm).

In comparison with fixed appliances, the clear aligners
are usually used in relatively simpler cases where root
resorption might be expected to be less. Therefore, in
the current study, the baseline characteristics assessment
and the ABO discrepancy index (DI) were carried out to
make sure that patients were treated with either tech-
nique was similar in difficulty, amount of tooth move-
ment required, and outcome quality for treatment and
comparison [17].

Apical root resorption occurs mainly in the anterior
teeth, and varies in different tooth positions [18]. The
current study design of measurement on the anterior
teeth is based on the previous studies [5, 12, 18] for the
practical convenience and good accuracy of ARR meas-
urement. The maxillary incisors have been found to be
the most susceptible to ARR, followed by the mandibu-
lar incisors, while canines did not develop significant
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ARR [9, 19], which are in agreement with the current
CBCT study. Interestingly, maxillary canines in the study
showed the most ARR (1.53 mm) in fixed appliances
group but no significance in the clear aligners group.
Generally, ARR during fixed orthodontic treatment is
less than 2.5 mm [2, 20]. It has been found that the
mean root length loss of maxillary incisors treated with
fixed appliances was 2.26 mm on periapical radiographs
[5]. Another study used CBCT reported that the maxil-
lary incisor length shortened 0.59 mm in patients treated
with fixed appliances [6]. In the current study, the aver-
age ARR was found to be 1.12 mm in patients with fixed
appliances and few individuals had more than 2.5 mm of
ARR. In the patients with aligners, the most susceptible
teeth were maxillary incisor and mandibular central inci-
sor, followed by mandibular lateral incisor, maxillary ca-
nine, and mandibular canine. This is consistent with the
previous studies [19, 21]. It has been reported that there
was 2 mm ARR on the upper incisors in the periapical,
panoramic, and cephalometric radiographs after
14 months of clear aligners treatment [22]. The current
study indicated there was only 0.13 mm ARR in patients
with clear aligners after about 22 months treatment. The
differences of findings among those studies were mainly
because of the different methodologies, such as sample
size, clinical characteristics, imaging tools and measure-
ment methods.

Most of those previous studies on orthodontic ARR
was performed using two-dimensional radiography, such
as panoramic and periapical radiographs. CBCT has
shown advantages in the accuracy and efficacy for diag-
nosis and measurement of root resorptio n[23]. A num-
ber of previous studies used CBCT to evaluate the ARR
in patients with fixed appliances and found the fre-
quency of ARR was more than 70% in incisor s[9]. An-
other recent publication comparing the ARR of upper
incisors between Smart Track aligners and fixed ortho-
dontic appliances using CBCT reported that the cases
treated with fixed appliances showed significantly higher
root resorption than those treated with clear aligners
[24]. This is similar with the current study findings. In
addition to the advantages of CBCT for assessing ARR,
it is also important to note that the radiation of CBCT
can be 1.5 to 33 times higher than that of the traditional
panoramic radiography [25], therefore future studies can
consider to use the localized and limited field of view
CBCT that provides the information needed to minimize
patient’s exposure to radiation and expense for radiog-
raphy [26].

Root resorption during orthodontic treatment is usu-
ally recognized as an orthodontically induced inflamma-
tory root resorption [2], which is based on a sterile
inflammatory process and initiated by orthodontic force
application [8, 27]. Many factors have been found to
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influence the orthodontic root resorption, including gen-
etics [28], ethnicity [19], systemic diseases and allergic
constitution [29], gender and age [7, 30], treatment time
[31], as well as the type (continuous or intermittent) and
magnitude of orthodontic forces [32]. It has been found
that heavy force used is associated with the prevalence
of ARR [20], and an increase of force used is associated
with the severity of ARR [33, 34]. Intermittent force re-
sulted in less ARR than continuous force [32, 35] be-
cause the intermittent force provided cementum with
the time to heal [36]. Compared with fixed appliances,
the clear aligners have been considered to potentially de-
liver relatively lighter forces, intermittent treatment
process, and stable force control using computer-aided
technology, which may contribute to the less ARR in pa-
tients with clear aligners than that in patients with fixed
appliances [12].

