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Foreword | *

The neuromuscular mechanism of laryngeal activities and
its disorders are one of the most intriguing toples (n
otorhinolaryngology, neurology and speech pathology.The
laryns is innervated by only two branches of the ilﬁ@ﬂJ

cranial nerve.lts activities, however, are tremendous for

many important functions including airway protection,
respiration and phonation. Electromyoaraphy (EMG) fi;ﬁmi

mest useful technique in studying +the n.grnmujﬂﬂﬁ p

mechanism of laryngeal activities in living human b

because it shows directly the output of this complicat

mechanism.

This book by Dr Dejonckere (s a comprehens|

on  laryngeal EMG, covering the basic anaton

physiology, technigues and Instrumentation for EMG, n
EMG  patterns, pathological EMG  patterns ane
_ . (0328

Interpretations, laryngeal paralysis, and evoked
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I am convinced +that this boogk is extremely useful far
a-n_y.-bndy who is interested in neurolaryngoleogy and related

areas.

Mincoru HIRANO, M.D.

Frofessor and Chairman
Department of Otolaryngology-
Head and Neck Surgery

Kurume University

Japan.
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- 1.1. The laryngeal muscles

{
The muscles of the larynx are generally considered t
extrinsic muscles on the one hand and Int
3.1.1.Evoked response in the thyroarytenoid muscle the other hand. Extrinsic muscles have at
.1.2.Evoked response in the cricothyroid muscle ' one point :;-.f attachment to structures outside the 14

] |l intrinsic muscles have all their | 'ﬁlliﬁ’t:_-f‘ﬁﬁ‘n’%i -

YK ' 5 T b
y I: I } x —

RINSIC LARYNGEAL MUSCLES { 1'.1' L

At

. R
e _i_-:_;,-l = v ik .r—H 4

]\t 18 '“TTT*ﬁl ".‘..
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Anatomo-physiology Anatomophysiology

1. To support the larynx and to fix it in position

2 To elevate and depress the larynx.Anatomically

speaking, the extrinsic muscles may be divided inteo tuo

groups : Suprahyoid and infrahyoid muscles. Functionnally,

they are wusually divided into Jlaryngeal elevators and

laryngeal depressors. - |
There are four suprahyoid muscles, namely the digastric,
the stylohyoid, the mylohyoid and the  genlohyold

muscles.Functionally, they are all laryngeal elevators.

1.1.1.1.5uprahyoid muscles

. | Lwl ol ol elaDigastric muscle ik
‘ | »
] e The digastric muscle has ,as its name points oul, Luo
X sah fleshy bellies.The anterior belly takes its origin from the

inside surface of the lower border of the mandible near Lhe

synphysis.The fibers run downward and  backward, ﬁﬁﬁ.

posteriar belly, considerably longer than the anterior one,

takes its origin from the mastold process of (-.h-l:"@.im}.'l

bone.The fibkers run downward and forward.The two -.M-ﬂ‘..’."l_i‘l'

Fig. L.k i Schematic representation of the extrinsic

- moeet in an Intermediate tendon, which perforates
laryngeal muscles.

i
ﬁ%?%ﬁhfﬂ%d nuscle.This tendon Is attached to the |

. Digastric muscle
i Mylahyaid muscle
i Sternohydld musc

- mi

1
3
8
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of the anterior kelly draws the hyoid up and

contraction of the posterior belly draws the
up%mﬁ and backward.Both parts af the muscle play a
it ﬁ,bm early stages of swallowing ¢ During the initial
1 Jhl base of the tongue is elevated and pressed
4 the hard palate.The contraction of both bellies
to this mechaniem by drawing directly upward the
;wﬂ pone.During the second stage of deglutition, the
lor baelly contracts, elevating the larynx and drawing
Uhder the base of the -‘t.-_rnn_e_g;-._la-..'l‘his action helps to prevent

d entering the larynx.
1.1.1.2.Stylohyoid auscie
~ The stylohyeid muscle is a long. slender muscle which
its origin from the styloid process of the temporal
bone.The fibers run downward and forward, just superficially
with  respect to the posterior belly of the digastric
muscle.At  its lower end, the muscle splits into two parts

which pass on e ﬁ@f'@ﬂb

17
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B Funct.bon @

&

- The siylphyoid muscle pulls the hyoid upward M

1.1.1.3.Hylohyoid muscle e

- The nylehyoid muscle is a thin, single sheat of numcle
fibers which form the floor of the mouth.The origin of the

.'.f;-‘J rs |s along the mylohyoid line, along the Inner wurface

Ll ‘the mandible from the mandibular symphysis to the J?mt

[ar . The fibers run medially and downward and Jjolin “ Qy!

nous midline raphe, which extends from the mandibul -.'I'

to the hyoid bone.Some of the postarior u‘ir"

directly into the corpus of the hyold bone.

3
L i
1

F u{ﬂ.Gt lon @

‘When the wmandible

elavates QH. hyoid bone and the hmqu H‘Qm
eglut ition. wﬁmﬁul on of the ak
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A
right and  left geniohyoid muscles ,rather J w1 .2.1.85ternohyoid muscle
shape, lie in direct contact with each other
*'ﬂﬁﬁ! of the midline, just above the superior ‘% muscle originates from the posterior surface of “the
the mylohyoid muscle.Their insertions are on the ternal manubrium, from the medial end of the clavicle, xma ..
nl;gﬁ“."l_f'u_lfl':l- of the mandibular symphysis, and on the anterior "!-!d--.j_-a'cen-t ligamentous tissue. with insertion on the
gs ©of the body of the hyoid bone.The muscle fibers border of the corpus of the hyoid bone.Left and right
wlightly backward and downward. i 6 may come very near one another, and sometimes even -
In direct contact with each other.This point is ta be

view of electrode placement  for

id museles pull the hyoid bone upward and
 the mandible is fixed.They also depress and

o manditle when the hyoid bone is fix ad.

ne, ‘the hyoglossus and genicglossus muscies may

, affect of elevating the larynx, althousgh they

o direct abtachment to laryngeal structures. - ; & :
S

e ¢ onohyoid nuscle is a paired, two-bellied nuscl
frahyoid muscles 8ricr and posterion belly originates frem . ihe |
- - B hid wcuriiaiile’ tibens’ AR 1eRERTEEEE

y Lo terminate ab an internediate b

! ) 1 Ly
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cornu of the hyoid bone, laterally to the

e sternohyoid muscle.

muscle depresses the hyaid bone.

hyrohyoid muscle

4 thin muscle located underneath the omohyoid and

muscles.It ariginates from the oblique line
lamina, and inserts inte the lower edge of

@f the hyoid bone.

ﬁ;nﬂd muscle centracts, the distance

‘gartilage and the hyoid bone is reduced.

id muscle
old nuscle is located just beneath the

21
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the inferior pharyngeal constrictor muscle.The ana$omt@ﬁﬂ
lozalisation of this muscle is important to remember Ih

order to prevent a faulty insertion of the electrode, whan

oyl

the cricothyroid muscle is to be exploned

s

electromyographically.
LS

Function :

The main action af the sternothyroid muscle is Lo EQJF
the thyroid cartilage downward.It may also contribute to
arge thé pharynu.

g‘l.l

«1.2.5.Inferior pharyngeal constrictor
- ﬁnp inferior constrictor originates from the ghj]qgm'ifﬂﬁ
thyroid lamina and from the lateral part
arch between the eract and nhquqg?apwwtqﬂm
yroid muscle.lts fibers pass poutg&pnﬁlﬁ*ﬂmrv"
wall of the pharynx, turn medially to pass tl
pharyns, n mndlallglﬁqjaggg

posiarior vali,
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pharynx.The pharyngeal raphe is free to mave
there is no apparent way to stabilize the
to use the inferior pharyngeal constrictor to
'he «cricopharyngeus plays the role of a

q%ﬁ@;gﬁmpanca io the cesophagus.

¢ LARYNGEAL MUSCLES
’“, Bod
&

U ) 0 [ (P

“and  intricate system of intrinsic muscles

varipus vital functions of the larynx | Opening

stifiness and configuration of

23
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s

1.2 ¢ Intrinsic laryngeal muscles.Lateral view,

p&& i nl..nunﬂ '
i Transve #
i Aryepiglot
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or independently from the other one.

The intrinsic laryngeal wmuscles may he classifed as
abductor, adductor, or tensor. according to thelr effects on
the vocal folds. The main mass of the vibrating vocal fold
is made up of the medial (internal) portion of "fi
thyroarytenoid musQle (Fig.I.4.) , and is sometimes raferred

to as the vocalis muscle. L
1.1.2.1.Thyroarvtenoid muscle

The thyroarytenoid muscle i= a relatively large @if'LQ

~extending anteroposteriorly, from the deep face of

id lamina,lateral to the attachment of the

nt, to the arytenoid cartilage.Some fibans

Inferior fossa of the arytenoid ;é?ﬁitnﬁp'_ﬂﬁ

Y -

fih ﬁt laryngeal muscles.Posterior view.

this muscle has been the

tnvtsimqgg

e e able  amount o

ng_oniy. the.

~ (Piquet and Terracol, 1958)

Mive



26 27

Anatomo-physiology 3 Anatomophysiology

thyroarytenoid as separate muscles.There is general
agreement that no fascial planes separate the two parts of
f the muscle.Due to the absence of a well-defined epimysium
separating the two portions, English and Blevinsg (1949)
consider them as components of the thyroarytenoid muscle
I ' instead of separate muscles.There is some evidence thal
fibers from +the +two parts intermingle (Zenker, 1964) butb

probabkly only in the subglottic area (Dixon and Mauve=DI|yon.,

1982) .

2.Whether fibers of the internal (vocalis) portion af Lhe
Lhyroarytenoid muscle insert into or mingle with fibers of
the vocal ligament.Some authors have descrited muscle flbers
Iinserting into the vocal ligament (Goerttler, 1980/

Behr inger, 1955), but others were unable to conflirm Lhese

oadiee.

B

% e -qt“’.‘.
o

sia gﬁ@'w
‘Ef?@ i

findings (Bonesson, 1960: Rohen, 1968).English and Blevins

(19469) report that the lower-mast fibers of the musculus

g#;? UBa a
. . At 4N TEE L ,
agd = ' wlastlcus: superior and medial muscle flbers are closwly

- _ b »
i ".E'FJ' RN ar R liaect [on, through vocal and vestibular BIRIASRE" to the connective tissus of the vecal 1lganent and
folds, :

voealis are enbraced by connective tissue of the conus

Glandular duct Although some of them may insert tangentially on (b, the
Muscular fibers
Thyroarytenoid muscle Mmagor by

: i i ae
; ;::éﬁ?tﬁ:ﬁPZQTtﬂﬁﬁ?im Cpeint of (insertion on Lhe vocal process,

LARTY |

f:f'imeudbnl} tél:ue i
8 | Mucosal glands

e .-L-'lunu vessels b

- - Lymph vesse! ?

1

1

ik

1

Gillated eplthel ium
11 Adenold tissue
weoual glands
zal fold

Laryngeal ventricle
Superflcial vessels
Nerve rami

Adipous

her the vosalis muscle Is to be divided Inte

of them are directed along Ite Jongltudinal awis Lo
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pars aryvocalis, or & portio thyreovocalis and a
%hWPgnmuscu1arls.Goarttlef {1950), followed by others ;
I * 1955 Seiter, 1935) claimed that the musculus "
divided into a portio aryvocalis and a portia »:
%lgularia.Bnth parts are inserted inte the wvocal :
running obliquely with respect to the lTigament ! L
thyreovocalis arises from the inner side of the -

"Lilage, running in & postero-medial direction,

portio aryvocalis arises from the muscular process
~ lhe  arytenoid cartilage and runs in an anterc-medial
fon,The vocal ligament is regarded as an intermediate

ap
‘ﬁ]ﬁhjn_-the vocalis muscle.From this point of view,
|

"_ﬁﬂﬂ'Qﬁf of the vocalis muscle is to open the

row (1952) and van den Berg and Moll (192%35)
' .yhjﬁ the wvocal muscle is divided into two paortions
-y
q  from the thyroid cartilage and inserted respectively
RS

vocal process (portio thyreovocalis), and onto the

(

(portia thyreomuscularis) of the arytenoid

i 1.5.: Internal structure af :
, after Rohen (1288).Muscular fiber ®
&, which appear twisted and tightly breade
from inslde the laryn:, LRl L

expressed the view that the main function

P‘P%]a thyreovecalis is to effect closure of the
1 i

while the portieo thyreovocalis malinly serves to

tension of the vocal fold.

]
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on the basis of technical particularities, separate bundles ! One is superior-medial and consistu of

Isinterpretations of histolegical sactions are

oblique fibers, and the other one =~ more important = (%

to this author, the muscular fibers are lateral and consists of vertically directed hlp-hnh#i

in bundles, which appear twisted and tightly fibers.The two bundles have different insertions on Lhe

without differenciation of structural sub-entities

muscular process of the arytenoid cartilage (Fig.I.2. an

1.3.)

Function :

thyroarytenoid  muscles, acting  alone, would

. The main force of this nuscle would be along a 1ine Lthat

wwiﬁi' the arytenocid cartilages and the thyroid angle, bissects the longitudinal axis of the muscle and extends

(DURSSshGrLan the vocal felds and adduct tham.If the ~from the inferomedial cricoid lamina to the muscular process
H [}

Ll g b o oo " R . ! . . .
pactlon |8 Isometrical, the vacal fold stiffness is ‘of the arytenoid cartilage.The force would be at & ﬁﬁ*ﬂtF

ed. i le to the 1long axis of the cricoarytenoid facet an

W
cartilage.In fact, the posterior cricoarylenold

terior cricoarytenoid muscle 1 is ideally situated to tip the arytenoid cartllage

laterally, abducting the vocal fold, ot

vjor  cricoarytenoid muscle is the only abductor

post

%ﬁi vozal folds.lts caonfiguration is that of a

-3.Lateral cricoarytenoid muscle

gricold lamina, and originating from a shaliow

glottal  adductor Is also a fan-shaped mi

the posterior surface of this cricoid
run  upward and laterally, and converge

 face of the nuscular process of the
- i .

- N b

- dueply with respect to the thyroid carti age in
@) wall  of the larynx.The nedial

AL
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converge before inserting into the anterior

angle wupward and forward to insert into the lateral bords of
oY I

the muscular process of the corresponding

the epiglottis.These fibers then constitute a part of &Hi
8l

aryepiglottic muscie.A few fibers also ssem to insert Int

the quadrangular membrane (Fig.l1.3.).

Function : e

contracting. this muscle tends to rotate the

d cartilage . pulling the muscular process forward The oblique arytenoid wmuscles appraximate the l??tihﬂl&

Lhe vocal process medially.Ilt also pulls the whole

cartilages and act as adductors of the vocal folds,

[ rLilage slightly forward.The primary function is

of the wvocal. folds, but the lateral 1.1.2.5.Transverse arytenoid muscle

muscle may also shape up the glottis for iy

It is, among the intrinsic laryngeal muscles, tn.-'ﬁﬂﬁ*‘

af a whisper, with an opening af the

PDP&IDH. of the glottal chink.This last iﬁ'pﬁir one.Ils fibers originate from the lateral m‘h‘hn

feature a&also evokes a dyskinetic glottal osterion surface of one arytenaid cartilage,

as seen in some cases of functional voice

vizontally , and insert inte the lateral margin

erior face of the opposite av#%ina[dﬂtiﬂﬁﬂ1g‘dﬁﬂ‘w
§ i

[ JEp—1 *

 Function: N
| muscle consists of two fascicuwli, each of - s
Inates from the medial half of tne muscular ~ Contraction of this nuscle approximates the ar

. especially their nedian angl

nail& cle




35
Anatomophysiology

34

Anatomophysiology

This muscle has some fibers lying on the lateral face of

piglatti ! khe thyroarytenoid muscle, originating from  the
piglottic muscle : _ |
anterolateral arch of the cricaid cartilage, and inserting

. ) ) ! _ - into the thyroid cartilage as two distinct parts.The muﬁ$ﬁ
wcle fibers extend from the apex of ihe arytenoid s K
d - posterior belly, called the obligue porticn, runs upward and
Lo the epiglottis.Some or even all of these fibers and
~ backward to insert into the anterior margin of the inferlor
of the oblique arytencid muscle (Fig.1.5.) g ; - e lor
cornu of the thyroid cartilage.The maore anterior belly,

: "F!JJEd the erect portion, runs nearly vertically upward and
'__.!_=| ST ek 1

I..:'-I

flbers move the epiglottis backward and downward, 4
- Function:

Inserts along the inner aspect of the thyroid lamina.
- : .

:bﬁm aryepiglottic folds and slightly move the
cartilages toward adduction. 1 . o o
When anterior fibers contract, the distance b.n-w-:nn.:g-'f

i y - , oid laminae and the cricoid cartilage is reduced.Thus,
Thyroepiglottic muscle

i -t

muscle fibers extend fram the deep face of the

distance between the thyroid cartilage, at th!“ﬂhj$iﬂ o
ﬁhn vocal processes of the arytenoid c;rtlLqu',mhﬂ

by a proportional amount.This action |ncreases h
Tamina, superior to the fibers of the

of the vocal folds.Contraction of the oblique w& !

d,into the aryepiglottic fold.
ﬁﬁp thyroid cartilage forward on Qﬁ!'ﬂ&%_

~and this action further 1ﬂ¢ﬂll§!!!L*§!ﬂﬂ_
the arytenoid and thyroid cartilages.In
cartilages are in the abducted pc

n o of the #;j@d}{ﬁ@ﬁijﬁ. nuscles »

s pull forward on the apex of ﬁh?.lmwtnnnld
‘11.._ I ¥3-1 o | ¥ »

S L L AAREE i AED g8 Ve s e
I L bl a 0 il - : -

1
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id muscle is a fan-shaped muscle broader

. originating from the anterolateral arch of

i cartilage, and inserting inte the thyroid

' 4% two distinct parts.The more posterior belly,

portion, runs wupward and backward to

early vertically upward and inserts aleng the

@? Vhe lower margin of the thyroid lamina.Both
Ii_jﬁ:'lﬁ adults, the weight of the cricothyroid muscle
t of any other single intrinsic laryngeal muscle

Kahn, 1984 ) (Flg. l.&.).

; ,
’ ﬁmhﬁmn contract, the distance between the

: %ﬂ ﬂw ericoid arch decreases. Thus,. the
@?ﬂl_ thyroid cartilage, at the angle, and 9 e
L portions.

s of the arytenoid cartilages is increased

amount.This action increases the length of

ntraction of the oblique portion pulls the £ oo - : o jeas i
) il

—_

forward on the cricothyroid joint, and PEORE (S wrvgamy puimel gar e wmes  adh e
L K Tz
. " 2 - pages | -
. {hEe LY { | A T L a St
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contraction of the cricothyroid muscles results in adduction

of the arytencids. i«

1.1.3.FUNCTIONAL AEPECTS

Using excised canine larynges because of their similarity

Length of the vocal cords during ceontraction of each laryngeal muscle

to human larynges, Koike et al. (19274, 1578) stimulated

Laryngeal muscle

elecirically sach muscle with bipolar electrodes and stimulated Length of the vecal cords
. : ) ) . , v A 108 -
observed tath macroscopic  and histeological «<hanges in e | - Cricothyroid e ———
position and shape of the vocal fold (Fig. I.7.). o . ; fis 83%  EZAstimulated side
DAL ! 92+, [ENon-stimutated side
Lateral f 192,
cricoarytenoid 1 7%

1.1.3.1.8timulation of the cricothyroid muscle

. i 13 %
Posterior
cricoarytenocid 1 EESN

T T
1] 1007
e

The effect is that the vocal fold is stretched, elongated . Length oF the vecal cords
before stimulation

and slightly adducted to the paramedian position.The edge of '_‘~ ]
the fold on the stimulated side becomes thinner than on the §3

1
non-stimulated side.When the arice-thyroid muscle s 3 : ' 1

stimulated on o©ne side, the vocal feolds on both sides are p I
elongated, but the degree of elongation is greater on the i ' o BT:;?:?du;? ;::3:;¢a$fmu:g?.:ufiéﬂgzrgz“gﬁgw
etimulated side than on the non-stimulated side.The upper I

level of the vocal fold is lowered. Histologically, there is

7; decrease, not only in the thickness of the entire cord,

@also in the area of the lamina propria.Shipp et al.

stimulated the cricothyrold muscle in vive while the

sustained phonat in  the 1 1 of his

- .||'|||. | '.' ..I.I“. |
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Stimulation of the posterior cricoarytenoid

is an abductiion of the wvocal fold to the

fold is rounded wp and slightly thickened.
kawe becomes thinner.The level of ihe upper margin

oeal fold also appears higher on the stimulated side

i ;E&ﬁ;dm;nﬁgijmuma¢9ﬂ one. Nevertheless, the width of

of  the

vocal fold eminence (s smaller on ihe

than an  the control side.The ipsilateral
le also markedly elongated, while the vocal fold
on=stinulated side is shortened.The latter effect
d to a backward movement of the anterior

ether with the thyroid cartilage.In spite of
the edge of the vocal fold on the stimulated
area of the lamina

 thicker, the propria

jfig posterior cricoarytenoid contracts.
tion of the thyroarytenoid muscle

ing effect (s a thickening

the fold. » 48, - 48 an

shortening and

vocal

on th

vosal

e
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stimulated side.The upper level of the stlmull:l-

fald is raised upwards.The =ross-sectional area of Lhe

lamina propria is increased.

1.1.3.4.8timulation of the lateral cricoarytenoid

i 'iT'h 8

lVs edge.The

tened.Cantraction of the

vacal

fgl

1T
&t

Il-:v

fold becames slightly elongated and thinner ;ﬂ
level aof +the upper margin of
'iowered.éven as for

the contralateral I

vocal fold

lTaiteral cricoarytenold mu*w#h.
e iy

in & decrease in the thickness of the edge of the
4 »d }
d and in the area of the lamina propria. !
: ,_T |

gt

Stimulation of the arytenoid muscle

8 menbranous ﬁuf%ddn of %hu~vocli fﬁiﬂw
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The laryngeal nerves

Data abouwt «central nervous system control aver the tenth

R and Terracol, 1758: Zemlin, 196B: Truex and form synapses with vagus nerve nuclei in the same way as

ter, 196%: Dickson and Maue-Dickson, 1982: Graney, they do with other cranial nevve nuclei.However, as pointed

nerve lack precision, although coriicobuibar iracts probably
‘out by Aranson (1980), it is also likely that vagus nll"\‘ﬂj
‘I

fmuh]ai receive a disproportionately larger share 0

1,CENTRAL NERVOUS SYSTEM .{'!_l.l_hcca'-v't ical innervation to facilitate reflex laryngeal

E Mfunct jon, owing to its important life-sustalning
STAS

Cell bodies of the vagus nerve, which supply the larynx rmsmponsability.The tenth nerve nuclei are under Lhe

found degp within the reticular formation of the medulla nfluence of both pyramidal and extrapyramidal systama.The
Ay ¢ -

in  the nucleus ambiguus.The nucleus ambiguus is a yranidal system {the corticobulbar tracts) exerts voluntary

cells in the reticular formation about halfway over the larynx.Caorticobulbar tracts ornlginate Mwﬂ

spiral tirigeminal nucleus and the inferior + precentral gyri of both cerebral hemispheres, vnly

entends from about the caudal border of the

as the corona radiata, they become condensed In the

to the ihe

level of Cstrias capsule, and they pass through the cerebeal

|
of the medulla, most of (he

«The nucleus is composed ot typical multipolar the upper border

to the opposite side of the bralnstemn,

pharyni.Exper imental evidence in monkeys tln,i*f form synapses with vagal nuclel In the nucleus

the upper third of the nucleus ambiguus is biguus.The remainder form synapses with vagal nuelel on

the pharynx and nasnphaq__us;nnr‘.e caudally is side.The nucleus ambiguus alse "'-Fl_lfl'il.

Ipsilateral

for aricothyrold muscle functien, and caudal to from the pharyngeal and laryngeal muscles for teni

:enter for abductor laryngeal muscle function.The

reglon s responsible for adductor muscle

il

d Imnw u:nnun;/ :uan. glos
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I:ﬂﬂﬂ) and pharyngeal and laryngeal reflexes.Afferent

agal fibers enter the medulla in association with emerging

o 1484y 1.9 and 1.10)

origin of the vagus nerve consists aof a

r of small rootliets, which emerge between the olive and

lor  paduncle, just underneath the roots of the

lossapharyngeal nerve.The nerve presents two enlargements

PﬁﬁmﬂiWy'mluwprluw} and nodose (inferior) ganglia, at the

of -!ﬁl*@uquiar foramen. by way of which it leaves the

n.These ganglia contain cells for the sensory portion

.From the ganglia. some branches join several of

‘eranial nerves, and others supply sensory fibers Fl

" b ¥ r ¥ .. ..'. - ‘
Z2.8uper laor llrynq|l1unlﬁ¥‘
4.1nferlor laryngeal nerve
b.0vsophagus

- neck, the vagus nerve gives off several branches,

whigh directly control the speech mechanism.In

4 recaives fibers from other cranial nerves | so,

wing from
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nerve.Thus, there is some evidence that the

loan o©f the laryngeal and velopharyngeal musculature

derives from a branch of the eleventh cranial nerve

the

tenth one (Dixon and Maue - Dixan.

serior laryngeal nerve

iunlrlnrt laryngeal nerve originates from ithe nodose

) ganglion, and descends alongside the pharynx

mﬁm&.atﬁﬁ to the internal carotid artery, and then

dlal  to [t. About 2 cm below the ganglion, it divides into

branehes | the external and internal laryngeal nerves.
2.1.Internal laryngeal nerve

il

ﬂwh!ﬁﬂmﬂ laryngeal nerve descends to the level of the

e

) add|

mmgauc membrane of the larynx above the vocal
fer !

