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Abstract 

 

Targeted next-generation sequencing for comprehensive 

genetic analysis of external apical root resorption during 

orthodontic treatment with premolar extraction in 

Korean population 

 

Yun Ju Lee, D.D.S., M.S.D. 

 

Department of Dentistry 

The Graduate School of Yonsei University 

 

(Directed by Professor Jung-Yul Cha, D.D.S., M.S.D., phD.) 

 

Purpose : External apical root resorption (EARR) is the one of commonest unfavourable 

consequences of orthodontic treatment and causes loss of tooth structure. The aim of the 

present study was to investigate (1) genetic polymorphism with EARR using next-

generation sequencing and (2) association between clinical variables (age at start, sex, 

angle classification, treatment duration, horizontal and vertical anterior retraction) and 

EARR. 

Materials and methods : 118 Korean orthodontic patients were divided into two groups 

based on their EARR value. Targeted next-generation sequencing was performed for 



v 

 

comprehensive genetic analysis. For the analysis, previously reported EARR-related 

SNPs and Wnt signaling pathway-related genes were selected after a literature review. 

The association of clinical and genetic parameters with EARR was assessed by using χ2 

test or t- test for matched pairs followed by Bonferroni correction and linear regression 

analysis. Additionally, haplotype analysis and in silico prediction were conducted for 

evaluation of functional effects. 

Results : No statistically significant difference was observed between clinical and 

treatment-related parameters and EARR. The SNPs SPP1 rs9138 (P value = 0.001) and 

SFRP2 rs3810765 (P value = 0.04) showed only nominal significance between EARR 

groups. However, these two SNPs were not significant after Bonferroni correction for 

multiple testing (cut-off P value = .05/142 = 3.52 × 10–4). 

Conclusions : Variations in SPP1 rs9138 and SFRP2 rs3810765 may be related to EARR 

during orthodontic treatment. In summary, not only genes related to inflammatory 

reactions but also those related to Wnt signaling affect the degree of EARR during 

orthodontic teeth movement. 

 

 

  

Keywords : orthodontics, root resorption, genetics, targeted next generation sequencing, 

wingless integrated (Wnt)
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Targeted next-generation sequencing for comprehensive 

genetic analysis of external apical root resorption during 

orthodontic treatment with premolar extraction in 

Korean population 

 

Yun Ju Lee, D.D.S., M.S.D. 

 

Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Jung-Yul Cha, D.D.S., M.S.D., phD.) 

 

 

I. Introduction 

 

External apical root resorption (EARR) is one of the most common consequences of 

orthodontic treatment, which results in loss of the tooth structure (Brezniak and 

Wasserstein, 2002; Hartsfield et al., 2004). Approximately one-third of all patients that 

have undergone orthodontic treatment present moderate EARR (3–5 mm) and 2%–5% 

display severe EARR (>5 mm) (Killiany, 1999; Taithongchai et al., 1996). The clinical, 

demographic, and treatment-related parameters associated with EARR are diverse, 

including the age and sex of the patient; degree and direction of the orthodontic force; 
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root shape; presence of allergy; history of trauma, excessive overjet, and tooth extraction; 

and duration of orthodontic treatment (Acar et al., 1999; Martins et al., 2012; 

Nanekrungsan et al., 2012; Parker and Harris, 1998; Picanco et al., 2013; Segal et al., 

2004; Weltman et al., 2010). 

Differences in EARR during orthodontic treatment can be attributed to individual 

predisposition and the multifactorial etiology of the condition (Harris et al., 1997; 

Hartsfield et al., 2004; Massler and Malone, 1954; Reitan, 1957; Sameshima and Sinclair, 

2001b; Yamaguchi, 2009). Genetic background has been shown to influence the response 

to orthodontic treatment based on the genetic regulation of signaling processes involved 

in the resorption and repair of the cementum and dentin during orthodontic treatment 

(Abass and Hartsfield, 2007; Harris, 2008). 

Early studies on the genetic factors affecting EARR were primarily related to 

heritability. Newman et al reported that EARR showed familial aggregation, and 

variations were observed in genes related to the inflammatory response, which is required 

for orthodontic tooth movement (Newman, 1975). Harris et al
 
investigated the genetic 

relevance of EARR using a sib-pair model and reported high heritability, further 

highlighting the importance of genetic predisposition to EARR (Harris et al., 1997). 

Recent studies have revealed specific genes related to EARR based on genetic 

analysis approaches using DNA extracted from saliva samples of patients. Orthodontic 

tooth movement generates the release of various cytokines––either autocrine or paracrine 

extracellular signaling proteins––that appear during intercellular communication between 
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adjacent cells, affecting both bone metabolism and orthodontic tooth movement. For 

example, Al-Qawasmi et al first reported interleukin-1 beta (IL-1β) polymorphism 

associated with EARR in orthodontic patients (Al-Qawasmi et al., 2003a). IL-1β and 

interleukin-1 receptor antagonist (IL-1RN) expression levels were reported to be 

significantly associated with root absorption in orthodontic treatment (Iglesias-Linares et 

al., 2012; Linhartova et al., 2013). In addition, an association between the purinergic 

receptor P2X gene (P2RX7), which is related to the IL-1β pathway, and EARR was 

reported in 134 patients from the United States (Sharab et al., 2015). Mutations in IL-1 

receptor-associated kinase 1 (IRAK1), which is associated with the inflammatory response, 

and EARR were reported in 195 orthodontic patients from Portugal (Pereira et al., 2016; 

Sharab et al., 2015). The osteoprotegerin (OPG)/receptor activator nuclear factor kappa B 

ligand (RANKL) pathway was also found to affect cementum formation and 

consequently play a role in root resorption in 124 American–Caucasian orthodontic 

patients (Al-Qawasmi et al., 2003b).
 
An association of SPP1, which encodes osteopontin 

(OPN) protein, with EARR after orthodontic treatment was reported in 87 Caucasian 

orthodontic patients (Iglesias-Linares et al., 2014). According to the study, two 

polymorphisms (rs9138 and rs11730582) of the SPP1 cluster were screened out that were 

found to be significantly associated with EARR. A study involving 377 Brazilian 

orthodontic patients reported that variations in the vitamin D receptor, which plays an 

important role in bone formation and calcium homeostasis, were associated with EARR 

(Fontana et al., 2012).  
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The Wnt signaling pathway plays an important role in bone remodeling and 

homeostasis (Baron et al., 2006; Westendorf et al., 2004), and the association of single 

nucleotide polymorphisms (SNPs) in the Wnt antagonist sclerostin, dickkopf (DKK), and 

the secreted frizzled-related protein (SFRP) with bone mass have been reported 

(Balemans et al., 2002; Huang et al., 2009; Lee et al., 2010; Ohnaka et al., 2009; Piters et 

al., 2010; Sims et al., 2008; Valero et al., 2011). Recent studies have shown that the Wnt 

signaling pathway is actively involved in all stages of tooth development (Liu and Millar, 

2010; Thesleff and Sharpe, 1997), and that it plays a particularly important role in 

periodontal tissue regeneration (Han et al., 2011; Kim et al., 2013; Lim et al., 2014a; 

Zhang et al., 2013). Additionally, relationships between Wnt signaling and the 

proliferation and differentiation of cementoblasts have been reported (Nemoto et al., 

2009). Animal experiments related to periodontal tissue regeneration and Wnt signaling-

related genes have been reported; however, to date, there have been no clinical studies on 

the relationship between Wnt signaling-related genes and EARR during orthodontic tooth 

movement. 

