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— Abstract

position and angle of the teeth.

after orthodontic traction.

The purpose of this study is to identify the factors affecting the treatment outcome after surgical-orthodontic
treatment of the maxillary impacted incisors using multiple regression analysis. The study enrolled 83 patients who had
surgical-orthodontic treatment in impacted maxillary central incisor between January 2005 and December 2015. Possible
explanatory variables related to the prognosis of impacted incisor were age, gender, tooth developmental stage, height,

The results of multiple regression analysis showed that as the height of the stem cell from apical papilla (SCAP)
increased, the tooth length ratio increased by 0.345 units (p < 0.01). There was no statistically significant difference in
gender, tooth development stage, distance and angle between the center line and the tooth, and the height of incisal
tip of the tooth. In conclusion, the height of the SCAP of the impacted central incisor is factor affecting the tooth length
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Fig. 1. Lateral cephalometric view. A, a, Distance of incisal
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of stem cell from apical papilla of the tooth at incisal tip of

tip of the tooth at incisal tip of adjacent tooth; b, distance
adjacent tooth; B, ¢, angle of the tooth to palatal plane.
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Fig. 2. Panoramic view. a, angle of the tooth to midline,
distal (+), mesial (-); b, distance of stem cell from apical pa-
pilla of the tooth at midline.
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Table 1. Patients’ demographic factors

Characteristic
Gender N (%)
Male 38 (45.78)
Female 45 (54.22)
Age Year
Mean + SD (range) 8.76 + 1.11 (6.67-12.67)
Location N (%)
Right 41 (49.40)
Left 42 (50.60)
Direction N (%)
Normal 61 (73.49)
Inverted 22 (26.51)

SD = standard deviation
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Table 2. Distribution of developmental stage and teeth length ratio according to developmental stage

Direction Normal Inverted Total
Developzlr\Ylwc()elrllat)al Stage N (%) Teeth L?gg)th Ratio N (%) Teeth L?gg;ch Ratio N (%) Teeth L((egg)th Ratio
Stage 7 10 (16.40) 0.96 (0.05) 6 (27.27) 0.92 (0.04) 6 (19.28) 0.95 (0.05)
Stage 8 29 (47.54) 0.96 (0.04) 13 (59.10) 0.91 (0.04) 2 (50.60) 0.95 (0.05)
Stage 9 20 (32.78) 0.97 (0.04) 3 (13.63) 0.88 (0.05) 23 (27.71) 0.95 (0.05)
Stage 10 2 (3.28) 0.95 (0.03) 0 0 2 (241) 0.95 (0.03)
Mean (SD) 8.23 (0.76) 0.96 (0.04) 7.86 (0.62) 0.91 (0.05) 8.13 (0.74) 0.95 (0.05)
SD = standard deviation
Teeth length ratio = Forced erupted tooth length/adjacent tooth length
Table 3. Pre-operation and post-operation radiographic features
Direction Normal Inverted Total
Pre-operation Mean (SD) Mean (SD) Mean (SD)
Cephalometric view
SCAP height (mm) 30.62 (4.09) 2153 (347) 2822 (5.62)
Incisor height (mm) 14.75 (3.25) 22.02 (3.44) 16.67 (4.60)

Angulation to palatal plane(®)
Panoramic view

48.61 (23.26)

-21.16 (16.24) 30.12 (37.63)

Angulation to midline (°) -745 (23.12) -30.43 (34.91) -12.54 (28.61)
Distance at midline (mm) 745 (3.53) 9.62 (4.26) 8.03 (3.86)
Post-operation Mean (SD) Mean (SD) Mean (SD)
Panoramic view
Forced erupted incisor length (mm) 25.92 (2.97) 24.58 (2.22) 25.56 (2.85)
Adjacent incisor length (mm) 26.94 (2.89) 27.06 (2.32) 26.97 (2.75)
Teeth length ratio 0.96 (0.04) 0.91 (0.05) 0.95 (0.05)

SD = standard deviation
Teeth length ratio = Forced erupted tooth length/adjacent tooth length
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Table 4. Multivariate linear regression analysis for post-operative incisor length ratio

Teeth length ratio (Forced erupted tooth length/adjacent tooth length)

Independent variables Eige;fii?:;: ESt'mgfsﬁi?gr:fSS'on Standard Error  95% Confidence Interval p value
Intercept 0.887 0.063 (0.763, 1.012) 0.000
Gender 0.010 0.102 0.010 (-0.010, 0.031) 0315
Stage (Nolla) -0.001 -0.016 0.007 (-0.016, 0.013) 0.883
Angle to midline 0.000 0.249 0.000 (0.000, 0.001) 0.152
Distance at midline 0.000 -0.003 0.002 (-0.005, 0.005) 0.987
SCAP height 0.003 0.345 0.001 (0.001, 0.005) 0.004**
Incisal tip height -0.001 -0.090 0.001 (-0.003, 0.001) 0.409

