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Diagnosis and Effect of Maxillary Expansion in Pediatric Sleep-Disordered Breathing
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’Department of Pediatric Dentistry and Institute of Oral Bioscience, School of Dentistry, Chonbuk National University

— Abstract

The aim of this study was to analyze the changes and improvements in symptoms of sleep-disordered breathing
(SDB) using semi-rapid maxillary expansion (SRME) in children with narrow maxilla and SDB symptoms. Subjects were
15 patients with sleep disorder (apnea-hypopnea index, AHI > 1) and narrow maxillary arch between 7 and 9 years of
age. Before the SRME was applied, all subjects underwent pediatric sleep questionnaires (PSQ), lateral cephalometry,
and portable sleep monitoring before expansion (T0). All subjects were treated with SRME for 2 months, followed by
maintenance for the next 3 months. All subjects had undergone PSQ, lateral cephalometry, and portable sleep monitoring
after expansion (T1). Adenoidal-nasopharyngeal ratio (ANR), upper airway width and hyoid bone position were measured
by lateral cephalometry. The data before and after SRME were statistically analyzed with frequency analysis and Wilcoxon
signed rank test. As reported by PSQ, the total PSQ scale was declined significantly from 045 (T0) to 0.18 (T1) (o = 0.001).
Particularly, snoring, breathing, and inattention hyperactivity were significantly improved (p = 0.001). ANR significantly
decreased from 0.63 (T0) to 0.51 (T1) (p = 0.003). After maxillary expansion, only palatopharyngeal airway width was
significantly increased (p = 0.035). There was no statistically significant difference in position of hyoid bone after
expansion (p = 0.333). From analysis of portable sleep monitoring, changes in sleep characteristics showed a statistically
significant decrease in AHI and ODJ, and the lowest oxygen desaturation was significantly increased after SRME (p = 0.001,
0.004, 0.023).

In conclusion, early diagnosis with questionnaires and portable sleep monitoring is important. Treatment using SRME
will improve breathing of children with SDB.

Key words : Sleep-disordered breathing, Rapid maxillary expansion, Upper airway width, Pediatric sleep questionnaire,
Portable sleep monitoring
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Total
15
787 + 0.83

Female
7.83 + 0.98

9

Male

7.89 £ 078
17.89 + 333 1740 £ 313 1771 + 315

Number of subjects
Age

(years, mean * SD)
BMI

(kg/m?, mean * SD)

Table 1. Demographic characteristics of subjects in this study

370

EENE =KXz,

A

L3
[

Aol Bfo HARt 7t

OtH| = 0| E 2t

=
=

ojct.

7t 7Hs 3ol s=B7|ALel Z= 8lO| RO
of Xz

Q|

.
o

TT

—

O HO| ALl = A=X[O[C 1 2|, ZHo[=EAA
H07} AUCHL0]. 22{Lf, A0H0f A

= (rapid maxillary expansion, RME)O| &1}

—

[

—

[

(polygraphy)
T LHOIAM
&

tEF

"
[

=t
2!



o P
> o

MO o mjn

o
ot
ikl
olo
rzd
=1
h]

4
>

ok
02 o
0z

-n

uo or I
mo 12

OII
%
rx
> 0
>

Az a9
&
- 2
M
Mo
Ral

rx
Job ot
= ox
oo m
)
o
>
re
02
Ot
3Q
n
3
e

Ras
¥ =

oo
mn
50
(¥
oF!
T
ot
03!
N
=
o
0
>
m
X
w
3

>
N e
>
ok
Ot

=4S
[
Op
b
ot
b
k=)
&
re
nx
=
It
o
4n
r
=
Iy

]
o
r2
oy
>
i

=
o
Ot
39
o
3
=
0z

=
>+
4 12
10

12 Ho
o 2
ot ofo
ikl
ok
— 4 o
=
% mjo
k=l

>

T
n oo

AL
(=]

o
£l

=2
e

B0

40 12
Jtgk
Jal

12

N
)
OF
OF
12
o
U

-1
>+
I
lo

of EE| W7Lx 2
oz AlgEQC
2 R0 ot

S8 of 270tct

ne
=2
S

=
—
c
=
T 35

o

3
El
o Ho rin

g
Rl

m)X% semi-rapi

w4

mjo
>

g:I-
of
9
ful

Ml

h

of
2
K
0!
=
N
=

=8
I-_Ll ==
4> oo ﬁ
e o o
ot = jo W
o fob 02
> ot =2
s fo H
o = 0

oy Jlio oo
o rjo rot

HI
Ojru
njo

PSQ scale
Mgt o'

el

o oIo
Hu oo

0
o
rr mu
o
tiu
0O
T
o
=h

) OtG| .= 0| £ H|CH{(adenoid hypertrophy)0f

ELER

| Chot B2t S K|

Fujioka S[14]0| X|otst OGOl = H|CHE 9|
of wet SLFERFE SALAY oM OfH = 0|=
(adenoidal measurements, A)E H|21Z2| Z(nasopharyngeal
width, N)2 2 L& H|(adenoidal-nasopharyngeal ratio, ANR)
2 00| =of HTE BIFSFQITE OfE|i 0|22 37|(A)