Thus far, studies related to the genetic factors associated with EARR during 

orthodontic treatment have been limited to inflammatory cytokines and have been mainly 

performed in the Caucasian population, with few studies having been conducted in the 

Asian population, including in Koreans. In particular, studies on the association between 

EARR and Wnt signaling-related genes, which play roles in all phases of tooth 

development and root formation, are inadequate. Therefore, we aimed to investigate 
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SNPs in genes related to EARR and the relationship between EARR and clinical or 

demographic factors (age at start, sex, angle classification, treatment duration, and 

amount of horizontal and vertical anterior retraction) in the Korean population. 
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II. Materials and Methods 

 

1. Subjects 

 

This retrospective study was approved by the institutional review board of Yonsei 

University Dental Hospital (number: 2-2016-0023). All clinical examinations were 

conducted in accordance with the Declaration of Helsinki, and all patients (or their 

parents/guardians in the case of minors) provided written consent with a description of 

the study prior to enrolment. Between February 2008 and April 2020, 122 patients who 

completed orthodontic treatment at the Department of Orthodontics at Yonsei University 

Dental Hospital in Seoul, Korea, were enrolled in the study. Finally, 118 patients (25 

males and 93 females; average age, 19.8 ± 6.2 years; age range 12–47 years) were 

included for the analysis, after excluding four patients who were under treatment for a 

longer period than the others because of irregular visits, which may have introduced bias 

for the length of treatment as a factor and/or for whom genetic analysis failed due to 

contamination. The angle classification of each patient was identified by the initial dental 

record based on the diagnostic cast. 

The selection criteria were as follows: (1) aged ≥12 years with complete root 

formation of the four maxillary anterior teeth before orthodontic treatment, (2) panoramic 

and lateral cephalometric radiographs that were taken before and after orthodontic 
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treatment, (3) the premolar on both sides of the maxilla extracted and the maxillary 

anterior teeth retracted, (4) the tooth subject to EARR measurement showed a clinically 

normal periapical anatomical structure before and after orthodontic treatment, and (5) the 

tooth subject to EARR measurement had no incisal edge change on the cast before or 

after orthodontic treatment, and no history of caries treatment during orthodontic 

treatment. Patients with parafunctional habits (clenching, bruxism, etc), 

temporomandibular disease, systemic diseases affecting root resorption, maxillofacial 

malformation, orthognathic surgery, or impact teeth were excluded. 

All 118 patients included in the final analysis were treated using general archwire 

sequences, ranging from a 0.016-inch nickel-titanium to a 0.019 × 0.025-inch stainless 

steel wire (G & H Orthodontics, Franklin, Ind.) with conventional brackets of 0.018 or 

0.022 slots. A chart review was conducted to confirm the clinical test results of each 

patient. The patients were classified into two groups depending on whether the EARR 

obtained from radiographic measurements was ≥2 mm (EARR-affected group) or <2 mm 

(EARR-unaffected group) (Al-Qawasmi et al., 2003a, 2003b; Bastos Lages et al., 2009; 

Iglesias-Linares et al., 2017; Iglesias-Linares et al., 2014).  

 

2. Radiographic examination 

 

EARR was measured using panoramic radiographs acquired before (T1) and after (T2) 

treatment. All panoramic radiographs were acquired by a trained radiographer using the 
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Cranex3+ system (Soredex, Helsinki, Finland) at the Department of Oral and 

Maxillofacial Radiology, Yonsei University Dental Hospital. The patient was placed in an 

upright position, with the median sagittal plane perpendicular to the floor and the 

Frankfort horizontal plane being parallel to the floor. In the panoramic radiograph, the 

EARR was measured for the tooth with the highest EARR among the four maxillary 

anterior teeth, which was set as the independent variable for analysis. The crown and root 

length were measured using the ZeTTA PACS Viewer. Reference points and lines before 

and after treatment are shown in Fig. 1A. The method of Linge and Linge (Lee and Lee, 

2016; Linge and Linge, 1991) was used for crown and root length measurements. In brief, 

a straight line connecting the two points of the mesiodistal cementoenamel junction (CEJ) 

was set. The crown length was determined as the longest point from the incisal edge to 

the CEJ, and the root length was measured as a straight line from the CEJ to the root apex. 

The EARR was measured in millimeters with 0.01 units and calculated as follows: EARR 

= root length before orthodontic treatment – root length after orthodontic treatment × 

(crown length before orthodontic treatment/crown length after orthodontic treatment).  

Lateral cephalometric radiographs were acquired by a trained radiographer using the 

Cranex3+ system (Soredex, Helsinki, Finland) at the Department of Oral and 

Maxillofacial Radiology, Yonsei University Dental Hospital, immediately before and after 

the orthodontic treatment. The patient was positioned and photographed in the natural 

head position, and the lips were relaxed during photography to induce natural closing. 

The EARR was measured by a single assessor using V-CephTM 5.5 (Osstem, Seoul, 
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South Korea) in millimeters with 0.1 units; the line –7° from the Sella–Nasion line (the 

reference line) was taken as the horizontal reference line (HRP), and the line 

perpendicular to the horizontal reference line as it passed through the Sella line was taken 

as the vertical reference line (VRP) (Fig. 1B) (Burstone et al., 1978). The amount of 

anterior retraction was defined as the difference between the tip of the maxillary anterior 

teeth parallel to the HRP before (T1) and after (T2) orthodontic treatment in the lateral 

cephalometric radiograph, and the amount of vertical anterior retraction was defined as 

the difference between the tips of the maxillary anterior teeth parallel to the VRP. 
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Figure 1. Reference lines and points used for the radiographic measurement. A. Reference 

lines and points for the panoramic radiograph according to the study of Linge and Linge 

(1991). 1, root apex; 2, distal CEJ; 3, mesial CEJ; 4, incisal edge. The CEJ was 

determined as a straight line between two points: the mesial and distal CEJs. Crown 

length (C) and root length (R) were measured perpendicular to the CEJ as the longest 

distance to the root apex and the incisal edge. B. Reference lines and points for 

cephalometric analysis. Horizontal reference plane (HRP) and vertical reference plane 

(VRP) used to measure movements of individual landmarks: sella (S), nasion (N), A 

point (A), 3 mm below A point (A-3), B point (B), pogonion (Pog), menton (Me), root 

apex of the maxillary central incisor (U1r), cervical point of the maxillary central incisor 

(U1c), tip of the maxillary central incisor (U1t), tip of the mandibular central incisor (L1t), 

cervical point of the mandibular central incisor (L1c), root apex of the mandibular central 
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Incisor (L1r), pronasale (Pn), subnasale (Sn), soft tissue A point (A′), labrale superioris , 

stomion superioris (Stms), stomion inferioris (Stmi), labrale inferioris (Li), soft tissue B 

point (B′), soft tissue pogonion (Pog'), soft tissue menton (Me') 

 

3. Reliability of the measurement method 

 

To avoid inter-investigator errors, the same operator, performed all measurements. 