Multiple linear regression analysis (*: p < 0.01)

Angle to midline (°) = angle of long axis of the tooth to midline in panoramic view

Distance at midline (mm) = distance of SCAP of the tooth at midline in panoramic view

SCAP height (mm) = distance of SCAP of the tooth at incisal tip of adjacent tooth in lateral cephalometric view

Incisal tip height (mm) = distance of incisal tip of the tooth at incisal tip of adjacent tooth in lateral cephalometric view



813 + 0.74CHA UL 8THA|, 9THA|, 7EHA,

—

[

o+ Nolla EHA|

o

4

J Korean Acad Pediatr Dent 45(1) 2018
L

mmuomﬂwmEAT._._nx__.mm_Wﬂn_.._Avalmaaﬂ M%Dl.:nﬂ_meezLo_amlA._ml___ I R o 8%
o o7 00 7 & w1 o7 = ©W KB — F K o X K = 8 230 = N K ¥ K N — X Pl 5
&E.m._dor_._u._m_l__o_kiLILﬂ_O ol A|x_o o] = k0O = T =0 ~ = K oor o%
M T st o N B E X TR K 3oy o T oF 5 © N 2 o ol 20 ool KD mnnn__u%_ﬂ
B0 kT o ROEOW RIS X E R oy F oo ¥y - B =N = K
TR P a0V M IS 280 g7l RmozT s edgWER S gk
ce MR T T RO Wy m e S TEREZSoRouwnd Tyal
Tel - R O o AR S B A T R
- 0 7 L N O 30 Y4 KO - e N ol <V 3 _ ) -
SWD Tz oy Wl N U Mgy S g L F oo e ey o
ChemRaMT gtz i BEAE Mo T Mo kg Rl 50853
t P EipTafigmgionwesd e lygmrageo¥e xweo O
s zolm 00y d S XU R oS e R TR My T g TN
T o 3 57 KO T 8l © X H -y — _ur [ X 0 of - o ~ Kl
1 ofF oF 8 . of R0 3 0 = o5 v g 81 ROok 2 mom = = =3
o Ko e M T g I T mm BT ™% X Ve I ox
ol i © M gz 0 = = 3 R0 L = g or N oo Ou I ol ' Mg = = B3
ﬂr_uoo_mu_%xﬁ_imo_“x._mxulm_.mol_n_%.EEﬂ Mmmmﬁ%.im_%uﬂ%mw o = o ¥
PR s gt oaTm g 5 &N S = 9 ® Lo oo 7 =2 o5 .09 =y
Ko oF % & T o BX Bl 2R oo = 0 5 ol I TR o A © o o T H = oaE
oF r X0 Q Xy W = B oo KO RUF X0 &K o oA - = B =T R P = o K
oo~ iy o8 © ol o U T o_o|§_mo Ko — 71 o X .- ™ o Oof o N r_Aﬁﬁ_mW Bl #_wur*o =) L__x__.
Tt P p R g KT g 0 WP Mg pBERE e DR TS
pno BRI W R e s rpa 2 P g RN ME TS 5 U W
T oo MWE gy Mg 2 P Fmo R AR MG Sy W PO Ry o o
IRt Eanl s an ol s Dt T T ot ¢ 2o gy
n 1 o o T 53 X 2 o = [Ialiou S = I = — 0] B8 g N =3
:uA._Jﬂ.mAm_n__/Ou_._uﬂ.AAOA_.M.J._HH_.&M._Or‘xoo_=_+g%=o_an7_WmP_ﬂo_==_o¢mr_aemﬂm._%ﬂ.rdx
— = ™ §H0 = = 2 B T - o *r D . el ~ ]
m.RA.J_ww*_m%_u_ox_um_r_oI:%Hoomwmmawmmmm%u%Vmmz_umﬂ%ae@U.wmn_._ﬁﬁxes_.
%___Mnm_ po__ﬁ__m__folzmuﬁ_x@xoﬂ r_m_/o]J.A_m_sA_ ATV o K R o Koo om
