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. Symposium 1 |

Professionl Care of the Professional Voice

- Voice of the Laryngologist -
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1. 5| X8} 7|5
(Laryngeal structure and function)

FF(larynx)E T2 IER o]FoRl B4, 253 Fe
2 do gl AR gue R offolA] glon, B3t st
A 54& 7HAL Stk AARFE S5 SAE] Bs
Agte] 7)e e FEHO0R sk wiedh 75 olgh 7
vkS 7ER|2 Ik 2 Alze] 3.2 ulet skshe] o)
& F71% ool W7eS FrH s ZRAA H3de wEkA
e el WAE AARIRE gRsksd o Tt 5
A% FHOR AU ATHOR AN AES T8
LRSS A& #e 3] Slelide F7o] siteta] ot
A Zzke] 75l tiske] olsfatoiol gt

T5Fo FAE o|FA Y= TEXEZ+ thyroid cartilage,

=

cricoid cartilage, epiglottic cartilage, 12|31 %0 2 o]Fo|7]
arytenoids cartilage, corniculate cartilage, cuneiform carti-
lage ol 9oH ol Az W B olEn FF 92
(extrinsic m,)¥} Y(intrinsic m,)ol] 2Jsfe] A s}, &
€9, IHeE 525 ole} T2 FFIH T WA
B S

10 HAIHW|FE2H,| vagus nerve) S 2HE EXA] o] UQ+=

B =AM (recur-

2

g Al

T 5217 (superior laryngeal nerve)¥} W3]
rent laryngeal nerve)o] IT}.

1) 35 Q|Z(extrinsic muscle)

a) Suprahyoid muscles

Hyoid bone Rt} 9Z]| $2|5k= suprahyoid muscleE-2]
-+ digastric m,, stylohyoid m,, mylohyoid m, genio-
hyoid m, o] 1o o]5& Z}Z} hyoid bonedl| insertiond}#HA]
5% Aol T5E Amon geke oug B of 285

F7F=2 hyoid bone?} & 2] Wi {3kl A2 = o] s¢] 33

ol ket S5 L v Fofshs i) e g,
o]E-2 genioglossus m.¥} hyoglossus m. ©|c},

b) Infrahyoid muscles
hypoid bone2] o}gl] & A|5}= &
FEEA, 75 Aol 75 ofl2 Yele 9gE 9 1 F
FEZ+ sternohyoid m., sternothyroid m., omohyoid m.,
thyohyoid m o] it}

2) 2% Z(intrinsic muscle)

STEUY o] E/+ cricothyroid m., thyroarytenoid m.,

Infrahyoid m. &2

lat, Cricoarytenoid m., interarytenoid m., post. cricoar-

ytenoid m,©]™, ©|5 F= cricothyroid m. < A|¢J3 BE T+
e £ B el siAw,

77y 35 W28 753 olgd] ol dofehs Al
thste] FhdsiA AwEd okt 2

Cricothyroid muscle?] %ol #oJsl= 21742 superior
laryngeal nerve?] external brancho|H, Aduj 2] Uz del] sk
t}, Cricothyroid muscleo] G531
tionell XAl HiL, FF dlellA] A9 level wolAH,
A AA|E= stretched, elongated, and thinned%|at, Ajthe]
edget sharpaf| A, webs A= stiffened H}.

Thyroarytenoid muscle (vocalis muscle)2] 2ol ¥}

A7} paramedian posi-

21732 recurrent laryngeal nerveo]™, AJth o] adductionol]
=3l AAE low-
ering, shortening, thickeningA|7]™, At ¢] edge= roundffH
ZIt}, Thyroarytenoid muscle®] =& wj 2] body H-&

ucl rlr

3T}, Thyroarytenoid muscle©]

¢l muscular layeri= actively stiffened®i= ¥Hd coverg} tran-
sition layerst= 5302 =8| Wt (passively slackened),
Lateral cricoarytenoid muscle?] ol #oel= 2174

recurrent laryngeal nerveo|™, AJthe]l ol FHofdic)

Lateral cricoarytenoid muscle®] #Z&35H A& adduction
H44x} THStE = oM Hojolts| Zrstatig | 7
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and lowering A|7]H, At A= elongation and thinning
H31, edget™ sharpdf| 7t}

