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Diagnosis and Effect of Maxillary Expansion in Pediatric Sleep-Disordered Breathing
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— 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

789 £ 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
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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

TO T1

Parameters
(mean + SD)

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
T0 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) 2711 + 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
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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 3409 + 3.16 3437 + 3.94 721
Hy-S 87.44 + 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 |
(0] rapnic parameters value
ygraphic p (mean % SD) P
AHI (/hr) 327+041 173+107 001
ODI (/hr) 271+054 152+116 004
Mean oxygen 97.05 + 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
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