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Abstract

Many researches have proven that although root resorption
also occurs in people who don’ t receive any orthodontic treatment;
however, the incidence of those who received orthodontic
treatment is significantly higher. When the root resorption gets
seriously severe during the treatment, the problem of poor crown
root ratio and periodontal bone stress concentration might be
encountered. If orthodontic patients suffer from periodontal
diseases in the years to come, they will experience periodontal
bone loss, and thus, poor prognosis of the teeth. Together with
the development of medical imaging technique, Cone Beam Computed
Tomography (CBCT) has been widely used in the dental field. In
orthodontic treatment, CBCT has been used for the diagnosis of
impacted teeth, the evaluation of orthognathic surgery,
assessment of micro-implant placed between root anatomical
spaces, but there are few studies about assessment of root
resorption which is derived from orthodontic treatments by using

CBCT. Therefore, in this study we used CBCT to evaluate root



resorption after seven months of orthodontic treatment, and we
also studied the relationship between the changes of bone density
around the roots and the comparison of the distance of root

movements.

Eight patient objects are selected from the patients in the
Department of Orthodontics, China Medical University Hospital
Medical Center, including five males and three females, aged
ranging from 20-25. Observed images of root resorption after
orthodontic treatment by the 1-CAT CBCT after irradiation were
converted to the appropriate coordinate system. The analytic
software was Mimics. We studied, after seven months of
orthodontic treatment, the relationship between variation of
root length and root length changes in percentage, and the
percentage of root tip moving distance and root length changes,
relationship between bone density around roots before treatment
and root length changes in percentage, and the changes of bone

density around root and root length changes in percentage.

The results showed that after seven-month orthodontic



treatment, the average of root resorption in the right maxillary
central incisor is 0.25+0.16 mm, left maxillary central incisor
1s 0.32+0. 34 mm, right maxillary lateral incisor is 0.39+0. 32
mm, left maxillary lateral incisor is 0.48%0.19 mm, right
maxillary canine is 0.18+0.19 mm, left maxillary canine 1s
0.1940.14 mm. In summary, before the treatment, the thicker the
bone density is, the less the root resorption occurs. The more
bone density changes in the treatment, the less the root
resorption is. When the moving distance i1s longer between the

root tips, the observed root resorption gets more serious.
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TS P R AL ¢ 357 R4 % fc(root surface
resorption) ™ % 7 1343 ¥ & Jz(root canal resorption)(Andreasen

et al., 2007) -
7 3 4 & =z (root surface resorption)

7 34 @ % Jz(root surface resorption) » * % % external root

resorption’ ¥ " A i = % > 4-B) 1-3 #r7r (Andreasen et al., 2007) -
He & 3=
(1) surface resorption (repair-related resorption)

(2) ankylosis (replacement resorption)

(3) inflammatory resorption

B 1-3 7 84 & =z (root surface resorption)(Andreasen et al.,

2007)
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(1) Surface resorption #* # mﬁh{’i 4G ) 3V o 4oB 1-4
ST o dpdt [ IV R 218 AATENT K AR AR o TG g R A A

FARX Kt hd Bm o

a7 e (lateral surfaces)

AT AT AN A EREMART RBEOFT) o 2T T e e
2] 7 I > surface resorption 3 p *TE(self-limiting)® € p 24k

(Andreasen et al., 2007) -

B 1-4 4 Eg3ni» & % surface resorption(Andreasen et al., 2007)

(2)Ankylosis “ % 7 B d 2 B4 > 7 sk o B R

#7B~% 5 4r @) 1-5 #7577 (Andreasen et al., 2007) o



Bl 1-5 % gg%i» X % ankylosis(Andreasen et al., 2007)

(3)Inflammatory resorption )*Iéffj%‘« ErEZ S VUFREFET
¥ g2 9 KA & pessk én(bowl-shaped area)sfc® ¥ > * ¥ F
7 B ey RIRP UauRi o A X KBAT PR T il g
%l F Bp st W 5 4 (radiolucency) @ 4Bl 1-6 #777 (Andreasen

et al., 2007) -
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B 1-6 4 Egeni» * % inflammatory resorption(Andreasen et al.,

2007)
7 342 ¥ Bz (root canal resorption)

7 ¥343 ¢ wfz(root canal resorption) > * % % internal root
resorption ° i A e 7 ¥z ¥ OUF IR AT S o A X kB
G PR PR T KRR FRZTE G R gk
2T R AT IR S FIt i da ik B oA R D X kR Y
o BArfpEE R A B BB RBF P EERR T &K F o T LT AR
HBofTe T IR E BT A 5 = 4B 1-7 757 (Andreasen et al.

2007) - # ¢ &35 1 (1) internal surface resorption
(2) root canal replacement resorption

(3) root canal inflammatory resorption
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(3)
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Bl 1-7 7 343 ¢ = Jz(root canal resorption)(Andreasen et al.,

2007)

(1) Internal surface resorption if #
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F 2mo 9mo 1yr 2yr 8yr

B 1-8 # Eg$%i» * % internal surface resorption(Andreasenet al.,

2007)

(2)Root canal replacement resorption =+ # # internal
tunneling resorption > # i‘ff"fﬁ*{fﬁl{’&_ X &5 Fwoug i d ¥ (pulp
chamber) & % HLRA[ NP+ - 4oB] 1-9 77 o BHWE P ¥ UER T
%0 chl f 7 REE S AR MR o Al ¥ R e

it (Andreasen et al., 2007) -

3mo 10yr
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5
)

i % & root canal replacement resorption(Andreasen

anjer
e

® 1-9

et al., 2007)

(3)Root canal inflammatory resorption # X ¥+ & ¥ "3 3 >
7 %% (pulp chamber)® % 34" [f]2)(oval-shaped) é73% =~ > 4ol 1-10
AToR o BRE A 0T STl ¥ A 4 7 B2 % 5 ¥%(cervical aspect)
il o ek - B IS Tt A7 2% =% (apical aspect)
Wof v Ax g £ (revascularization) e @ 3 AH L e

2 o 4% % IE_root canal inflammatory resorption > B &3% & P

{749 ¥ inJk (Andreasen et al., 2007) -

B 1-10 % gg3¥%i» X £ root canal inflammatory

resorption(Andreasen et al., 2007)
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Internal root resorption # # 1k F] & 13 ¢ % p predentine
v %2 odontoblasts z % AR ik E £ 5 > & E & embryonic
connective tissue cells # % = giant multinucleated odontoclasts
B ALY AR A R (Weine, 1976) « ¥ sc# 2 & F| a7 @ 51427 BRI
L E g4 0t > pulpotomy 0 A B 4 12 4T B A2 % (Barclay, 1993;
Tronstad, 1988) - External root resorption % # «n F]|E %] 5 7 {2

# o o precementum ' % cementoblats 4% ",f fgraiFT Riw 2 F

Foae# A a7 R X7 & 0 re-implantation 97 # 0 3 tumors
2 H_cysts 2 7 # - impacted teeth @ & M4 £ T & 4

(e 24 B %1 /5% ) (Belanger and Coke, 1985) o 7 1 s

Fli kA aa BREE - BAXG (njury) » - B 21 %
(stimulation)(Tronstad, 1988; Trope, 1998) - X i ¢ &~ B F &
7 13¢5 precementum & &_predentin & & 2 AR & w0 § R lnmre B

FH AR O sy o Fla BT ecjeanife o A 0 N &
PEPFFN AL I R fehmi 7 RS RE € B ik o
RFPFHIoEF L 0 BREME 2-3 BTN Bhokd 0 2487 F

7 s (cementum-like tissue) B RALIF T ¥ o BArF &2 iE < >
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Fepmr QG E- HHENINEG > Fla AL sk g Eak