~plerces and enters it., and further divides

onal branches.They convey afferent fibers

‘e anastomas|s L 2.Inferior
lor laryngeal nerve  4.External |
i B 5y .

| also from muscle spindles and other stretch

¢ In  the larynx.Some of the terminal branches

th fibers of the (nferior laryngeal nerve,

L ] 3 i I““‘D-‘j-' - B L - = d -.!g_

"

N y el R i
1 A | 13 7 "
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1 . The external laryngeal nerve descends in close relation
to the ahligque 1line @n the posterclateral face of the
thyroid catilage.It turns obliquely forward, near the
cricothyroid muscle , so that it (s in line with the
longitudinal axis of the obtlique head of the muscle.Two or
three branches are formed, which divide just before or
immediately after penetrating the epimysium.Anber|or
branches are directed toward the erect portion, and Lhe
posterior branches supply the obligue portion (English and
Blevins, 19469).1t must be noticed that, in some subjecte,
the cricothyroid muscle additionally recelives motor nerve

fllaments that traverse the pharyngeal plexus from the vagus

i nerve (Wyke and Kirchner. 1778).

)

: ol b
!‘ N “\h |I
E G

L2.2.3.Inferior (recurrent) laryngeal nerve
s i

L Bavrly in embryologic development, the recurrent Taryngeal
v fBrve passes inferior to the aortic arches of £hl hewart
'thru enter ng the larynw.During the process of growbth, Lhe
larynx and aortic arches beceme increasingly separated, and

Tl nerve thus descends Lo loop under Lthe adult state of
«1.10.1 Laryngeal nerves.

hose arches (the subclavian artery on the right and Lhe
}pr laryngeal nepve 2.External laryngeal nerve ;.

lor laryngeal nerve (¢ arch on the Taft) from front to back, before b

(Fiquet and Terracol, 19%8) iy
Clarynx,

PR LA
vk
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; ﬁ@mmnp-.carctid artery. and in or near the groove between the P

ot achea and the cesophagus.lt enters the larynx just behind B e left-right difference makes the right recurrenl Aerv
articulation between the inferior horn of the thyroid . about 11.35 cm shorter compared to the left one, in sUbJeelLE
i (- s 2 y A " = "f'
QIR 8ce anc the cricoid cartilage.The nerve generally 1S5 te 173 em in height (Peytz et al., 1965).This & If

Into two or more branches before entering the laryns Bt ian  aith s difference in embeyologlc d

e irua, petween left and right branchial arteries |
* y riants such as & non recurrent right inferior laryngeal

left inferior laryngeal nerve also ascends laterally

nerve coincide with vascular ancmalies of the neck (Clawe

respect to the trachea, and enters the larynx as on the o s
side. -
o~ q”ﬂhe inferior laryngeal nerve is primarily a motor nerve,
Lqﬁhp+n9_ their course along the trachea, hoth inferior and 1 supplies all the intrinsic muscles of the Tarynu
Ilﬁ%yﬂq,g? B ey Aramenen e braehem, eept  the cricothyroid.Inside the Jlarynx, most of %ﬁi.
branches are directed to the body of the poste
?Pﬁhws B s Plyistens of the | arytenoid muscle. b&ut one of them conbinues Upwa
laryngeal nerve in  two or more branches.Nemiroff
(1982) report extralaryngeal divisions in up to 40 i » laryngeal
the majority of them occurring between 1.8 and cothyrold articulation: It gives off twe l‘m‘fl
Below  the cricoid cartilage, It has been suggestied e 2 branches to Eha-?ateimf-qr?antﬁ?ilﬁwﬂ*:ﬂw
N continues to form multiple Brihﬁhﬁi:'@ﬁ ply
el REnelnmie B laes s yre il?wna id  nmuszle.The thyroarytenoid, the 1

variability in the course of the

....*

'yngeal nerve and Its terminal branches in Rtaria inferior la
W

. %he infarier thyrold artery mi c.p_ﬁ;-gﬁﬁﬁ‘ out by

W iI.!_" T
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inferior Taryngeal nerve also gives off a posterior branch 2 Wi
Innervation of the intrinsic laryngeal

whiczh anasztomoses with filaments of the internal branch of

muscles ,
he superior laryngeal nerve (Galen’s anastomosis).
Huscle Innervatlion o
The inferior laryngeal nerve also contains sensory fibers -‘ﬂ
; ! |
that =upply the respiratory mucosae helow the level of the
Cricothyroid External branch of the I

voecal  folds. and carries afferent impulses from stretch _ A
’ : superior laryngeal neeve,

receptors. o _
! Sometimes (additionally

Kl nerve filaments that

Murtagh &nd Campbeil (1952} observed that adductor fibers ;
/ traverse the pharyngeal

af the inferior laryngeal nerve continue to propagate action

plexus from the vagus | |
potentiale despite a chemizal or thermal blockade sufficient
nerve.
to paralyze abductar function.Furthermore, the chronauy of
adductor Tikers ane  of Lthe most rapid thue far identified ' -
, e  WYoeal Inferior laryngeal nerve |
(0.1 ms) is tenfold 1less than +that found in fibers T ok _ "mlq
( recurrent nerve ). =~

subserving abduction.
. I
lque and Both inferior laryngeal |

- The problem of & possible dual  innervation of ‘some

neverse arytenoid nerves.

| laryngeal muscles by both the superior and the inferior

laryngeal nerves has been discussed by some auihors (Arnaold,

Inferior laryngeal ne

=R BT

%ﬁiﬁﬁiésﬂﬂlr*s nervus laryngeus medius , & separate branch of

the ramus  pharyngeus nervi  vagi . and innervating the

er(or ericoarytenold Infarior laryngeal
SFAias 31 . LI‘

cni:nthypmmg: muscle ., seems to exist in rabbits and dogs .,

L

but net in humans.

R FIRE LY L
o ¥ = e By Ad

' Lamo
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intrinsic laryngeal muscles.

1.2.2.4.Autonomic nerve supply of the larynu

Farasympathic fiters originate in the daorsal motor nucle|
of the wvagus nerve, synapse in the inferior ganglian, and
accompany  the motor nerves to the larynx.Bympatheti= nerve
fibers enter the aotoer nerves through connections with the

superior cervical ganglion,

1.2.2.5.Nerve supply of the extrinsic
laryngeal musculature

The extrinsic musculature of the laryny may alsc be
imgplicated in  lower moior neuron patholoegy.Among suprahyeid
muscles. the anterior belly af the digastric is innervated
ty the mylohyoid branch of the inferior alveolar nerve!: the
posterior belly by the seventh nerve, as the stylohyoid, The
mylohyoid is innervated by the mylehyoid branch of the
inferior alveolar nerve. and the geniohyoid by the first
ceryical

spinal nerve ( €1 ) via the hypoglossal nerve, as

is the thyrohyoid.The remaining infrahyoid muscles - the
sternchyoid, sternothyroid and omohyoid - are all innervated

by the ansa cervicalis.
b d

e
=

? b 4 E
¢ [ i

1.2.2.6.8egmn

S5
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, . |
The laryngeal muscles may be considered as developlng

from the two pharyngeal sphincters | the external and Lhe

internal .The external sphincter has again two derivatives |

a ventral one,The dorsal one becomew Lhe

ventral one s Whe

a dorsal one and

thyro-  and cricopharyngeus.The -
: TR |

 ericothyroid muscle.Originating from the fourth branchial

. %ﬁch. this muscle is  innervated by the fourth branchial

-hhrﬁa, which is the superior laryngeal nerve, via Iiws

%&xernal motor branch.Similarly, the internal sensory branch

this nerve transmits afferent sensations from the upper
syn, which has the same branchial origin.
i

Derivatives of the internal sphincter are the Intrinuic

ngeal muscles.Being derived from the sixth branch|al

= il internal laryngeal muscles are -matarlclﬁry;i

led by the sixth branchial nerve.Their proprloce
N Ly nibig
on is likew|se transmitted through iihlﬂ%&-flhﬁl!

g ds
ihe inferior laryngeal nerve, a8 are afferent s oant

1) the

tArnold,

infraglottic laryny
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1.3. Laryngeal behaviours
| T P (s i

1.3.1.Respiration

Respiration is temporally the daominant function of the
lTarynx (Fink, 1973) .Although already mentioned by Manoel
Garzla (1855, respiratory movements of the Tarynx were only
recent ly investigated in depth.Btanescy et al. €1972) and
Clement et al. (1973) showed that Tung volume and airflow
rate areatly affect the size of the glottis.The most obvious
respiratory novements of the larynx consist of widening of
the alottic chink fabduction of wvocal folds) during
inspiratien, and of narrowing during espiration tadduction
of vocal folds).This movement is almost imperczeptible dﬁrlng
quiet respiration, but, @5 the depth of the respiratary
movemant  jncreases, the inspiratory excursion becomes eacily

recagnizable (Fink, 19755,

Furthermore, grass movements of the entire laryngeal
framework take place during respiration ! downward with
inspiration, upward with expiration.Even as the glottic

Iﬁgwﬁments, the cranlﬁ-caudql displacemant vary with the

amplitude of ventilation (Fink, 1978).

ST

Anatomo-physiolagy

i
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1.3.2.Fhonation
~vocal folds in apposition on the median line

-

A
Tone production sch - o ; ;
enatically requires: . 2.Appasition of the vestibular folds by contraction of

the same timne

the thyroarytenoid  muscles. which at
l.Adducztion and tabi i ! . .
stabilization of the mobile posterior “pkliterates the sinus by drawing the vestibular folds Gﬁﬂw]

0l 5 : k
nds of the vacal foids (arytenoid cartilages), determining Against the vaca]l folds.
the osci i i

ilTlation axis of the free edge of the fold 1

#.Vertical shortening af the laryngeal [intrance, dus Lo

2.Tens(on  and event i "
ventually elongation of vocal muscles, 4  approximation of thyroid cartilage and hyoid bone by the

| lganents and nuces i ; ¢
. B, (@En ds ehaping ke Pes edge. Ahyrohyaid muscle.This felds the medial surface of the

aryepiglottic folds and compresses the medlan thyrahvhﬂﬂ

3.84ir flow betwe al 4 : ] .
tween the folds, with an adequate subglottic fold down against the top of the adducted vestibular folds.

pressures,

'r‘. . 8 .
This gffort closure allows a sustained riwe IA
¢ A=

athoracic and intraabdominal pressure, with subsequen

The eutrinsic muscles that move the larynx upwards and

dowrwards  modif the P e i i
y © supraglottic resonance cavities and tiffening of the framework of the trunk, forming a base far

& by the limbs.This postural support Is used durl

influence the related speech formants, but also contribute

ng or dragging efforts by the arms while the ind|v

in regulate length and tension of the vocal folds (external

frame function) (Fink : l '
ink and Demarest, 1978, standing op striding awthnqradaaFUEﬁh.n@nqu
¥, e

sure=proof eeal of the larynx permite a high

1.3.3.Eff 1
art closure 1 pressure, that facilitates expelling the

{ & viscus, #as In coughing, voemliting, defecat l'ﬂ'ﬂ
i~ TRE

Effort closure accurs in several overlapping stages (Fink
o I'

| Demarest,1978) M !I:I

i gl i - apeEn me ]
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ts in swallowing are similar to those of

but two additional mechanisms intervene , in
& puddle of bolus from collecting in the
- of the closed larynx, and thus fall into

laryny reopens |

closed laryni against the

&1

Hotor units

Chapter li

Laryngeal motor units

2.1. Intrinsic laryngeal muscles
2.1.1.8ize of intrinsic laryngeal muscles

Intrinsic Tﬁryngea1 muscles are small., Their IFﬁ’lm
been measured by K, Faaborg-Andersen (1957) |
summarizes the average lengths, breadths and th
and also gives volumes and weights,as calculated

¥
measured data.Specific gravity is taken as 1.06.

Weight measurements of infant (9 subjects) hmﬁ'

subjects) intrinsic laryngeal muscles h

performed by Bowden and Scheure (19601, an




63

2

&
Hotor unils

Hotor units

- - - el B
T
(L*ZET) (Z711) (S°11)
z 80F ErEh L* 9% Z°¥F o nm
-
-
(07 0Z1) (1°8) (155 (E°L) b2
sex
1°boE 1° 42 1€ v LZ vI v @
b= 2
=
=5
(E*+9E) (5'62) (D" RBE) (L*0Z) =
=
9 ELE GrEn £8 949 YL/¥01 M
-
o -
(G LbT) (BT a1y O ¥1) (z'82)
Z°269 9 gL oL v 0L 4ro
S3INPY S31UBJUl UE3l S| FWa} JUEIU] 2| BW JUBJUT

‘w591 pue 091

ypbiray <by g7 pue g5 yiblam ‘sajeway

-

&

fwo 0Bl pPUE ZAT

yybiray

<by pg pue g9 uirbiam ‘fuaw g | sabuAde | UBWNY Pas|2K3 § J0 SIN|EA UESH

ET 009 05 g 0t Z1 =AWeO0D| 4D

40| 483504

755 STS SE s L Gl  Plouaihde

3SJ4BASURULL

a1E 00E 0z 5 ¥ =R LE20A

ploadyy

vsé 00& o9 24 [0} = -0214D
(bw)yyirbram (EWw) (Zww) e3J4e (ww)ssau (ww ) (ww)

pa2iE N2 |80 awn|op [BUDlj33a3sS-_SSO4H

—yo1yl uyipeasg yirbua FTOSNW

Average T.ﬂﬂﬁhll‘{.mc

I1.1.:

Tlnla_



Noten 'I'ﬁmnm

muscles within each group, respectively.

1%

- Zemlin et al. (1984), which specifically investig

terior cricoarytenoid muscle report

a mean welaght

48 img. with a range of 449.4 - B43.6, and a stantda

MUSCLE viation of 138.3 maq.

(% of total weight of laryngeal muscles) 2.1.2.Motor unit and innervation ratio

CTh LOCA/TA The functional unit of the neuromuscllar systen

motor unit (Liddel and Sherrington. 1925).In the case of

larynx, this motor wnit consists of the alpha moton

the brainstem and a11 of the mus=le fibers innervall

axon of that motor neuren.Changes in tension of slp

Bzl8% are due to increases or decreases |n the num b

Quency of active motor units firing therein.The numl

fuscle fiters in a single motor unit varies widui”
fferent skeletal muscles.As a general rule, a large Ml

*

which is invalved in relatively Gross movements (e.

) Individual muscle weights expressed as a jistrocnenivs)  may
@f the total weight of intrinsic laryngeal
n h

group, respectively.SBame abbreviations In & motor unit, whereas a muscie =oncerned with pres|
ter Kahane and Kahn, 1984)

mants may have

include several hundreds of muscie f |

a small number of muscle fibers per Mol
l t .

The Innervation ratlo eHpresses the number of muscle

~ nay be computed by
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Motor unity

o1

Motor units

total  number of motor nerve fiberw. In general, it is
fficult to determine the exact numbier of motor nerve
- fllers  In the nerve trunk since sensary (afferent) and emall
o bar  nerve fibers supplying the intrafusal muscle fibers

lwg  present.Some authors assume that 40 % of the large

| fnurve flbers are afferent (Goodgold and Eberstein, ﬁf "_
: laryngeal nerve contains a praportion of A i
afferent  fibers, difficult to determine in & 5
fron & varliety of sources, as well as many more that o
\Pe unnyel inated (Wyke and Kirchner, 1976). s
ﬁ:\l' "I. s o
ﬁfi.phjﬁmﬁlwwnqnnl nerve fibers ou : e . 2 - o

I N

“‘}ﬁ'?th L L

[”ﬁu.ﬁe'mn. nerves. alpha motor fibers are generally large
nyRllnated aKons the diameter of which measures up to 25

'_" 'ﬂ Mmotor nerve fibers vary widely in diameter, But

Ll I

| 1 :'D_-B.‘i!ﬂ— Appear somewhat smaller than those innervating

w Ietad musela ¢ i 76 . ) . CFig.,11.1,! Distribution of nerve fiber dianetens ln'lthl
B itldn ekt eKavetnany o9 S 'u_r?or laryngeal nerve of a &5 year old man.

(Faatorg-Andersen, 1957)

}o@-ﬂﬂlﬁlu’tinon- af nerve fiker dlameters in the

nerve of a 65 year old man, two

Mf"lﬂl ‘the nerve’s penetration into the muscle

Innervated by nerve Tibers of smallaer

Clarge motor units.

L " o4 . | e ap i shvymin
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terminal muscular branches of the laryngeal nerves. This is
zanfirmed by physiological measurements showing a slower
zonduction  in  the distal portion of the nerve compared to
the prosimal portion {Atkins, 1773).S5ome auvthors reported
lTarger fiber diametere in the left inferior laryngeal ner;e
compared to  the right (Tomasch and Britton., 1955! Hrmpotic,
1957).This might have a functional significance since larger
nerve fibers are known to conduct the nerve impulises faster
than smaller ones.This would compensate for the differences
in length beiwesn thes two sides and allow nerve impulses to
reach 1ihe Jarynx on both sides simultanecusly (According to
Feytz, the difference in length averages 11.5 cm),.However,
electrophysiological investigations did not support this
concept  that there is & greater velocity in the left
inferior laryngeal nerve compared to the right one !
Euperiments suggest that the conduciion velaocity is the zame
in both nerves.These large fibers are mainly present in the
vagus nerve, and the difference in diameter is practically
imperceptible in the inferior laryngeal nerve near the
larynx.This suggests that the larger fibers may not carry
intrinsic muscles

motor impulses to the laryngeal

.Furthermore, if the average moteor nerve conduction
velocity is 60 - 70 m / sec, the delay in conduction between
the +two sides could not exceed the maximum difference in

distance between the sides 18 ecm divided by the conduction

velacity &0 o

add

muec, Now,

&9
Hotor unils

1
. msec before sound production.Thus it is obvious that the

hypothetic delay is not a critical factor in volee
production at ali.Therefare, it is unnecessary to pﬂltUll&lw
a compensatory mechanism , and no such mechanism seamns ﬁﬂq

exist (Atkins, 1973). :
|

o
- 2.1.4.Laryngeal end plates |

| I8 r
*g' A poessible dual or multiple innervation of +Lthe sane

r=fl|'i.l..ltcll=.' fiber must be considered for computing the slze of a
- motor wunit.Staining of end plates by-Kael1e'B chol inmsteraun
I!Fﬂjlﬁ has shown that end plates in the cricothyrold muscles
localized on a strip; which covers about 15 per cent of
length of the muscle fibers (Faaborg-Andersen, :u-m.ﬁ;g-

vigw of this finding, a dual innervation of any cans|durable

of muscle fibers in the laryngeal muscles

) . “
likely.Piguet and Barets (1960} find that motar nerve

fibers of the vocal muscle very varely divide (n their

minal ending, in the vicinity of the motor plates, and

sugoests that laryngeal motor units should hi.vh ﬂy

1.Rudolph (1962) has observed muscular fibars of th y

muscles presenting up to five separate neuromuscul
lons (Fig. II.2.and 11.3.,). The proportion
o0 fiberk wan ewtinated aBau 20-W.6(n]1en]
the muscle fibare of |
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100}

Fidell.Zaens Triple matar end plate in a human
thyroarytenoid muscle (Fhotograph and drawing by Rudolph,
19T .

71

Hotor units

Flg.11,3.: Triple motor end plate 0 & human

f \yroarytenoid musele (Rudalph. 19621, «

48
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—
muscular fikers with a multiple innervation reached S per
aent in the }ostarior cricoarytenoid muscle and 70 to 80 per
cant in the other inftrinsic laryngeal muscles.It has also

been indicated that the majority of type 1 muscle fikers

have multiple motor end-plates, while the majerity of type 2
f(bers have single motor end-plates (Bendiksen &t
1981) .

ER

Roms| and Cortesina also observe that motor end-plates of
%WI Yosal muscle appear as being disseminated over about tuwo
Shinds ©of the 1length of the muscular body.This is in
sontradiction with earlier work of Sonessan  (1%60), who

mﬁnﬁrl.d that the motor end-plates in the vocal muscle were
®1 the same appearance as that described in other striated
gﬁ-ll.ﬂccarding to this later author, the motor end-plates
re wsltuated (n a single, broad zone, which is located
h?!ni&lﬂll1v to  the longitudinal axis of he vocal muscle,
lm& Ipprnulma$a1v equidistant from the arytencid cartilage
and  the anterior part af the thyroid cartilage.The moton
@nd=plates of the Jlateral cricoarytencid muscle could also
ke ldentified in a zone situated posterior and lateral to
that of the vocal nuscle.
S
Mare recent work by Rosen et al. (1983) in cats and
.jgé. shows that the end-plates are diffusely Jlocated
oughout the thyroarytenoid muscle rather than Idmlﬁﬁ$ 1o

Land  or any clustered configur bian T

acetylehpl inestarane) .

"

Notor units

_—
local lzatlon ot MeUranuEEU ] A Junet ian

Ganbino et al., (1985) demonstrated that that the sotoe

end plate distribution (n the human postarior ericearybensl
muse! e is somewhat more locallized than In the randam

scattered pattern phiserved in the  thyrparyleno
muscle.Rossi and Cortesina (1965) find only a small number
£=%) af posterior cricoarytenoid fibers with mulbiple
end=-plates. while Yashihara et al. (1984) describe no
evidence of such multiple end=plates.A sonewhat wcatiersd
pattarn of motor end-plates may partially refleal &

gscattering of motor unit territories that would permil

| 3 I.' |..

architecturally complex system for tension generation Fp_
= X 4

corresponding funstionally varied motor unit woquence of

pEeruitment ¢ this could help the fine motor contral needed

for phonation and respiration.

De Vito et al. (198%) investigatad the cricothyroid
‘muscle | its end plates consistently appear to be located in

the medial two thirds of the muscle In the anterior (o

posterior directlion, in econtrast to bLhe arrang
‘Lypleally ween In most other human skeletal muscles where
they are found in & narrow band at the m$dwu¢ﬁ%?iﬁ

muscle.The authors also observed that the mn&nﬁ-lni]jgé
appear Lo be In groups -9‘-!1 WW‘E“ -
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direct ione.Ross| and Cortesina (L9a8) Betimated that
approximately 50 % of the muscle fibers contalin two or three
motor and-plates per muscle fiber.A substantial number of

{berw hava end-plates separated by distances greater than

80

Fron another point of view, it must be remembered that a
motor fiker may, in theery, divide anywhere along the nerve

Lrunk (Piguet and Barets, 1960).
2.1.85. Laryngea)l muscle spindles

Further, some of the motor fikers of the laryngeal nerves
supply the intrafusal muscle fikers in the muscle spindies
(Fanborg=Andersen, 1987) | It is now well established that
waeh  of the intrinsic laryngeal muscles (inm the cat and man)
contaline a few small muscle spindles (even as  spirval
wndings) (Wyke and Kirchner, 1974), although they are more

AUmerous In  man than in other species (Fig.Il.4.and 11.5).

The flber diameter spectra of the inferior larynpeal nerve
and  the external laryngeal nerve embrace fiber sizes of the

wame order as those of the fusimotor nerve fibers ( 1 - & um

FlguIl.a.; Neuromuscular spindle in & thyroarybens o
muscle (Baken, 1971).

1 found In muscle nerves in other parts of the body (Wyke

and Kinchner, 1976).

- For the sake of completeness, it must be notliced that the

-EMleﬁilii nerves also contain small diamster vasumetor and
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cricothyroid

myel inated
ie also shown,

its terminal

Ber (Baken,

2
Notor unils

spcretompter fibers of sympathetic C(superiar and middls
cervical ganglion) and parasympathetic (dorsal nucleus of

vagus) orlgin (Mitchell, 17984),
2.1.6.8ize of laryngeal motor units

All these considerations contribute to explaln sone
discrepancies between the sizes of the motor unite af the
Intrinsis laryngeal muscles, as different authars
hypothetized.Data available for humans are summarized In
table 11.4. The sizes and functional characlerietics Are
probably not uniform throughout the laryngeal musculature,
and even within individual muscles (Wyke and Kivahner,

197&a).

2.1.7.Contraction characteristics of laryngeal

muscles

As assumed by Wyke and Kirchrner (1974). the Inbtrinsle
muscles with the fastest contraction times, such as Lhe
vocal and lateral cricoarytenoid (contraction times 12 = 1B
mee: In the cat) probably consiet mainly of small netor
units, with Jless than 20 flbers per unit, whersas muse)es
with slpwer contaction times, such as the cricothyrold and
posterior cricoarytencld muscles (contraction times 20 = 40 u
msec (n the monkey and 90 = B0 nw In the dog and cat )

g b : - e = e & o I SE p r ry o8 il
.‘P gh&/h"ﬂy -‘I. mimk WY - g .'i'al:-.d..h-' %l.'. ALY -‘nb. 3. WY limrye "'a']!-.\
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Hotor units Hotor unitr
il LIy iy "0 'lfﬂ"”:‘“:
. s © fus seortaining’ Aepheps U9 he 200 SEERE0 SAUTHRREES
2 & ey : E = . B : o1 b b &) .
: ; 5 o 3 2 z bpibuted fibers per unit.However, it s probable ”’W_
u L i > ptributbed ars i -
g fa’ 'E E ?u_‘ - 2 muscles ‘@lso aontaln snall, fast contracting metor
= u C oa ow 8 T 5 Ll o ol ‘i
. SRR - 2
G & 4 L U > G U Y, " ¢
» i = :
— o _n -
g - = T FATE= S ” toristicn of
. f{erences in contractlon character L
) . - . There are difference :
k = G Individual  intrinsic laryngeal muscles [0 hesRORSESSEE
» g s A1 T P
i w - nulation of their motor fibers o maximal moter unit
L} " o ;i
'E! | * g Ivity is obtained in the postenior cricoarytenaid nusel®
ik TSR 3 [T -1 =T i :
g [ = = o ; . el 3 Vimulatien of
B @, el 3% relatively low frequencies (20 - 40 Hil of stin
e :3 z f ‘T‘ ;: E re motor Fibers i bhe inferior laryngeal nerve, wharsan
o - 23 - - @ o = =1 ale
'G & y O 80 inulus freaquencies of 80 - 70 Hz are necessany i@ Fengraly
" e . i w gl
2 : : naximal activity in the vezal fold adductors AL llﬂ ta
i = B gbimulus frequency, variatjons in stimulus va1$&§§;uwzpﬂ'
Q | = i I
. — 23 |-' rhed differential effect (Nakamura, 1964! Takenauahl st
g * L e o
z %’ v Rl LREEH  Kovby and Haugeni 12701 .Furthernor@y in reeponse
: E protracted stimulation of their motor nenves, (K&
Ll e - - o o - w . : = y ; e e cles |8 mush
,»2 D 0 I 2 e s = guability of the intrinsic laryngeal mus b
- - — - — Y o o w, o i &) ey
g E o i B 6t 1o i o) e S B BHAS species (el
c T o U } R,
: : m e T T e S
s o & o &8 & & ° o a strom et al
=] LN un N n L m e u u 8 N
Rod =] i Tn L Q < U o = g
4 2820l Sl &
& L € L € L € o B & 5 % . Kersing and Jennekens (1977} show that Vini Ve
Jlature type LI fibers are found in a relat Ively

vhan in skeletal musclm.In  vocal

portlen
atupay Upane priobatily slse mrists & JARGAR VAT

o

- Table II.4.: Intrinsic laryngeal muscles ! Number of
muscle fibers in a motor unit, after different authors.
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oxydative metabolism ,while +type I1 fibkers have faster

cantraction 1imes. Type I1la fibers are adapted to an aercbic

metabolism, but conserve a glycolytic activity.In type IIE

fibers eneray is provided by glycogenolysis.The muscle fiber

composition of ihe posterior cricoarytenoid muscle consists

of one-half type 1. while most of the remaining fibers are
type Ila.This miued fiber composition allows continuous
sustained activity (type 1), while the type Ila fibers are

capable of abducting the vocal folds via the glycolytic

pathway in situations of hypoxemia. when wvocal fold

abduction is imperative (Hast, 1947 | Crumley, 1982).

