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— Abstract

facemask treatment.

The purpose of this study was to determine whether the palatal rugae could be used as an appropriate reference area
for serial model superimposition following Rapid maxillary expansion(RME) and facemask treatment.

A total of 52 pediatric patients who had undergone RME and facemask treatment were selected. Palate and palatal
rugae in the pre- and post- treatment casts from the patients were measured.

In spite of dentoalveolar changes occurred by RME and facemask, anteroposterior changes in palate and palatal rugae
were not significant. Anatomical changes of palate and palatal rugae were mostly shown in the transverse dimension. The
soft tissue of the palatal rugae stretches in adaptation to hard tissue movement. Among the evaluated landmarks, the
medial point of the third palatal rugae seemed to be the most stable.

The observed alterations in the palatal rugae demonstrated the potential of medial points of third palatal rugae as a
reference point in model superimpositions to evaluate dental movement within the maxillary arch following RME and
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RS oI5| 2o 2 SHE MESHA2H ojf IHFE 1). O 7= WUt XuHH Ao A7 &2 Y22
2 7 EYL2 2 ALESHRALH15,16). J2{Lt RMER} facemask K| (Institutional Review Board, IRB)2| QIS B0} A|&l | ICHIRB
B {2 FHFEL ol et 7|E A= A gick wat NO.. CNUDH-2019-011).
M RMEQt facemaskE 0| &%t W EX|=0f HE XE=2| Bz}
o= 275t PRl FHFE SY90| U=XIE ZASH= A 2. 9 e
2 Yax o=z ojo|7t QULt,
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Table 1. Inclusion criteria for the subjects

27| 3
FES 219 of Inclusion Criteria
i = Mixed dentition stage
Skeletal class Il malocclusion
Initial treatment using RME and facemask
Identifiable rugae points on the dental casts

2 B 1.01 £ 0.05E0] No systemic disease or craniofacial anomaly

ACt MAIZSO| Ql= BHX}, RMER} facemask O|Q[0| Ct2 No history of surgery on head and neck

Table 2. Definition of measurements

Measurements

Definition

Palatal Measurements
PW-C, PW-P PW-M

PL
Transverse Rugae Measurements

R1, R2, R3
L1, 2,13

Tm1, Tm2, Tm3
T, TI2, TI3
Anteroposterior Rugae Measurements

APmR-12; APmR-23
APmL-12; APmL-23
APIR-12; APIR-23

APIL-12; APIL-23

Palatal widths: distances between mid-points of gingival margins of right and left primary
canines, first primary molars and first permanent molars

Palatal length: perpendicular distance between incisive papilla and distal of first molars

Lengths of first, second and third rugae on the right(R) and left(L) from medial to lateral
points

Transverse distances between opposing medial rugae points
Transverse distances between opposing lateral rugae points

Anteroposterior distances between medial points of (first and second) and (second and
third) right-side rugae

Anteroposterior distances between medial points of (first and second) and (second and
third) left-side rugae

Anteroposterior distances between lateral points of (first and second) and (second and
third) right-side rugae

Anteroposterior distances between lateral points of (first and second) and (second and
third) left-side rugae
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Fig 1. Palatal measurements. PW-C = Distances between
right and left primary canines, PW-P = Distances between
right and left first primary molars, PW-M = Distances be-
tween right and left first permanent molars, PL= Palatal
length.

Fig 2. Rugae landmarks. m = medial, | = lateral, R = right,
L= left.

-
=
Uy
0 O
1o

=

fo

9
o
]

N

al
mjo
ol

ru o oju
=2
Rt
Hr
m
AL
kIl orlo

o

1K
l—'__l
[N

o
i
A%
oxl
ot
o @ W
oz

10

3
=
ox
mjo
f
>
Ot
3Q
Gl
o
=X
(0]

~
s
©«

2
Tm1, Tm2, Tm3) & QEH
St RALCH(Table 2, Fig. 3).
X HolE FOMH| Sl RLEZ M

F 2|(APmR-12, APmR-23), 2%

2
pS

¥

2
ot
iy
2

0

[l
S U
0

of =H Ato]

I

169

J Korean Acad Pediatr Dent 47(2) 2020

SRS

LE)

@ =
3

Fig. 3. Transverse palatal rugae measurements. R1, R2,
R3, L1, L2, L3 = Lengths of 1st, 2nd and 3rd rugae on the
right(R) and left(L) from medial to lateral points. Tm1, Tm2,
Tm3 = Transverse distances between opposing medial ru-
gae points. TI1, TI2, TI3 = Transverse distances between op-
posing lateral rugae points.

