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The aim of this study was to evaluate the association between various predicting tools and Apnea-Hypopnea Index (AHI)
to identify children with sleep disordered breathing (SDB). From 5 to 10 years old who came for orthodontic counseling,
61 children, whom had lateral cephalograms, pediatric sleep questionnaire (PSQ) records, and portable sleep monitoring
results, were included in this study. A total of 17 measurements (11 distances and 6 angles) were made on lateral cepha-
lograms. The measurements of lateral cephalograms, PSQ scales and portable sleep monitoring results were statistically
analyzed. 49 of 61 (80%) patients showed AHI > 1, which suspected to have SDB and their mean AHI was 2.75. In this
study, adenoid size (A/N ratio), position of the hyoid bone from mandibular plane, gonial angle, and PSQ scale were
related to a higher risk of pediatric SDB. Also, oxygen desaturation index (ODI) and snoring time from sleep monitoring
results were statistically significant in children with SDB using Mann-Whitney test (p < 0.05).

In conclusion, evaluation of hyoid bone position, adenoidal hypertrophy, gonial angle in lateral cephalogram, and PSQ
scale was important to screen out potential SDB, especially in children with frequent snoring.

Sleep disordered breathing, Adenoidal hypertrophy, Hyoid bone, Lateral cephalogram, Pediatric sleep
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Fig. 1. Korean version of Pediatric Sleep Questionnaire.
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Sphenobasioccipital
Synchondrosis

Fig. 2. Adenoidal-nasopharyngeal ratio (ANR), A : adenoidal
measurements, N : nasopharyngeal width

Hyoid bone

Fig. 3. Measurements of upper airway. PNS-phw = width
of airway from PNS to posterior pharyngeal wall parallel
to palatal plane, RPD (retropalatal distance) = minimal dis-
tance 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 (retroglossal
distance) = minimal distance from tongue base to posterior
pharyngeal wall parallel to palatal plane, HPD (hypopharny-
geal distance) = minimal distance from vallecula to poste-
rior pharyngeal wall parallel to palatal plane, ANS = ante-
rior nasal spine, PNS = posterior nasal spine, Va = vallecula,
intersection of epiglottis and base of tongue
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oM F7HE Mt BHSHAH =H|F(posterior
ATl (soft palate), 3 7| X F(tongue base),
Va)ZItX| Q| x4 HE|E A FSHAUCHFig. 3)

nasal spine, PNS),

Z 7 F(vallecula,

(3) ®=(hyoid bone) $IX|0f CHSH Z 7t
SUH =AY 4dE XE B Qo Wl RUZ L+
Of AIFSIACH11,12]. B=2| Z[TLOA 5+ H H(mandibular
plane)TtX| Q| =& 2|(MP-H)2t C3(cervical vertebrae 3), PNS
MX|Q HMHE|(C3-H, PNS-H)E AFSIAD 22| 2o
M sella turcica”?tX|2] ZMAHE|(S-Hy)E AIZ3H0] B7ISHALE
(Fig. 4).
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o
ot QI8 SNA(sella-nasion-A

of
SNB(sella-nasion-B point), ANB(A point-nasion-B point)

point),
£ ZESACE 5 4T Y42 BILE 28 gonial angle
(articulare-gonion-menton), sum(saddle A. + articular A. + go-
H &5t CHFig. 5).

7t
HA'E

nial A), FMA

Fig. 4. Measurements of hyoid bone. MP-H = linear vertical
distance from H to mandibular plane (H = most anterior
point of the hyoid), PNS-H = linear vertical distance from
H to posterior nasal spine, C3-H = linear measure from the
most anterior and inferior point of C3, Hy-S = linear verti-
cal distance from Hy (uppermost point of the hyoid) to S
(Sella turcica)
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Fig. 5. Horizontal and vertical analysis in lateral cephalogram.

4) FLHE Zto]=HAA(portable sleep monitoring)
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oxygen saturation), &|X AtAZBEE (Jowest oxygen saturation)
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—
o
T

3

r9l mor ofo mju
OF

logistic regression analysisE A|ASIAUCE ZE 4 L2
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8HO| Xt=27

11 i
IH|o] HEX Ef
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01| M
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Ol & H%t= 309, oxt= 310

ar JM4ToZ BERE #Xts 12Y(19.7%), SDBELZ 27 &
BtA= 49%(80.3%)2 2 LIEISICH = 05 7+ Lto|, dY, BMI
oM SAXCZ Rolgt AtO|E LIEFLHR| BRACE LE{X|d H]
A0t 155 08, Brodsky gradeS 0|83t HT 37|0f CHsiAf
£ £ 18 SANCR folot X0l= 2O|X| #YUCKTable 1),