2.2. Extrinsic laryngeal muscles

Few data are available concerning motor units of the

exirinsic laryngeal muscles Hast (1968) studies canine
contraction characteristics of the sternohyoid and
thyrohyoid muscles. both af which have larger contractian
times (50 - 52 ms) than those of the intrinsic laryngeal

muscles.

Extrinsic laryngeal muscles ¢ in contrast to the

intrinsic muscles )  are abundantly provided with nuscle

spindles (Wyke and Kirchner, 1276). )
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>hapter I

Basic principles of neuromuscular physiology
applied to laryngeal electromyography

~ The electric signal

Flectromyography is the detection and recording of
E

gtrical activity from a portion of a muscle ; The source
p

this electrical activity must be cansidered as related Lo
slructure and the function of the muscle fibkaer nembeans

awcifically its ability to store electrical sharges and

e bursts of electrical enevrgy whan  properly
\bed. 2l
" i‘

The resting potentlal of a muscle fiber s dum Lo B4

Lrhinle

. The fact that at rest the cel) membrane Is selectiv

le to potassiun fons than te sedium lons

L 4

ipproan e et e lapseve™ 21
L e

wdivaidd
N _|_

wit
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‘The fact that the nembrane is impermeable to level as abruptly as It had begun, usually after a

Ilular organic anions.  msec.This decrease and the accompanying Incrmame In K¢

1.
perneability bring the mentrane rapidly to (ts original

polarized state.Finally, permeability to K+ returns to |8
=
resting level. ‘- 3

. pestlng potential (s the potential difference bBetween

]

ml" "’M"r:l'-'ﬁl outside of the cell | the outside is

ly eharged and the inside negatively. This can ke .

diveatly by means of an intracellular micropipette

The entire seguence of these bicelectrical ph.&ﬁﬂﬁ*!ﬁ 4
trode and is akout - 90 mV.

the site of stimulation, including depalarization af Lhe

membrane and [ts PECOVENY . ocEuUrs within 0" few

N the transmembrane potential |is reduced btelow a ‘M1 iseconds.This action potential, once Inltiated,

=l L f
Uhresheld level, changes occur in  membrane permeability, propagates along the whole muscle fiber, away from the

stimulus site, without decreasing in amplitude.In fact, an &

- f‘f1§iﬁ above the threshold, a rapid rise and fall zonseguence  of the potential difference betwesn LA

”Hﬁifmi Oeeurs,  which is zalled action potential. The depolarized region and adjacent (nactive reglons, Gurr

@mf of the action potential is. in this condition, an will flow from +the depolarized region to Inactive refy

.;“‘;phtnpmlnnn, na longer controlied by the

through baoth the intracellular and the extracellular f1umlwfﬂ

19 l*lmuius-ln response to a depolarization above farming a complete local circuit.This current acts (o

d. the menbrane of the muscle fiber becomes highty depolarize adjacent inactive regions af the membrane to Lhe |

® Lo Na+ which, consequently flows inward.The influx threshald, and in this way action potentials are generated

further reduces the internal negativity which, In |n regions unaffected by the Initial stinulus.The asti

permits more Na+t to flow inward. In this way, a potential thus self propagates along the entire musele fiber

*:ﬁﬁib&&fﬁQ' chain is establ ished between (Hodgkin and Horowicz., 198%! Ruch and Fatton, 19645 ﬂ!ﬁ*ﬁi

1972) .

\rlzatlon  and sodium permeability.The result is a and Eberstein,

reversal of the elecrical palarity of the membrane,

t Iw, from positive to negative on the oulside af the

brane  and  from negative 10 pesitive on the R

T ) o= =
/! neL
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muszle fibers are summed up and produce a larger cocand and 7 - 24 spikes / second for the biceps (Blgland
~potential, which is called a single motor unit and Lippold. 1954: Clamann. 1970).In tihe case of vozal ls
%ﬂ_@ﬂipana, PR muscle, the signification of recruitment of new motor unibe
Wi and pulsating at a higher freguency is analyzed in Chapter
radation of the muscular contraction | vi. >

#

P Under normal rconditions, each motor unit is -ac:‘ciﬂir-_ﬁliﬂ'--!i*

st possible temsion that could ke developed by a pandom intervals and different motor units are a:t_lv‘l'$'-lﬂ'_f:1

Jscle would be produced by a single action otential asynchronously.In extrenaly strong contractions, or Lﬂ"
. P Y 4

gnbing along one axon and activating all the concerned fatigue, different motor units may pulse synchramnuwﬁy

ﬁ%&m&;» in ather words, the tension developed by one 1981,

(Hirano,

In response to a single stimulus. 1f more S BT

j

As a general rule, sitrength of coniraction under asny

I8 required, more motor units may be activated

) ,.gqn recruitment mechanism, which will allow canditions is directly proportional to the maan:lmpliﬁw-

";&mpﬁgklnna in the mechanical output.But tension the integrated action potentials (Lippald, 1959*W1ﬂﬁ7i

amplitude gives an indication of the number of muscle flbers

'aukfg muscle can alse be graded by varying the

of dlszharge of each active motor unit. ~ activated per unit time (Buchthal, 1959) . , e sl

I e

unit twitch tension ~ The force developed by an excited muscle 1ibar

frequency, the motar

4 produce a tetanic contraction and an increase in ~pn muscle length at the time of ac

#ral rule, and within 1imits, the higher the

- maximum force 8 developed when the fiber is at [t

ency,  the larger the developed tension.In  pesting  length.At  shorter  lengths, less
recruitment |8 the predominant factor for oped.AL  the vesting length. the maximal f
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ded extracellular potentials

the active electrode repolarizes, it again acts as a l'au._
of current.The recorded potential progresses again fram
) negative to paositive.fAs the impulse moves further al ong st_
lif sl generated by actlon potentials witl fiber, the current flow ceases to influence the actl ‘

ches whele auscle. according B ihe @lectrode, and the observed potential slaowly returns to -r’j..a’_l’.{

e properties of the electrolytic medium original base line.The complete potential change |8 thus

) the fibers. triphasic with a steep linear positive-negative def '|'-|'_l-'¢=5'?t B

gl (Goodgold and Eberstein, 1972: Hinzelin, 1979). '

Uhen & recording electrode is located near the fiter

4 short distance from the point of stimulation. ¢ The ehape of the recorded potential may vary to a large
!reference"” ' electrode Is at a point distant extent with the position of the electrode with r‘lllll'ﬂ'l':
'wt, @as depolarization at the excited region the active fiber. Furthermore, as & general rule, .-|
~ outward flow of current through adjacent b ampl itude of the extracellular potential is much !nit'“WWg
membrane  makes the active electrode more . that of the intracellular potential.
to the reference electrode.The region
EEERiRdvndae olis Jocated acts s a source of The motor unit potential recorded (n the electro
BRI iesulibs iofothe dtepulse: aprwpaching nedium surrounding the fibers is the sum of the el
a positive deflection.A shart time later, sebividy of weveral ausels TiBwrs (axcept the case af ng
‘active electrode will reverse its polarity Units wlith only one muscle fiber)y which
lows from the adjacent regions into this geometrically scattered.Thus, for a aglven po
~ electrode will @ thus hecome negative with 3 active electrode, each muscle {iter di -1!.,-1;,‘9..]?;&'@4]@.;

- reference , electrode., and a negative tgth In shape and in .;a_.mpl itude =
T e 6 b A R m ARG B R Wt 1 L Lt e T 3 e s Wi . Agd
gl i S , potential.More  distant  fibers
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patential will be determined by a few muscle fibers in ﬁw|r
immediate vicinity of the active electrode.The voltage rangh
of the electrical activity in the laryngeal muscles |&

approximately 0.003 - 2.5 mV. )

re

INTERFERENCE

The  gradation  of muscular  contraction in normal
conditions corresponds to the schematic electromyographical

patterns of Fig.IIl.1.

Conventionnally, in electromyography. pb.lﬁ[i‘}l

deflections are downwards.

INTERMEDIATE

'3.4. Microphonic effect

(van den Berg and Spoor, 1957: Epoor and van Dishoeck,

-*ﬁﬁ€WWEv et al., 1950: Faaborg-Andersen, 1945/ De jonckere.

EINGLE

Besides the normal aperiodic action pot

possible to record, during phonation, a W
ophonic effect in  the vocal muscles (Fig. I11.:
~ nicrophonic electrical activity has some specific fe

N

=

JEifne ‘fiflwéﬂ'_

)
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narmal or pathologic, who is able to

vibrations.

In a normal subject, the microphonic effect is easiest
sbtain  when  the top of the needle-electrode is located
near to the free edge., in the region of Reinke’s space,

is in contact with ei{her the lower
of the thyroid catilage. or the upper edge of the

d cartilage.

i @MﬁﬁﬁjﬂyiﬁaI sub jects  in which this effect is most
' n—.f-"i'_l- p-ati-en_fs with <chronic polypocid laryngitis
oedemal , and patients with one vocal fold
dunervated in median or paramedian position.
L
. mierophonic effect arises as soon as the vosal

brate. and ceases when vibration ends.

re I& a perfect synchronism between the microphonic

scillogram of the uitered voice.

?1

Basic principles

»

superimposed on fibtrillation potentials and siow denervallion

potentials, without voluntary muscle activation

phonation (Fig. I11.2., and III.3}).

9. The wmicrophanic activity can sometimes be ﬁl:ﬂﬁgijm

alone, without any other electrical activity.

dur [ neg

-
I
i

The amplitude of the microphonic effect is variable.

t may reach 0.5 mV (Dejonckere, 1980) and even more.

The microphanic effect is passive in nature

J&.ll;_

caused by passive simultaneous deformation of all hﬂﬂpﬂ .

fibters and their membranes as & result of the vibration of

the wvocal faolds.This microphanic effect is similar to

11-known Wever and Bray effezt of the cochlea

ﬁ%crnphhnic effect of the semicircular capals 1v|n~dmm'”{

and Spoor, 1957).

;

However It does not seem possible o obtain a mic

b In excised T&r?dﬂihrﬁ#&ﬁ%ﬂ!&#ﬂbl@&hﬁﬁﬁ*lﬂ%ﬁ%

polariied mentiranes l*l'Fﬁﬁﬁihfg“wﬁﬂlibﬁnﬂﬂﬁﬁﬁw ®

I

‘nicrephonic effect s thus bo
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100 HSES
100 MSEC

I 100

; Migrophonie  affact, with a dsupeninpesed
Microphonic  effect, With A wnusoidal : Lo toaetvity,Both ploctrcal activities
el LA LEL RTINS © 1y any LLELY ' "
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tracing and without concomitant valuntary action Chapter |V

Technical instrumentation

4.1. The electromyograph

4.1.1.General characteristics
|
The basic features of a typical E.M.G.- installatian are

presented in the block-diagram of Fig. IV.1.

The electrical activity of the 1 a-rr_‘_.y-n.gl'a':-i m'¢iﬂ :
corded by either needle electrodes or

rodes (see below), exceptionnally

rodes, and then amplified.The output of

an oscilloscope (prefarably

semuibun?
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- an integrator circuit.

An electrizal stimulatar is synchronized wi#ﬁ.

recording system.

The amplifier must satisfy rigorous requirements !

4

i

b
1. High frequency wuniform valtage gain over the W’H’_ﬂﬁ i

frequency range

Pk

2, Frequency range of 2 - 20.000 Hz

3. Differential input

of

B Sl tnput Thpedance and 1oy input caprelvange TR

v

' e d

High common mode rejection ' |

r
Y

g

N AL |

1 i; J

6. Low inherent noise. |

nhma gty 4 e
[ A
a8 A ) o

Input impedance

o A e s wrts (P aanAdledM B i

typical i

A
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B
Impedance of the elecirode.The input Iimpedance of the
i[ﬂlgl samplifime

needs to be larger than 2 megohms to ensure

dfpﬁlmtinh-frln rezording.
L 4,1.9.Differential input

A differential amplifier is characterized by its

!?JIF$|F“ of voltages which are identical, both in amplitude

and  time, at its two input terminals and the amplifications

of  the voltage difference between the twe input terminals.An

BM:B.=nlectrode which is

inserted into a muscle will pick

Qp actlon potentials, but also mains - hum : The latter. if

.‘E*ﬂiild through an ordinary single-ended ampilifier, would be

amplifled along with the muscle potentials.When a

differential
from powsr
flmte,

;lﬂ#ﬂniﬁl1l.-w|11 be rejected by the amplifier.
-

amplifier is wused, in-phase signals arising

lines or from sources ocutside the electrode

whilch would normally interfere with the muscle

4.1.4.Frequency response
L.

1 P
- The frequency response |s the speed with which a given

netrument

zan respond withowt distortion to voltage changes

its

input.For example, in electronyography,

of 100 uVY may occur In less than | msec.8 common

_tasting the fraquency response of an amglifier is

@l | Wwhp i ‘WAt
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[t for wing wavEY ol varying frequency.far
electromyongraphy of Intrinsic laryngeal ouscles, @
frequency-response from 2 Hi to 20 000 Hz |s necessary, mut
it Is somatimes advisabls to reduce the frequency=respunse

in order to Iincrease the slignal-to=-noise

recording equipment which Is connected to the amplifier nust

sat lafy the same requirements.

4.1.%.The EMG 200 Electromyograph from

F.J. Electronics ( Denmavrk )

The EMG 200 Electramyograph I8 a threm channwl
wlectronyagraph with Bullt=in high-pass and  lpwepans
{i1ters, and a linear vectifier followed by an integration
eipeuit with smoothing filters.It is specially designed far

pamearch and diagnosis of speach dysfunctions (Fig.IV.2),

The ©lectrodes (either needle, hooked-wire or wurface)

' are  connected to a probe which, owing to Its small physical

‘dimansions, may be fixed on the skin near the paint of

.
. feAsuUrBment.The stalinless-steel

base of iLhe probe serves a4k

a grounding electrode.The probe contains a dual FET nput

L!wp;‘rs_.'t|unn'l anplif lor

age  followers with high input

jut Impedance.

ratio. A1) Lhe

which wserves as two Independent

npudance and very low

el
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galn ajustable from 40 to B0 dB In 10 steps.An overioad

indicator indlcates eHTRAS | va nput lovel andd
amplification.,The frequency responge of the amplifier sysben
is limited to the vange 2 Hi = 20 kHz In order to reduck the
nois level.Furthermore, each E.M.G. channe]l has bBullt=in
low-pass &nd high-pass filters with a ppll=off af 10 dib /
] octave.The cut-off fregquencies are selected with spec|al
reference to speech analysis. The ouwtput Is avallable koth
as amplified spikes (unintegrated and unsmoothed) and as an

integrated signal with switch-selectable smoothing bimms.

Specifications

Frobe anplifier ¢ dual operational amplifier with FET inputs

Ampl i fication t unity gain
Input impedance | 20 megohms
Qutput [mpedance | Less than L ohm

Prequency response | DG to 1 MHz

i1

_*}fl{%;lv.z.: The EME 200 Three-Channel Eleciromyograph from
Wiy =] ,ctrcnica (Denmark), specially designed far research
and diagnosie of speech dysfumctions.

" Main frame amplifier | 8 E.M.G. channels and #/~ L2-voll
_ power mource

i " Input resistance ! 2 200 ohms

'*'ﬂmp1lflcatiun ! 40 - 80 = &0 = 70 - BO dB switchable

-ﬂ;.@.auoncy response | 2 Hr = 20 000 Hz ( =3 dB )

-Fﬁowﬁpttl fivtmr | 1B dB / cetave roll=off at 2,2 = 3.0 = 4,7
= 6.0 = 10 - 20 ki | -

fler | Vinear from 10 mi
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Intwgration | Active 18 dB / octave smoothing filter 2 = 5 =

Q= 20 = 80 ms.

Outputs | spikes and integrated
Qubput Impedance ! 75 ohms
Oubtput level : Max. 4 voltis peak-to-peak

Qubkput suerent @ Max. 20 mA

Ayl The Medelec MSé6 Electromyograph

he MB& = syvstem includes a mainframe, together.with
W= N medul es suitable for wvarious applications.The
camp lete assenbly is housed in a benczh cabinet, and mounted
nn “ trolley which also provides a loudspeaker and

preanpl (f1we mounting arm.This arrangement allouws
gpnnections Lo patient electrodes to be kept very short,
thus minimizing interference pick-up.The fiker optic cathode
fay tube provides single frame and continuous recording on
day ) ight developing or darkroom processed papers.The
ultraviolet sensitive paper s held in close contact with

the front=plate.Fermanent records may be produced without

any processing delay.Alternatively, by using full chemical

processing, an enhanced contrast is achieved with archival
permanence . gtalrcase time cal lbration waveform is
pEreratbed I'n the malnframe.A bullt=in avdio-amplifier

phatiles displayed signals Lo be aurally manitored using the

anternal loudspealker (Flg, IV.30,).
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Flg,IV.3.: The Medelec MB& Electromycgraph
all=purpose electronyograph with plug=in modul e,

f

clasale
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global activity of all muscles in that area.

0.05 to 500 ms / division.Area 14 x 11.4 ]
Such electrodes are very easy to apply,and cauhe no

- _ discamfort to the patient.The main disadvantage,

(for continuous or raster recording) : 0.5 to e
particularly in the field of the small laryngeal muscleu, &

y area ! 10 % B cm.

- that on does not know exactly what activity is picked up.The

- signal is in fact the result of an integration over thﬂ&'ﬂﬁiﬁ

space of several muscles centracting beneath the skin.lt [
i single or paired constant .
also impossible to observe single motor unit .ttlutly,;m@&l
amplitude, duration, repetition and 3
high frequency comporents are lost (Goodgold and Eblrlilﬁﬂﬁ
|

1972).Furthermore, the amplitude of the signal fPDM'lUf£ _;
~ glectrodes iz of lower level than that from other f:m
~electrodes : The maximum is approximately 500 pV. T

LN s 1Y

. .~ Burface electrodes are most conveniently made of wm
rinsic laryngeal muscles was made by _ :

il . . | silver or platinum cups, with a diameter of 4 = 8 mn,
and Pattle (1944). who used a concentric d _
5. At . s a thin Jlead soldered to each cup.The 1le
and carried out all of the manipulations

ted to the pre-amplifier.

slectrodes may be used for

After cleaning the surface electrodes | ?M .

electrolytic  treatment, the skin of the neck
eansed by a S0 % mixture of alcohal and ether.
el e ] kil } SRR PR S PR D S A AP T o Y ) I

I g 5 54ty v L Both : Lo :

aphic investigation of the laryngeal muscles,
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to the patient’s wrist.

-ﬁiﬁyw selective recording of the electrical

of an individual = even extrinsic - laryngeal
e not seem possible, because several muscles of
~wlzes are overlapping and are all covered by the
‘ons about the activity of the crico-thyroid

Ing speech and singing,when recorded with skin

(Lehmann, 1981), should be considered with some

n&ln electrodes may be very useful, and

muscle tension, in order to develop, for
feedback control (Stemple et al., 1980).In the
ctrode is applied anto the region of the

the second one is attached to the right

yd electrode is fitted under the chin.

two surface elecirodes (32 x 24 mm) applied
the level of both thyroid laminae.A
s connected to the wrist.By this way,it

 *” Sl
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4.2.2.Needle electrodes

Three types of needle electrodes are to be cons i dured

{Fig. IV.4) 14
Fu2u2al Honopolar

A solid needle electrode;, isolated eucept at the tip., I8
used }n cannexion with a surface reference electrode,Buch
electrodes are vrarely used for recording electric aclivity
of a muscle, bkut they may be suitable for stimulabtion of

muscles or TMEerves.
4.2.2.2.5ingle cere concentric

A cannula serves as a reference electrode and the has

¢

tip of an isolated inper core in the cannula serves as t(he
vl { i |

active electrode.The central wire is Qaniﬁldlﬁn!@“ﬂ?

I.p‘l&'i-[n.um and has a 0.1 mm diameter (Bronk‘s n

: '
 outside diameter of the electrade vary from 0.9 to abt

- mn.For laryngeal wuse, the optimum outer dianeter

:ﬁ.-:.u-ﬁ. mm.&maller sizes are nel vrigld enough

& e
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Needle electrodes

i These solid stainless steel needles
points and are insulated leaving

. (>

core concentric ! The platinum wire core
the stainless stee] cannula by
ter infill.Outer diameters vary from 0.3
lengths from 23 to 75 mm.

core cnnqan&rlct { This electrode
alloy cores located within the
( le needle by an epoxy

i f..J;ﬂ;“;;l-'l.
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The impedance of such electrodes ranges between h@-%@h
and 200 000 ohms at a measuring freguency of 150 Hzranth-ﬁmi
inside wire and the outside cannula are connected to ﬁml
differential amplifier input terminals. T

"|

Fotentials are measured between the tip of the pil$-fﬁi

wire and the surrounding steel shaft.The tip angle of the
cannula s 18 = 20 °, so that the recording area of Lhe
|

platinum wire is 0.03 mm2.

Standard concentric needle electrodes registrate activity

of 10-20 muscle fibers (Mercelis, 1986).

. The grounding electrode is generally a large

glectrode affixed to the skin.

The =zoncentric needle electrode is ihp'mal% qq{%i

dirng single motor unit action potentials.A d
of rigid electrodes is that they may Interfer 1

ar antiau]aﬁury movenents and

amerntosle _Male
e e
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ode, and the other as a reference electrode.The
Kﬂﬁ?ﬁ%@ﬂﬁﬂﬁﬁ;?hé use of bipolar electrodes is limited
potentfials from a smaller volume than when

| @qwmlﬁtric electrode.The recordina area for each

wﬁrﬁ is 0.03 mm3, and the distance betueen the

wlectrodes have several advantages over needle

~ due to their flexibility and lightness.Most

studies uUse intramuscular wire electrodes

and by Hirano and Ohala (196%) for

wse.Two thin isolated wires (35 - S0 u

_2? E@“ cannula (e. g. He 270 The free ends Df the
over the end aof the cannula, and cut with a V.5t Hooked wire Qilci?ﬂﬁ! :

,?3qnn::_;¢-_ S e s | T i ; 4 / | wires with bare ends are fbﬁtl ﬁ:
approximately 0.5 and | mm away from the tip of i Eanit T sare: hozied

(Fig. IV.5.). At the other ends of the wires the

|s scraped off for connection to the differential

lead is placed on the ear lobe of the

" - IAF LT

| Bt 1 IV TR A 1
is later removed. L AOURN, S S L

rodes are inserted Into the '
¥
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mm in diameter.Hirose (1971} adopted a
thfm$d1um alloy wire with polyester coating, the
v of which is approximately 0.05 mm.
Specific indications
4 general rule, when & kinesiologizal pattern of a

or that of a set of muscles is examined, hooked wire

ndes  are preferable, for three reasans (Hirano. 1781)

ﬁﬂfgﬂuﬁﬁ a minimum discomfort to the subject. and

and articulation in nearly physiclogical
Y stay fairly well in place regardless of movements
ated muscle and of the whole larynx

considerable localization of the area from

1 activity Is recorded.

when vocal fold paralysis or paresis (s

i. ®. disorders of the motor unit, a needle

- ’ o
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In order to avoid interfering signals from aﬂjaggM$
muscles, Dedo and Hall (1769) and Dedo (1970) pruTq%iﬁ{|
bipolar needle electrode.This electrode detects pnttnihﬁf

from a smaller volume than the concentric electrode., ¥

ol

Action potentials may differ considerably in lh;p.-ﬁﬁim
recarded either with a concentric needle electrode or a
bipolar concentric needle electrode <(Notermans @t

19811},

An  imppriant feature is that., in motor neuron diapase,
is necessary to move the tip of the needle electrade (N
muscle during the investigation, becauee differunt
patterns can be found in & given munc1¢¢£tp#§f1-ﬂi
spontaneous patholagical restig Ic#ivlhv-tlJJﬂﬂkhi'_
ordings must be made from diff erent points w

muscle.

5.8timulation electrodes
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(diameter 0.4 mm! length 50 mm). insulated except for Chapter v
‘segment at the tip.A similar reference electrode is

anegusly in the supraclavicular fossa.

Electrode positioning

5.1. Methodological aspects

Electromycgrashy of laryngeal muscles may be performed (n
|I gin different ways | .-
y |

i
B8 sl Divact approach through surgically pri
4Efk’_hﬁf‘y-ngo-st.-ama or laryngof issure ! '
) )
. This method is rather exceptional, But has hi
(Portmann et al., 1955 : Spoor and van

Greiner et al. (1960) comf

Per viae naturales, through direct laryn

S wl=uia el Taver
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Jaryngescopy.Both a topical application of cocaine

Nﬁﬁﬂ a4 neuroleptanalgesia are required.General .
S.1.4.Fercutanenous approach, through the soft Lissues
. I8 not indizated, because the cooperation of the
. 7 overlyina the larvnx !
induce voluntary activity.Either

Hiroto et al. (1962, 1967) and Hirano and Ohala (19

) ) demonstrated how it is pessible to reach each of ﬂ&?L
Aturales, through indirect laryngoscopy ! _ sl
intrinsic laryngeal nmuscles by this method.The subject ti'!

