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Acoustic Characteristics of Nasal Consonants and the Change of Nasalance
according to the Sites of Nasal Obstruction

Young-Ik Son, M.D., Yoo-Seok Jung, M.D.,
Eun-Kyung Lee, Won-Ho Chung, M.D.

Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine,
Sungkyunkwan University, Samsung Medical Center, Seoul, Korea

Nasal sounds include nasalized vowels and consonants. Nasal cavity is important for the
acoustics of nasal sounds. Evaluating the effects of site-specific nasal obstruction on nasal sound
will help us to understand the importance of nasal geometry for the nasal sound and to foretell
voice change after nasal surgery.

This study was designed to analyze the change of nasality and formant characteristics of nasal
sound by obstructing different sites around the ostiomeatal unit{OMU).

Ten adult male and female volunteers participated. The nasal formants and bandwidths of
nasal consonant /n/ were checked in various conditions of nasal obstruction. The nasalance of
rabbit, baby, and mama passages were compared in each conditions.

Nasalance of all passages decreased when anterior portion of OMU was obstructed. Center
frequency of first nasal formant(NF1) of /n/ has decreased in the order of anterior, inferior
obstruction. The bandwidth of NF1 decreased in female with anterior obstruction.

Anterior portion of OMU is most critical to the change of nasality and acoustics of nasal
consonant. When anterior portion of OMU is obstructed, the shift of NFl to a lower
frequency and the narrowing of NF1 bandwidth are the major acoustic changes of nasal
consonant /n/.
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1) Rabbit passage(&2 H]-2418 : 174%)
ALelel B719) de)r] oloprizx BNV AriEa

2ml Merocel™ in surgical glove

Obstruction site
1. Posterior 2. Superior

3. Inferior 4. Anterior

Fig. 1. Four different sites around the ostiomeatal unit was alternatively obstructed with 2ml volumetric material which
made of Merocel ™ put in surgical glove(right upper small figure).
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Table 1. Nasal formants of /n/ on the midportion of /nana/ phonation. Values are obtained before and after obstructing
four different sites around the ostiomeatal unit, which are expressed as mean+ standard deviation in hertz(Hz)

Obstruction sites

Before Posterior Superior Inferior Anterior

Male NF1* 301 %59 28852 305+65 264 +28° 255+ 60°
NF2? 1515+184 14604215 1405+178 14291324 1354176
NF3! 25851147 25191183 2569+139 2597 +193 2626+130

Female NF1* 352460 333153 334+53 312178 277 +55°
NF2! 1837 +574 1761+£376 1808+ 361 1651 +£457 1716+382
NF3! 2724+ 355 2938+298 2731+£972 2850+356 2891+£220

*NF1 : the first nasal formant.

*NF2 : the second nasal formant.

¥NF3 : the third nasal formant.

!Significant change was found in NF1 after obstruction of anterior and inferior sites in male, and anterior site in female(p
<0.05).

Table 2. Bandwidths of the nasal formant /n/ on the midportion of /nana/ phonation. Values are obtained before and aft-
er obstructing four different sites around the ostiomeatal unit, which are expressed as mean +standard deviation

in hertz(Hz)
Obstruction sites
Before Posterior Superior Inferior Anterior
Male B1* 89.5 + 456 77.7 £ 406 943 + 444 781 + 367 757 £ 41.2

B2' 339.1 £169.4 276.4 £1353 401.7 £137.2 362.1 +149.6 3474 £157.5
B3! 1970 £ 77.4 276.8 +104.5 2515 +1249 212.3 +£151.1 158.2 + 77.2
Female B1* 833 + 440 65.0 + 223 720 £ 229 64.7 + 127 542 = 1.9°
B2! 2729 +184.8 1443 + 83.2 666.5 +974.9 2939 +£229.8 255.5 £126.0
B3' 243.8 £ 599 3306 £1724 2446 £139.2 279.5 £1724 248.2 £159.5

*B1 . the first bandwidth.

B2 : the second bandwidth.

*B3 : the third bandwidth.

$Significant change was found in B1 after obstruction of anterior site in female( p<0.05).
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Table 3. Nasalance of rabbit, baby, and mama passage.
Values are obtained before and after obstruct-
ing four different sites around the ostiomeatal
unit, which are expressed as mean+ standard
deviation in percent(%)

Rabbit Baby Mama
Before 16.9+6.7 348+6.8 524+ 50
Posterior 159+79 341177 53.0% 5.6
Superior 15.5+6.6 33.8+63 520+ 5.5
Inferior 176+84 33.6+8.5 503+ 9.5
Anterior 13.6+6.2* 296+6.8* 445+t11.1¢

*Significant changes were found after anterior obstruction
in all passages( p <0.05).
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