(ankylosis) = (Fuss et al., 2003) -

1.2 é%?ﬁ

BT L A RS R A EF D o e B EHD
Fpen A B g 4 Zp kr B (Brezniak and Wasserstein, 1993a;
Levander and Malmgren, 1988; Lupi et al., 1996; Sjolien and
Zachrisson, 1973) - Bates(Bates, 1856) % 1856 # 3¢z 7 7 3=
Yoo B R4EE 0 2 {6 2 1914 # Ottolengui(Ottolengui, 1914)#% 41 7 49
BT B RV A A2 BB > & F Ketcham(Ketcham, 1927)+ 71
X RRAFRFLICH T TR AR o SRBEIHT B
7 RN > 3 5 F 4 T F 3 g § o Brezniak et
al. (Brezniak and Wasserstein, 1993a)~ #-r1= 7 fe 5 53 & B >0
9IS e § o BT A B AE o dek 110 B P T B LA e e
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4% 1-1 Brezniak et al. w kg 7 %‘i'rlﬂit?‘/gk(Bishara, 2001)

Study Patients  Average  Number Teeth Treatment Extractions/ Patients with Teeth with Resorption Treatment

(Reference) Year Number AgeRange ofTeeth Examined Type Nonextractions  Source  Resorption (%) Resorption (%) Amount Time (yr:mo

Stenvik and 1970 - 10-13 35 ™ INTR — HIST — 93 — 35 days
Mijor®

Stenvik and 1970 — 10-13 35 M NT — HIST — 0
Mjor=

Rosenberg™ 1972 - — — i5 Begg EXT PANO a7 — -

Stolien and 1973 59 120 1180 5-5 EW EXT PA - - 0.5-1.8 mm 2:2
Zachrisson'™

Plets et al.® 1974 50 168 100 1 NT = 'A 275 275 = =3

Plets ct al® 1974 45 12:8 45 1 Fived - CEPH 46 46 L.78 mm 23

Goldson and 1975 42 11-19 924 55 Begg EXT PA 100 e 1:8
Henrikson™

Goldson and 1975 42 11-19 924 55 NT — PA - 4 — -
Henrikson™

Hallender 1950 12 133 120 All EW EXT PA _— 50 < 2 mm in §8% 1:6
et al e

Ronnerman and 1981 23 11-14:8 21712 ACT/EW PA » — 13 mm 2:4-3:2
Larsson™

Harry and 1982 10 11-18 18 M INTR — PA/HIST 100 100 — 70 days
Sims*!

Harry and 1982 10 11-18 18 M NI PA/HIST 0 ] - —
Sims™

Linge and 1983 719 12:8 2451 21/12 Varies — PA — — 0.7/ mm 0:11
Linge™

Kennedy 1983 2 — All EW EXT PA 265 — — 1:9
etal®

Kennedy 19583 n —_ —_ All SER 1 EW EXT PA 205 —_ — 1:1
etal™

Kennedy 1983 kvl - - All SER EXT PA 6 — - -
etal¥

Copland 1986 45 131 45 1 Fixed — CEPH —_ 293 mm 2:10
and Green™

Dermaut and 1986 20 15 66 21/12 INTR —_ PA == 86 25 mm o7
Munck®

Dermaut and 1986 15 n 58 2112 NT PA 0 0 —
Munck®

Sharpeetal™™ 1987 18 114 323RTS All EW - PA 89 0.1 - 3.7

Sharpectal™™ 1987 18 27 323RTS All EW A 83 133 - 2.7

Levander and 1988 98 15 390 21/12 B/EW EXT/NONEXT PA — E2 ] — 0:6-0:9
Malmgren™

Levander and 1988 - 15 390 20412 B/EW EXT/NONEXT PA — 56 — 1:75
Malmgren®

Levander and 1988 55 14 22 212 B/EW EXT PA — — = 1:8
Malmgren™

Levander and 1988 153 14:4 610 a2 B/EW PA 56 —— 1:8
Malmgren®

Goldin® 1989 17 8155 17 1 EW — CEPH — — 1.36 mm/yr 1:7

McFadden 1989 3 131 152 21412 INTR : ONEXT PA/CEPH 184 mm upper 2:4
etal® 0.61 lower

e

1.2.1 $FFHL o

Bid % 7 fIfe g 7 5

DS I R E AR E B AE 0 A g ¢

FEIRDESE FEHE KR TE DT Bt A5 A

T4 B npE

i

(leveling) ﬁ?FEbﬁl,Tﬁ? RE A o ARBEFHDT ISK S
o83 4 1%dup A e e dpf 7 T34 4 30 1.5 mm 77 3%

fe o @3 15.0%eh 4 2 2 - Ap b en ST A2 3% 2.0 mm £
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7 35z (Smale et al., 2005) o & FHE k- £ §F e
A e RRwAE T F3A 4 10 2, 0mm 07 3T @ o Bherp 4

I F M P A4 30 3. 0mm 07 19 jz(Artun et al.,
2005) ° ¥ #h 5 FFdcf 868 Bop bl T AT B R F R BT L&
¢ BE R AL T RS T > TOEE 1. dmm e A B ¢ 5 20507

# A4 AZE 2mm 07 FIEfe s TN T HRIRA B AL T S o &
PEAARGRT G A IR B ITT AGRA B A4 T IR o X E A pROT]
Pk FATEHFRI AAMS HT R fce T AU LD 4T
Zojriz ™ m T & £ B (Sameshima and Sinclair, 2001a) - Lupi et
al. (Lupi et al., 1996)F= 3 MR > 7 7 ¥ dcd F i /o o »
15% "2 FFEinkiEar T3% ¥FehA 4P RIER T R 7

g+ 0 FHL oK e 2% F 2 IIFL ST 6 e 24, 5% o Margues et
al. (Marques et al., 2010)E> 7 1049 Bopbl - #73 A2 FE 7 12
Sl (7 e RE I R RE RN/ FF > R FmT 14, 5%

FblA 2 0 B T o
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1.2.2 $FHL RS> I RAKL 2R F

Kvam et al. (Kvam, 1972)%_% - Bt oA 55/ A& F T 3
Teitiw 7 79 ¥ i~ 7 22§ o 218 Barber 4 % Sims(Barber
and Sims, 1981 2T+ 4 £ € 24 B L7 19 jr - B ¥
Rygh(Rygh, 1977)# R 7 132 jci & 8 4 &5 P # 2 % (hyalined
zone) % [fl o L 7 dihd FF a7 ¥ wRaee o &a Y

a}%'g‘\? LR T REAw oé,_:g%ﬁviiﬁqﬂ;;g—*r,g(,v}%—g‘

AFEX % Fla g2 7 & H R 3 = 2 3

Sh
i
F}.
=®
o
ks
Ik
s
{w
i)

FRZX P RINGURE > BoP B > £ ARS Rle ppFs 7 % pd o
e % ¢ A 4 & g ek ¥ ¥ 4g (early proliferation of blood
vessels) » % ¢k 7% (cellular extravasation) > = ¢ * & %
(extravascular coagulation) * .BJTA« t5 A &.@_f%‘éﬁ*f LIPS
- 2 mve o F RS ARF L S PR T (hyalinization) © €
A2 EBREFR TRAFILINERS LA L Bt o E AR RIE
ﬁia?lfé?‘}% v FREk g DR 0 @ A e #OR 5T (Bishara, 2001) o F1t
Bk f Hene }}?’%iﬁ% Papd o 7 RSB ARE T bk R 2
¥ 3 =~ cp B 2 (Brudvik and Rygh, 1993; 1994a; b) o &7 #
o5

B> el o TR XIHET &R R T RE o R



EUEFLOBER > BEAT R d X G A AL EP R
(hyalined tissue)(Shaza K. Abass and James K. Hartsfield, 2007)
F- BN AZP RS Y Bl e £ E oo % (macrophages) (Kvam,
1972; Rygh, 1974) - iz ‘w2 ¢ vz pre-cementum layer(Brudvik and
Rygh, 1993) > #& % & # multinucleated cells (odontoclasts) k rz
#79 % Fr2 9 &~ F (Brudvik and Rygh, 1994a) - % # "f:é PY R e
(hyalined tissue) s P&+ # “,/TT 7 cementoid layer ° @ & &

cementoid layer — #5345 2~ B FFE A iv* o § RE RS “f fs o
odontoclasts #7 #= % chsc B 7 F B o Wig 22F | hir A n

