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Behavior of Intrinsic Laryngeal Muscles : In vivo Canine Model

Hong-Shik Choi, M.D.

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

Behavior of the intrinsic laryngeal muscles : Thyroarytenoid(TA), cricothyroid(CT), lateral
cricoarytenoid(LCA), interarytenoid(IA), and postedor cricoarytenoid(PCA) : were evaluated
under the in vivo canine laryngeal model in three individual papers. This is the review of the
relating three articles. In vivo preparation of the laryngeal model was summarized. Video-
laryngoscopic fidings of the individual intrinsic laryngeal muscles were documented by electrical
stimulfation of the individual muscular branches of the laryngeal nerve. Effects on fundamental
frequency, subglottic pressure, intensity and open quotient by the stimulation of the individual

intrinsic laryngeal muscles were tested.

KEY WORDS : Intricsic laryngeal muscle - In vivo canine model - Fundamental frequency(F0)
- Subglottic pressure - Intensity - Open quotient(OQ).
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FEE M9 328 7152 s Aok AAZ, ol
A 7184, 713E AHM F59 o2 AFEY F
718l 88 WA A Jlis] &5 s o
2 alternating on—off flow= uPro] F+= UL
. EA42, 7|53 (fundamental frequency)& £
ke 98-S 3. AAE, 289 37)(loudness)E
ZAsh= 71%°] At AR, 349 2(quality of
voice) & ZAdh= 7150 Aot

BT BAE oM AR 83 J15ES £F
oA 337 AsiME TR " 20] Has)
th &, 3EFTEY FLo o HZ e FFFRL
Z f2HE AEFHA 3719 B8] e, Ad9
Mg 2 o] Aot} F, o7 six9 YFF
o9 HAF 4528 st ddio] HAFH Uide]
o] o) zjo} 3= Aol

WEFZole £33 (crico-thyroid muscle, CT),
9 Z(thyro-arytenoid muscle, TA), 845
< Z(lateral crico-arytenocid muscle, LCA), g2
(inter-arytenoid muscle. 1A)3 F8-43E8Z(pos-
terior crico-arytenoid muscle, PCA)°} 4t} 71%
Hog FF o, SAMIZ(CDH T E2(TA)
2 A9 IF=E F7HA71= 71FS(tensor mu-
scles) o2 /I, FAHE2(TA), FFES
(LCA), #¥ga2(a)2 4d yAZ(adductor musc-
les)o 2 BF/E & Ax, FEHLES(PCAYTO| &
AstA 4o A Z(abductor muscle)2 2 GutE o
2 2R3 Ut
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Agk, 2w 359 F& 9ASA FANF A &
ong 5o 7479 YT 7% olss=t)
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AR 2 5ol Al 7o 4] fARE B
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717b 4did ez o 39, Fo] ZojA Aystrie] H
g FFNY F5E ofejate olHE duloA 4F
$217 (superior laryngeal nerve, SLN)3} 335

=0
22

A7 (recurrent laryngeal nerve, RLN)¢] &7
FeA oz 7 vl A7) AFE Fd
Z Y352 vicke] 218 AR A3 433 9B
A Bg5g IE 5 it &, AFFAEL 59
433 ¥ 19 A FHA ofu] w|FAH
A et U T A4F B9 AEFAF Y WA
(internal branch)$} $}#](external branch)2 U
oA WA 1H3aEY Hda e 79 BE Y
AZe 53l FFUYZ Eo/te, IAE 79 &
Hg ne} yeleh} 3BT es REFE Ro|
FRJAHAT. 4, W3 EFAZ(RLN)S AolrE &
%5 A7 (inferior laryngeal nerve)2tils &=d &
Az (erico-thyroid joint) BHE o} HEd|A
A WA 2 BRE el oL F2 2oz
FA 5 9] 9= Galen's anastomosisEA F5F oA
AFEFNAY WA 9 e 25 gU9% £ 3o
I Ogoll Yo ofF siem e A7 X ¥4
A D(PCA)ERoIH »E W3lF a7 571X (po-
sterior branch)gtx 3t} w3 3FAFL {4
TE BN FEATGEAE G Fof ojoiN F&
A9 g2 3G E9) F4 Abolg & g £F
9] %02 FstA et ojdf HIEA(A bran-
ch)¢} 845 822 (LCA branch)7} Slate} ve Al
Ho, JE92AE FAATE3Y 29 $4EF la-
minad) AT Alo| 2 Fdto] HFZ o2 STt
S dEAE HARA B} & 5mm YHF-(di-
stal part)oilq 71A18te] o] AR ST EE
(LCA)o. = Eojzit} E{ATEEAE W o]F 9 W
HFFRANAL o 1~1.5cm 7+ Z o2 3357 5
Tl ojAe] miAT 221 AT EEA(TA bran-
ch)oloH(Fig. 1)*°.

