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Acoustic and Stroboscopic Characteristics of Normal Person’s Voices
with Advancing Age

Sung Min Jin, M.D., Kee Hwan Kwon, M.D., Hyun Gug Kang, M.D.

Department of Otolaryngology, Kangbuk Samsung Hospital Samsug Medical Center,
Seoul, Korea

Anatomic and physiological changes of the larynx with advancing age result in morphologic
changes of the vocal fold and reduced control of the phonatory mechanism in elderly
individuals and are reflected in increased unstability of fundamental frequency (Fo). The
purpose of this study is to increase current understanding of acoustc and stroboscopic
characteristics of normal elderly persons’ voices.

First, phonated /a/ vowel productions by 40 normal adults (20 to 40 years, 20 men and 20
women) and 40 normal elderly persons (60 to 80 years, 20 men and 20 women) were analyzed,
using CSL (model 4300B) acoustic analysis software, to obtain acoustic measures related to
fundamental frequency stability and vocal resonance characteristics. Second, stroboscopic
images of the vocal fold behavior in all subjects were analyzed by experienced specialists.

In the men, fundamental frequency variation (vFo) (p<{0.01), jitter (p<{0.05), and shimmer
(p<0.05) for the older group were significantly higher than the value for the adult group. In
the stroboscopic findings, edema of vocal fold had a significant finding in aged men (15%). In
the women, vFo (p<{0.05), jitter (p<0.05), and noise to harmonic ratio (NHR) (p <0.05) for
the older group were significantly higher than the value for the adult group and first formant
frequency (F1) (p<0.01) and second formant frequency (F2) (p<0.01) for the older group
were significantly Jower than the value for the adult group. In the stroboscopic findings, vocal
fold atrophy had a significant finding in aged women (25%).

Frequency stability, as reflected by vFo, jitter, shimmer, and NHR, decreases with advancing
age in men and women and spectral analysis of phonated /a/ vowel productions reveals the
lowering of the frequency of F1 and second F2 with advancing age, especially in aged women.
Change in the mass of vocal folds, due to atrophy or edema, is considered to be the greatest
factor in these acoustic changes.
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Table 1. Means and p-values for acoustic measures from phonated vowel sound in men

MPT* Fo! STD* )T PPQ" vFo' SHIM*  APQ**  NHR™
Old men 17 121.83 3.08 0.94 2.59 5.31 411 0.14
Young men 19 118.68 129 0.38 1.09 346 2.85 0.13
p-value >005 005 >005 <005 >005 <001 <005 >005 >005

*MPT=maximum phonation time, 'Fo=fundamental frequency, *SD=standard deviation, SJITT=jitter, "PPQ=pitch
Y
pertubation quotient, 'vFo=~fundamental frequency variation, *SHIM=shimmer, **APQ=amplitude pertubation quotient,

"NHR=noise to harmonic ratio

Table 2. Means and p-values for acoustic measures from phonated vowel sound in women

MPT* Fo' STD* PPQ" vFo' SHIM*  APQ**  NHR"
Old women 17 174.80 9.74 1.33 6.48 7.37 6.40 0.21
Young women 17 224.82 2.48 0.51 1.11 3.44 2.34 0.12
p-value >005 <001 >005 <005 >005 <005 >005 >005 <0.05

*MPT =maximum phonation time, 'Fo=fundamental frequency, *SD=standard deviation, ¥JITT=jitter, "PPQ=npiich
pertubation quotient, 'vFo=fundamental frequency variation, *SHIM=shimmer, **APQ=amplitude pertubation quotient,

"NHR =noise to harmonic ratio
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Table 3. Means, standard deviations and p-values for
resonance measures from phonated vowel
sound in men

F1* F2t
Mean STD Mean STD
Old men 688.20  50.02 120193 3843
Young men 703.17 30.07 122047 31.80
p-value >0.05 >0.05

*F1 =first formant frequency,
YF2=second formant frequency

Table 4. Means, standard deviations and p-values for
resonance measures from phonated vowel
sound in women

F1* F2!
Mean STD Mean STD
Old women  765.01 40.05 129873 95.77
Young women  827.79 33.08 136498 115.34
p-value <0.01 <0.01

*F1 =first formant frequency,
TF2=second formant frequency
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Table 5. Videostroboscopic findings in elderly person
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05). o] Ao WA7|Folu B & - 7|
o 534 W3yt ottty BrlE B $51%
o nuE W3E vt Ao X, Soren-
son', Murry'”, Wilcox ™52 3522759 24y
Tz H3yY Wt dojd A4 jittert}h sh-
immer7t 7ttt AFatAct T AFAE 1

3 & glE E shue A8 FeY 2| E S
2 2o Al glofA o] A F7tEo] dHF7L
o ©2 el BB S A fF 2 k.

AAF7 e T T Bshy BATFRY A%
g Yehd 5 de ARsd ALY A2EPES
A Ay}, 291477t AR wigte ou) olA 7
2HRH(p<0.05). olF HFe FFE dFo| F/1
of weh 3 Y7} woldrkes /M™% Fant®7h =9
ojzte] A% 3L ojzld] v|sla] A 1 XHETL ov] 9
A Z2EAT: TEE s XYt £=3 Linville
FV% ojztol glojA A3 F7tol wat Al 1 QL A 2EW
EJ} At LRI ojeld 9% FI ] we
s 2at st A1 2 Al 2¥TES} AHd FE7H
9} Fxof G 712 & gvkn FE WY 4 Aok

Az AP =t Z4-E AlslFel], ¢zt
A9 AUEFe) 1% o) veh} A% o2
Aol Wglo] glojA Fiiell Aolz} AL BHAFH
AT ol dAte] glold Juie) 837 g¥iol A
go] 9154 ¥sE R $Z(pitch)7t F718tn &4
o] grolAHy, ozlo) glME ERY Ve oA &
o] FolA FAz} & Ba2E ks Morrison™
o9 nos Q8T Aok

A 3

p a4

=

& E

AREL 54 2 T4 Hgef gt A4S 3] 9
sto] AR S B S Uehe 7183F
F®o| jitter, shimmers} TH7|#9] W32 veh)

Vocal edema Polypoid Vocal atrophy Sulcus vocalis Bowing
Old men 3(15) 1(5) 2(10) 00 2010
Old women 1 5) 1(5) 5(25) 1(5) 1(5)
*( )=percent
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