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WAHA R T ALEF A E Jel= JRA 9], F4H 29,
Hap Ady Q9 Fo] &S =t} (Bartley et al., 2011; Weltman et al., 2010;
Zahrowski et al., 2011). o]d 9] W AFEdA JdHEH} AAA R FFe A&
E59b AaA7 g1 o™ (Brezniak et al., 2002; Costopoulos et al., 1996) ] o}<]
4742 (Linge et al., 1983; Brin et al., 2003), *|<*¢] F42FA35 (root agenesis)
(Mavragani et al., 2000), *]o}°]-52] < (McNab et al., 2000; Segal et al., 2004) =
ATAAZE ATk E=F @22 3 (interrupted force) S ThA] A Ho] 7haf
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A7) W&ol A S5 @ F945ta (Reitan et al.,1985) #1424 3§l (continuous
force)o] 282 AiiH oz ot 3|H7|7F AJAETY] Mo thEH o A

2 A2 FxY T E4ES doZd 5 Uk (Roberts,
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3]S 7hstal A& 38 A8 =R (Chenetal, 2010) X+ S5 ddt
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Conventional bracket (Formula-R, Roth type, Tomy, Tokyo, Japan)o.2 782 Self-

ligating bracket (Clippy-C, Roth type, Tomy, Tokyo, Japan) 2.2 X| 5 HFQFT} (Table 1).



Table 1. Demographic and clinical characteristics of the study sample

Conventional (n=57)

Self-ligating (n=78)

Total (n=135)

Characteristics (mean £ SD or %) (mean £ SD or %) (mean £ SD or %) P value
Demographic
Age (year) 255+45 26.3+ 4.7 259+ 4.6 0.350 ¢
Sex
Female 37(64.9%) 54(69.2%) 91(67.4%) 0.597¢
Male 20(35.1%) 24(30.8%) 44(32.6%) '
Initial tooth length (mm) 23615 233+ 1.7 234+16 0.420¢
Clinical
Extraction
No 33(57.9%) 42(53.8%) 75(55.6%)
0.6407
Yes 24(42.1%) 36(46.3%) 60(44.4%)
Duration (months) 271124 24.4 +8.7 25.7+ 105 0.160 ¢

Row comparisons between conventional and self-ligating bracket

+Nonsignificant from t test.

¢ Nonsignificant from chi-square test.



WA E A F A, stel 4 A9 Atk WA ARZD (Kodak Insight, film
speed F, Rochester, NY, USA)S & 3s}3itl (70 KVp, 10mA, Yoshida REX 601,
Tokyo, Japan). =& X]o}i= XCP 7]+ (XCP Kit: extension cone paralleling

instruments, Ran, Elgin, IL, USA)E ©|&3lo] &g Ho= 33l t} (Linge

etal., 1991; Mirabella et al., 1995).

ek WA AR #d Al DEe A 2H-o] S-S fst AnA o zA
TETES AAA AT
2w 252 AxzgA e v del uwel dAFsk ¥ 2400 dpi, 256 scale®

70 (EPSON GT-12000, EPSON, Nagano, Japan)dto] JPG < &2 o7 33}
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ASLFTe wZAR § AP 2Jof dolef AR A elstal (Copeland
S et al,, 1986) 7, stot THX| o FAA| A 27} Frlsiqlvh. wAgA s H3
So] zoldolE A 4 mme FETEE BHASAT WA Image J 143 u
(Wayne Rasband, National Institutes of Health, USA)E o] &3}o] X<+t WhALA A}
2 olm Al Ao w&TEe A4 dets Ve A (pixel)TE HESHAL
ol 4 mm=E AAsIlth elal om At FAstaat sk dolo HA

(pixe)F=E A=3 5 715 A (pixel)Fol tiH]sle] 2 A Zo]= 0.001 mm7t

A AbEe H A AR Aol A] wke R s3It} (Figure 1-1).
L1 = Tooth length on pretreatment radiograph.
L2 = Tooth length on posttreatment radiograph.
Apical root resorption (ARR)=L1-L?2
A2 A Hole] Aol (L1)x= Aude Fd MI XIwtx e Az =

Jakdm Adst L1 Abe] 2% 05 A AR & Hoke] o (L2)

RS

Pl UmA F gel AR "uds FAAAL AdE /F FA

(pixel)= ©]-&3te] mm ©@9j2 ST TE]a @ W] HojA| ¢h=



A

(Figure 1-2).

Aol @M ZAR Ae g FHE BAste] AotdolE =3

Figure 1-1. Periapical radiographic measurements.