APmL12  [APILTZ 7=
APmL23 \QPIL23

Fig. 4. Anteroposterior palatal rugae measurements. APmR-
12; APmR-23 = Anteroposterior distances between medial
points of (1st and 2nd) and (2nd and 3rd) right-side rugae,
APmL-12; APmL-23 = Anteroposterior distances between
medial points of (1st and 2nd) and (2nd and 3rd) left-
side rugae, APIR-12; APIR-23 = Anteroposterior distances
between lateral points of (1st and 2nd) and (2nd and 3rd)
right-side rugae, APIL-12; APIL-23 = Anteroposterior dis-
tances between lateral points of (1st and 2nd) and (2nd
and 3rd) left-side rugae.
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ZMAH LY MEEE % S| Qs £7| B2t 3F 20| F&
2 MefEl X2 © S KB = 2Y 10700 ZE FHS &
2510 MA[SHRACH ZARKF W M2[Z= Q1 Intraclass Correlation
Coefficient(ICC) 442 T2 If ZE F=0|A 080 0|2
LEEFSFCE,

4, A ZA

RMESQ} facemask® 0|23+ n™MX|E8 MZo| 7| 9 2=
£9| tﬂﬂ% |u-0f7| ‘I‘|0H g E2 t- A (paired t-test)S A

o| Hatet FIHFEQ| Bt 7Ho|

Pearson's product-
T2 SPSS

22.0(Statistical Package for Social Sciences, IBM Corp., USA)=

2. TNEE g U MSWH 72K

THFES €8 20l B FHFENM Sotote S
Of LtEttS D O] & R1(0.37 + 1.32 mm, p = 0.026), R2(0.49 +
1.59 mm, p = 0.029), L2(0.55 + 1.77 mm, p = 0.029)29| Z0| &
7te SAX 72d0| AUe A2E UERHD FHFES WE

® 7 Al 1Hm g
I 2B LHFE(Tm2: 0.96 +
ot Z7vE LIEHLYQICE, T2{Lf 3m 7|

E(m1: 034 £ 1.32 mm, p = 0.021)

2.09 mm, p = 0.002)0A {2
=20 Y=d 7+ A

2|(Tm3: 0.008 + 2.87 mm, p = 0.849) 0 M= F2lot FH H}
7b L}EFLER|] UQICE RIHF20| QM 7H A= TI(0.76 +

215 mm, p = 0.013), TI2(1.23 + 2.18 mm, p < 0.001), TI3(1.28
+ 2.56 mm, p = 0.001) 2F0A F2lot S7HE LIEIRICHTable
4). THFEL WYX UO| W= BF ROISHA| U2 A2

T o =
L}EFSHCh(Table 5).

0| &otRACt. T2l Hetet fIFE2| Halzto| ot
m st &H TN FZ2| Halet fUFE2| & Hal 7to] YA oA
SAXZL ZZPW-O)2 Tl = 0609, p < 0.001), TI(- = 0.341,
1. 274 2™ ol MSHA HZEK| p = 0014), TI3(r = 0279, p = 0.045)2} Folst Yo MAAAHE
LIEHACE ®137% 2t FZ(PW-P)Q| Bat: TI( = 0.573, p
244 + 066 mm2| 771 &1 1.01 + 005 HO| &Y FX| < 0.001), TI2(- = 0467, p < 0.001), TI3( = 0.343, p = 0.013)2}
A facemask A2 & 774 ZF2 RAX|, 17X, M1CX| 7o &o| YA E LIEHHD, 17X ZZ(PW-M)2
2tZko] QIX|0flA 22t B 1.68 + 264 mm (p < 0.001), 1.93 + Hots 7O0ISH SBAAS L] AT Lot FIHFF2
251 mm (p < 0.001), 1.20 £ 3.75 mm (p = 0.025) S7t5tH2 WSH 2t Hale 770 522 gatet fol0/sh 42 AE Lt
o, 0|2{gt B7t= 25 SAH2ZE Fo[stACh(Table 3). 2Lt EFLHX| S R4CHTable 6).
T4 0[] B7H0.78 + 4.03 mm)= F2ISHK| YUUCHTable 3,
p =0171).
Table 3. Changes in palate following rapid maxillary expansion and facemask (n = 52)
Pre-treatment (T1) (mm) Post-treatment (T2) (mm) Change (T2-T1) (mm)
Mean (SD) Mean (SD) Mean (SD) p value
PW-C 25.96 (0.38) 27.63 (0.40) 1.68 (2.63) < 0.001*
PW-P 29.53 (042) 3146 (0.43) 1.93 (2.51) < 0.001*
PW-M 36.08 (0.55) 37.28 (0.57) 1.20 (3.75) 0.025*
PL 33.38 (0.67) 34.15 (0.60) 0.78 (4.03) 0.171

