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ABSTRACT

Pharyngeal tonsils are responsible for protecting against infection in the nasal cavity.
Following the acquisition of immune function, pharyngeal tonsil enlarged in early
childhood and gradually become smaller with growth. However, hypertrophy of the
pharyngeal tonsil caused by the chronic recurrent inflammatory reaction as known as
adenoids do not shrink. In addition, adenoids cause stenosis of an airway in the
pharyngeal region and often cause mouth breathing. Lateral cephalograms and cone
beam computed tomography (CBCT) have been used to examine adenoids. However,
these methods are invasive because of radiation exposure, and it is unsuitable to
screen the young children. An alternative approach may be an analysis of voice
signals, which contain information on vocal fold vibration and vocal tract
morphology. The cepstrum analysis, an acoustic analysis, can extract information on
the morphology of the vocal tract. This study aimed to examine adenoids by
performing an acoustic analysis of nasal sounds.

In study 1, as a fundamental experiment, from the frequency analysis, it was
observed that the acoustic change due to the obstruction of the polyvinyl chloride
pipe (PVC pipe) assumed the airway could be detected. There were differences in the
frequency response between PVC pipes with different obstruction rates which

indicated that acoustic change due to obstruction could be detected from the



frequency analysis.

In Study 2, cepstrum analysis and frequency analysis were applied to examine the
detection of adenoids by the nasal sounds. Fourteen subjects (8 boys and 6 girls,
mean age 8.1 £ 1.3 years) were included in the adenoid group and forteen subjects (6
boys and 8 girls, mean age 8.5 + 1.2 years) were included as the control group.
Lateral cephalogram and CBCT were used to evaluate the anatomical morphology;
the wavelength to vocal tract length ratio (WVR) was calculated from the vocal
signal of the nasal sound by cepstrum analysis. Then, these parameters were
compared between the groups. The identification boundary value of adenoids with
WVR was also examined.

Adenoidal-Nasopharyngeal ratio, pharyngeal tonsil length, and pharyngeal tonsil
thickness were significantly higher, and distance of the narrowest part of the airway,
distance from the PNS to the posterior pharyngeal wall were significantly lower in
the adenoid group than the control group.

In cepstrum coefficients 40, 44, 48, 52, and 56, WVR was significantly smaller in
the adenoid group. Additionally, in the range of cepstrum coefficients 44 to 56, 80%
or more adenoids was expected to be identified.

The findings suggest that cepstrum analysis could noninvasively examine

the adenoids.
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Fig. 3 Adenoidal-Nasopharyngeal ratio (A/N Ltt)
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Table 1 #-PAZESRMAIC BT 2 RIS L OV IR B IR %

JE %L [Hz]
PAZE=R IR A = IR AR
FEPAZE 950
85% 920 1985 4120
100% 815 1980 925
Table 2 #PAZESMFIC T 2 ER L O HIEE R E» SR L2 E
HE [cm]
PHZER 5H— IR R 5= o — PR
FEPAZE 16.0
85% 16.6 6.7 23
100% 19.0 6.7 8.3
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Table 3 MHEE Ak L OVENHEE O RE FHH| D L

—fxHE (N=14) WHEE R ARAERHE (N=14)

BAME S FE RRME RAME RE HRORE p-value
AN £t 037 043 046 063  0.69 081  0.00%*
WHEERmPERAE (mm) 190 230  29.0 200 290 350  0.02*%
HEERAPEE S (mm) 0.0 2.0 4.5 2.0 6.0 7.0 0.00%*
KOBERARAEEIERE  (mm) 8.0 103 18.0 1.0 4.8 7.0 0.00%*
PNS1-PNS2 (mm) 160 218 270 9.5 180 260  0.01*
A EHERE (mm) 240 29.0 335 250 280 350 073
RO EBURE (degree) 36.0 448 520 36.0 50.0 600  0.06

Mann-Whitney’s Utest  Level of significance *: p<0.05, **: <0.01

Table 4 I /8 = b o kg

—iXHE (N=14) WHEE R ARAERHEE (N=14)

RAME S FE RRME RAME RE HRORE p-value
7 AN T DMREC40 0.51  0.62  1.26 047 056 092  0.03*
AN T DRI 44 0.58  0.69  1.40 045 059 093  0.02*
AN T DMRE48 0.64 1.16 149 046  0.63 093  0.00%*
7 A N T DMRES2 0.65 128  5.77 046 078 546  0.01*
r AN T MMRE56 1.13 1.51 630 049 084 566  0.01*
7 A N T LMRE60 1.13 1.66  6.98 062 139 638 1.25

Mann-Whitney’s Utest  Level of significance *: p<0.05, **: <0.01
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