K IH /1l © ®l of o2 © RO < rgl & o ol R ok & WM R SN ol X00& ot 0 oor mu I OKF W s K
e s W R o m T < & "X N © HolR o T T K U S T X MRS S E &g R T
Xm_mﬂx_-a_.ou o_mmM_l_wwoo_'Eﬁ_o_einoJﬁoyx_m_m_ﬁ:_._mx Y ToREIEI s
~ ~ . =2 2 T an ol - = o = R N _ ¢
X oW T T H g @Pawagwsmw S Eol e oy w g E g g go KO
SO R W H A= Dgo o o T BTGy WY G o9l MOE
K oF ul < xp T oF o 30 @ ~ Z GF KOO o oogp X AU St me s _ 4 KOO 309 K g
sxo%ﬂmﬂm EMNO_.O_.%@%%;_QW@E%WEOTsmuowmﬁ%.mwﬂgem
& o = R 5 K ®m m k0 . = o = 0l 5 o 5 o K 235 2 8 » e
of O 5 & ol © N ol & L - T — ofr Ml N M0 & 0 = N T K O
0 N = = 10 D =< o 0 r - = 1% < —
ﬂ:@w_/l"%_um oE.U.EOl_Ol_Ol__._.I_mLM_JC._A._HoWE._O_HMO_._HELVMN.UIM_I*_WHEE._Aw@mwmn_%
B¢ © o &g D T ook FogOpg RIS F o AW g5 I8z Xm0 ¥oT 5 eF Moy,
br N S he — K = - = o = —
H.Wm_v.ﬁo_a_ﬂ__ M__MExomﬂwm#m._wﬁo_em_am:_om_eU_me_n_a_._._.norq___u_____mmm_r___;mﬁ%ﬂ_%9
= = +° I_luu o —_— AT s H|. |—l =
Pz 0s muA_Am_w_n_ﬁol_.%%o_o]_o__@mﬁrxq%e_eﬂﬁuwea_tmWEIM
< s E O ﬂmmﬁm%hﬂri__anﬁ&s,lo__%%ﬁaésﬂol_smmmwmH
o 2 = = H = 0O == — —_ = - = .
m g owoor _%iwgo%Hularw:_o_:wlm%r.isﬁﬁo_7r__A_E_i___erDrWMﬂ
A_.E...A_.._ rd L H o2 - K ©0 =2 ._L0|._L0|u_._:.r_._.n__l|_n_7|u[umM =M 2 = = A«
FRE TR WP WS 55 5ol g0 mm dH RESEXa T8 2o sy
U S fSdmsr gl I RoElm o i Eg Fdg
SHEGEY Frrxo2go  zuwg  JUARZIYZRLRBRESSEEC R D
. K=o O = = =2 [ .= ~ o no=s
7|._._o_|l,==o7|om_m wwwlz_._lmﬁ.u._mxmﬂmmM@_H__o_umWﬂ._o_.%meMﬁx__‘x_ﬂ@on_aﬁH_mM_.__Oo»
Wlﬂ_ﬁzop_um.r.|mﬂm|0ND|ﬁrA0Tquziwm ﬂ|wmﬂa_emmw_m.__._0hwm,m¢
RO o oF ® U N oo = = - oo X M = T 0 T MY E dow
o_”_._._LL4|M._H_._7W,_L._ura_o_._7oo_=_|ﬁo_u_._.._Lﬁ..L|o_+L__ﬁur _u._oMPogl_. o
yam RIS T Ky w D T w R e P B S
L= R g or ° o s g o T =& © of <0 = o =~ = = a
ol 2 ® = H o o u_._HoOlIm_._mur._|HLﬁ.|6|mo.+lﬂm|_.TEm.__._ o Bee._.“_u._ot
= &) < ou T ok == = o i g ok = T s Uy fy oo o T & © K X
B 5 o Bz & 0 o = =2 = & o q4 7 9 om K = n o} S K X i
T o ¥y pasgP gl es s a__s%a__791ﬁl_9|mu9ﬂﬂﬁomccm,noﬂﬂo_
A — B o 2 — 2 s o5 - o2 ol A oF i o7 o
IR T B RN S T - e - o= T e = BN AL B - B AN )
= o I & R B I P! 0 T N o0 O T x 8 K OF H 0 ol W Ml o NI Rl of Ol o1 & & £ & ol ou <o

| =
=3

o
)

4

(i

8, S ofj=Kx(otel 2| 8 A=k 0j5X0f 7

Ct.