Ten patients were randomly selected to check for errors, and the EARR and the amount of 

anterior retraction were measured twice for each patient using the ZeTTA PACS Viewer 

and V-ceph 5.5 (Osstem Inc., Korea) program, respectively. The intraclass correlation 

coefficient (ICC) between the two measurements was used to examine the reliability of 

the measurement method. 

 

4. Genetic analysis 

 

The Oragene DNA self-collection kit (Genotek, Canada) was used to collect and 

extract genomic DNA from the saliva samples of patients using the prepIT-L2P DNA 

extraction kit (DNA Genotek, Ottawa, Ontario, Canada). DNA quantification was 

performed using the Qubit Fluorometer (Life Technology, Thermo Fisher Scientific, 

Waltham, MA, USA). 
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For targeted next-generation sequencing analysis, previously reported EARR-related 

SNPs and Wnt signaling pathway-related genes were selected after a literature review 

(Table 1). The genes targeted included the coding sequence (CDS) region alone, and 

additional target probes were designed for SNPs other than those in the CDS region. 

Hybridization capture-based next-generation sequencing was performed according to the 

manufacturer’s instructions. Sequencing reads obtained from Illumina NextSeq 500 

platforms were further analyzed using BWA-MEM, Picard (v1.115), Samtools (v1.1), and 

GATK (v4.0.4.0) was used to call single nucleotide variants. 
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Table 1. List of targeted sequencing regions 

Genes Additional regions 

ALPL   

CASP1 rs530537 (Intron) 

CASP5 rs554344 (2KB Upstream) 

DKK1   

DKK2   

DKK3   

FRZB   

FZD7   

IL-17A rs2275913 (2KB Upstream) 

IL1A rs1800587 (5'-UTR) 

IL1B   

IL1RN   

IL-6 rs1800796 (Intron) 

IL-8   

IRAK1 
 

LRP1 
 

LRP5   

LRP6   

P2RX7   

SFRP1 rs16890444 (Intron) 

SFRP2 rs3242 (3' UTR) 

SFRP4   

SFRP5   

SOST rs1230399 (Upstream), rs851054 (2KB Upstream), rs851056 (2KB Upstream) 

SPP1 rs11730582 (2KB Upstream), rs9138 (3’UTR region) 

TNF rs1800629 (2KB Upstream) 

TNFRSF11A 

rs12455775 (Intron), rs12956925 (Intron), rs12959396 (Intron), rs12970081 

(Intron), rs17069845 (Intron), rs17069898 (Intron), rs17069902 (Intron), 

rs17069904 (Intron), rs17720953 (Intron), rs3826620 (Intron), rs4426449 

(Intron), rs4485469 (Intron), rs4500848 (Intron), rs4524034 (Intron), 

rs4941125 (Intron), rs4941129 (Intron), rs6567272 (Intron), rs7233197 

(Intron), rs7236060 (Intron), rs7237982 (Intron), rs7239667 (Intron), 

rs8083511 (Intron), rs8086340 (Intron), rs8089829 (Intron), rs8099222 

(Intron), rs9951012 (Intron) 

TNFRSF11B 

rs3102735 (2KB Upstream), rs1032128 (Intron), rs11573856 (Intron), 

rs11573884 (Intron), rs11573901 (Intron), rs11573938 (Intron), rs1485289 

(Intron), rs2875845 (Intron), rs3102724 (Intron), rs3102728 (Intron), 

rs3134057 (Intron), rs3134060 (Intron), rs7010267 (Intron) 

TNFSF11 
rs1038434 (Intron), rs12585229 (Intron), rs3742257 (Intron), rs931273 

(Intron) 
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Table 1. List of targeted sequencing regions (continued) 

VDR   

WIF1  

WISP3   

WNT10B   

WNT3A rs4653533 (Intron), rs752107 (Intron) 

WNT7B   

 

5. Bioinformatics and Statistical analysis  

 

Haplotype analysis of SPP1 was conducted with the Haploview 4.2 software, and the 

PolymiRTS database was used to predict the SNPs disrupting the microRNA target sites. 

Statistical analyses were performed with the R 3.5.2 software (R Foundation for 

Statistical Computing, Vienna, Austria). The clinical-, demographic-, and treatment-

related parameters between the EARR-affected and -unaffected groups were compared 

using the χ
2
 test or Student’s t-test followed by Bonferroni correction, as appropriate, and 

associations between these parameters and EARR were analyzed using linear regression 

analysis. Genotype and allele frequency comparisons were assessed using multiple linear 

regression analysis after adjusting for sex and age at the beginning of orthodontic 

treatment. All variants were tested for the Hardy–Weinberg equilibrium. The measured 

EARR of the affected and unaffected group are shown as medians, which were compared 

among genotypes of SNPs using the Kruskal–Wallis or Mann–Whitney U test, as 

appropriate. All P values were based on two-sided comparisons, and P < 0.05 was 

considered statistically significant. 
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III. Results 

 

1. Targeted sequencing statistics and identification of sequence variants 

 

Using a targeted capture approach, we sequenced EARR-related SNPs and Wnt 

signaling pathway-related genes. The average depth of coverage for the targeted regions 

was 1,145.6× (Fig. 2A). Greater than 20× coverage was obtained for 99.6% of the bases 

sequenced (Fig. 2B). Targeted capture sequencing identified 299 variants in the candidate 

regions associated with EARR; 6 of these variants that had an allele frequency of 0% or 

100% were excluded due to their monomorphic nature, and 151 variants with a minor 

allele frequency of <3% were also excluded, leaving a total of 142 variants for the final 

analysis. 
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Figure 2. NGS data statistics of targeted sequencing. (A) The blue diamond indicates the 

average sequencing depth of the target region. (B) The blue histogram represents the 

coverage of the target region in each sample 

 

2. Reliability of the measurement method 

 

Ten patients were randomly selected for the reliability assessment, and 20 panoramic 

radiographs and lateral cephalometric radiographs before and after orthodontic treatment 

were acquired by the same examiner after a 2-week interval. The ICC between the two 

examinations was >0.9. The difference between the first and second assessments was not 

significant. 
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3. Clinical and demographic characteristics of the subjects 

 

The clinical characteristics of the enrolled subjects are shown in Table 2. Of the 118 

patients, 25 were male and 93 were female. The average age at the beginning of 

orthodontic treatment was 19.8 (range 12–47) years. The range of EARR was 0.0 to 8.8 

mm. 