Interarytenoid muscle?] 2ol Fofshi= 2174-& recurrent
laryngeal nerve®|t}. Interarytenoid muscle F2 3 FAZF
< WA 7= FofelRRE, A2l mechanical propertyoll=
2 AgS A et

Posterior cricoarytenoid muscle®] -5l #ofsl= 2174
recurrent laryngeal nerveo|H, F-U3}A] Adulje] 7ol Fofst
t}. Posterior cricoarytenoid muscled 7Z35Ha A& abduc-
tion and elevationA]7|H, Adthe] Zoli= elongation®Tt},

3) ‘diel ojM7=

&S Fote] HAde] A5 TS wHEove A=

Z28t2 oA AHEH epithelial layer, lamina proprial

o

layer®] superficial, intermediate, deep layer, vocalis muscle
9] 57) layered structure® F-Ado] Eojle}, w3k % 25}z
ZolA B o]t 57)9] layerE 3709) TP WiE e

Ji=d, epithelium¥} lamina proprial layer2] superficial layer

32

rlr

cover®, lamina proprial layer®] intermediate layers}
deep layere transition 92 2 vocalis muscle2 bodyZ
Bl 5= Qi) o] layered structure® UFolA] AR =
d= Ugel £8% ool 7] wigelth. of= 242 layer
E2 AR OE &F 98l 548 7 e ¥ okdel,
HPRZE: 47)9] layerE2 1 250 Fedos 2HEHY, 7}
A Y2 9= vocalis muscle 527 5o F£E2FHo7 1
=Z2%de] 24 He Aol ®ol7] wiielr}, Hgk Aol 12
A= 2] B EL lamina propria] superficial layer
o] AFEICRE A 2iztol layer T4 Ainolol 5
= olfol7I= stk

Zzke] layerg®] 574 24 8H dAdolM Ao v
3} 2t

7V vl Zof| Q) A|8= epithelial layeri= At 2
TR s, 371419 epithelium o2 FEEoQ)T) A

DA% A o] 714 wo] oo}l edgeRF-E nonkerati-

&

nized stratified squamous epithelium® 2 Haolglom I ¢
&3} o}l £0 Z+= respiratory epithelium?] pseudostratified
ciliated columnar epithelium© & Yo Ut} Lamina proprial
layer?] 7P 9l&9l] X|31= superficial layers =472
elastic fiber2} collagenous fiber7} 50303 =82 gelatin

gojzglel e F22 Follt}h I the intermediate layeri=

8 I Rla4xt HoHEESyoioolets| £7talg|

F2 elastic fiber2 FAEoQlon Rl niulcel 7o
FJe|E zt331 9t} Deep layer= T2 collagenous fiberZ
TAH e WMo g A Aef FX|of Z2 FEHE 25 Q)
t}. Lamina proprial layer?] intermediate layer= /gt o] &
I o2 4= FEHYA e ¥HH superficial layers= 9k
%3} Hmon 4rE ol 722 Hololth webd )
+ ZF A] membranous part®] F3IF HEo] 7P FAdk
(pliable) JE1E Hol&=d, o= $1A wWiEol7= 3pA|qF 1 F+
Z24 ato] wZol7]|= sitt, npAHo g2 g WSl Hx|s=
vocalis muscle2 ©&et 1T W= X9} 2o P& 2k5a1

et

—

2. 387|ato| {X(Structure and mechanics
of breath apparatus)?} 2jjttAofA2]

S ZXH(breath management in singing)
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T A (expiration action)-S &3}

of 3
Ao Aade 22 ghol A4E 5 dws AHE o)

K

172 ZejEuof st
S0 Tofsle F 252 F7%9Ndiaphragm) @} £j57HE

(external intercotal muscle)©]3l, L 9] tFZ(pectoralis ma-
bl p

N

jor muscle), A~FH(pectoralis minor muscle), 7 (serratus
anterior muscle), Fd-=(sternocleidomastoid muscle) %
o S50 BxHog Hofdi,