= 7|45 ot

goh gH

ol A7

[
-
o] H
- T

(anterior margin of basiocciput)o| ZMA

371

J Korean Acad Pediatr Dent 46(4) 2019

=20l 242 X1 0[of A2t = OfH| 0| E (i SEF X2
IR FFAACHFG 1) 89Sl FNE 3PNl 2
H| = (posterior nasal spine, PNS))M HEAZ-2EF 7|XHE7|

A
synchondrosis) AFO|Q] HZ|2 =M™ UCHFig. 1). A

Satg HT0)D Ao Bats ST AlRsIoICt

= Z2%t9| Fo}he(anteroinferior edge of sphenoba5|ocuplta|

=0O Ato}
T —- O™

E}(posterior nasal spine, PNS),

.
S

(tongue base), =
Lh=0f AIZSHATHFig. 2).
J|EME ZT7)2| FH|Z(anterior nasal spine, ANS)1} SH]|

A3t M, & 71 E H(palatal

=2

7 .
A7l (soft palate), & 7| X
Va

=]
=
TR (vallecula, Va)g 7|Z2E CHA H9=2

= (posterior nasal spine, PNS)& &

plane)o 2 8} QiCt B I BHS 015 (posterior
pharyngeal wal)ol A 8|3, A7, 8 7KL, S7A2HK]

of X2 AH2|E AHFOIALE AF2

s (THol| AlSHRAL.

=

g9 Y= W02 &

Sella

Sphenobasioccipital
synchondrosis

P Adenoid

ANS

Soft palate

Fig. 1. Adenoidal measurements and nasopharyngeal width.
Adenoidal measurements : A is measured along line per-
pendicular from B point to its intersection with C. B; maxi-
mal convexity of inferior margin of adenoid, C; straight part
of anterior margin of basiocciput. nasopharyngeal width:
N is distance between D and E. D; posterior nasal spine, E;
anteroinferior edge of sphenobasioccipital synchondrosis.
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Fig. 2. Cephalometric measurements of upper airway.
PNS-phw : width of airway from posterior nasal spine to
posterior pharyngeal wall parallel to palatal plane, RPD :
minimal distance from soft palate to posterior pharyngeal
wall parallel to palatal plane, WAS : width of airway along
parallel line to palatal plane through soft palate tip, RGD :
minimal distance from tongue base to posterior pharyngeal
wall parallel to palatal plane, HPD : minimal distance from
vallecula to posterior pharyngeal wall parallel to palatal
plane, ANS; anterior nasal spine, PNS; posterior nasal spine,
Va; vallecula, intersection of epiglottis and base of tongue, S;
sella turcica.
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Sella Turcica

Fig. 3. Cephalometric measurements of hyoid bone position.
MP-H : linear vertical distance from H (most anterior point
of the hyoid) to mandibular plane, PNS-H : linear vertical
distance from H to posterior nasal spine, C3-H : linear mea-
sure from the most anterior and inferior point of C3, Hy-S
. linear vertical distance from Hy (uppermost point of the
hyoid) to S.
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Table 2. Comparison of mean value of PSQ scale

T0 T1
(mean + SD)

Parameters p value

Total PSQ scale 045+015 018 £013 .001

Snoring 012 + 004 002 + 0.03 .001
Breathing 013+ 004 004 £004 .001
Sleepiness 007 £ 007 003 £0.03 .007
Others 004 + 003 003 +003 016

Inattention Hyperactivity 0.10 + 0.09  0.00 + 0.00 .001

TO : before treatment, T1 : after treatment
Wilcoxon signed rank test
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Table 3. Frequency of PSQ items before and after expansion

T0 T1
Symptom category Items %)
Snoring 1) snore more than half the time 46.7 0
2) always snore 933 40
3) snore loudly 26.7 0
4) "heavy" or loud breathing 80 6.7
Breathing 5) trouble breathing 133 0
6) stop breathing during night 80 6.7
7) breathe through mouth during day 100 53.3
8) dry mouth in the morning 80 26.7
Others 9) occasionally wet the bed 6.7 0
Sleepiness 10) wake up feeling unrefreshed 333 6.7
11) problem with sleepiness during day 333 20
12) appears sleepy during day 26.7 6.7
13) hard to wake up in the morning 40 333
Others 14) headaches in the morning 20 0
15) stop growing at a normal rate 60 60
16) overweight 133 133
Inattention Hyperactivity 17) not seem to listen when spoken to directly 533 26.7
18) difficulty organizing task and activities 20 6.7
19) easily distracted by extraneous stimuli 26.7 133
20) fidgets with hands or squirms in seat 60 533
21) ‘on the go' or as ifdriven by a motor’ 40 333
22) interrupts or intrudes on others 133 133
TO : before treatment, T1 : after treatment
Table 4. Comparison of inter-molar width before and after expansion
TO T1
Parameters p value
(mean * SD)
Inter-molar width 33.36 £ 2.58 40.87 + 2.10 018
TO : before treatment, T1 : after treatment
Wilcoxon signed rank test
Table 5. Comparison of adenoidal-nasopharyngeal ratio before and after expansion
T0 T1
Parameters p value
(mean % SD)
Adenoidal measurements (mm) 16.71 + 3.27 15.03 + 3.87 .006
Nasopharyngeal width (mm) 27.11 + 3.10 28.60 + 2.58 170
ANR 0.63 £ 0.18 0.51 £ 0.09 .003