 

Table 2. The clinical characteristics of patients 

 

Clinical parameters 
All patients 

(n=118) 

EARR-

affected group 

(n=59) 

EARR-

unaffected 

group (n=59) 

P value* 

(EARR-

affected vs -

unaffected) 

Age (years), median (range) 19.8 (12–47) 19.8 (12–37) 19.7 (12–47) 0.58
#
 

Sex, n (%) 

  Female 93 (78.8) 43 (72.9) 50 (84.7) 
0.12 

  Male 25 (21.2) 16 (27.1) 9 (15.3) 

Angle classification, n (%) 

  Class I 45 (38.1) 19 (32.2) 26 (44.1) 

0.41   Class II 57 (48.3) 31 (52.5) 26 (44.1) 

  Class III 16 (13.6) 9 (15.3) 7 (11.9) 

Treatment duration (month), 

mean±SD 
33.6±8.3 33.7±8.3 33.5±8.4 0.90 

Horizontal anterior 

retraction, mean±SD 
4.4±2.8 4.2±3.0 4.6±2.6 0.29

#
 

Vertical anterior retraction, 

mean±SD 
0.1±1.4 0.0±1.4 0.2±1.5 0.78

#
 

EARR, mean±SD  2.9±2.4 4.8±1.8 0.9±0.6 <0.01
#
 

*x2 test or t test or were used where appropriate.  

#
The normality of the distribution of the data was checked using the Shapiro-Wilk test, and if the 

normality is not satisfied, the Mann Whitney U-test is applied instead of t-test. 
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The patients were divided into two groups based on the degree of EARR (≥2 mm and 

<2 mm), and then the clinical-, demographic-, and treatment-related parameters (age, sex, 

angle classification, treatment duration, amount of horizontal and vertical anterior 

retraction, and EARR) were compared between groups. There were no differences 

between the two groups in terms of these parameters assessed. In addition, none of the 

clinical parameters was associated with EARR (Table 3). 

 

Table 3. Clinical and treatment-related characteristics influencing EARR 

 

Covariate 

Regression 

coefficient 

(Beta) 

95% CI  

Lower 

95% CI 

Upper 
P value 

Age 0.2383 -0.2446 0.7211 0.3304 

Sex -0.0166 -0.0482 0.0151 0.3016 

Angle classification 0.0416 -0.0103 0.0936 0.1153 

Treatment duration 0.2922 -0.3494 0.9339 0.3689 

Horizontal anterior retraction -0.0301 -0.2500 0.1898 0.7867 

Vertical anterior retraction -0.0169 -0.1283 0.0946 0.7647 

Simple (univariate) linear regression analysis was used.  

CI, Confidence interval 

 

4. Association between SNPs and EARR 

 

To evaluate the association between SNPs and EARR, 142 variants were analyzed; no 

common variants were significantly associated with EARR after Bonferroni correction 
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for multiple testing (cut-off P value = .05/142 = 3.52 × 10
–4

). Only four SNPs showed 

nominal significance (P < .05) between the EARR-affected and unaffected groups (Table 

4).  

 

Table 4. SNPs significantly associated with EARR in the targeted-sequencing study 

 

Gene 

(rs no.) 

*Base 

change 

(AA change) 

Geno 

-type 

Group. No. (%) **P value [OR (95% CI)] 

EARR- 

affected 

group 

EARR- 

unaffected 

group 

Domin

-ant 

Recess 

-ive 

Codominant 

Allele 
Hetero Homo 

SPP1 

(rs4754) 

c.321T>C 

(p.D107D) 

T/T 7(11.9) 4(6.8) 0.02 
[2.45 

(1.14-

5.26)] 

0.38 

[1.79 

(0.49-

6.58)] 

0.03 
[2.43 

(1.07-

5.54)] 

0.18 

[2.51 

(0.66-

9.59)] 

0.03 
[1.97 

(1.08-

3.58)] 

T/C 25(42.4) 16(27.1) 

C/C 27(45.8) 39(66.1) 

SPP1 

(rs11266

16) 

c.789C>T 

(p.A263A) 

C/C 7(11.9) 4(6.8) 0.02 
[2.45 

(1.14-

5.26)] 

0.38 

[1.79 

(0.49-

6.58)] 

0.03 
[2.43 

(1.07-

5.54)] 

0.18 

[2.51 

(0.66-

9.59)] 

0.03 
[1.97 

(1.08-

3.58)] 

C/T 25(42.4) 16(27.1) 

T/T 27(45.8) 39(66.1) 

SPP1 

(rs9138) 
c.*294A>C 

A/A 11(18.6) 4(6.8) 0.003 
[3.16 

(1.44-

6.90)] 

0.06 

[3.25 

(0.96-

10.99)] 

0.02 
[2.71 

(1.16-

6.32)] 

0.01 
[4.9 

(1.36-

17.56)] 

0.001 
[2.64 

(1.46-

4.78)] 

A/C 24(40.7) 16(27.1) 

C/C 24(40.7) 39(66.1) 

SFRP2 

(rs38107

65) 

c.502+6C>T 

C/C 23(39) 14(23.7) 0.07 

[2.49 

(0.92-

6.7)] 

0.10 

[2.00 

(0.88-

4.57)] 

0.17 

[2.07 

(0.73-

5.84)] 

0.03 

[3.43 

(1.1-

10.74)] 

0.04 
[1.77 

(1.04-

3.02)] 

C/T 28(47.5) 30(50.8) 

T/T 8(13.6) 15(25.4) 

CI, Confidence interval; OR, odds ratio. 

P value was adjusted for gender and age at the beginning of treatment. Bold values denote 

statistical significance at P<0.05. 

*Nucleotide location number was assigned according to the SPP1 (Transcript ID: 

NM_001251830.1) and SFRP2 (Transcript ID: NM_003013.2) mRNA sequence. Minor allele 

sequence is underlined in each position 

**Dominant and recessive model of genetic association study was based on the minor allele. 
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Three of these SNPs (rs4754, rs1126616, rs9138) were located in SPP1 and the SNP 

(rs3810765) was located in SFRP2. In the pairwise linkage disequilibrium (LD) analysis 

between the three SPP1 SNPs, rs4754 and rs1126616 were found to be in perfect LD (D’ 

= 1, r-square = 1) and in tight LD with rs9138 (D’ = 1, r-square = 0.864), respectively. 

Therefore, permutation analysis for SNPs and haplotypes was performed after haplotype 

analysis, and only rs9138 and the variants of the related haplotype block remained 

statistically significant (Table 5).  

 

Table 5. Haplotype analysis of three SPP1 SNPs significantly associated with EARR 

 

 Frequency 

χ
2
 

Permutation  

P value  
EARR-affected 

group 

EARR-unaffected 

group 

SNP     

rs4754 (T) 0.331 0.203 4.872 0.1748 

rs1126616 (C) 0.331 0.203 4.872 0.1748 

rs9138 (A) 0.390 0.203 9.83 0.0064 

Haplotype (rs4754-

rs1126616-rs9138) 
    

C-T-C 0.610 0.797 9.83 0.0064 

T-C-A 0.331 0.203 4.872 0.1748 

C-T-A 0.059 0.000 7.214 0.1319 

Alleles in parentheses of each SNP are associated with the allele sequence. 

P value adjusted by 100,000 permutation tests for SNPs and haplotypes in blocks.  