p value from paired t-test

PW-C = Distances between right and left primary canines, PW-P = Distances between right and left first primary molars, PW-M = Distances between right

and left first permanent molars, PL= Palatal length
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Table 4. Changes in transverse palatal rugae measurements following rapid maxillary expansion and facemask (n = 52)

Pre-treatment (T1) (mm) Post-treatment (T2) (mm) Change (T2-T1) (mm)
Mean (SD) Mean (SD) Mean (SD) p value
R1 9.53 (2.02) 9.90 (0.25) 0.37 (1.32) 0.026*
R2 8.97 (0.27) 946 (0.31) 049 (1.59) 0.029*
R3 8.99 (0.37) 9.50 (0.36) 0.51 (2.09) 0.103
L1 10.07 (0.28) 10.28 (0.23) 0.21 (1.77) 0377
L2 897 (0.32) 9.51 (0.37) 0.55 (1.77) 0.029*
L3 9.45 (0.36) 9.96 (0.38) 0.51 (1.65) 0.101
Tm1 3.46 (0.25) 3.80 (0.28) 0.34 (1.85) 0.021*
Tm2 5.90 (0.34) 6.86 (0.27) 0.96 (2.09) 0.002*
Tm3 8.02 (0.51) 8.10 (0.53) 0.08 (2.87) 0.849
T 20.57 (0.39) 21.34 (041) 0.76 (2.15) 0.013*
TI2 20.79 (0.30) 22.02 (0.37) 1.23 (2.18) < 0.001*
TI3 2240 (0.44) 23.68 (0.46) 1.28 (2.56) 0.001*

p value from paired t-test
R1, R2, R3, L1, L2, L3 = Lengths of 1st, 2nd and 3rd rugae on the right (R) and left (L) from medial to lateral points. Tm1, Tm2, Tm3 = Transverse distances
between opposing medial rugae points. TI1, TI2, TI3 = Transverse distances between opposing lateral rugae points

Table 5. Changes in anteroposterior palatal rugae measurements following rapid maxillary expansion and facemask (n = 52)

Pre-treatment (T1) (mm) Post-treatment (T2) (mm) Change (T2-T1) (mm)
Mean (SD) Mean (SD) Mean (SD) p value

APmR12 3.62 (0.20) 3.57 (0.21) -0.05 (1.53) 0.832
APmR23 4.01 (0.24) 3.96 (0.25) -0.05 (1.62) 0.823
APmL12 4.10 (0.26) 4.00 (0.24) 0.10 (1.48) 0616
APmL23 3.84 (0.24) 4.08 (0.29) 0.24 (1.42) 0.245
APIR12 412 (0.24) 440 (0.33) 0.29 (1.67) 0.202
APIR23 4.41 (0.26) 444 (0.32) 0.03 (1.80) 0.901
APIL12 3.58 (0.24) 3.56 (0.22) -0.02 (1.50) 0.91

APIL23 3.95 (0.24) 3.86 (0.23) -0.93 (1.41) 0.646

p value from paired t-test

APmR-12; APmR-23 = Anteroposterior distances between medial points of (st and 2nd) and (2nd and 3rd) right-side rugae, APmL-12; APmL-23 = Antero-
posterior distances between medial points of (1st and 2nd) and (2nd and 3rd) left-side ruge, APIR-12; APIR-23 = Anteroposterior distances between lateral
points of (1st and 2nd) and (2nd and 3rd) right-side rugae, APIL-12; APIL-23 = Anteroposterior distances between lateral points of (1st and 2nd) and (2nd
and 3rd) left-side rugae
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ojct W ZEES 0|83ty ud Xz ML o= & X[oto| H L2t =283 4ol AOME 3Em FAHFE0| udXz M2
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Table 6. Correlations among changes in transverse dimensions of
palate and palatal rugae (n = 52)