. - an his hmack with his head tilted back.The skin of the nechk
raen (1957) in his fundamental study on i
is disinfected with alcohol.Surface anesthesia is applled bta

the larwvngeal mucosas.Xylocain may be injected via the
needle electrodes passed through the .
crizathyroid membrane.Either  hooked wire  or LE
in place wunder mirror control.The

electrodes can be used.Initially. these authors ﬂPu&ﬂQﬁh'"

was approached throuah the skin.Several authors
" in order to investigate the vocal muscle, to inwert
Gpezifically designed for this purpose,
_ needle into the subglottic cavity through the crice
forceps (Guerrier and . ) .
space on the midline.The +tip of the needie is than t
(Thumfart, 1981).The zoom _ _
! upwards and sideways, and peneirates the mucosa of the |
@ long term supervision of the larynx _ ' : T
surface of the vocal cord.In fact, it is better to
points and magnifications: It constitutes _ . 1
_ . the skin at a point close to the midline ii&d
rument far the +transoral application of |
. d i ) submuzosally through the submucous tlssue Into the {
~ (needle or hooked wire), with a technigue similar A A oo a T A
ﬁfﬁ'i--v.ﬁ-n:az..' 1931 ,' ‘F‘]\\Qn\vr 1l "niﬂfr "V:;éi_-.a'if alw H‘( Al
i . R E |
7 A A Lo o
[ Jag T ey apnedy] L |
For the lateral cricparytencid musclie, the
Fhd g gl _ St Laapfth | mngd el ey L4
e RACER & o J' oA

d  for taking specimens out of the larynx for
lon.Insertion of electrodes into the
I8 auite easy after slioht displacement of the

' oid car
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'S wily !
insertion of tpﬁ electrode into SR ETRL e G
i Schematic superior view ) Paink

el posterior cricoarytenoid
sometimes helpful.
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(Fig.¥.4.). 1If the needle is directed medially or too far
5
upwards., it may be placed in the external part of the

thyroarvienoid musczle.

i

The posterior cricoarytencid muscle s reached foH--ﬂﬁl-L"ﬁ

the same path, but the needle i3 introduced § bﬂ:fﬁfﬁ&

__{g_‘r?dr'vfenﬂid m, deeper.i slight downward tilt of the tip of the needle 4
. often required in order to avoid hitting the i&yf@%§ﬁ95
E cartilage.ln come cases, a slightly curved needle Is hi1p$ﬂi.l

- Inf. tuberculum = § o o
~ (Fig.V.5). The needle must be inserted at a right angle to

- the 1ong axis of the muscle.Fortunately, the musele ki

Posterior thickest near its insertion to the arytenoid cartilage.The
‘ricoarytenoid m. . _
: posterior cricoarytenold is the most difflocult muse
ach by percutansous approach, but its activity patte
80 characteristic and so clearly different frmé’iﬂﬂp.'

muscles . that ne errar of ident | flcatlan
ble.Nevertheless, in cases of denervation , an
ation of the electrode is not possil

n seme patlents, anatomical configuration of

into the Jateral
lateral view.Thyroid cartilage
no and Qhala, 194%9).

makes that this nuscle cannot be

approach i (n such case
M shun s be “«;ﬁ"a" Wﬁ%’@

.:,I "‘J 9‘_ FEyar 311é ' e iy WOl JSead . L
Ay ".t‘yl:m-s.'-l-a ol -
18« ”3 BEdT . mid g
_F Ll .h.‘.lf"' by
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Cricoid

: Pﬁ"afior . .. i
~ cricoarytenoid m.

B i

4

insertion into the lateral
cut alapg the needie in
de c=an be placed in any of the
or lateral ericoarytenoid muscles
|neertion (Hirano and Ohala,

LAR] RYL
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the inter arytenoid mucosa is pierced.The position
needle can be monitored by indirect laryngoscopy
V.1. and V.2.)., There Iis no neightering muscle in

i\ Lhe electrode could be placed bv mistake.

cricothyroid muscle is reached after piercing the
point above the Tlowar edge of the criceid
and lateral to the midiine.The needle is directed

kiﬁ§¢a£ewally and upwards along the long axis of the pars

q]m]ng'at the lower surface of the thyreoid zartilage

or to its infarior tuberculom (Fig. V.&.0.

Enternal surface electrodes
.ndj'
electrodes measuring 0.3 v 1 cm were used by Lehmann
in  zhildren § they were applisd at t cm distance in

of the cricothyroid space, on the right or 1eft

. author observed a minimal activity at a pitch

the wuszual speaking fregquency. and an

of %@&l-adtiﬁlty with rising pitch, possibly due to

id muscle.When pitch was lowered, a even
was recorded.The latter was probably inm
contraction of extrinsic 1aﬁvﬁqeal

to lower the thyroid cartilage.

1235
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# £
expiration and art
results indicate

appropriate for the analysis of muscle
wd in singing and that specific tendencies can

| Bbwtween the warmino-up period and the fatigue

" singer.

| Wwith surface skin elecirodes is that it
to determine the exact muscular oriain of the

aaraphic activity.
nal surface electrodes :

@t al. (1984) performed electromycagraphy of

® by means of & bipolar surface electrode

which waz applied on the vocal fold

dur ing phenation.This allowed an evaluation of
tm&ﬂir&&&loh_ pattern of the muscle activity.The
use of this electrode to investigating

8 of the larynu.

N

3

Adn FEREAIg e

tional  disturbanzes  of  the  lanynn. ¢l

el m phy more specifically concerns laryng

paralyses and pareses.For clinical  purposes,

glectromyographic investigation is commonly reduced to

exploration of both cricothyroid and thyroarytenold muscles,

in order to test both superior and inferior laryn
nerves.Such an examination needs to be realized in a minl
time and with topical anesthesia on ambulatory pat|.

our experience, and according to Greiner Bt al. (1940) .
muscle alone may

sampling of the thyroarytenoid

considered in most cases as representative of the l&@RJ“-'

of the intrinsic laryngeal muscles innervated by thie n
except for isolated abductor paralvsis.But even ﬁﬁﬁ
latter case, peripheral neurcgenic signs are often f
thyroarytenoid auscles.Hirano (19746), reviewing 130 ¢
complets  and incomplete  vocal cord paralysis, I
significant differences in frequencies of electromyogr
patterns
cricoarytenoid muscles, nor

abductor muscles | This sungests thnt_thlnlviﬁp&m.

differences in vulnerability or recovery hmﬁﬁiﬂﬁimﬁl‘

unilateral paralysis of the inferior Jlaryngal ne
presented
electromyagraphic findings.Berry et al, '

interarytenoid musecle always
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(]

.

Jon Within Both the territories of innervation by

L e : -
s  wlactromvography of ericothyraoid and

i muscles, without sampling additional

museles .

. seopa, the technigue of inserting the needle

J'{ H:'b“ 1 's.:!'l__n'u:-l':.'j ¥

=

1 W‘ t h.—:]‘!'-uuuqh

throuah the cricothyroid space (or
the thvrohyoid space) seems the most
mmdkiriw'tﬂT&),
. ﬂrll

:H.w[ﬁiW-hUTay a4 very important point in our opinian

tile ewploration of the whole muscle mass , by

- moving the tip of the electrode. while locoking at i
cope, and 1istening to the sound produced in the
act ivity of the

the glectrical

potentials, for example. are freguently A

gaslly, or even Gnly. in some well

ﬂﬂ'ﬂﬁﬁ ts of the muscle.

pe? 1l

;’W‘l tip of the electrode remains submucosally.

! to anesthetize the laryngeal mucosae, as
‘!é%ﬁﬁﬁ%ﬁmﬁ.‘p'fﬁj with a 4% wylocaine spray.This
";: @ﬂi-qul*fitﬁﬁ of the laryngeal musculature.lIn
1 _.Wﬂmﬂ5Ti or paralysis of the vozal fold(s),
not significantly influence voice
, 0.5 mg atrop|ne is given I.M. 15

M5

Flberscopic visvalisation is possible during the who

procedure. -

Children
tracheotanized or

Investigated if

The

an hour after the examination.
5.2.2.Cricothyroid muscle
The

needle

posterolaterally

the
the
the
i

may
also
with the inferior sdge of the thyroid cabtilage, because | 1

- . SRT

to examine. except when thay

Cnay

are difficult

intubated.Even neonates

intubated.

patient is advised not to drink or eat for about half

£

ar=h of +the cricoid cartilage is palpated,

is inserted along the edge of the cartilage, sl

and upwards. aiming at the lower

thyroid cartilage.lf the electrode is introduced L

inner face of the thyroid cartilage. it may be placed N

Jateral cricoarytenoid musczle instead.On the mﬂhiﬁﬁhi
the insertion is not deep enough, the ncthwlﬁy:ntj&ﬁﬂ&?}r
T

important that the tip of the needle be not |n &

be that of the sternohyoid muscle (Hirano, 198

sctrode positioning s
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activity is always present in nnrmal-subjects

and Lebtacag, 1983), but some motor units have an

activity, while others have an expiratory
ity (Barillot and Bianchi, 1%71).

N <

J3,Thyroarytenoid muscle

to MNasser Hothy (19278),the vosalis muscle can

during quiet respiration. by a needle passing
cricothyroid space. parasagittally, at &6 mm from

. at an angle of about 40° upwards. backwards and

of the electrode tip | 18 mm). In females

dren, we insert the needle closer to the midline (3
the needle more upwards (about 70°%), and

Laygral1y as soon as the cricothyroid membrane is
(Depth of the electraode tip i about 13 mm.When the
ie inserted laterally with respect to the midline.

the touah part of the oricothyrord ligament

very impertant to perform all manipulations
and to avold penetratien of the sensitive

@ subglottic space.

~ which increases with forced respiration.
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- Electrical silence is practically impossihle to obtain,

- There is a respirataory-linked rhythmical activity,
i

i

- A burst of motor unit potentials wusually precedes

(200=400 ms) the phonatory activity. [

- High pitched sounds considerably enhance the electr cal

larynges

‘characteristic morphalogic features of unlla

larynges are of critical importance for electro

] 45 "
BYmy |

- B R

¢uﬂurphoﬁagi&al particularities of plflfyth




Flg.«V.7.
laryngeal
vimw) durl
poth folds,
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i Complete peripheral lesion of the
demonstrated by laryngog

nerve, Aas
n effort. Difference of

ng & phonatio
and importan

left
raphy
level

inferior
(frontal
bhetween

t atrophy of the paralyzed fold.
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Flg.Y.8.! Schemat| c (1lustration of conpensation af A
Wight vocal fold paralysis In intermediate position, A8
During phonation, the left fald

phta(hed by volee training.
Wyershoots the mnidline,

glottle closure,

in ordep

Lo

obtain

an adeguale
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these characteristics modify the classical :
.neous technigue, and require a careful clinizal of the wvocal cords after eleciromyography (8
o pricr to elestrodiagnostic procedures. i ably svstematic, btut of minimal importance, ‘"H:ﬂﬁﬁ.
‘ by the majority of subjects.Sometimes, patients
atrophy . asymmetry of intrinsiz laryngeal e i ateral paralysis or paresis feek & 8MRG
. and effects of voice therapy are essentially |nprovement in the gquality of their voice.One must forma
s@ against laryngeal electromyography in out-patie
ting a spontaneous dyspnoea due to bilateral voeal
paralysis.In such hospitalized patients, If
Undesirable effects and risks BRI Lon. s imperative, cprilcesieralds  Shoule

nigtrated., Close supervision during several hours tﬂh

In our esxperience (12 years: more than 650 examinati ons) B[ est 2 AndlsRanaabie: ‘

~ sErious complications have resulted fram an
ygraphy of laryngeal muscles.Maost of the avthors do N reactions with cardio-circulatory repercussiof

mention any side affﬁciﬁ'nv dargers. p@tizally possible, but were never observed N

rest is to be recommended for some hol

local bleeding sometimes occurs in the vocal
laryngoscopy (s always performed after the

and bleeding was okserved in only about 1




the subject holds his breath, this actl
Its mean ampllitude is up ta 200
wrably from subject to subject, and @
I Jezt.In  the posterior cricoarytenald
tude of this resting activity s more Impor
UV (Faakorg-Andersen, 1957),

i.'.::.'l:-'!'
T
i A -fm’ﬂ‘ﬁ?‘ ration

i s vl byt L=

AT authors agrem  that there exists a p
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EHG of the normal laryny

and  explir tor units (Barillot and Blanchi, 19711
' — ’ y
Lucier Bt al.. LB78). vty

Knutsson et al.(1969) found that in some motor Unlﬂl”ﬂﬁjg“
discharge freguency is quite stable and independent of
_?%!sudratnry phases.In other units, the fneqUUncy-vlrdlii
respiration : some of sueh units discharge anly during of
wf the respiratory phases, while others fire continuaulﬁﬁy _
medulating their frequency with respiration.There ars Targe
fluetwations in the numsber of cyclically active unite In !
different subjects.There are also interindividual varlablons |

~ with regards to the respiratory phase in which the units are

active ¢ In about one-third of the subjects the authans

. encountered only inspiratory units, in about one thivd BRly

‘eupiratory units, and in the  vemaining thivd
Inepiratory and expliratory units in the  same

‘musele.Faatorg-Andersen (1945) observed an (nereass  In

- mlectrical activity during the Inspiratory phase MQﬁ‘
) 4

gquently  during forced respiration  than dpﬁiﬂﬁ'”nﬂmlﬁ
Fhaslc respiratary activity in the FEGALT o0

 muscle, In a normal subject. piration. A [P anin 3

B
o A by
i meph X
«1.2.Phonation . | e
A T
1Y)

- 0 ]
'y

In  conditiens of normal phonation, the
y markedly (nereases (Fig.VI.2).A% & ge

el
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ENG of the normal Taryny ' - MO of narwal larvnx

{
bwen called the ‘pre=phonatory tuning” of the vocal
LDUring volce enission, the mlectrical icti'.vl.t.y. .;.'L:_lu:,mﬁ_m',l

‘gAs@s, but renains higher than in the absence of

phenatien.At the end of phanation, when audible tone ceasss,

laval of the electrical activity al
awes,Sonet (mes  the increase |n elecirical activ
a little after the audible tone.The Lime [(ALEre
the start of the change (n electrical activity and
prset of voice emission s B0 te 400 ma.This tlne
i largest for vowel syllates, and smaller for

1, wvoliced econsonant and voiceless conspnant svllabes in

sreaning order.

There I8 no significant difference in electrical &

fur wmlssion of different vowels,

Microphone amplitude in mV

4 s
thyroarytenoid muscle the change In l\leleﬂmH
'@‘fl':w begins earlier and ls significantly larger (n Gase

Thyrearytenoid muscle in a normal
Cactivity  with normal E.:M.G., action
( (B), mean aztion potential amplitude (A),
ap rgcording (C). Fitch @ 337 Hz.Only a few b ak ' X N |
A% \re@ recorded. The electrical activity increases ! " , _ U B9
: a:ul'l’;-iz- tone is recorded by the micrnphnza. In case of whispersd volee, an increass in _u@_m-

{ Discharge fregquency for a single motor unit from '
 above (upper tracing) and amplitude of the
recording In mV (lower tracing) as a function of
(Faaborg-Andersen, 1757).

f & "stopped" or “hard” attack than In a breathy attack,

LR

i

but  samewhat less than in case of fﬂ

il
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g-Andersen ., 1957, 1965 Greiner &t al., 1960
and Faaborg-Andersen. 1964: Hiroto et al., 1967

Wt al.. 1970 Fink, 1975)

In the chest register, an increase in pitch is
by increase in electrical activity in the

stenoid  muscle (Fashorg-Andersen, 1957: 19635

1972).At @& controlled constant peychophysiological
 the averaged electrical activity systematically
in 1% normal subjects cut of 15 for a pitch rise

& f{ifth above the wvsual speaking freguency (Fig.VI.3).

mechanism , for a minimal rise in pitch, seems to

he pulsing freguency of activated motor units, 2 L . .

a recruitment by activation of

"’tﬁﬂjmi proximal motor units (De jonckere, 1781)

w _ - . amplitude of the k‘
the activity of the thyroarytenoid muscle _ | thyroa ”UH d mul§1il duping

the change from chest to falsetto voice
1957: 1965: Sawashima et al., 1969: Gay
R ———— ' “u M aum‘ln:
v is primarily regulated by the vocalis ; SR TLLS TR T
ot al., 19700, '
; A0 F v
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EHG of the normal Taryn:

100 MSEC
i

Mig.V1.4,1 ESchematic electromyparaphic _re:nrding of_?un
meter unlt potentials in a thyroarytenoid muscle during
phonatlen, with a superinposed microphonis activity.The tip
'i;“”ihl negdle electrode (s loczated near ithe edge of the
i fold, and Inserted superficially into the muscle.For a

41 nise In pitch, as shown by the microphonic effect,
activated motor unlts increase their pulsing freguency
recrultment of other motor wnits may alsg bzour

anckere, 1981).
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wleetrical activity is smaller, and the transitions are leum
e¢learcut.When either propricception or aud%tive control arme
reatricted in a subject singing normally, a pattern I8
wheerved with an amplitude intermediate between narmal
winging and silent singing (Dejonckere, 1982).
Faakorg-Andersen found no significant increase (N
Blectrical activity with increasing intensity of phanatian
(4987), but later, several authors observed a participation
@of the thyroarytenoid in regulating intensity in the chest
%‘ﬂl!tir ( Fink, 1942! Hirano et al., 1946%: Vennard el al,,
(871 ). Fink (1975) suggested that the conflict could be dum
differences in the pitech at which the respective
Brvations had been made.Hirano et al. (196%) noticed that
activity always increased with increasing Intenslty i
and chest voice. while in falsetto it might r&maln
ngwd, Furtharmore , intersubject wvariability s quile
L, as shown By Gay et al. (1972).8t constant plteh
spaaking freguency), 18 normal subjects out of 18
A Blight Inerease In the averaged elechtrical achivity
08) : The basic mechanism seems to be a recrultment
noter wnits, although simultanecusly the pulwing
IWrated (Dejonckere, 19681 (Fig.VI.6). ' v"':"e'
k

af primarily active motor units ll,-m_ulH-l'llﬂu._l_'f\ij#l}"

o e
8 muscle
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ENG of the normal larynz ERG of Th A
e norma arynx

wo |
1000 } 15 ne
N=
4G
800 | 7/
GO0 ¢
k / oA 1DOMSEC
200 \ . i
70 80
dB , "
1g«V1,6.: 8chematic electromyographic recording af @&
Flg.VI.6.: Averaged mean amplitude of the electrical # nmoter wunit potential in & thyroarytenold ausels
phonat lon. with a super | mposed  mlcroaphonlc

Ity.The tip of the electrode is located near the edge
he wvoeal fold, and Inserted superficially |(nto the
JFar & slight rise in loudness, as shown by the
henic wffect, there s a recrultment of new metor
while usually the pulsing frequency of primarlly
v moLor units i alwo accelerated (Dejonckere, 19000,

activity In bath thyroarytenoid muscles during phonation

1.At a loudness of about 70 dB(A)

2. Abput 10 dB(A) louder.
Intensity (s measured at 20 em from the 1ips.Pitch is
maintalned constant and corresponds to the usual speaking
frequency (Fo) of the sub ject .13 normal subjects out of 15
fi%ﬁ!ﬁ 4 slight increase in  the electrical activity

Dejonckere, 1981).

-."I 'L L E L ER '.\.u_l_l

) L.
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wartenze sivie. and smallest far hypotense style (Hirano

L al.. 1569 .

1n &inging. during vikrato, the vocalis muscle shows a
Phythmice activity.Generally, the energy peak in the vikbraio

ﬁﬂh"quaTES muscle precedes the high phase of the pitch

B - .

| ﬁhﬂ?@p product ion of glottal click and cough. thereg is an
S i .

o= &@p}llﬂb in the amplitude of the action potential pattern.

hi@ihs- before the deflection of the microphone
.1n many instances, the amplitude of the action
pattern during w=ough and alottal lick decreases
the audible tane begins as shown by the
recarding., only o increase agzin and then to
ﬁﬂ;wmpjn» about simultanecusly with the disappearance of the
o ﬁnnp.ﬂhen the subject coughs. the interval between
of the increase in the action potential pattern’s

and the microphonic deflection s greater than

ottal click (Fig.VI.7).

el |

ihg swallowing, there also  appears a brief abrupt

149
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Phid Thyroarytenoid muscle 1 8
tal click.Motor wunit action potent |
ecrophone recording (B).There is an Increase
of the actlon potential pattarn bhafore

(Faaborg=Andersen, 1787).

S — ] A = .
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2500 —
A el

C ‘ ?'Omf/{ o
1 | +

05 Zésm

o

Fig.V1.8.! Thyroarylenoid muscle in a normal subject.
Cough. Motar unit action potential pattiern (A) , m=an action
potential amplitude (B), and microphone recarding (C).Even
as for phonation and production of & glottal click. the
glectrical activity precedas the sound emission
(Faabprg-Andersen, 1987).
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Swallowing

f.9.,! Swallow in a normal subject ! Motor un i b
potential in the

E ! ericothyrold muscle
! roanytenold muscle
I . Arytmnoid muscle
| pesterior erlcoarytenoid muscle

: actlon potential amplitude In the thyroarytennold ]
4 S
o nset of wwallow s (ndlcated by the vertieal
ol 1ine. ]

iy . ’

{1 e A9




of the erlcothyno
cothyroid muscle T _ b
Yanagihara and von

al, 1972) (Fig.VI.10).Arnold (1961) observed that
ation : - e ar .
e muscle practically began to be active above 150 Hz In

_ voize.The cricothyroid activity increased to & maximum With
y A ; I_..I T | 1954 d t + t, E ) . > i e
.i Mnd  Faaborg=Andersen (1964) demonstrate that a the falsetto register.In falsetto reagister, the arlen

eyerts itself too greatly to change with each e‘#ﬁ‘!l“

scale (Vennard et al., 1971)+ There I8 also 11

correlation between electrical activity in the cricothyra|d
oRa stimulates i i =t ; i o
I s L aep iratary sebivity muscle and glottal resistance (Yanagihara and van hﬁlﬂu
1970} ,However: Horiuchi and Sasaki (1978) P ]
176&) .
dogs. that during eupneic

id  activity was primarily observed in Faaborg-Andersen {1257) and Sawashima iﬁ-.':h| ?”'_
: m@chanical  resistance to ventilation is mertloned no significant change in the i}gu-r
TR _ TR e Rl with changes in Intensity, bui Hirano et al, &
whereas removing the resistance B iraiee i mctivity et bhw C?Wcathyfﬂlﬁlu;fl:-
i _*#?lelhﬁ BT rAnh T AELI TR increasing intensity.This appears to be necessary (o lkeep
activation of cricothvroid and posteror the fundamental frequency constant, because the flﬂﬂﬂi“!
maximal glottic dilatation inerease the intensity can also increase th
1969:  Horiuchi and BSasaki,

ey

frequency.Sutton et al. (1 ?'?m fou nd _!b‘h'l"ﬁ.';.u #j\' o

L e 1% i . | J Fapdin -
| ‘ht*: wl. (1972) observed that the posture of the " Siteh, no consistent charges in firing Yl‘b! "aw 0
d & significant effect upon unit discharge. | i
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ENG of the normal iarynx
I1n whispered voice and silent speech, tnere is a rather
Ight activation of  the  cricothyroid  muscle

abora-Andersen, 1957, 1965 Zenker, 1960).

In singing. vibrato can be accompanied by a rhythmie

5L|vl£y- of the muscle (Vennard gt al.. 1970).

i

N, 3t-arno hyoid
’ wl v 2.3.Sphincteric activily

N

4“ : ; _ Modifications in action potential pattern ampl i tude arw
[ ~, 2 1 '
- el o i Imilar to those observed in the thyraarytenold nusele
N e s i
i Yap? s {Faaborg-Andersen, 1957, 1965: Fink, 1975) (Fig.VI.9).
e 4 .
,a‘-' N, / i
an”” i il -
e g o o . .
- > High pitch 'E-g.Ln-ta.a\“a.'l cricoarytenoid muscle
Low pitch '

_;1 J.l.Respiration

specific information seems avallable ﬂ"ﬁ'ﬂli:
we, but, in our own experience, the behav)pur 1

Fig.Vi1.10.: Schematic diagran of the pattern of by 3y muscle Is similar to that of the thyroarytenold musele.
of ‘:.E:a ;te\:llmhyt;id, lateral cricoarytenoid o -cricuth?!{uld : L b -
Y 5 o I a )
muscles as a function of pitch.These patterns are o o B o o N N
i

a hysiologi=al tasis af identification (Hirano and Ohala.
1%3: honation Juliy.~

e v
o)
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1357
EHG of normal laryns A‘
i

There is an active participation of the lateral
e [caarytenaid muscle in regulating intensily in chest 6.1.4.1.Respiration
register., but with a nonsystematic pattern, and with & )

Beduction in activity in falsetts  Hirano et al.; 1769 A phasic activity, related with phonatian,

).The Increase of activity with loudress is sharper at high Ists.Especially during forced vrespiration, there |Ix an T

Pmpatury increase in amplitude aof the action patln$ill

p[t:h—chegt (Gaw et al . 19721 .
pn  (Faaborg-Andersen, 1957,1965). Ganz et al. (1974}

= This muscle also participates in regulating the hyper-— or descrited a predominantly inspiratory activity during

hypatense character of phonation (Hirano b @las 9B | spontaneous respiration (in lying down position,

ng microlaryngoscapy!.

b0 A hard attack is accompanied by a marked increase in the

lataral cricoarytengid activity during +he praphonatory #.2.Fhonatiaon

per lod.This seeme to be related to the strong medial

RL_0

{6 a burst of activity just prior to and cantl-n-ﬁ,‘].:jml.

compression or constriction of the glottis prior 1o release

( Hirgse and Gay, 1978 ). susiained phonation (S8hipp et al., 1970). The
i # j& greater with whispered voice than with ardinary

In singing, & vhythaic activity can be ocbserved during (Faaborg-Andersen, 1957, 1965).Hirose and Gay

yibrato.Generally, the enerpy peak in the vitratn precedes | found , during the production of volced and volce|nss
I

the high phase of the pitch vibrato (Vennard at al.,1970). a reciprocal pattern when compared Lo Ahe

ericoarytenoid muscle. Jag e i
&.1.3.3.Sphincteric action e o
 muscle also uwsually participates |n regulating the
the lateral cricoarytenoid auscle is invariably active '_"J'

during a glottal stop {breath holding), and swallowing

(Hirano and Chala, 196%1.
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S$.1.4.3.5phincteric action

Modifications in actiaon potential patiern amplitude are
similar to those observed in thyroarytenoid muscles
(Faaborg-Andersen, 1287.17565: Hirano and Ohala, 1989 Fink,

1975 .
6.1, 5.Posterior cricoarytenoid muscle

An  excellent review of electronyographic litterature ‘was

made by Zemlin et al. (1984).
SuloF.l .Respiration

In his fundamental work (1237). Fashorg-Andersen reported
a resting phase activity during respivation of 200 - 500 mV,
a value much hiagher than that of other intrinsic larynageal
muscles aiIPEEi.ﬂ high resting potential is also reported by
Kotby and Haugen (1970), who suggested that the posterior
cricoarytenoid muscle was responsible fo; stabilizing the

cricoarytencid joint.