I-_I

Table 1. Demographic and clinical characteristics of subjects in this study

Without SDB SDB Odds Ratio p value
Number of subjects 12 49
Male 6 24 1.042 (0.295 - 3.682) 0.949
Gender
Female 6 25
Age (years, mean = SD) 8.08 £ 1.68 8.08 £ 140 0.990*
BMI (kg/, mean + SD) 17.81 + 340 1743 + 245 0.720*
Allergic rhinitis (%) 50.0 53.1 1.130 (0.320 - 3.997) 0.849
. Grade < 2 10 39 1.282 (0.241 - 6.808) 0.770
Tonsil size
Grade 3 or 4 2 10
Mouth breathing (%) 417 449 1.141 (0.318 - 4.096) 0.840

p value from chi square test
*: p value from unpaired student t-test
BMI = Body Mass Index
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2. SDB S22} PSQ scale2| A

PSQ A& Z1} cut-off 44 0.33ECH 2 M4+E EO SDB 1
AToR MYE Xtz 1522 LEIHCH, 0|22 R5F
SDBZO| ZEHE|QUCt PSQ scalelf MHE DQIEZ1F AHI ZHO|

0.028). 19|80 B PSQ scale 0400/ 1, M=o H
o PSQ scale2 0.122 L}EFSICE

FETOAM A2l 20t=FHAEZX|Of Oist SHE R A2t &

Table 2. Distribution of the population based on a PSQ scale

ot S |1 &8 e 0| ACK50%), OFE0| Lof %t
= [ YQHo| HZSICHE50%) 2&0IM =& Hles 21, SDB
TOME & A7 S0 ¥ Eall 52 e 0| ULt
(53.1%), OFHIOf YOjGtS Y QHO| ZAZESITHA2.9%), EO|Lt &
2 SX A2, X2loM BEEUCH36.7%) =22 = LIE
StCh SDBTO A PSQ scaleO] 0.330] 42 QI 15HO| M= 7t
HoZ2 AZD 7HE 22|17t AAL 52218 IA HCHT73%),
E0[LH E2 BRI A0, Xt2|ojM BEUCHT3%) BF0ME
=2 H&2 ERCH(Table 3).

Without SDB SDB Odds Ratio p value
PSQ scale > 0.33 0 15 1.441 (1.197 -1.736) 0.028
PSQ scale < 0.33 12 34

p value from fisher's exact test

Table 3. Response rate of pediatric sleep questionnaire

SDB & PSQ > 0.33

Without SDB SDB %)
While sleeping, does your child...
Snore more than half the time? 0.0 10.2 26.7
Always snore? 0.0 24.5 66.7
Snore loudly? 83 122 333
Have "heavy” or loud breathing? 0.0 32.7 733
Have trouble breathing, or struggle to breathe? 83 10.2 20.0
Have you ever seen hour child stop breathing during the night? 0.0 26.5 66.7
Does your child...
Tend to breathe through the mouth during the day? 50.0 53.1 93.3
Have a dry mouth on waking up in the morning? 50.0 429 73.3
Occasionally wet the bed? 83 10.2 0.0
Wake up feeling unrefreshed in the morning? 16.7 204 400
Have a problem with sleepiness during the day? 0.0 6.1 133
gj;:gtftesgh;;yc;r other supervisor commented that your child appears sleepy 167 102 200
Is it hard to wake your child up in the morning? 16.7 30.6 46.7
Does your child wake up with headaches in the morning? 0.0 20 6.7
Did your child stop growing at a normal rate at any time since birth? 16.7 12.2 333
Is your child overweight? 16.7 10.2 133
My child often...
Does not seem to listen when spoken to directly 25.0 143 26.7
Has difficulty organizing task and activities 83 10.2 26.7
Is easily distracted by extraneous stimuli 16.7 143 333
Fidgets with hands or feet or squirms in seat 0.0 36.7 73.3
Is ‘on the go' or often acts as if ‘driven by a motor’ 16.7 163 333
Interrupts or intrudes on others (e.g. butts into conversations or games) 0.0 14.3 26.7
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3.SDB 332t ZRFEAF LAMALE 24 A1}

ERESAS SAMAZIZ 0|88 22 &= F OtH| 0]
E H|CHE(ANR), StAEHOIAM 2=7tX|2 AH2|(MP-H), 12|
1 gonial angleO| SDB2 SAH 22 Rolot ¢t 2 ALH(Table
4, p = 0.001, 0.045, 0.040). OIH|'=0| = H|Tf&2 L=
HI 045 SDBTZOAIM B 0542 SDBTOIA A LtEHtS
O, St EHoM HE7HK Q| AHE2l= Fd=olM B 6.05 mm,
SDBTO| Al B 8.88 mm &, SDBOIAl HZ0| H steof ¢
X|gt ZH{o 2 LIEFLICE Gonial angle2 HATOM B 121.56,
SDBZO| A Bx 125202 LtEtL SDBTOAM A EH ddS
HRACE O Qo &7 FF, dotetol M WX |X|of Cf

w2 SAH2E RIS AE HO|X| RHUAL.