PW-C PW-P PW-M

R1 0.191 0.057 017
R2 0.305* 0.403* 0.268
R3 -0.61 0.182 -0.024
L1 0.194 0.349* 0.137
L2 0.105 0.209 0.087

L3 0.223 0.175 017
Tm1 0.085 0.203 0.039
Tm2 0.011 0.09 0.028
Tm3 0.019 0.032 0.091
T 0.609* 0.573* 0.196
TI2 0.341* 0.467* 0.215
TI3 0.279* 0.343* 0.187

p value from paired t-test

APmMR-12; APmR-23 = Anteroposterior distances between medial points
of (1st and 2nd) and (2nd and 3rd) right-side rugae, APmL-12; APmL-23 =
Anteroposterior distances between medial points of (1st and 2nd) and (2nd
and 3rd) left-side rugae, APIR-12; APIR-23 = Anteroposterior distances be-
tween lateral points of (1st and 2nd) and (2nd and 3rd) right-side rugae,
APIL-12; APIL-23 = Anteroposterior distances between lateral points of (1st
and 2nd) and (2nd and 3rd) left-side rugae

88

SA7|1 SS{F=CH23,24]. [W2tA RMEQE
20| LojHCt o] A
S IRl EX =HEo| 240l

M1eh K] &

T SR
facemask X|2 & 7712} &
T ME RMER} facemas
ALE FAX], 1A
2+ 168 + 2.64 mm, 1.93 + 251 mm, 1.20 + 3.75 mmZ L}Et
RMEO] oI5t 771 &S AT £[22| HEFZAO|A ALt
EH-‘r”‘lt‘EI 2 B 20 Y0l HA LEtHt=E, ol= O]
T eEM= o3 @0l §10] RME 2% 2=t
7] 2o = HQITH11). Eot O] AF0M F7) HEF2
| B2 FEX[A LELG=E, Ol 770 £%(7t 0]
of s &oto] HRE0 A= XXEZERH O
D2 AYE7 SYREn; 2 YN0l Vit 2
ot ol Z{o 2 BOICH?2324].
0|9 B7t= 078 + 403 mmZE SAXLE |FO|6HX| &
= RMEQ} facemaskE O| &%t X|& = 2f=a Z0|9| {9|0|
o %7% UAUCEL H ok O ALo| At LX[SAULCH25].
of A7 ZMOM FIHFE XMl Z0| 57h= Rl =
0.026), R2(p = 0.029), L2(p = 0.029)0| A F2|0|StAH LtEFLECE
Ol= Kol 2ol 771 HYF0M FEB K= 20| g
EC et HFE2 FHFEN FH U= EX A2 Bl

MM
HS35t0] #3lsle HOo 2 HQlIrH26).

=

oMl g

=
L|

[l
-
e -

o

Alst
|_

2
0

F

0 ;9 e}

o

My e

10
]
0
ru 5
Rl

02
10

JHgol 4717| 2

172

Of A0 1, 2, 3HM| FIHFEC HEH & FH ¢
2| & 3HM FAHFE2 WEE A2(Tm3)E HMAT 2&
XM SAXCZ |ol0|gt F717F AUCE Ol uFX|E
2O| WM FAHFEL Y dS BBt O[O A9 At
QF AKX|SHRATH17-20].