Faaborg-fndersen found also (1957: 1965) +that, during
guiet respiration, the amplitude of +the action potential
pattern is mostly reduced during inspiration, while during
forced Iniplratﬁnn. there is an increase In lﬁﬁhh of the

actlon pot  patte g OXRY: and at

= . >

add Y Owi

wﬂm bty During mﬂﬂ"ﬁw, there i no change (n electr L
stivity as conpared with rest. Kotby and Haugen (197%0)

reported inspiratory acbivity dumiing T A

Ingpiration.8hipp et al. (19700 confirned that pt

plzoarytensid activity celinclded with the

An  Increase (n electrical activity du

served In most of the single units of &_h'-;-l_?ﬂ

(Oram et al., 1978: Lucier et al,, 1978), -

. Hivroto et &). (1967), Fukuda et al, (1978

&1,(1980) reported an increase In electrical

pesterior  arlcoarytenoid muscle  In case

in inspiration when the glottis |s dilated

mintmum eritical level &f  ventilatory ﬁ_‘.[‘l‘l.‘;.' L
ysaent i al  for continwed indpiratory contractions ll#r
t Tracheostomy atolishes  this  agbivity
wd  dogs aamm Wt 8l 19803, but '
ty can  be tablished in iamrmﬂh

Increasing v'n tilatory :n'i "8t
v and Sasaki, 1984) (Fig.Vi.1d

Jisatany resistance Is mmmlw contre
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A
a-------------.--—-—-—-
bM

B

a_—._ﬂ—_-*—__—_

h—————-"_-.‘\,——-—“-'"‘---‘\a——-"""""

2J:IﬂI12CII- Isec

abductor activity in dog one week

Fig.v1.11. Laryngeal
after tracheotomy . A.Trachectany open. B.tracheotomy
partially ogccluded. a. Fosterior cyicoarytenoid
electromyography. b Intratracheal pressure.fAbductor
activity is absent with an open tracheotomy. but a slight
posterior cricoarytenoid nmuscle activity can be elicited
when the tracheoiomy cannula is partially occluded.Three

weeks later, closure of the cannula preduces no return in
posterior cricoarytenoid muscle activity (Buckwalter and
Sasaki., 1784).

Sl e s omaaf i ow.
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$-1l.5.2.Fhonation

As & general rule, and since Faakorg-Andersen (19970, all

describe a decrease in  posterior cricoarytenold

during phonation (Fig.VI.1Z).Hiroto et al. (L9aT)

'ﬁﬁiﬂortad a sudden decrease in activity during phonation of

nasals and voiced cansonants, a decrease in acbivily

end of phonation. and an increase again at the onket

phenation.Hirose and ©Gay ¢19272) and Hirose (1976)

a4 participation of ihe posterior cricoarytenold far

consonants and suppression for voiced consonants,

While Gay et al ¢1972) found a gradually decreasing activity

& bBraeaathy vocal attack and a sudden decrease before A

Blaultaneous attack.

Thess latter authors also reported that the postarior

'&’[pryt-nond musc=le seems {0 regulate vocal fold tenkian

It |8 more active at the highest plteh levals! these

JIls are inczonsistent with those af Faabang=Andersen

194%) , who found a decrease (n muscle acstivity with a

ultansous increase in fundamental frequency.

Uring silent reading, the activity of the posteriar

arvlencid muscle s aleo inhibited (Faaborg-Andersen
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s 1

¥ s
E”‘ {15 =
| {108
L=}
!ﬂh (f/th\\\ {8
£
P 4 2‘0 sec

o Phonat lon (pltch 333 Hi)

A | Mean amp!itude
- B | Action potential pattern
| I Hicruphnnl recording

in of time in seconds (Faaborg=Andersen, 19957).

Ivl2.0 Posterior cricoarytencid muscle in a normal

1 Discharge frequency for the
I nale motor |
litude of the micraphone recoarding in mY (thin II::)ta:n:

 6.2.1.Respiration

160
UMO of normal larynx

With ecough, glottal «lick, and swallow, an (AN SRR

appears In  the activity of the posterior crlcoarytenold

muscle (Faaborg-Andersen, 1945 : Hirano and Ohala, 10469
(Fig.V1.9). BSasaki et al. (1973) also found an  ablrupt
inhibkition of actlon potentials Just before wphinetber e
action.On the other hand, Kotby and Haugen (1970) reported &
large electrical activity during sphincteric guatures and
postulated that the posteriar cricoarytenaid &arves Ak a

counterbalance far the forward action of the larnyngeal

adductors.

zemlin et al. (1984) proposed an explanation far Wi
jnconsistent and paradoxical electramyographle rllﬂﬂ‘

invelving thie muscle ! The posterior cricoarytannie nuiim’_

|s to ke considered not as One musclae mass, bul As Lo
gaparate bundles. one medial and one lateral, with a
distinct tendon, each muscle part possibly performing &
discrete and different function.The pattern of
elactronyographic activity should thus be dependent on thl

placement of the electrode.

6.2. Extrinsic laryngeal muscles

F o+

TRl

I ) ' . . ﬂ‘ " 'I_'"
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uscle,  the  sternchvold nuscle and  the As & general rule. In singers, extrinsic nusEle AELIVI

muscle at rest, only slightly influenced by tends te Ge direstly pitch-correlated in t'-'l."i'l[.lmfh"'l"ﬁ‘.-

piration.At forced respiration, the sternathyroid muscle octaves of the volce, and Inversely pltah=correlated (n

ved  pronounced activity during inspiration, while the lower octave (Yennard et al., 13712, There I8 n@lﬁf‘k-

| .-:Vﬂ:"l;':d:. al'.'it.l'!ﬂa shous pronounced electrical activity
MG exp iration.
o Tw

laryngeal posture (Honda and Estil1, 1986).

‘”‘ﬁhﬁh#ﬁud and sternchynid muscles principally become €o, Hirano and Ohala (1969) found that the l:&lvliv"m
- ! 1 Ty -m
Active  when partial airway obstruction and RYRERTE  are the sternohyoid decreases with Increasing piteh, at \mast In |

the chest reqistqr--l"‘ﬂ*}*‘ very high pitches. it lnareanes l'wlﬂ

(Fig.VI.10).

)

However. Arnold (19613 found increasing acblivity (#

sternathyroid muscle with rising pitch, the activity Qrewing

nele laryngeal muscles as a function of the pronounced evenly through the full tone scale fram low to high @l

t The hyoid bone and root of the tengue is pulled

1\ : N [ 5 : 1 o~ i N
‘r’!'?ﬁ.- in zlosed vowels while it is pulled backward in open Pahn et al. (1984) oabeserved a velation between }m‘

8 (Faaborg-Andarsen, 1965).

PR e t .y

activity of the sternothyrold muscle and vocal registers -'liﬂ?:

singing ¢ Activity increases when the larynx ls (n low

I s g e ) » .
. mylohyeid muscie is active during silent speech and Cpoesition. 't Annntey
4 B
- reading, especially in subjects with low reading i L

(Fanborg=Andersen, 1965) . The sternohyoid auscle also assists (n regulating

_ style of phopation (Hyper- or hypotense) (Hirano iﬂ
RACLAR | |

- [
sternothyrold mnuscle., a mno derate | nerease  in

~ was  observed bLeginning appro 1y 0.5 wecon: e o R Al ol Br ek
' ra-Andersen, 196%) L Sk ams A, o .
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- " : e moter unit and the differences [(n condust|oh
sternohvold and the lateral cricoarytenold muscles.Vibrato fibars  Qf whemo i J

mAN  appe : v The different points of origin of the elecirical
CEAN appear In  all the extrinsic laryngeal muscles (Vennard R (ra N F

[

1
| ount for ihe spread of arrival times ab Lhe
o N R T P |mpulses acs p
r el@ctrode, and thus for the total duration of the unit
ctie ot ) g1 skeletal muscles. the majority af
B.2.3.8phincteric closure action potentia n mo
I' nerve endings are locallzed within a narrow band (Good
I
iny 12720,
During =oughlina and straining efforts. the electrical and Eberstein
. Aetivity Increases (Fink, 1975).
.' Al & In general., motor unit potentials recorded with bipolar
B A

corcentric needle electredes are shorter in duration than

6.3, Characteristics of laryngeal motor unit action potentials
these from monopolar concentric needle electroden, becaluss

the distant potentials arise simul taneously at each plak=up

“hB.1.Duration wlectrode and cancel each other out (Goodaold and Ebersteln.
Byl lsDUP o

W20 .

The mean duration of single motor unit potentials from a
Classically, motor unit potential duration |nEraAsses W

\'ﬂld musclie Is a fundamental physiclogical characzteristic
‘g age (Goodgold and Eberstein, 1972) .

MJ]BP eliniecal significance.
F_.llf S 7

T " an  duration of motor unit action potenilals In
B o The motor unit  action potential results from the o8 h "
I I |
s | thyroarytenoid and erleathyroid nuscle ave o
sumnation of action petentials from several muscle fibers of - thyroany

. |nvestigated in S0 normal subject, aged § to 77 yoars | “’i

I_l.-:a" I'Mﬁ-.-lf‘h_, the contribution from each fiber depending on its

LB B Fead ey ’ ' les: 29 females ).10 action potentials were recorded
el m@lli to the electrode.Fotentials originating from fibers pianion ' F

I B . il N .
= S muscle with a concentric needle electrode.Mater|al
2 distance of more than 1 mm contribute to the 1aw _I_I_l,ﬁh _

arm similar 4o those wusad In elinlcal my

i wlow Initial and terminal phases of the motor unit

. ') : lectromyograph) . The duration (8 measu)
and add to Its total duration.The dispersion of R ALYS; K. ¥y b AaERBIIARTAR ﬁh ;
4y il Tiecyle

'}' .‘f the ‘lﬂﬂﬁpﬁ’"l”’ f * 1 A nde dw " Aha I \kﬂ" lwlnm%‘".f “Wm ‘W‘ J N.q '@

b Wheh

"I "'l ' i
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returns to the baseline.Results are shown in Flg.VI.13.

Statistica)l calculations demonstrate that:

70 ® THYROARYTENOID MUSCLE fanad #
Y SRICOTHYROID MUSCLE :

i.The thyroarytenoid and cricothyroid wmuscles have
significantty shorter mean durations of motor wunit

potentials than skeletal muscies.

-
2.There is no significant difference between right and
left muscles, L . % 5T T
.. .
L Lx L] .
L TS s x“"%“‘ &
e x
s 8.Mean duration of action potentiale increases as  a

funetion of age, and the regression |ine may be considered

ne affactivaly linear.The correlation-coefficient is

Bignlf lzantly different from 0 (p < 0.001) for both
1 Mmuscles.Nevartheless, the slope of the regression line is

less steep than that of facial muscles.

721 25 26 33 37 41 45 4953

-

4.There is no significant difference between mean

61 65 69 734
Ltﬂ%‘&lﬂﬁ]_ of action potentials of thyroarytenoid and

Qtimtﬁﬁiﬁﬁrgig muscles, althouah variances differ

ﬂkﬁﬂhﬁfﬁglﬂ&iy tp = 0.,0l) | Variance is larger in the

Mean duration of normal
als  In  thyreoarytenoid and cricothy
subijects, aw a function of age.Eac| \
arithmetic mean of 10 motor unit &

pled from one nuscle.BAch potential has been
want 10 quh

 r . Bagadived g SR My :w Bl Dl Laer Al

eathyroid muscle.

¢ e 1



BHG of normal &thmw‘.

20-80) and 4.21 +/- { ms (age group A40=b

a distance of 1 mm from the active fibers, the

iihignlv abowt 1% of the maximal recorded spike

4l (Goodgold and Eberstein, 1972).According to

o el oal, (1969), the mean amplitude in the potentials
She VBeal mMuscla I's 0.41 mV and the 10th and 90th
"ﬁﬁﬂf“”ﬂﬂgﬁ! are 018 respectively 0. 70 mV.During
'”ﬁ¢¢gﬂ. the wmaximal amplitude of the interference
varies in the range 1.5 - 2.5 mV.In the cricothyroid.

. the mean anplitude has been found of 0.394 mV and
and  90th percentiles 0,150 apd 0.300 aV

*fﬁﬂl ma i mal amplitude of the interference

ring deglutition is usually in the range af 1.2 -

ind, 1973) .

Ll T

potentials may be observed in normal muscles,
Jwvﬂ?;&@i rare in cricothyrold muscles (1 K) (Haglund,
.fﬁs ¥@u.ﬂ muscles, 5% are Pn]?ﬂh*‘m.;@ﬁm,__!ﬂﬂ*.i T

v

MG of i

'ﬁ=tﬂllitllr*\ill "

Y I
Electromyography of the pathological larynx

7.1. Neurogenic lesions
7.1.1.E.M.G.— patterns

In partial neurogenic pathology. wher the numbey of mnolur
Units is decreased, the vremaining motor units 4 whain
activated, pulse at firing vates higher than UN
gutreme cases, the pattern at maximal contractlien I8
one or a few motor units firing at hiagh frluulnGV”f‘

1986) (Fig. VII.1.).Spatial recruitment of new motoe

has become impossible due to the neurogenic leson, Inﬂﬁﬁﬁ#ﬂa
temporal recruitment pevsists,Such a reduced actbivity may

corvaspond with a clinical complete paley of -ﬁhi_%ﬁif@

fold.In partial lesions of laryngeal nerves ., A&

frequency pattern of one or two motor units may be obsEr

pnly at the time of the pre-phonatory burst.

In case of degenerative paralysis, the most |

Innediate criterion of a compleve lack of veluntar
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potentials beg such as fibrillation potentials
(Fig. GITL2uT T iana positive sharp waves (Fig.

VI1.3.).Although still controversial, increasing evidence

indicates that the lack of the neuramuscular transmitter.

acetylcheline, s the cause of the spontan=ous denervatian

potentials.Other mechanisms have bLeen proposed to explalin ‘

the occurrence of fibrillation patentials ! spontaneous

oscillations of the membrane potential of denervated muscle

fibers trigoger propagated spikes whenever the depolarizatian

reaches treshold! functional changes in  the sarcoplasmlc

reticulum, &s shown by the increased calzium binding by Lhi

in denervated guinea pig musele o+ AN

sarcoplasmic reticulum

well as alterations in Lhe muscle fiber membrane may |

cause of fibrillations in denervated nuscle (Gooadaol

Eberstein, 197271 .1% is most likely that filbel

originate from a single muscle fiber.They

potentials

a particular , easily identified, sound in the Voudspe

of 1-10 / second.Fo

and pulse regularly at a frequency

sharp waves are considered o originate from single m

{ibers and are probably detected near a damngﬁﬁ ﬁ!@%ﬂﬂ%fg-
the fibers.The frequency of discharge s uoualTy'lnHﬂﬁﬂHﬂ

second Fibriliation potentials and positive “sharp ?ﬁ '

-

unit potential pulsing at high
ies per second ) during strong
; t several but not &ll motor units
a normally innervated muscle, aﬁrung

ACCOmMEan it : - : | L= T
accompanied by recruitment of other 1.&.1_.'!'0 be observed in dystrophic muscle { Thay Aare

absolutely  pathegnomonic — of  per ipheral  nerve L8
odgold and Ebersiein, 1972).

| s I
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50pV

S5ms

Fig.VII.2.¢ Fibrillation potential, arising from an
individual muscle fibre (schematic) | It s of short
duration, wvariable but rather emall amplitude, and bi- or

triphasic shape with initial positive phase (out of the
endplate ione) .
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simultanecusly with s __ = motor  unit
or reduced voluntary activity,. when the subject

@ a maximal contraction.

weeks, especially in cases of initially

recovery of partial nerve lesions,

~low amplitude polyphasic potentials are

| This prolonged duration most probabiy

an increased  temporal dispersion  of the
*  transmission, and the consequent spreading in
the recording electrode of the action

In different muscle fibers.dnother

be a low ceonduction

Fig.vIiI.4.} Pm]yphasic-pﬂisﬁ%igluLgchemq
and long duration are chgrgctsrnstic; jn
fact that more muscle fibres of the
contribute to the action potential.

¥s  of recovery ( 5 - 12 months after onset
‘il,;'. PIRGRE it :

n ), spontaneous denervation potentials

and polyphasic potentials become

Jr i




. pegeneration occurs. fibeillation potentials and

g‘h}‘!r\p waves may remain present for several years,
fikpasis develops.

) Qus of neuraogenic lesi'bn's, spontaneous high

'i'q discharaes are freguently observed,

! |
mlectrode s dispiaced inside the

i

#ﬁl‘@‘b to be generated by eghaptic

%B&J.Such high frequency discharges

T;mﬂn-aﬁ the paralyzed vocal fold

made a detailed description of the

ental nnrwn sm:£ions in doas

the Inferior laryngeal nerve causes
bh subsequent paralysis of the vocal fold
Lion, often with the aryt '

N %, Pot.

Fig.Vl1I.5.: Conmparative histograms
unit action potentials In both thyr
of them having  been slightly
parlier.The latter shows globally an ine
motor unit actien potentials.




of the superior laryngeal nerve with an intact
inferior laryngeal nerve always leads to little
change in the «contracture aof the vocal

1J tr, bhe r:?icithvﬁoid muscle stops contracting

A spasm ab the time of dissection.

inferior Jlaryngeal nerve followed by

the superior laryngeal nerve rcauses

!&ﬁ#ﬁ) also hepowt that in case of a high
v@gynf.nenve resection , with lesion of both the
the inferier laryngeal nerves., the vocal fold
intermediate position. In case of a

ed to one of the inferior laryngeal nerves, the

‘jﬁﬁﬁd % seen in the paramedian position.
I 4
I =3

L Al (1980) demonstrated that the physiologic

~af the crieothyraid muscle by tracheostomy is a

t of the lateralized vocal fold observed in

and inferior laryngeal nerve
,  abolishes the ar

8ar

than one year) of one inferior larvnaeal nerve, the [N
vocal fold assumes a paramedian position calsed
unopposed contraction of the ipsilateral of the IhiThfﬁ
cricothyraid muscle wh izh., as  an  extrinsie aduy
receives its innervaiion via the intacti superior lary
nerve. In late paralysis, l(greater than one yunri)
invoblved wvocal fold may move to the abductied position as

ipsilateral intrinsic muscles slowly atrophy.

1f paralysis is progressive, abductor muscles may |ose

their functien before addustor muscles (Senon’s |
much discuesion has raised

al .. 19743. Murtagh and OCampbell 19 5%ER ﬂﬁ;'
adductor fibers continued to propagate action
despite a chemical aor thermal

paralyze

adductor fibers. one

{0.1 ms) is tenfold

subserving abduction.

7el.2.2.-Prognostic information




Wi .

ta  a satisfactnmy,.-émf:mmgﬁ-ﬁnﬁmaT
eupected (Farnes and Satya-Murti, 1985).
to this favouratie prognosis are due to

relnnervation (cf. Chapter IX), or to the fact

,#Ilﬁl*! reinnervation, the fixation impedes
{ the vocal fold (Parnes and Satya-Murti, 1985).

pr | @nce, nascent motor unit potentials appear

as well ae other myopathies, ar2 rarely

the. field of laryrgeal

E&Mrﬂ'*!rihpiuai, myvotonic discharaes may be

'.G" "
van  in  vocal muscles in cases of GSteinert’s

ckere, 1975). Myotonia is a disturbance of the
.P’!Uliln% in an impaired relaxation .

a characteristic

@ general characteristic is the loss of

[N the Individual motor unit : This causes a

voltage . Further, the

.

slight  asynchr

the polyphasic unit does not exceed that of a narmal me
unit.The spike compounds are all sharp {FTQ}VZI.@NfNV“V
interference pattern is observed at small or moderate

(Goodgold and Eberstein, 1972: Mercelis, 1986) .,

The elinical picture suggests a paresis of both veesl

folds.
7.3. Functional voice diseases
7.3.1.Functional dysphonia

Fioneer ing work in this field has been per
Brewer et al. (1960) and Faaborg-Andersen et al.
They deponstrated that , while healthy phonation basl
depends on flexible balances of the inter-related set
intrinsic laryngeal muscles, unhealthy phonation o vocal
abuse is regularly identified with imbalance of #hl‘IT 
intrineic muscles.Furthermore, -EIactrqmﬁhmﬂhphﬁ Pﬁéﬁ
confirmation of the efficiency of voice ‘hi“!ﬁv:ﬂz:'ﬁt.
intrinsic laryngeal muscle imbalance |8 riﬂllvgﬁ
concurrent disappearance of symptome and a return o
1ihﬁmﬁlﬁﬁ'ﬁhﬁhﬁﬁﬂﬁkli
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normal resting activity in the intrinsic even as uutnlmtﬁﬁ
laryngeal musculature (Dejonckere. 1973].

+

Haglund et al. (1973) found slight neurbgenic \llilﬁﬁﬁl#
- several «cases first diagnosed as functional dysphaonia | Thiy
; conczluded  that some patients who were believed to
~suffering from functional dysphonia were actually sufﬂnm&ﬁ}

- from idiopathic vocal <cord paresis, although thelr paresis

EGDuV]

5ms - was not severe enough to be detected at lapynaoscap o

~@xamination.

o
R
Electromyographic analysis of all intrinsic Tﬁh%ﬂi;.{

muscles in cases of so-called "internus plvllhl# ar

%ﬁpansversu; paresis", made by Tomita (1947), er!Iﬁi‘fs

?bmurmaﬂlty of the function of these muscles. 2

|
1
~ Gtemple et al. (1980} recorded the "general larynaes

? a' muszle tension, by means of a surface 3ﬂ

lied onto the left thyroid lamina ! they nhf&ngﬁﬁ*ﬁ

patlents with vocal nodules, electromyographical

Fig.VII.é.: Myogenic potential (schematic) ! short and
small polyphasic motor wunit potential, in relation with a
drop-out of individual muscle fibers.

more impartant than in normal control &

t and during phonation.They suggested bl

Lharapeutic method. , . gy .
jarapeutis metnax ! rabie e

a4 0?“‘*

- e

POPRIL, = ., WL




wlectromyographic findings
authors investigated 12 patients | simultaneous
al recordings were obtained from vocal
from several articulatory muscles (nusculus
“@wﬂl& tongue! musculus masseter). In almost all

les, the authors found phonatory hyperactivity

1. The  wlectromycgraphy vielded such pertinent

1

Lo docunent therapeutic results with its help.
S
i al. (198%) related atnormal
aphieal findings in 50 % of the subjects !
ﬁﬁﬂ$ll’lﬁ amplitude asynchronous activity
a tremor disorder, synchronous bursis of
affecting other muscles.They also concluded

(8 not & "spastic" disease.

magnetic resonance imaging and
brain stem responses were found in several

wpasmodic dysphonia by Schaefer et al. (1985)

the basal ganglla and demyel inating

ilateral angles of the Jlateral

central  nerve i m  disturbances, alvhough &

psychalogical component is usually present.
7.3.3.Psychogenic aphonia and dysphonia

Greiner et al. (1950) found a normal electramyagv!&“‘

activity in the thyro-arytencid muscle.

Hirano  (1981) observed that the incomplete g@lottle
closure during  phonation cauld be atiributed to Lhe
neutralization of +the activity of the adductor muscles as A
result of the contraction of the posterior criaaq»v}ﬁ
muscle ¢ this muscle was active during phonation as

during inspirstion.
7.3.4.5tuttering
Thur mer et il (1983) performed  multi=channel

electromyography in 42 patients with stuttering : Hooked

wire electrodes were placed in  vocal muscles and In ¢

articulatory muscles.The authors objectivated ﬁﬁdf{

features of the tonic, clonic and combined disturbanc

speech flow!
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- smtutlering:
yrn  comb (nes characteristic electromyographical

Venic and elonic stuttering.

found significant differences between

of spontanecus and rhythmic

@r  the same sentences out of standardized texts.In

e
phythmnie speech, the electromyegraphical tracings

reduced in amplitude, and pre-phanatory

¢/ was missing.Bynkinetic activity was also

-i§11nfﬁfﬁr authors evoked & close analogy with

| iﬁh*;am pabuarné pf phonatory and articulatory
o

‘of spastic dysphonia.

myographical feedback therapy were also

phonatory aTiﬁaﬂ&&ﬁé&ép?df laryngeal 'ﬁﬂié1i funet len
addition to articulatory disorders) are assoclated Wwith
dyskinetic diseases (Farkinson’s disease of athetosis for
example) . as well as with destructive lesions 'ﬁf‘
corticobulbar projections from either cerebral hemisphere of
af the rcerebellum. such as may occur in :arahrﬁv;IQmeﬁ ﬂh
degenerative diseases (Wyke and Kirchner, T??&ﬁgﬁﬂ- ;a
lecsions «cause incoardination and hyper- or hvpntuwl:[#@?ﬂ..
the laryngeal musculature, clinically as wel as
electromyographically, but no n!Uhualﬁll_.
manifestations.Krause (1884) first reported aphonia in duas
after bilateral ewtirpation of the aqyrus precrusl
Foerster (1934) postulated the necessity of ﬁf

lesion as a pre-requisite  to 5upranuc7liﬂ4{

disturbances. A

7.5. Disorders of rhythmic respiratory activity

7.5.1.Data from normal and pathalogical hum

In all of the intrinsic laryngeal nuscles, ¢

during quimt respiration, and even more &0 during

 respiration, & shythmiea)l Increase and decr

T i '3
L




mechanism of generation and controly of
dinated activity has been largely inveaéiqated in

still imperfectly understood.Several

. |
% between animal species appear in the regulatory

lation (Dejours, 1943: Wyke and Kirchner.
A consequence the mechanism in humans cannot
~from animal experiments.