 

As rs9138 is an SNP in the 3ʹ-untranslated region of the gene, we examined how it 

affects microRNA binding. in silico analysis showed that rs9138 had the highest 

likelihood of significantly altering the microRNA targeting of the sequence (Table 6). 
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Table 6. Influence of SPP1 rs9138 SNP on miRNA Binding Sites 

 

SNP 
Ancestral 

Allele 
Allele miR ID 

Conser 

-vation 
miRSite 

Function 

Class 

context

+score 

change 

rs9138 A 
A 

hsa-miR-103a-

2-5p 
9 tgtAGAAGCAaac D -0.133 

hsa-miR-3977 12 tgtaGAAGCAAac D -0.158 

hsa-miR-6885-

3p 
13 tgtagAAGCAAAc D -0.093 

C hsa-miR-3618 10 TGTAGACgcaaac C -0.25 

Function Class specifies if the derived allele either disrupts a conserved miRNA site (D) or 

creates a new miRNA site (C). 

A more negative ‘context+score’ difference indicates an increased likelihood that the target site is 

disrupted or a new target site is created by the derived allele. 

 

In addition, an analysis of EARR levels according to genotype indicated that subjects 

that were homozygous with the CC genotype in SPP1 (rs9138) and the TT genotype in 

SFRP2 (rs3810765) had a lower risk of suffering from EARR (Fig. 3). There was no 

significant difference between genotypes in SPP1 (rs4754, rs1126616) relative to EARR 

risk. 
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Figure 3. EARR levels according to genotypes in each significant SNP loci. A. SPP1 

(rs9138) B. SFRP2 (rs3810765) C. SPP1 (rs4754) D. SPP1 (rs1126616). The scatter plot 

illustrates the EARR levels for each genotype. The y-axis represents the EARR values, 

and horizontal bars in the scatter plots represent median values. Statistical analysis was 

performed with the Kruskal–Wallis test and the Mann–Whitney U-test for a comparison 

of the three and two groups, respectively. *P < 0.05  
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EARR was also measured as a grade according to the method of Malmgren and 

Levander
 
(Levander and Malmgren, 1988) for avoiding the geometric flaws, and an 

analysis of the genetic association was also conducted, and the results were the same as 

those measured in mm (Fig. 4).  

Figure 4. Genotype and allele frequency of SPP1 and SFRP2 across the EARR grades 

according to Malmgren’s grading system. (A) SPP1 genotype frequencies across the 

EARR grades. Since EARR grades could be assigned to ordered categories, we used 

Armitage trend analysis to compare SPP1 genotype distribution across the EARR grades. 

SPP1 CC genotype significantly decreased from grade 1 through to grade 4 (CC versus 

AC+AA; P<0.0001) whilst SPP1 AA genotype shows progressively increase trend (AA 

versus AC+CC; P=0.0017) with increasing EARR grade. (B) Calculated SPP1 allele 
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frequencies across the EARR grades. Using Armitage trend analysis, we compared SPP1 

allele frequencies in the total patient cohort across the EARR grades. SPP1 A and C 

alleles show a highly significant reciprocal increase/decrease (respectively) in allele 

frequencies when compared with increasing EARR grade (P=0.0010). (C) SFRP2 

genotype frequencies across the EARR grades. Since EARR grades could be assigned to 

ordered categories, we used Armitage trend analysis to compare SFRP2 genotype 

distribution across the EARR grades. SFRP2 TT genotype significantly decreased from 

grade 1 through to grade 4 (TT versus TC+CC; P=0.0024). (D) Calculated SFRP2 allele 

frequencies across the EARR grades. Using Armitage trend analysis, we compared 

SFRP2 allele frequencies in the total patient cohort across the EARR grades. SFRP2 T 

and C alleles show a significant reciprocal decrease/increase trend (respectively) in allele 

frequencies when compared with increasing EARR grade (P=0.0153). 

 

In only grade 1 and 4 extreme cases, EARR and genetic association were 

additionally analyzed, but similar results were obtained (Table 7). 
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Table 7. SNPs significantly associated with EARR extreme cases in the targeted-

sequencing study 

 

Gene 

(rs no.) 

*Base 

change 

(AA change) 

Geno 

-type 

Group. No. (%) **P value [OR (95% CI)] 

EARR 

Grade 1 

EARR 

Grade 4 
Dominant Recessive 

Codominant 
Allele 

Hetero Homo 

SPP1 

(rs4754) 

c.321T>C 

(p.D107D) 

T/T 4 (11.4) 4 (12.1) 0.045 
[2.822 

(1.02-

7.79)] 

0.918 

[1.081 

(0.25-

4.78)] 

0.032 
[3.505 

(1.12-

10.99)] 

0.513 

[1.677 

(0.356-

7.894)] 

0.103 

[1.907 

(0.877-

4.147)] 

T/C 7 (20) 14 (42.4) 

C/C 24 (68.6) 15 (45.5) 

SPP1 

(rs11266

16) 

c.789C>T 

(p.A263A) 

C/C 4 (11.4) 4 (12.1) 0.045 
[2.822 

(1.02-

7.79)] 

0.918 

[1.081 

(0.25-

4.78)] 

0.032 
[3.505 

(1.12-

10.99)] 

0.513 

[1.677 

(0.356-

7.894)] 

0.103 

[1.907 

(0.877-

4.147)] 

C/T 7 (20) 14 (42.4) 

T/T 24 (68.6) 15 (45.5) 

SPP1 

(rs9138) 
c.*294A>C 

A/A 4 (11.4) 7 (21.2) 
0.013 

[3.733 

(1.321-

10.54)] 

0.259 

[2.176 

(0.564-

8.401)] 

0.026 

[3.812 

(1.174-

12.38)] 

0.081 

[3.593 

(0.853-

15.135)

] 

0.011 
[2.704 

(1.253-

5.833)] 

A/C 7 (20) 13 (39.4) 

C/C 24 (68.6) 13 (39.4) 

SFRP2 

(rs38107

65) 

c.502+6C>T 

C/C 10 (28.6) 12 (36.4) 0.478 

[0.683 

(0.238-

1.957)] 

0.043 
[0.241 

(0.061-

0.955)] 

0.986 

[1.01 

(0.324-

3.15)] 

0.07 

[0.242 

(0.052-

1.124)] 

0.1 

[0.552 

(0.272-

1.121)] 

C/T 15 (42.9) 17 (51.5) 

T/T 10 (28.6) 4 (12.1) 

P value was adjusted for sex and age at start of treatment and significant SNPs are shown in 

boldface. 

*Nucleotide location number was assigned according to the SPP1 (Transcript ID: 

NM_001251830.1) and SFRP2 (Transcript ID: NM_003013.2) mRNA sequence. Minor allele 

sequence is underlined in each position 

**Dominant and recessive model of genetic association study was based on minor allele. 

CI, Confidence interval; OR, odds ratio.  
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IV. Discussion 

 

Despite clinically similar orthodontic cases being treated using similar clinical 

protocols, EARR due to orthodontic treatment is diverse and difficult to predict. This is 

because EARR results due to complex interactions between acquired (environmental) and 

genetic factors, which in turn affect the patients’ responses to orthodontic forces. 

Therefore, we aimed to investigate the genetic variations associated with EARR and to 

help identify high-risk genetic profiles affecting EARR prior to orthodontic treatment. 