4 of

b

Z Alget Ao 7] S EA Ll X[ote] X2 H 7FE

HAY 82 Xe=H2 FAIE[L, K22 480| ¢ 0

LEX| BEQUCE. Ol 2t



Ote| Zt=+ Becker S[13]1 Ho &[14]9| &0 A OHEX|O} A
QA X Z7(7H0| = Febs FA| B, SYHERE A=
Becker S[13]2] ATOA OY=X[OF HQIA| X[ =27[ZH0| S
T EALE = AFOA AESH TheatOp AR AFE2 X
0| =E2Z 0|33t 8 Hso| FHofoln +8H X 2
2 7Hs g0l AUCH28). mEM, AP oA Kl o
of g glO| of=X|ote] +=8H 0|52 FH 2T XE2

ol ofsff mh-2iOt oM BE L= FED ARZE 3K B

> mo T

=

10

mo i ol ki
on

£Q
n

7t £gxoz oj0] HHE wajot YA

RO 2t et A2, 2ol2

30]1t 0|2 QI3 4% BH HH2 o3t 5H
o 7

o
P4 BXIE 08

oo g,
e
s
=
=
A=)

I

0%
>
rx
>

pal

A4
ox
ot
30
n
oz

N
10
rx=
u
0x
Mo rir
=

o«
>

El
oz
2
m
ro

>
o
Ot
39
D_
rir
b
I
o TE
ot
4
1ot
A
-
B
2
)
rot
1ot
I
Bl
AW
=)
pa Mo
et rlo re mo

|0
+
0
[m!
—
_IT‘_
]
>
ini
iml
09

o ot
Rl
10

=2
=

Ul

[0)

d
s 08

0!

fo
o b 18

5e)
1
N

b
as
=2
-
rot
El

bl

bl
o
o

rhu
mjo
ne
3Q
_lTl_
=)
fr
gl
0x

o
oA
A
>+
10

SCAPQ| 0[7
0.01). gHof,
el ® A&, Of

>+

o

s ME

Ho

m

X

2

Jfr

>t

o

10

Hot o
O

r_l.

=2

)

rot

HU Jlr nE HiF
>+
(@)
)

References

1. Grover PS, Lorton L : The incidence of unerupted perma-
nent teeth and related clinical cases. Oral Surg Oral Med
Oral Pathol, 59:420-425, 1985.

2. Crawford LB : Impacted maxillary central incisor in mixed
dentition treatment. Am J Orthod Dentofacial Orthop, 112:
1-7,1997.

3.Tanaka E, Watanabe M, Tanne K, et a/. : Orthodontic trac-
tion of an impacted maxillary central incisor. / Cin Orthod,
35:375, 2001.

4. Becker A : Orthodontic treatment of impacted teeth. Am /
Orthod Dentofacial Orthop, 113:368-368, 1998.

5. McCormick J, Filostrat DJ : Injury to the teeth of succession

J Korean Acad Pediatr Dent 45(1) 2018

by abscess of the temporary teeth. / Dent Child, 34:501-
504, 1967.

6. Chaushu S, Zilberman Y, Becker A : Maxillary incisor impac-
tion and its relationship to canine displacement. Am J Or-
thod Dentofacial Orthop, 124:144-150, 2003.

7.Frank CA : Treatment options for impacted teeth. / Am
Dent Assoc, 131:623-632, 2000.

8. Korean Academy of Pediatric Dentistry : Pediatric adoles-
cent dentistry, 5th ed. YENANG INC, 16-23, 537-556, 2014.

9.Zuccati G, Ghobadlu J, Nieri M, Clauser C : Factors asso-
ciated with the duration of forced eruption of impacted
maxillary canines : a retrospective study. Am J Orthod Den-
tofacial Orthop, 130:349-356, 2006.

10. Becker A, Chaushu S : Success rate and duration of orth-
odontic treatment for adult patients with palatally im-
pacted maxillary canines. Am J Orthod Dentofacial Orthop,
124:509-514, 2003.

11. Bazargani F, Magnuson A, Dolati A, Lennartsson B : Palatal-
ly displaced maxillary canines : factors influencing duration
and cost of treatment. £fur / Orhtod, 35:310-316, 2012.

12. Fleming PS, Scott P, Heidari N, DiBiase AT : Influence of
radiographic position of ectopic canines on the duration of
orthodontic treatment. Angle Orthod, 79:442-446, 2009.

13. Chaushu S, Becker T, Becker A : Impacted central incisors:
factors affecting prognosis and treatment duration. Am /
Orthod Dentofacial Orthop, 147:355-362, 2015.

14. Ho K, Liao Y : Predictors of surgical-orthodontic treatment
duration of unilateral impacted maxillary central incisors.
Orthod Craniofac Res, 14:175-180, 2011.

15. Kong SB, Kim JS, Yoo SH : Case report : Forced eruption
for impacted anterior tooth. / Korean Acad Pediatr Dent,
32:409-415, 2005.