AT A9 gol 35 U9 BIFFAAH 4F
TR EA 9 F3o| HRH 2 Al A
A9 FAIG AL Bol= BT A9 FEFNE o] &
3t W3 UCLA $548A749] A4 AR

- 186 -



Aggoza, IR 2N AYRLA s F47
o WFFEE NeHo 3o} ATH WEFS 7

Z+e) 716 g stnA Tt

TA BRANCH

*
. LCA BRANCH

| \ GALEN'S

ANASTOMOSIS

f
RLN

Fig. 1.

yroarytenoid(TA) branch of RLN. This branch was
cut distal to LCA branch, and electrode was applied.
IA- interarytenoid, PCA- posterior cricoarytenoid.

In vivo canine model. Cartilage windows were ma-
de at lateral margin of thyroid cartilage to expose th-
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Fig. 2. Schematic drawing of experimental model. EGG- electroglottographic, PGG- photoglottographic.
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(2) A3 &3¢ (subglottic pressure), 712524 (fu-
ndamental frequency), 58] 37](sound in-
tensity) ¥ Ath 8 (open quotient}s] &3
(Fig. 2)

« JEHYY FHE YA E 2938 ¢HAA
(catheter-tipped pressure transducer : Millar
Instruments. model SPC 330, Houston, Tex)
€ 2= 713ANTE T3 AslEte 4E3) 2cm
99 A2 ¥ St

« &g 37] 9 71EFae S8 Ad) SAjolA]
30cm 9ZE<] sound level meter® HX3ld =
3 gAY 289 2718 SR8 2, TA &4
AZE A/D boardE 53 HFER YHsle] &
A&t

AUt SAHL UHAEY FBo AFE
Y BA2 FdAdo] {2 o Ay HEEe
H3kE A71AQ adz2 A 4 sle e
714253 2 A Helectroglottography) & 2-& 7
A8 4A (photo-sensor : Centronics OSD 50~
208 s AY AN D FF 459 ¢
T L& zAREIEA Adle] d23d] g3 1
FE& dojule FAEAHHAY (photoglottogr-
aphy)2 EAj9l &A%t

s olshzlo] ZAHE AHY NZEL UEE 5
3} 12bite) A/D converter(DT 2821)& E8
AFHAN g™ e, AHEE software® THE
59 gad 84 =233 CSpeech version
3.18 o]-g3t] ATt

(3) ¥l FFuUA B A (video-laryngoscopy)

« OX YA 47} CCD 7Heks o) &3la} zzhe) )
F5F2E A7NH oz AFEA FHEANHE 99
A 252 vt =3leted BAslgon, F
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(1) NI Z(TAY 8L 2] 93 23(Fig. D
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g A7) AFo2 £EAZ oA uksFFA
739 &% & LCA+IAY +5& F7M71H B4
2o ¥HslE "A A3 }Zol, [A branch &
A23 2e F7|2 AYe wEEle e AolE
T HEZ(1A) 9] GEL A3

(4) FHEHE2(PCA)S] 242 HBY) $138 =Y

- HES| T EA A 9] Q& £ (anterior branch)E 2}
231 AFE FEY
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C P2 VHETNZY @B BAVE AFede] B
22E FUAT Aol T BA 5 9
HEFNAY B BAH0E 38 Bad)
o wse 24y,

3 o

(D vt e3FA<d T 4 24 B

* TA 7% : F44d (membranous vocal fold)<]
5 2 ol FAZL FANA R, Fgde) &
S Zol7} FolA 1 Aty oz <zhe] Adje]
Mol . ¥ I 54 st
BEY T IR & AR 4% 129 3
3 Uldo] 239 (Fig. 3).