BoFiis RIEAAT FEAEEAL P e doR 111 4

e
L3NS
anfey
=i N
x5}
e

AT RPN e 0 T OUFIT R gk T AT o

4o 1-12 #1777 o

Resorption
into dentin
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B 1-11 -] v2d 7 124 7 5 (Proffit et al., 2007)

B 1-12 -] & 7 492 Jeife 2 e 5 &> 5 (Kurol et al., 1996)

EIER FHES R R RRAHE R § G ATHTF LR A
&7@%@?@%tm@®ﬁmﬁ°Eiﬁ&%ﬁﬁi%ﬁ@*’@?
B RANTIRL G Ao ARSI R FTET AT GRS
fer 22 L ig4R o 4Bl 1-13~ 1-14 9777 o+ Ft S g i frid & 2

A AT %ﬂf{‘ﬁ—’@‘:’ K IR AL F B (Proffit et al., 2007) -
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B 1-13 7 ey énfii=(Shaza K. Abass and James K. Hartsfield,

2007)

Bl 1-14 7 s 3en? et 7 KA & %€ msofc(Proffit et

al., 2007)
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1.2.3 B89 {9 fctnF 4

LI B T R PR R AR T TR LS e
DR A sk o X T IR R FT A LA BB T

&+ 4 & %)% (Brezniak and Wasserstein, 1993b) -

1.2.3.1 24+ 8 5%

hA B GanF e B LR VR BES T RALE 7 F
7% i &4+ % & (alveolar bone density) ~ 7 &t § s ¢

REichicnT &~ &2 2 FfR| 2 BREARR ~ £ & ~ 2R E o

1.2.3.1.1 4 & F%

Al-Qawasmi et al. (Al-Qawasmi et al., 2003)# 3 % 3 - IL-1B
gene ¥ it AL o R i A2 2 7 ¥ fe 2R - Ngan et al. (Ngan et
al., 200D & ¥Erer st imfrmy > BEFRFIFZ OB LTI N
sz efe & o ¥ ¢h @ 3£ TNFRSF11A ~ tissue non-specific alkaline
phosphatase (TNSALP) ~ TNF-alpha % - » AR P Wit

#2 & (Beertsen et al., 1999; Hughes et al., 2000; Le and Vilcek,

23



1987) -

1.2.3.1.2 IR* B4

Fujimura et al. (Fujimura et al., 2009)# 3 # W > A& ¥ & ¥
+ # * bisphosphonates ie#f & » € B - FliFE 4 £ 9732 0

osteoclast » Flm #r#4]7 & fsd > o e B0 T FR TR o

1.2.3.1.3 7 214 &

Levander et al.(Levander and Malmgren, 1988)# 7 % 7 2
A8 & 442 (blunt) 2 =% ¢ & (pipette-shape) > #% % A2 4 7 2
iz o Mirabella et al. (Mirabella and Artun, 1995):E2 7 343
o4 1% A % R i (periapical radiographs) v 2 | gF # T
(cephalograms) wdg et (7447 » ? 7 9486 ¢ F I 7 124 &
FEIIRARERA LS T R AL T s 4of] 1-15 47
it o Sameshima et al. (Sameshima and Sinclair, 2001a)# 7 % R >

713 R F (4% I pipette, pointed, # dilacerated) 7
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#® 0 B 7 ey g o Marques et al. (Marques et al., 2010)#
TAR > = £k 7 ¥ (triangular root)#iF 5 A 4 FE 7 =
Je( 9 49 dedziB 7 TR £ B h 1/3) 3l E R F)F & E9 497 i B AR

SREAGREHE R T BB o ERES BP0T L

N A B C D E
Bl 1-15 Mirabellaetal. #+% F 7 2% i (Mirabel la and Artun,

1995)

1.2.3.1.4 27 & FhiL £

Sameshima et al. (Sameshima and Sinclair, 200la)# 7 % 7
RS gL BFE AP T > BP S gk ke h I S L PRI o
—,“rb%‘fi”ﬁﬂ Pl > PP PT @M T 0k TEMT  FL
BE b AG TR TR o F O AT AT 0 B S RIRT 3R

Yo o R Bin R AP ¢ T 4e £ (Graber et al., 2005) -
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1.2.3.1.5 ## ¥ % & (alveolar bone density)

Goldie et al.(Goldie and King, 1984):& {7 7 &4 F 2% > %%
IR 4T i 4 2 (calcium - deficient) % B & F 4 o ) F % & fuix

SR T AT LR A U -

1.2.3.1.6 7 & # 2

BEXEHPFHTIHTREABIXFL R » T dd T 3t

53

(Brin et al., 1991) ¢ 4o% 5 in Rk BT » B BT

St
=)
C

7 IR & BlEsE A 4 7 R 8-1 2 BcE (Brinet
al., 1991; Linge and Linge, 1983) - #Am Malmgren et al. (Malmgren
et al., 1982)eF 5 BIF 7 b 5k » BRisHHF 4 Fpe P 7

BAZHET A0 A2 T R iR REFLS

123 17T 1% ishktsehd &

Remington et al. (Remington et al., 1989)#w= 7 # i X 9
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B fe 7 & o | € A2 7 33z - Mirabellaet al. (Mirabella
and Artun, 1995):F 27 343 B B L I RN % (periapical
radiographs) 4 2 PlggE # t4(cephalograms) tds fie :& (7 2 47 » % % %

FARgiehiten? & B2 5 A2 7 I3 Tl o

1.2.3.1.8 e £ 2 R e A| 1 2 BRE 2R

Mirabella et al. (Mirabella and Artun, 1995)% 7 2 io % =
A s 0 ¥ A4 7 e e hf R - Sameshima et

al. (Sameshima and Sinclair, 200la)#&= 7 # R > ok = + T Bga 7

W {8 fEAE (overjet)4&+ > Pl A 4 7 B TR AR B E o

1.2.3.1.9 # %

Sameshima et al. (Sameshima and Sinclair, 2001a)# 7 % 3R >

FERABZLGONR TETHD T SRS AL RS T TS o
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1.2.3.1. 10 %]

Kurol et al.(Kurol et al., 1996)fI* e &t &/ 3 & R >
7 e TR e M| T o 4p B M - Sameshima et al. (Sameshima and
Sinclair, 200la)= 3 #®m > ¥ R R L (ER RN Fer o

ez BERRT LY

1.2.3.2 %+ 7%

G0 B G TR R 4T RBEEER S S~ AN I
Befsg B~ et (A AT ) IR 0 B EE h

fa#E % (Weltman et al., 2010) -

1.2.3.2.1 7 RRF&FEE -~ 3 5 ~ A58

3y m o B (intrusion)eh7 & & 4 7 e Joenin § 4 e
(extrusion) 7 # @z & (Han et al., 2005) > &% % 224 7 ¥k 4z
7% M E S5 R E e (torque) o F A 7 1 finite
elementmodel > B r»ehd £ ¢ &7 R aiix 2 2 o g4 &
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® (Rudolph et al., 2001; Shaw et al., 2004) - Kurol et al. (Kurol

et al., 1996) & FesFwaFm T H# R 7 W ftehfiing 7 & 8 &

SIFEHE T AP BE L e

1.2.3.2.2 4 2h5 R ~ %43 NGRS S FRA)

—

g—“ﬁ)’?lia 9*‘7 m“;\”]{«)l‘,ﬁ-"’t’%&4t 7 # E’ﬁ":"é_’ﬁ 5@”&,’{7‘
BAx% o g 4 5t ehig F 4 & E-(Harry and Sims, 1982) = 7 & % 11
P E R SRF AT 4 BT AN BEE Y R o >

