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HLAS:
Vsichni jej kazdodenné pouzivame,

ale vétSina lidi vi o ném v podstaté jen malo



VOICE:

We use it everyday,
but, in principle,

most people know only little about it



Studium lidského hlasu

Je zaloZeno na kombinaci informaci z riiznych védnich obort, mezi nimiz
jsou

Akustika (vyzarovani, Sireni a vlastnosti zvuku, ... )

Lékarské obory (foniatrie, otorinolaryngologie; anatomie, fyziologie,

histologie, neurologie, patologie hlasového organu, ... )
Biomechanika (pohyb, elasticita, viskozita biologickych tkani, ... )
Mechanika proudéni (tlak, objemova rychlost vydechového vzduchu,... )

Teorie kmiti (dynamika, nelinearni dynamika,... )



Studies of human voice

Combine information from different disciplines, such as:
Acoustics (radiation, propagation, sound characteristics ...)

Medical fields (phoniatrics, otorhinolaryngology, anatomy, physiology, histology,
neurology, organ pathology...)

Biomechanics (movement, elasticity, viscosity of biological tissues involved in voice

production, ...)
Flow mechanics (pressure, expiratory airflow, ...)

Theory of oscillations (dynamics, nonlinear dynamics, ...)
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Vizualizace vnitrniho hrtanu: laryngoskopie
Visualization of the inside of the larynx: laryngoscopy




DEMONSTRACE / DEMONSTRATION
laryngoskopie / laryngoscopy

Fonace a nadech / Phonation and inhalation

Recording made by the National
Center for Voice and Speech,
Denver, CO, USA
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Struktura hrtanu

HlasivKky jsou umistény v hrtanu

(larynx = hrtan, laryngealni = hrtanovy)

Obecne¢ 1ze strukturu hrtanu rozdélit na

1) tvrdou tkan (chrupavcita kostra)

2) mekkou tkan (svalstvo, vazy a sliznice)




Laryngeal structure

Vocal folds are located in the larynx

Generally, we can divide larynx into:

1) Hard tissues (cartilaginous skeleton)
2) Soft tissues (muscles, ligaments and mucous membranes)




Kostra hrtanu
tvorena chrupavkami

Chrupavka Stitna (lat. cartilago thyroidea, znaena T),

Chrupavka prstencova (lat. cartilago cricoidea, znacena C)

Chrupavky hlasivkové (lat. cartlagines arytenoidee, znaceny 4 )

Hrtanova priklopka (lat. epiglottis, znacena E )




The skeleton of the larynx
1s composed of cartilages

Thyroid cartilage (lat. Cartilago thyroidea, marked T)

Cricoid cartilage (lat. Cartilago cricoidea, marked C)

Arytenoid cartilages (lat. Cartlagines arytenoidee, labeled A)

Epiglottis (lat. Epiglottis, marked E)
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Kostra hrtanu
tvofena chrupavkami

Chrupavka Stitna (lat. cartilago thyroidea, znaena T),

je tvotfena ze dvou plochych desticek, jez se veptedu sbihaji v hranu, kterd vynika zv1asté¢ u muzi
pod kiiZi (sekundarni pohlavni znak) a byva lidové nazyvéana "ohryzkem". Vzadu vybihaji tyto
desticky do horniho a dolniho rohu chrupavky §titné. Na horni roh se upina vaz, ktery propojuje
chrupavku §titnou s jazylkou. Dolni roh je kloubné spojen s chrupavkou prstencovou. Rotace
chrupavky §titné viici chrupavce prstencové kolem tohoto kloubu umoziuje napinani hlasivek, a
tim nastavovani frekvence hlasivek.

Chrupavka prstencova (lat. cartilago cricoidea, znacena C)

Chrupavky hlasivkové (lat. cartlagines arytenoidee, znaceny 4 )

Hrtanova priklopka (lat. Epiglottis, znacena E )




Cartilagenous Laryngeal Skeleton

Thyroid cartilage (1at. Cartilago thyroidea, marked T)

It is formed by two flat plates, which converge at the front edge. This edge is prominent especially
in men under the skin (a secondary sexual characteristic) and is popularly called the "Adam's
apple". Behind, these plates extend into the upper and lower horns of the thyroid cartilage. On top,
the upper horn is attached to a ligament that connects the thyroid cartilage to the hyoid bone. The
bottom horn forms a joint with the cricoid cartilage (cricothyroid joint, CT joint). Rotation of the
thyroid cartilage against the cricoid cartilage around this joint allows tensioning of the vocal folds,
thereby adjusting the vibrational frequency of the vocal folds.

Cricoid cartilage (lat. Cartilago cricoidea, labeled C)

Arytenoid cartilages (lat. Cartlagines arytenoidee, labeledA)

Epiglottis (lat. Epiglottis, labeled E)




Kostra hrtanu: chrupavka stitna
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Kostra hrtanu
tvorena chrupavkami

Chrupavka Stitna (lat. cartilago thyroidea, znaena 7),

je tvorena ze dvou plochych desticek, jez se vepiedu sbihaji v hranu ktera vynika zv1asté u muzi
pod kuzi (sekundarni pohlavni znak) a byva lidove nazyvana ohryzkem" Vzadu vybihaji tyto
desticky do horniho a dolniho rohu chrupavky $titne. Na horni roh se upina vaz, ktery propojuje
chrupavku §titnou s jazylkou. Dolni roh je kloubné spojen s chrupavkou prstencovou Rotace
chrupavky §titné viici chrupavce prstencové kolem tohoto kloubu umoziuje napinani hlasivek, a
tim nastavovani frekvence hlasivek.

Chrupavka prstencova (lat. cartilago cricoidea, znacena C)

ma tvar prstence, ktery je vzadu vyssi neZ vepredu. Dole je spojena s priidusnici. Zboku ma
kloubni plosky ke kterym jsou prichyceny dolni rohy chrupavky stitne (crico-thyreoidni kloub,
CT kloub). Vzadu nahote ma dvé vyklenuté kloubni plochy, na které nasedaji chrupavky
hlasivkové (crico-arytenoidni kloub, CA kloub).

Chrupavky hlasivkové (lat. cartlagines arytenoidee, znaceny 4 )

Hrtanova priklopka (lat. Epiglottis, znacena E )




Cartillagenous Laryngeal Skeleton

Thyroid cartilage (1at. Cartilago thyroidea, marked T)

It is made up of two flat plates, which converge at the front edge, which is visible especially by
men under the skin (secondary sexual characteristics) and is popularly called the "Adam's apple".
Behind these plates extend into the upper and lower corner of the thyroid cartilage. On top corner

clamping the ligament that connects the thyroid cartilage to the hyoid bone. The bottom corner

joints with cartilage ring. Rotation of the thyroid cartilage to the cartilage ring around this joint
allows the tension of the vocal cords, thereby adjusting the frequency of the vocal cords.

Cricoid cartilage (lat. Cartilago cricoidea, labeled C)

It has the shape of a ring which is higher at the back than at the front. Below, it is connected to the
trachea. At the sides, it has joint surfaces to which the lower corners of the thyroid cartilage are
attached (cricothyroid joint, CT joint). At the top of the back, it has two curved articular surfaces
which form the joints with arytenoid cartilages (cricoarytenoid joint, CA joint).

Arytenoid cartilages (lat. Cartlagines arytenoidee, labeled A)

Epiglottis (1at. Epiglottis, labeled E)




Kostra hrtanu: chrupavka prstencova
(c. cricoidea)
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Kostra hrtanu
tvofena chrupavkami

Chrupavka Stitna (lat. cartilago thyroidea, znaena 7),

je tvorena ze dvou plochych desticek, jez se vepiedu sbihaji v hranu ktera vynika zv1asté u muzi
pod kuzi (sekundarni pohlavni znak) a byva lidove nazyvana ohryzkem" Vzadu vybihaji tyto
desticky do horniho a dolniho rohu chrupavky $titne. Na horni roh se upina vaz, ktery propojuje
chrupavku §titnou s jazylkou. Dolni roh je kloubné spojen s chrupavkou prstencovou Rotace
chrupavky §titné viici chrupavce prstencové kolem tohoto kloubu umoziuje napinani hlasivek, a
tim nastavovani frekvence hlasivek.

Chrupavka prstencova (lat. cartilago cricoidea, znacena C)

ma tvar prstence, ktery je vzadu vyssi neZ vepredu. Dole je spojena s priidusnici. Zboku ma
kloubni plosky ke kterym jsou prichyceny dolni rohy chrupavky stitne (crico-thyreoidni kloub,
CT kloub). Vzadu nahote ma dvé vyklenuté kloubni plochy, na které nasedaji chrupavky
hlasivkové (crico-arytenoidni kloub, CA kloub).