. w. iy
@gﬂﬂrﬂ a set of electromyographic observations
S mmﬁjquqq subjects suffering from selected well
fgdgf.?n]ﬂLphpra1 neurolog|c disorders.Kespiratory
the cri cothyroid muscle is either preserved or
variable degree.Critical analysis and
with vresulis of experimental lesions in animals
_‘tm.fq,"g“l % neural mechanisms determining the phasic
of the cricothyroid muscle, but similar

ys are found in animals and humans.

were selepcted,all suffering from well

laryngeal muscles  (inn by the nervus |

require mucosal - Es.e-‘dﬁ-.a‘:n‘i 'I"'w,é.-,-i:.fhfo-. other (ntein

&
inferior) were examined after topleal wy loealne

application.This procedure allowed objective estimation

the extent of lesion of each of the four laryngeal narves,

Fifteen normal subjects have been included In .h{
study,serving as a control  group.All elactrGM?oﬂhﬁﬁfh
recordings were performed using a wconcentric newdle

electrode.

A1l normal subjects showed electric activity In ha
cricothyroid muscles.consisting in a change In frtg:u':' 0
action potentials related to the respiratory cyvale diy
normal breathing.Phasic activity was fncrntlﬂﬂj

ventilation.

FPathological cases are summarized in Table VII,I.

The following abbreviatipns  are wused | N.L.S.inervus
laryngeus super or INLL.I, inervus Iarynqlﬁh
!NuL.B.musclesimuscles innervated by the nervus Llr

superjor !N.L.I.muscles!muscles innervated by th!":kﬁﬁ

laryngeus inferior.

Anal -vs. (8




.~ Conclusion
_ 59
N.L.T.muscles: total denervation.Other B s iasent Blite : ; hemolaters] N.L.TI. nat esssn
muscles normal ' i : : Vi

Left H.Ltl.mus¢1es:tntqj denervation, Left absent homolateral N.L.I. contributes
then partial reinnervation.Other d : ) )
muszles normal

Left N.L.l.musclesitotal denervation, Fresent.bilateral.after homolateral N.L.I. conterib
then partial reinnervation :&empnrarv abol ition

Left N.L.l.musclesitotal denervation:® Absent bilaterally N.L.I. contributes.Crosmed
other muscles normal connections

Left N.L.I. and N.L.S.muscles:ipartial Lieit absent
denervation/other muscles narmal

o surgery ’ Left N.L.I.muscles:total denervatian. b e
AT Right N.L.I.muscles!reinnervation. et e
Other muscles normal

Rieh*'N;LfS-m”$?1e=Fﬂtai den91Vation,  Left and rightipresent N.L.S. contributes.Crossed connmelle
then reinnervation.Other muscles after temporary bilateral -

aRon abolition PRIV
A 1% L %

Right N.L.I.muscles!partial i : _ Homolateral N.L.I. contribut '
relnnervat ion.Other muscles normal Rightiabsent FEDELS + €0 q’ hﬁ*!’

o

PR |

Laryngeal muscles iniwet  Sechion of A, ol " L i S T
R : . A hifabsent but resumes Homolateral nervus vagus contp
right nervus vagus intrathoracically 8lightly during forced Peripheral modulation
' ‘ respiration #
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neuritis Eartial denervation of all muscles.

Absent during breathine ; ’ 18
then partial reinnervation = 08 Modulation by peripheral Impul

throvgh tracheotomy.Prssent
- during breathing thruugh
natural airways

Leftiabsent Homolateral N.L.S. and/or Nl&ﬂl
cantributes

gld surgery Left N.L.S. and N.L.I.musclesitotal
denervation,Right musclies normal

Carotid surger Left N.L.l.muscles:total denervation
Left M.L.S.muscle:partial denervation
Right muscles:normal

Present,bilateral Homolateral N.L.I. not essent|

Absent bilaterally Homo- and heterolateral NM.L,l.
intervene.Crpoccsed connect|one

al neuritis Laft N.L.I.muscles:total denervation
: Other muscles normal

Right N.L.I.musclesitotal denervation Weakly present.bilat 3
Left N.L.I.muscles:isubiotal denervation Increases in Froasn T g::?1;;?;?lm§dL1I;IHUt .."”$I‘%
Right and left N.L.S.muscles normal REs P ulation

- tumor Right N.L.S. and N.L.I.musclesi!subtotal :
_ and/or

denervation.left muscles normal.

! Heterolateral N.L.S.
ta contribute

Right and left N.L.I.muscles! total

nt bilaterally Al A
denervation.Other muscles normal i N.L.I. contributes -

Partial denervation of all muscles: bilateral ,when Pepinhersl medclntiEs
ng through i, ?h
- y.lncreases on

ure of canula ' '_J’G

Right and left N.L.I.itotal denervation.
char muscles normal

Jtilateral ,during N.L.T. contributes but not

d respliration essent (a) (da
v . oA
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The superior laryngeal nerve is involved (case T).This
carries afferent impulses from the supraglottic
ip=eptive receptors in the cricothyroid muscles
v (anastomoses) from pulmanary receptors (Jewett,

d Kirchner, 197&).

inferior laryngeal nerve js involved (cases 2,4
i; it is,haowever,not indispensable {(cases

nerve carries afferences from the subglottic

pam laryngeal articular and muscular receptors and

o L LA
Qp!ﬁ#ﬂm: gu@nuhary receptors (Jewetti, 1964 Wyke and

vagus nerve (intrathoracic portion) is invelved
,£~‘&umrwmm afferences from pulmonary receptaors

Wl 1957 Tewett, 1964).

J M

-lwld;ncn of crossed connections (cases

.Gi.i_lfl-'! reveal a modulation by
relation with the resistance of the

197
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Several lines of evidence aqained in animal exiperimnunl

-
enlighten the observations of this study

1.Frimary central generailion of rhyihmic aclivily.

U
Rhythmic increase and decrease of frequency of act o

|

potentials in Jlaryngeal motoneurones persist to a vlgyﬁnj
extent,even in decerebrated animals,after one of
following manipulations:

-total muscular paralysis by neuromuscular  Blocking
agents (Stransky et al., 1973

~-diversion of the respiratory air-stream oul

laryny (Wyke, 19731

& —topical anesthesia of the laryngeal mucosa fmg&;;

=interruption of pulmonary af ferent
bllateral division of the vagus nerve distal

the inferior (recurrent) laryngeal nerves (8%
&), 1973: Wyke, 1973).

~zomplete deafferentation of the larynx |

—. ALY '

...“.Eh'l:l' sugpests that the basic (but Iap?' LU




:l:ﬂﬁlqﬁT stimulation of the inspiratory region
medullary reticular system on one side leads to
act|vation of the wvocal fold atductors,whilst
the expiratory vreaion provokes bilateral

@@”ﬂﬁ'ﬂlt'lctfvliy {Kurozumi at al.. 1971).

l afferent systems (superior and fnferfur

discharages can be recarded in

the superiar larynageal nerve.

stimulation of this nperve {or its

quifiés laryngeal motor unit activity

al., 1966).Direct mechanical stimulation of

the supraglottic and subglottiz laryngeal

Juﬂfnq with gentle puffs of air) evokes afferent
ﬂﬁ' fhn related laryngeal nerves (Eyzaguirre et

rechner, 1968, Wyke, 1973),

Ltainpn

bl i ¥, B ! .
~ Inflation aof the lungs stimulates

ﬁﬁ'm pul monary mechanoreceptors :l-nsﬁ--.}!_zg.:sﬁ ed by

I %
(Barillot ;,rﬁ ' , et
Widdiconbe, 1973) .M
electrophysiological studies has shown
nerves contain afferent fibres originating fron puTmﬂ
mechanoreceptors (Agostoni et al.,1937: Jewett, quﬁiql
et al.(1980) have also demonstrated a peripheral control ||
dogs ! the vhythmic activity of the cricothyroid musels |
directly controlled by a elem  in subglottic pressure |
therefore,when tracheotomy abolishes the critical pressurs
changes necCEesSSary to trigoer the _attivaiiun of  the
cricothyroid muscle,it must inactivate this muscle as well,

L}

7.5.3.Physiopathological conclusion

Fhasic respiratory - activity . qm”
muscle.primarily centrally generated, s under |
complex and intricated mechanisms,in which the sup
laryngeal nerve,the inferior laryngeal nerve, the QQJQP
nerve and cross connections all intervene.Furthenne
peripheral modulation velated somehow to the hr.tt&lﬂﬁiiﬁJ
the airways is present.Despite dif$awan:||l;bl$wliﬁaih

species, it seens that qualitatively the same cont
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~ Chapter ViiI

Etiopathogeny of laryngeal paralysis

4l

Introduction
Ju
- Laryngeal nerve paralysis is an important pathology
m@ﬁ field of otolarvngology and phnniatrﬁcl}ﬁichﬂﬁ
an  immokile or less mobile vocal fold needs to un
+ becides s complete electrophysiological test, ¢¢Tﬁw[;lﬂ
dizal  investigations in  order to define &
logical factor.This s of fuddamental Importaf
ng; if possible, an etiological treatment .
treating ,at an early stage of d evelopmnen

Lbed tumaral lesion.

the  present time, CT-8can has

nt diagnostic pracedure for campn
@Al nerves.Horizontal sections must
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which may be medical, functional or surgical @ they include

stroboscopy s acoustical aralysis, airflow rate and

amcEsEsnzaEs

spirometry. laryngography and phonetogram. More information

(1976,1981) and

—
—_—

about this subject can be found in Hirano

MISCEL
1275

(De jonckere, 1980).

8.2. Review of recent literature

(]
£
De jonckere (1985). : f - JE
L P - non
b= E Eﬁ
Unilateral wocal fold paralysis usually causes & dominant El:l ; : I e g
: . - et < T L
voice symptomatology. and it has been related that 7 % of T:l : ud T 1
. - : uy [
all dysphonias are related tp laryngeal paralysis (Ulrich, I:l]"E : . E
- 3
1977) .Mevertheless, innervation of the intrinsic laryngeal I é
: b
muscles =3 not a prereguisite for voice production E : %
(Buchthal, 1959). LE : L
Ll : pros
= 5 h
_ = : < .
Bilateral inferior laryngeal nerve paralysis more often el : =
) | . :|
results in breathing and swallowing difficulties g : -E '
= 0% "
E § g
o

B FaRHEL. H==1

8.2.1.Main etiological facters

AU T
R

|
Flg,Vir1.1.! Etiologle factors of wnil 1 1 teld
At _ aberal vacal fold

A large number of publ ications are devoted to etiological

factors of vocal fold paralysis, from a clinical point of

Shrum,
Mallgn
Trauina

Strumestamny
gn ignant o sease

JFlguVITLal. and VIIT,2, give a comparison of

Ve

i ;
:l Ay ﬂ.-'ﬁ.“l lag "-'1‘4‘_' -

statistics reported by f|ve authors who cons|der separately
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(1970), Maisel and QOgura (1974), Titche (1%976), Holinger et
al.(197&), and Tucker (1972).E8imilar comparative tables are

available in Paparella and Shumrick (1980).

‘The series of Thumfart (1983! includes 340 cases with
Inferiar laryngeal nerve paralysis. which are summarized in
.

Fig. VIII.3.

Claes and Jaco t1984) made a recenti review of &31 cases |

The listing of Takle VIII.1. shows compiled incidences.

ﬁ_ even larger sample (1 087 patients with vocal fold
. paralysis)! was collected by Yendler et al. (1%784) from 16
different phoniatric departmenis ! etiologies are presented

In Fig.VIIT.4.

The greatest variatility among the different authors
CONCErNS the factor "Thyroid surgery" | It may be
hypothet ised that this is in relation with working

 conditions and clinical environment.

il Isolated superior laryngeal nerve paralysis s mast
;; frequently caused by surgical trauma, thyroid surgery and
partial laryngectomy being the procedures where ihe nerve &
most 1ikely to be exposed %o trauna (Claes and Jaco,

.:. .' .II_...I:.- Thartic i kb e T If
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ETIOLOGIES OF INFERIOR LARYNGEAL NERVE PARALYSIN |
|

Malignant disease

24,5 % of which lung cancer
- pesophageal cancer
. thyroid cancer
other

Surgical trauma

20.5 % ! Pneumectomy. ocesophageal surgery. surgery
of heart. thyroid, neclk dissection, mediastinoscopy.

Idiopathic
13 # ! mononuclensziz, influenza, etoc...

Inflammatory

12 % of which 20 % tuberculosis.

Travma {(non surgical)

11 % | Accidents, congestive heart dissase.
ANBUPYSM, .

Neurologic

7 % ! Epilepsy. Parlkinson, multiple sclerosis,
alzoholic or diaketic neuropathy., Guillalin=Barre.,

Miscellaneous

11 % 1 Syphilis, rheunatoid arthritis, collagen

digsease. ..
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w
; ; g E ; ﬁwﬁEE It is important to notice that all these reviews deal
: _ f{:.;_:w":-‘., with clinical (and not electromyographic) diagnosis, 8 |
-
i EE Thyraid surgery may also cause paresis of extrinsl
i : i laryngeal muscles, especially the sternothyrold (Pahn sl
u a : i i : 0 i
EE : E ; ; ; -Eg al., 1984). |
: }.L_"E In  summary, we conclude that thyrold surgery ant
. g : : ¥ S s
: : i i E 5 iy 53 malignant disease are by far the most common etiologles of
: : : : 3 - b laryngeal paralysis.Besides, some specific, although rare
: : H : : =y =
: : : : i A— E} causes, are worthy of attention !
: : : : S = B.2.2.FPeculiar etinlogic factors
1 i : : i o G
: : : : -:I:g
r E E : : GOy L
: : : $ é&%fmxﬁﬁiz B2 o Intubatiion
: : : ; g T
: H : : L
| e : —-— :
S i [ Al1 authors agree that paralysis is due to lsghenia of
=
o L the inferior laryngeal nerve.This can nesult from |
EE} stretching of the nerve when the neck & hyperextended fo

Intubation, or from a trauma produced by Vhe laryngesee

But the most probabile nechanisn seens a compression

tube, or an excessive pressure In the euff
denonstrates  that  nitrous oxide diffus

Flg.VIll.4.! Etiology of vocal fold paralysis, after
Wendlar at al.(1984),
Strumestomy -
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& daa
racheal tube cuff and the cricoid, or betueen the 8.2.2.2.Ca ﬂ‘:i*mmﬂ-w

[ i P’ - - ¥ . bt ] ‘;ﬂ
| wala and a dislocated arytenoid cartilage (Cros et

B i 3 ! _ : \ ; ; i wrdd A
1981).A forced neck torsion during the surgical Simultaneows occurrence  of  dysphonfa and  lGNRSIEE

Ure Increases the risk (Holley and Gildea, 1971) ~ hypertrophy in patients with a valvular mitral stenosis VAW

okl
LAl
»

oy - first described by Ortner in 1897 as 'ecardla=y

b 7 . i . - - = o bl freduen
anatonical study has been realized by Cros at syndrom” At the end of the nineteenth century, Its freaq

BIREENNL et the  ischaemic ares  jnduced was estimated to be about 4 % of cardiovascular pathalogle

I‘“:?ihl.!ﬂ&ﬂtracheal cuff overlyes the nerve. O Riddel e j@les 4886 DIAE  phedRnt. WEET RS

cardiology.: & has hecome muzh Tess f?.qu.nt;?hﬁﬁﬂq

"ﬂ'FithYETS is generally unilateral, the hypathetical mechanisms have been proposed !

N a4 paramedian position, and the dominating
- pressure exerted on the left inferior laryngeal ner

by the dilated auricle

may appear even after a short duration

but prolenged intubations increase the risk.Cros =N frdssural Cnented Son the Teft lnfemiGRINE.

(1981) reviewed 30 cases (of which 13 had By e Rrenia puimpnalis

hie eonfirmation) : The average duration of

was 19 days for patients with unilateral lesion, SicEinvene tracuign of “the ihypertrophilc thearis

days for patients with bilateral lesions. 1 (it SRl AR R
¥

M “-*i"ﬁ-l-- casps of laryngeal paralysis due to short In contrast y cardiovascular surgery has Qalr

~ intubation evalve towards a total considerable importance in the last deczades, and haw e

lectromyography Is a valuable indicator for a good a more significant causat|ve factor of voecal fold pay

denervation is noat complete (Cros et al.,
ol ke 1 " The following percentages of vocal fald paraly

il ¥ W | 1 labkie | =




cases ameng ST patients with

4 cases among 134 patients
8 cases among 387 patients

42 cases among 400 patients

al..1986)

L anpther point of view, Kittel et al. (1984) pbserved

'ﬁnumﬁmd pareses in 434 patients operated because of

vascular malformations.

.ﬁ_h§331LUﬂg cancer

]‘; fiﬁ;.w&ﬁnul? i, In Europe, the most frequently observed

In  men.Survival rate at five years is not
et al., 1983). because only a few of
(20 %), and long time survivals

- Practically inexistant with ather

are made on 994 cases of lung
(Cabwille et al., 1988),., F0 cases of

are observed (3.3 %).In 16 cases,

)

in relation with mediastinal extension of the tumar,

gy Uhsiw

In 27 cases, the left vocal fold was [nvelved, in 2 &

the night vocal fold. and in 1 case both vocal folds, 1
The position aof the paralyzed fold is

pa?§Mad1aﬁ ! 9 cases
intermediate ! § cases
in abduction | 3 cases

in adduction | 3 cases.

In the remaining cases, no sufficient precision could ke
abtained.

Pyl
After complete assessment, all patients ﬂlﬁ%

zonsidered as inoperable! 15 because they had metastane:

patients had & regular follow-up | mean 'U?V‘Vwﬂ
I'."...ittf.r'l_-'i.'.i‘m..

') "
It nust be considered that a vecal fold paral)
' ung cancer Is a sign bad prognosis.
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Idiopathic e ses (among 238), both the iu.p'-lé\e.i.éﬁ and |

et al. (G = o W Among 39 paﬁﬁ&nts with

laryngeal paralysis, they found ; laryngeal nerves were paralyzed. indiczating that the es|

could invealve the nuclear lower motor neurons.The aul

;j." cases of diateies mellitus thought that, in all probability, so-zalled idlopathie v
: - 4 : ge ] i " I g i " & | N 1 ‘.
- 4 wubjects with a pathological oral glucose tolerance Je Rarmiysie; b sinbige ol prigln | SR lqjﬁw--““.
| d i {
‘_' eranial nerve palsies such as facial para 1-:3-:_1-*'.;;“'1;1;; #

| ", | : -
: ﬂ l'@%*umﬂ. T olfaction, and sudden deafness.
* | subyect with hyperlipidemia
8.2.2.6.Vocal fold paralysis in infancy

" - : Th au : ; . ralysis in the (Tl
ey . ameng 294 subjects suffering from diabetes Sl GUUERS G Lsnungeal,, paealyss i plﬁlutfl. )

1% showed disturbances of laryngeal mobility. pepulation are different from those in adults. In ehildren,

the major causes of vyozal fold paralysis, bﬂ&h'UﬂWﬁ
i b o : ! : . 7 =I."mJJf ™
s to be sqspected, with probable ‘nd Bllatersl, Rl ilebh ZAnauna ceminal n'“%ﬁ
disease, meningomyelocele with Arnold=Chiarl ;mg&_'
: i
~and hydrocephalus, idiop athic, surgical trauma. and @l
of the heart and great vessels.Statistics of Cohen st @l

are reported in Filg.WVII1.5.(100 cases).

of idiopathic vocal fold paraiysis is very high
weries, and very low in other ones. Capps (1948) o
1l y
| 172 cases among 455 subjects with unilateral vocal i

paralysis (Paparella and Shumrick, 1980).In our own a8 @ bronchoscopy.Cricoarytenold fixation was exciu

ct palpation of the jaint.

- |

Hale children are ligntly nore often
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FlguVIlT.5.: Btiology af laryngeal paralysis in children,
fher Cohen ot al., 1782,

firal nearvous system disease, birth trawuma,
pmysliocele With Arnold=Chiari malformation and
iently hydrocaphalus, idiopathic uniluteral, ldlopathic
1, surgaery, blunt traumm te the ne h14ﬁ j1 IR

Bliopathogeny

The earliest evidence of Jlarynoeal paralysis (8 In Lhe
graup of childeen with bGirth trauma.Childven with conbeal
nervous esysten disease (e. g. Mobius’ syndrom) show evidenee
of laryngeal paralysie within the Tfirst ten days of
life.However, in the group of patients with maningomys!oes s
with Arneld=Chiari malformation and hydrocephalus., the mean
age of onset is later (47 days).This delay In gnset af
symptoms may be related Lo the progressive davelopment of
hydrocephalus which followed the repalr of Lhe
meningonyelocele.Uncomplicated hydrocephalus doen nut

produce laryngeal paralysis.

Compl icated delivery with abnormal  presentabion  ap
pasitioning of the infant and the need for cesarsan secllon
Eirth was asspciated with laryngeal paralysis In almost 20 N

of the children.

Blnty=gin percent of the patienta had a bilateral
abductor paralysis: Most of them are due to, &
manlnponyelocele with Arnold=Chiari malformation or &
central nervous system disease.Kinking and herniation of the
trainstem is thought to cause (mpairment of Its blood supply
and the resultant [(schaemia leads to bilateral ldeﬂiiﬂ‘

vaeal  fold paralysis.ln those with wnilateral paralyeis: Lhe

Teft wide (& mowt fraquently invalved, e 1o
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- R.gjph-rn1 neuroaen e | ome, and 3 casen with a myogenie

Inspiratory  stridor is the most common presenting syndrome.In 17 of these cases (4.6 %), no specific lt{ﬂT_F
nin.Savere obstruction +to the zirway, aspiration and guu1ﬂ be demonstrated. In spite of a careful €linisal AN
hagla frequently occur.Dysphonia is an uncommon symptam ?]Flclinlcal invesﬁigatiun. b LhL RARIYS 2 G
her the paralysis is unilateral or bilaterals Fhivioghcal mategaries. . !‘:

‘i

o b

8.3.2.5ex
Fig.VII1.6, separates, for each group of l%Lnqulil;rlﬂj
respective number of male and fenale patients cunulrnldj
vocal fold paralysis has been p
T Glabally, no statistically significant difference n_-_wn#.q@
i ¢ U‘ul11¥ @sspciated.Tracheotomy s frequently petivesn sexes (175 man and 193 woneni.ReveSGUREEE ‘!ﬁj
[;ﬁwgﬂpn:ggmyhnq:ﬁhl:ngmna¢a1‘pewjad. wtiologic factors are much more frequent in one seN. :
';:}l)i( :
“allzed delay in neurologic maturation is suspected as @ the jopy handy  RACHORERSUN SN tﬁ' .
women ¢ p < .000001 ).On the other Hand, neck surgery

(fexzept the thyroid gland) ¢ p & .01

1976 Grundfast and Milmoe. 1982) p o= 00001 ) appear sign(ficantly more frequ 1y w
I

4 cause of laryngeal denervation.The overwhelming m
rsonal statistics of thoracic tunors are Bronchial careinomas  with hilun
" M metastases.,

1.Etiology
% . _ , 4
” ST Other causes seem approximately equally common (n be
s - _ . A
R, " R — T — 1&;*@3, and no significant difference (s detected,

! I ! . . . i | roikdl T

hic pathology, we found b4 cames with a e ol e

r

e
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e
" g 'c
ETIOLOGY OF FPERIFHERAL NEUROGENIC (]
SYNDROM OF THE LARYNX : E E Ul.'
{(personal statistic) o8 E ; : E
L : : : : .
L : : : : Eib—
Number of cases = . ' ' . I - L.
Birumectomy 159 £ E : : : : ]
[ : 2 - g f— _|D
Cervical murgery 36 - : : ; : =i
' : : : : bt
Thoracliec tumors 41 :=‘: i : : E —
l Neuroleale pathology 3z r:l-l g i : : L
] — : : ;
Trawma as fot 3 EE
Thoracic surgery 18 L : : J‘”J
Cervical tumors 12 it ..Il'.llq
f' Neuritis 11 f IR |
) : L0
Cardiopathies T I
J ey
Undef ined 17
& i ¥ h
B 5 B
| U = =0 b =
(| [n (|
2 — —

HUMEER 0OF CAZES N

~ Table VII1,2.i Personal statistic of etiological factors
i casew of peripheral neurogenic syndrom af the laryns,
mbtwd by electromyagraphy.

Flg.VITl,b.i Etiology of peripheral neuragenie IVﬂs.\.‘.. m ot q
the daryns. with, far each etiolegic group, the resps t% |
numtier of male and fenale patients,

Btrumectony, cervical surgery, thoracic tunors, heurelogie
Rathology, trauma, Lharacic surgery, ceryical tumors, |
neuritis, cardiopa vouh TR AL L L4
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N, 4. 9. Number of injured nerves

" !
: e e p B ]
Flg VLI T, shows the respective proportions.In most Eg":l'g.j rr:;gj Hfé’ O Ll
- - :
pases, only ane of the four larynoeal nerves is involved. I"':'lﬁ ﬁ:ﬁ uf:; ﬁ 3 E
. e T - preas s
- Dv' M[lmn."-l Ev—i

|
.‘l"!‘,’?jlidl of nerve lesion
bid i

-

e,

= 7

@83 cases of unilateral inferior larynageal nerve

lesion with reduction of mobility, 108 were right and 145

left.The difference in statistically significant ( p = .02

1 The greater length and the particularities of the

[l!M.Plﬁl_jﬂ-rlcic zourse of the lefti nerve may be considered as

responkilble, 71 other patients had bilateral invalvement

HUMEER OF IHJURED HERUES

MR R L Fig. V1Tl .9 cives a comparison with Wendler’s
lﬁaﬂpHﬁi! data (1087 cases) concarning the side of clinical

paralysis of the vocal fold.