M4 2l EPEAE L RS DT T jz(Maltha et al.,

2004) -

1.2.3.2.3 % ismprR

’Fﬂq’r B ARFIRAED 4 RS hEFEFARE > 24 7 st
s 4% 3 (Malthaet al., 2004) - Kurol et al. (Kurol et al., 1996)
fIr S F g2 ok REREREFTHER  EF R IR T
dREERARE > 7 s ARRRE o
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1.2.3.2.4 %1 %5 iy

A

FRER # ARG ER AR R AR L AL R

|

S5enT e F b ERFEHA SR hT & > 2 §A LIRS D
7 2= 4z (Linge and Linge, 1983; Linge and Linge, 1991) - McNab
et al. (McNab et al., 2000)F % {8 7 % 5Bl infk s 7 13 oo
o % B IR i * Begg appliances fp#4® edgewise appliances ’ &%
47 ez 8 2.30 & - Pandis et al. (Pandis et al., 2008)
Fylegr BEp a8 B(Damon-2) % = 7 ¥ xR
BB FR7T RIS jcafid ok > AR Bagr B p %D

-

1.2.4 BT U foi 3

GLioRFTERI PR g > BRI R jtihs 2 > AR
FARBAGN - BEERFRE T - BRI R RE 2N F

BAFRI RSt FERE > A RS R A P FFRRGE F

30



HFET Y 2 0 3 Fos h% R 2 (Brezniak and Wasserstein, 1993a;
b) e Var R TR E R A F Wi BB 7 B3 jc(apical root
resorption) » WEEE.Z 7 3% e M % E Ble e i35 (Kurol et
al., 1996) - 2 P % $HA7 7 > LB D ER ¥ W ER E > k&

o FRED E R LR LRI

1.2.4.1 2358 &

EHRER AT RO AR 7 ISRl 0 3 B I B 8
BEHFIRAET S LT EFFARL » 24 7 3o Fdag o 4 &
A D17 BAEAS AR RIY UFRGE M RREASL T
ez o §eb o 4 B8 hA N0 BB E T PR e g o

B AR M EPREAE L RS 5T 5 jz(Maltha et al., 2004) -
Kurol et al. (Kurol et al., 1996)i% # 7 56 &% ﬁﬁi’i",ért AERER- 1=
e EE A o I SRR L FE KR 0 AR 116 w0 E 4 -
Rlerv] vadi s de 50 N eh4 B > 38 4% Hipl ) G 0TS 4 e s

bed BB AREA L T Abhd BABRE 1223245

67 BABE o 215 8] gnﬁ,;}»ﬁxf ’ g.ﬁg_%kéf%ﬁﬁ oggﬁ;z»;;é;;g{;ﬁ 4
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- BATE > THFRT IR TP G o ALES B 7 3
Yo { AP R e o BUTIE T BARILE 5 544 B 0T W AR ET

e & A4 7 e % > T3 7 7 208 -

START TEST CONTROL
50 g (= 50 eN)

B 1-16 Kurol et al. & * 2 Hl et %% (Kurol et al., 1996)

1.2.4.2 %54 %

BASHERBEEFTT IR R R AFRB R > F A
R AT i N R AR N AR TR G AN 2D
A ER SRR A T T RE Y T B Y e RS X
kg d ke X ki d ~ RUE X XA~ Micro—CT ~ T "%k i

7 fLr TR e S
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1.2.4.2.1 8« X & (Periapical radiographs)# &

R X ka7 EEFSITA s T HILTRE THRER
R AR S 7 W F RNk BRA DY NE T RTEFHE
(Graber et al., 2005) o P o % $ichf 50 7 {35 jeefp g » R * 12
X &%z o & > Kurol et al. (Kurol et al., 1996):%5 3« X
ki b3 EERT AT T NG e R o A F T s 2 AR
BEZRG OPFEE o2 BB ER  ARX REBEDIHET G Vi
FHA o F G F AL R P ke L (digital image
reconstruction) sn#jiF > K d Bm R - FRETEE T &4 0% %
(Reukers et al., 1998) - Sameshima et al. (Sameshima and Sinclair,
2001a)E 57 868 Bpi] > f1* 4 B » BEHF R 5H 7
A4 7 st i54:E 1.4 mm - Smale et al. (Smale et al., 2005)
B gt ety X R BT el 2 BB EF > BIR
FOURBEGALAITORRERE > R MK Bl we dg % Hp hop Y
1L R R o T ER T 200 Bopbl o BEFRT Rtk
S r sk A ark R (early leveling stage) @ ¥ i 3 2 0 i
T3FN9B FEIe o A4 Ui A w Ap L BEF 7 L9428 1.5

mm 77 $I5z 0 F by 15, 5%5'1'1:;% AG - BEM BT AR
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W 2.0 mm 7 FTER T o

1.2.4.2.2 % X ¢ (Panoramic radiographs)# &

e X AP T ORETEHHAN S TR 549 T &y

MEREETR > VAL VIR EINGTAGTHI b F R Y o

(Graber et al., 2005) - McNab et al. (McNab et al., 2000):E#
9T Bm 4 > JI* By XRBGFATLT % EHL oKL T I jeair
oo BRFILT sy 4 F 827 & i ¥ (tooth position) ~
*engg i £ ¥ (appliance type) ~ #87 & & (extractions)d M o i€ *
Begg appliances #p#ixd> edgewise appliances @ % 2 7 $3sJzenfd
FB 2.30 B o TieRktAIKRT oKk BT R jtaB SR B
3.72 % - Pandis et al. (Pandis et al., 2008)&F# 1 96 @5 * - I
T XA BAED B AN %D B(Danon-2)id & 7§
Yo AR o« B R FILT R o E 2R > B BT BA

FAN G BAM T mEg s BN R LEHRT AN R
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RETE ] M-

1.2.4.2.3 BljE X * (Cephalometric radiographs)# &

7 &% 11" #lgE X %14 % (Cephalometric radiographs) %# 7 %

Fend S 862 FHA 72 7 R ez BFenbl 2 HY % 27 F
g % 0 @ 35 Tweed standard edgewise technique ~ Begg light
wire technique ~ Roth prescription straight wire technique - %

RHEMT B2 G R E EE 0 2 T Rl oM AT R

Dxd

G b RE B o TR 1 PR A E TS Bl B

wLE

\m
-\..

-

1B #@

‘g’.

<L A

N

'
O
i
1H

7B AP T gk FRSH
g A2 7 {3 jz(Parker and Harris, 1998) o i¢ * Rlgf X £ 4& & Hif
BRI p RS RATRIRAT G FTHEERG L > T

T TR R R 0 R EMRE G TR L e AR
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1.2.4.2.4 Micro-computed tomography

Micro-computed tomography (Micro-CT)z & ¥ 2% k% 3D e
it T2 EFARE B DRTR @AW DT TS TR
Gple B R AT aFREYEFFTHR - BARYIEW P
© ST T 7 e+ F % (Chung et al., 2008) > %
Pyt ok 7 R Fimo 4ol 1-17-1-18 #r7= (Wierzbicki et
al., 2009) -

Control Tooth

Mesial Bugczal Distal Palatal

Treatmant Tooth

Bl 1-17 % 2 #7dp T 5 Micro—CT #2 i ™ BLiRl2. 7 133 | % &

(Wierzbicki et al., 2009)
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B 1-18 Micro-CT % thpmiplz. 7 3w 43t ik (Wierzbicki et al.,

2009)

1.2.4.2.5 % "% % # s (Computed Tomography)# %

FEET CT BOe™m 7 137 s e B% 3R CT B8 &
B ERANARNME ARG NE - (da Silveira et al., 2007) - Ericson et
al. (Ericson and Kurol, 2000):E3# 7 107 ®m 4 > f1% T ¥4 4F
- i R LT J s R TR RN VAR NS 4 2) = E BRI 3 A
R REPRBEpFrtELL L - BHEF LIRS B0
Ao UL ET o VTR R R P e R R g LA S