8 552 & we 5 tiE BEEHAE T2
Aol ofsf ~5H o= o] FolXIt}, Tt Hop e &
ol thigk A A (suppor)y & fI3IAY & Fixe}E elok & ul
2o] & o] Fast A9+ 552 Es(active expira-
tion) fIl of2] 714 2550] A Hetl, F2 BT
(abdominal muscles; external and internal oblique, rectus
abdominus, transverse abdominus)E2] =280 8 BQLS
A Boe A= el 2l
costal muscle)®] F502 FHS UFAA £ AYS 4
SPA Eieh, Remgol Wolshs BT F oRA exter
nal oblique muscle)2 gy} dA5F oA 2] Tdol &

Lot

=7X(internal inter-
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< AAsk=H 7P Sag S5t

ole} e iﬁﬂr Y I8Ee S5 Il QoA
AE gE |z 28Rk &1 gtk o)E 28Ee
A 3ol 23 3}‘3" S el & o ghel S o whaubd
F5 =tfo] o (period, phrdse)ﬂ 22 w7hA] o] woldd
== oh i S, e @l E A B 2l 2eeR
olal F&alA $Fo] = wrow Hﬂ}xi Whs g 349e]
AE skl F7]9] 5] 2HE Het, ol HIE 'S&
_7,~_7<4'O]E]- S}, 194171 SHE Francesco Lampertit ©]9} 29|
E57 g0l Bofels 2550 MR A HIS olFHA
Z ‘3131'-8——— e 252F 4L 243 dA(lotta vocale,
vocal struggle)o]g} g3}l o]& o} EA| Q. S 2t &

Fel 712 Agelet & 4 gtk

¢

3. ALHe] XlE(vibration of vocal fold)z}
ME FH(resonance of vocal tract)

1) ‘guiel s

g ZFell whE AEael tisiAle HEREH voe &
719 Z&air stream)¥} Aol =52 B E(elasticity) R 117
(tension)dl] 2|3 A|ZET HalE= Aoz Ml Qo
o, olgfst Al 2%l uigh 7Pde] 2w F7)ds)t ol

(myoelastic acrodynamic theory) o]t}

ols & Athe] 2ol AAE] Sl B 4
] std(lower lipys FolF7] flal HAZFE A Hog
SHFE 7] FEo] Hasly, o) AR '6‘]—01(subglottic
pressure) o2} gt} AFAR1 diskE HsiAlE 7-10 emHLO 2
ol qhelo] Wag A0 Holglw, oA FRe Arst
o] FAHH ofof ofal Aul7} HojAdA o] et xlFe]
Al Aozt dels e 4 SISl of@l Ao
2]ele] shedo] WA WHolA|ar I the o] ol u7hA|
ZlgYo] Ht, o] “Fedo] HolAd “sAll | sh<do] &3]
= Igo] ARtEEH], olek e A Aute] FH 9 AR
Aafel] whE 82 U(vertical phase difference)ol] 23l AJth
Woke v b e §A90L wEY BEL B H
), oluf Auf s}do] D3l HAHL #|25o] I Bernoulli
st sU19e] A, Tea AdiAAe] v
(elasticity)ol] oJ3l] Al&=R= Aoz delA Q).

i:ﬂd

effect),

Hl23-o] &3 Bernoulli effect

HjZ2Folo] A= 1841)7] 292 3k 3]—}1}?1 H|
2oyt wAsk Zoa 7|AG HAE Folxl 331
ol 0|59 3 &5t SVHEE o]5o] Za2% gk el
2] ko g2 Qtelo] Wolxlt= AolH, v #2408 3b

s #E8E F Sloh

@ A

P+1/2 pv 2=constant

(P: Epressure, v: $velocity, o :f-A12] DEfluid density)

2) MEo| ZM(resonance of vocal tract)

E2EelA olorfshe e EAE A4l afr HE
o 22 2EFE 7H RRNE 9] S ks o) I IF
(amplitude)o] 5| S7Fsh= @ olgk o] & 4 3lom,
FIHFES L IEAY ¥
nance frequency)2}il 3}

AFEe] S (vocal trac) M= Adtfollx] BHE01Rl i
(glottal sound)o] AEE FHsHA 54 ForEol thajA
© 3HHEE, 2 Qo] FarEd dsiMe A AAl

A Yoy I vt e ® WEEo] YAy E vl Wl

olzgk I (system’s reso-

t}
Abe] At A E2 9 Qlal o B2 g e 45
W ErdEe] FelE Holng Ao T ofsh AR ¥
FJH FHoMe TS BEFo e dHE 4 gt
5 7 FHEEeA Y FEFIFES Fn=(2n-1)C/4L, n=1, 2,
3, 4.9 Aol w2t AW ¢ e, o7 Fe

ol

OH
bt 1
O

g .