THFEQ WEHO Hsts siE

g F9l2 AFHe| HatECf

A LIEFHLCE Ol= RMEE A% WEA|ZO0|M F7HFE2| U
ZHO| Halvt QFZFO| Mot XA LIEHHCHD oF O A1t
o| Aot LX|StIACRe]. E 25 £ ¥ BHXfel £7| nH
X7 29| FHFEC| HotE 2ETH AFME FIHFE2| 9
ZHO| s vlgh 74 2ol S O Bo| #= A2z
L RACH27]. 0|2 FIHFE0| X|otof| & 7ptEF %[O}

0|52 s O Bo| 2o, WatM FHFE2l 2/ FH0| W

E™ELCH 77 2ol gok2 O ol =0t SHRICH27].
Damstra 5[2]0| A|dst RMEE 0|83 8 K& M2 +

W52l Hatof oiet AF0A Of Aot ChEA 1#M et 2
M FoHFEEel WEET A7t 3N FAHFES WEH
7t A2 =Lt S7HE0] A LtEHKLLE of2{gt Zate] Xto|=
g OJ(|7|7*9| Xrojof 7|CL|3PE Ao=Z AMREL} o™

ToME g, o] oM =

.
I_I_L;
N
g

el

PN
o

ot

=
mucoperiosteum) 2|
2 AR EICH28,29].

RMERQt BHH| AtE3t facemaskl| &=
ST P A FHFE2 = /X4
o|0jot BigtE LIEHX| BIRUALE. O=
M facemask?t 2f=2| Z0| Bt}
QU7 MEoZ HOICH21,22]. £
FK|O| MEZAAL S8 Z ks RME SHE
A E0H0| Of MAEQRV| IHEY HOE A

Of AN FHXQ FFXZAM FIHE |
THFES AFH A2l Hats Ao
LL, AR M= A E
Saadeh &[26]0| A|&%t AFM= AKX, 271K], 7|
FRE0M 12 %'7312“814 THFEL AF5Fe| AHe| 3t
7t foltt EAE B, o2l RME S T2 EH 36

+ 117 mmZ O 04%01|A10| 244 + 066 mm=ELCH 3 LEFG
Ch et & A7 2kl RME 2HEE X400]| 2|3l 7K 5F0f A 2
YA T CHEA LIEISS A2 2 AREICE

_0
rot
0z
10
=
>t 1o

i
ujn o

Ak}

O - =

ATEAZ LEHRR

— oo—‘—
= Folst
.

ool

o] A70l= R 7HX| oA Ol EXfjotez 27 Zntof ot
Fo| 42 oMol Hadttt A MM = tz=z0| gt FOIL
X=2ER @2 97| ofs0|Me SE 70 m=H oy A



[e] X=X
=

i
1o
el
~
-
=
4

Iru
1o
rE
fot

t= 32X
RME®} facemaskZ x| 2 5}X|
Eed A2 ALRELC & HA
AR AZYEE 0|8
b8 7Hef Jaf, 7174

102 Atz EICH

He = Of &= X[ 2H32-

oto [H

(Ko

i
|

w
&
re
4
=2
x
P
ol
B

o

o T
=
4n T
N
o
e
-
d

El

4o JA

Ir

ou A% w

roe

o

ok

HI?

0

§ o

OF
=7

ox

Ot

39

jim}

rir

o
TR
= 1

A% Hot

o

4
Bl

N

Hkal
[0/ —
=g
SN for

lo
w
> oA
o

N
1

oln

nE
fo

=

2

of A= 35
facemask X[Z0] [t
HFEE0l 2
=XE EII517
g2 Qo ZxZE 9|
LIEFSt SO, Of2fst f7iFE2
9} facemask X| &0 2 FLIfFEQ
LIEfS o0 M dA Hate {OI5HA|

O AF0IM T7HFEL WEH A AXFH
THFEL WEH AZ|(Mm3)E HMAT 2E
Moz Ro|0/3t Z7t7F AQALE Wt 3K AF52 LS
0| RMES} facemask X|2& B2 &HXtC !

—
& Al QYOI 7|E goo2 Al

Ao
0
El
o
mjo
~
al
k>
=}

o

njo
—o
o
12
o
u
>
oo
pin

RMER} facemask

SN Kol

40
Ok
=

-1
=

o ¥ my of
=
lo

a1
il
>
(o)
o
m

==

Ok m
_l-(')_l-
rir

F
LS

3Q
m
L

7
il

N
o
of¥
w
re
=

Acknowledgements
O =22 Heiistn st=37H| (M M= 2016-2763) X[ H
of ofsto] ATEIRUAZ

=%

Authors' Information

Sehee Park Attps,//orcid.org/0000-0007-7844-0047
Namki Choi Attps.//orcid.org/0000-0003-4830-8568
Seonmi Kim  Attps,//orcid.org/0000-0007-5103-767X

References

1. Hoggan BR, Sadowsky C : The use of palatal rugae for the
assessment of anteroposterior tooth movements, Am / Or-
thod Dentofacial Orthop, 119:482-488, 2001.