< CT 5% AU ¢ 5 dolrt dojxu ¢
R et FA7 & gl Fdlg yRe &
A3 #2E & QAL F2= SAPA2Y £359)
oJ3te] A4y 2o JEX-9 AR Folrt A

el & JEF WAy F7t 338,

* LCAF% : ©lgddZ9] AdE7](vocal process)
29 yido] 3R, FFRY FAU geolg
Waks 234 %8 9 29929 45
o o] A& ¢ - 5 Zolo] Ft HE HEd
29 JUE7|REY YA A% FHoz HE
w3 Ao R 9 UL 23U, TAS
[AS] 30| Fytslz] Gomg HEB TAH
9] E(chink)o] #24€(Fig. 4).

*IA FF NEAT A FHY A uEez <
sjo} AE2] F4 (posterior commissure)e] WA
5o Fol &AstA golAE o] #ad. A
d £919 Zolv A9 wish= dA}A ¥
(Fig. 5).

* PCATE : SEA T ZUE7]9 g-o] dAAF
g Aol Eova FAZt goAE 4
A9 %2 Fadvld el £E02 st HE
B EAg gyHos Y 4 98

Fig. 3. Photographs taken from videotape. A)Resting state. B)Stimulation of TA branch. Medial blglﬁg of mémbranous

vocal fold with some adduction was noted. C)Stimulation of RLN trunk without TA branch. Chink is seen in
midmembranous vocat fold. D)Stimulation of RLN together with TA branch. Vacat fold is completely closed.
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Fig. 4. Photographs taken from video tapes : LCA(cut IA} setup. a) resting, b) TA stimulation, c) LCA(cut IA) stimulation,
d) LCA(cut 1A)+TA stimulation. LCA : lateral cricoarytenoid, 1A : interarytenoid, TA : thyroarytenoid.

Fig. 5. Photographs taken from video tapes : LCA+IA setup. a) resting, b) TA stimulation, ¢} LCA+IA stimulation, d)
LCA+1A+TA stimulation. LCA : lateral cricoarytenoid, IA : interarytenoid, TA : thyroarytenoid.
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Table 1. W F2 TA, CT, LCA, IA ¥ PCAT} 2t} 7| B F T}, JE612, 22|37 H Yoo eSOQu DIXl= HE

TR FO AEa 2227 0Q
2 BESH B e .
TA 2719 Fig. 6) % 7}4 (Fig. 6) AR #24"Fig. 6)
cT Sde s e gust gls uys g
LCA 714 71 =S~k guiz glg
A 37t4 71 o4 AR dus gle
PCA #AE Pt Z4¥ o F7HE OO A
(2) A ) YWFEFEE AP UFFI2E 3 o
gte] ATE SuUAZ I G YES2] HA 00 03 06 09 1.2 1.5 1.8 2.1 2.4 27 3.0
. 300 1 i L ] L 1 1 1 L
Y F&& 718 e 7j2Fa4(fundamen- i ————
tal frequency), &3} (subglottic pressure), 250 —&— Pressure(cm H,0)
. . —O0— OQI(%)
28 37)(sound intensity) 2 AL (op- i
en quotient)<] ¥3H(Table 1). 200
L a 150 \\/
100
Van den Berg(1958)9] myoeleastic-aerodynam- 1
ic theory of phonation®ll £J3}% gujoA EAjo] = 50 O/O—’O’O\
7| AL e HAE ANE Aoz Agsa D | AT
th &, 1) LCAS 1AY F& o5l F29] A7k 0
3mm o[ i 2 HHo] Hojo} 331, 2) H= FH| 57| 0 TA stimulation(SLN : on, Dog1) v

