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£ Areb-o] ziu} w9lE dwislgl oed Starnbach
4] = rhesus monkeyS o] 23} 4l ¥4 Arel
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Z2F, THEA 7} 2% shie] unitz 3 ol
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S A o4 A-point 7} RFFC T VS B gionq,
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et Bugke 24, Haase] o]2% i“’.}’%l 34
v}, Biederman® & AZF-p7 E§lo] AT Hel
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2 ollsle AobE T4 BgE A8 ol dha
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cson®™ Zimring*¥-& screwol] 24312 X alile
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OVANEY 7f-oll AekFol] EE s+
Z 2x3}7) $18) Hellmanz| 8B
AE FAEE olgste 295 FHoleh 7
ol 4 sl & AbotFoll oigt IAYU R84 RS
Atk (AHAL 1, AkAL 2)

%8 944 (finite element method) 0} ¥
A4 728 A4E 98 o 30 A Y] A7
skowd 1960w Clough*¥ell 25 §3at 844
o522 4ol & Ao ALAE {iAHY
848 Yehin 2 94642 #4424 H (nodal
point) & F35ho] Asicty szt A a4 o
HAE AAbsle ol Ag AdEAAA Al S

& 7ol A AATAE BR84L (plate

element), 4w 4| 84 (8-Node Solid Element) 2| 2
A2 84% BUSA debin A a4l $Te
abe] Wil A9 Wzbe) mel 2YE ek
(Fig.1~4, Table 1)




Table 1. Number of element

74 752 Type Plate Solid boundary
9 element { element | element
81 ~f82 76
fitg
10 Number of
83 184 {77} - clement 119 22 4

Total number of

nodal point 232

T FE FA] ol wWE WHE 3
I 7 e (cyber 185 835 system)oll <&

3k BAEE TS xFL A
A A
ol 40| Sl el 4 - el
5%, yEol +40] Hol WU
4 4+ oA s9.en (Fig5) 4 3
FAEFE RS 842 $E3h
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Fig.5. 3akd #x

Egk Aot G4 Ao osil] wWE WHE
M5 Yy Aot T334 (Frontomaxillary su-
ture) A53FE3HY-(Frontorygomatic suture) &
T &52 318 (zygomaticotemporal suture) <lAbet
o 7 (pterygomaxillary tissure) 2| A& FEH 4o
2 sas,

2 oo Tof] AHER AletE F% 2 Ahx]+= “Ha-
as Type” 0 2 Aol A1 "ﬂ:l"i], 2} A 1 £ T2 Eba-
ndingd} o] A Zsta 13 Ao 0. 2mm4) o] 7N 5=

_4 5_.



Table 2, Mechanical properties of each material

Y4 HFoE WA o 39 BAE Qose

A5t w2 & Auby Rl ki) o g 3
W W sh doiyton] Awpyu o} Fablol A o g
2 A W9} o]2e] AL & 2 9lglch (Table
4, Fig.6)

Table 4. Displacement of palate on midpalatal

Suture area.

Property | Young's Poisson’s
Modulus Ratio

Mat, (E) g / mm? w)
Compact bone 0.12 x 107 0.33
Dentin 0.14 x 107 0.28
Enamel 0.49 x 107 0.30
Cancellous bone 0.18 x 10° - 0.45
Table 3. Boundary element
Nodal point Spring rate (g/mm)

213 - 0.1x10*

214 0.1 x 10*!

221 0.1 x 10*

222 0.1 x 10!

screw® 3% 244 15478 €8 6mmE o)A
AA HEZoR 3mzt olAEE Aoz AT
o}, ER frs4sRde %“_"a’:b", 2o}, AX2ZH-4
€ fRslass Ao, FAEL dRaL AA
33 ol frits4s Rd-E oAt WRA, Ao}
A, Az, A9IFR FASGT 7HAs o (Fig.
1,2,3,4)

od3t4 Alz4l Young's Modulus (E) 2} Poisson’s
ratio(v) = t}23 o] dFich (Table 2)