W.A.8. mportance of denervation

. Te

il

7 %l‘, ?* InJuf‘ad SUPET‘{ or .IarYﬂQEa] nerves, S2 had a ! FLI"vI I.!c?u | Numh'r ﬂf | nJur.u ‘lvnq..i nerves . in “',"l
: of peripheral neurogenic syndrome of the laryns, B
14l degeneration, and 27 a total denervation.Fartial ;

s significantly more frequent € p € 0L ).
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gide of elinical paralysis of the voeal
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i Slde of reduction of mobility,

FZIEZ = H
ALTITIS0N J0 HOILDNI3d

Plg.vitz.e,
(fferior laryngeal nerve lesion.

] ¥
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fimorig 824  Injured inferior Jlaryngeal nerves, 1B3 had a
partial denervation. .and 141 a total denmervation.Fartia]

danervation (s also significantly more frequent ( p = .02 ),

H.U.6.Position of the paralyzed vocal fald

Paramed| an 211
Intwrmed | ate 70
Ml | an 26
Latwral 3

In  case of denervation of a vocal fold, the paramedian
position Is significantly more frequent than all the other
evantualities ( p < .000 000 1 ) (Fig VII1.10).A comparison
with the <clinical compiled data of Wendler is given in

Mlg.V1ilaty,
0.9.7.Corralation of laryngoscopy and E.M.G.

The data, with respect either to the total or the partial
eharacter of Lhe injury, are presented in Table
ﬁx.ﬁljnlcli1y, the criterion is either immobility or reduced

?JM!;J‘J*V af the vpcal fold: electromyographically, the

Lerion Im elther presence or absence of veluntary motar

NI potentials.Diagnosis significantly differs depending an

Ty mey —

'lltlpalﬁiviny

Ll
e
" " .l‘".H.l"'.é
m :“-. L'Clm'-.l:l._..
Lowe 3 K5 Uy = =
KTV ) ey -l 1 11
w0 DR
1 L e .
H5EY =B
iy JH-=i::: oy
—- A P ey
@ *"“_:ﬁx\%}f'[u
e Ry
i,-'q\v "-
o [ o o L
S N '
s | >
Z i
5 —= ; —atl
B —
it 4
- P ) p
& & e —
—
Flg.VIT1.10.! Poultion of the paralyzed vocal fold. ‘!
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the method ¢ p ¢ 000 § ) (Everitt, 1980),

after

ME T T3k
=S IT= VI —
LT IIMATLHI

> =54 "ST ES
5 HE T I3
g =058 []

HOIL1ISOd
SISATHEEL T704 8200

J«YII1,01.! Position of the paralyzed vocal fold.

P et al, (1984) (1087 compiled cases).




Laryngeal reinnervation
Neurophysiological basis

Rl ol .Types of lesions

I.‘l - Relinnervation may occur elther after axonal fallure or

lear neuronal disease.

~ Anonal failure is wsually classified in: g

. AT
1

1.Meurapraxia | it may he cons|dered as the firsl

arly rREEpONSE to nerve  cOMPresslon. raal o ( )

physlological block of conduction. Al

. 2.Axonptmesis | The axon |s8 sectlioned , and a cﬂﬂylw

degunerat ion gecunre,  but the  perineural  sheath (W

ryved, allowing axenal regenevatbion, Py edemity |
WNeurptmes s 1} it corresponds to & ;._mmﬂhm;_ f i
tlan of the nerve, #ie @i -

‘“ r L L

(1986) investigated histochemical changes (o

cteristics of the Intrinsic laryngeal nusclt

~ after  damage of the Inferior
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L Ehiiqpl4p!1:—
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weetion of the

 sometines called glant potwntialw. INAN
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Reinnervation

removal of the recurrent nerve . the &ctivity of

@un;phnrv1llo decreased rapidly and disappeared almost

jMﬂle£n1y within  ene month after the operation.The
agtIvities of nicotine—amnide adenine dinucleotide
duhydrogenase and succiniz  dehydrogenase  decreased

gragually, btut they did npot disappear within six months.
ATFane  did

Whan Lhe

not change throughout the period of =ix manths.

ferve was crushed, the level of enzyme activity

gig nobt change significantly. Enzyme activities after the

nerve also =hanged, and the degree of the

ahanges was weaker than in case of removal of the nerve.

Grouping of the same type of muscle fibers was observed

predominantly in case of section of the nerve.

9.1 .2.Flectromyographic data

:Uhlﬁ recovery from injury occurs, the rainnervating
anpne are immature and of diameter smaller +than
fnormal . Consequently, thelir conduction velocity is

A@m§$dlﬁibfy reduced.The electomyographic patterns reflect

the disintegration of the motor unit and the recruitment

Fhumnmcnnn.ln garly phases of reinnervation, motor unit

potentials have & low amplitude and a richly notched shape.
reinnervation, the polyphasic

In  later stanes of

potent (als increase N amplitude. Thase large potentials,

My

rmal

metor units  have  been bullt wup by the process of

- relnneryation, ' .

9.1.3.Axon sprouting

h Barly after denervation, the menbrans of &Hl'ﬁﬂiﬂ@

J.ftbrl becones hypersensitive to acetyleholing (MIledi

 Potter, 1971), and |s most receptive to reinnervation by
on: by

_=qulanliln9 axons (Hatsuyama, 1966).The menbrane of &
denervated muscle fiter also becomes wensitive Lo
 meetylcholine over its entire surface, whereas normally
. lnnervated fibers are only sensitive at tha mnoter LU
- plates. »

{
¥

Elsberg (1917) demonstrated that a normal muscle doss

not accept any additional innervation (hyperneurotiration)

b, if the muscle’s original narve (s Injured uhlﬂ.jﬁg

.fr‘nplqn nerve s Yhwne  the mul=1|-ml¥-hiilmﬂ

tdual
motor nerves sprout 4o

implanted,

relnnervated by boeth normal and forelgn nDerves

ryvatlon) (Guth, 1942).Local

#ly near denervated motor endplates |H-PIIﬂI&ﬂI_$’ ..;i]

L

e e

¥, . ?r;q " "

1.the production of ‘“neurocletin® deseribed by
(19501,

sary  and  Hanson

and nerve growth factor=1lke substances rep
(Leney, (1979), and |

Kiwrnan

g B L q Easd ek s E e R SV TR . ul
= [ E s 3 =5

=
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Nelnnervation
2.the  absence of “awson-sprouting Inhibitor factor", a
submtance npormally found near intazt distal axons motor

andplates (Diamond et al., 197&).

Act fve nerve arowth factars that stimulate axon
ipﬁwut;ng originate from the most distal region of the
degenerating axan, near the motor endplate (Diamond et al.,
I9%4 Horjushl and Sasaki, 1978), or from denervated muscle
filsrme (van  Harreveld, 1945) .As a conseguence, the
neiranuseular  pedicle procedure of surnical reinnervation =

“wWith  preservation of cu&tinuity between distal terminations
gl \he figrves and their motor endplates, probably prevents
anon  sprout ing . & crucial phase of muscle reinnervation

(Crumley. 1982,

A denervated muscle adjacent to a normally innervated

3 Cmuee | @ ls able to stimulate nerve fibers within the

Cnnervated muscle to produce axon  sprouts.Sprouting
. astivity seams to be maximal in pariially denervated

Mmueclies, while a muscle more than half denervated will shaw d,ir-
. o RN
~ Flg.IX. 1.0 Above ! Schematic muscle Innervation.Two axons
ervate each two muscle fibers.Axon sprouting inhibitar
tor |a present In normal muscle. - -
. Below ¢ The first axen I culsh
~denervation, nerve growth factor and abswence of
outing inhibitor factor cause wsprouting of
pase reinnervating axen toward the denervated motor and pl

3" I

Imes vigorous sprouting (van Harreveld, 1945: Edds and

1 IBmallly 1981) (Fig.IX.1.0.

L [ 2
"%l .4.Huscular atrophy

‘To be efficient, reinnervation nust take place during a
def (hed tine period before the | '
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atrophy from denervation.For normal function, the muscle
needs a freqguent stimulation by the alpha and gamma fibers,
am well as neurotrophic substances delivered from the
fmuren call body (Duckef and Kaufmann, 1977).The time
Hecwnaary for atrophy varies from species to species, and
Byan ameng different muscles in the =ame subject

tHenny =Brawn , 1?51 Guth and Zalewski, A..1763! Sunderland,

IOTRY Mg 1K, 2.0, liauka (1966) ,experimenting with dogs,
pul el  up the exposed inferior laryngeal nerve with a small
plwcw of lvory on one side, and observed that, after three
days of pullipng wp, the nerve fiker degeneration and the

= alraphy w©f the vocal muscle had partially set in.After one

manth, the muscle fibers were separated. cut and collapsed.

and necrosis had noticeably set in v In this time, the
changens were quite irreversible. Nagashima (197013 .
wupmr imenting wlith dogs, observed that, after partial
ramoval of the inferior laryngeal nerve with no possible
regeneration, the weight of the denervated muscles rapidly

docrpased, becoming about a half of that of the unaffected

" N . I : Fig:IX.2,! Muscular atrophy, as it is shown by & CT-scan
glde In  three months.The muscle fibers progessively were @t larynx, at the level of the right paralyzed vocal told.ln
puplaced with connective tissue. Slow type I fibres seem to the present case, tolal denervation occured flve years

before, and was due to strumectomy.
be more prone Lo atrophy than the more hardy fast-twitch

filbpes (Dreyfus and Shapira, 1948).0ther factors may affect
the duratipn of denervated muscles’ surwvival , as exposure

to cold or pawsive motion during the denervation period.

Atrophy of the intrinslic laryngeal muscles (8 most

f o
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l' wvident In cases where no voluntary elactrical agtivity is
found . When the inferior laryngeal nerve is eut in dogs, the
whght of the nuscle is reduced ta 50 % of the healthy one:

13IWIVE¢5 when the electrical activity |s restored , muscle

| 1..'II-

ylighh returne 4o normal. In the contrast laryngogram. the
~ Jueal fold on the paralyzed side is thinner than on the

healthy side (see Fig.V.T.) (Hiroto. 197&).

Vet ulallbrosis

fulw. the sooner a functional connection is made

Ly pegenerat (ng axon and muscle fiber, the more likely
|l e

funetien of the muscle cell will return to normal.If there

R, :
that the reszulting metabolism. marpholeay and

Ile w delay In vreinnervation, fibrosis appears in the
muwele, which diverts sproutina axons and prevents them

fi from reaching motor endplate .During the first ithree weeks

|

following denervation, motor endplates undergo several
histalogical changes and may fill up with collagen if
peinnervation does not occur (Bowden and Guimann, 1944:
Grumlay, 1982).Long lasting immokilization also causes

) fibrosls of cricoarytenoid articulation.

9.2. Spontaneous reinnervation
4 r-r

~ Reinnervation is quite frequent [n cases of idiopathic

parpsis of laryngeal naerves (Hagiund et al., 1978) ! two

'._,';b_y 4 sprouting mechanism., has [(ncluded 'P"“FVI'"EHﬂJr']'
~ denmrvated nuscle fibers (Haalund st al., 1972 , L9780,

ﬁtfﬁwﬁjﬁ&ﬂ
Ilf-r..“'l_'lﬁ

~ types of patentisls Awgh&.!j%'ﬁi-g-r' istlc ! |
. A

i i

i
B 1."Nascent potentials' | they are of low amplitude .n.n,dé‘

_ ijyphlujc shape, sometimes richly notched, and (ndicate

-¢pery reinnervat ton.

. 2."Clant potentials"' | they are also polyphasic, but
¢£8tp.m.]y large amplitude, typical of later stages i@

.m'inn.rvation.
Y
If some of the recorded potentials are of narmal tvpa N
# case of paresis. they indicate that some of the mnotar
_Mxens  remain viable.Thus . some muscle fibers may have huwn

'quinnlrvatid through bifurcation of these vklgﬁif
{4

'jﬁnnl)lndl:atlnns as to the the mode of Painnlrvl\L!ﬁ'm y
I'S-L'

_be ottained from the analysis of the wshape af §
nagl T

'lmﬁJ?phjllc potentials | Those of more or less Q'Fﬂfﬁl

duration and consisting only in a series of repatitive

4pikes are to be considered as deriving from recently

:?ﬁijnnlrvntld muscle fikers.Others are of lun;,ﬁuﬁmtﬁinqﬁﬂd

 gonsist in smooth waves, accompanied by notches and spiles,

,ug‘g,u'tlnq. that they derive from a nermal motor wn :-t,mm-m'

t
I

g« L % 3 iRl e
.”‘l&bh (1978)  observed Ahal, In two cases af spon '
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,

patent |4l  evolked by electerical stinulation was of slangated

Tateney angd abrormal  form.In the two cases, both Lhe ; 'E:i

Buperiar and the inferior laryngeal were involved,The E ‘."-.‘--""'-

author suggested bLhat ordinary electromyagraphy and mvoled ; i t '-.'-u_.:f"
; P

plectronyograph i test arg capable of describing the i : ::":\ ™

gual ity of nerve regeneration : :r." K o
= - : ll' o -

e (]

: RO o

S TR - T e
| ssesssran P

| AN
Pram & elinical point of view, Wendler et al.(1984) : . -
nk e Lhat ) cons  dering all cases together, @ : i ""'_h_
1 -
PR leatory motieon of the paralyzed vocal fold is ful ly= i EE
reEnveEred  (n 10=1% % of the subjects, partially in 30-40 Wy "L g
ahd net at  ald in A0-40 %.Aafter strumectomy, partial ap d :;_:-'\_"- = -
) et ot !
complete recovery occurs in 40 % of ihe cases! aftep E Plemteitons ' AN ok M
peurlble  In 50 %, and in case of undefined eticlogy in B0 i i i bt . =
R T
%. Muet of the the patients recover mobility of the i i : : -."-"-."-."."-.:‘-."x"-"‘."-.?.\"'" ﬁ
paralyzed i lia’s gven as a better wvaoice, after W : : g : oy [ 4
L, TR RN 3 a!
manthe Nevertheless. some patients recover after one year, ' : : : : : _' :.\\'-."\. cd i
anel mven after two years (Flg. I1X.3, and IX.4), 1S (O A -.,.-._;Iu.,’-.._‘«.z -
T O S A ey =
A S O T B U L

9.3. Misdirected regeneration

In 1927, Colledge and Ballance first described the

phenonenon of paradoxical glottic novenents of axpiratory

SISHI 40 WIFWNM

abduet fon an inapiratory adduct ian after Inferlar
lul.l Time delay for elinical complele recovery of
old motlion after paralysis, after Wendler's et al,
Cdaba  (1984) Most  of remobilisations of paralyied
fam pecur  afber d gonbhe, but favourable svelubion
e obeamrved after one or even Lwo years,

laryngeal nerve repalr.

Tom|ta (1967) published electromyographlie Invest igatlans

e
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Al Interinele Yaryigeal nuscles carvied out in 29 human

BiBate with Inferlor laryngea) nerve paralysis and in L4

!:‘: 21
220

] whleh Wnilateral inferior laryngeal neryve

s : e
i H : i} had been wsuperinentally provoked by various
5 : E i
H : ; Bl cGrushing, section and suture after section of
H ' H sl
. . - N e
a E [
“ : : ! .':"\','r—i
= s : s
Lo 5 5 i -
l'-H : H . authar pheerved a phenomenon of misdirecled
E : : T Bration of the nperve in some cases of both human and
: : bl 1 v L
EE : : : ol resurrant  laryngeal nerve paralysisi|. o, acllive
i : Joid L
) ' : — Wes af the adductors or the abductor of Lhe vooa)
T . o | :
rR recorded during inspiration and expiration as
=i P -‘x' (]
- i = phonatlon.The avthor concluded that , sines Lhe
(1 : : ™=
. . Y
- : : | I sEntracted with the adductors during phanat (an and
o s : —
: : L i after the nerve had regenerated, the |lnvelvyed
: ] ——
P . pamained to be fixed at paramedian powiblan
: : ™S b=
f : BB Bugl  an lrregularly reinnervated vocal feld may
! : -
' $ e " !
i ; isurete glottic wave during phonation (Fex, 1970),
s 5 -
| I . E wi al. (176@) aleso denonstrated  with
B Ry i)
[ L e

JUgraph ¢ evidence the vrelative Inportance of
rwinnervatl ian an a caune of (ncamplete

wh ot function of Intrinsic laryngeal nusclew,
SASHD 40 H3ELOM

Flg:sIX«dst Tinme delay for clinleal Incamplete ru‘:iavny
voeal f1old motlon after paralysis, after Vendler'e wt
comp | led data (1984) Even as for canes of gonplete reaby
mest of remobi)isations occur after 3 months, (g
pRcover ies are not einceptional .

fle CURTAY  app)ied mectioning and repaleing .
B arushing Inferlor laryngeal nerves In doge, and

A nnme  aases  abnormal  moblen pAtterns . wWhieh
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Adductor fibers

] -.._.: T e
Abductor fibers o
S
e i
Fig.I1x.5,.1 Schematic misdirected regeneration after
inferiar laryngeal nerve sectian (Tamita, 19&7).This
phenomencn is responsible for lack of remeobilisation of the
vocal faldis and Bven for abnormal motion patterns

(Fig.1X.3).

Reinnarvation

]
A

they attributed to misdirected reinnarvation,
|
Hirgto  (1976) observed  that, in  some cases of
sdirected regeneration In humans, the vocal fold on Vh‘
paretic side abducted slightly during phonation when Lhe
healthy fold adducted.
‘A personal a»émple of electromyographic eavidence 'ﬂ*
4
- misdirected regenervation is shown in Fig., IX.6,
1
Therefare, selective treatmnents to adductors o
akiductors have been designed ( Murakam| and Kirchner, 1971

! lwamura, 1974 ! Matsui, 1976 ! Sato and Ogura, 19780 ), |

»

9.4. Surgical reinnervation ¥

Early in the 20 th century, Horsley (1909) p\"ll.lﬂlﬂ"l"
guccessful case of simple neurarrvhaphy of the left infer|dap
laryngeal nerve in ba woman, who had been shat by @&
plstol.Bath nerve stumps were approximated af ter edc | &lon
of the diseased portion.About 15 months postoperat ively,

“the vocal folds had a good mobility, the 1;?t_unu-1n§nﬁﬂl

8lightly behind the normal side on adduction (miedirected

regeneration 7). | il
rig §

In 1924, Frazier used the ansa hypoglaossl fa
2 h the nfer ‘

Sl

@m!g_’ '_. n :,-} S
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1004V

Fig.1X.6.1 Electromyocaraphic pattern in a thyroarytenoid

mugcie, ] during phonation, after misdirected
reinnervation.Above : sound oscillogram: Balow :
Fle:tromyngram.ﬂ parsdoxical decrease of muscular activity
is opbserved during sound emission.Clinically, the trophic

vacal fold remainsd immobilized in a

Al : aramedian
position.Time calibration is 10 ms. :

— e .

T ——— LI
2t

Reinnervalion

nerve.

A detalled review of historical aspects of surglceal

reinnervation is alven by Eato and Qgura (1978).

Batah et al. (1974) sectioned and repalred the Inferiaf
laryrgeal nerve in dogs. and compared muscular functians
Wikh that of animals in which the nerve had been crushed ar
sub jected to sustained presswure ! Reinnervated intring|e
laryngeal nuscles showed impaired function (Bewidew Lihve
misdirected reinnervation of muscle fibers by (nappropeilale
gamponents of the regenerating fikers of the nerve, Lha
authore considered three reasons as conte (buling meare aF
luss to this reduction of function of the relnnenvalsd

laryngeal muscles

i ,The sprouting nerve fibers often fall to reach the

mumclae fibers.

2. Connect | ve tlssues developes between muscle fibers al

the same time as the muscle fibers atraphy.

9, There (8 an obstruction of mechan(sms In the prasess
between plectrical and mechanical changes leading L@
gontraction, which may be caused by chemlcal changes |In the

nusele fibers (electro=machanlcal wheoupl ing) .



Reinnervalion

after section and
the regenerated nerve fibers were

cansiderable development

fibrous tissue.

abduction and adduction is thus not to be

after regeneration of the inferior laryngeal nerve

considerations plausikle

euplanation for the discrepancy beiween the good quality of

electrophveiclogical reinnervation poor clinical

mobilization of the vocal

pioneered the

seplective reinnervation posterior cricoaryitenoid

implantation
nerve.Migliets

reported a success with this

technigue.

obtained good results with a

nerve-muscle pedicle ‘technfque bilateral ly

paralyzed folds with imsufficient airway.He dissected
(2-3 mm sguare)
of the omohyoid, include the nerve

hypagloms () This

cle  pediele was  sutured to  the

erlcoarytens | muscle.Appropr iate abduet ion ef

W,

rolnnervated side was noted, after 6 = 12 wenks, at

N approximately S0 % of the cases.Some of the rem

;;mfi observed to abduct after a modifed Master two slsp

‘Yewt.This dtechnique does not invalve cutting most @f th
tesy . T!

eminal nerve fikers, thus avoiding neural degenerat o

‘nerve branch, not derived from the vagus nerve Bub

- gpontanesusly firing during insplration Is weed (L d

slernothyroid muscle is also convenient) . Finally, htclﬂ!lﬁ
only the abductor musszle is selectively rllnh.rvltlis
Mmisdlrected reinnervation, inherent to nerve lnlltlﬂlifﬁ

i .
Ahshhlgues is  avoided.Other authars conflierm the @

reNUTLE (May Bt  al., 1980).Nevertheless, actual
Caprouting 13 guestionable (of.supral) ! Eupar iments
Grumley (1582) and Rize et al. (1988)suggest &K
' the ansa hypoglossi newromusculan

the glottic alirway during dyspnea, (bt does ﬁ'f;f

w0 by actually reinnervating the posterior crlcﬂikv%lﬂﬂJf

cl@ | The mechanism of action should be &n @nhansem

he accessory vecal fold abduction® prodused by

accessory nuscles of respiration, while awwisting Ah

othyreld nussle with enlargement af the glottis in -ﬁ{
antero=posterior dimension. Electromyographic data and
1

c1® histology reveal that the posterior cric
 may be rejnnervated by adjacent inferior
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Chang (19853 shows  that ; three months  after

nerve-sternohyoid muscle pedicle graft in paralyzed
postierior cricoarytenoid muscle in dogs. two thirds of the
excitable evoked muscle actian

animals demonstrate

potentials in the aperated muscle.The wave form s
disperszed and in some dogs the latency i1s longer.However,
this experiment does not praoavide direct evidence of
reinnervation ¢ Other neural regeneration could have caused
a similar effect.On histological examination, the grafted
nedromuscular pedicle shows severe degeneration of musele
filbers | Almost the whole grafted muscle is vreplaced by
fibrouz tigsue.In some dogs. neural proliferatiaon is seen
&t the junctien of the neuromuscular pedicle and  the
posterior epicoarytenaid muscle.There are no obvious nerve
fibers arcowing across the junctian.

HNeal et al. {1%83) performed omohyoid nerve-muscle
pedicle tranposition in subhuman primates : after 6 to B
week., galvanic stimulation of the omohyoid nerve pedicle
zavsed lateralization of the paralyzed vocal fold, althouah
ne inspiratory abduction was noted. Electron microscopy
upnifarmly showed the presence of both myelinated and
unmyel inated nerve fibers in the posterior cricoarytenoid
muscle o the denervated side. The attempts io show
horseradish peroxidase transport via the ansa hypoglossi to
the cervical spinal cord motor neurons have never been

successful sHowever; there was iransport of peros H{gl:&nnm

1
.

g

Lhe posterior cricoarytennid muscle to the 'rg'u-r_.'_ll'ul Afnb 1 GUL S
on the same side as the inferior laryngeal nerve !ﬁ%ﬁ'ﬁa .

T
Fex (1966), Taggart (1971) and Merledge ot al. (1978)

_ pasierier
erlcoarytenoid muscle, in cats and dogs.This nerve condusi:

0 ted the phrenic  nerve into  the

“n@lpiratnry impulses to the diaphragm & le'mI1F]l.L;

s
o

ter the inspiratory discharges of the pﬂiilﬂ¢!ﬂ
&rizparytenoid muscle (Sato and Ogura, 1978), but fM.l_'
physiological similarities between the diaphragnatie and

posterior cricoarytenoid muscles are so apparant that (4

has been suggested that both muscles are inﬂlPVN..H;_l.\!.:
mame group of neurons in the brainstem (Wyke, 19400,
|--‘E{h_l' operated aninals demonstrate inspiratory vossl
abduet ion.However, the function of the diaphragn she
bw  sacrified, although unilateral sectioning af tﬁl:
narve seems to be very well tolersted (Fackler st I‘-:!i:_.‘_l
1967: Robertson, 1979). , af

4

improved the technique &y

~ QGrumley et al. (1780)

gplitting the phrenic nerve, and routing half of the f ik

tom the posterior cricoarytenold muscle via a frae

f:'-a.f‘c..-wi th thie teshnligue, cyelic inspliratory conteasd
the paralyzed posterlior cricoarytenold my

alned (n doge "'.u. ey,

L g
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9.5. Artificial long-time stimulation of denervated
posterior cricoarytenoid muscle

Considering the problems goourring with suraical
reinnervation technigues., some authors ¢ Obert et al.,
1984 ; Zrunek et al., 19864) experienced implanting
stimulation electrodes into the posterior cricoarytenoid
musc=le after section of the inferior laryngeal nerve ( cdﬁy
animal experimentation J).Long-time interrupted stimulation
could prevent as well abductor muscle atrophy as arytenoid
problems with

ankylosis.Some electrode stability and

corrosion still need adeguate solution.