In this study, 118 patients were classified into two groups according to their EARR; 

the 2 mm cut-off point was determined based on previously reported research analysis 

methods (Bastos Lages et al., 2009; Iglesias-Linares et al., 2017; Iglesias-Linares et al., 

2012; Iglesias-Linares et al., 2014). The root length was measured via digital panoramic 

photographs taken before and after orthodontic treatment, and the amount of horizontal 

and vertical retraction in the maxillary anterior teeth was measured via lateral 

cephalometric radiographs. Extraoral radiographs are not as detailed as intraoral 

radiographs. A common error in extraoral radiography is related to the patient’s head 

positioning. Stramotas et al found that linear measurements of different periods in 

panoramic radiographs were accurate for a range wherein the occlusal planes were 

positioned similarly in each case and tilting did not exceed 10° (Stramotas et al., 2002). In 

our study, to minimize such errors, trained radiographers used the same device to acquire 

panoramic and lateral cephalometric radiographs using standardized head positions 

(Levander et al., 1998; Linge and Linge, 1991). The root length was measured by 
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calculating the magnification ratio of the panoramic radiograph based on the change in 

the crown length, and the amount of anterior retraction was measured by considering the 

magnification ratio of the lateral cephalometric radiograph. However, the measurement of 

the root length using panorama was a limitation, which could not be avoided due to the 

retrospective nature of this study. In future studies, it will be necessary to use more 

updated technology such as three-dimensional computed tomography for obtaining more 

accurate measurements. 

No significant differences between the EARR-affected and -unaffected groups were 

observed in terms of clinical and demographic parameters (age, sex, angle classification, 

treatment duration, and amount of anterior retraction). The analysis of the relationships 

between each clinical/demographic factor and EARR revealed no significant relationship 

within the scope of the sample. The lack of a significant relationship between EARR and 

patient age is consistent with the results of most previous studies (Baumrind et al., 1996; 

Harris et al., 1997), but contradicts the finding that EARR is more severe in adults than in 

children (Sameshima and Sinclair, 2001a; Sameshima and Sinclair, 2001b). This may be 

attributed to the small sample size and the uneven distribution of the age of patients in 

this study, despite the wide age range (12–47 years) considered. The results indicating 

that EARR is not associated with the total orthodontic treatment duration is also 

consistent with previous studies (Beck and Harris, 1994; Dermaut and De Munck, 1986; 

Taner et al., 1999). However, a few studies have reported that EARR is more severe in 

association with a longer treatment period (Pereira et al., 2014; Sharab et al., 2015). 
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These contradictory results may arise because the treatment duration was influenced by 

other factors such as patient cooperation and case complexity. Further, the patients in this 

study were limited to those with maxillary premolar extraction even though the patients 

were categorized in angle classification I, II, and III, which may require different 

treatment plans (i.e. extraction and non-extraction) and different extraction patterns, 

which may have a substantial effect on the treatment duration and amount of anterior 

retraction required. The study showed that EARR and the amount of anterior retraction 

were not significantly associated, which is consistent with a previous study (Sharab et al., 

2015). However, other studies have reported that horizontal root displacement and EARR 

were associated, in which greater horizontal root displacement was associated with more 

severe EARR (Mirabella and Artun, 1995; Sameshima and Sinclair, 2001b). The lack of a 

significant relationship between the orthodontic treatment duration and the amount of 

anterior retraction can be explained by the fact that the mean treatment duration and the 

amount of anterior retraction between the two groups were similar in this study. The lack 

of a significant association between EARR and sex is consistent with most previous 

studies in this field (Harris et al., 1997; Hendrix et al., 1994; Parker and Harris, 1998; 

Sameshima and Sinclair, 2001a; Sameshima and Sinclair, 2001b). Angle classification 

and EARR relevance were significantly associated, which is also consistent with most 

previous studies (Borilova Linhartova et al., 2017; Dermaut and De Munck, 1986; 

Elhaddaoui et al., 2016; Pastro et al., 2018). Additionally, EARR was measured 

according to Malmgren's grade, and an association between clinical/demographic factors 
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and EARR (only in grade 1 and 4 extreme cases) was analyzed, but there was no 

significant relationship (Table 8). Nevertheless, the above results might consider the 

small number of samples, which was a limitation of the research methodology of this 

study. There were practical difficulties in the process of selecting patients suitable for the 

criteria. 

 

Table 8. The clinical characteristics of patients (in EARR extreme cases) 

 

Clinical parameters 
All patients 

(n=68) 

EARR grade 1 

(n=35) 

EARR grade 4 

(n=33) 

P value
* 

(EARR-grade 

1 vs grade 4) 

Age (years), median (range) 20.1 (12-41) 19.6 (12-41) 20.7 (12-36) 0.51 

Sex, n (%) 

  Female 51 (75) 28 (80) 23 (69.7) 0.33 

   Male 17 (25) 7 (20) 10 (30.3) 

Angle classification, n (%) 

  Class I 26 (38.2) 17 (48.6) 9 (27.3) 

0.19   Class II 31 (45.6) 13 (37.1) 18 (54.5) 

  Class III 11 (16.2) 5 (14.3) 6 (18.2) 

Treatment duration (month), 

mean±SD 
33.8±8.0 32.9±7.3 34.7±8.7 

0.35 

0.75 

Horizontal anterior retraction, 

mean±SD 
4.2±2.5 4.3±2.5 4.0±2.5 

0.60 

0.42 

Vertical anterior retraction,  

mean±SD 
-0.1±1.4 -0.2±1.2 0.0±1.6 

0.63 

0.43 

EARR, mean±SD  3.2±3.0 0.4±0.3 6.1±1.4 <0.001 

*x2 test or t test or were used where appropriate.  

 

According to previous studies, some patients showed high resistance to EARR, 

whereas some showed severe EARR due to genetic differences even under the same 

conditions(Harris et al., 1997). Racial differences influencing EARR have also been 
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reported; for example, Asian patients reportedly showed a lower EARR than Caucasian or 

Hispanic patients (Sameshima and Sinclair, 2001a), suggesting the possibility of a genetic 

component causing susceptibility to EARR. 

The association between SPP1-specific SNPs (rs4754, rs1126616, rs9138) and EARR 

was found to be significant, which is consistent with the findings of a previous study 

involving 87 Caucasian patients in whom genetic variations in SPP1 were associated with 

EARR after orthodontic treatment (Iglesias-Linares et al., 2014). These results indicated 

that a specific variation of OPN caused genetic susceptibility to apical root resorption. 