o4z} & Azot ZASANA TFERES HA
2% Program(SAP N)ell 7+ 949 93, 7&’;‘,
o] #Fe Jdsiget. 2l A A 1T
A 14&TA 7 259 R 3mrl o] F=H Ak
HAske 7 2919 $&-¢ A4yl S s
A A4 z+= 747 274 (Boundary Element) & 4t
o} A 1479k Al 172 (A 213, 214) (221,
292) o] Bed5}9l.om (Table 3) o] 24 e ALE ] #
3] (displacement) 9} =k$] =2} 9h-& F-3-# (pri-
ncipal stress)-& w3 248} %}

mazagy 435

7 A4 Feisk 3o FREAASY S5 ¢
1°4oﬂ qo)g £AsE ohest 2ok

L wlA AebE B4 gl ek Ayt

Zé's T FHALHE 2R Ao T

__4 6_

Nodal point] X Y yA
115 -0.97(mm)| -2.40(mm) 3.21(mm)
179 ~0.96 =272 2.20
192 -0.98 -2.77 1.52
196 -1.05 -3.03 0.71
198 -1.05 -3.03 0.34

155
1
2
Q)
1
19 \‘ 27 § faoé
I 3
52
3 9% [we
1
190 ————-191 205‘
8 (8¢ | M
192 5 53 175
5
194 95
ﬁon
87 8% 7 s
! 185 1177
196 e —
232
198 186
Fig. 6. T899 849 AA
2. AFALTA Fo049 A, T HIE

o FotE e A Y97 dFRe o g 7‘.‘1“&‘5
N5 vgon, Fu W FAE-Re} 2Fo o
o] delkg & 4 2Asla, 4, 8l ukekel glei A
v 9%l A&ncl o gL sk Hsk Adsdeh
(Table 5, Fig.6)



Table. 5. Displacement of plate on transverse
palatal suture area.

Nodal point X Y z
196 -0.15(mm)] -3.03(mm){0.71(mm)
197 -0.83 -2.39 0.71
232 -0.47 -0.46 0.84
186 -0.46 -0.29 0.12

3. A4 B o) AFA A (midsagittal pla-
ne) AollA 8 ¥e Px = Ao drci FHe)
A ol B A ES Subes] shbEsl s el
v e g yebyteh (Table 6, Fig.7)

Table 6. Displacement of maxilla on midsagittal

plane
Nodal point X T X T Y
56 -0.02(mm)| ~0.01(mm)0.05(mm)
66 -0.37 ~0.53 0.42
78 -0.03 ~-0.79 0.48
121 -0.80 ~0.32 2.07
155 -0.97 ~2.40 3.21

Fig.7. 353449 24

4. PA-E3 (zygomaticomaxillary suture)-$
dlAde] Hel AxE Bel dalyoes Fgde 2
AAo) 4] ¥ = u)sEhAl EPE oL Abepd
Hol A& FodtolA spbd ez wel 4z1eH &
wH-gloll A = AP S debue Sdal4 &
L8 AFE FZubHgRe SolsE Ao el
yre} (Table 7, Fig. 8)

Table 7. Displacement of Zygomaticomxillary suture.

Nodal X v 7
pOlnt
75 0.1 mm open ~0.645 x 107 (mm) -0.796 x 10'2(mm) 0.509 x 103 (mm)
3mm open -0.02 -0.24 0.02 .
93 0.1mm open -0.126 x 1072 -0.743 x 102 0.462 x 10
3mm open ~-0.04 -0.22 0.01
89 0.1mm open ~0.267 x 107 ~0.227 x 107 0.439 x 1072
3mm open ~-0.08 -0.08 0.13
87 0.1 mm open -0.555 x 107 0.247 x 107 0.125 x 107!
3mm open -0.17 0.07 0.38
131 0.1 mm open -0.410 x 107 0.630 x 107 0.133x 10
3mm open -0,13 0.19 0.40
132 0.1mm open | -0.170x107 0.801 x 107 0.104 x 107!
3mm open -0.05 0.24 0.31