Chrupavky hlasivkové (lat. cartlagines arytenoidee, znaceny 4 )

Parove chrupavky, ktere sedi na vrcholcich chrupavky prstencove. Maji tii zakladni vybézky:
1)vybézek hlasivkovy (processus vocalis) na ktery se upina hlasovy vaz (ligamentum vocale),
2)vybézek svalovy (processus muscularis) na ktery se upinaji svaly (viz dale) a 3)horni vybézek,
na ktery se ptes malou chrupavku (c.corniculate) upina aryepigloticka fasa. Rota¢ni pohyby
chrupavek hlasivkovych umoznuji addukei (pfiblizovani se) a abdukei (rozevirani) hlasivek.

Hrtanova priklopka (lat. Epiglottis, znacena E )




Cartilagenous Laryngeal Skeleton

Thyroid cartilage (l1at. Cartilago thyroidea, marked T)

It is made up of two flat plates, which converge at the front edge, which is visible especially by men under the
skin (secondary sexual characteristics) and is popularly called the "Adam's apple". Behind these plates extend
into the upper and lower corner of the thyroid cartilage. On top corner clamping the ligament that connects the
thyroid cartilage to the hyoid bone. The bottom corner joints with cartilage ring. Rotation of the thyroid
cartilage to the cartilage ring around this joint allows the tension of the vocal cords, thereby adjusting the
frequency of the vocal cords.

Cricoid cartilage (lat. Cartilago cricoidea, labeled C)

It has the shape of a ring which is higher at the back than at the front. Below, it is connected to the trachea. At
the sides, it has joint surfaces to which the lower corners of the thyroid cartilage are attached (cricothyroid
joint, CT joint). At the top of the back, it has two curved articular surfaces which form the joints with
arytenoid cartilages (cricoarytenoid joint, CA joint).

Arytenoid cartilages (lat. Cartlagines arytenoidee, labeled A)

Pair of cartilages that sit atop the cricoid cartilage. They have three processes: 1) vocal process (processus
vocalis) which attaches to vocal ligament (ligamentum vocale), 2) muscular process (processus muscularis)
which attaches to muscles (see below) and 3) an upper projection which attaches, via a small cartilage
(c.corniculate), to the aryepiglottic fold. Rotational (gliding and rocking) movements of this cartilage allow
adduction (closing) and abduction (opening) of the vocal folds.

Epiglottis (1at. Epiglottis, labeled E)




Kostra hrtanu: chrupavky hlasivkove:
(cc. arytaenoidee)
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FIGURE 1.6, The arytenoid cartilage: (a) antericr view, (b) lateral view, (c) posterior view, and (d)
composite anterior view with cricoid cartilage (compare with posterior view in Figure 1.3),



Cartillagenous laryngeal skeleton:
ARYTENOID CARTILLAGES
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FIGURE 1.6, The arytenoid cartilage: (a) antericr view, (b) lateral view, (c) posterior view, and (d)
composite anterior view with cricoid cartilage (compare with posterior view in Figure 1.3),



Kostra hrtanu: propojeni chrupavky
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Larynx skeleton: the connections
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Kostra hrtanu
tvofena chrupavkami

Chrupavka Stitna (lat. cartilago thyroidea, znacena 7'),

je tvorena ze dvou plochych desticek, jez se veptedu sbihaji v hranu ktera vyniké zv1asté¢ u muzi
pod kuzi (sekundarni pohlavni znak) a byva lidové nazyvana ohryzkem" Vzadu vybihaji tyto
desticky do horniho a dolniho rohu chrupavky $titne. Na horni roh se upina vaz, ktery propojuje
chrupavku §titnou s jazylkou. Dolni roh je kloubné spojen s chrupavkou prstencovou. Rotace
chrupavky §titné vici chrupavce prstencové kolem tohoto kloubu umoziiuje napinani hlasivek, a
tim nastavovani frekvence hlasivek.

Chrupavka prstencova (lat. cartilago cricoidea, znacena C)

ma tvar prstence, ktery je vzadu vySsi nez vepiedu. Dole je spojena s pridusnici. Zboku ma
kloubni plosky ke kterym jsou pfichyceny dolni rohy chrupavky stitne (crico-thyreoidni kloub,
CT kloub). Vzadu nahote ma dvé vyklenuté kloubni plochy, na které nasedaji chrupavky
hlasivkové (crico-arytenoidni kloub, CA kloub).

Chrupavky hlasivkové (lat. cartlagines arytenoidee, znaceny 4 )

Parove chrupavky, ktere sedi na vrcholcich chrupavky prstencove. Maji tii zakladni vybézky:
1)vybézek hlasivkovy (processus vocalis) na ktery se upina hlasovy vaz (ligamentum vocale),
2)vybézek svalovy (processus muscularis) na ktery se upinaji svaly (viz dale) a 3)horni vybézek,
na ktery se ptes malou chrupavku (c.corniculate) upina aryepigloticka fasa. Rota¢ni pohyby
chrupavek hlasivkovych umoznuji addukei (pfiblizovani se) a abdukei (rozevirani) hlasivek.

Hrtanova priklopka (lat. Epiglottis, znacena F )

plni dtleZitou funkci uzavirani hrtanu pfi polykéani. Na rozdil od ostatnich hrtanovych chrupavek
ja tato chrupavka ohebna.




Cartilagenous laryngeal skeleton

Thyroid cartilage (1at. Cartilago thyroidea, marked T)

It is made up of two flat plates, which converge at the front edge, which is visible especially by men under
the skin (secondary sexual characteristics) and is popularly called the "Adam's apple". Behind these plates
extend into the upper and lower corner of the thyroid cartilage. On top corner clamping the ligament that
connects the thyroid cartilage to the hyoid bone. The bottom corner joints with cartilage ring. Rotation of the
thyroid cartilage to the cartilage ring around this joint allows the tension of the vocal cords, thereby adjusting
the frequency of the vocal cords.

Cricoid cartilage (lat. Cartilago cricoidea, labeled C)

It has the shape of a ring which is higher at the back than at the front. Below, it is connected to the trachea.
At the sides, it has joint surfaces to which the lower corners of the thyroid cartilage are attached (cricothyroid
joint, CT joint). At the top of the back, it has two curved articular surfaces which form the joints with
arytenoid cartilages (cricoarytenoid joint, CA joint).

Arytenoid cartilages (lat. Cartlagines arytenoidee, labeled A)

Pair of cartilages that sit atop the cricoid cartilage. They have three processes: 1) vocal process (processus
vocalis) which attaches to vocal ligament (ligamentum vocale), 2) muscular process (processus muscularis)
which attaches to muscles (see below) and 3) an upper projection which attaches, via a small cartilage
(c.corniculate), to the aryepiglottic fold. Rotational (gliding and rocking) movements of this cartilage allow
adduction (closing) and abduction (opening) of the vocal folds.

Epiglottis (1at. Epiglottis, labeled E)

It fulfills an important function of closing the larynx during swallowing. This cartilage is flexible (hyaline),
unlike the other cartilages.




Anatomie - kostra hrtanu
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Anatomy - laryngeal skeleton
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DYCHACI CESTY PRI POLYKANI: OCHRANNA FUNKCE HRTANU /

BREATHING AIRWAYS DURING SWALLOWING : PROTECTIVE
LARYNGEAL FUNCTION

Zdroj: www.youtube.com/watch?v=umnnAS50IDIY
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Polykani / Swallowing

http://www.youtube.com/watch?v=xu YYOAIZEw




Kostra hrtanu
tvorena chrupavkami

Chrupavka Stitna (lat. cartilago thyroidea, znaena 7),

je tvorena ze dvou plochych desticek, jez se vepiedu sbihaji v hranu ktera vyniké zv1asté¢ u muza
pod kuzi (sekundarni pohlavni znak) a byva lidove nazyvana ohryzkem" Vzadu vybihaji tyto
desticky do horniho a dolniho rohu chrupavky $titne. Na horni roh se upina vaz, ktery propojuje
chrupavku §titnou s jazylkou. Dolni roh je kloubné spojen s chrupavkou prstencovou Rotace
chrupavky §titné viici chrupavce prstencové kolem tohoto kloubu umoziuje napinani hlasivek, a
tim nastavovani frekvence hlasivek.

Chrupavka prstencova (lat. cartilago cricoidea, znacena C)

ma tvar prstence, ktery je vzadu vyssi neZ vepredu. Dole je spojena s priidusnici. Zboku ma
kloubni plosky ke kterym jsou prichyceny dolni rohy chrupavky stitne (crico-thyreoidni kloub,
CT kloub). Vzadu nahote ma dvé vyklenuté kloubni plochy, na které nasedaji chrupavky
hlasivkové (crico-arytenoidni kloub, CA kloub).

