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Differences in Respiratory Function and Vocal Aerodynamics between
Professional Sopranos and Female Subjects without Vocal Training

Do-Hyun Nam, M.D.,* Chul-Min Ahn, M.D.,** Seong-Eun Lim, M.D.,*
Seong-Woong Kang, M.D.,*** Hong-Shik Choi, M.D.*
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Singing requires exquisite coordination between the respiratory and phonatory system to effi-
ciently control glottal airflow. Respiratory function and vocal aerodynamics were investigated in
six female professional sopranos and in six female subjects without vocal training. All sopranos
had more than 15 years of formal classic vocal training. Pulmonary function test data on simple
pulmonary function, flow volume curve, static lung volumes, maximum inspiratory pressure(MIP),
and maximum expiratory pressure(MEP) were obtained from all subjects. Vocal aerodynamic
studies of maximum phonation time(MPT), phonation quotient, and mean glottal flow rates
(MFR) were also measured in all subjects. Simple pulmonary function in professional sopranos
was generally the same as that of other female subjects without vocal training. However, MIP
and MEP showing respiratory muscle forces were significantly elevated in professional sopranos,
compared to those of other female subjects without vocal training. Maximum phonation times
and phonation quotient in sopranos are longer than those of other female subjects even though
there were no differences in simple pulmonary function. High-pitched tones were made with
significantly higher mean glottal flow rates(GFR) in normal subjects than low-pitched tones,
whereas no changes in GFR were found in sopranos. The result indicated that sopranos demon-
strated significant improvements in aerodynamic measures of GFR, maximum phonation time,
suggesting an increase in glottal efficiency.

KEY WORDS : Professional soprano *+ Pulmonary function  Vocal aerodynamics + Maximum
phonation time - Maximum inspiratory and expiratory pressure.
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Table 1. Selected physical characteristics of the pro-
fessional sopranos

Vital Vital

iaht Wel
Age Heigh eight capacity capacity

Subject

(year) (cm) (kg) L (% pred)
1 40 154 55.0 2.83 88%
2 42 167 64.0 3.96 106%
3 40 155 57.0 243 75%
4 41 158 530 3.42 104%
5 37 164 54.0 3.21 87%
6 43 156 80.6 2.65 84%

Table 2. Performance Histories of the Professional sopranos, including the number of years performing soprano,
last degree, whether or not they had a number of solo concerts and operas, and whether or not they
had been received awards for performance of sopranos

Subject Number Of. Last degree Number of Number of Awgrds
years performing solo concerts operas received
1 19 Rossini Conservatorio, ltaly 3 10
2 25 Sungsin University, Korea 3 15
3 23 CNSMD Paris, France 8 10
4 30 KéIn University, Germany 3 3
5 15 South Cadlifornia University, USA 4 10 4
6 24 Vienna Conservatorio, Austria 3 3
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Fig. 1. Autobox test.

Fig. 2. CosmedAte| Spirovis.

M € cliig, BEee 2AE olgelel F52
Ak 4g Bek SPsn 7k 2 Brgds Ow
ol AARAL P olg3te] ST

3. 58N

7] HAR= Sensor Medics A}9} Vmax 6200 ©]
B3] W75 4AL flow volume curveS 248191
X, autobox¥ ©0]&3le] E4u715AAHbody pleth-
ysmography) & AAIBIScHFig. 1). 5 259 944
Z HE7 14 MIP) 3 #HohE718HMEP) 2 CosmedAt
9} Spirovis FH|E o]&3l] WilsonE” o] #|A)EH 1}
oz A3t (Fig. 2).

4. BuSTHN
S0l A= NagashimaAle} Phonatory function
analyzer& AH-3lo] HH37)5& (Mean glottal flow
rate ; MFR), 7]1253(F0), 52 7% (intensity), 4
F3H(Psub) 52 F8chFig. 3).Y o) W) A&

Fig. 3. Phonatory function analyzer (Nagashima) Test.

Table 3. Physical characteristics of the all subjects

Characteristics Sopranos Untrained
Age Year 40.5+2.1 39.5x25
Height Cm 159.0+£5.3 160.7£2.2
Weight  Kg 55.6xt4.7 58.5+3.1
4Z7F2  Cm 29.6+0.5 30.1£0.7
4z Cm 21.2+0.9 21.3+0.8
ZE29 Cm 32.8+0.8 334£1.9
7HE4 Cm 87.8+4.5 87.7+29
52 E8 Cm 77.5+27 754+3.0

£(C3;250H2) ¢} 1159 %(C4;500H) & “27 &
S0 2R3k ABYASAIGMPTI S 2417
olg3le) BT AN FE3) E/1% F B
by fob meg TRsd # il A4l olg 33
A F 2 e A

5% 1
%7 X]2]3= paired T—test® A3k

A mII i

2 o

D <2970 Al 92 717, AR 5, 7k B
5 5 59, VA AZS & Ax F 7 ARl §
Ao E Felgh Aol BAT = YUTHTable 3).