TO : before treatment, T1 : after treatment
ANR : adenoidal-nasopharyngeal ratio
Wilcoxon signed rank test

374
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Table 6. Comparison of upper airway width before and after expansion
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oh | TO T1 |
aryngeal area value
yng (mean % SD) P
Nasopharynx PNS-phw 2179 + 392 2249 + 371 248

RPD 6.36 £ 1.77 7.80 £ 2.19 035
Palatopharynx

WAS 7.08 + 1.88 931 +£185 .010
Oropharynx RGD 782 £219 941 £ 262 078
Hypopharynx HPD 11.80 + 3.15 1253 + 418 155

TO : before treatment, T1 : after treatment
Wilcoxon signed rank test

PNS-phw : width of airway from posterior nasal spine to posterior pharyngeal wall parallel to palatal plane, RPD : minimal distance from soft palate to pos-
terior pharyngeal wall parallel to palatal plane, WAS : width of airway along parallel line to palatal plane through soft palate tip, RGD : minimal distance
from tongue base to posterior pharyngeal wall parallel to palatal plane, HPD : minimal distance from vallecula to posterior pharyngeal wall parallel to palatal plane

Table 7. Changes of hyoid bone position before and after expansion

TO Tl
p value
(mean * SD)
MP-H 11.07 + 541 1274 £ 529 139
PNS-H 53.24 + 6.83 55.10 + 6.80 203
C3-H 34.09 + 3.16 3437 + 3.94 721
Hy-S 8744 + 8.80 89.00 + 9.37 333

TO : before treatment, T1 : after treatment

Wilcoxon signed rank test

MP-H : linear vertical distance from H (most anterior point of the hyoid) to
mandibular plane, PNS-H : linear vertical distance from H to posterior na-
sal spine, C3-H : linear measure from the most anterior and inferior point
of C3, Hy-S : linear vertical distance from Hy (uppermost point of the hy-
oid)to S

375

Table 8. Mean value of polygraphic parameters before and after
expansion

Polygraphi t 10 m |
olygrapnic parameters value
ygraphic p (mean % SD) P
AHI (/hr) 327+041  173+107 001
DI (/hr) 271+054 152+116 .004
Mean oxygen 9705 + 132 9755+ 093 054
saturation (%)

Lowest oxygen 8720 £ 1030 9164 £ 420 023
saturation (%)

Snoring (%) 585+552  195+302 .004
Non supine time (%) 4699 + 2758 4702 + 3243 776
Autonomic arousal 4114 +1992 3593 2082 155

index (/hr)

TO : before treatment, T1 : after treatment
Wilcoxon signed rank test
AHI : apnea-hypopnea index, ODI : oxygen desaturation index



o

A
e

A | O

(gold standard)
3H

Holl ZARROfA Al

.
[¢]

2|

F

nl

2 o QUCHI. +H7|At

f 2(T1) 1.522
o 5.85%0| 11,

o
o

X
e

&
1(TO)

VS
(i

o 271 oL,
5P

o
& 1199 EAXoZ Qo|st

t 7I(j (TO) hnc]

x
o

=

=13

}=(mean oxygen saturation)= 7|
0.023). Z20|(snoring)=

Ol= gigioLt, BF 0.50%p2]