SPP1 (rs11730582 and rs9138) is an important factor affecting EARR due to orthodontic 

treatment. OPN is an extracellular protein and is an essential non-mineral component of 

the alveolar bone. SPP1, which encodes OPN, is located on chromosome 4 region 22 

(4q1322.1) and is an important component of the mineralized extracellular matrix of the 

bone and teeth (Sodek et al., 2000). OPN has substantial physiological and pathological 

relevance in bone remodeling, wound healing, and biomineralization. It also plays an 

important role in alveolar bone remodeling, controlling the attachment of osteoclasts to 

mineral components on the bone surface. Further, it allows for the initiation of the 

osteoclast intracellular signal transduction process such that the osteoclasts form a ruffled 

border to allow bone resorption to proceed. In a group lacking OPN expression, the 

proliferation of odontoclasts was suppressed and EARR occurrence was minimized 

(Chung et al., 2008). An in vitro study of human teeth also reported the role of OPN in 

the resorption and repair of the cementum (Jimenez-Pellegrin and Arana-Chavez, 2007). 
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In this study, among the SPP1 SNPs, rs9138 alone showed significant differences 

between the two EARR groups based on the scatterplot of the EARR level between 

genotypes. Homozygous subjects with the CC genotype in SPP1 (rs9138) showed a lower 

EARR than found in those with other genotypes. This may arise due to a difference in the 

actual function and role according to the location of each SNP. As a result of LD and 

haplotype analysis, three SNPs showed a nearly perfect LD relationship, and rs9138 was 

found to be a functional SNP. In addition, in silico analysis identified rs9138 as a 3ʹUTR 

that could significantly affect microRNA targeting of the sequence. The SPP1 SNP 

rs11730582, which was reported in a previous study (Borilova Linhartova et al., 2017; 

Iglesias-Linares et al., 2014), was found to be unrelated to EARR in the present study.  

Genes related to inflammatory responses caused by orthodontic tooth movement, 

which have been reported to be significantly associated with EARR, had no significant 

relationship with EARR in this study (Table 9). This is presumed to be due to differences 

in sample size and population.  
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Table 9. Association results for previously reported EARR-related SNPs in Korean 

patients 

Gene rs_number Type Frequency *P value 

CASP1 
rs530537 Intron 21.6  0.62  

rs580253 Synonymous 0.0   - 

CASP5 rs554344 2KB Upstream 0.0   - 

IL-17A rs2275913 2KB Upstream 47.5  0.43  

IL1A rs1800587 5'-UTR 6.8  0.58  

IL1B rs1143634 Synonymous 2.1  0.63  

IL1RN 
rs419598 Synonymous 6.4  0.41  

rs315952 Missense  61.4  0.48  

IL-6 rs1800796 Intron 76.7  0.49  

IRAK1 rs1059703 Missense 29.2  0.89  

P2RX7 

rs208294 Missense 36.4  0.95  

rs1718119 Missense 9.3  0.38  

rs2230912 Missense 0.0   - 

SPP1 
rs11730582 2KB Upstream 39.8  0.37  

rs9138 3’UTR region 70.3  <0.01 

TNF rs1800629 2KB Upstream Capture loss  - 

TNFRSF11A 

rs7233197 Intron 86.0  0.86  

rs4941125 Intron 34.7  0.68  

rs4485469 Intron 35.2  0.59  

rs4941129 Intron 35.2  0.59  

rs7237982 Intron 8.9  0.91  

rs8086340 Intron 57.2  0.77  

rs17069845 Intron 0.0   - 

rs12956925 Intron 13.1  0.89  

rs17720953 Intron 1.7  0.88  

rs4500848 Intron 70.8  0.68  

rs12455775 Intron 35.6  0.81  

rs3826620 Intron 55.9  0.88  

rs7236060 Intron 51.3  0.64  

rs9951012 Intron 35.6  0.97  

rs6567272 Intron 66.1  0.56  

rs1805034 Missense 66.1  0.56  

rs4524034 Intron 53.4  0.72  

rs12970081 Intron 18.6  0.53  

rs8083511 Intron 46.2  0.34  

rs8099222 Intron 12.7  0.77  

rs7239667 Intron 46.2  0.52  

rs17069898 Intron 48.3  0.85  
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Table 9. Association results for previously reported EARR-related SNPs in Korean 

patients (continued)  

TNFRSF11A 

rs17069902 Intron 1.7  0.26  

rs8089829 Intron 32.6  0.83  

rs17069904 Intron 19.1  0.89  

rs12959396 Intron 19.5  0.94  

rs4426449 Intron 0.0   - 

TNFRSF11B 

rs11573938 Intron 0.4  NA 

rs11573901 Intron 0.4  NA 

rs7010267 Intron 31.8  0.85  

rs3102724 Intron 42.8  0.86  

rs11573884 Intron 0.0   - 

rs2875845 Intron 13.6  0.70  

rs1032128 Intron 54.7  0.62  

rs3134057 Intron 43.6  0.68  

rs1485289 Intron 68.6  0.75  

rs11573856 Intron 17.8  0.74  

rs3134060 Intron 11.9  0.75  

rs3102728 Intron 11.9  0.21  

rs2073618 Missense 68.6  0.75  

rs3102735 2KB Upstream 11.9  0.75  

TNFSF11 

rs1038434 Intron 60.6  0.88  

rs12585229 Intron 40.3  0.90  

rs3742257 Intron 57.2  0.35  

rs931273 Intron 39.4  0.67  

VDR rs731236 Synonymous 4.7  0.87  

*P values were obtained by comparing allele frequencies between EARR-affected and unaffected 

groups. 

 

According to Iglesias-Linares et al, IL1B (rs1143643) and IL1RN (rs419598) SNPs 

were associated with EARR in a case-control study involving 93 Caucasian patients. In 

these genes, the allele frequency was observed to be lower in East Asians and Koreans 

than in other groups. In addition, P2RX7 (rs208294, rs1718119), IRAK1 (rs1059703), and 

TNFRSF11B-coding (rs2073618) OPG SNPs were found to have a significant 
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association with EARR in Caucasian patients (Hartsfield, 2009; Pereira et al., 2016; 

Sharab et al., 2015). However, these genes also showed different allele frequencies in 

East Asians than in other populations, suggesting that the genetic effects according to 

populations were different. Thus, genes related to EARR may vary according to 

population, which is summarized in Table 10.  

 

Table 10. Frequency for significant genetic variation in each ethnic group 

Allele frequency data in each ethnic group were obtained from the genomAD database 

 (https://gnomad.broadinstitute.org/). 

 

In this study, among the genes related to Wnt signaling, the relationship between the 

specific SNP (rs3810765) of SFRP2 and EARR was significant. No study has reported an 

association between Wnt signaling and EARR to date; however, our results indicate that 