Chrupavky hlasivkové (lat. cartlagines arytenoidee, znaceny 4 )

Parove chrupavky, ktere sedi na vrcholcich chrupavky prstencove. Maji tii zakladni vybézky:
1)vybézek hlasivkovy (processus vocalis) na ktery se upina hlasovy vaz (ligamentum vocale),
2)vybézek svalovy (processus muscularis) na ktery se upinaji svaly (viz dale) a 3)horni vybézek,
na ktery se ptes malou chrupavku (c.corniculate) upina aryepigloticka fasa. Rota¢ni pohyby
chrupavek hlasivkovych umoziuji addukei (pfiblizovani se) a abdukei (rozevirani) hlasivek.

Hrtanova priklopka (lat. Epiglottis, znacena E )

plni dtlezitou funkci uzavirani hrtanu pti polykéani. Na rozdil od ostatnich hrtanovych chrupavek
ja tato chrupavka ohebna.

Jazylka (lat. os hyoideum)
je jedinou kosti, nebyva uvazovana jako pfima soucast hrtanu. Na jazylku se nicmén€ upina
pomérné velké mnozstvi zevnich hrtanovych svalti, které umoziuji celkové pohyby.hrtanu.
Funguje jako utvar, na némz je "zavéSen" hrtan.




Cartilagenous larynx skeleton

Thyroid cartilage (1at. Cartilago thyroidea, marked T)

It is made up of two flat plates, which converge at the front edge, which is visible especially by men under
the skin (secondary sexual characteristics) and is popularly called the "Adam's apple". Behind these plates
extend into the upper and lower corner of the thyroid cartilage. On top corner clamping the ligament that
connects the thyroid cartilage to the hyoid bone. The bottom corner joints with cartilage ring. Rotation of the
thyroid cartilage to the cartilage ring around this joint allows the tension of the vocal cords, thereby
adjusting the frequency of the vocal cords.

Cricoid cartilage (lat. Cartilago cricoidea, labeled C)

It has the shape of a ring which is higher at the back than at the front. Below, it is connected to the trachea.
At the sides, it has joint surfaces to which the lower corners of the thyr01d cartilage are attached
(cricothyroid Jomt CT joint). At the top of the back, it has two curved articular surfaces which form the
joints with arytenoid cartilages (cricoarytenoid joint, CA joint).

Arytenoid cartilages (lat. Cartlagines arytenoidee, labeled A)

Pair of cartilages that sit atop the cricoid cartilage. They have three processes: 1) vocal process (processus
vocalis) which attaches to vocal ligament (ligamentum vocale), 2) muscular process (processus muscularis)
which attaches to muscles (see below) and 3) an upper projection which attaches, via a small cartilage
(c.corniculate), to the aryepiglottic fold. Rotational (gliding and rocking) movements of this cartilage allow
adduction (closing) and abduction (opening) of the vocal folds.

Epiglottis (l1at. Epiglottis, labeled E)

It fulfills an important function of closing the larynx during swallowing. This cartilage is flexible (hyaline),
unlike the other cartilages.

Hyvoid bone (lat. os hyoidea)

It is the only bone of the larynx and is not considered to be a direct part of the larynx. However, relatively
large amount of external laryngeal muscles are attached to it, allowing up and down movements of the
whole larynx. It works as a unit, on which the larynx is "suspended".




Anatomie - kostra hrtanu
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Anatomy - laryngeal skeleton

= Thyrohyoid membrans

—— Superior comu of
thyroid cartilage

—— Thiymaid cartilags

edial crecothyroid ligasrremt

=
erior cornu of thyraid mn%htw .
L

Cricoid canilage -

| 1
Tracheal ring ————— - E i

e (®)

\l' i - -
Grroatar coRiu — " 15 =
of hyoad bone }]| |

. Lasser comu
W lﬁ ot hysid Bone
= L2104 Epiglotiic carilage
i ‘i\%ll
|

Tiyrahyoid membrans

o=
- ;.i T =
Cusdrangular — gm0
meEmborane 2=t )
=
o ¥

ML
111 | —— Superior cormu of

o '.,!‘i 1\ thyroid cartilage
..;-- A% Anytanoid cartilage

Y

Gricold carblage

Inferior cormu of

thyroid caritage

Tracheal ring

(c)

Titze: Principles of voice production (1994)



Anatomie - kostra hrtanu
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Anatomy - laryngeal skeleton
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Svalstvo hrtanu

Svalstvo hrtanu se d€li na vnéjsi a vnitini.

Vnéjsi svalstvo spojuje hrtan s ostatnimi strukturami —
zejmeéna s hrudni kosti (lat. sternum) a jazylkou (lat. os
hyoideum).

[Funkce: napf. pii polykani zptisobi pohyb hrtanu vzhiiru a uzavieni hrtanové ptiklopky. Pii opernim
zpévu Ci pii imitaci velkych zvifat nebo obri umoziuje posun hrtanu doli]

Vnitrni svalstvo propojuje navzajem chrupavky hrtanu a je
rozhodujici pro fonacni a dychaci funkeci.

Délime na adduktory a abduktory.

Adduktory zplisobuji uzavirani hlasové Stérbiny, neboli
addukeci,

Abduktory oteviraji, abdukuji, hlasovou Stérbinu.

|.R. Titze: Principles of
voice production (1994)



Muscles of the larynx

The muscles of the larynx are divided into external and internal.

External laryngeal muscles attach the larynx to other structures -
especially to the sternum and the hyoid bone.

[Activity examples: In swallowing larynx movex upwards and closes the
epiglottis. In imitating giants or big animals (bear,...) larynx moves
downwards. ]

Internal laryngeal muscles interconnect the laryngeal cartilages
and are critical for phonatory (and respiratory) function.

They are divided into adductors and abductors.

|.R. Titze: Principles of

: : oice production (1994
Adductors cause vocal fold closing, adduction. sl (1994)

Abductors cause vocal fold opening, abduction.




Vnitrni svalstvo hrtanu

Obr. 1.10. Schematické znazornéni chrupavek hrtanu a
vnitiniho svalstvo hrtanu (pohled shora). Modifikovano podle
Hybaska (1953).

Chrupavky:
T - chrupavka Stitna (cartilago thyroidea);
C - chrupavka prstencova (c. cricoidea);
A - chrupavka hlasivkova (c. arytenoidea).
p.v. - vybézek hlasivkovy (processus vocalis)
p.m. - vybézek svalovy (processus muscularis)
m..= musculus (lat. sval)
Svaly:
CT - m. cricothyroideus: Zevni napinaé hrtanu - napina, prodluzuje hlasivky
TA - m. thyroarytenoideus: Sval hlasivkovy - kontrahuje a ztlustuje hlasivky | = A
LCA - m. cricoarytenoideus lateralis:; Addukuje hlasivku pfes processus vocalis
PCA - m. cricoarytenoideus posterior (m. posticus): Sfoig'ggjgsh\',gii;’h‘g pres

IA - m. arytenoideus transversus(interarytenoid muscle)

Jediny neparovy sval hrtanu - Pfitahuje k sobé chrupavky hlasivkové
+ uzavira chrupavgitou ¢ast glottis

Vazy: p.V.
LV - hlasovy vaz (ligamentum vocale). Souéast hlasivky, poskytuje napéti okraji hlasivky

Otazka: je hlasivkovy sval (TA) adduktorem ¢1 abduktorem?



Internal laryngeal muscles

Obr. 1.10. Schematické znazornéni chrupavek hrtanu a
vnitiniho svalstvo hrtanu (pohled shora). Modifikovano podle
Hybaska (1953).

Chrupavky: Cartilages

T - chrupavka Stitna (cartilago thyroidea): Thyroid cartilage

C - chrupavka prstencova (c. cricoidea); Cricoid cartilage

A - chrupavka hlasivkova (c. arytenoidea). Arytenoid cartilages
p.v. - vybézek hlasivkovy (processus vocalis) Vocal process
p.m. - vybézek svalovy (processus muscularis) Muscular process

Svaly: Muscles
CT - m. cricothyroideus: Cricothyroid muscle - elongates the vocal folds

TA -m thyroalytenoideuS' Thyroarytenoid muscle - shortens and bulges
' * the vocal folds

LCA - m. cricoarytenoideus lateralis; Lateral cricoarytenoid muscle - adducts

. ; . the vocal fold via vocal process .m. .m.
PCA - m. cricoarytenoideus posterior ?m. posticus). Posterior cricoarytenoid%uscle P
. . - abducts the vocal fold PCA PCA
IA - m. arytenoideus transversus. via vocal process

Interarytenoid muscles (transverse and oblique parts) J
Bring the arytenoid cartillages together
Vazy: Close the cartillaginous glottis p.V.

LV - hlasovy vaz (ligamentum vocale). Vocal ligament - part of the vocal fold, provides tension to the vocal fold margin

Question: Does the activity of the TA muscle cause adductory or abductory movement of the vocal
fold?