SRME

3

[
=z

[

CHo

(lowest oxygen saturation)= 2t& ™ (T0) B+ 87.20%0| 11, =t

X S(T1) Bz 9L64%HUOH B 444%po| Qo8 =7

ol

J Korean Acad Pediatr Dent 46(4) 2019

ODI

A
(i

t

o

4

L7

ST BT HETHMYITHW HBHI oHRBKRKIWITHTIToS WHAM
= X o =A__ﬂ= Bl K o H M T < gy XU B m.._a o o o W == Bl 6 K uo I [ = N
R m N kW E D wmnwwnﬂ“e E_OMWWWD:o__Wm__“mv_r”mosg%.r.ﬂMI_.o%Eu
|.A_|ATHO_.__._._OHQOI_|._._IMM._O _AOLIAOM..._I m_ABm._o_uqmlllq./l_ﬂﬁ._o._ﬂmMLﬂ_m:MﬁE
o = nr o@m B oo oo o 2 50 S Mo @ &N S L ORGSR oy
= A T - &l E ooy S oo 00 B o4 o
R A e T - f_Lr_,.,mﬁmw__m@x_oﬁ%ﬂulmeﬁuo%%
L T e N K= o o R 0 = ol R S 5 B o
LEFIUNFT o NS Awomd DasoMoefRREFg 00y
T3S H oy o= B W= = T B LH W g - K O oy Wogh a3y & &K 81 W g o
~ ].nl__om4ﬂL7|uA ur mu — |7r|AnOE_ﬂmMﬂa_uméL_/u:_a___It_u._m_
&lw_mﬂ.m_.:m_ul_ﬁlx_uwﬂ.jlﬂnxn #ﬁ%ﬂ_/ mom.WEﬂlEE%*oTul_ﬂ_ﬂlﬂ_IOWHiol_
o o 8 Do o= N ~ © i 3 o X Bl nH L
101 & 9 < I = i = = gl = ol - w = 3 >3 oF <1 %0
_%A_.Lr_[lmurﬂn%_ﬂm__ﬂ___w_.m_r_ o ATHMEVFWA+w%%:ﬂ.%@ﬂmu_umoﬂmo
= g = ~ OL|H|._O I S © - . = = KV K=
ool 5% . N or ® &l oxl__r_ = B = om g < NGO - ki N & vi o Mm_.o oo Wm
ST SgBIWMy Ny  Ogpd sl g NB e s WA g
PXwgszgzhoa T e ne S S  T Tk C o W O
SERAR gD Ryl X NG B gy WY Ly Do A
m_“_ﬂx_op_ﬁm._mﬂﬂﬂh._mo_as_uﬁWuoaomour_gom___o:fol_ﬁﬂ_§WWWGM%%@.._Q__M_.
. I 00 - N = = = 7
ﬁﬁEmuaﬁxﬁéZ§H%Hm_uﬁ_.mAEBH___%M_A_OE_.E%E_EA_.wﬁ_n_WJ
Fo M2 ®g oo S0 T s EEg X FUg W R A gD
Ww_mlmma_|,mm7me_ﬁoWaou_.e_emmw.mS_u_.r*gmue_n_,ﬂ_w__yn > % ol
AOPAD.HE_umlu.AI._.A.oO,A_nA_I JAI!_._._._B_.._rT._lmﬂ_vTA._Nlo._o_uT:.._mMH._MomE._hmRoo_n
MEmEME s g Bl gd ROy gdo®rM g g agog X
M gIymag sagorgugTregesan g ®g g gmpss ks o
ol oUW T oWl ok oF R B! < oF® Wl o Kk oK oF = O 8% ok Ko 20 <0 T 3% I OF Kk < =
Y o o5 B o ®w3ET3ddHEAUK g K T B0 o W5 RO o3
S o rRms xhlys parXzHEy odmguyZimKs
WAQ X T W_ W= mMax._'XoﬂuuDL,_H__o_ o».__A.ﬂAo_#w_mWimﬂ
< = = o o7 v = T — = = T -
W Sty BEBH Rt FwERE SEPEodohl
>3 - = = 0 = = <X - " =
i ||=_mL|ﬂ ﬂ_._._7ﬂ7Wx_.m|6W_=_E._omur._ Lo.r.w.mu._x__.&_mx_o
Ny S N 1 Ko KI X = %0 oI & = M o T O R o 5 M
4z Fko o M K E T eIl s, o WEH o
O =t A = O O |_ﬁ|rll_| Mo = 1
N W 58 b L2 LB ey om0 D L = B -
._o|._\vnA/ ol _ln—._nmomo._ O._mlH_, E.m_.gﬂau.mu._._ATn_l._HL_Lq m_.._ﬂ%_ﬂn_\lml_ﬁllxxe
o $ sz K rgw AITIHITETHETEEFToopx N A oed&g g
EEd H o ymy wwnsbTgftonsEa g IEWEETg
g ok o9 ol WE_%@A_MMMM_MG%%E%O s ole S Y
3 KM %0 = K N Moo _ o — ol T & — 0 T N Q0 c = v
28 WM .25 s@FTocaZ®goygo g, NE o 5,502 8RR
o S zo Ko B su Uk RO O3 4o ol o B 5 O 5 5 S
2 klo E | - KO o & °F w MW TRl o 89 S oo __
33 — & ] — KR 0 .- [=] n= R L= B
45 . Tgpwn g ¥EAN e FRNREOE BB g Wy
o S = m.___._e.._o|_W_AoJw_.a_ul_hqwmuoiﬂuwrne._mw x_..ArOWmE_u_.._nuw._ﬁa_uu
- 3o cEdEa M g i mFTaRTE wgw S -wm g Koy
mE R ﬂnomnm_%m_ml_mwo§Mmmnow:w_w_mﬂ mmnﬂzmwﬁm%ﬁ
m) o A < = Ol _ — o P < =0 [E]
Ay Ml amT g0 L om0 g 6
=5 X0 o Aom_._&xﬁ.klﬂongﬂroﬁmg.rﬂﬁ.w_M = 3 o ol g g T f
&= & oF ol NN =4 .- = = K0S U K o 0B 4ouo=1=_._o»odﬂ
b twmoEm o 2D < E o B B Lk A
g M gl F ol o °© o = oo F A I _— 0 T 3 . B %ol o M S o =
K g ol R B R B R S < 5 %0 5 074 0o 0w B K oop°©
o o RM o K ol K T Wt X u UK X TR B2 O 30 T oo T OR fof o