Neuromyography and reflexmyography
N - .dﬂn
s a8l

10.1. Introduction

i e L1, .

ol detection electronyography, the .ﬂlﬂﬁhﬂli,‘.i

- aeton potentials are elther spantanmaun jl%

”%ﬂlltiﬁnaT.Muac1a action potentials can also be uvnhlimﬂq

electrical stimulation, using surface ar  needls

. #lectrodes .Moreover, electrical stimulation of affersent

nerves inltliates refler evoked waves in ceneerned musel s
i
"

 (Gopdgold and Ekerstein, 1972: Mercells, Hlll.l..ﬁW"-

(WHper (mentation has been performed in cats by Suaull
Basaki (1976). i
"

Neuraomyoaraphy is the stimulation of a nerve WJ*H
'-;:nmdjnq of the electrically induced mUlGﬂla%ﬂtﬂﬂdﬁyjlw
Lthe innervated muscle.Reflexnyography |Is thae ;tmmuggtwggi
A afferent nerve with recording of the reflex muse

response.A well known exanple of the latter s the bl

reflex i The supraorbital nerve Is !Elmwﬂl&ﬁ!@ and Lhe

ragponse |8 plaked wp in thl-ﬂpbtdﬂ]ﬁ?}ﬁtﬁ_af
case of the laryns, the afferent branch of ria

"'-'-'\f""' ny &!' '-,-‘4-_,. after lﬂ%%n _.l.--'-':".. y

I ®1
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the vagus nerve and the Jlaryngeal motor nerves, with a - AL i ' vl
muscle  response potential in the intrinsic larvngeal ] - Peytz @bV al, (1%4%) stimulated the Inferion laryn
muscles (Thumfart, 1984). Furthermore, late contralateral nerve with stainless steel needles ( dianmater Q.7 mi

evoked potentials suggest a crossed pathway,. with possibile mlﬂgth 50 mm ), insulated except for a length of 8 nm &

thalamo-=ortical relays. @hl'iip;Th!y applied the stimulus 3

In zase of injury of the neurc-muscular system, the 1. To the inferior laryngeal nerve near the tfﬁnﬁbw

evoked electramyographic test is in general considered as Gathode T was placed paratracheally at a distance uf'ﬂwibﬂwl

the most wseful test in estimating the degree of injury at - Below the nost prominent point of the cricoid arch, ‘

an early stage after the onssi.lt contributes to the

prognasis and the setting up of the policy of treatment 2, To 4the vagus nerve just before the branching of the

t8atoh, 1975).8Bhin (1971) has demonstrated in dogs that, in recurrent nperve | Cathode I1 was inserted at the same level

case of a regenerated inferior laryngeal nerve, the evoked as cathode I at the posterior edge  of Ahe

| o

potentials reveal prolopged Jlatency &and a characteristic wternocleidomnastoid nuscle. e LAY

pattern. W eny

. The 'depth of the slectirodes was varimd wnt il &ﬂn:ﬁgﬁuﬂi

10.2. Methods of stimulation and recording threshold af the action potential was obtalned. LAY

0
¥

Classically, when the internal branch of the superior - Anode I was placed (n the sutcutaneous tissue of the

laryngeal nerve is stimulated, a reflevive closure of the wlar fossa, Anode Il in the subcutaneous ﬂﬂllUl>“ﬁL‘

glottis results (Arnold, 1941}, o lor to the sternccleidomastoid muscle. | § e | <A

Abo-El1-Enein and Wyke (194&) alsoc show that afferent | ol

 The

discharges provoked fram muscular mechanareceptors (spiral stimuli  were rectangular current pulses of 0.1 gr

nerve endings and muscle spindles) by graduated passive 2 meec duration.
ptretches applied to individual Jlaryngeal mnuscles are
e pable of producing sustained, reciprocally co-ordinated The action potential of b

E o In the tene of the (ntrinslc muncles of | aryny .
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.The electrode is introduced either ‘through a direct

laryngoscope { local anaesthesia and pethidine |
intravenously ), or during a total laryngectomy. ol
i@l
Atlkins (1273) used a similar method. s s o -l
Q‘. .‘ ¥
'o.’ \.o
*y ISLN ISLN ¢*

Eztoh (1978) stimulated the internal Granch of the g
sUpErior lTaryngeal nerve,; VAQUS nerve and inferior |
laryngeal nerve with electrodes made of ©copper wire
measuring B0 u in diameter coated with enmnamel except far* 5
mm along the edge (Fig.X.1.). In order to stimulate the

S
internal Branch of the superior laryngeal nerve, the
electrodes are inserted approximately 1 cm deep at the
distance of 1 =m so that the region where this nerve
penetrates the thyrohyoid membrane may be the center of the
electrodes.To stimulate the recurrent nerve, the anode is o
1
inserted 3 aom below the lower margin ef the aricoid g
cartilage and the cathode 1 cm above the anode at the depth o,
of approzimately 2.5 om for both electrodes.To stimulate
; Fig.X.1.: Lozation of stimulation and  precardlng
the anode and the cathode are inserted L8 I
vie N mRglis RS alectrodes, according to Sateh (1978). ‘
SasRend RalE) s R ARE S VHE ueRERT AERRLE Y ¥Ra ISLN: Internal branch of the superior laryngeal nerve,
pp i ¥ p 9 ESLN: External branch of the superior laryngeal nenve, 4
sternocleidomastoid muscles. the anode being above and the RLN: Recurrent laryngeal nerve. |
Arrowi Stimulation, -

zathede below, at the same height of the electrodes as in !
: muscle.

EWZ: Evoked waves induced from the left ericothyrold mus:
EWS: Evoked waves Induced from the right thyroapyl
musele.
EWA: BEvoked waves Induced from the left thyroa
nuscle. '

EWl ! Evoked waves induced from the right :Brllﬂﬁhvm’w'f
el

stimulating the recurrent laryngeal nerve.

The bipolar concentric needle welectrode uweed for

racording |8 inserted percutansously (nte rleothyroid shabiines 4t @




Neuronyography -
1+ 110 I
and the thyroarytenoid muscle. is inserted 3
the hypid bone ., A&t
thresholds (milnimom intensity of stimulatian ~ skin.The reference plectrode tanode | & lag
red  to Inducze evaoked wave) rise in proportion of the J EEBEu taneaualy iniihe rsuprachav el ARESTERIE Y
..l?';l.-.l'ﬂ-:l petween the nerve and the electrodes but also j stimulation L perfanasd Wik PUTses. 6l
BEBRERGING e YHe Esoree of nerve injury : They vary from 2 duration.Amplitude varies as a funcztion ll.'f the di
i fih-vﬂﬂtlu between the tip of the electrode and the superior @
| nerve ( 5 to 50 Volts ).The stimulation current (Hb
1981, 1983, 19861 stimulated the . extends up to 100 mA. The frequency of the Impulsees (& -"'_

fnerve in the region of its penetration 2 per second.At least ten repetitive rasponkes newd

Lhyrohvold membrane with surface electrodes.He . recorded.
sbimulations of the wvagus and inferiar
l.l" during laryngectomies.Electric impulses 10.3. Results
o maquare ‘#i\#l‘i of 0.5 to 1 ms duration ( O to 10 mA ! 50
~ 100 v ).The recording fhooked wire (or bipolar ~ 10.3.1.Narmal subjects
.ﬁ-'.-"l'll'tti*:ide'g was applied transorally under optic
into the intrinsic faryngeal muscles, or 10.3.1.1.Evoked response in the thyroaryteno
{negdle—-elecztrode) inte the ericothyroid | i :
IS L
With our technigue. the first response obtained
|
aﬂplr{anca. stimulation of the inferior larynageal thyraarytenoid muscle after stinulatian: afhs KEaEN

) l.‘ d'}fﬂflﬂm t to \.“E'Bl ize in =linical routine, because _-1_3._r'¥ng_a.a.'| nerve is a mechanical art i Tn_ﬁ'};l ‘u’

o -:.%’.'Vi': is difficult to find and to access.Deep - contraction of the cricothyroid muscle, with |

a rigid electrode may be painful, and is not stretzhing of the vocal fold.Ite latenay (8

\The superior laryngeal nerve (s easy to mi11iseconds.The. SAGRAH. hesponse (s & true evoked m

N : : § " : i . .‘\I‘d. l-_l a-
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Neuromyography
latency increases with the heigth of the subject.The
difference (1.5 te 2.5 ms) is to be related to the

difference of length between the +two inferior laryngeal
nerves ( +/- {1 cm in a&a narmal adult subject ). Thumfart
relates somewhat longer latencies, and does not observe a
machanical artifact, but the latter may be due to the fact
that hooked wire electrodes are used rather than concentric
needle electrodes.A controlaterally evoked potential may
alsp ke pecorded, and in our experience, its latency is

considaratle (atiout 60 m=).lts neurophysiological and

clinical signlficance requires further investigations.

10.3.1.2.FEvoked response in the cricothyroid muscle

With & same method of stimulation, a direct muscular
rEQpOnSS is obtained in the cricothyroid muscle, with a
short latency ( 2 - 3 ms ) | The distal efferent nerve
length is estimated to be atout 8 cm. Simultanecuslv,
afferent fibers of the superior laryngeal nerve are also
stimulated, and provoke a second, reflex response. about 12
ms after ithe beginning of stimulation.The same values are
found in boih sides (Fig.X.4. and X.3.). This has also
been reported by Thumfart (1983, 1984), who mentions again
samewhat longer latencies, as well for the first potential
{ & = T ms ) as for the second onpe: { L& = 1B ms& ) & The
evaked response may be flsn controlateral, while the direct

muscular response (8 only |psilateral . :

1

mal subject.

|
1
|
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echanical artefact
PContractlon ofYcriec~ thyreid
muscle)

Evoked muscular potential
Latency : 15.5 ms. R
~ Plg.X.2.! Evoked raesponse In the right thyroaryl

htnﬁlwh after stimulation of the right superion 1
‘9_‘ ?‘V LI
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Heuronyoaraphy

Normal subject.
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Mechanical artefact
(Contraction of crico-thyroid
muscle) '
Euoked muscular potential
Latency : 17.5 ms.

Fig.X.3.: Evoked response in the left thyroarytenoid
nuscle after stimulation of the 1eft superior larynaeal
nerve.Latency is about 2 ms langer than on the right side.

g

2

0 10

First muscular response
Second or reflectary potentialf
encies : 2.8 and 11.8 ms. Lk,

h

&
4
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and evoked response npﬁ_ﬁ
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Direct :
after stimulation of the

muscl@
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Detection : Left crico-thyroid muscl B o Fathoiooic subject

Normal subject.

mU 4
- 10.3.2.1.Thyroaryvtenoid muscle
2.,H""u”““”i..A."“””i“””“"""“f““n"“.”mzuuuh”"”_j"““"""_";
: When denervation of the inferior laryngeal nerve jsg
: complete. no evoked response can be obtained.In case of
1'5': incomplete nerve lesian, the Tlatency of +the evaoked
: potential increases (Fig.X.6.). The duration of the evoked
1 0 potential may also he Jincreased. No vresponse is to be
1 ; enpected if the superior laryngeal nerve has been injuried
: g ~between the point of stimulation and the inferior ganglion
i ‘5.: e e s R B ; _____________ ‘of the wvagus nerve , nor if the lesion is located higher
: E g than this pganglion.In rcase of neurapraxia, the evoked
: : ; g muscular potential is lacking.
0_.mm“mnw"“m“m"m§m“m”“m ................ ; .................................
: . : B . 5.2.2.Cricothyroid muscle

Surgical  trauma is frequently more distal +than +the

8t muscular response

gtimulation level! it may either be partial or total., and

} Sm@d or reflectory potential.
(engles & 2,2 and 12 ms.

- PFig.X.%.: Direct and  evoked response in  the left
~ @rigothyroid muscle after stimulation of the left super|or

~ laryngeal nerve.

alters the direct responce.More proximal lesions cause a

rapid wallerian degeneration, again either partial ar

total.In some cases, the evoked vresponse is delayed and

'%thiy polyphasic., In one case with a partial nuclear

ilnlmn, we found only a direct response ! The evoked

responsge was lacking.




H@&hbﬁy@g;ipny
Detection @ RIghHt OGS
Pathologic subject :
it TO |

maeclie,

partial denerva=
Llon

Interesting to compara |

'qulpnnsas with £hal!"m¢*ﬁnﬁﬂ:ﬁntrn1atcrli 6 lde,

These findings are in agreement with those of Thumfarh

(1983, 1986).

10.4. Conclusions ]

With the wse of neuramyography and reflexmyography, j@

has become possible to test the complex polysynaptic meflan

pathways aof laryngeal innervation, and to oblain valughls
Iinfermation about 1the site and the degree of (he nerve

Injury, as wel as about the state of

regeneration.Further neurophysiological and

cimqpp

Investigation in this fiels seems very pronising.

0 10 20 20 40 50

1. : Mechanical artefact
(Contraction of crico-thyroid
‘ muscle) '

||2Q4,Euoked musc&lah potentiél
R Eerc. @ 23 ms.

i » E&qyﬁ.@.: Evplked response in the right vocal muscle after
stimulation of the right superior laryngeal nerve.Pathologic
3 sub i with slight denervation of +ihe muscle after
- ? ‘.hf wctomy.An  eveked response is present, but with a longer
- latency than normal.

Illllll|]i‘||Iii||lil|lli|l|||‘li]1|‘l
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130 pv

Sub ject:

Male, aged 34.

Muscle:

Right thyroaryienoid.
Description:

Single motor unit potential patiern.
Case histary!:

Normal subject.

Comment:

Zpontaneous normal resting activity in a vocal

100

muscle.

Right thyroarytenoid.

wlq)
g A

'fqlﬂal‘

N l'..‘i

TRl

Muscle:

Description: alub B L

TERERE R T
L A |’.)"'

tarnediate pattern.

we history!

Normal subject. e ms

Comment | ¥

a1l  emigsion of low piteh and moderate Intens | iy, de

metor units are activated, and fire at various freqd
3] b ® N q xS
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120 LW

100 ms

200 pv

Sub ject:

_

Male, agsd 43. 40

Muscie: Sub ject:

Right thyrosrytenoid. Male, aged 34.

Description: Muscle:

Normal motor unit potentials. fAs greater tension is Right thyroarytenoid.
daveloped in the wvocalis muscle, the rate of discharge of Description:
active molor units increases, and also additional motor Normal voluntary action peotentials. Interfermnce pattsnn,

units are recruited (partial unterference pattern. Case history:

Case histary: Norma)l subject during singing.
Narmal subject during voicing. Comments:

Comments: Bubmaximal contraction of the muscle (high pltahed an(

Continuous regulation of pitch and intensity requires rather loud emission).Many potentials, firing at & higl

adequate adjustments of muscle activity of the intrinsic frequency , interfere with one ancother so that wsingli

taryngeal muscles. potentiales can no lenger be discrininated.
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Sub ject!

Male, aged 55.

Musclie!

Left thyroarytenoid.

Descriptiaon!

Micraphenic ef{ect, synchranous with vocal fold phenatory
gscillation. and o©of same pitch.These sinusoidal waves ars
not to be taken for aciion potentials.

Case history!

Important tilateral Reinke’s opedema. Iin relation with
smoking habits.-2light mechanical impairment of vocal fold
motion, but absence of neuromuscular pathology.

Comments!

The tip of the conceniric needle electrode is not positiaoned
into the vocalis muscle, but submucosally into the

gelatinous substance of Relinke's space.

Sub ject:
Male, aged 37.

Muscle:

Right thyroarytenoid.

Description:

Bpontanecus rythmicity, synehronous wa#
breathing.Activation ocecurs during Insplration, And |8 mare
Important than normally.
Case history:

Bavere head and neck trauma one year ago.Moderate Wnryn‘j(f

-
stenosis due to fibrosis, caused by long t.rm.intu&ltkﬁnuﬁ!
o
i
k|
U]

nerve injury.
Comment !
Increased variationas aof rhythmical IlcctrcmVHerihhf

activity may be wsean In rernal  subjects  during 1 tf“_

4 permanent  inerease
evel of his tamynne

breathing.This  subjecl  has
ni

raslntance Lo {ﬁifiy». }
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190 pw
10 ms

Sub ject: N
Female, aged 37.
Muscle:
Leit thyrocarytznoid.
Description:
Five filbrillation poténtia15.

Case history!
Unilatersl total denervation after strumectomy.

Comment :

Fathological spontaneous activity after complete nerve
saction.Fibkrillation potentials may a&appear as soon as 5-4
days after denervation. and remain present for several

years.Duration (with concentric needle electrode) is about
1-2 msec and amplllude low! usually less than 0.15 aV.The
sound they produce in the loudspeaker is typical, even as
their regular rhythm (1 to 30 / second).They are usually
associated with positive sharp waves, bUt appear here
isolated.Absence of voluntary action potant|

e ettt il g i A Al

gor, 100 GkSSaEY boepaak A ude | 1y
-V Frmee s .

100 pv
Sub ject: o
Female,aged 3b. |
Muscle: 1LOO mw

Left thyroarytenoid muscle,

Description!

Fositive sharp waves and Tibrillation D“"ﬁt|l1l-ﬁhllﬂt11;f
L] -

motor unit patentials. ldd!
Case history! ‘_;‘r,
Strumectomy 2 menths before.Favalysis of the 1!§igdi"

fold.

Comments: i %)

Pathological spontaneous activity.Positive l-hq.r;g"i!‘ipﬁ

diphasic potentials characterized by & uh(hﬁunﬁ 8L

positive deflection followed by a ®slow dechy FP*l-ﬂ

negative diractian.This nagat lve phase . L] 1l

I.&Qﬂ

anplitude, but prolonged (0 duration, scmet|mes
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100 wv

10 ms

Sub ject!

Male, aged &5.

Muscle:

Right cricothyraid.

Description:

Abundant positive sharp waves and fibrillation potentials.
Case history!

Partial laryngectomy, 2 months ago.Complete nerve section of
the right superior laryngeal nerve.

Comments:

Important pathological spontaneocus resting activity., without

motor unit potentials.

Sub ject:
Female, aged S4.

Musczle:

Right thyroarytenoid.

Description:

€ingle motor wunit firing at about 40 = 8O per geaond, The
baseline further shows & small superimposed mienaphens
affect.

Case history:

Neczk trauma with knife, 2 months befors.Faralysis af \he
right vocal fold. o
GComments .

In partial neurogenic leslions, with a decreased nunbier of

functional motor unite, the few remaining motor units fire

at high frequanclee (> than 25 per second).

[ L] ': ‘b d
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200 uv
L

Sub ject: 100 ms
Male, aged 63.
Muscle!:
Right thyroarytencid.
Description:
Single motor unit pattern during hiah pitch

phonaticn.Frequency of firing is about 30 per second.& small
microphonic effect is per;eptib]e.

Case history:

Eevere paresis of both veocal folds.Lateral amyotrophic
sclerosis.

Comments:

Lack of spatial recruitment of motor units suggestis a

partial primary asonal failure.

Sub ject:
Male. aged 34.

Muscle:

Right thyroarytenoid.
Description:

Two short high frequency discharges.
Case history:
Byringobulbia.lncampetent larynx.Pares | of bath vocal
falds.

Comment

These bizarre spontanecus discharges consist of tralne of
potentials with a firing rate of about 80 tea 0 i;P

gecond.Sueh high frequency discharges are not specifia |

'l

They may be obssrved In any Irrltation lesjon of lnil?1lﬂ'i

horn celin, peripharal nerves, and even In myopathles,

3
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Sub ject:

Male, aged 34.

Muscie!

Left thyroarvisnoid.

Descriptian:

Several shaort high freguency discharges.
Case history!

Came case as the precedent.

Comment:

Same as the precedent.

200 pv

200 ms

Sub ject !

Femals, agsd 4Z.
Muscle: é

Leit thyroarytenoid. vy

Description: |

High frequency discharge. &t variable rates of frequensy. |
Case history!
Oesophagectomy. 4 months earlier. |
Comment : #
€uch trains of poteatials are not pathognomonic af mylpnﬁhﬂ

( cf. Stelnert’s disease ), but are a distinetly abnonmal

phenomenon, occurring also in peripheral neuropathlee . Bomte

:

s identifled by & flustuation of both amplitude ."-;.r

frequency . vieh |w ;J; e

Authors have suggested that true alectronydgraphle mygiﬁﬁ{

1y observed (n other cases,

AR 4|
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100 pv

100 ms
Sub ject!

Fznzle. aged 3. Subject!

Muscle: Male, aged 4B8.

usiclen
Left thyroosrytenocid. 4

Left th t id.
Description: yroarytenoid

: D i i
Single motor unit potentials, pulsing at high freguency, EEET Pt ian

|

High frequency discharaes, somewhat dysrvhythmle, provelked *Y4

with myasthenic decrementation.

glectrode | ion.
Case history:!: insertion

Congenital paresis of facial.pharyngeal and Tlaryngeal REpE s Ly

iot : : '
SUsETas.MERIue" Syndron: Kadiotherapy an neck Tfor Hodgkin's digsease Lwo YeArS

Comments: 5 before.Paresis of both wvocal folds.

¥
’ Comments |
A single motor unit potential pulsing at more than 25 cycles i & =

These high frequency discharges are to he cons |l dured i].L

/ second, without recruitment of other motor units, suggests

- : i + /'
a partial nerve or nucleus lesion.In the present case, manifestation of hyperirritability, assoziated here Wwith

{ L
repetitive stimulation demonsirates a myasthen e degenerative changes.inzreased insertional activity

decrementation, but the changes are not as Impressive as In fraquently associated With o pAthlc disease.

3

myasthenia gravis.
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200 By
40 ms

Sub jec=t:

Male. aged S&.

Muscie:

Left thvroarvienoid.

Description:

High freguency discharge.evoked by needle movement .
Case history:

Inherited myotania dystraohica (Steinert’s disecase) with
facial., pharyngeal and larvrgeal invalvemesnt.

Comments:

In true myotonia, high freguency repetitive discharges
usualiy show a recurrent fluctuation of frequency and
amplitude.The sound is typical.A myotonic response may be
evoksd either by voluntary movesent, op by mechanical (aor

electrical) stimulation.

Soub ject

Male, aged &l.

Muscile;

Fight thyroaryienoid,

Descrfptinn:

Emall and short polyphasic  molor un it

rhythmically firing during breathing.

Case history:

Right carotid artery surgery, 4 months htft?i;l

fold immobilized in paramedian position, $riag

Comments:

This is the earliest variety of low amplitude and\miﬁ;”

short duration potentials, formerly called nasesnt

which Indicate rul

.Jmﬂ??rtcnda cliniaal ¥
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8|
\l |
ae NN —
Sub ject: S0 jE

Female, aced 32. I |
n S ms Sub ject)

Musclea:

Male., =@ged &3.

Left cricothyroid. !
Muscle!

Description: ) -
i ‘Right thyroarytznoid.

SEmall and rather short polvphasic potentizsl.Nascent motor )
Description?t

10772 1%

Case history: PR e
amp ! | LU3E .

Palyphasic motor unit potential with & %
I
a4l
8

Sirumectomy 3 months before. .
Case history!

Comments! E}eamphagectnmv tonr nDQF‘GBﬂh & months !'«"(‘.1 l.\“ |
These nascent motor wunitz are here the first sign  of
! ' B pight vazal fold,
reinnervation.Polyphasia, Jlow amplitude and relatively short .
' Comments !

duration are characteristic, and reflect Immaturity, small . !
Partial peri

dianmeter and slow conduction velocity of reinnervating .
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Sub je=t: ' |

Mala, aged Si. 40 ms

Muscle:
Lefi {thvroaryvienoid,

Description:

Zingles polvprasic potential. rhyihmically firing.

Case history!

Neuritis of wiral arigin.Glinically paralvzed left voiodl
igtd.Reinnarvatian.

Comment:

This poatential has increassd duration, with colyvohasia. but
=il Taw amplitude.in  the present case, after abouti six
months of complete dernervat ion, 52 indicates
reinnervation.Nevertheless, the vocal Fold Wil reEmain

rmmobile,

Bub ject !

Femaie, aged 48.

Muscle:

Left thyroarytenoid.

Description:

Folyohasic motapr uriit  potential, with late conpon

("1 inked potentials"). Increased duration lﬂﬂ'l@@ﬁ@‘ﬂ!'ﬁ

Case history: y T

Gtrumectomy. 10 months before.Paresis uﬁnuﬁiﬁﬁ‘ va,
o v

fold.Initially the vocal fold was n_a-fria-litzt-d'.'i.-i:.ﬁj'

position. ,"|“"

Comment |

-i__:a early sbages of pecovery of partial nerye ﬂmh

gunatlon . palvphi
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S RS Ay

i

100 pwv
Sub ject: I
Female, aged 3a. 1ae ms
Muscle:
Right thyroarytenoid.
Descriptian:
fbnormal spontaneous breathing activity.Short duration and

high freguency polyphasic potentials.

Case history:

Dermatomyositis.Muscular and vocal weakness was the cardinal
clinical symptom.

Comment:

In myopathy +the total duraiion of the polyphasic unit does
not exceed that of & norms]l wmotor unit, and the spike
compounds are all sharp.The pesk-to-peak amplitude is rather
Tow.a full interference pattern at small or moderate effort
is also characteristic of myopathy.

" .=

Bubject:

Female., aged 3&.
Muscle:

Left cricothyroid.
Description:
gingle, short duration
potent[al.

Case history!
Dermatomyositis.Cf. supra.
Comment !

Such  potentiale
nyopathic dis

a

ered as pa thagnom

M4
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Bub ject:

. d

m. il o Fanale, aged 25.

Bub ject | Muscle: : e
Right thyroarytenaid. "

- Male, aged &3.
| Description!
‘Rhythmical, myoclonic, wnveluntary contractions of the right

henilarynx, with *“nystagnus' of the vocal fold, &t &

frequency of about 3-4 per second.

Cawse history =
HMultiple l:lufuuil, with brainstem and aiﬂlbl{tﬁg‘-

polymyositis considered as a paraneoplastic syndrom

mnvd&vamnnt.

of  an advanzed prostatic cancer.Slight paresis of both vocal

Conments
'yngp{1 nyoclonus |8 very rarely observed.It |l-ll@!ﬂﬁq£‘::.
_ extrapyranidal . synplans, And with central J; ;' LIS
0 disorder, | -

to the clinical context, 4this abnormal
n Bialiis
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