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= Abstract =
Analysis of Phonatory Aerodynamic & Electroglottography of a Countertenor

Do Hyun Nam, MD, Seong Hee Choi, MD, Jae Nam Choi, MD and Hong-Shik Choi, MD

Department of Otorhinolaryngology, The institute of Logopedics & Phoniatrics,
Yonsei University College of Medicine, Seoul, Korea

Background and Objectives : Countertenors who can produce higher vocal pitch like female classical singer’s voice and use

both modal and falsetto register. This study was conducted to study phonatory characteristics between modal and falsetto register
of the countertenor.

Materials and Methods : A male countertenor who had 8 years of experience was examined using a videostroboscopy and his
voice was analyzed using aerodynamic measures ; fundamental frequency (FO), Mean air flow rate (MFR), intensity (SLP), sub-
glottal air pressure (Psub) with phonatory function analyzer (Nagashima) and acoustic measures ; jitter, shimmer, HNR, closed

quotient (CQ) using a Electro-glottography (EGG) of Lx. Speech Studio (Laryngoscope, Ltd, UK) and voice range profile of
CSL (Kay elemetrics) .

Results © In the stroboscopy finding, the longitudinal length of vocal folds was increased at the falsetto register and the upper
margin of vocal folds vibrated with incomplete closure of true vocal folds. In aerodynamic analysis, intensity was same at the modal
and falsetto register. However, MFR, Psub, MPT were higher at the falsetto register. In the electroglottographic analysis, closed quo-
tient (CQ) at the modal register was high and also much higher at the high-pitch falsetto than at the loud falseito. In the VRP, in-
tensity was similar though FO was different between modal and falsetto register.

Conclusion : It implied that countertenor could produce powerful voice quality by increasing of respiratory pressure and res-

piratory volume though glottal closure was incomplete. In addition, no change of EGG waveform, similar voice range with alto was
observed.

KEY WORDS : Counter tenor - Closed quotient - Aerodynamic function.
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A& 7Md (falsetto) B 74 (head voice) & AME-30] W)
sh= 49 V4 Aele wehs ol 7R E (Coun-
tertenor) &) 93A1AQl wl7AS ARy Q) ZUAFA A

=R 12006 58 229
AAtekad 12006 69 9%
A2} H B 135-720 ME& T EAF 146-92

QAeein ojrhest ojwlel gty SRl o) sl
23} (02) 3497-3461 - A% 1 (02) 3463—-4750
E—mail : hschoi@yumc.yonset.ac.kr

ol ® "ly vREA (contratenor bassus) £ @49 7
A ko HEo) wjo]A (Bass) & Wkt ZEgHLE
16417160 37} B0l ek AE 3k, o180



IISEHAILS 289 ST

A& OiAlste] walolA oA Al wElsly) AlEsigle.
U 2R ARRES] FAoA HoluAl Ha 3k o] o T
sk Aol YAAA 79 7FAERNE (Castrato) 9Tk
FIEZRETE diFAEA VE A JRREHEYE 715
WD F5sHA Hu FAE 1 I glojAIA
ot 2 A7) Bk wslelA Aoz Pis {x)5t
STH AR 2047155 4504 Alfred Deller (1912~
1979) el 93l Al REH o FEEHVE ZEHE
He] Qo 4] FHo|tt.

ARHERI o] FREH L ML she A tiAlE o
49l dES 9 (vocal range) & ZHA 9lom Selrtollx
£ IEHUE BF W E (male alto) B B2,
EFro s 2 =—F ez (Haute—contre), o|gao}ol|A
= Y WS SR BAEIAE (falsettist) 2k
ok B9 BaE Foolg 22 AYE AL Qe AEE
< SR Z e (male soprano) & AT FHUAE (sop-
ranit) 2kl 34 FREEU2) 5485 $h) %A (androgy-
nous) =& A9 (otherworldly) 222ty B2 AL 9151
o} G2 A 7H Hlsd e TR Yl gt
2EZHES FREHUY 7Y & AJole FPAEREE A
710 FE 2R JES A o} i) A717 A
Al g A2 ek %ot A, R EEHVE 4
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9] 7Rt oAl REsh ARl Loy &
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7H-E] ®Hl112] modal registerollx Q) ¥} 1L B}
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(1) Al ~2E =2 B39 (Stroboscopy) AAF

Lx Strobe 2(Laryngograph Ltd., London, UK)Z ©]
g3 FF AERRAFY AARE A3l SRR
g} AEE 3918t & normal falsetto, loud falsetto, hi—
pitch falsettoollA] Al JFHeE et stglon] Ao
o HE AEE AR