Negative values of ARR (an increase in the root length
after treatment) were reported in the present study as
well as the previous studies [5, 9, 37]. Though random
error in the measurement should be taken into account,
the biological variability, especially in the growing young
individuals, may also contribute to that [5]. To minimize
the measuring error, the choice and mark of reference
points and the parameters of measuring software, which
could potentially affect the reproducibility of measure-
ment, should be studied and normalized in the future.

Conclusion

Prevalence and severity of ARR on CBCT in patients
treated with clear aligners was less than those in patients
treated with fixed appliances.

Abbreviations
ABO: American Board of Orthodontics; ARR: Apical root resorption;
CBCT: Cone beam computed tomography; DI: Discrepancy index

Acknowledgments
Not applicable.

Authors’ contributions

YL, SD, and LM carried out the data collection of the study, performed the
measurements, and drafted the manuscript. YL and ZL participated in the
design of the study. CY gave statistical analysis guidance and XZ participated
in the grading of DI score. All authors read and approved the final
manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (11372202) and the Science and Technology Department of Sichuan
Province (2018570379).

Availability of data and materials
The raw data is present in the CBCT software of our university clinic.

Ethics approval and consent to participate
The West China Hospital of Stomatology Institutional Review Board
(WCSHIRB) has formally approved this project.

Consent for publication
Not applicable.



Li et al. Progress in Orthodontics

(2020) 21:1

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

Author details

'State Key Laboratory of Oral Diseases & National Clinical Research Center for
Oral Diseases, West China Hospital of Stomatology, Sichuan University,
Chengdu, China. 2Discipline of Orthodontics, Department of Oral Sciences,
Sir John Walsh Research Institute, Faculty of Dentistry, University of Otago,
Dunedin, New Zealand. *Department of Epidemiology and Health statistics,
School of Public Health, Southwest Medical University, Luzhou, China.

Received: 18 July 2019 Accepted: 5 December 2019
Published online: 06 January 2020

References

1.

Baumrind S, Korn EL, Boyd RL. Apical root resorption in orthodontically
treated adults. American journal of orthodontics and dentofacial
orthopedics : official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of
Orthodontics. 1996;110(3):311-20.

Brezniak N, Wasserstein A. Orthodontically induced inflammatory root
resorption. Part I: the basic science aspects. The Angle orthodontist. 2002;
72(2):175-9.

Walton DK, Fields HW, Johnston WM, Rosenstiel SF, Firestone AR,
Christensen JC. Orthodontic appliance preferences of children and
adolescents. American journal of orthodontics and dentofacial orthopedics :
official publication of the American Association of Orthodontists, its
constituent societies, and the American Board of Orthodontics. 2010;138(6):
698.e1-12; discussion —9.

Fujiyama K, Honjo T, Suzuki M, Matsuoka S, Deguchi T. Analysis of pain level
in cases treated with Invisalign aligner: comparison with fixed edgewise
appliance therapy. Prog Orthod. 2014;15:64.

Mavragani M, Vergari A, Selliseth NJ, Boe OE, Wisth PL. A radiographic
comparison of apical root resorption after orthodontic treatment with a
standard edgewise and a straight-wire edgewise technique. Eur J Orthod.
2000;22(6):665-74.

de Almeida MR, Marcal ASB, Fernandes TMF, Vasconcelos JB, de Almeida RR,
Nanda R. A comparative study of the effect of the intrusion arch and
straight wire mechanics on incisor root resorption: a randomized, controlled
trial. The Angle orthodontist. 2018;88(1):20-6.

Preoteasa CT, lonescu E, Preoteasa E, Comes CA, Buzea MC, Gramescu A.
Orthodontically induced root resorption correlated with morphological
characteristics. Romanian journal of morphology and embryology = Revue
roumaine de morphologie et embryologie. 2009;50(2):257-62.