o

Table 4. Comparison of cephalometric measurements between
SDB group and control group

Without SDB SDB

(mean * SD) (mean + SD) p value
ANR 045 + 0.06 0.54 + 0.09 0.001
PNS-phw (mm) 2259 + 431 2134 + 3.63 0.309
RPD (mm) 739 £ 253 7.80 + 2.28 0.579
WAS (mm) 9.29 £ 2,67 932+ 211 0.965
RGD (mm) 833 + 286 8.96 + 2.81 0.490
HPD (mm) 11.86 + 2.60 1311 £ 279 0.163
MP-H (mm) 6.05 + 3.56 8.88 + 445 0.045
PNS-H (mm) 4925 + 542 50.14 + 5.69 0.626
C3-H (mm) 30.36 + 3.37 29.71 + 2.68 0.481
Hy-S (mm) 88.75 + 7.90 88.88 + 6.69 0.955
SNA 8120 + 241 79.88 + 3.50 0.222
SNB 76.55 + 3.10 75.75 + 345 0.468
ANB 465 + 248 405 + 3.14 0.541
Sum 396.60 + 454 39855 + 554 0.265
Gonial angle 12156 + 385 12520 + 5.68 0.040
FMA 2838 + 472 29.56 + 5.30 0.485

p value from unpaired student t-test

ANR = adenoidal-nasopharyngeal ratio, PNS-phw = width of airway from
posterior nasal spine to posterior pharyngeal wall parallel to palatal plane,
RPD (retropalatal distance) = minimal distance from soft palate to poste-
rior pharyngeal wall parallel to palatal plane, WAS = width of airway along
parallel line to palatal plane through soft palate tip, RGD (retroglossal dis-
tance) = minimal distance from tongue base to posterior pharyngeal wall
parallel to palatal plane, HPD (hypopharnygeal distance) = minimal dis-
tance from vallecula to posterior pharyngeal wall parallel to palatal plane,
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 measure from the most anterior and inferior
point of C3, Hy-S = linear vertical distance from Hy (uppermost point of
the hyoid) to S, SNA = sella-nasion-A point, SNB = sella-nasion-B point,
ANB = A point-nasion-B point
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4.SDB 772t R & ZH0|-BHPAL Zuteto] ZtA

U Zo|=BHAMM SHE =X S0M ODI 242 &
0l M 0.68, SDBTOIA 23322 HAZ0| H|3{ SDBZEOIAM 2
A HEHRCH SAXCZ Foloh XH0|7F ARATHTable 5, p =
0.000). o FE0| A|Zh2 FHT0A 143, SDBTOIA 4292
SDBTO|A & AA LIEFRICH = 0.031).

5.SDB #&H QXS ZX[AE 3 FE4(logistic regres-

sion) Z1f

Ete S (univariate) =M 0|AM F2lot 422 LIEHF PSQ scale,
ANR, MP-H, ODI, snoring time #t2 Ar&3}0] ZX|AEl 3|4
2M8 MAISH Z1t ANRDF ODIZHO| R0O|8t Zfo 2 LIEFGIDE

(Table 6, p = 0.039, 0.015).

Table 5. Comparison of polygraphic parameters between SDB
group and control group

Without SDB SDB Jalle
(mean + SD) (mean + SD) P
oDI (/hr) 0.68 + 056 233+182 0000
Average oxygen 9738+ 079 9726+ 069 0608
saturation (%)
Lowest oxygen 9035+ 535 9016 + 1068  0.123
saturation (%)
Snoring time (%) 143 + 1.96 429+691 0031
Autonomic arousal 7 a3\ 1484 3814 £ 1714 0,060

index (/hr)

p value from Mann-Whitney test
ODI = oxygen desaturation index

Table 6. Multivariate analysis using logistic regression

Exp (B) p value c
Gonial angle 1.215 0.215 0.893 - 1.653
ANR 1.232E + 16 0039  6.305 - 2.405E + 31
MP-H 0.991 0.951 1.338
PSQ scale > 033 0.000 0.998
oDl 10.845 0.015 1.579 - 74.502
Snoring time 1.318 0.166 0.892 - 1.946

p value from logistic regression
Cl = confidence interval
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