ACH. Ol 2t

2 - 18MOfM =&
376

—

[

| eitof =3 PSQ

[912

|

=)

CHOI. Chervin



I 2550 UAECEN MARSIEI T

H”EIOUI [[H—Er 2 EO._“ZL o] g0l —’FEEf

—_

S}

for
ot
H—
i
=]

o
o
>
mju
>

m\l
2
In
(02
H
ne
>t
_?_
rr
Ral
=
El
ot
Ral
0%

re
i=)
Yt
A
— T Mo

A
m

I-J

oz

g ™ AHI7} 3.2701|A1 1732
5.85%0| A 2% = 1.95% =2 ZtAst
to] gty 2 Q3| 7|=7iE80| S0 HEHe
WMEl Ao 2 HOICE Certal S[25]2] H|2H

—
gob Tl 3§

=
H

4o o oy
=2

rot

=t

|—\I

Cf.

0x Hu ox ox ot
N

e rg

k

mot o[y
X Ol 02

= g 4
>~

Lok
oo
KN

e 4

E
-
0x
»
rg
H
-
L)
k!

mjn

|'
B
= >
=
s B
NEY=}
rH

5
ro

-
oo
o

tu
fot
B
<

el
8

=
S

. RME= FX|& XKoo
f(mid palatal
=7tAZICH

oz
of
-
=
ol
ot

olot
rn
1
il
o

o njo

E
=
N
H
10
e
D\I_
TN
(s
N
ox
o M

o
1o
I}

+
30
fsl
N
ks

|
T.
o
=

0z
>
ﬁ
o
)
ol
2
bl
2
oot

OI%3P04 o 274E
TANE JHAF ST RASH 2K =7 =
OI7F Xl= Toj| Hls§ Xz £ F25H
AHI= A 3270|M &5t 5 HH 17302
Ha 2,7101|A1 Ha 1522 44
ofl A 195%2 SAXHSR FO[5H
Aot s =30 5742 7l
OIC}. Pirelli £[12]12
O|Of| A RMEZ X|Z23t Z
SIQICtD SFRALE Villa 5[24]2 RMEE 0|&
U10] B715tRAe, +Ha g0 Xz T 86.67%0A A=
9332%=2 F7t5t% PMEf of A0M FCHE ZHO|
7“%2 &t 2 Kz 20| FIHY HlE0

CHextel 7+ 159

B 37H°J Sor sAsstct

AHL ODI & A

mh re mu et

oy
5
Ot
:Q
B
(@)
9
rir

St 250

oN T
b
Ot
9
o
o
rr

=
0x
o
0%

rg2 om
m

-0

U7

0x
S

0x
Rl

ot

e oy 2 o0z
r

=

5

)>

T _—E-

—_ >
=

#a

AT} SE S

b 4> fot
N

F-‘?-*

>
Fu

+

A
e
|
Ho

o :Io rg -|o+

IISHE]

O —

377

J Korean Acad Pediatr Dent 46(4) 2019

i
rt
dm
0x
0z

+
rg

[0 0¥ Hu
£
o
o
o
N

Hu
Hr

N
Ot o
[0 ox
Hu
07 %
Ra AN
N

rl>
el
.

o

mn o re
>
n
N
or
0x

o
rot
4 32
rg
[l

o

o

>

10
rot
o

oz

o
il
*0* ot g
4>
{or
o
> oo

™
o
2
oY
>
>

Hu
r=
_t—_'
=2
)
o
Rl
s
fo
o
Ot
2 3y
13
e
1A
o rr

o >
[ 3 1]
o o
ot >

I
e
2t
=2
0
o

~

o|8t AlBEIRO 2 4t
ZOfH 0| = HITH, &

—

o
=

oY 0x
ry

mx
>
A
rlo

HIE0] Mool E2| AHE7t
O ACH29]. Of AP M= HE T8 HAM A
Ot L= 0| = H|LCH, AXIE
= 20| ASSHACE O] AF0AM = Fujioka
[14]0] HMA[SH S0 et OfH 0| = H|CH= OfH| L=0[=2)
A7|E H|QAZC| Z0Z Ltz AN ratio (ANR)Z2 HI}sHSICt
Major S[30]2 &2 A& % Fujioka S[14]0| H|2tst ot