Krieger E, Drechsler T, Schmidtmann 1, Jacobs C, Haag S, Wehrbein H. Apical
root resorption during orthodontic treatment with aligners? A retrospective
radiometric study Head & face medicine. 2013;9:21.

Castro 10, Alencar AH, Valladares-Neto J, Estrela C. Apical root resorption
due to orthodontic treatment detected by cone beam computed
tomography. The Angle orthodontist. 2013;83(2):196-203.

Lund H, Grondahl K, Hansen K, Grondahl HG. Apical root resorption during
orthodontic treatment. A prospective study using cone beam CT. The Angle
orthodontist. 2012;82(3):480-7.

Iglesias-Linares A, Sonnenberg B, Solano B, Yanez-Vico RM, Solano E,
Lindauer SJ, et al. Orthodontically induced external apical root resorption in
patients treated with fixed appliances vs removable aligners. The Angle
orthodontist. 2017;87(1):3-10.

Wang G, Yang L, Zhang YF, Luo SL, Zheng JW. [A retrospective study on
incisor root resorption in patients treated with bracketless invisible
appliance and straight wire appliance]. Shanghai kou giang yi xue =
Shanghai journal of stomatology. 2017,26(1):121-4.

Sameshima GT, Asgarifar KO. Assessment of root resorption and root shape:
periapical vs panoramic films. The Angle orthodontist. 2001,71(3):185-9.
Dudic A, Giannopoulou C, Martinez M, Montet X, Kiliaridis S. Diagnostic
accuracy of digitized periapical radiographs validated against micro-
computed tomography scanning in evaluating orthodontically induced
apical root resorption. Eur J Oral Sci. 2008;116(5):467-72.

Patel S, Dawood A, Wilson R, Horner K, Mannocci F. The detection and
management of root resorption lesions using intraoral radiography and
cone beam computed tomography—an in vivo investigation. Int Endod J.
2009;42(9):831-8.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

Page 7 of 8

Estrela C, Bueno MR, De Alencar AH, Mattar R, Valladares Neto J, Azevedo
BC, et al. Method to evaluate inflammatory root resorption by using cone
beam computed tomography. J Endod. 2009;35(11):1491-7.

Cangialosi TJ, Riolo ML, Owens SE Jr, Dykhouse VJ, Moffitt AH, Grubb JE,

et al. The ABO discrepancy index: a measure of case complexity. American
journal of orthodontics and dentofacial orthopedics : official publication of
the American Association of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 2004;125(3):270-8.

Al-Qawasmi RA, Hartsfield JK Jr, Everett ET, Flury L, Liu L, Foroud TM, et al.
Genetic predisposition to external apical root resorption in orthodontic
patients: linkage of chromosome-18 marker. J Dent Res. 2003;82(5):356-60.
Sameshima GT, Sinclair PM. Predicting and preventing root resorption: part
|. Diagnostic factors. American journal of orthodontics and dentofacial
orthopedics : official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of
Orthodontics. 2001;119(5):505-10.

Weltman B, Vig KW, Fields HW, Shanker S, Kaizar EE. Root resorption
associated with orthodontic tooth movement: a systematic review.
American journal of orthodontics and dentofacial orthopedics: official
publication of the American Association of Orthodontists, its constituent
societies, and the American Board of Orthodontics. 2010;137(4):462-76;
discussion 12A.

Tian YL, Wang K, Wang J, Liu F, Piao ML. [root resorption after orthodontic
treatment: a study of age factor and prevalence in anterior teeth]. Shanghai
kou giang yi xue =. Shanghai journal of stomatology. 2013;22(2):224-7.
Brezniak N, Wasserstein A. Root resorption following treatment with
aligners. The Angle orthodontist. 2008;78(6):1119-24.