-4 7 -



Table 8. Principal stress of zygomatic arch

Element | 0.1 mm open 3 mm open
1 5.52 x 10%(g/mm?) 1.66 x 10%(g/mm~)
2 7.56 x 10* 227x10°
3 1.06 x 102 3.18 x 10°
4 -7.93 x 10™ -2.38x 10°
5 1.62 x 102 -4.86 x 10?
6 -1.52 x 102 -3.75 x 10°
2 5. ¥E7 (zygomatic arch)ell4 9] &&-& £4
/ st mal ArebEol sl Uk B4 AR
/ 20| vehi 2152 (frontal bone) 3} 1A% &
y el A= 355 3E el ek £ AletE

o Ade FHALLNAY SHo] e 849
$dRc} A Jebdm glos Aok A 1 g3

Fig 8. dT7ellAe) SHa84 2¢a dadods Apuboll 1A% a4ollA A o] ZA el
5k Y
g AA = glch. (Table 8, Fig.9)
Table 9. 63919 Acldel4 & FrAHY-S ¥ Y 29
84 R FY 4 ¢
M5 | Hs X Y z 54
87 194 -0.34x 10 (mm) | -0.34 x 107} (mm) 0.35 x 107} (mm) (g/mm?)
196 | -0.35x 107! -0.10x 10™ 0.24 x 10™ 15.1
- -1 - -1 -1
88 195 0.26 x 10 0.80x 10_ 0.36 x 10_ 140.0
197 -0.28 x 107! -0.80 x 107! 0.24 x 10™
1
231 -0.11 x 10 -0.34 x 107! 0.34x 107!
185 -0.13x 107! -0.20 x 107! 0.19 x 10™ §97.7
79 207 -0,13 x 1072 -0.26 x 107! 0.68 x 10™ )
177 -0.15 x 1072 -0.18 x 107! 0.59 x 10™
Table 10. 44919 M=bdol4 £ T He W 2a1/4 344D
AA 84 ‘ Zg el o] 4] 9|
"3 | W3 X Y v/ <4
83 190 | -0.32x 107" (mm) -0.91x 10 (mm)| 0.67 x 107! (mm) (g/mm?)
192 -0.33 x 10" -0.92 x 107 051x 107" 94.9
191 -0.24x 10! -0.72 x 1072 0.67 x 107!
84 - I I 83.4
193 -0.25x 10 -0.74 x 10 0.51x 10
229 -0.16 x 10! -0.53 x 10 0.65 x 107"
. 183 -0.13 x 10'; -0.48 x 107! 0.52 x 1072
205 -0.96 x 10° -0.40 x 107! 0.69 x 10! 150.5
175 -0.11 x 107! -0.39 x 107! 0.74 x 10™




Table 11. 3-¢-#1¢ Aaimol4 & 7052 ¥4 3 &4
= = el A2
R R e X Y y/ <4
81 179 | -0.32x10"(mm) | -0.91x107(mm)| 0.73x 107 (g/mm?)
190 | -0.32x10" -0.91 x 107! 0.67x 10™ 29.0
— -1 - -1 -1
114 180 0.28 x 10 0.79 x 10 0.74 x 10_ 271
191 | -0.24x10" -0.72 x 107! 0.66 x 107
— -1 - -1 -1
82 227 0.25x 10 0.71x 10 0.74 x 10_ 44.0
181 -0.19 x 107" -0.61x 10" 0.65 x 107!
- -1 - -1 -1
115 228 0.15 x 10° 0.51x 10 0.64 x 10_ 154.4
182 -0.18x10 ! -0.57 x 107! 0.64 x 107!
- -1 _ -1 -1
109 173 0.17 x 10 0.41x 10 0.92 x 10_ 32
204 -0.14 x 10 -0.38x 017! 0.91x 10"
204 | -0.14x10" -0.38 x 107! 0.91 x 10™
76 4 I a 83.9
174 | -0.13x 10 -0.40x 10 0.87 x 10
6. Aol okEo| Al 1 A% A Irho) Table 12, xa-4-91ollA e $d 2
A9 TR w9 4 3EE B Bd AT asws = o«
T EFAA Aot Al 1o 722 255 Alybd
sk ghasldon SupuEsge AoPR 14 5.21 x 10*(g/mm?)
2 ZAFE SobEe = sk as TR 15 1.64 x 10?
o] FHAdH = L5 QA gHoR Fupte 16 4.06 x 10°
5 €39 F7bk vertar ek (Table 9, Fig.6)
7. Akt A 14T PN AriwdA 9 Table 13, x| ZH-4loll4 8 o8 &3
Hejol SAg vl sl 2w AF 7 £ e = o
el A AopFom A5 2 A Awshut
EHM s ZuEslelA s A2 ey ¥ 4.43 x 10 (g/mm?)
£ vehie Fopelde] $He w5 gl 3.81x10'
v}EMt# SjFo] o & FxE vhep R vk 1.77 x 107
(Table 10, Fig.6) 10 8.71 x 10!
8. Aoy oF AAY FAY A4 ¥4 11 1.11 x 102
8 $Hs ¥ HF A 2L sEFE A 12 3.28 x 102
uhEgeh spE st o "ol deva deH & 13 1.31 x 10°
Qe A& T Aol WA F U
I E wslol] AR 115 84 a3 AlYstae el 7 ZA e ek E=F AkRch
72 84 50he] TR 2olT WA + Uk A Zell A g gdo] Ao vAl  viebua