HT1 o-1-2
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(2) 371984 HAM Aerodynamic function test)

371984 AAR= phonatory function analyzer (naga-
shima Ltd, Model PS 77H,Tokyo, Japen) & AMH-31] 7
AT H3E FHel Qg FaANA 3707 AA %
313l FE =2 U2 modal registeroA 9] ‘97 B&
A7) & w9} falsetto registerolAd ‘¢ Bog A
kg 3t w9 71EF042(FO ; fundamental frequency),
(SLP ; sound level pressure), B4 Z715F&
(MFR ; mean flow late) & 432 AT 7172k
o A E o]gsle] AR (Psub ; subglottal pressure)

& =939k

3) ) 24 2% AZHMPT ; maximum phonation
‘time) ¢} &7
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tlo o o

1o
N
M

(4) Lx speech studioZAHTable2)
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Lx speech studio(Laryngograph Ltd., London, UK)
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Z7F A% BT § ‘o) Bg2 PFFrelA 200ms
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oA oF 523t A% § 9] PR 200ms TRl
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& (shimmer), 35 tf 52 B]&HNR) 9 384 4
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§ th&, modal registeroll B “of 2 EZ oF 5

Table 1. Phonatory function test between Modal Register and Fal-
setto register

Characteristics Modal register Falsetto register
FO Hz 153 370
SLP dB 77 77
MFR mi/sec 182 252
Psub mmH20 78 110
MPT sec 26.8 19.9

Table 2. Result of Lx speech studio Test

L Modal Falsetio register

Characteristics )

register Normal Loud Hi pitch
Fx Hz 174.7 351.80 512.61 778
e % 50.54 26.16 31.81 22.16
Jitter % 0.29 0.46 0.23 0.29
Shimmer % 2.65 1.39 05 0.88
HNR % 22.32 30.16 40.77 14.59

Fx : fundamental frequency, Qx : close quotient, Jitter : pertur-
bation of pitch, Shimmer : perturbation of intensity, HNR : har-
mony 1o noise ratio

Fig. 1.

Fig. 2.

HES - HEE - AL FEB
oA WATH & o} B2 QPRI 200ms &
&}od normal falsetto, loud falsetto, hi—pitch falsetto
o} oF 527k QPAIA 9 F9] QPR 200ms Tt
A A7V R I QRS (Qx) & SISt
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(5) Voice range profile 734+
CSL9) voice range profileg A3} modal register
WA 3} falsetto register 2 AlE B39t
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Fig. 3. Modal register “O}” &by,
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Fig. 4. Normal falsetto “0} 244,

Fig. é. Hi pitch falsetto “OF &y,

SLP (dB)
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Fig. 7. Voice range profile of modal & falsetto phonation.
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1. 3 AEEEAIM(Stroboscopy) HAL B

A 2EZRATIE 088 ikl FHAIAE modal
registerolME /320 i3S (two mass oscillation)
< B3on AEuArt #EER e (Fig. 1), falsetto re-
gisterolA1= normal falsetto Rt} loud falsettoolA] 4]
Aok 7o) AEo] Adon B8t AEHH LojuA|
%3ko™, hi-pitch falsettooHE e A AFHA2
U A ARl dojuA] ekl 3 falsetto register
9] BE WgelA A2 23 (upper lip) & 7FARERE 21
Fohs AR #AHNU(Fig. 2).

2. 149 HAFEM (Table 1)

71E 3= modal register (153Hz) B0} falsetto regi-
ster (370Hz) ollA 2.4¥) A SAEHGoW 59 AeeE
modal register?} falsetto register 254 77dB® 2
A FRAHNCH, BHF 37]1FEL modal registerolAE
182ml/sec, falsetto registerollA¥= 252ml/sec® falsetto
registerolfA] 4 B2 3718 ARSI T, AT <A
modal register (78mmH20) ¥t} falsetto register (110
mmH20) oM | @2 &S AMgsle] B AHE
Hloh

3. N =y RS Al ¥ (Tablel)
Modal registerol4l&= 26.8sec®.2, falsetto register
oA 19.9sec® modal registerdllX A 4%}

4, Lx speech studio HAFED (Table 2)

1) S5 HA

FIrHEE(0.29%), AFAFE(2.65%) modal re-
gister®} falsetto register B35 AAH9 ] & ARE
wylom 35 o &< ¥lE loud falsetto(40.77%),
normal falsetto (30.16%), modal voice (22.32%), hi pitch
falsetto (14.59%) ] A2 @A Velsict