R

T, C= 37 FolM &gfe] £=(340 m/sec)o]al L
o] dol& ofmjgit}, whha] 4331 EAfellA] A 2 A
d&=7bAe] A7t F 17 emolaL, 2 @A o] JdA3irtal 7}
A8t F1=500 Hz, F2=1500 Hz, F3==2500 HzZ AXHd 4
At F A0 FAbelA AP (1st formant)= 500 Hzell,
|

o
2
>

Sl 1500 Hzoll, A3 hE 2500 Hzoll FAdEtH=
e g F
3) E—(vowel)"} 22l-aE| o|Z(source filter
theory)

i) AE el FAAL AR o whow el
sk A4l $ele] Aol Bele Alge] Baehe JPE 239
A oo Wake AAN kel B}, Fanis Aelol T

ozl HFo] A=E Tl A ul] A= =7)oh Bk wket
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fo =100Hz

Intensity (dB)

o 1000 2000 3000 L] 1000

Source spectrum
(-12dB/octave)

(a)

ofzfs} FAL AHwA o] Wekh op Hrks
29-2H o]&(source filter theory)S 3}l o|2st A4
chestato] sl

ojgl B2 &% ouA] WskE Ft] A& vlus]
sfstel, kel Aelsl vixEto 2 et Lo % 2]
Za]o] gt 2HEY BAS 5 o] S Su} Z47te] wstH
FHE A E 5 Utk 9 A D5l dig 2 ERRA S

s 7|2Fukret o) e & S slet w2 ok

of wijgo] vk Fulrt o] ui ol wlske] 1 st ool
upe} F7E SV E4E g SERRT 12 dBY Aot F¢
== ouA wsks #F & dhad 1), 2 F B
HSER TAE AU 98e AR 39 Tl digk vhg
of wiet of3} Bl FHEE HFL ARA Hedl, Addee]

whgo] Aol FHFIRsL AXSAL SNdE B
Fo| 31, QX3 A We] WolA Q= AE oA
QA GAHBHY 1b). T F, Yol o] Al g e
P EC R EECEE]
istics)ll ©J5] 1 oA} 7ashzs], vhe Fusrre] oA
a7k e Foppel oluAgamct 27 elolu el 2
Heo e Fob) & Ses Leig ) vk 6 dBH A

= "X} EA(radiation character-

Sl olluix] Aol molA| Hek,
Aoz, $ule] Aol St 2efe A Aol we

o] ollix] Wsl, Armolre] el FH, Y& HroE 2ee]
WAtel whe w2 oA wste] ofs) HEAoR 2kEd
Ggoln], 17 19} e 2HERS Hols Hrh
4) 22 23rf(vowel formants)et
450|=Z(perturbation theory)
AbEe] e 1" Bl {FHut ofyr] wiel] g

e

10 1 Maaxt thoteseAolofolats| ZA|SHETHS]

Filter function
(resonance of acoustic tube)

2000 3000 o 1000 2000 2000

Output energy spectrum
(source spectrum -Hilter function
+ 6dB octave radiation effect)

(b) (c)

a9 1. E&(vowel)d} S94-ZH

o]Z(source filter theory).

she oM, 53] Bgg wAdshs FgelA Aol T
o] thekst FEo] FolAAY Hole] vz}t dofuA ==
o], oju] Bgo] 548 AT Axe] Hoko wEhr 72t

£ Fuiold Fe] doha Mz the SR FurE
2] i}, olsh 2ol A, 5 FERE Ak 7)Fe] 38
nlREE g Fobee] W dSshs o] AEolee]

o o] o]&E Qo b At Bg B ffsl 5 sl
= ol 71 Hl Folrle 7ol viti(node)A 0]
+3d Fo7E SEhaL, Hli(antinode) 2A7F FobAw
o bk dezbe], a9, deol Sl oY
o] Zo7h Ao U Fukat Witk Zlojt
Singer’s formant
198810l Gramming 52 H2t Aet7kel dnt AlEAto]
A FSEE A 5 e M 2 2ee 0Ee A58 1)
Aol e B Aol BAY
2 9 b sl W Aeblohan A QB o 2
pelz welE s A ohehe AL nlFo) P B 4
A5 Zol] m}m