(Table 11, Fig.6)

9. xz|ofol] sl A= L HLE bands &F A 14T
A7F A 1N TH Bl F
A 2/“?-;2] 7} 7R Abe &
T Belel delAe WAdeR AR} TAY-
Fnc 2 SUE dehdAnk A6l A2 So]
£F2AAY et F $2F debid T3

i
Aoy
oo
o
=

__4 9_

Aul Tz BoldlA e o] A %] sl
£ A 1AFAY A Lo FAEc) & gdel »
W2 8oy -} (Table 12,13)

AU T i -{m



e, $A5E ¥ 4 9o o1 AxzE g
Ho) =3 £x A-Fud AFE FH}E=AL A
Sehetbm shgiel =eld AR Allg $Axnd 3
=18 A 8§ AsldALE =lA] AP Yo oA F
A8 EFHE MAAA F ot widE Al =3}
£ Aol avHch A4 A% Allg A2 3
248 A 74l AHEEE Y Yo rr o2 AA] (chin
cap), Head Gear, AotE ¥ &34 R.P.E) &
o] drh ArehE 4 FA-E-L 1860 AngellV o
A& Az A=sgloen o] Agd AHE=H+ A
o= “7123 W Cap Splintse} Pfaff type 9
screws 2= Wde]l =3 Banded Appliance %
o] 919 Banded Applianceol|= Derichsweiler &,
Haas®, Isaacsondl, Biederman®*”%o] glu}m
317ch. Screw?] AL Al dFq kiAo R
Yiturnd 29 Ao zy AP= A= E
zo] A8 Frjoll vl SFA oMY AFAQYE
7t A=} Isaacson™ - HFTA ¢4 oAl
o] oo A SgA 2AI7E of el AbtF
o alAsh e FHEANA L AFtelzta dtgle
o, A9 Frldl wel AL Srhsvty Bas}
et Aot 35 e ASE T S
Aol 2ate] Ak T4 0lm 2 o] B4
o] AR5k 750l ¢ Fastctxn 57

Scott*® &= AF T A AL 1wkl
Fryolar 3193 Burstone® 2 3 1iqkdl|, Persson
9.2 134712 A Aol ASFlcla 819, Bjork
T ALY AL 134 o]APA) ALtk &
et .

Melsen®?-& “7 77} (hard palate) 8] 4 A& 37
A EGA st TAE SdolAe B 2ol
ogirta Fom® 134 ~154] ojFa] H3FA A
242 Frkshv FA A o3 AL P o A
Aebn sgeh aene AdohE 34 AL #
Wrlel] #aled & Aol o]aAelzl sk 1931
' Broadbent™ ol £|8) S50 wWhAHA A Zko]
shmgdoke] Atz AaHstol 2R olF, A
ol 3 FAFY Aal H3l5d A} AFe
o) 9 st glon] BE AYE 3 24 ¥HslE
ol gt A= =i-$ A=k shc)