7} #5F B389 vocal tract2 fFrdsolot sz, 3)
Bernoulli®] 71984 g ostd Athr} delE
oy 7tA HEZE sHAH L, 4) ¥F Ao HFeZ
3t AEE T3 3719 2EL Ads = A AE3E
ol AAZ] A&, 5) AEsYo] Fa AXM A
HE FEAM F21 e P ARE e A-
2 o1 I Ale|2 F7|7t AREE wxiusA
gt 6) &R doix A g} 7) MgE T e
A8 oA gl T &) 5)9] BAe 9
& Mo Aolme Af 3] &4 (elasticity)oll
9)ale] A ARE R Sole A At 8) o]oiN #|29)
cycleol A1&s A ).

olghzdo] &ted 7[2AQA A& (glottal sound) &
e, ojd o o] £2& o, &, 3719
3F0] 43T 9, oY /1A WEFZY FF0] B4
g9 Ao oy JEFS A EAE AS o] &3 A
PR E T3l Yol g Aol

TA, LCAS JAx 2F ddudZo=2A TAE 4
o] SHEe WHE F2 dosla, LCAE HUE
7] B8 & 49 F3 529 UAHS F2 93381,

Fig. 6. Representative dynamic trial from individual dog.
SLN Stimulation is present. Fundamental frequency
(FO), subglottic pressure, and open quotient(OQ)
were measured every 0.3 second while intensity of
TA stimulation varied dynamically from 0 to 3V in
3 seconds. In this plot, y-axis represents units for
each variable. Time is on x-axis. Vertical line-sud-
den shift from high frequency to modal phonation.

AT AR} Adle R2E & FY(posterior comm-
issure)d] WAL Gt wahA, o] A7k YA
o9 4L A WAg g2 k= Add A4F
FA(AE E9, AL, 71-, 24 55 "A
AAsA B8 AR PEnt. B gl
& 5229 Fid betA o] A7tA YAz 4%
23 4 B¢ go] g Ao AZE Hrix )
AT 5L BT AEEE A5A9E Rew
#ioH, E4EE IA YA & dele A7 W
AZFY A 50| dddd. 23U, A7tA 2%
o] 7150 BT e AL ohigln A4EY. 53,
TAE & F714 THo| Histe 0QE ZaA71E 7
Fol 5310, 7R FAE(F0) 2 JHE du-
al effect& Yehll= 5 5489 2ANMNE L F
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88 488 935 IFolgs AL & F AU
TAY 53 &9 Fol¢td] BAE TAY 50| 27)
o 4dl9] covers] IFEE AFAAN &9 Fol
7} At A, A& TAY 550] AR body
xS 4] cover 3= Ash} Ao Zole
i AA ol JEaete 45-g FLgoeH
%0l Aol 2YHE AL BAYS Fohof gl
# 5 AP (Fig. 6).

E&, A7IA 9 ARUAZ FoA [AY F30] Qlo]
= AdS A4l o A9t g HE, 24
Aloll TAS] HAg 50| HE3I4] fAo] Yo
e AL OA =2, 1A 7 O 285 g1 %
& W3] $ 727 9] FA) AJ¥li(dual innervation) ¥
UY Ao g FAHYY.

CTE AdlY Aolg sold UFEE F7IA7]
o] FAE g 3o 71 RFH4E Fol=y 71X
28 48L& RAog FAHHNY. §H CTe A
¢ 0Q. 289] F7|F7telE BAH R oule
32 BolxE @y

QA FF2AE AYol 21 & 2IdE AE
BE UHd33 CT #% oy} PCAY 55 B3
KXY, ol WAZHY CTY F350] IS =
o2 Foldrle & 715t He Zol=R PCAS
FZo] HIAZE HF 02 EFFE bracingd] ¢

A

K
oL

da o
(B St ooy

LR

BL sk AnoE Ao, B AYL Fa
AN A3 Adle 2REE 9B ZA75, 488
gk &9 o), &9 F71B YEE 8L FA9] o]F
#9omg A7 & A7E YuAY o HAG &
F& A F % E feedback inhibition 3h= 98
5 &= Ao 24Eg?,
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