2.Damstra J, Mistry D, Cruz C, Ren Y : Antero-posterior and
transverse changes in the positions of palatal rugae after
rapid maxillary expansion. £ur J Orthod, 31:327-332, 2009.

173

J Korean Acad Pediatr Dent 47(2) 2020

3. Lysell L : Plicae palatinae transversae and papilla incisiva
in man; a morphologic and genetic study. Acta Odontol
Scand, 13:1-137, 1955.

4. Patil MS, Patil SB, Acharya AB : Palatine rugae and their
significance in clinical dentistry: A review of the literature. /
Am Dent Assoc, 139:1471-1478, 2008.

5.Peavy DC Jr, Kendrick GS : The effects of tooth movement
on the palatine rugae. / Prosthet Dent, 18:536-542, 1967.

6.van der Linden FP : Changes in the position of posterior
teeth in relation to ruga points. Am J Orthod, 74:142-161,
1978.

7.Ngan P, Hagg U, Wei SH, et a/. : Treatment response to
maxillary expansion and protraction. £ur / Orthod, 18:151-
168, 1996.

8. Baccetti T, McGill JS, Tollaro |, et a/. : Skeletal effects of early
treatment of Class Ill malocclusion with maxillary expansion
and face-mask therapy. Am J Orthod Dentofacial Orthop,
113:333-343, 1998.

9. Westwood PV, McNamara JA Jr, Sarver DM, et a/. : Long-

term effects of Class Il treatment with rapid maxillary

expansion and facemask therapy followed by fixed appli-

ances. Am J Orthod Dentofacial Orthop, 123:306-320, 2003.

Bucci R, D'Anto V, Michelotti A, et a/. : Dental and skeletal

effects of palatal expansion techniques: a systematic review

10.

of the current evidence from systematic reviews and meta-
analyses. / Oral Rehabil, 43:543-564, 2016.
11. Zhou Y, Long H, Lai W, et a/. : The effectiveness of non-
surgical maxillary expansion: a meta-analysis. £ur / Orthod,
36:233-242, 2014.
Woller JL, Kim KB, Behrents RG, Buschang PH : An assess-

ment of the maxilla after rapid maxillary expansion using

12.

cone beam computed tomography in growing children.
Dental Press J Orthod, 19:26-35, 2014.
13. Gohl E, Nguyen M, Enciso R : Three-dimensional computed
tomography comparison of the maxillary palatal vault be-
tween patients with rapid palatal expansion and orthodon-
tically treated controls. Am J Orthod Dentofacial Orthop,
138:477-485, 2010.
14. Gracco A, Malaguti A, Raffaeli R, et /. : Palatal volume fol-
lowing rapid maxillary expansion in mixed dentition. Angle
Orthod, 80:153-159, 2010.
15. Lione R, Huanca Ghislanzoni LT, Cozza P et a/. : Bonded
versus banded rapid palatal expander followed by facial
mask therapy: analysis on digital dental casts. £ur/ Orthod,

38:217-222, 2016.



J Korean Acad Pediatr Dent 47(2) 2020

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Uzuner FD, Oztiirk D, Varlik SK : Effects of combined
bonded maxillary expansion and face mask on dental arch
length in patients with Skeletal Class Il Malocclusions. /
Clin Pedliatr Dent, 41:75-81, 2017.

Almeida MA, Phillips C, Kula K, Tulloch C : Stability of the
palatal rugae as landmarks for analysis of dental casts in
extraction and nonextraction cases. Angle Orthod, 66:73-
78, 1996.

Chen G, Chen S, Xu TM, ef a/. : Stable region for maxillary
dental cast superimposition in adults, studied with the aid
of stable miniscrews. Orthod Craniofac Res, 14:70-79, 2011.
Jang |, Tanaka M, Yoshida N, et a/. : A novel method for the
assessment of three-dimensional tooth movement during
orthodontic treatment. Angle Orthod, 79:447-453, 20009.
Christou P, Kiliaridis S : Vertical growth-related changes in
the positions of palatal rugae and maxillary incisors. Am J/
Orthod Dentofacial Orthop, 133:81-86, 2008.