Vnitrni svalstvo hrtanu —
Internal laryngeal muscles

 Hlasovy vaz
Ligamentum vocale

Chrupavka stitna
Cartilago thyroidea Musculus
thyro-arytaenoideus

(TA-Sval thyro aryten0|dn|
lateralni ¢ast)

(medialni ¢ast thyro-
arytenoidniho TA svalu)
VOC = sval hlasivkovy /

(vnitfni napina¢ hlasivek)
(Vo) Musculus

vocalis
(Zevni napinac hlasivek
Musculus (CT)
cricothyroideus
Musculus

thyro-epiglotticus Musculus

- ary-epiglotticus
Sval aryepigloticky

Hlasivkovy vybézek Processus

chrupavky hlasivkové  vocalis Musculus (LCA)

cricoarytaenoideus lateralis

Svalovy vybézek Processus

| Musculus cricoarytaenoideus
chrupavky hlasivkové muscularis

posterior (PCA)

Cartilago Musculi

cricoidea arycaenoidei (IA)
Chrupavka prstencova

Netter (1999) cit. in M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.



Internal laryngeal muscles

_ Vocal ligament
Ligamentum vocale

Thyroid cartilage
Cartilago thyroidea Musculus
thyro-arytaenoideus

TA - Thyroarytenoid muscle -
- lateral part

medial part of the
thyroarytenoid (TA) muscle
= vocalis muscle (VOC)

Musculus
(VOC) vocalis
Cricothyroid muscle
Musculus (CT)
cricothyroideus
Musculus

Musculus
" ary-epiglotticus
Aryepiglottic muscle

LCA - Lateral cricothyroid muscle
Musculus

cricoarytaenoideus lateralis

Vocal process of the Processus
arytenoid cartilage vocalis

Muscular process of Processus

| Musculus cricoarytaenoideus
the arytenoid cartilage muscularis

posterior PCA - Posterior cricoarytenoid muscle

Cartilago Musculi

~_ cricoidea arycaenoidei
Cricoid cartilage IA - Interarytenoid muscles

Netter (1999) cit. in M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.



Vnitrni svalstvo hrtanu
Internal laryngeal muscles

Sval aryepigloticky
Aryepiglottic muscle

v TR o
| =L Sval hlasivkovy (vnitini napina¢ hlasivek)
i _ﬁ;}—]— Thyroarytenoid muscle (VOg, TA) L,}B’/J/?

gk | - Tin
et nterarytenoid muscles \ T (] x
: m /A - Lateral . T L
s 7 cricoarytenoid muscle I
e N HSMAARAR

Posterior

W & J =
N2, NS ly cricoarytenoid muscle (PCA) (\ . "

Pars recta of the
(a) (CT) cricothyroid muscle

Pars obliqua of
the cricothyroid
(CT) muscle

Titze: Principles of voice
production (1994)



Cinnost vnitrnich svalu hrtanu

CT - pfitahuje k sobé chrupavku Stitnou a prstencovou, tim prodluzuje a napina hlasivky
(dulezité pro zvySovani frekvence hlasu, zpév, intonace pfi feci)

(vOC, TA) (PCA) (LCA) (1A)
Sval hlasivkovy (vnitini napina¢ hlasivek)

Zdroj: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Activity of the internal laryngeal
muscles

CT - pulls thyroid and cricoid cartilages closer together, causing elongation and tensioning of the
vocal folds (important for increasing fundamental frequency of voice, intonation in speech)

(voc, TA) (PCA) (LCA) ()

Zdroj: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Cinnost vnitrnich svalu hrtanu

CT - pfitahuje k sobé chrupavku Stitnou a prstencovou, tim prodluzuje a napina hlasivky
(dulezité pro zvySovani frekvence hlasu, zpév, intonace pfi feci)

Jsou dvé moznosti pohybu vlivem aktivity CT svalu, podle toho jak jsou
chrupavky fixovany externimi svaly hrtanu:

-~ f/-\\
NN
‘:'.‘u,__x___ — ¥ M. Garcia. Hints on Singing,
| = A New York: The Joseph
o) d i/ Patelson Music House,
. , —e 1982.
Svec J: Studium E |
mechanicko-akustickych
vlastnosti lidského hlasu.
(Dizertacni prace), UP -
Olomouc: 1996. FIG. 10,
Vysledek kontrakce CT svalu pri Vysledek kontrakce CT svalu pfi
fixované chrupavce prstencove - fixované chrupavce §titné —
sklapi ¢ Chhr.UpﬁlV a f(’“tna a chrupavka prstencova se naklopi
protanuje niasivky a protahne hlasivky

Realné Ize o¢ekavat kombinace obou pohybu.



Activity of the internal laryngeal

muscles

CT - pulls thyroid and cricoid cartilages closer together, causing elongation and tensioning of the
vocal folds (important for increasing fundamental frequency of voice, intonation in speech)

There are two movement possibilities due to CT activity, depending
on how the cartilages are fixed by the external laryngeal muscles:

Svec J: Studium
mechanicko-akustickych

vlastnosti lidského hlasu.

(Dizertacni prace), UP
Olomouc: 1996.

Result of CT contraction:
rotation of thyroid cartilage
with respect to the fixe
cricoid cartilage, causing
vocal fold elongation

-~ ,--"'-_-—'“\‘
I _ \
T
S ¥ M. Garcia. Hints on Singing,
& New York: The Joseph
l ] / Patelson Music House,

==Y 1982.

Flc. 10.

Result of CT contraction:
tilting of cricoid cartilage
with respect to the fixed
thyroid cartilage, causing
vocal fold elongation.

In reality, combination of both movements is expected.



Cinnost vnitrnich svalu hrtanu

CT - pfitahuje k sobé chrupavku Stitnou a prstencovou, tim prodluzuje a napina hlasivky
(dulezité pro zvySovani frekvence hlasu, zpév, intonace pfi feci)

VOC, TA - aktivné zvySuje vnitfni napéti hlasivek (duleZité napf. pro zvySovani hlasitosti a pro
fonaci v tzv. hrudnim rejstfiku), tendence zkracovat a ztluStovat hlasivky

(vOC, TA) (PCA) (LCA) (1A)
Sval hlasivkovy (vnitini napina¢ hlasivek)

Zdroj: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Activity of the internal laryngeal
muscles

CT - pulls thyroid and cricoid cartilages closer together, causing elongation and tensioning of the
vocal folds (important for increasing fundamental frequency of voice, intonation in speech)

VOC, TA - actively increases internal tension of the vocal fold (important for e.g. loudness
increase and for phonation in chest register), tends to shorten and thicken (bulge) the vocal folds

(VOC: TA) (PCA) (LCA)

From: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Cinnost vnitrnich svalu hrtanu

CT - pfitahuje k sobé chrupavku Stitnou a prstencovou, tim prodluzuje a napina hlasivky
(dulezité pro zvySovani frekvence hlasu, zpév, intonace pfi feci)

VOC, TA - aktivné zvySuje vnitfni napéti hlasivek (duleZité napf. pro zvySovani hlasitosti a pro
fonaci v tzv. hrudnim rejstfiku), tendence zkracovat a ztluStovat hlasivky

PCA - taha svalovy vybézek zezadu do stfedu, tim rozevira hlasivky — zpusobuje ABDUKCI
(dulezité pro volné dychani)

(vOC, TA) (PCA) (LCA) (1A)
Sval hlasivkovy (vnitini napina¢ hlasivek)

Zdroj: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Activity of the internal laryngeal
muscles

CT - pulls thyroid and cricoid cartilages closer together, causing elongation and tensioning of the
vocal folds (important for increasing fundamental frequency of voice, intonation in speech)

VOC, TA - actively increases internal tension of the vocal fold (important for e.g. loudness
increase and for phonation in chest register), tends to shorten and thicken (bulge) the vocal folds

PCA - pulls the muscular process from behind, it opens up the vocal folds - causes
ABDUCTION (important for free breathing)

(cT) (VOC, TA) (PCA) (LCA) (1A)

From: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Cinnost vnitrnich svalu hrtanu

CT - pfitahuje k sobé chrupavku Stitnou a prstencovou, tim prodluzuje a napina hlasivky
(dulezité pro zvySovani frekvence hlasu, zpév, intonace pfi feci)

VOC, TA - aktivné zvySuje vnitfni napéti hlasivek (duleZité napf. pro zvySovani hlasitosti a pro
fonaci v tzv. hrudnim rejstfiku), tendence zkracovat a ztluStovat hlasivky

PCA - taha svalovy vybézek zezadu do stfedu, tim rozevira hlasivky — zpusobuje ABDUKCI
(dulezité pro volné dychani)

LCA - taha svalovy vybézek zepfedu, uzavira hlasivky — zpisobuje ADDUKCI (duleZité pro
umoznéni fonace), antagonista k PCA

(vOC, TA) (PCA) (LCA) (1A)
Sval hlasivkovy (vnitini napina¢ hlasivek)

Zdroj: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Activity of the internal laryngeal
muscles

CT - pulls thyroid and cricoid cartilages closer together, causing elongation and tensioning of the
vocal folds (important for increasing fundamental frequency of voice, intonation in speech)