A

aal

ot Ol
71 58 A 22

CC &}

o
=
4 o

4S
=0|C HIChEO| MZIQUCED SHSICE Of AT ANRS &
3 H 06301A &% 3 0512 HAsH0l, 0fF=0|S H|CSO]
LAY Ol 4o HFOR OfH 0| 27| YAt
DBleIZo B I M2 Holth 4Y|EE A HAE

l'_

L (palatopharynx), 7915 (oropharynx),
| Ul #912 L0, 47| M= 0] &
Ll = QACH31) Of AN H7[=
ZZ30 tist AS2 &7122 U 29 gdS oA 29z o
7ot RAEL o ALt FHRAFO sYst= F2I2H0| &
™ 636 mmOA & = 780 mmZ EAXNOZE {OI5HA
h. Katyal S[32]2 H|ZX et &<40| sFStHoZ
BE Al H|ZQ| HI7t E7kD A7 20
S}QICH 3 RME = H|Zto| Zo| S7t3}H
OIEB7tnt NI It Sk ECkD UL 0 @
T ZZ0| Chet Woto| HARS 3K PEE 2Kt
0 BIHYIC= A0|Ct Major S[30]2
FIAIEIC 2 OtH| =0l = 37|58 B7t5tE 2
QIE7[=e A7|= XX FHT

(nasopharynx), 17} 2

|0

SF2I 5= (hypopharynx)

b

o 29/0| YaozE

r

lo

Y|

o] 03 4r
N

o 0
39

m

nx
fanl
<2
X
<
m
Hu
Rl

ok

>

computed tomography (CBCT)2}

1 SFQICE BFH, Pirila Parkkinen S[33]2 =4}

—



3

| —

[

Yot

3

—

.

(e}
O} ety &S

3

[y

.

(e}
YEN KB 4

hoH[QIF 71 =0 oY

ol
= OJZI0[0f[ A B|2IF7[= S7H0]| OX|= Yol Cf

o
A

=

H FY22 O|ROMO} otLt, HYFEAZ LAHIAMTIS

o
=

|

Xt
20 7| =FIHt O| RO JILt= oA Ol E XY

T4 AHIAT2 CBCTE

J Korean Acad Pediatr Dent 46(4) 2019

st bl QI= et 770l
sjgict. ol

—_

o
o
[

ZOH7t

i} o}

AR} X5

=

15}=

o
)

=

gt
Hln Mot EQFZo2MN 7| ZIE

HANM X 2BE = Hel S

—

[

|5t

[¢]
)

&

C}H34).
e w281 oltjof o) Hejxlnz, 1aE

2

9
0| XICt3 SFRICH3S5]. Guilleminault

i
=

4

=
oM Stz Wefzs5 otefat d=ake] 2|7t o

A

|
[}

I SRMEZ 0]

12 BHARAI7 o210 7

o o

=

SHoR SFATH3T.

7t

=
S

KA =0 =Bl e gol

KB A
7}t CHo

=

=)

7
FARAALEIOf A OF

__I.L

AXM2E Fol5H
HA

3

.
o

—

JES
tol 9l

=
[

=

OFA
tet A

A
+=d
"
2|
=
=

Yot dE=o =50 & AOIL,.
| &

=

o
oH =Ab

ZFRL 7 - 94| O{210|0| A{ SRME
&t

o

=
Aol M F2ASHA 7 = RAEE

ELELEE

)
il

9

3
of
ol
7t

k

o

k

o
=

=)

.
[=)
.
Q.

OFX| A
=

=
=
o
S
20

.
[=)

7 A

oI5}
Al
o

f

=20 ¢71= A

|
[¢]

X2
J1EeR HE W, A

=

A
FSCE Verin £[42]12

4

—

[

=

=
g 7| Ha7t

g C3
A E
Cf

(=]

Z 2o/h,

|

of o8 H= AN

=
(4112
ote A0 ¢7|=9] 7
K= HrE 4= ACHD SFRACE Ol

1

RZn, 459 9|
olgtm

o
O:

|

=)

=z
 Ktol 7t gLoict.
3

o

bEZ9 A2|0 s 0X, ¢71= X

7| o

|

o
HlWstn enz, AdZ0 OjX=

K=}
o=

AFO}
I.

2 f9

Hoz FOISIA| X

1

collapse)E OF7|2 4 QUCHD B} UCH3839). HAjA 4oz

(genioglossus muscle)

T &HRICH4A0). o
HOIC} Phoenix

FUXI7F
.l

A=l
o
2

7b8lSiCHp = 0.023). SRMES 0|83t LNt X| 2

SHH &

L = ROl

Ef2 ghols)

234

Kio

=

—_

o
1o
o

1
Kr
K+

ol

2
=]

ol

=

=

JHE 7Ho|+=H
23}04, SRME

o
T

=
S

| Z=7| ZEO|

o

Cl. wa2fA, d2X| 2t

I-OH

[e]]
AN
SXzs 87 ool

bR

=

SjLiatn o 4
=2

)
VEREEPEEL

3

s

.
o

378

Lt, ‘&2 thz=of of
tot 7|=H0l glol thef

tetgio

4

15
o

0|2 &2 2 SRMEE 0|8

A7t R



References

1. Marcus CL : Sleep-disordered breathing in children. Am /
Respir Crit Care Med, 164:16-30, 2001.

2. Lumeng JC, Chervin RD : Epidemiology of pediatric obstruc-
tive sleep apnea. Proc Am Thorac Soc, 5:242-252, 2008.

3.0h JI, Lee SH : Obstructive sleep apnea syndrome in chil-
dren. Hanyang Med Rev, 33:246-252, 2013.