YiJ, Sun Y, LiY, Li G Li X, Zhao Z. Cone-beam computed tomography versus
periapical radiograph for diagnosing external root resorption: a systematic
review and meta-analysis. The Angle orthodontist. 2017,87(2):328-37.

Eissa O, Carlyle T, EI-Bialy T. Evaluation of root length following treatment
with clear aligners and two different fixed orthodontic appliances. A pilot
study Journal of orthodontic science. 2018;7:11.

Silva MA, Wolf U, Heinicke F, Bumann A, Visser H, Hirsch E. Cone-beam
computed tomography for routine orthodontic treatment planning: a
radiation dose evaluation. American journal of orthodontics and dentofacial
orthopedics : official publication of the American Association of
Orthodontists, its constituent societies, and the American Board of
Orthodontics. 2008;133(5):640.e1-5.

Wen J, Liu S, Ye X, Xie X, Li J, Li H, et al. Comparative study of
cephalometric measurements using 3 imaging modalities. Journal of the
American Dental Association (1939). 2017;148(12):913-21.

Weiland F. External root resorptions and orthodontic forces: correlations
and clinical consequences. Prog Orthod. 2006;7(2):156-63.

Al-Qawasmi RA, Hartsfield JK Jr, Everett ET, Flury L, Liu L, Foroud TM, et al.
Genetic predisposition to external apical root resorption. American journal
of orthodontics and dentofacial orthopedics: official publication of the
American Association of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 2003;123(3):242-52.

Owman-Moll P, Kurol J. Root resorption after orthodontic treatment in high-
and low-risk patients: analysis of allergy as a possible predisposing factor.
Eur J Orthod. 2000,22(6):657-63.

Kaley J, Phillips C. Factors related to root resorption in edgewise practice.
The Angle orthodontist. 1991,61(2):125-32.

Liou EJ, Chang PM. Apical root resorption in orthodontic patients with en-
masse maxillary anterior retraction and intrusion with miniscrews. American
journal of orthodontics and dentofacial orthopedics : official publication of
the American Association of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 2010;137(2):207-12.

Acar A, Canyurek U, Kocaaga M, Erverdi N. Continuous vs. discontinuous
force application and root resorption. The Angle orthodontist. 1999;69(2):
159-63. discussion 63-4

Roscoe MG, Meira JB, Cattaneo PM. Association of orthodontic force system
and root resorption: a systematic review. American journal of orthodontics
and dentofacial orthopedics : official publication of the American
Association of Orthodontists, its constituent societies, and the American
Board of Orthodontics. 2015;147(5):610-26.

Nakano T, Hotokezaka H, Hashimoto M, Sirisoontorn |, Arita K, Kurohama T,
et al. Effects of different types of tooth movement and force magnitudes
on the amount of tooth movement and root resorption in rats. The Angle
orthodontist. 2014:84(6):1079-85.



Li et al. Progress in Orthodontics

35.

36.

37.

38.

(2020) 21:1

Levander E, Malmgren O, Eliasson S. Evaluation of root resorption in relation
to two orthodontic treatment regimes. A clinical experimental study. Eur J
Orthod. 1994;16(3):223-8.

Ballard DJ, Jones AS, Petocz P, Darendeliler MA. Physical properties of root
cementum: part 11. Continuous vs intermittent controlled orthodontic
forces on root resorption. A microcomputed-tomography study. American
journal of orthodontics and dentofacial orthopedics : official publication of
the American Association of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 2009;136(1):8.e1-8; discussion —9.

Linge L, Linge BO. Patient characteristics and treatment variables associated
with apical root resorption during orthodontic treatment. American journal
of orthodontics and dentofacial orthopedics : official publication of the
American Association of Orthodontists, its constituent societies, and the
American Board of Orthodontics. 1991:99(1):35-43.

Sharpe W, Reed B. Orthodontic relapse, apical root resorption, and crestal
alveolar bone levels. Am J Orthod Dentofac Orthop. 1987;91(3):252-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Materials and methods
	Results
	Conclusions

	Background
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