KRIT 7 7 RS fcGach o dpfde H w @A X kB ik kg o e B

CT pBsterfg st £ 908 S MR~ > FRAAEET > Frd BT
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)

é._’? %J-"’v T rj’))"@;’!’r o

1.2.4.2.6 7 #* ¢ 5%k ¥ s (Cone Beam Computed Tomography)

%3

7 L% T %%k 45 (Cone Beam Computed Tomography) i #-
CBCT:> & #p Jn & 8% K JEB~ 3D B2 it (7 3 b+4075 % & A (Harrison and
Farmer, 1978) » 2+ * %t 4 3 B 4=(Robb, 1982) » 11 % 5¢ % 2z st
# % (Chen and Ning, 2002) o CBCT & @& 52 CT 2 & £ %] &*> CBCT # *
A T A XERBECT @ % anp| IR XL RBE » ¥ 8 CBCT
REEd - v EAIFER s & CT 2 % =a# 3 k (Mah and

Hatcher, 2004) > 4B 1-19 #f7% -
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360 - Slices Ona Every Dogroa

Cat Scan Acquisition
One Slice Every Rotation

Cone Beam Acquisition
Whole Valume With A Single Rotation

Movement of Trandlatlon
wnd Awis of Retntion
Aachs o Metatlon Ohjmct 3 3 Lina
Bhijor b N 2 —r z *n
: . P
f/ ® ﬁﬁl { + )
é [ /} é £
Ry Soure & WMy BSUrES t
Trajeeier Trajsetary

Bl 1-19 CBCT £ @ %2 CT 2 £ %/ (Mah and Hatcher, 2004)

CBCT # kB4t & * &7 #1784 ie i (Mozzo et al., 1998) £ ¢ &

FHie 7 iﬂ*f’:}ﬁ“,% & *jiw(Heurich et al., 2002)> #t 4 2 42 (Heiland
et al., 2000)% « 14 iR M2 A o250 23 T H2 B T

ey 7 5 AE L 2 % RIF 53304 ~ & 8F £ v (Cevidanes et al. ,
2007) ~ gim A Z ¥r(Maeda et al., 2006) ~ 3= 7 I/ ¥ *cicia %8
ehfizd] 7 & (Poggio et al., 2006)% > #nw &% CBCT BL%Z - 4p 3t
BrstR P g CBCT 7 ¥f34r A% > ) F M E Rg o m &2 B (T

At o R AR 0 2 R i S (Danforth et al., 2003) - 7 ¥
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o CBCT ¥ R 97 5 % 5 2 0 o PRAc % 430 /)

Loz LEdifE QaRgichd=20 FLET R
(Cohenca et al., 2007) < ¥ ¢ > 5 ¢ -0 432 X & 722 CBCT
AT T H ST 4 0 IRy kdpt e CBCT ¢ &
B e grgi el X k2P ZEr(Low et al., 2008) -~ 7 FF
Fl* CBCT~4% X &% ~Bv X 57 kBT 1% FXL > %% CBCT
PEFRITRZ DT FRERL 2 pRIR X Pz X k5
CBCT 7 # iz cng ac /& 11 2 it (Estrelaetal., 2008)-Cattaneo et
al. (Cattaneo et al., 2008)#-d CBCT #7B~17 B> & = 2_ PIEE B 1§22
B LUPIRE R Mt 0 B 5B IR CBCT & = 2 RIRE R H™ 14 o 3 B (&
G L ep R RS o * KB (7 RPEE R ~ 17 o Moshiri et al. (Moshiri et
al., 2007)R1a 3 > jE_CBCT B2 if® B~18 2 2D BIRER > b @ 2LPIAR
Pk ey 45 o Liedke et al. (Liedke et al., 2009 % % I
voxel size “rP~1# CBCT #2if > * M v P HBFA T R N e &
%% CBCT #- B 7 4w v doen 38 > e * 0. 3-mm
voxel resolution ¥ 1 Z I| A4 B UG % » o PFIE MR A TSR

kg o 4B 1-20 977 o
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B 1-20 & * CBCT#* 1 # F efavoxel size #7137 13 fzch ife

(Liedke et al., 2009)

.33 &2 pn

B9 fend AL 3G 68T 7 FIR Tl AL B P s 47
WOE PR F XM B EE BT P R G BV LD
REIDELGEE ST AP HTE 0T R Tk FEFAGLE
WA BT R % o F T R e RRkERF > 3 7
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EHAT LT FI A FRT RS B ERE Ly R
kdrk #4742 FF &2 chfn s, TR PIFUERL L o T T4
FEFRRRE IR EGERE E T R Bip ki o &
BEAS Y o AR REIF L ERY AL 2T TR T T

LR~ e 3 o

Tt A8 3 &1 * Cone beam computed tomography *#53it+% ¢
= B EART RS iR FRA T RBEER S TR RT A

81ROt O 2 [ A b o
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=

o
Iy
s
it
o+
=
=
i
e

2.1 7 3 it

ERAMTABTEAS
SRS EHEL

CBCT 4% & S 4 [@ Mimics

P :
L R 24
2. FARBGIEM

[ BREENS ]

B 2-1 =5 i A2
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e

SPFHEEFLioRK > & CBCT #p &K
T _
2.2.1 £@EFE/SED
TR

29 frz
i

- - @]%5;%‘" é"q‘;&t?t‘;—t? %%"*%ﬁ%ﬁ FA TiF’“ff}”}f}J%,ﬁg
> 45

o

A

= LM, EE A 20-25 Rz B
U T R BT o S SRR R L 8 P 4T o

FRERY C BABRSERIRY BH o G FTM SR
FE D R T AL 2-1 4R
L 21 £ G PAA TR
% ;é% #1 #2 #3 #4 #5 #6 #7 #8
SNA 83° 79° 84° 85° 79° 38~ 87° 84°
SNB 81° 75" 83" 80° 73° 82° 80° 87"
ANB 2° 4° 1° 5° 6° 6° 7 -3’
FH-MP 20° 32° 27° 21° 34.8° 28° 31° 31’
Ul to SN 110° 100° 100° 115° 111° 107° 124° 125°
L1 to MP 92° 95° 89° 88~ 98~ 101° 89° 88"
Interincisal 122° 124° 134° 121° 107° 117° 99° 117°
Skeletal Class I Class I Class I Class II Class II Class II Class Il Class III
Dental Class I Class I Class III Class I Class II Class Il Class I Class III
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2.2.2 XBEFLIH

*E Y B 7 i * 8 _Esther 11, Roth type, 0.018 slot

g

%P A% B( Tomy company, Tokyo, Japan ) » t& 7 B H_i¢ *
Micro-arch, Roth type , 0.018 slot £ /%% % ( Tomy company,
Tokyo, Japan ) - & sp|E i * p A®= L 5 %gvfﬂﬁ‘ér FL A F A g
7 L&H® TITAN Nickel Titanium wire ( Tomy company, Tokyo,

Japan ) H23#¥ 5 0.016x0.022 inch®» Accu Form® o

2.2.3 3K RS CBCT sl T

CBCT #2ffed S8 o @ ~ 5 @i ey > @ % g 5
1-CAT(Imaging Sciences International, Hatfield, USA) - § 2% P&
TRKE A 120KV, TnE 3 4T mA> = P FEES 0.25mm > 8 W if?
» 640 X 640 > RREFPERE S 40 F) o BREFPFGR A LB 0 FFINH A #

2R ETH T[Tl G o Fe Y ALE PG oo

S
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2.3 B 7 oz 2

2.3.1 CBCT 4% & i

B LB IR & CBCT R i fndi * H8F AR R > ROSTPF G/ 4 L E o
FFMET RARLETG T ARG o e P LB E G 0 RO A
44 0 Flp A 2475088 Mimics ® Reslice project iz i # it &
T s PCBCT Afl k dez it o APy P T 2 AW —(5 8

% (ANS-PNS) 4 2 midsagittal plane e

2.3.2 BEIRERD 2

Eap ARk s s > A1 HU ERs 5% o Bngk S8 HU
- phegh =8 RE(X Y, D)esT ko MR EHL IS 89 =X
2 ® e 2 = 8L (ANS ~ PNS ~ Left pterygoid humulus ~ Right

pterygoid humulus) @ 4-®B 2-2 #77 o
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(a) (b)

Bl 2-2 4L icR ¥ 153 6 1230 BL(ANS) 58 il

BENUARPIA BRI R ETET & T FE P B U TR g

ferre g HU 02 2 = B Y, Z) > 4oB 2-3 ~ 2-4 4777 -

(a) (b) (c)
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(a) (b) (c)

B 2-4 T_i~7

BEI 52 IR AR Y, D)8 1% % REERI RIS ET
HE R Aok 2-20

% 2-2 3 EITEHE R RSN

23 F AR EAR A (XD, Yb, Zb)
I & AR A (Xa, Ya, Za)

FRE= vV G XYy Y,)2H(Zy Z,)?

