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Foreword * 

The neuromuscular mechanism of larynaeal activities and 

its disorders are one of the most intriguing topies În 

otorhinolaryngology, neurology and speech pathology.Th® 

larynx is innervated Eby only two branches of the tent 
  

cranial nerve.lts activities, hovever, are tremendous {0 

                    

               

  

many important functions including airway protection, 
  

respiration and phonation. Electromyography (EMG) is the 

most useful technique in studying the neuromus: ar         

            
       

    
      

   
      

        

          

    

mechanism of TlTaryngeal activities in living human beir 
  

because it shows directly the output of this compl    
mechanism. 

   This 

  

book by Dr Dejonckere is a comprehensi 

   on larynaeal EMG, covering the basic 

   physiology, techniques and instrumentation for 7 

patterns,  pathological EMG patterns 
TA 

rpretations, laryngeal paralysis, 
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I am convinced that this book is extremely useful for 

anybody who is interested in neurolaryngology and related 

areas. 

Minoru HIRANO, M.D. 

Professor and Chairman 

Department of Otolaryngology- 

Head and Neck Surgery 

Kurume University 

Japan. 
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Anatomophysiology 

Chapter I! 

‘1 +2 

The laryngeal neuromuscular system. 
Anatomical and physiological backgrounds. 

ñ 

_ 1.1. The laryngeal muscles 

| 

The muscles of the larynx are generally considered in 

5, extrinsie muscles on the one hand and in 

muscles on the other hand. Extrinsic muscles have at | 

point of attachment to structures outside the 

ile intrinsic muscles have all their Insertions 
L ) Li 

ne 

EXTRINSIG LARYNGEAL MUSCLES ie TT. 

ait 

VD ha A:  
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Schematic representation of the extrinsic 

laryngeal muscles. 

Digastric muscle 

Mylohyoid muscle Le i ét 
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Anatomophysioloay 

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

Z. To elevate and depress the Jlarynx.Anatomieally 

speaking, the extrinsic muscles may be divided into tua 

groups :! Suprahyoid and infrahyoid muscles. Re | 

they are usually divided into laryngeal elevators aid | 

laryngeal depressors. + 8-0 

There are four suprahyoid muscles, namely the digastrie, 

the stylohyoid, the mylohyoid and the gentohyo let 

muscles.Functionally, they are all laryngeal elevators. 

1.1.1-.1.Suprahyoid muscles 

at 

1-1.1.1.1.Digastric auscle me 

+736 

The digastric muscle has ,as its name points out, two" 

fleshy bellies.The anterior belly takes its origin from tie 

      inside surface of the lower border of the mandible near tie       
    

  

     

synphysis.The  fibers run  downward and attend TRI 

posterior belly, considerably longer than the anterior on8: 

   Lakes its origin from the mastoid process of the temporal 
Ï 

bone.The fibers run downward and forward,The two bellien 

   
ment in an internediate tendon, which perforates 
stylohyaid nusele.This tendon is attachod to the            

  

        
the ce ".. greater cornu of the hyolc       

= 
©
 

U
 
—
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—…._ Function: 

stylohyoid muscle pulls the hyoid upward an \ ne 

of the anterior belly draws the hyoid up and 

while contraction of the posterior belly draws the 

Upuard and backward.Both parts of the muscle play a 1-1-1.-1.3.Hylohyoid muscle 

u the garly stages of swallowing : During the initial | 

. Ie 1 + : « 
l x . 

} 

n the “base of the tongue is elevated and pressed The mylohyoid muscle is a thin, single sheet of muscle 

st the hard palate.The contraction of both belties fibers which form the floor of the mouth.The origin ét vhe: 

tes to this mechanism Ey drawing directly upward the v. is along the mylohyoid line, along the inner "ss 

id bone.Dur ing the second stage of deglutition, the 

pe betis de 4 ’ ù : 4 i 
= 

(l 

ve  belly contracts, elevating the Tarynx and drawing molar,Tr fibers run medially and downward and join 1! h 

under the base of the tongue.This action helps to prevent er no! midline raphe, which extends from the mandibul Ci 

entering the larynxe 
ls to the hyoid bone.Some of the posterior f| 

, directly into the corpus of the hyolid bone. 

1.1-1.2.Stylohyoid muse 1e 

The stylohyoid muscle is à long, slender muscle which 

its origin from the styloid process of the temporal 

e.The fibers run downward and forward, just superficially 

with respect to the pasterior belly of the digastric 

nuscle.At its louer end, the muscle splits into to parts 

which pass on  
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and left geniochyoid muscles rather 1.1.1-2.1-Sternohyoid muscle 

shape, lie in direct contact with each other 

h _sides of the midline, just above the superior 

, ot the mylohyoid muscle.Their insertions are on the Le T1 manubrium, from the medial end of the clavicl® and mi D ©! 

" #pine of the mandibular symphysis, and on the anterior fon adjacent ligamentous tissue, with insertion on the 

Aémofn the body of the hyoid bone.The muscle fibers border of the corpus of the hyoid bone.Left and nigNl. 

