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1. Abstract

Long-term mouth breathing during childhood results in severe malocclusion with

abnormalities of the maxillofacial skeleton. Mouth breathing may result from nasal

congestion due to airway narrowing caused by enlarged pharyngeal tonsils. Nasal

congestion is defined as obstruction of the air passage from the nasal passages to the

nasopharynx, which causes difficulty in nasal breathing or the perception of inadequate

airflow through the nose during resting breathing. Acoustic rhinometry is used to

diagnose nasal congestion. Acoustic nasal measurement involves objective assessment

of the morphology of the nasal cavity using the reflection of acoustic waves generated

by an inspection nozzle inserted into the nostrils. However, acoustic rhinometry is not

suitable for younger children who have difficulty remaining still during examination.

In addition, the diagnosis of enlarged pharyngeal tonsils has been mainly based on

lateral cephalometry. Recently, dental cone-beam computed tomography has enabled

measurement of the three-dimensional morphology of the airway and evaluation of the

state of the airflow. Although these methods have excellent diagnostic accuracy for

enlarged pharyngeal tonsils, they are not suitable during follow-up and general

population health examinations because of the radiation exposure involved.

Therefore, this study focused on voice analysis, which is non-invasive and easy to



perform.

In study 1, as a basic experiment, a 3D model was used to confirm the discriminability

of the adenoid and nasal congestion. In study 2, the antiformant (AF) characteristics of

nasal sounds using cepstrum analysis in patients who visited the orthodontic clinic of

our university hospital and voice characteristics in patients with nasal congestion and

enlarged pharyngeal tonsils based on the frequency changes in AF.

Twenty-five children with an adenoidal-nasopharyngeal ratio (AN ratio) of <0.5 and

nasal cavity resistance of 0.5 Pa/cm?/s were assigned to the nasal obstruction group.

Nineteen children with an AN ratio of >0.63 and nasal cavity resistance of <0.25

Pa/cm?/s were classified into the enlarged pharyngeal tonsils group. Twenty-two

children with an AN ratio <0.5 and nasal cavity resistance of <0.25 Pa/cm?/s were

defined as the normal group.

To make the AF1 (the 1st formant) relative, the AF1 was divided by the 4th formant

(AF1/F4), which reflects the vocal tract length of the child. The group with enlarged

pharyngeal tonsils had the largest AF1/F4. The nasal breathing group had the next

largest AF1/F4, and the normal group had the smallest AF1/F4.

Stenosed vocal tracts with nasal congestion or enlarged pharyngeal tonsils showed an



increased frequency due to obstruction of ventilation, and the AF1/F4 ratio in the

enlarged pharyngeal tonsils group was greater than that of the nasal congestion group.

Voice analysis is a potential no-invasive method of distinguishing between nasal

congestion and enlarged pharyngeal tonsils.
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Fig 3. Adenoidal-Nasopharyngeal ratio (AN k)
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Figure 6. it 7 7 v oAtz 1T 25HAEH H
IHH : 1. SNA, 2. SNB, 3.ANB, 4. FMA, 5. FMIA, 6.IMPA, 7. F

25



— EER%
P EHE80%
.......... EAEER100%

iR #(kHz)

0 10 15 20 30 70 50

6.0

PAZEE0%

; FAZEER10%

10 e BIEES0%

PAZEHI0%

0 10 17 20 30 40 5. 6.
iR (kHz)

(b): TREERHEAE K

S OV BEAEFE(fm 1 B 5

NS ILEE L7-IUR D 227 ML X

26



[dB]

[dB]

40~
30 1_.9_.:...‘-1.0!:
No.l
, BAZEE0%
1 a4~ FERS0%
i - PR 100%
0 10 20 3’ 40 50 Vu 50
i ~
(a): 2FA 8% #(kHz) =
.7
e
N
19
1 18 19 20
. ,M\_ .W
70+ §
30
60+
50+
40-
30+ 2
) e mmwon
-=o=-=FAEE10%
"l -FAZEE80%
: o— - FEE90%
0 10 20 30 40 5.0 60
JE R #(kHz)

(b): "REERHEAEXR

CHIVD AT (VBN DT

7 v

27



Tablel KEEDZ MO Ll

IEEE SFAR NHEE = PRAR K 2%
(n=22) (n=25) (n=19)
Mean(S.D.) Mean(S.D.) Mean(S.D.)
| * | | * |
AF1/F4(%) 17|.5(1.6) 19.0(1.8) 20|.4(2.0)
E 3

*p<0.05, Tukey HSD-test
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Table2 &AEEOLFEISNT OB 4%

EERH SRR NHZE R kAR K B
(n=22) (n=25) (n=19)
B8R ZR B8R ZR BR ZR

Mean(S.D.) Mean(S.D.) Mean(S.D.) Mean(S.D.) Mean(S.D.) Mean(S.D.)