2.3.3 BE TN

;L\
e
T
g
(w

J
W

EAETY % e R EERRE o BT RA B S R A

ERENTHRZIEDT > A E LS PELRMT
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Fl12)~ g+ P FID) 2P P9 (2D~ PRI T

($22) ~ F 8= % & (#23) o 536 CBCT Atk & s dk 2 15 > 1 * o f

2L(Anterior nasal spine)y ¥/ BhiE {7

JE RIS - S TR

T
(m
N}

X Btk AR T RABEBIEROER > X FH R T S DB EER

27 e e BEPR oo d SN ISR AR > T 11E A 4w

Bgoo FI AR 7 16 G REE R

4o Bl 2-5 47 0 (Ko, Yo, Zo) R R B nR te 2 7 T (X, Y, Z0) R &

Friohe 2 T PRAER(AEE T fnfak RIRE) > (X, Yo, Zo)

BT K2 RAER(SET e h v R RERE) o
(X2, Y2, Z2)—> /i

N\ ——— (X1, Y1, 21)

L Gl R )
CERBT o RE) — \

| (X, Yo, Z0)

=
S
e
=y
Pty
=



E 2 N e B BNRIE 0 2 AR T

ERATERE

X2=X0+(X1-X0)x
BRE T RA

ERATERE
R BETERA

Y2=Y0+(Y1-Y0)x

ERATERE

22=720+(Z1-Z0)x
BRE T RA

FI* 2 Ap N2ty RERE 2056 7 11X By, Y, Z:) > ¥ &
TRAABREFEFED T N EERRE {7 RET RSB BEE
o dod 2-3 -

#2-3 357 RAHB & IR 25N

Xux«é‘%fiﬂ:*&ﬁ*ﬁ%(m Y2, 72)
R AT T AR AR A (XC, YC, Z0)

FRRBEIERE= X, XD, YOI(Z, )2

2.3.4 ZRIIREPFFRARDZ

)

ERIRERIF AR ZAE z%%ééigérwg#ﬁ%&iﬁﬂ;zmsu
JT; &Eig»v 2010) > PIEITRERERERE - d B 507 1
Mk is- Bra o Mt e AR AR LS e HBE 1 0mn A
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3o 2. 0mm % B T 5 1w B0 4o 2-6 41w o

R ET S TT VY

AR B2 uni&E B (B 46 2% 1aom)

B 2-6 B EIN= L&A

F1* Thresholding = s &7 #1930 & 3k < HU & Rl45 21 7 194415 PDL
5 1~2 pixel mgjﬁrlﬁ v R MMBFITT AR Bl Bl Eaap R K
B AL R 3 pixel o he W 2-T Srm o SR AN L HR P e

PREE S WALES L

Bl 2-7 7+2% Bl2&(% B3 pixel > 4 0.75 mm®)
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2.4 1 SEBEKE NP AT

2.4.1 P31 $8K

BEETFREEBICEFmm)=-SFEA T HRE-SENTERE

5% 4R T R F A A6 (um)

BT AT P — e S X 00K
45 .18 AR 151 55 (m)
5 A A E A HU)

£ AR BB B A U8 B A CHD
RERFDAREE AR R — BT BPAR SR RENTRARXELED ook

£ E AT F 4R B 2 AL (HD)

2. 4:. 2 %w"i,‘z‘;_l-/gv\ *q_

BB Y S8R E (6 0 %P~ Pearson’ s correlation coefficient
e AL A T o A BB (1D RABFIERE I RERRLF A
o (D)ie R T RERIEFRAE S BichisTRERT 2R EYE

TRERESCE AV 2B
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B 3-1 #1 x;é-*ﬁ%i RS- B isR Y
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B 3-2 #2 x;é*%’f%ft e = B o (s R Y

54



55



7 AT
B A

B 3-4 #4 x;é**ﬁ%ft e S B o (s R Y
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3-5 45 £ E L ioR = B BUERS
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W 3-6 £6 % s % L isR - B BUERSY
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4l lA

b ; ‘f
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e

oy

L%
OB A

s b

LG

J(&'
"y

B 3-7 47 £ 5 hniof = B0 DUERY
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W3-8 #8 %2 X haisR = B BURY

60



3.

coefficient ; ICC) & {7 L3t £ 47 o ,T%u F%’g;ﬁq—-ﬁ RER | &2 o

ok
W
m

lﬂ

L.

3.

1 2% CBCT Aefl 4 g7 3 RBREL S
A 7 o e po4p M % #ik ( intraclass correlation

P

[CC EARHAT 1> RIS 4 7 25l B i RZARR w}*&rﬁ Bl R

005 [CCEARFIT I R L7 PERFBEAFRE - R{EAES -

i

L

o+

LA SRS > EPw B F T B (ANS ~ PNS -~ Left
pterygoid humulus ~ Right pterygoid humulus) - #-% # % (ANS)
TOiESEE REL o ¥ = BT -8 (PNS ~ Left pterygoid

humulus ~ Right pterygoid humulus) ¥ # # % = & & B >

[CC=0. 95 -
B A E£AFPREE S (D %) 1CC=0.98 -

FARIFRESG A) 0 ICC=0.96 -

I RRN R AR A FREEERE o ek s B2

FHBAER- REF Lo AT RAE EHAF EFE T RET

?RBRIERIE > @ G EL
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%231 TRERERCEETIRERES