VOC, TA - actively increases internal tension of the vocal fold (important for e.g. loudness
increase and for phonation in chest register), tends to shorten and thicken (bulge) the vocal folds

PCA - pulls the muscular process from behind, it opens up the vocal folds - causes
ABDUCTION (important for free breathing)

LCA - pulls the muscular process from the front, it closes the vocal folds - causes ADDUCTION
(important for phonation), antagonist muscle to the PCA

(voc, TA) (PCA) (LCA) ()

From: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Cinnost vnitrnich svalu hrtanu

CT - pfitahuje k sobé chrupavku Stitnou a prstencovou, tim prodluzuje a napina hlasivky
(dulezité pro zvySovani frekvence hlasu, zpév, intonace pfi feci)

VOC, TA - aktivné zvySuje vnitfni napéti hlasivek (duleZité napf. pro zvySovani hlasitosti a pro
fonaci v tzv. hrudnim rejstfiku), tendence zkracovat a ztluStovat hlasivky

PCA - taha svalovy vybézek zezadu do stfedu, tim rozevira hlasivky — zpusobuje ABDUKCI
(dulezité pro volné dychani)

LCA - taha svalovy vybézek zepfedu, uzavira hlasivky — zpisobuje ADDUKCI (duleZité pro
umoznéni fonace), antagonista k PCA

IA — taha boCni a zadni Cast chrupavek hlasivkovych k sobé — uzavira chrupavcitou ¢ast glottis —

zpusobuje ADDUKCI (dulezité napf. pro kontrolu fonace a barvy hlasu) \

(vOC, TA) (PCA) (LCA) (1A)
Sval hlasivkovy (vnitini napina¢ hlasivek)

Zdroj: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



Activity of the internal laryngeal
muscles

CT - pulls thyroid and cricoid cartilages closer together, causing elongation and tensioning of the
vocal folds (important for increasing fundamental frequency of voice, intonation in speech)

VOC, TA - actively increases internal tension of the vocal fold (important for e.g. loudness
increase and for phonation in chest register), tends to shorten and thicken (bulge) the vocal folds

PCA - pulls the muscular process from behind, it opens up the vocal folds - causes
ABDUCTION (important for free breathing)

LCA - pulls the muscular process from the front, it closes the vocal folds - causes ADDUCTION
(important for phonation), antagonist muscle to the PCA

IA - pulls the side and rear of arytenoid cartilages together - closes the cartilaginous portion of
the glottis - causes ADDUCTION (important for phonation control and voice timbre)

.-"r %‘}: ‘L\ \‘l
LJ : ¥ L

S

(cT) (VOC, TA) (PCA) (LCA) (1A)

From: M. Kob. Physical modeling of the singing voice. (Doctoral dissertation), Berlin: Logos Verlag, 2002.
After Boenninghaus 1993.



DEMONSTRACE /DEMONSTRATION
laryngoskopie / laryngoscopy

Laryngoskopicky pohled na hrtan a hlasivky pr1 zpévu

(Vocal folds up close while singing)
http://www.youtube.com/watch?v=-XGds2GAvGQ




Chrupavcita vs. blanita cast glottis

Blanita ¢ast glottis: mezi predni komisurou (tj. pfednim koncem hlasivek) a p. vocalis.
Hraje nejdulezitéjSi ulohu pti fonaci — kmitani hlasivek se déje hlavné zde.

Chrupavcdita ¢ast glottis: mezi proc. vocalis a zadni komisurou (arytenoidni chrupavka
pokryta sliznici). MiiZe ale nemusi se Castnit kmitani. MiZze ménit tvar podle aktivity
hrtanovych svalli — vliv pfi nastaveni kvality hlasu (dySnost vs. tlatenost). (Herbst et al.

2011).
Predni komisura
|
/ . Lm - blanita délka glottis
roc. vocalis ™
hlasivkovy \
vybézek) Y
!/ VUL Lc - chrupavéita délka glottis
<t

Zadni komisura

Obr: | R. Titze. Physiologic and acoustic differences between male and female voices. J.Acoust.Soc.Am. 85 (4):1699-1707, 19809.



Cartilaginous vs. membranous glottis

Membranous glottis: between anterior commissure and vocal process. It is most important
for voice production — vocal fold vibrations occur mostly here.

Cartilaginous glottis: created by arytenoid cartilage covered by a mucosa (between proc.
vocalis a posterior commissure). It may or may not participate in vibrations. It can change its
size and shape based on laryngeal muscle activities — influences voice quality (e.g.,
breathiness vs. pressedness). (Herbst et al. 2011).

Anterior commissure

/ Lm — membranous glottal length

m
proc. vocalls \ \

\1 T

Posterior commlssure

Lc - cartillaginous glottal length

Obr: | R. Titze. Physiologic and acoustic differences between male and female voices. J.Acoust.Soc.Am. 85 (4):1699-1707, 19809.



Chrupavcita vs. blanita cast glottis

Rozdily muzi vs. Zeny:

Pohlavni rozdily jsou vyrazné vétsi v delce blanite
cast1 hlasivek nez v rozmeérech chrupavek (60%
versus 20% rozdil, Titze 1989).



Cartilaginous vs. membranous glottis

Male versus female differences:

The differences are much larger in membranous
length than 1n cartilage sizes (60% versus 20%
difference, Titze 1989).



Physiologic and acoustic differences between male and female
VOICeS U Acoust Soc. Am. 85 (4), April 1989

A Ti 20
IngoR. Titze Blanita a chrupavdita délka hlasivky pfi dychani
Voice Acoustics and Biomechanics Laboratory, Departm
University of Towa, Towa City, fowa 52242 muzi
16 + o e - ————-

Lm - blanita
délka glottis

Délka v mm

Lc - chrupavéita
délka glottis

.

0 20 40 60 80 100
Veék v letech

(a)

20% Lm - blanita délka gllottis )
Lc - chrupavéita delka glottis

|.R.Titze

Pohlavni rozdily jsou
vyrazné vétsi v délce
blanité ¢asti hlasivek
nez v rozmérech
chrupavek (60% versus
20% I’OZdI|). (b) Horizantal Section (b)




Physiologic and acoustic differences between male and female

voilces J. Acoust. Soc. Am. 85 (4), April 1989
i 20
IngoR. Titze Membranous versus cartilaginous vocal fold
Voice Acoustics and Biomechanics Laboratory, Departm . length during breathing
University of Towa, Towa City, Towa 52242 male
16 + o e T e o
e 207 ’
1007 — > 20% 1\0 7 mm /year membranous
Pl E : length (L, )
|
\ /l,\\ | E 12 T !
e "\ = { female
- 1 \1 :
) -
/! &
~ g 81
/ male -
e 4 mm/year
'I
1 _ ] '
L i ol 41 male .
L A e e cartilagenous
fornale length (L) |
(a) Sagittal View 0 e , i
|.R.Titze 0 20 40 60 80 100
Age in years
(a)
Lm - membranous glottis

Sex differences are
remarkably greater in
membranous glottis
than in cartillage sizes
(60% versus 20%
difference).

(b) Horizontal Section

Lc - cartilaginous glottis




Inervace hrtanu

Inervace hrtanu je zajiSténa dvéma odnozemi z X.
hlavového nervu (..bludny nerv®, lat. nervus vagus) :

1) Nervus laryngeus superior — ma dv¢ vétve:

a) Vnitini vétev (ramus internus) — senzoricka inervace
sliznice hrtanu nad hlasivkami (podrazdéni vede k
nekontrolovatelnému kasli)

b) Vnéjsi vétev (ramus externus) - inervuje CT sval (tento
sval proto nebyva nékterymi autory povazovan za vnitini
sval hrtanu ale za sval vn¢jsi)

2) Nervus recurrens (nerv zvratny) — inervuje vSechny
vnitini svaly hrtanu — adduktory 1 abduktory (TA, LCA,
PCA, TA)

Vraci se k hrtanu zezdola, kde se obtac¢i kolem kréni tepny -
krkavice.

Zajistuje senzorickou inervaci hrtanu pod hlasivkami.
Nachylny na poSkozeni pti operacich Stitn¢ zlazy.

n.laryngeus superior
Superior
laryngeal nerve

vhitini vétev (ramus internus)
n.laryngeus superior — |

n.laryngeus superior

n. vagus
Vagus nerve

n. recurrens
Recurrent ——m——

laryngeal nerve

Common carotid

: : artery. @
arteria carotis communis

spole¢na krkavice
(dodava krev do hlavy)

|.R. Titze: Principles of voice production (1994)



Laryngeal Innervation

Innervation if the larynx is done through two branches of

X. cranial nerve (nervus vagus) : n.laryngeus superior
Superior ———¢
laryngeal nerve I \\
1) Superior laryngeal nerve (n. laryngeus superior) Internal branch (ramus internus)

. n.laryngeus superior
— this nerve also has two branches:

a) Internal branch (ramus internus) — sensory innervation
of the supraglottal laqngeal mucosa (irritation causes Vanél}l:%l;ve
uncontrolable coughing reaction)

b) External branch (ramus externus) — innervates the CT
muscle (this muscle is therefore by some authors not

considered as internal laryngeal muscle but an external one) f-Tesunsne.

laryngeal nerve

External branch (ramus externus)
n.laryngeus superior

2) Recurrent laryngeal nerve (n. recurrens) s i

— innervates all internal laryngeal muscles — both adductors | oAl
and abductors (TA, LCA, PCA, IA) (delivers blood to the head)

It goes down, then around the common carotid artery and
then it returns to the larynx from below.