Brown® & AF77 $¥AE AMAA ulEA
(nasal septum) o] 8} & =3 w7}, olF, Auhu]o
E sl = dotm dhglem Plaff*d = Aot
T FAo g 747 (palatal vault)o]  wolxlm
nasal air volumee] %-7}5lv}li 31 25, - Korthaus

|

_5 0_

£ 10mol4}e) Aete] - AL RIaFPa
Derichsweiler'® & 77°30] wolx|x, »F F7
(nasal width) o] $7}slcta .0 Haas® & A+
ol 2 F4 sl sl 1~11mme] o] 4R
b shga, “A”-point &) A -3} o] F-& Rwdl
gel. 22l ol AYHe] AR 24 A4
o) B9lollA ofwigt $H o] EX s ofuidt ¥4
dosieriol wg A W vEd Ao
Apzch Fu A8 Fopdld S WAE F
A5} wy © 2 = Strain-Guazed],  Holography
4, Fekd A5 o] Abg5ol $koh. Strain
Guaze?®s]-& Al U 2Fel A AL
Asle] Zgks] $HE AL + e Aol
dbwd AA E9al A8 FFo] Eakstn W49
d&Ho| BrH53l Zabe] §A3t vl o
Holography*” 9] & ola] &4 &a9 AalAql &
o] & A9} AbAlell veh= A A AXEA
A4 4 da BAl9 Erlo] o] ohLE F
ol 75 AAol U} sbF H Fo EE
o] gelok #t A& Y HolAE WEL 5 A=
A7} 7ol ehfol] F-2ko] o} glofof sk EA
7t glo} Abgol Maslw Aok Fubd 4ol
5134 7] (polariscope) & AH-g-3eo] Eall ol 324t
4 FAste oz ooty Ao B
3 A E g g8 AdE F vk AA
o] glo} o] ubuw} o] Ahgo] Algks|o] fhel old wb
ko] f5t 8.4 (Finite element analysis) -2 13
d A9 ghAle] gloy 2y el W AAE
AE AA 4AA- ¢+ A A Ase] A=A
49l Young's Al4(E) %} Poisson’s g (v) & 44 o
A A uiy $H9 AHY A w4
A&o] 7hsstete FAol glvh {3 842+
A WY AFo|Ant YA M ORE ot Fabdl
AL FFE 5+ don =g 3adAl Yo &
olth= Aol AUrh

2 A7 oldl AAe] e FF RALWE
o] &3l AretE FF FAA o Ao}, AAE
99 2259 Sz WIE FAToEH AA)
Aql AohE F5 &4 gl st o3
gl Haas® & 770 AFYH Sq4de Moz
s ddoes el AFYee Hyo
o AsteE vizE AMR ko A4y e
2 uEg s s 1 F WertzV & 57 w4}
A AEsh Aok RYowa FgAel AL A
ol4 Bl FYPsla ¢dow AFAe-EAl (Fron-

=2

3

L3



tomaxillary suture)-$ FA o7 3o s  Af4
o wo] At ey we] xulpe]s}
e R el o gho] jubxIvta shgich. (Table 4,6
Fig.6) 2 AFol4q A%F 74 2349 Aet
T wHE FH3k B A Aubigol4 Fvy
Rl of g Zubdgsl e TR
A Qukpele Z=R AokEe] Auldigs it F
gor shubeige FuEsL Akl o ol
vebgeh. ksl 337033 (transverse  palatal
suture) ol 41 2] Wl FokHsp SulRucl o @
ol AuPHYE doZhrt o)AL AF FAlel ¥
7
s

o 4o

ol

AELE HojArhs Wertz 9] B8 531+
ole} o AupwWolsl ol Zubo e Helz e =
Al & Hor Ansin,

R+ A FA| 4 (midsagittal plane) ol 4 & Abob
o HE 3atddor F4dste] B Ast T4
& -5-314- (frontomaxillary suture) o] 4 s}uk (palatal
side) o2 Wel 4% o ©& Ay, Zuk sl
H 47t Jebyieh o] AL Wertz® 7} “A”-point 9]
A-shak o] 5-& wiAAALA B4 Az LEI W&
3} Yz}l Haas, Derichsweiler$2] Rugls o
vt skt Issacson®™ -2 Strain-Guaze ¥ of]
Aot 3 BAaloll screwoll A A B
A5k e screws ¥ AAAALTH 3-10
Agtota o= of P2 3kxjo| ol
gb o5 bk sh el =R S A