—_—

P

AN

%X 9 FHr oI HEAR(om) [Hr 7 £ A (mm) IREAE%E (o) IRERASFE AW (%)
#13 26. 81157 26. 62484 . 18673 . 696%
#12 22. 22937 21.63838 . 59098 . 659%
#11 24.69149 24.26162 . 42987 . 141%
#21 24. 96768 24.81209 . 15559 . 623%
#22 22. 65524 22.02171 . 63353 . 796%
#23 27.01495 26. 97047 . 04448 . 165%
#13 24. 54044 24. 38685 . 15359 . 626%
#12 21.60315 21.54522 . 05793 . 268%
#11 21.89334 21. 75513 . 13821 .631%
#21 22. 45978 22. 38482 . 07496 . 334%
#22 22. 54464 22. 49967 . 04497 . 199%
423 24. 27351 24.05902 . 21449 . 884%
#13 28. 76050 28.73884 . 02166 . 075%
#12 24.10987 24. 08909 . 02078 . 086%
#11 25. 02433 24. 94175 . 08258 . 330%
#21 24. 94115 24. 47589 . 46526 . 865%
422 23. 79977 23.24708 . 55269 . 322%
#23 28.30291 28. 00257 .30033 .061%
#13 27.48995 26. 95567 . 53428 . 944%
#12 24. 09786 23.47212 . 62575 .597%
#11 24. 29603 24.13045 . 16558 . 682%
#21 24.30082 24.00918 . 29165 . 200%
#22 24. 44720 23. 98175 . 46545 . 904%
#23 26.00039 25.79223 . 20817 .801%
#13 30. 04952 30. 03545 . 01407 . 047%
#12 23. 06031 22. 34058 .71974 .121%
#11 25.18105 25. 08006 .10099 .401%
#21 24. 46866 24.28108 . 18758 .167%
#22 22.63832 22.12828 .51005 . 253%
#23 29. 30856 28. 887178 . 42078 . 436%
#13 27.05278 26. 65925 . 39353 . 455%
#12 24. 07954 23.97454 .10500 . 436%
#11 25. 02914 24. 67747 . 35167 . 405%
#21 24. 64005 24.60772 . 03233 .131%
#22 23.19685 22. 63287 . 56397 .431%
423 26.21193 26.21165 . 00028 .001%
#13 25. 61152 25.51182 . 09969 . 389%
#12 19. 81540 19. 03811 LT7728 . 923%
#11 21. 26552 20. 99865 . 26687 . 255%
#21 22.57270 21. 49410 . 07860 . 178%
122 19. 66068 19. 01252 . 64816 . 297%
#23 26. 72764 26. 66437 . 06327 . 237%
#13 28.04849 28.01931 . 02918 . 104%
#12 23. 95570 23. 74967 . 20604 . 860%
#11 24. 86096 24. 36948 . 49148 . 97T%
#21 24.54518 24. 28143 . 26375 . 075%
422 23. 38630 22.99962 . 38668 . 653%
423 27.11667 26. 85627 . 26040 . 960%
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3.3 B HL ISR A BRBEIRT 2 TI0

7 ISR 0 dedk 3-2 BT o

%232 NBRFFIRT 22 T3 TG iR (E 2 m)

7 Mean SD Min Max

%13 -0.17909 0.190355 -0.01407 -0.53428
%12 -0.38794 0.319891 -0.02078 -0. 77728
%11 -0.25341 0.15632 -0.08258 -0.49148
121 -0. 31872 0.335493 -0. 03233 -1.07860
122 -0.47569 0.193873 -0.04497 -0.64816

323 -0.18903 0.143698 -0.00028 -0.42078
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L) Aok 3-3 H o

3-3 7% BREALYT T RE R E At 2 B R (X )

9 1= FRASBHFHFEHRN) |FTREBABRCF LS (%) | M ik

#13 0.26735 -0.696% -0.69037 ¥ B4R
#12 1.50697 -2.659%

#11 1. 34566 -1.741%

#21 0.97143 -0. 623%

#22 2. 60876 -2.796%

#23 1.39415 -0.165%

#13 1.49198 -0. 626% 0.00721 = A AP M
#12 1.44283 -0. 268%

#11 0.97165 -0.631%

#21 0.65696 -0. 334%

#22 1.56048 -0.199%

#23 1.36017 —-0. 884%

#13 0.56836 -0.075% -0.19230 %R AP M
#12 1.02709 -0.086%

#11 0.97697 -0.330%

#21 1. 26068 -1.865%

#22 0.73389 -2.322%

#23 0.81473 -1.061%

#13 2.14999 -1.944% -0.87252 B A Ap
#12 2.33420 -2.597%

#11 1. 54796 -0. 682%

#21 1.25393 -1.200%

#22 1.89296 -1.904%

#23 0.89354 -0.801%

#13 0.73865 -0.047% -0.95710 B A ip M
#12 2.82674 -3.121%

#11 1.21411 -0.401%

#21 1. 03388 -0.767%

#22 2. 05009 -2.253%

#23 2.07344 -1.436%

#13 1.36671 —-1.455% -0.28274 = A 4P M
#12 1. 66581 -0.436%

#11 0.90605 -1.405%

#21 0.55950 -0.131%

#22 1. 02496 -2.431%

#23 0.59133 -0.001%

#13 0.87669 -0. 389% -0.20473 %A AP M
#12 1.34635 -3.923%

#11 0.93618 -1.255%

#21 1. 58848 -4.778%

#22 1.71632 -3.297%

#23 2. 02307 -0.237%

#13 0.60788 -0.104% -0.70464 B B Ap B
#12 2.07520 -0. 860%

#11 1.80036 -1.977%

#21 1.83636 -1.075%

#22 1.97097 -1.653%

#23 1.20322 -0. 960%




3.9

(5%
—

R FRE

RE A LB A(T ) ek 34 T .

g

#3-4 TRIABHFERE I RERFEF A2 M R(T =)
7 i £33 % IRABEERE@D | IRERREF LS %D i B %
#¥13 1 0. 26735 -0. 696% -0.79626 B R A M
2 1.49198 -0.626%
3 0.56836 -0. 075%
4 2.14999 -1.944%
5 0. 73865 -0.047%
6 1. 36671 -1.455%
7 0.87669 -0. 389%
8 0.60788 -0.104%
#¥12 1 1.50697 -2.659% -0. 38073 <R AR B
2 1.44283 -0.268%
3 1.02709 -0. 086%
4 2.33420 -2.597%
5 2.82674 -3.121%
6 1. 66581 -0.436%
7 1. 34635 -3.923%
8 2.07520 -0. 860%
¥11 1 1. 34566 -1.741% -0.42665 Y RAp M
2 0.97165 -0.631%
3 0.97697 -0. 330%
4 1.54796 -0. 682%
5 1. 21411 -0.401%
6 0.90605 -1.405%
7 0.93618 -1.255%
8 1.80036 -1.977%
#21 1 0.97143 -0. 623% -0.61237 B R AP M
2 0.65696 -0.334%
3 1. 26068 -1. 865%
4 1. 25393 -1.200%
5 1. 03388 -0.767%
6 0. 55950 -0.131%
7 1.58848 -4.778%
8 1.83636 -1.075%
#22 1 2.60876 -2.796% -0.09767 %R 40 B
2 1.56048 -0.199%
3 0. 73389 -2.322%
4 1.89296 -1.904%
5 2.05009 -2.253%
6 1.02496 -2.431%
7 1.71632 -3.297%
8 1.97097 -1.653%
#23 1 1. 39415 -0. 165% -0. 23544 %R 40 B
2 1. 36017 -0. 884%
3 0.81473 -1.061%
4 0.89354 -0.801%
5 2.07344 -1.436%
6 0.59133 -0.001%
7 2.02307 -0.237%
8 1.20322 -0.960%
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E;, ES v EH i '+=1 L3 !;ﬂ ¥ ‘35 Iii 2 *:1'1k ]ii 5%? IL > L2

G55 o

B % (Hsu JT; ‘ﬁ%%?, 2010) > 4-% 3-

TERLF A LM

£ e E 7 = BT I REBAFZAEAUD |7 REBRAETTF LS (%) | 1M G
#13 1121. 779 -0.696% 0.93908 B R AP B
#12 758. 378 -2.659%
#11 948. 025 -1.741%
#21 978. 741 -0.623%
#22 731.036 -2.796%
#23 1086. 769 -0.165%
#13 801. 626 -0.626% 0.05026 = A AP R
#12 837. 628 -0.268%
#11 713. 698 -0.631%
#21 850. 643 -0.334%
#22 720.919 -0.199%
#23 803.474 -0.884%
#13 917.673 -0.075% 0.41963 ¥ Rip M
#12 1036.579 -0.086%
#11 1059. 091 -0.330%
#21 1031. 528 -1.865%
#22 837.098 -2.322%
#23 836.491 -1.061%
#13 768.538 -1.944% 0.47582 YRR
#12 830. 814 -2.597%
#11 836.108 -0. 682%
#21 928. 684 -1.200%
#22 727. 358 -1.904%
#23 865. 480 -0.801%
#13 831. 824 -0.047% 0. 83595 B R AR B
#12 702. 639 -3.121%
#11 797.575 -0.401%
#21 829.514 -0.767%
#22 674.208 -2.253%
#23 822. 066 -1.436%
#13 796. 508 -1.455% 0. 08090 = A AP B
#12 802. 438 -0.436%
#11 1013. 621 -1.405%
#21 962. 394 -0.131%
#22 702. 444 -2.431%
#23 659. 593 -0.001%
#13 660.500 -0.389% -0.09397 =R AP B
#12 614. 700 -3.923%
#11 932. 050 -1.255%
#21 878.575 -4.778%
#22 769. 453 -3.297%
#23 743.525 -0.237%
#13 1007. 825 -0.104% 0. 65940 ¥ RARM
#12 699. 600 -0.860%
#11 795.900 -1.977%
#21 863. 275 -1.075%
#22 694.500 -1.653%
#23 882. 000 -0.960%
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.T-BIBEoRt  THREFAF LA XSEL I
ERBMF AL AHsuIT; R, 2010) - 4o