It provides sensory innervation of the subglottal larynx.

It 1s prone to damage during thyroid gland operations. |.R. Titze: Principles of voice production (1994)
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EMG hrtanu '\"/BZAD/

EMG neboli elektromyografie je
metoda, ktera monitoruje aktivitu svali
pomoci specialnich elektrod.

Zde je ukazana vyhodnocena aktivita 3
svali (VOC, IA a PCA) pii vysloveni
dvou slov: ESOP a EZOP.

Pti hlasce [S] jsou hlasivky odtazen¢
zatimco pii [Z] jsou sblizeng, tj. jsou ve
fonacnim postaveni.

Sval hlasivkovy (VOC) nevykazuje vyrazné rozdily.

Sval PCA ukazuje vyrazny rozdil aktivity (je
aBduktorem, tedy odtahuje hlasivky pfti [S] ale ne pfi
[Z])

Sval IA vykazuje pfi hlasce [S] o néco mensi aktivitu nez

pti [Z] —tj. béhem Casu kdy je PCA vyrazng aktivni IA je
malo aktivni, aby umoznil leps$i rozevieni hlasivek. oy By s [Z]
(Data: H. Hirose and T. Cay: Phonetica, 25, 1972.)

A A A A J
- 600 0 +200msec

d S A p
Zdroj: Fig. 4.40, Borden G, Harris KS, Raphael LJ. Speech (. — )
science primer. Physiology, acoustics, and perception of speech, - Z A p

Baltimore, MD: Lippincott Williams & Wilkins, 1994




Laryngeal EMG

EMG or electromyography is a method for
monitoring muscle activity using special
electrodes.

Li
—/3 SAp/
===/3ZAP/

Here, activity of 3 muscles (VOC, IA and PCA) is
shown when saying two words: ESOP and EZOP.

Vocal folds are open in [S] (unvoiced consonant)
while they are closed in [Z] (voiced consonant).

Vocalis muscle (VOC) does not show much

differences.

PCA muscle shows prominent activity increase in [S]
(it is an abductor, thus it opens the vocal folds in [S]
but not in [Z])

IA muscle (an adductor) shows slightly smaller
activity in [S] than in [Z] — 1e. during the time when
PCA 1s active, 1A relaxes to allow better vocal fold

opening.

50

=200

-———

(Data: H. Hirose and T. Cay: Phonetica, 25, 1972.)

Source: Fig. 4.40, Borden G, Harris KS, Raphael LJ. Speech
science primer. Physiology, acoustics, and perception of speech,
Baltimore, MD: Lippincott Williams & Wilkins, 1994
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Clenéni struktury hlasivek

Povrch hlasivky: tvofen vrstevnatym Supinovym
epitelem o tloustce 0.05-0.1 mm (Hirano, 1977). Epitel
obklopuje mekkou tkan podobnou svymi vlastnostmi
tekutiné a byva pripodobnovan ke gumovému balénku
naplnénému vodou.

Mezi svalem a epitelem je uloZen nesvalovy vrstevnaty
systém, ktery se nazyva lamina propria. Obycejné se
rozd€luje na tfi vrstvy: povrchovou, stiedni a
hloubkovou.

Povrchova vrstva (také zndma jako Reinkeho prostor):
ma tloustku kolem 0.5 mm uprostied hlasivek a je
tvofena z neorganizované uspofadanych elastinovych
vlaken obklopenych tkanovou tekutinou. Elastinova
vladkna jsou poddajna a byvaji svymi elastickymi
vlastnostmi pfirovnavany ke gumovému vldknu.

Stiedni vrstva: také primarné tvoiena elastinovymi
vlakny (zobrazeny jako plné krouzky), tyto jsou zde ale
uz usporadany a orientovany v anteriorné-posteriornim
(podélném) sméru. Tato vrstva obsahuje také mensi
mnozstvi kolagennich vlaken (zobrazeny jako prazdné
krouzky).

Hloubkové vrstva laminy propria je tvofena primarn¢ z
kolagennich vlaken, ktera jsou, na rozdil od
elastinovych vlaken, téméf nepoddajna (Colton,1988) a
byvaji piipodobiiovana svymi elastickymi vlastnostmi k
vlaknim bavlny (Titze, 1994). Vldkna hloubkové vrstvy
bezi v anteriorné-posteriornim smeru.

Dohromady maji stfedni a hloubkova vrstva tloustku 1-
2 mm (Hirano, Kurita, & Nakashima, 1981). Tato
vzdalenost ptiblizné odpovida také rozkmitu hlasivky.

Epitel
Epithelium

Lamina propria
Povrchova vrstva
Superficial layer

Stredni vrstva hd .;
Intermediate layer —

m. thyroarytenoideus
,,, ~ ,.— Thyroarytenoid muscle

. vy |
Hloubkovavrstva  \"' v 1% / S
valova vlakna
Deep layer T Bk A \ _— Muscle fibers
\ Al e e “Svalové snopce (obaleny perimysiem)
v ¥ oM\ 2 J_ +—————— Muscle fascicles

Titze: Principles of voice
production (1994)

Nejhloubéji uvniti hlasivky je uloZen thyroarytenoidni sval (TA, sval
hlasivkovy), ktery byl jiz popsan v predch021m vykladu. Na hloubkovou vrstvu
laminy proprla navazuje jeho vnitini ¢ast (m.vocalis, VOC). TA sval vytvari
nejvetsi ¢ast hlasivky, kterd ma tloust’ku priblizné 7- 8 mm (Hirano, Kurita, &
Nakashima, 1981).




Vocal fold structure

VF surface: created by a stratified squamous
epithelium, thickness 0.05-0.1 mm (leano 1977).

The epithellium surrounds soft, fluid-like tissue,

somewhat like a balloon filled with water.

Between the muscle and the epithelium there is a

layered nonmuscular system called Lamina Propria Epitel
(LP). This can be divided to three layers : superficial Epitheium
(povrchova), intermediate (sttedni) and deep

hloubkova). | s o AR 7 e g BT S oS
o ) , —_'t ‘ = ' .""?.. ]
Superficial layer (also known as Reinke’s space): Operieialiayer 03 d | /‘1\ - m. thvroarvtenoideus
thickness 0.5 mm in the middle of the vocal folds. It~ Stfedni vis! layer — Y. SR it g — Thyroafylendid muscle
consists primarily of loosely organized elastin fibers bova vrstv | R AV = RANEYS /
. o . . oubkpva vrstva —ila’y [ A0 fp e B Svalova vldkna
surrounded by interstitial fluids. Elastin fibers are 2ep fayer e T _ Muscle fibers
well stretchable (like a rubber band). TR ey N
( \ ..-':;_,;‘_ 1 e Svalche sn%pfas@ Ieny perimysiem)

Intermediate layer: made up primarily of elastin
fibers (shown as filled dots), but they are more
uniformly oriented in the anterior-posterior
(longitudinal) direction. There are also some collagen
fibers (unfilled dots).

Deep layer: made up primarily of collagen fibers.
These fibers have a protein structure that limits
elongation (Colton,1988). They are nearly
inextensible and resemble a cotton thread. The fibers
also run parallel along the anterior-posterior
direction.

Titze: Principles of voice
production (1994)

Together the intermediate and deep layers have the

thickness of 1-2 mm (Hirano, Kurita, & Nakashima, ) .
1981). This distance corresponds approximately to ~ Lhe deepest part of the vocal fold consists of the thyroarytenoid muscle

the vocal fold vibratory amplitude. (TA) described earlier. The deep layer of LP neighbours with the internal
portion of the muscle (pars thyrovocalis). TA muscle forms the major
portion of the vocal fold, 7-8 mm thick (Hirano, Kurita, & Nakashima,
1981).




Clenéni struktury hlasivek

Podle potieby se struktura hlasivky ¢leni na méné Ci vice vrstev.

Rlizné Clenéni vrstev hlasivky:

Trivrstvé schema Pétivrstve schema Dvouvrstve schema

SLIZNICE << | SPITEL N
~— POVRCHOVA VRSTVA LP. —> osaL (Kryt)

_—  STREDNi VRSTVAL.P. -
VAZ < ,
~—— HLOUBKOVA VRSTVA LP. — )
—— TELO
SVAL SVAL —

Obr. 1.13. Ti1 schemata pouzivana pro oznacovani vrstev hlasivek (Titze.
1994).