Baccetti T, McGill JS, Tollaro |, et a/. : Skeletal effects of
early treatment of Class Ill malocclusion with maxillary ex-
pansion and face-mask therapy. Am J Orthod Dentofacial
Orthop, 113:333-343, 1998.

Westwood PV, McNamara JA Jr, Sarver DM, et a/. : Long-
term effects of Class Il treatment with rapid maxillary ex-
pansion and facemask therapy followed by fixed applianc-
es. Am J Orthod Dentofacial Orthop, 123:306-320, 2003.
Hass AJ : Rapid expansion of maxillary dental arch and na-
sal cavity by opening the mid palatal suture. Angle Orthod,
31:73-90, 1961.

Leonardi R, Sicurezza E, Cutrera A, Barbato E : Early post-
treatment changes of circumaxillary sutures in young
patients treated with rapid maxillary expansion. Angle Or-
thod, 81:36-41, 2011.

Ngan P, Yiu C, Gunel E, et a/. : Cephalometric and occlusal
changes following maxillary expansion and protraction. £fur
J Orthod, 20:237-254, 1998.

Saadeh M, Macari A, Haddad R, Ghafari J : Instability of
palatal rugae following rapid maxillary expansion. £ur ./ Or-
thod, 39:474-481, 2017.

Almeida MA, Phillips C, Kula K, Tulloch C : Stability of the
palatal rugae as landmarks for analysis of dental casts.
Angle Orthod, 65:43-48, 1995.

Cotton LA : Slow maxillary expansion: skeletal versus dental
response to low magnitude force in Macaca mulatta. 4m /
Orthod, 73:1-23, 1978.

Muguerza OE, Shapiro PA : Palatal mucoperiostomy: an at-

174

30.

31.

32.

33.

34.

tempt to reduce relapse after slow maxillary expansion. Am
J Orthod, 77:548-558, 1980.

Adkins MD, Nanda RS, Currler GF : Arch perimeter changes
on rapid palatal expansion. Am J Orthod, 97:194-199, 1990.
Kim JH, Viana MAG, BeGole EA, et /. : The effectiveness of
protraction facemask therapy: A meta-analysis. Am / Or-
thod Dentofac Orthop, 115:675-685, 1999.

Primozi¢ J, Perinetti G, Richmond S, Ovsenik M : Three-di-
mensional longitudinal evaluation of palatal vault changes
in growing subjects. Angle Orthod, 82:632-636, 2012.

Yang ST, Kim HK, Park YS, et a/. : A three dimensional ob-
servation of palatal vault growth in children using mixed
effect analysis: a 9 year longitudinal study. £ur / Orthod,
35:832-840, 2013.

Kim HK, Moon SC, Lee SJ, Park YS : Three-dimensional
biometric study of palatine rugae in children with a mixed-
model analysis: a 9-year longitudinal study. Am J Orthod
Dentofacial Orthop, 141:590-597, 2012.



J Korean Acad Pediatr Dent 47(2) 2020

ELESS

TIWEERAI} facemaskS 0188 DHAIZ BAtO| RIHFE B

SA8| B30l - K| 24 - YMH0| 4

L8t /S EY S 202 Y

= @0z ARE 4 ¥

r.|

7 [
&t 2ol 2tX|gY| 35 RE LY St nFK|E
2 HM), 2128 #H & FHFE

RME®R} facemask X2 = QI8 &=t f7H0f| LIEHLE =4 Halo| = =75t 717
UALCE TN FHFEL| HENSHH Hol= T2 21X HotZ LIEHGCL FHFES stol 4
= Qo2 HOICL AZE FIHFES Y T 3¢ FHFEL WEHO| 74 M2 HEHE LIEHLHUCE

Of ATOIM REE FIHFE2 Hat= 38M F7HFE 2| LHZH0| RMES} facemask X2 5 &2 £HAL| X|Ot 0|5 & AT3L7| £

— |
¢ SXO02 DF P SUS FHY U TN J|F YUOE ABY 4 Uk 54 HoEC,

)
B
)
-
o
10
r
ot
ol
1
rE
ot
rir
=o)
1o
Ot
Rl
e}

rE

175