Y o

3-6

~
|

236 THRYFIFTRAXCKELTIRLBRF T A2 MG

2R 8 T (IR AT RACRBEG|TIIERRF L (%) 18 B th i
#13 -36.219% -0. 696% -0.57270 ¥ A 46 B
#12 -12. 266% -2.659%
#11 -42.536% -1.741%
#21 -31.162% -0.623%
#22 -21.168% -2. 796%
#23 -29. 379% -0.165%
#13 -21.661% -0. 626% -0.87812 B R A0 M
#12 -25.515% -0.268%
#11 -16.479% -0.631%
#21 -29.161% -0.334%
#22 -37. 879% -0.199%
#23 -16.107% —0.884%
#13 -1.845% —0. 075% -0.46763 ¥ A 46 B
#12 -13.147% -0.086%
#11 -27. 878% -0. 330%
#21 -9.561% -1.865%
#22 1.697% -2. 322%
#23 -8.694% -1.061%
#13 -13. 774% -1.944% -0.24066 A AR M
#12 -28. 969% -2.597%
#11 -21.501% -0. 682%
#21 -23.566% -1.200%
#22 -11.055% -1.904%
#23 -31.927% -0.801%
#13 -28. 944% -0.047% -0.84946 ® A 40 M
#12 -20. 991% -3.121%
#11 -29. 771% -0.401%
#21 -32.416% -0. 767%
#22 -24. 488% -2.253%
#23 -29. 854% -1.436%
#13 -27. 899% -1.455% -0.06113 <A AR M
#12 -43. 594% -0.436%
#11 -34.514% -1.405%
#21 -35.415% -0.131%
#22 -21.678% -2.431%
#23 -9.846% -0.001%
#13 -24.160% -0. 389% 0.11534 AR AR M
#12 -10.900% -3.923%
#11 -34.703% -1.255%
#21 -36. 385% -4. 778%
#22 -25. 330% -3.297%
#23 -18. 376% -0.237%
#13 -48.007% -0.104% -0.50398 ¥ R AP M
#12 -7.303% -0. 860%
#11 -28. 498% -1.977%
#21 -20. 186% -1.075%
#22 -7.723% -1.653%
#23 -35. 876% -0. 960%
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4.1 7"}':"’)&'1( e F\:i“tg

HL IR ETAL DT T AR R B KT gL H R
7o eh= % (Mohandesan et al., 2007) - ?‘ﬁ Parker(Parker, 1997)
FE R PG T 300 K e prhstin 7 4 A BTG &1
FI T fs & Hp e3f BB o ?,;JF," Killiany(Killiany, 1999):- & =
FRPBEIFE LA D 0 PR LRG T HBEBS KL T WS A g
7R F bR R R LT 4R E S
(hypermobility) o Lee et al. (Lee et al., 2003)4*4+5% %EW ~ 7
¥REFABPFF N2 - BT PFEERE > BEFRT ¥R
FEF I = AT PR T AUSC AR AL G T S e A AL
SHEE 2 A R APORFERE L ERNT RO T R
R 12 £ % & - Remington et al. (Remington et al., 1989)# 3%
PR BHT oK 100 p i v LRE > BREG A B L
®f 2 U EER B R - ¥4 s Levander et al. (Levander and
Malmgren, 200007 % 7 20 B3 FFE 7 13 jzenym 4 > 29 5 13

FreERABLE LR 10-15 &> ¥4 TR RRGHL &

zp,
g
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B 5-10# o BRFR > dok CHEET TR e EREMI LR ]
FEOmm BT S EHERER ARG EHRF 0 n EEE T S SR
o Sameshima et al. (Sameshima and
Sinclair, 200)32% » FFF -3 3F=m 7 A2 FE 7 1954 B F

BT T A - R EAFER R E SRS o A

e

BT R e s g 2 A A MR- LIFEFFFEL LR L

W o T o FL FFbbs BB p L0 R FLichT i g A

4 9 g iAo

4.2 CBCT ig * 313

Ll BECRT LY AR T ez i g S, (e B E
T ' F e R
FTHRAL A REFRE FNF I AL PRERUIRE ] Gl

mEGEREERT TR F AV G RE O T F oo p s T &.j”i",ﬁ%

~

*

o R B EBRBHI B AE 0 7 URAR R AR - B &
B g CBCT e S (il R AR 1R > 7 BLRIZ 7 s

W o°

5
4~
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BH RS B ot 0 A W F b R 2D B 3D Biif o &
2 2D ® ij4p vt > Estrela et al. (Estrela et al., 2008)41* CBCT ~
R Xk ke X2 KPE749% B> P &g R CBCT 7 #2ix an

BACRNME Bl > B g R X P B Lnd ke X k4% o CBCT

“

SriB Flenid 3D Bl ApECTY 2D B HSME SRR BT LRSS FER
WG AR RATAL GREL o ¥ %h > Liedke et al. (Liedke et al.,
2009)F1* iCAT CBCT # 7 # I voxel size #7B~t# CBCT # i * ™ &

b IRBAT T BRI RSt B % ik CBCT - B3 7 42 4h st
TR\ o 2 @ 3D B iapr (e s CT 82150 > CBCT £ # i3
SRR BRVRT F o TE RS REE B T A

v g CBCT kELP 7 B jrenfin o

4.3

03
1"\

%3 hiE

Jwl s Ay Y R ERE R T 2T 2 B RRF
57 3 % M (Kurol et al., 1996; Sameshima and Sinclair, 2001a) -
Mu LB Weet @G T T 8D 2 E AT RAE

2288
- D
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# # : Horiuchi et al.(Horiuchi et al., 1998)=%#7 5 » 2 7 # 4 7 {9

A

S T RS > T EE L 115 A Ry - A
FREB DL > EA 2025 ko P ELY o LT LR

F TR T R 2R

EH w7 LB % - Blake et al. (Blake et al., 1995)
FH/ 63 Bop A ERAGE T BefId XY BEFRTIT A
g PSRRI T 5 12.54% PR P T 5 8.04% TEERIFPT A
6.19%> THE? M7 5 5.91% EWmaim M T A4 T R
Eipde T8 7 ke s o Sameshima et al. (Sameshima and Sinclair,
2001a)fc & 868 Bopbliemadr > R HFMEFH 7 L& 7]¢ 5 F 4
A2 7 RS ol o TIoAE 1 dmme 208 7 RRIRT S A4 TR

“A”]I°'7°]1}L7‘\/Fﬂ EHPEEIP MY S RIPT R N IERRE R

SRR IFIFIER B ERF L Es BEF T A
Yz % o Baumrind et al. (Baumrind et al., 1996)#= % 23R » /5
e EFE AL ) R R BE L L Bt E o Sameshima et
al. (Sameshima and Sinclair, 2001b)F 3 #F M > iR PFEARE > F
BT A2 T ST s ARBRE o Fp 0 AT ER T IR ER
— R b K R R PR
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4.4 T RE R

AFTHER - B DRk NBXFEFIRT T
7 e R dod 3-2 4T o BdRT UF R AT ¢ Ti59
RocE R B EE L PHRIMT > AL VDY T Bk

H_PEEA & o

AT EA T 20 i dok 4] BT
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