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Intrinsic Fundamental Frequency(Fo) of Vowels
in the Esophageal Speech

Ki Hwan Hong, M.D., Sung Wan Kim, M.D., Hyun Ki Kim, Ph.D.*

Department of Otolaryngology-Head and Neck Surgery, Phonetic Laboratory,*
Medical College, Chonbuk National University, Chonju, Korea

Background : It has been established that the fundamental frequency(Fo) of the vowels
varies systemically as a function of vowel height. Specifically, high vowels have a higher Fo than
low vowels. Two major explanations or hypotheses dominate contemporary accounts offered to
explain the mechanisms underlying intrinsic variation in vowel Fo, source-tract coupling
hypothesis and tongue-pull hypothesis.

Objectives : Total laryngectomy surgery necessiates removal of all structures between the
hyoid bone and the tracheal rings. Therefore, the assumption that no direct interconnection
exists between the tongue and’ pharyngoesophageal segment that would mediate systematic
variation in vowel Fo appears quite reasonable. If tongue-pull hypothesis is correct, systemic
differences in Fo between high versus low vowels produced by esophageal speakers would not
be expected. We analyzed the Fo in the vowels of esophageal voice.

Materials and method : The subjects were 11 cases of laryngectomee patients with fluent
esophageal voice. The five essential vowels were recorded and analyzed with computer speech
analysis system(Computerized Speech Lab). The Fo was measured using acoustic waveform,
automatically and manually, and narrow band spectral analysis.

Results : The results of this study reveal that intrinsic variation in vowel Fo is clearly evident
in esophageal speech. By analysis using acoustic waveform automatically, the signals were too
irregular to measure the Fo precisely. So the data from automatic analysis of acoustic waveform
is not logical. But the Fo by measuring with manually calculated acoustic waveform or
narrowband spectral analysis resulted in acceptable results. These results were interpreted to
support neither the source-tract coupling nor the tongue-pull hypotheses and led us to offer an
alternative explanation to account for intrinsic variation of Fo.

KEY WORDS : Esophageal speech - Intrinsic fundamental frequency.
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Table 13} Zo] FF 7|AFHL7F S /a/olA
215.6Hz, =& /e/oIA 212.3Hz, 2& /i/°14 192.4
Hz, & /o/°l4] 203.8Hz, 2& /u/IA 199.0Hz2
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Table 29 Zo| B 7IAFHF7E BE /a/olA

Table 1. Distributions of intrinsic Fo(Hz) using acoustic
waveforms, automatic

Subjects  /i/ le/ luf /o/ /a/

1. 164 213 148 150 242

2, 196 181 184 227 223
3. 167 236 185 231 239
4. 205 231 175 219 231
5. 180 192 231 149 147
6. 242 191 226 165 230
7. 202 244 198 218 218
8. 233 244 255 215 152
9. 186 156 213 236 237
10. 165 232 150 185 213
11. 176 215 224 247 240
Mean 1924 2123 1990 2038 2156

s/d 26.5 28.9 34.2 39.7 340

Table 2. Distributions of intrinsic Fo(Hz) using acoustic
waveforms, manual
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43.3Hz, 2% /e/IA 49.5Hz, B& /i/91A 60.7Hz,

B8 /o/oA 45.6Hz, B8 /u/ollA 54.5Hz2 A AA|
HoZ nAS B /i/ B /u/dlA Al v &
oJ3HAl TJH(p<0.05). 2 EgAtele fejdt abole
B /il BE e/, /o/, B /a/d vl BAHLE &
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AE FoAg Zol7t A (p>0.05).
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Table 3. Distributions of intrinsic Fo(Hz) using narrow ba-
nd spectrum

Subjects  /i/ /u/ le/ [o/ /a/

Subjects  /i/ /e/ fu/ /o/ /a/

1. 92 83 80 73 87 1. 73 55 63 50 55
2. 83 95 93 85 81 2. 63 55 60 50 38
3. 70 80 95 81 78 3. 50 38 45 39 40
4. 74 65 82 74 76 4. 54 51 50 50 39
5. 90 78 84 80 71 5. 73 50 55 39 45
6. 83 93 74 82 89 6. 76 63 50 43 50
7. 96 89 78 83 85 7. 55 50 52 46 38
8. 103 95 81 71 80 8. 47 39 57 46 40
9. 111 79 85 65 75 9. 54 43 45 38 50
10. 96 84 106 78 79 10. 76 58 66 61 44
11. 120 96 98 69 71 11. 47 42 57 40 37
Mean 92.5 84.0 86.7 76.3 79.1 Mean 60.7 49.5 54.5 45.6 43.3
s/d 9.4 10.5 7.8 10.6 8.3 s/d 11.8 8.1 6.9 6.9 6.1
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