Vocal fold structure schemes

According to the needs, the vocal fold structure can
be divided using different schemes:

Three layer scheme | Five layer scheme Two layer scheme

== =

Epithelium

Mucosa -

— Superficial layer —» Cover

- |Intermediate layer —
Ligament <—L
Deep layer  —

Muscle -t Muscle —

—»  Body

FIGURE 1.14. Three different schemes used for labeling the layered structure of the vocal folds.

|.R. Titze: Principles of voice production (1994)



Elastické vlastnosti hlasivek

Hraji daleZitou roli pro ur€ovani frekvence hlasivek. 0 —r T

Lze je charakterizovat, podobné& jako ostatni materialy,
pomoci tzv. Youngova modulu pruZznosti.

Cim vétsi je Youngtv modul, tim tuzsi je material a
hlife se protahuje.

Obr. 1.14 ukazuje vysledky méteni pro epitel (E), vaz
(L) a sval (M) hlasivky. Vzhledem k rozptylu dat jsou
ukazany misto presnych kiivek jen oblasti hodnot.

Young's modulus E (dynelcmé)
=
I
[

Rlzné vrstvy hlasivek maji riznou hodnotu Youngova

modulu pruznosti, ktera klesa ve sméru od povrchu k

vnitiku hlasivky. Hlasivka je tedy tuzsi na povrchu nez i g L o
— e L J

uvnitr. 0 50
elongation (%)

U TA svalu je tfeba mit na paméti, Zze Youngiv modul Obr. 1.14. Blastické vlastnosti
nartista se svalovou aktivitou (Colton, 1988). Obr. 1.14 riznych vistev hlasivek. Youngiv
pf‘lnééi hOanty pI‘O uveden},/ Sval A neaktiVovaném modul prujﬂggti v zavislosti  na
stavu. prodlouZeni hlasivek. E - epitel: L -

ligament (vaz): M - TA sval

(Kakita. Hirano, & Ohmaru, 1981).

(Obr: Kakita Y, Hirano M and Ohmaru K. Physical properties of the vocal fold tissue: measurements on excised larynges. In: Vocal Fold Physiology,
edited by Stevens KN and Hirano M. Tokyo: University of Tokyo Press, 1981.)



Elastic properties of the vocal folds

Important role for setting the fundamental
frequency of vocal fold vibration.

Can be characterized, like other materials, by
the Young’s elastic modulus E.

The larger the Young’s modulus the less
easy to stretch the tissue.

Fig. 1.14 shows measurement results for
vocal fold epithelium (E), ligament (L) and
muscle (M). Due to data spread, only data
areas are shown here instead of exact curves.

Different vocal fold layers have different
values of Young’s modulus — it is largest at
the surface and declines towards the vocal

fold body.

In TA muscle, the Young’s modulus
increases with muscle activity (Colton,
1988). Fig. 1.14 shows the values in a non-
active state.

I 1 T T T T T
S0 E
= £
D,
=
Lad
5 10°F .
=
=
=]
E
i
5
= |2 —]
21 M

e e it ol b T

0 50
elongation (%)
Fig. 1.14: Elastic properties of

different vocal fold tissue layers.
Young’s modulus versus vocal fold
elongation.  E-epithelium, L -
ligament, M — TA muscle.

(From Kakita Y, Hirano M and Ohmaru K. Physical properties of the vocal fold tissue: measurements on excised larynges. In: Vocal Fold Physiology,
edited by Stevens KN and Hirano M. Tokyo: University of Tokyo Press, 1981.)



Kontrola frekvence hlasivek

V prvnim piibliZeni si miizeme hlasivku
piredstavit jako strunu. Pro frekvenci
struny F, plati znamy Tayloriv vztah,
ktery miZzeme aplikovat t€Z na hlasivky:

1 :'O'

" 2L\ p
kde L je de¢lka hlasivek, ¢ je podélné

napéti hlasivek, p je hustota tkané
hlasivek.

Hustota hlasivek byla zjist€na zhruba cricothyroidnikioub

konstantni ptes vSechny vrstvy hlasivek,
v rozmezi 1.02 - 1.04 g/cm3 (Perlman &
Titze, 1988).

De¢lka hlasivek pfi dychani je riizna u
muzii a Zen, pom¢cr délek je priblizné

vvvvv

hlasu u zen.

/
Chrtupay(li(a,
arytenoidni
,’ Y (cr.y arytenoidea)
!
\

Obr. 1.15. Rotace chrupavky stitné vuci
prstencove diky kontrakci CT svalu.
Hlasivky se prodluzuji z puvodni délky
Ly na délku L=Lyjt+AL, zvySuje se
pasivni napeti hlasivek.



Control of vocal fold fundamental frequency

In the first approximation, the vocal fold
can be compared to a string. For a string,
the fundamental frequency F, can be
calculated using the Taylor’s formula:

_1 o
" 2L\ p
where L is vocal fold length, o is

longitudinal vocal fold stress, p tissue
density.

Vocal fold tissue density was found
approximately constant over all the
layers: 1.02 - 1.04 g/cm3 (Perlman &
Titze, 1988).

Vocal fold length is different in men and
women, the length ratio is about 1.6 : 1.
This causes higher frequency in women
than in men.

Crticothyroid joint

c. arytenoidea
-

Fig. 1.15: Rotation of the thyroid cartilage against the
cricoid cartilage due to CT muscle contraction. Vocal
folds elongate from L, to L=Lj+AL, this increases
passive tension in the vocal folds.

From: Svec J. Studium mechanicko-akustickych vlastnosti
lidského hlasu. (Dizertacni prace). Olomouc: Univerzita
Palackého, Piirodovédecka fakulta, Katedra experimentdlni
fyziky, 1996.



Physiologic and acoustic differences between male and female

VOICeS U Acoust Soc. Am. 85 (4), April 1989

IngoR. Titze

Voice Acoustics and Biomechanics Laboratory, Departme

University of Towa, Towa City, Towa 52242

|.R.Titze

Pohlavni rozdily jsou
vyrazné vétsi v délce
blanité ¢asti hlasivek
(60% rozdil) nez v
rozmérech chrupavek
(20% rozdil).

Délka v mm

[ Blanitaa chrupavcita délka hlasivky pri dychani

maie

/77T === ccal16 mm
/ MUzl y dospélych
;\o 7 mm’yenr LTI aonvud |
p length (L ) | .
- Lm - blanita
temale délka gI<|)tt|s
zeny cca 10 mm
u dospélych
.4 mm/year
______ male cartilagenous
{ muzi length (L) o
Lc - chrupavéita
délka glottis

(b) Horizontal Section

t— Zeny -—+——
40 ou 80 100
Age in years

Veék v letech

Lm - blanita délka gllottis
Lc - chrupavéita delka glottis

(b)
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Physiologic and acoustic differences between male and female

voices
IngoR. Titze

J. Acoust. Soc. Am. 85 (4), April 1989

Voice Acoustics and Biomechanics Laboratory, Departm

University of Towa, Towa City, Towa 52242

N
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I';IOO.'-:— *""! 207 I,*—
|
L \‘\

Sex differences are
remarkably greater in
membranous glottis
(60% difference) than in
cartillage sizes (20%
difference).

(b) Horizantal Section

Length in mm

20 +
Membranous versus cartillaginous vocal fold
length during breathing
c.16 mm
16 + , - <= -2l _ inadult males
/
membranous
length (L )
12 + "
c.10 mm
in adult females
8 -

____________ carlilagenous
length (L)) |

0 e— +—t i + =
0 20 40 60 80 100
Age in years

(a)

Lm — membranous glottis
Lc - cartillaginous glottis




Kontrola frekvence hlasivek

Délka hlasivek a napéti hlasivek jsou pfi fonaci variabilni. Jsou
ovlddany zejména ¢innosti dvou hrtanovych svali - m.
cricothyroideus (CT) a m. thyroarytenoideus (TA). Kazdy z téchto
svalll pfitom pfispiva ke zmeéné délky a napéti jinym zplGsobem.

PASIVNI VERSUS AKTIVNI NAPETI HLASIVEK:

Pasivni napéti hlasivek — prodlouZeni hlasivek, bez aktivity TA
svalu (Obr.1.15). Prodluzovani zptisobeno rotaci chrupavky Stitné
vuci chrupavce prstencové kolem cricothyroidniho kloubu vlivem
aktivity CT svalu. Zvysuje napéti téla i obalu hlasivky.

Aktivni napéti hlasivek — zptsobeno aktivnim napé&tim
hlasivkového (TA) svalu. Zvysuje aktivni napeti tela hlasivky, ale
snizuje pasivni napeti obalu hlasivky (tendence ke zkracovani

hlasivky).

Bézné€ dochézi ke kombinaci pasivniho a aktivniho napéti hlasivek.