=
o ARe 34 A QA B2 4
o=
T
H

LA
e £

4

o o
2 %
E}.E—ﬁamm L, 0
S L

23 o F o o X

gl

&N,
o
. L2

4 249 ZE (rigidity) o] 9]
g Aglo] wii-Holela slqch

L QAT A screws U3 AP S, ¥3ANE
oz o2 E9lellAd Y] 3y WelE 23ty
2 Ast g hAdd 2o LslAddels 2 Fo
%l Addl = 3FY 2 Welsh Jebydeh ol
< AR s FAZTg o F3hasy
o7k 290 FIAQ Azl g Aolm 2 A
AEE kAl X3 AR E Fodd AR o]
< A g 2ol ARE Jehl= A
S 2 Isaacson® 9] od-foll4] 8} 7ro] 1wle] M3lAl
27 85 3~10b9 Hof Tty Foll ¥F 4
2 2718 ge¢] A 522 A5 (residual force)
o] screw® 3zl vl AL FA=L Aol of
Vi o) 3)A4] vle}h o)yl A8 Fdl whel Al
ol Aol= Ux|ak whE 3EE Bl B o T4
viebuyl ulel 7ol 30319} MsjANA Vebde &
AL A A4 P 5 U= FHLZ oz

“

2 n

o

PYTY

v Azs & £ glon, wels 139 M43)A4)
o g#ol o ulrt Uckw shAle.
screws 3 A 24 Ay SHE 3

Sk
1o} 2291 A FA sk £ v ARl A
A1&Fz], AlaFa], A2472¢8 4R
HEEE YERYT A2 FollAs FFRY
AT, AA, A 24T, M 1473, AR
5o o2 FHo) FA=gck o)A AR Al
7F o] E-fjell FAAHoR Ho| sEAEE Alzts
7l Aol Aoz A4z AL w4 a2
Az B} T4 o e A EHER o] ¥
29 g4l A= (rigidity) 7} S7bse] gloemg
ol A A2 whefo) gt o AR
ghsd Akt Al 1 7=, Al 1473, A3 9l
A FARE kst Bl shul Hele AWy e
A% ghiEe AE B 5 ek o A& Deri-
chsweiler' 7} AbebZ F£ 3R] Fo-F (palatal
vault) o] Ful F-loll 4 of shbo g Wedrie®
e} JA Ak sk

kel BgkW (syvgomaticomaxillary suture) ol 4

d o rr

<Y

2} WHE A FAYA 9302 A5 sy
Hosh A, Fuhds Sobse A4S 25
Ag=df o] AL HTAEIAANAE  TAFAA
o2 24E o Ay sy W95k Bold Azt
datzlol A4 S A

o)Azt AekE 5 Al BE FAAYAA

A&z E5 A oat F9 2 Wl Wit
st ek o 23 A

sieb o
A gdg god, ofd WelE
rﬂ =

N

il

2519 20] o A5E g ol Alaked 4
B L R aadel g H4o) S felaign
shAch bk & Ado] TABAA oL

sd

D2 7 ARE e 12 A4S de v
A9 BA7} A Aow ALz )

V. 4 =

ALY S G QAo AZ Bl
otz g4 AA Aoh, AotE, 44T AAE
Aol 4o SEETSL WS el o3l 2L
Aee Aseh
1. HFTALGA 2904 FAY Ay ¥

S A9 woh Tk F90l4 o el @
ofrom, dhu welE FARAA © BT
29} vl ARl ok dAA

_5 1,_



o] dojyieh

. BTAEEA S = TR iu}—‘i‘—iu}
o B2 Ak-shg @907t o] e v
wH e Fubot TR o E!.ﬂ] o} yhel,

. AFAA ALl A 9 AbehEe] W A4
Brps sHEE RS o B2 A 4
a w9, sk Wist Jelbskeh

. BETAAY SEHETE Al °l’dsﬂ
FSlellH e A7 S3H-E EbiR
A¥HA = F55HE v}E}‘}lD}.

. AGE FE A Aol A e
aneA e F7A 44, Alla73,
T2, AAE4 5 A2 L2HAck

=

[]]
AR

%9 2l
@9
14

Al

]

}

Ao

o

. Angell, E.C.: Treatment of irreguarity of
the permanent or adult teeth, Dent. Cosmos
1:540-544, 599-601, 1860.

B.G.:

position and maxillofacial vertical growth

. Alexander, The effect on tooth
during treatment of scoliosis with Milwaukee
barce, Am. J. Orthod Vol. 52:161-189,
1966,

. de Alba, J.A., Chaconas, S.J. and Caputo.
A.: Orthopeic effects of the extraoral chin.
cup. appliance on the mandible. Am. J.
Orthod. 69:29-41. 1976.