L1, Tooth length on pretreatment radiograph; L2, Tooth length
on posttreatment radiograph; a, ¢, pretreatment radiograph on
central and lateral incisors ; b, d, posttreatment radiograph on
central and lateral incisors



L1 L2

Figure 1-2. Measurement of tooth length.
M, midpoint of incisal edge on pretreatment radiograph; M', midpoint of incisal edge on
posttreatment radiograph
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ANS

PNS

Figure 2. Superimposition showing the measurement of the horizontal and vertical
movements of incisal edge during treatment relative to either palatal (ANS-PNS) plane
or Mandibular plane. Dx, horizontal movement of incisal edge; Dy, vertical movement of
incisal edge; ANS, anterior nasal spine; PNS, posterior nasal spine.
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WAAR A% AR F Aokdeld] Aol FAHOE felsdnt (b <

rl

0.001). “got % sfet AAF (ULinc)e] H4 A+ S5 0.98 £0.32 mmSth

Aot 47 A (Uinc)e] Ht At S-S 1.08 mm, 3t 44X (Linc)e] H+t

ot

AT FEe 088 mmglth 7 Aok TolA A AT Frwel P

I
A

Table 2. Descriptive statistics for root resorption (mm)

Measurements Mean SD P-value

Ul 1.09 0.49 0.000***

u2 1.08 0.52 0.000***

uinc 1.08 0.39 0.000***

L1 0.81 0.50 0.000***

L2 0.88 0.48 0.000***

Linc 0.88 0.43 0.000***
ULinc 0.98 0.32 0.000***

*** p <0.001, comparing pretreatment and posttreatment

U1, maxillary central incisors; U2, maxillary lateral incisors; Uinc, maxillary central and
lateral incisors; L1, mandibular central incisors; L2, mandibular lateralincisors; Linc,
mandibular central and lateral incisor; ULinc, Uinc and Linc
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ol

=2k} (p < 0.05) (Table 3).

Table 3. Comparison of the degree of root resorption (mm) according to location

Source of Variation P value
Ul u2 0.9989

L1 L2 0.9967

Ul L1 0.0004***
Ul L2 0.0013**
U2 L1 0.0006***
U2 L2 0.0018**

Data analyzed by one- way ANOVA

** 1 <0.01; *** p < 0.001
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Table 4. Univariate and multiple linear mixed model with patient and treatment related factors

univariate models

multivariate models

Factor
Beta coefficient SE P value F value P value Sig
Age 0.005 0.006 0.438 0.01 0.908 NS
Gender 0.109 0.060 0.070 4.01 0.057 NS
Initial tooth 0.042 0.017 0.019* 4.23 0.042 *
length
Extraction -0.167 0.054 0.002** 0.83 0.364 NS
Duration 0.005 0.003 0.055 1.89 0.171 NS
D(x) 0.021 0.007 0.002** 2.38 0.124 NS
D(y) -0.003 0.007 0.381 0.86 0.355 NS
D(|x]) 0.033 0.009 0.001** 5.54 0.020 *
D(lyl) 0.006 0.010 0.549 0.01 0.991 NS
Appliance 0.052 0.056 0.349 1.31 0.255 NS

*, p <0.05; **p < 0.01; NS, not significant
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ABSTRACT

Evaluation of apical root resorption
after orthodontic treatment

using standardized periapical radiographs

KYOUNGWON KIM, D.D.S

Department of Dental Science
Graduate School of Yonsei University

(Directed by Prof. Kyung-Ho Kim, D.D.S., M.S.D., Ph. D.)

The purpose of this study is to accurately evaluate the amount of apical root resoption
and identify risk factors for apical root resoption in adult orthodontic patients. The
amount of root resoption was measured in the periapical radiographs of the maxillary and
mandibular incisos, from the tip of the incisal edge to the apex of the root. An attempt was
made to find out the risk factors such as age, gender, initial length of tooth, extraction,
tooth movement, duration of treatment, type of appliances (conventional or actiive self-
ligating brackets ). 135 adult patients’ periapical radiographs of maxillary and mandibular
incisors and cephalograms were taken before and after treatment. All periapical
radiographs were taken by standardized paralleling cone beam technique with film

bolding devices (XCP: extension-cone paralleling instrument, Ran, Elgin, IL, USA).
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Image distortion between pretreatment and posttreatment radiographic exposures was
calculated using the 4 mm spherical metal ball, and images were analyzed by computer
software (Image J program 1.43u, Wayne Rasband, National Institutes of Health, USA).
Tooth movement was mesured from superimposed tractings of pretreatment and

posttreatment cephalograms.

The results are as followings
1. Apical root resoption has occurred in all teeth evaluated after orthodontic treatment in
both maxillary and mandibular incisors (p < 0.05). Mean maxillary and mandibular

apical root resorption was 0.98+0.32mm.

2. Mean apical root resorption in maxillary incisors was 1.08+0.4 mm, and mean apical
root resorption in mandibular incisors was 0.88+0.4 mm. Maxillary teeth had higher
incidence of root resorption compared with mandibular teeth. There was no
statistically significant difference between central and lateral incisors on both maxilla

and mandible.

3. Initial length of tooth and amount of horizontal movement had statistically significant

effects on the extent of apical root resoption after orthodontic treatment (p < 0.05).

4. Age, gender, extraction, direction of tooth movement, amount of vertical movement
and type of appliances (conventional or actiive self-ligating brackets) are not related to

the extent of apical root resoption (p > 0.05).

Key words: Apical root resorption, Periapical radiograph, Image distortion correction
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