Li pen tn 4e è 

sb 

#lightiy backward and downward, IUBSlos may come very near one another, and sometimes even 

In direct contact with each other.This point is to be 

+ LL 
phaslized in view of electrode placement {br 

myography of the cricothyroid muscle. 

ihe hyoid bone upward and 

is fixed.They also depress and F' etion : 

nohyoid muscle pulls the hyoid bone downward, 

fu 

mohyoid muscle ié | " % 

À 45 LE 

is a palred, tuo-bellied use Te he 

d extrinsice laryngeal muscles support the hyoid 

while two others directly support the  



20 

Anatomaphysiology 

cornu of the hyoid Eone, laterally to the 

the sternohyoid muscle. 

musclies.it originates from the oblique line 

and inserts into the lower edge of 

hyoid muscle contracts, the distance 

cartilage and the hyoid bone is reduced. 

ue 

othyroid muscle 

re 

yrold muscle is Jotated just beneath the 

id muscles, originating from the 

oblique 

I 
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Anatomophysiology 

the inferior pharyngeal constrictor muscle.The anatomieal 

localisation of this muscle is important to remember 14 

order to prevent a faulty insertion of the electrode, HU 

the cricothyroid muscle is to be 0 

Cu 

electromyographically. 

Function: 

The main action of the sternothyroid muscle is to pull 

the thyroid cartilage downward.Ilt may also contribute to 

enlarge thé pharyne,. 
+ Un 

M 7-7 - TRE ur pharyngeal constrictor 

n. : ant À @ 

- The inferior constrictor originates from the oblique line 

nie thyraoid Tamina and from the lateral part of thm 

arch between the erect and oblique per ten 

cothyroid nuscle,lts fibers pass posterlonly thre sql 
e F1 at A 

wall of the pharynx, t ally to pass LE - p ynx, turn medially to pass 

posterior wall, and meet the fibers coning 

te side at the median pharyngeal raphe.’ 

well def 
pans va se 

in de 408 peonn ,f, en (  
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Anatomophysiology 

ain | function of this muscle seems to be to decrease 

M EE rte pharyngeal vraphe is free to move 

there is no apparent way to stabilize the 

to Use the inferior pharyngeal constrictor to 

The cricopharyngeus plays the role of a 

tb the entrance to the cesophaqgus. 

C LARYNGEAL MUSCLES E fl K NN 

] | AN { ÉÉCREES 
re 

and 1.3.) 

and intricate system of intrinsic muscles 

various vital functions of the larynx : Opening ’ 4 

for inspiration, closing the vocal folds for PE 1 2 À 

length, stiffness and configuration of Intrinsic laryngeal nuscies.Lateral vieu 

the vocal folds for voice adjustments, kr k D en de Fine 

 fiemiy for svallowing or during major » | Fransyense arys 914 auscte 

Ar glottie muscle 

| (Piquet and Terracol 

Ut hé DUREE 

mm 24 1 QE À = 

ll  
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Anatono-physiology | Anatomophysiology 

or independently from the ather one. 

      

   
    

  

The intrinsic Jlaryngeal muscles may be classified as 

abductor, adductor, or tensor, according to their effects ün 

the vocal foids. The main mass of the vibrating vocal fold 

is made Up of the medial (internal) portion of he 

thyroarytenoid muscle (Fig.l.4.) , and is sometimes refo""u 

to as the vocalis muscle. 1 

1.1.2.1,.Thyroarytenoid muscle ] 

= 

- The thyroarytenoid muscle is a relatively large nusale 

wxtending antercposteriorly, from the deep face of 

     

   

  

Inferior fossa of 

cent part of the Vocal process.Othér f|be 

| entire length of the dorsolateral ridge of he 

  

.Because of its functional 

# 
lon, this muscle has been the 

  

    

   

   

   ur, le. amant ot inveutioatien 
NS PSS RE" LORS A TPE MO RAR ng only the anatomical point doi 

4       (Piquet and Terracol, 1958) 
"| 4e 1 lon have aris 

    

ice
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thyroarytenoid as Separate muscles.There is general 

agreement that no fascial planes separate the two parts of 

      

  

   
     

  

    

  

    

         

    

            

         

   
     

      

où ve! | the muscie.Due to the absence of a well-defined epimysium 

ue: Fr D Cr ee separating the two portions, English and Blevins (1969) 

Dirt ‘ k ss PURRE LRU consider them as components of the thyroarytenoid muselm 

LL # re ee "1 instead of separate muscles.There is some evidence that 
DAT ER EE 

E RS fibers from the two parts intermingle (£Zenker, 1964) but 

A) 2 probably only in the subglottic area (Dixon and Maue-Dixon, 

1982). 