. Amstrong, M.M.: Controlling the magnitude,
direction, and duration of extra-oral force.
Am. J. Orthod., 59:217-243, 1971.

. Baume, L.T.: Principles of cephalofacial
development revealed by experimental bio-
logy, AM. J. Orthod., 47:881-901, 1961,

. Biederman, W.: Rapid correction of Cl
Il malocclusion by midpalatal expansion,
Am. J. Orthod., 63:47-55, 1973.

. Bjork, A.: Sutural growth of the upper face
studied by implant method, Acta. Odonto.
2nd 24:109-127, 1966.

. Black, G.V.: Expansion of the dental arch,
Dent. Rev. 7:218-224, 1893.

. Breitner, C.: Bone changes resulting from

10.

11.

12,

13,

14.

15.

16.

17.

18.

19.

20.

21.

experimental orthodontic treatment, Am,
J. Orthod and Oral sung., 26:521-547,
1940.

Broadbent, B.H.: A new x-ray technique and
its application to orthodontia., Angle,
Orthod., 1:45-66, 1931.

Brodie, A.G.: Treatment of Cl III malocclu-
sion, Am. J. Orthod; 2:119-134, 1932.
Brown, G.V.: The application of orthodon-
tic principle to the prevention of nasal
disease, Dent, Cosmos 45:765-775, 1093.
Burstone, C.J. and Schafer, W.C.: Sutural
expansion by controlled mechanical stress
in the rat, J.D.R,, 38:534-540, 1959.

David, WM., and Kronman, J.H.: Anatomi-
cal changes induced by splitting of the
midpalatal suture, Angle Orthod. 39:126-
131, 1969.

Debbane, E.F.: A cephalometric and his:olo-
gic study of the effect of orthodontic
expansion of the midpalatal suture of the
cat, A.J. Orthod., 44:187-219, 1958.

H.: La Disjonction De La
Tr.

Derichsweiler.
Suture Palatine Mediane.

Orthodont. Sec., 1953, p.257.
Dewey, M.: The development of the maxilla

Europcan

with reference to opening the median

suture, Dent. Items. 35:189-
208, 1913.
Epker, B.N,, and Frost, H.M.: Corelation of

bone resorption and formation with the

Interest,

physical behavior of loaded bone, J. Dent.
Res., 44:33-41, 1965.

Harberson, V.A.: Midpalatal suture opening
during functional posterior cross-bite correc-
tion, Am, J. Orthod, 74: 1978.

Hass. A.J.: Rapid expension of the maxillary
dental arch and nasal cavity by opening the
midpalatal suture, Angle Orthod., 31:73-
90, 1961.

—  : Gross reactions to the widen-
ing of the maxillary dertal arch of the pig
by splitting the hard palate, Am. J. Orthod.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34,

45:868-869, 1959,

: Palatal expansion, Just the
beginning of dentofacial orthopedics. Am. J.
Orthod. 57:219-255, 1970.

Hawley, C.A.: A study in maxillary move-
ment. Dental Items of Interest. 34:426-
451, 1912,

Irie. M., and Nakamuna, S.: Orthopedic
approach to severe skeletal Cl HI malocclu-

sion. Am. J. Orthod., 67:377-392, 1975.
Issacson. R.J. and Murphy, T.D.: Some
effects of rapid mxillary expansion in
cleft lip and palate patients. Angle Orthod.,
34:142-154, 1964.

: Forces produced by rapid

maxillary expansion, Angle Orthod., 24:
256-267, 1969.
Kragt, G., Puterloo, H.S.,: The initial reca-
tion of a macorated human skull caused by
orthodontic cervical traction determined by
laser netrology Am. J. Orthod., 81:49-
59, 1982.
Krebs, A.: Expansion of the midpalatal
suture studied by means of metalliec im-
plants, European Orthodontic Society Re-
port, 34:163-171, 1958,

Laptook, T.: Conductive hearing loss and
rapid maxillary expansion, Am. J. Orthod
Vol. 80, 1981.