2) ©= # 7153821 FVC (Forced vital capacity :
w35 &3), FEV1 (Forced expiratory volume in 1
second : 1%+ ¥4 $7)%h), FEV1/FVC, FEF 25~
75% (Forced expiratory flow : =384 37|70\ %
B 55 7 7% BAR £33 TLC(Total lung
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Table 4. Pulmonary function test variables between
Professional sopranos and female subjects
without vocal training

Table 5. Phonatory aerodyncmics between Professi-
onal sopranos and female subjects without
vocal fraining

Chorocferisﬁcs Sopranos  Untrained Characteristics Sopranos  Untrained
FvC Liters 30+ 05 32+ 04 FO Hz 208.8+34.3 2151x225
(% predicted) (%) (89.0£10.2) (91.0£10.7) MPT Sec 2568+7.3" 182+20
FEV1 Liter/sec 25+ 03 27+ 04 Frequency 1(Dol) Hz 2545+11.0 248.5+3.2
(% predicted) (%) (95.5+ 7.9) (100.0+£14.2) Intensity 1(Do1) Db 66.8+4.0* 73.5+6.0
FEV1/FVC % 842+ 42 853% 3.6 MFR1 (Dol) Mifsec 141.0+41.7* 1052£26.3
FEF 25~-75% Liter/sec 27+ 0.3 3.3+ 09 Psubglottic1(Do1) mmH20O 72.5+£27.4  58.0+t16.1
(% predicted) (%) 882+ 9.4 1040%+295 Glottal resistance1 (Dol) 054+022 0.56*0.15
TLC Liters 47+ 19 45+ 0.5 Frequency 2(Do2) Hz 501.8+6.9 491.3+14.5
vC Liters 3.1+ 06 3.3+ 04 Intensity 2(Do?2) Db 72365 78.0£50
IC Liters 22+ 07 1.7+ 05 MFR2(Do2) Mi/fsec 134.7+£23.0 174.2%54.4
FRC Liters 25+ 1.0 27+ 08 Psubglottic2(Do2) mmH20 109.56+37.9 113.3+33.3
ERV Liters 1.0+ 04 ,1.6%= 09 Glottal resistance2(Do2) 0.80+0.19  0.66+0.14
RV Liters 1.7+ 0.8 / 1.2+ 04 Phonation quotient mi/sec  125.2+31.7* 179.4%14.1
v Liters 0.8+ 0.2 09+ 0.1 MPT : maximum phonation tirme
Vig Liters 34+ 12 33+ 05 *MF Eéo%%oxr?el?\ﬁgér&l:ggefo female subjects with-
Raw CmH20/L/sec  1.8% 0.6 15 0.6 out vocal training
Gaw L/sec/cmH20 0.6+ 0.2 08+ 02
MIP CmH20  750+139* 625+ 65 (Phonation quotient)+ H| AJelztel H]3l] AJetrtelA
MEP CmH20 83.8+103* 742+ 7.9 EAH oz 99 A FX7} sk (Table 5).

MIP © maximum inspiratory pressure

MEP : maximum expiratory pressure

* 1 p<0.05 when compared to female subjects with-
out vocal training

capacity : 97|35 ZAARAE A7t} vl At
Atololl E zpol7} gigleh a8y TEZSY 4EHS
el AL & F014 2 Bofdty, 349 259 o
g sk HdlE71¢MIP : Maximum inspiratory
pressure), 37|10 £ #ojdla AHER 289 o4
£ ¥she A5 7|19 (MEP : Maximum expiratory
pressure) 9| Aelrle] x| H| Adrte] wls] FA
Hoz uigiAl S7HE UK Table 4).

3) T A BF 715 FHeXE ¢ & 3l H
7159 Aoz} AREHE ETFSY, HABAPASAIRE
(MPT : Maximum phonation time)& A7l &
ARoz 29 QA Ak ‘27 BF2 A& A Al

A& £(C3, 250H2) & ¥ & wvt} 752 Z(C4,
o)

2y
500Hz) & 24 & uiol] skt 289 A5, AEA
go] dFellA 25 F7RIs. v ArlelMe AS
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