4. Marcus CL, Brooks LJ, Spruyt K, et a/. : Diagnosis and man-
agement of childhood obstructive sleep apnea syndrome.
Pedliatrics, 130:714-755, 2012.

5.Berry RB, Gamaldo CE, Marcus CL, et a/. : AASM scoring
manual version 2.2 updates: new chapters for scoring in-
fant sleep staging and home sleep apnea testing. / Ciin
Sleep Med, 11:1253-1254, 2015.

6. Schechter MS : Technical report: diagnosis and manage-
ment of childhood obstructive sleep apnea syndrome. Pe-
diatrics, 109:69, 2002.

7.Spruyt K, Gozal D : Development of pediatric sleep ques-
tionnaires as diagnostic or epidemiological tools: a brief
review of dos and don'ts. Sleep Med Rev, 15:7-17, 2011.

8. Spruyt K, Gozal D : Pediatric sleep questionnaires as diag-
nostic or epidemiological tools: a review of currently avail-
able instruments. Steep Med Rev, 15:19-32, 2011.

9. Chervin RD, Hedger K, Dillon JE, Pituch KJ : Pediatric sleep
questionnaire (PSQ): validity and reliability of scales for
sleep-disordered breathing, snoring, sleepiness, and behav-
ioral problems. Sleep Med, 1:21-32, 2000.

10. Hamada M, lida M : Home monitoring using portable
polygraphy for perioperative assessment of pediatric ob-
structive sleep apnea syndrome. 7okar J Exp Clin Med, 37:66-
70, 2012.

Villa M, Rizzoli A, Miano S, Malagola C : Efficacy of rapid
maxillary expansion in children with obstructive sleep ap-

11.

nea syndrome: 36 months of follow-up. Sleep Breath, 15:
179-184, 2011.
12. Pirelli B, Saponara M, Guilleminault C : Rapid maxillary ex-
pansion in children with obstructive sleep apnea syndrome.
Sleep, 27:761-766, 2004.
13. Pirelli P, Saponara M, Guilleminault C : Rapid maxillary ex-
pansion (RME) for pediatric obstructive sleep apnea: a 12-
year follow-up. Steep Med, 16:933-935, 2015.
14. Fujioka M, Young LW, Girdany BR : Radiographic evaluation

of adenoidal size in children: adenoidal-nasopharyngeal

379

J Korean Acad Pediatr Dent 46(4) 2019

ratio. AJR Am J Roentgenol, 133:401-404, 1979.

Marcus CL : Sleep-disordered breathing in children. Am /
Respir Crit Care Med, 164:16-30, 2001.

Jeans WD, Fernando DC, Maw AR, Leighton BC : A longitu-
dinal study of the growth of the nasopharynx and its con-
tents in normal children. 8r/ Radio/, 54:117-121, 1981.
Brunetti L, Rana S, Armenio L, et a/. : Prevalence of obstruc-

15.

16.

17.
tive sleep apnea syndrome in a cohort of 1,207 children of
southern Italy. Chest, 120:1930-1935, 2001.

18. Linder-Aronson S : Adenoids. Their effect on mode of

breathing and nasal air flow and their relationship to char-

acteristics of the facial skeleton and the dentition. A bio-
metric, rhino-manometric and cephalometro-radiographic
study on children with and without adenoids. Acta Otolar-

yngol Suppl, 265:1-132, 1970.

19. Johns MW : A new method for measuring daytime sleepi-

ness: the epworth sleepiness scale. S/eep, 14:540-545,

1991.

20. Schechter MS : Technical report: diagnosis and manage-

ment of childhood obstructive sleep apnea syndrome. Pe-

diatrics, 109:69, 2002.

21. Tan HL, Gozal D, Kheirandish-Gozal L : Overnight polysom-

nography versus respiratory polygraphy in the diagnosis of

pediatric obstructive sleep apnea. Sleep, 37:255-260, 2014.

Kaditis AG, Alonso Alvarez ML, Verhulst S, et a/ : Obstruc-

tive sleep disordered breathing in 2 to 18 year old. fur

Respir J, 47:69-94, 2016.

Alonso-Alvarez ML, Teran-Santos J, Gozal D, et /. : Reli-

22.

23.
ability of home respiratory polygraphy for the diagnosis of
sleep apnea in children. Chest, 147:1020-1028, 2015.

24. Villa MP. Malagola C, Ronchetti R, ef a/. : Rapid maxillary

expansion in children with obstructive sleep apnea syn-

drome: 12-month follow-up. Sfeep Med, 8:128-134, 2007.