16. Im YJ, Kim VYJ, Kim HJ, Nam SH : Erupting guidance of im-
pacted maxillary permanent incisor with apically reposi-
tioned flap. / Korean Acad Pediatr Dent, 37:512-518, 2010.

17. Kim NH, Kim SO, Song JS, et a/. : Treatment of impacted
maxillary central incisors using orthodontic tractions. / Ko-
rean Acad Pediatr Dent, 37:109-116, 2010.

18. Kim MN, Kim YJ, Kim JW, et &/. : Orthodontic traction of
horizontally impacted maxillary incisors. / Korean Acad Pe-
diatr Dent, 35:757-765, 2008.

19. Nolla CM : The development of permanent teeth. / Dent
Child, 27:254-263, 1960.

20. Logan WH, Kronfeld R : Development of the human jaws
and surrounding structures from birth to the age of fifteen



J Korean Acad Pediatr Dent 45(1) 2018

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

years./ Am Dent Assoc, 20:379-428, 1933.

Sun H, Hu R, Wang Y, ef &/. : The treatment timing of labial
inversely impacted maxillary central incisors : a prospective
study. Angle Orthod, 86:768-774, 2016.

Huang GTJ, Sonoyama W, Liu Y, ef &/. : The hidden treasure
in apical papilla : the potential role in pulp/dentin regener-
ation and bioroot engineering. / £ndod, 34:645-651, 2008.
Bogic S, Volarevic V, Ljujic B, Stojkovic M : Dental stem cells
- characteristics and potential. Histo/ Histopathol, 29:699-
706, 2014.

Huang GTJ, Gronthos S, Shi S : Mesenchymal stem cells
derived from dental tissues vs those from other source :
their biology and role in regenerative medicine. / Dent Res,
88:792-806, 2009.

Ding RY, Cheung GSP, Zhang CF, et a/. : Pulp revasculariza-
tion of immature teeth with apical periodontitis : a clinical
study. / £ndod, 35:745-749, 2009.

Sonoyama W, Liu Y, Huang GTJ, ef a/. : Chracterization of
the apical papilla and its residing stem cells from human
immature permanent teeth : a pilot study. / £ndod, 34:166-
171, 2008.

Oh JH, Chung SW : Multivariate analysis for clinicians. C/in-
ics in shoulder and elbow, 16:63-72, 2013.

Korean Academy of Oral and Maxillofacial Radiology : Oral
and Maxillofacial Radiology, 4th ed. Narae inc, 114-146,
2008.

Linden Vd : Development of the Dentition, Asian ed. Quin-
tessence Publishing Co., 59-69, 1983.

Tieu LD, Normando D, Toogood R, Flores-Mir C : Impact on
perceived root resorption based on the amount of incisal
inclination as determined from conventional panoramic ra-
diography. Am J Orthod Dentofacial Orthop, 148:685-691,
2015.



J Korean Acad Pediatr Dent 45(1) 2018

Y - SRM - AEE - HYH - JYL

G A2 S) 2 OpAaf il &

2 7ol =X 05 2|7 242 018510 &9 b5 SEXE udH olet = Xz Zuto| S 0[X|= Qa8 =0l5t= A
o[ct

2005 1S H 20153 12&7HK] HMICHStw K| OO SHE R AOFX| It M &2t o5 SEX|0f HE 24 28 St u¥H |
25 %2 A0hHAE Xt B 83YS (O E SiXt FEL K& ©, & YAMSHY HEE 08510 HFE TASHRACE X7 = ¢
Mot SEX[Q Zoof tht z4Qlet SEKX|Q| Z0[o| H| 20 CHo dE, A & LHAf YEO| gek & X|of &= tHA, oj= X|oto| =
O[et X, Z4t= & YAMISH HEO| Hets OhE 2| 42 SStoA BISHRACt

CtE 3|7 24 A1}, stem cell from apical papilla (SCAP)Q| =0|7} S0t&E 42 X|E $ X|OFZO0|H| &2 0.345 CHQ| SI}8tH 2 Lip
< 001), g4, Xof &= CHA|, oj=X|ott S| AHe| & Z &, oj=X|ote] BEHHO| =0|= X|& = X|OZO0[H[&1 SAHSHL
2 72|0J3t Xt0|E EO|X| BRACHo > 0.05).

0= SEX| 8N AQl X[z Al AQlet X|ote] ZO[= 27| SCAPS| =0[2| Fgs #oLt g2, KXot &= TA, Sydatel 2
o)

O
=, ZTHO =0[0f e Ik EO|X| UL,

= OO