2) MY ETEHA

Modal registeroj*1e] HQFet “o} &
71898 & AAAQl modal register?] A4 73S
Ho)u (Fig. 3), normal falsetto “o} 22 A A
JE730] modal register® LA wwo) 2R A
VHEHES B3 (Fig. 4), loud falsetto “of F-&of
e 318 e) F717) o7 AR 3(Fig. 5), hi—pitch falsetto

JME ol WE H/13EREE BT (Fig. 6). A&
A& modal registerolFE 5054% % FHEE 2HE
B9od normal falsettoollxl= 26.16%, loud falsetto®]]
A= 31.81%, hi—pitch falsettooXE 42.16%% 578+
itk

5. Voice range profile M (Fig. 7)

Modal register B4 Al ¢ 759} falsetto register
WA A2 Fo] At 71 Aol B8l B
<3t ARE JERSTE
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71-E18 (Countertenor) &= 9332] 598 7Hd (falsetto
voice) # A (head voice) & ARSI Efsh=d] thA]
Hog 7M4E Wo] AR, o[ AeliE AEZHA
9| AAE E3lo] #Es 437 FR-EEL]7F modal regh
sterollA BAE wjo] Adje] XEuEL AEHHE A
Aoz ojRojx 1 Hulder #AFg o Aot U
oMo dnkAel F4 B T4 Aeade T A
59 AZEES HolE= Zog IAHTh T A A
Al 7M3EA Al Bk Fo L FAAAY FAR
+ gkl AX A9 “d<=(upper lip) 5t FEdhs st
& (one mass oscillation) Fel] A& &1, 4
I 22 3F 20U A Aue] 2EEr F1 Al
7} AR (ER), (iR, ¥ F@EE s vl
FA A A AU AF9EE A dke(ow lip)o] €
33 WAl Ad<eo] (upper lip) 22 olo{AE= 539 (multi
mass oscillation) 2] FE3H-g o], i A9
7} Aa Al ARHER), AZ(ER), AFEHE A
301 F12EEIA7) modal registerelxe] A Al
AR AFDES AR AAH LR o)]FojxH 3
Q) JEAHANEE e oL falsetto® SRS o
AR 2 7IEFE AL den Adie AA
270190t} Van den berg®E FATIME A2 (o
calis muscle)©] Zo]2 75 2 El7F B 1 7ol A
£ Aol (vocal ligament) 7} Zol2 st 1134 EE
HAThy 31tk Kenneth”oll <Jaba 7H-ElEIU7}L 714
S 3 o Qe AA ARG T A A (vocal
processes) 49 EAIE §iithe Baslgit) o A+
M= A ] dojui] govt ol F2 4%
Aole] 7¥AE fAk Y3 Al 7 ARk 2E
B ok HES BT AUiRE) AFo] AA B
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Hlok kAl 7 Aole AHos ST o
T &@le) 277t #ov FREE UL ANshs 7MY
o= A% ML FA8L YT 28 AVE o= 4
5 Ak Qlo] dutaRl 7MW 2jolE HOLT’_ N
At F7195H ArbellA He delolrfe] T RFals
£ A3 A3 modal registerdld 153HzE A 7]
2 Fu garo 24 velkeh Miller” ol ¢apbd el
9] 7| B0 Heto] 164.8Hz AEE B uslky Q=
T BURE g woy ARl 7)€ uk 100~150Hz
B}k oBzb A et U AFE 7K Qs Rog
TG} Ladefoged ¥+ ¢Heo] 6cmH20~7cmH20
S7F b Wk SEn. A% V)2l Sk £ 3
e Akt 7182l BA7E slrkar 318t modal
registerolA 9] 71¥-F3l=HT} falsetto register (370Hz)
M) Z1EFIETL 2.49 B4 FPHROY 29 A
£ 2Fx 77dBZ 27 54 HAck Randall'’ & A
Tt} &0 = oko] Al AAE Heltky o]_oﬂo
o, Colton'? 5-& ukele] 79 modal register rangeol
28] &2 757} falsetto register range°lAHct 13dB
AE =A vERga Aerke] A9 18dbAE =4 @
Ol Bskar glvk 2 ol Aol 71E HLY
2] modal registerollA 2] A7} falsetto register Aol
A2) &8 BEIt 2A G AL Eolsit) IssikiP e &
o] =] Wzhe B98I o] 71 #A g xjo)E wt
05 Rty ok, B falsettool M= AREA 0] A
9] =Wt &9 Axe 3719 & nlddcka 319l
t}. Colton'?& modal registerelA2] 29 7wt} fal-
setto registerol#2] &¢] w7t "ol zgitiy B s}
T Qo) AubAEQ falsettod] B¢ &2
o] 54 Fol sfolnt A4AA e S wie}h 22 7
T #A Jebd AL A 371F8°) modal register
(182ml/sec) S| BT} falsetto register oA 252ml/sec
2 3 gl 31 AMSta, ARSI 934 modal regi-
ster (78mmH20) Bt} falsetto register (110mmH20) ©l|
A 8 e gEE ARSE R0] 2L g9 Al YER}
A & 4 Fo sl Aoz Az oA e HeE
HU7} falsettoA & sKENE 7ok 22 ol 2
o7} SlE A& AEIIste Tkl ot Aoz AZwEn)
9l EALZo] 7LeE 7} falsetto‘””H