Latham, R.A.: The development, structure
and growth pattern of the human mid-
palatal suture, J. Anat. 108-31-41, 1971,
B.: studied on
human autopsy material, 68:42-53, 1975.

Melsen, Palatal growth
Murry, J., and Cleall, J.F.: Early tissue
response to rapid maxillary expansion in
the midpalatal sutuure of the rhesus mon-
key, ]. Dent. Res. 50:165-166, 1971,
Persson, M.: Palatal suture closure in man
from 15 to 35 years of age, Am. J. Orthod.,
72:42-52, 1977.

Pfaff, W.: Stenosis of the nasal cavity
caused by contraction of the palatal arch

and abnormal position of the maxilla, Dent.

35.

36.

37.

39.

40.

41.

42,

43.

44.

45.
46.

47.

48.

...5 3_

Cosmos. 47:570-573, 1905.

Saussouni, V., and Nanda, S.: Analysis of
dentofacial vertical proportions, Am. J.
Orthod 50:801-822, 1964.

Scott, J.H.: Growth at facial sutures, Am.
J. Orthod, 42:381-387, 1956.

Starnbach. H.:
changes

Facioskeletal and dental
resulting from rapid maxillary
expansion, Am. J. Orthod, 36, 1966.

. Storey, Z.: Bone changes associated with

tooth movement: A histological study of
the effect of age and sex in the rabbit and
guinea pig, Aust. J. Dent. 59:210-224,
1955.

Subtelny, J.D. and Brodie. A.G.: An Analy-
sis of orthodontic expansion in unilateral
cleft lip and cleft palate patients, Am.
J. Ortho., 40:686-697, 1954.

D.J.:
rapid maxillary expansion, Br. J. Orthod.
1:127-132, 1974.

Wertz, R.A.: Changes in nasal air flow inci-

Timms, Some medical aspects of

dent to rapid maxillary expansion, Angle
Orthod., 38:1-9, 1968.

Wertz, R.A.: Skeletal and dental changes
accompanying rapid midpalatal suture open-
ing: a normative study, Am. J. Orthod.,
71:367-381,1977.

Zimring, J.F., and Issacson, R.J.: Forces
produced by rapid mixillary expansion,
Angle Orthod. 35:178-186, 1965.

A5 AR o) QAN AF T BG
A0) T4 el e Aol Ay B 3
f1o] $4A vl el B AF. AL 3
o AQ3H3l =], Vol.12 1 109-116, 1982.

o] 5% 1 A3t ety WA A, 131203
—208, 299-302, 1973.

o]l I 8ol Jx. FFFEA UL
237 AP Hell A b T S
Vol A frgssyd 4. dgAAay
&3] x), Vol.14 :75-90, 1984.

gHa L G3te 4wl o] 23t Telescopic crown
3p AejA Y AREAL] A wbGo] 3L
AT 7B Al=EA, 4:0241-258, 1982,



— ABSTRACT —

A FINITE ELEMENT ANALYSIS OF THE STRESS DISTRIBUTION
AND DISPLACEMENT IN HUMAN MAXILLA TO RAPID PALATAL EXPANSION

Bong Jea Joe, Byung Hwa Sohn
Department of Orthodontics, College of Denstiry, Yonsei University.

Recently, rapid palatal expansion technique is widely used for the correction of the skeletal
imbalance in Cl III malocclusion patients. There were many studies about the cephalometric
changes to rapid palatal expansion but quantitative analysis were small. The purpose of this study
was to analysis the stresses and displacement of the maxilla in human dry skull to rapid palatal
expansion.

The results were as follows:

1. The anterior portion of palate show more lateral and inferior displacement than the posterior
portion.

But the posterior portion show more anterior displacement.

2. In transpalatal suture area, the medial portion show more anterior and inferior displacement
than the lateral portion. But the lateral portion show more lateral displacement than the
medial portion,

3. In mid-sagittal plane, the lower portion (palatal area) of maxilla show more anterior, lateral,
inferior displacement than the upper portion (frontamaxillary stuture area).

4, In zygomatic arch, the adjacent area to maxilla show tensile stresses and the adjacent area to
frontal bone show compressive stresses.

5. The sequence of stress bearng area to R.P.E. is upper retromolar area, upper 1st molar, 1st
premolar, 2nd premolar, anterior segment of teeth,



