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Introduction: External apical root resorption (EARR) is a common complication in orthodontic treatment.
Despite many studies on EARR, great controversies remain with regard to its risk factors. The objective of
this study was to explore the relationship among sex, root movement, IL-1RN single nucleotide polymorphism
(SNP) rs419598, IL-6 SNP rs1800796, and EARR associated with orthodontic treatment. Methods: Altogether
174 patients (with 174 maxillary left central incisors) were selected for this study. Cone-beam computed
tomography was performed before the start of the treatment and at the end of the treatment. Cone-beam
computed tomography data were used to reconstruct a 3-dimensional image of each tooth; the volume and
the root resorption volume of each tooth were calculated. Three-dimensional matching was used to measure
the amount of movement of each root. Genomic DNA was extracted from buccal swabs, and genotypes of
SNP rs419598 and SNP rs1800796 of each subject were determined using TaqMan polymerase chain
reaction genotyping (Applied Biosystems, Foster City, Calif). The data were analyzed with multiple linear
regression analysis. Results: The statistical analysis indicated no relationship between sex, tooth movement
amount, and IL-1RN SNP rs419598 with EARR. The IL-6 SNP rs1800796 GC was associated with EARR,
and root resorption differed significantly between SNP rs1800796 GC and CC. Conclusions: IL-6 SNP
rs1800796 GC is a risk factor for EARR. The amount of root movement, IL-1RN SNP rs419598, and sex as
risk factors for EARR need further study. (Am J Orthod Dentofacial Orthop 2016;150:283-9)

External apical root resorption (EARR) is a common
complication in orthodontic treatment, and its
possible risk factors include genetics, age, sex,

and orthodontic treatment and duration.1-4

After Newman4 reported in 1975 that EARR exhibits a
familial aggregation, more studies have described the as-
sociation of EARR with genetics.5-10 Al-Qawasmi et al6

showed that the IL-1beta (13953/13954) polymor-
phism in orthodontically treated subjects plays a role
in the genetic influence on EARR and that the IL-1b
allele 1 is a risk factor of EARR. Nevertheless, the case-
control study of G€ulden et al10 showed no difference be-
tween the alleles of IL-1beta. Iglesias-Linares et al11 also
showed that the allele TT of IL-1RN single nucleotide
polymorphism (SNP) rs419598 was highly and positively
correlated with EARR. Although no correlation between
IL-6 SNP and EARR has been reported up to now, studies
have shown that the level of IL-6 in gingival crevicular
fluid changes during orthodontic tooth movement,12-14

and the level of IL-6 is high in root resorption tissues.14

Therefore, as a multifunctional cytokine with both in-
flammatory and anti-inflammatory effects, IL-6 might
play an important role in EARR.

Study results on the relationship between sex and
EARR are controversial. Most studies showed no correla-
tion,5,15 but some reported that the average amount of
root resorption in female subjects is greater than that
in male subjects.16

Studies on the relationship between clinical factors
and EARR are also complicated. Some studies have
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found that neither the size of the brackets nor the type of
archwire is a risk factor for EARR,17 whereas sustaining
force,18 tooth extraction treatment,16,17 overbite,17 Class
II elastic pulling,19 and length of treatment20,21 are risk
factors for EARR.

In most studies, the amount of root resorption was
obtained using 2-dimensional x-ray films, such as
periapical films, panoramic radiographs, and lateral
cephalometrics. However, root resorption occurs 3
dimensionally and may occur at any site on the root.
Katona22 and Yu et al23 also proved that neither periap-
ical film nor panoramic radiograph was accurate enough
for studying EARR clinically; this might also explain the
discrepancies among the studies on EARR.

In recent years, cone-beam computed tomography
(CBCT) has been used extensively in oral clinical work.
Because CBCT can measure the width and length of
the tooth at any 3-dimensional (3D) section accurately,
studies on EARR with CBCT have demonstrated much
improved accuracy and sensitivity.24 Wang et al25,26

proved that CBCT could accurately measure tooth and
root resorption volumes and was a more accurate and
reliable 3D measuring method for studying EARR.

Despite many studies on EARR, great controversies
remainwith regard to its risk factors, whichmay be attrib-
uted to 2 things: an inaccuratemeasuringmethodand the
multifactorial nature of EARR. Therefore, in this study, we
used a 3D volumetric measuring method to accurately
measure the root resorption volume of the maxillary inci-
sors and performed multiple linear regression analysis to
explore the relationship among sex, root movement, IL-
1RNSNP rs419598, IL-6 SNP rs1800796, and root resorp-
tion associated with orthodontic treatment.

MATERIAL AND METHODS

This study was approved by the ethical board of
Sichuan University in China. Participation was voluntary,
and informed consent documents were signed by all par-
ticipants before they entered this study.

The inclusion criteria were (1) patients treated with a
straight archwire technique; (2) complete patients' data
before and after treatment, including sex, age before
and after treatment, oral and facial photos before and
after treatment, panoramic radiograph, lateral cephalo-
metric, CBCT of the maxillary incisors, malocclusion
type, therapy regimen, and so on; (3) the incisor crown
undamaged during orthodontic treatment; and (4)
finished development of the maxillary incisor. The exclu-
sion criteria were (1) functional appliance used during
treatment, (2) obvious root resorption of the maxillary
incisors before treatment, (3) serious periodontitis, (4)
abnormal root of the maxillary incisors, (5) developing
maxillary incisor root, and (6) surgery needed.

Based on such criteria, 174 unrelated patients (68
male, 106 female; age range, 12-34 years), with 174
maxillary left central incisors, were selected for this
study. All patients were from the Chinese Han popula-
tion at the Department of Orthodontics, West China Col-
lege of Stomatology, from 2009 to 2013, and every
patient was treated with light forces. Treatment began
with the thinnest nickel-titanium archwire with high
elasticity, whose orthodontic force was very light, and
the archwire was changed step by step as the tooth
was aligned little by little. Severe crowding in the arch
was aligned by stages to keep the forces light. A dyna-
mometer was used to make sure that the force of elastic
traction was light (\100 g). All treatments were
completed in 14 to 28 months (Table I).

The anterior maxilla was referred to CBCT scanning
before and after treatment with the same CBCT machine
(model MCT-1 [EX-2F]; J Morita, Kyoto, Japan) and the
same parameters.

The CBCT data were collected in DICOM format.
Mimics software (version 10.0; Materialise, Leuven,
Belgium) was used for tissue segmentation, 3D recon-
struction, and volumetric measurements. Root resorp-
tion volume during treatment was obtained by
subtracting maxillary incisor volume after treatment
from that before treatment (Fig 1). Each tooth was
measured 3 times, and the mean was used.

Tomeasure the amount ofmovement of themaxillary
incisor during treatment, the Mimics software was used
to 3 dimensionally reconstruct the maxillary incisor and
the canalis incisivus, and then the reconstruction was ex-
ported to the PLY format file. Iterativematchingwas used
to match the canalis incisivus before and after treatment,
and to transfer the canalis incisivus before and after
treatment to the same coordinate system (Fig 2). Then
the maxillary incisors before and after treatment were
matched to obtain the distance of translation and the
angle of rotation. For each tooth, iterative matching

Table I. Clinical characteristics of included patients

Clinical and treatment variables Mean (n) SD (%)
Sex
Male 68 39.1
Female 106 60.9

Age (y) 14.07 3.10
Duration of treatment (mo) 20.55 6.54
Deep overjet 86 49.43
Anterior open bite 29 16.67
Extraction patients 74 42.5
Nonextraction patients 100 57.5
Angle classification
Class I 75 43.10
Class II 89 51.15
Class III 10 5.75
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