Svec (1996)

Cricothyroidni kloub

Obr. 1.15. Rotace chrupavky stitné viéi
prstencove diky kontrakci CT svalu.
Hlasivky se prodluzuji z pavodni délky
Ly na délku L=Lg+tAL. zvySuje se
pasivni napeti hlasivek.

Zdroj: Svec J. Studium mechanicko-akustickych
vlastnosti lidského hlasu. (Dizerta¢ni prace).

Olomouc: Univerzita Palackého, Prirodovédecka
fakulta, Katedra experimentalni fyziky, 1996.



Vocal fold frequency control

Vocal fold length and vocal fold tension vary during phonation to
change the voice fundamental frequency. They are controlled mainly
by two laryngeal muscles — CT and TA. Each of these contributes to
the length and tension changes in a different way.

PASSIVE VERSUS ACTIVE TENSION:

Passive vocal fold tension — vocal fold elongation without TA activity
(Fig.1.15). Elongation is caused by the CT muscle. Elongation
happens through rotating thyroid cartilage with respect to the cricoid
cartilage around the CT joint. It increases tension in both the cover
and body of the vocal fold.

Active vocal fold tension — caused by the activity of the TA muscle.
It increases active tension of the vocal fold body but decreases passive
tension of the cover (tendency to shorten the vocal fold).

Usually, the passive and active tensions are occuring together.

-

vy
o
o
=<
COVER
COVER

Svec (1996)

Crticothyroid joint

Fig. 1.15: Rotation of the thyroid cartilage
against the cricoid cartilage due to CT muscle
contraction. Vocal folds elongate from L, to
L=L,+AL, this increases passive tension in the
vocal folds.

From: Svec J. Studium mechanicko-akustickych
vlastnosti lidského hlasu. (Dizerta¢ni prace). Olomouc:
Univerzita Palackého, Prirodovédecka fakulta, Katedra
experimentalni fyziky, 1996.



DEMONSTRACE / DEMONSTRATION
laryngoskopie / laryngoscopy

Zmeéna vysSky hlasu / Change of voice pitch

Recording made by the National Center for Voice and Speech, Denver, CO, USA



Kontrola frekvence hlasivek

Pasivni napinani hlasivek vede k rozdilnému napéti v 1 dyn =105 N =1 g-cm/s?
o ; . o T o s . (CGS soustava — predchudce Sl)
riznych vrstvach hlasivky — zptisobeno jejich riznymi
Y oungovymi moduly pruznosti E. T
o=Ee¢

Toto napéti vede (zjednodusen¢) k tendenci riizné
frekvence rtiznych vrstev hlasivek.

Otazka k zamysleni — ktera vrstva ma pfi pasivnim
napéti tendenci kmitat s nejvyssi frekvenci?

Young's modulus E (dynelcm?)
=
I
]

|
=t (F
OHZL \:/) ”]5._ " _
Aktiyni napéti hlasivek je- schopno redukoYat rozdily ol g g o a g
mezi télem a obalem hlasivky. (Je zde spojitost s tzv. 0 50

r . . 24 14 Ba% r r v’ . E10|'|Hﬂ|iﬂl'l t%l
hlasovymi rejstiiky — ptiliSna rozdilnost napéti mezi

télem a obalem miize zplisobovat preskakovani hlasu 1 e
e s awe . : . VI raznych vrstev hlasivek. Youngiv
- nelinearni d¢je, tzv. bifurkace, viz. teorie nelinearni o o Spretegn, SRNEE
] modul pruznosti v zavislosti na
dynamiky). prodlouZeni hlasivek. E - epitel: L -
ligament (vaz): M - TA sval

(Figure from Kakita Y, Hirano M and Ohmaru K. Physical properties of the vocal fold tissue: (Kakita, Hirano. & Ohmaru, 1981).
measurements on excised larynges. In: Vocal Fold Physiology, edited by Stevens KN and

Hirano M. Tokyo: University of Tokyo Press, 1981.)

Obr. 1.14. Elasticke vlastnosti



Vocal fold frequency control

= SN = . 2
Passive vocal fold elongation causes different (CG; g;gter;llo_ p":'ecldgegggrs of SI)
tension in different vocal fold layers — due to the

different Young’s moduli E. [\

o=EFEe¢

The different tensions cause (in a simplistic view)
the different layers to have the tendency to
vibrate at different frequencies.

Question to think about — which layer tends to
vibrate with the highest frequency when the vocal
folds are passively elongated?

Young's modulus E (dynelcm?)

1 Jo

i \ p

0

Active vocal fold tension can reduce the 10* u—L-—-'- ——L E‘U—--‘—-

differences between the body and cover. (This is T TA T

related to the problem of voice registers — too

much difference between the cover and body Fig. 1.14: Elastic properties of
layers can cause frequency jumps and breaks of different vocal fold tissue layers.
voice — nonlinear phenomena, more can be found  young’s modulus versus vocal fold
from the theory of nonlinear dynamics). clongation.  E-epithelium, L -

ligament, M — TA muscle.

(Figure from Kakita Y, Hirano M and Ohmaru K. Physical properties of the vocal fold tissue: measurements on excised larynges. In: Vocal Fold
Physiology, edited by Stevens KN and Hirano M. Tokyo: University of Tokyo Press, 1981.)
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Kontrola frekvence hlasivek

Pozadovanou frekvenci hlasivek 1ze
dosdhnout rtiznymi kombinacemi
aktivniho a pasivniho napéti hlasivek
(tedy riznym pomérem aktivit CT

a TA svalu - Obr. 1.17).

Zména poméra aktivniho a pasivniho
hlasivek pfi stejné frekvenci vSak vede
k riznému tvaru kmitani hlasivek a
vysledné pak k jiné barvé hlasu.

Tento jev je vyuZzivan pii zpévu a
souvisi s tzv. hlasovymi rejsttiky.

Kromé¢ napéti a délky je frekvence
kmitani hlasivek zavisla téZ na tlaku
vzduchu v plicich (t€Z na obr. 1.17).

Velice nazorny a jednoduchy ptiklad
ovlivitovani frekvence plicnim tlakem
(ndhlym zvySenim plicniho tlaku
dasledkem tderu do hrudniku) popsal
van den Berg (1957):

1.0 =z I
277 a0 L

Cricothyroid muscle activity, acy

0 0.2 04 0.6 0.8 1.0
Thyroarytenoid muscle activity, ara

Obr. 1.17. Graf aktivity CT a AT svali s konstantnimi
oblastmi F, pro hlasivkovy model télo-obal pro dvé rizné
hodnoty tlaku plic P;. Aktivita svalu je vyjadiena
v relativnich veli€inach: 0 - zadna aktivita, 1 - maximalni
mozna aktivita svalu (Titze. 1994).

Vyzkousejte si sami, co se stane s frekvenci
vaSeho hlasu, kdyz se pfi vyslovovani
samohlasky [a:] bouchnete do hrudniku.
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Vocal fold frequency control

Specific vibrational frequency of the
vocal folds can be achieved through
different combinations of active and
passive tension (i.e., different activity
ratios of CT and TA muscles — Fig. 1.17).

Different ratios of active and passive
vocal fold tensions at the same vibrational
frequencies cause the vibration pattern of
the vocal folds to be different, however.
This causes different vocal timbres.

This phenomenon is explored in singing
and 1s related to so called vocal registers.

Besides of tension and length, vibrational
frequency of the vocal folds is also
dependent on lung pressure (also in Fig.
1.17).

A nice example of influence of lung
pressure on voice frequency (by hitting
the chest during phonation) was described
by van den Berg (1957).

A
YA

Cricothyroid muscle activity, acy

0 0.2 04 0.6 0.8 1.0
Thyroarytenoid muscle activity, ara

Obr. 1.17. Graf aktivity CT a AT svali s konstantnimi
oblastmi F, pro hlasivkovy model télo-obal pro dvé rizné
hodnoty tlaku plic P;. Aktivita svalu je vyjadiena
v relativnich veli€inach: 0 - zadna aktivita, 1 - maximalni
mozna aktivita svalu (Titze. 1994).

Try yourself what hapens when you hit your
chest while producing the vowel [a:].



Video o strukture a funkci hrtanu

Jw. van den Berg, W. Vennard, D. Burger, and C. C. Shervanian.
Voice production. The vibrating larynx. (Instructional film),
University of Groningen, 1960.

Ceska verze, preklad Prof. RNDr. J. Pesak, CSc. a Dagmar Flynt, M.A.

Janwillem van den Berg
Groningen, Nizozemsko
cca 1975




HLAS A REC:

Vyuzivaji specifické typy zvuku, ktery vydava
Clovék

COJE TO ZVUK?



VOICE AND SPEECH

Make use of specific sounds produced by
humans

WHAT IS A SOUND?



HLAS :
Z.aklady akustiky



VOICE :
Basics of acoustics



KONEC DILU
END OF THE PART



Dékuji za pozornost
Thank you for your attention