Gene (rs no.) European American East Asian Korean 

IL1B (rs1143634) 
G=0.76243 G=0.862 G=0.9814 G=0.9788 

A=0.23757 A=0.138 A=0.0186 A=0.0212 

IL1RN (rs419598) 
T=0.71314 T=0.684 T=0.9339 T=0.9364 

C=0.28686 C=0.316 C=0.0661 C=0.0636 

P2RX7 (rs208294) 
T=0.43397 T=0.636 T=0.6115 T=0.6356 

C=0.56603 C=0.364 C=0.3885 C=0.3644 

P2RX7 (rs1718119) 
G=0.58292 G=0.782 G=0.8951 G=0.9068 

A=0.41708 A=0.218 A=0.1049 A=0.0932 

IRAK1 (rs1059703) 
G=0.15864 G=0.486 G=0.788 G=0.7076 

A=0.84136 A=0.514 A=0.212 A=0.2924 

TNFRSF11B (rs2073618) 
G=0.53249 G=0.525 G=0.2503 G=0.3136 

C=0.46751 C=0.475 C=0.7497 C=0.6864 
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the Wnt-signaling pathway affects EARR. The canonical Wnt/β-catenin signaling 

pathway increases bone volume through various mechanisms, including stem cell 

regeneration, preosteoblast replication promotion, osteogenesis induction, and osteoblast 

and osteocyte apoptosis suppression, which helps in the regeneration of the bone and 

related periodontal tissue (Krishnan et al., 2006). Wnt proteins are reportedly involved in 

various intracellular signaling processes, and based on the stabilization of canonical β-

catenin, the Wnt signaling pathway was shown to be actively involved in all stages of 

tooth development (Liu and Millar, 2010; Thesleff and Sharpe, 1997). Wnt signaling 

plays an important role when the root is developed and controls the cementum thickness, 

as evidenced by the following studies. Rootless molars are reportedly formed when 

blocking β-catenin, a Wnt intracellular mediator (Kim et al., 2013; Zhang et al., 2013), 

and short-rooted teeth (known as root resorption) were formed when Wnt signaling 

decreased due to the overexpression of DKK1, a Wnt antagonist (Han et al., 2011). Lim et 

al reported that reduced Wnt signaling results in less mineralization and more cementum 

resorption (Lim et al., 2014b). In contrast, excessive Wnt signaling in rats increased the 

cementum thickness (Kim et al., 2011). In addition, root resorption due to orthodontic 

treatment was found to be alleviated by the systemic use of lithium chloride (LiCl), an 

activator of the Wnt signaling pathway, in rats (Ino-Kondo et al., 2018; Wang et al., 

2014) . In this study, SFRPs, which showed a significant relationship with EARR, were 

found to function in the regulation of Wnt signaling by directly interacting with Wnt. 

SFRP also plays a role in controlling the growth and differentiation of specific cell types. 
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SFRP2 promotes the phosphorylation of LRP6 via the action of Wnt3a, and increases the 

β-catenin level and nuclear translocation in cell fluid. SFRPs are known as upstream 

negative factors in the canonical Wnt signaling pathway, and SFRP2 is generally 

considered to be an antagonist of the canonical Wnt signaling pathway (Miao et al., 2018; 

Roszmusz et al., 2001). The action of SFRP2 on Wnt3a signaling disappeared when 

DKK1, a Wnt antagonist, was added (von Marschall and Fisher, 2010), and 

overexpression of SFRP2 inhibited Wnt signaling (Miao et al., 2018). That is, SFRP2 

controls Wnt signaling by competitively binding to Wnt. SFRP2 has potential for osteo-

/dentinogenic differentiation, anti-inflammation, and anti-apoptosis by regulating the Wnt 

signaling pathway, and it thus has the potential for periodontal tissue regeneration (Li et 

al., 2019).
 
In this study, the SFRP2 SNP rs3810765 showed significant differences 

between the EARR groups as is evident in the scatter plot of the EARR level between 

genotypes. Homozygous subjects with the TT genotype showed a lower EARR than that 

of other genotypes. This study, therefore, suggests for the first time that SFRP2, as a 

modulator of Wnt signaling, is related to EARR. However, further studies to validate the 

functional effects of the SNP and its replication in other samples are required.  

The results of these genetic analyses suggest that the clinical and genetic components 

of patients are involved in EARR due to orthodontic treatment; further, not only genes 

related to inflammatory reactions but also those related to the Wnt signaling pathway 

were associated with EARR in Korean patients. These findings therefore have clinical 

significance by identifying the relevant genes that can help in predicting EARR according 
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to the orthodontic treatment by identifying the genetic variations in each patient before 

orthodontic treatment. In this study, targeted next-generation sequencing was used to 

analyze the genetic factors associated with EARR. The depth of coverage was sufficient, 

and therefore the reliability of the data used for sample analysis was high. However, 

further studies using non-biased whole-genome sequencing rather than a candidate gene 

model would be necessary to analyze the relationship between genetic components and 

EARR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 

 

V. Conclusion 

 

Genes related to inflammatory responses caused by orthodontic tooth movement as 

well as those related to Wnt signaling influenced the degree of root resorption by 

orthodontic treatment. Variations in SPP1 rs9138 and SFRP2 rs3810765 may be related 

to EARR during orthodontic treatment. Further studies are required to uncover genes 

related to root resorption due to orthodontic treatment, which may help in improving 

prediction to prevent severe root resorption. 
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국문 요약     

 

한국인에서 소구치 발치 교정 치료 후 발생하는 

치근외흡수와 유전적인 요소의 관련성 

 

<지도교수 차 정 열> 

연세대학교 대학원 치의학과 

이윤주 

 

External apical root resorption(EARR)은 교정치료로 인하여 가장 

빈번하게 발생하는 부작용 중 하나로 치아 구조의 상실을 일으킨다. 지금까지 

교정치료에 의해 발생하는 치근외흡수와 유전적인 관련성과 관련된 연구는 

교정적인 치아 이동에 있어서 필요한 염증반응과 관련된 유전자들에서, 또한 

서양인에 한정되어 있고 아직 한국인에서는 연구가 이루어진 바 없다. 본 

연구는 한국 발치 교정 치료 환자에서 (1) 교정치료에 의해 발생하는 

치근외흡수와 관련된 유전변이를 보이는 유전자를 밝혀내고, (2) 

치근외흡수와 치료관련된 요소들 (나이, 성별, angle classification, 교정기간, 

견인량) 과의 연관성을 규명하고자 하였다. 

118명의 한국인 교정 환자들은 EARR 정도에 따라 두 그룹으로 
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나누어졌다. . EARR 관련 유전자 분석을 위한 대상 유전자는 기존 논문을 

참조하여 선정하였고 targeted next-generation sequencing 을 진행하여 

분석하였다. 임상변수들과 EARR 연관성은 x2 test 와 t-test, linear 

regression analysis 후 Bonferroni correction과 linear regression 

analysis를 사용하였다. 해당 SNP들의 기능적인 효과를 평가하기 위하여 

haplotype analysis와 in silico 분석을 시행하였다. 

분석 결과, 환자의 성별, 교정치료 시작 시기의 나이, 교정치료기간, 견인량, 

angle classification은 EARR과 유의한 연관성이 없었다. SPP1 rs9138 (P 

value = 0.001)과 SFRP2 rs3810765 (P value 0.04) EARR group간 

명목상 유의한 차이를 보였다. 해당 SNP들에 대한 Bonferroni correction 후 

multiple testing 결과는 유의하지 않았다 (cut-off P value = .05/142 = 

3.52 × 10–4).  

SPP1 rs9138과 SFRP2 rs3810765 에서의 변이가 교정치료에 의해 

발생하는 EARR과 관련이 있는 것으로 나타났다. 교정적 치아이동에 따른 

염증반응 관련 유전자뿐만 아니라 Wnt signaling 관련 유전자도 교정적 

치아이동에 따른 치근흡수 정도에 영향을 미치는 것으로 알 수 있었다.   

 

핵심되는 말 : 교정, 치근흡수, 유전학, targeted next generation sequencing, 

wingless integrated (Wnt) 