AF1/F4(%) 17.4(20) 17.7(1.3) 19.3(2.0) 18.6(1.6) 20.1(1.8)  20.7(1.5)

*p<0.05, ttest

FREDO BN A B2 E TR T
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Table3 &KEEDE 7 7 v S5HHE i

EHEE S HERMEXH
(n=22) (n=25) (n=19)
Mean(S.D.)  Mean (S.D) Mean(S.D.)
SNA(® ) 79.9 (3.5) 80.0(3.0) 79.1(4.0)
SNB(® ) 17.4(2.7) 77.0(2.9) 76.1(2.7)
ANB(® ) 2.5@.1) 3.08.2) 3.0@.1)
FMA(® ) 30.1(2.2) 29.3 (3.5) 29.7(3.1)
FMIA(® ) 60.1 (5.2) 58.3(5.2) 60.1(7.4)
IMPA(® ) 90.0(5.0) 92.4 (6. 6) 88.3(10.1)
FHtoU1(® ) 110.6 (11.0)  114.9(11.1) 111.8(8.0)
Gonial angle(® ) 126.8 (4. 6) 125.2(4.9) 127.6 (4.5)
Total facial height(° ) 62.3(2.8) 62.3(3.2) 63.2(2.7)
Lower facial height(° ) 47I. 8(2.8) 49>'.<2 (2.9) 5(|).0(2. 1)
Mandibular arc(® ) 2é.1 Q.7 2; 7(4.9) 2411. 7(2.6)
overjet(mm) 2.5(3.2) 2.9(2.6) 2.3(2.2)
overbite(mm) 1.9(1.1) 1.6(2.0) 1.8(2.3)

*:p<0.05, Tukey HSD-test
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Tabled HHEDT 7 7 a3HHED H =

SNAC® )

SNB(® )

ANB(® )

FMAC )

FMIAC )

IMPAC® )

FHtoU1(° )

Gonial angle(®° )

Total facial height(° )

Lower facial height(° )

Mandibular arc(’ )

overjet(mm)

overbite(mm)

EEE S MHEE R kAR K B
(n=22) (n=25) (n=19)

B TR B ZR B ZR
Mean(S.D.) Mean(S.D.) Mean(S.D.) Mean(S.D) Mean(S.D.) Mean(S.D.)
79.5(3.5) 80.4(3.7) 80.0(2.8) 80.0(3.3) 78.2(5.0) 80.2(2.4)
77.7(2.0) 78.1(3.6) 76.4(2.6) 77.7(3.2) 75.5(3.2) 76.8(1.8)
2.8(3.4) 2.2(2.3) 3.6(3.0) 2.3(3.5) 2.7(3.4) 3.4(2.9)
29.6(2.3) 30.6(5.5) 30.0(3.0) 28.6(4.0) 30.5(3.4) 28.8(2.6)
60.1(5.0) 60.1(9.0) 57.2 (43) 59.6(6.2) 65.7(4.4) 59.1(5.6)
90.3(5.1)  89.2(6.7) 929 (5.0) 91.8(8.4) 84.9(3.7) 92.1(6.7)
111.8(13.3) 109.4(7.1) 117.1(12.8) 112.0(8.0) 108.8(8.6) 115.2(6.0)
126.1(4.5) 127.5(5.1) 126.2(4.7) 1240 (5.6) 129.0(4.1) 126.1(4.7)
62.2(3.1) 62.3(5.3) 62.7(2.6) 61.9(3.9) 62.5(2.2) 64.1(3.1)
475(3.9) 48.0(5.1) 49.3(2.2) 49.1(3.7) 49.4 (2.8) 50.4(0.9)

—— %k
28.7(3.9) 27.5(3.9) 25.0(3.0) 29.0(5.9) 252 (3.2) 24.1(1.7)
2.6(3.7) 2.5(1.6) 3.4 (3.0 2.3(2.3) 2.0(2.8) 2.8(1.5)
1.8(1.1) 2.0(1.7) 1.4(1.3) 1.9(1.9) 2.0 (3.1) 1.7(1.2)

*p<0.05, ttest
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