Certal V, Camacho M, Costa-Pereira A, et a/. : Unattended

sleep studies in pediatric OSA: a systematic review and

25.

meta-analysis. Laryngoscope, 125:255-262, 2015.
26. Vale F, Albergaria M, Malé L, et a/. : Efficacy of rapid maxil-
lary expansion in the treatment of obstructive sleep apnea
syndrome: a systematic review with meta-analysis. / £vid
Based Dent Pract, 17:159-168, 2017.
27. Monini S, Malagola C, Barbara M, et a/. : Rapid maxillary
expansion for the treatment of nasal obstruction in chil-
dren younger than 12 years. Arch Otolaryngol Head Neck
Surg, 135:22-27, 2009.

28. Won TB : Contemporary methods of upper airway evalua-



J Korean Acad Pediatr Dent 46(4) 2019

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

tion in obstructive sleep apnea patients. Korean J Otorhi-
nolaryngol-Head Neck Surg, 56:7-13, 2013.

Faber CE, Grymer L : Available techniques for objective as-
sessment of upper airway narrowing in snoring and sleep
apnea. Sleep Breath, 7:77-86, 2003.

Major MP, Flores-Mir C, Major PW : Assessment of lateral
cephalometric diagnosis of adenoid hypertrophy and pos-
terior upper airway obstruction: a systematic review. Am J/
Orthod Dentofacial Orthop, 130:700-708, 2006.

Donner MW, Bosma JF, Robertson DL : Anatomy and
physiology of the pharynx. Gastrointest Radio/, 10:196-212,
1985.

Katyal V, Pamula Y, Sampson WJ, et a/. : Craniofacial and
upper airway morphology in pediatric sleep-disordered
breathing and changes in quality of life with rapid maxil-
lary expansion. Am J Orthod Dentofacial Orthop, 144:860-
871, 2013.

Piril&-Parkkinen K, Loppdnen H, Pirttiniemi P, et a/. : Validity
of upper airway assessment in children: a clinical, cephalo-
metric, and MRI study. Angle Orthod, 81:433-439, 2011.
Pracharktam N, Hans MG, Strohl KP, Redline S : Upright and
supine cephalometric evaluation of obstructive sleep apnea
syndrome and snoring subjects. Angle Orthod, 64:63-73,
1994.

Bibby RE : The hyoid bone position in mouth breathers
and tongue-thrusters. Am J Orthod, 85:431-433, 1984.
Guilleminault C, Riley R, Powell N : Obstructive sleep apnea
and abnormal cephalometric measurements. Implications
for treatment. Chest, 86:793-794, 1984.

Attanasio R : Dental management of sleep disorders, Wi-
ley-Blackwell, 2010.

Gungor AY, Turkkahraman H, Yilmaz HH, Yariktas M : Ceph-
alometric comparison of obstructive sleep apnea patients
and healthy controls. £fur / Dent 7:48-54, 2013.

Battagel JM, Johal A, Kotecha B : A cephalometric compari-
son of subjects with snoring and obstructive sleep apnoea.
Eur J Orthod, 22:353-365, 2000.

Endo S, Mataki S, Kurosaki N : Cephalometric evaluation of
craniofacial and upper airway structures in Japanese patients
with obstructive sleep apnea. / Med Dent Sci, 50:109-120,
2003.

Phoenix A, Valiathan M, Hans M, ef a/. : Changes in hyoid
bone position following rapid maxillary expansion in ado-
lescents. Angle Orthod, 81:632-638, 2011.

Verin E, Tardif C, Pasquis P, ef a/. : Comparison between

380

anatomy and resistance of upper airway in normal sub-
jects, snorers and OSAS patients. Respir Physiol, 129:335-
343, 2002.



J Korean Acad Pediatr Dent 46(4) 2019

-
[}

b 2t &= (semi-rapid maxillary expan-

AlQ
(=

/

Y Y FYYH AT

-
(=l

32 7t 7 - 9M O{ZI0[0f| A

g0

Tyt XS YL 40K

ol

sion, SRME)

At dt= AO|E

x

CHAHRH= SRMEZ} H 25| 7|
274

=
—_

I of2lo|Rict. &2

F

<0

CHAFRF= = 1502 AHI 1 O

K|EHA 371 S AlotRICt. K|

o
ok

oI

[E

rS|
~

M
=

=

l

=0
0.035).

3

b S(T1) B 0.51

o

.
o

x
HACHo

&}

o 0.6304| A

4

iiE
o

A
o

o

Xt
(=]

=
=

w 0182 SAHLZ ROl5HA Z20tUCHe = 0.001). £
381

CHp = 0.001). OFH|=0|= H|CHE-L & F(T0)
RO W, 28

e
o

=

=

(T1)

S
-

Xt
=1 O
o
AN

=13
QoI 571

o 0.450] A

o
P EA0IA Folet HaE B

=g T(T0) 8
9

F

PSQ scale2
M, 2EsE X

=
[<)

0

2 Rol5H