& ARGl WA E o= AR SIS ZH Hu
2o 7|5 guilo] ARgEl= TPI R 29 7“:7} =
A vebd o7 AzbEth Kenneth” = FH-EHL 9] 3
A A &Y AR A7E 90% FE7F AEsidel 9%

o 3

o

o
ﬂ

ot e R

LES - HHE - FHYL - FEX
of =4 b

tal flow pulse °§°ﬂ om] Qe gEks XA g
Hyskal glrk o
dal¥} falsetto register Alelolls A71A3w3H 9] 3k
Ao1g Rgonw 1 e E AxiRlEo] falsetto
S SR A AR Po] F SAHEA kot gt
LE 9 AZHESELE falsetto registerolA 8] 59
AErt 9 Fo|r} Higstel e A7IERR Y Be

o] vl fA1HE 532 Btk £ falsetto HA e
A &0 ARE ITMRE A AEEHEC] STk

V

= )
A B Qgleon E3) 1S S Aels
A 42%A % e} Mol A T B

THsgo] oF

Al eEREEE oleet ol Aol 98] HAEA &
2 oA RS BHshes 3718 ¥ S55tEe] F
7¥atel w2 o] mate) ojste] YR E ST} v
A FA o] A5t dht MRt Flkshe Aow
AZhAh. Henrich' & 1899 & & Aobrhe o
o=z Ag/u)& (open quotient) & 29 =9} 7)HF

[o kll-F

A e AR
B 9] ZAEE WG HRRTN ZRBATL 0
o ] Aokl B2l 2R A Ao

5k ok A AEA7H 58 A5 modal
register®|A& 26.8% %, falsetto registerellA& 19.9%
% modal registerold HlnA A SAFHIOY BE
falsetto registerelxg] 24 Al AEHHA7} AsHA o]
FoJx4] k7] wiEel 3717 ¥ @ol AR JH-EE
U7} AR falsetto registerol42] WAL dukAlQl fal-
settody Wk 37|4AR7F AL Aoz ddEw o)z
& falsetto WA Al Y 71EE vlwd FA FAE)
uizol@} zhET) w3k voice range profile AANIA mo-
dal registerolA 2] WA Al 22| Eo7t FIHTE 59
A% AA] Z7ksle A9E B9k Heyning'®-& voice ran-
ge profiled> 22 417 S48 7Bk} 7
Toke] FHE ke Aol ofla 7 AR Al A%
BAE Frishs A FEHE Aoz, o A
modal registerol]Aj] WA Al &2 A5} falsetto B4
Al 5 AT Alelel Z1RFE 2 AolE Bolal o
L9 Al A v)sslA VR modal registerol A
29 Fol7t 7t 55 &2 Are] FUkehs YLt fal
setto registerelld &2] Eol7} T/l AL Hlgo] A
o vjzaiglon, 22 59 o]olr= modal registere]
A w38 wjo] falsetto register® AT iRt 2] 7}
T 84 Zsglon JReHHU S A Al 9] Fol=
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A o] 2o9n) 3k SERE B falsetto register?l
A Age] wiEel] 2 Suiz} Qickar AAzEn % modal
registerol4 2} falsetto registero]xe] &9 ZE9] z}o|
7§l A wiiEel] FREEM S 232 At falsettos}
v th=2A] oty AF7) 7bsd ol feka AT

4 £

7R EU7E ARgshe PR falsettodA 2 AT
H= o]FARA] ot 3EUET EFS TTMAIAA
AEHHEo] TR PloE S dgion Y
a—“"’] 718k &9 #o] RS sl Aguie] st
2 A9 2 E5S fX8k 91, falsetto register
2 %‘3% LT €9 #E= modal register A
e} AL} xjolE RolA] gkt o] E ol{E FHEH
Yzt 718 ddiee] g FE-& ARskal Sokselx AFst
= Aol 7FestA He AoE AzHh B3 7RRH H
ye] Jde A Hldt A9E 7T Sl

3 B R ARAdE - 37193 V).
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