- 1

oX, Ulo g

it

& *é"#ﬂ— A Al drkelEat 22 eF 2500-3000
Hz &9 singer’s formantg} 2= oUA] HAZthr} dA4
SR 2), o] 9] wEe] eAERe] Qi oAl Aot
7he] Ehe7h A5 Aol HmsH Sule Aol AHE
I i ™ 3). Singer’s formanty} FAEE T Joe

oP3Re] aoB TFT WA AR A2 2 Aol Holx|
= PO}, bass 08 ZpE o7 uEe Fulolx] PAIH
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EB>FFT
o
®

. / TSINGORS TOTMANT T (= Suis= Aampssnin o n ey

dB (SPL)

Nl |

%] Frequency' (Hz)

150089

3] 2. Singer’s formant,

Mean relative spectral level (dB)

Orchestra

- Speech
===~ Orchestra + singing

T T T T
0 1 2 3 4 5
Fraquency (kHz}

3 3. Long term average spectra for voice and orchestra (Sundberg,
1987).

= Ao@ d#A Ao} Singer’s formante] F4F3= bass
7} 2.4 kHz, baritone2 2.6 kHz, tenor:= 2.8 kHz, ¥E= 3.0
kHz oM FAds= Aoz deEA vk 22 sopranog]
S k2= 7hel Rt ol7le] Q= Appelmand sopra-
nOOI]HE singer’s formant7} 3.2 kHz SFHollA FAJHcia B
1 3Foy, Sundbergs sopranodlA ol A7 singer’s
formant7} ofuz} E‘rff'& A3, A4 EZRrER} FEI
9 o) geblEe ol e 2
s22lol of@A| ThE0] W 4 2187} she el of= vl
Fu3el oJ Holeh W 5 Yo, o e BAIS AP
9Jgk o] opH A& o] Fo|A|aL 3o, obA7HA] singer’s

formantZ} G/J == ol thelA] 28l Bzl vl gl

ol
ol

Piriform sinus.

False fold
Rim of epiglottis

Vocal folg

/ A Az
e
| —

1% 4. Tllustration of small quarter-wave resonator in a large quar-
ter-wave resonator to produce vocal ring (the singer’s formant),

Al: exit area of epilarynx, A2: expanded area into the lower larynx,
L: length of vocal tract.

1, Sundberg7} o] FF FRHF Ak 22 37
o] EA1E modelingS §3le] AEE0 24, singer’s formant
o] Aol dhste] S8zt ’3]'93\1 Titze= %31731 A&
53}e] singer’s formant®] A=
Sundbergel] w2 FA) 2HE —7——?7119] 7517]]1-} 7S gk
Zo| W] Y= B AZste], O AT o] elEs E3te}
= BIRIFRe] @A o] vl OHl] oo R vHEo] & A%
Feh= o] ofFo] Arkar Adrgakelar

(3% 9, Tize #5o] B8] Qe FPeolr 39 Fohs

- =T

singer’s formantol] 3|3

&3] W= 3] =, F=(2n-1)c/4 L, (c: speed of sound in
the vocal tract (350 m/sec), L: length of epilarynx tube (3

HA4zt LHetEEggolololsts| £ atatiz 1 11
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cm)< 0|85} singer’s formant2] A4S A3}t Titze
of Adrgel] B dnt 4]l kel Ao ZolE 17 cm 9]
2 & uf, o] 9A] Sundberg®] 1:68]9} ZolA 1:6H]7} 27}A]
FFog vehhks A Z2ral akletk. webA] o5 FE vt
gog AolrlEo| singer’s formantE WHEo] W] $Jsir=
HHg A SRIFRES WalFaL, 52 ol Yl A
A) o] dolg 2| wheo] FoRH FAEE o] ohdrt

e e @ 5 Aok

12 1 Maaxt thotgs2Aolofolats| ZA|SETHS]
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