2.Whether fibers of the internal (vocalis) portion of the 

bin thyroarytenoid mussle insert into or mingle with fibere of 

| th@ Vocal ligament.Some authors have described muscle fibera 

à insertina into the vocal ligament (Goerttler, 19H01 

Le Fe MR Mohringer, 1955), but others ere unable to confirnm these 

es Mindings (£onesson, 1960: KRohen, 1968).English and Alevins 

fes (ie: Fe ES ae 11969) report that the lower-most fibers of the museulus 

nas ï NL A AA, Vocaiis are embraced by connective tissue bof the ebnus 
D am ur HAE EE, 

lasticus: superior and medial muscle fibers are clonuly sé diié ? ces 

Ve 
d tibular ; 

ae DD Prontalasct lan, through vocal and Vesi ou “Halates Lo the connective tissue of the vocal ligament and 
46 li . 

Nix Although some Of them may insert Langentially on It, the 
1 | Subaucosal tissue SE . 

Dates Thyroanyteno id muscle MaJonity of them are directed along its longitudinal anis 10 M 

du i ia mucosae ki 

D latei lun AUS PUlen autel ium point of Insertion on the vocal process, EL 

e! Ê Laryngeal ventricle 

Superficial vessels kb. 

ram x MEL 1 l 6 Cu à: | 44 dl 

Adipe L Isaue her the vosalis muscle ls divided Into t 

1 

   

  

      Glandular duct    ts 
    

      

pi 

WA
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A pars aryvocalis, or a portio thyreovocalis and a 

* 
29 | 

| 
lo thyreomuscularis.Gos8rttler (1950), followed by others 
  

gen: 1955: Seiter, 1955) claimed that the nmusculus 

vas divided into a portio aryvocalis and à portio 

Mi 's-5otn parts are inserted into the vocal 

with respect to the ligament : “running obliquely 
           

  

   

rtio thyreovocalis arises from the inner side of the 

Did cartitags, running in a postero-medial direction, 

d the portio aryvocalis arises from the musculiar process 

mf lhw arytenoid cartilage and runs in an antero-medial 

puton, The voral ligament is regarded as an intermediate 

within the vocalis muscie.From this point of view, 

    
  

        

      

    

the vocalis muscle is to open the 

  

     vow (1952) and van den Berg and Moll (1955) 

    

        
              

that the vocal muscle is divided into two portions 

from the thyroid cartilage and inserted respectively 
Rd | 

vocal process (portio thyreovocalis), and onto the 

  

    

    
    

1.5. Internal structure of the 

after Rohen (1968).Museular fibers are 

8, which appear tuisted and tightly bneade 

from inside the larynx, LR 

expressed the view that the main function      : ustrow 
    

    

     

   

    
thyreovocalis is to effect closure of the 

         

       
  

k , while the portio thyreovocalis mainly serves to 

07 dtkle din Modif
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    4änatomophysiolog 

        

  

       

        

       

    

ained, on the basis of technical particularities, Separate bundles ©! One is superior-medial and consists of            
now interpretations of histological sections are oblique fibers, and the other one - more important -          

   
    Benible.ñccording to this author, the muscular fibers are lateral and consists of Vertically directed bipennate 

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

  

               
differenciation of structural sub-entities      without muscular process of the arytenoid cartilage (Fig.l.®, and 

       
       

   

    

; musc] e, 
I . 3 .) 

    
Function: 

  

 Lhyroarytenoid muscles, acting alone, would 

                    

        

     
        

_ The main force of this muscle would be along a line thai     ' 

lnate the arytenoid cartilages and the thyroid angle, issects the longitudinal axis of the muscle and extendh 

   

  

and thus shonten the vocal folds and adduct then.If the _from the inferomedial cricoid lamina to the muscular progess 

       

k A À re eff 4 »- : - À ilhaëtlon I8 isometrical, the vocal fold stiffness is the arytenoid cartilage.The force would be at 4 right 

é to the long axis of the cricoarytenoid fact on the 

cartilage.in fact, the posterior cricoaryteno id    

  

osterior cricoarytenoid muscle         
       
    
    

      
      

Me is ideally situated to tip the arytenold eartiladn 
re (édit l 

    

  

erally, abducting the voral fold, 

        ion cricoarytenaid muscle is the only abductor 

.3.Lateral cricoarytenoid muscle. 

             
      

  

   

_gricoid Tlamina, and originating from a shaliow glottal adäduetor Îs also à fan-shaped mi 
  

     
  the posterior surface of this cricoid Æ dueply with respact to the thyrold car 

a wall of the larynx.The madial 

INT MUR 1 et with con 

      
  

   

  

     

  

fun Upward and laterally, and converge 

face of the nuseular process of the 
à g rs 

vltilaue,Acenur Lin o Zv: 

   

  

4 4 ke EN a:
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converge before inserting into the anterior | angle upward and forward to insert into the lateral bords Of. 

the muscular process of the corresponding ; the epiglattis.These fibers then constitute a part of the 

id cartilage Fig: 152..):: ; aryepiglottic muscle.A few fibers also seem to insert into 

E. the quadrangular membrane (Fig.1.3.),. | b 

ut : Function : 

_ When  contractino, this muscle tends to rotate the 

d cartilage : pulling the muscular process forward The oblique arytenoid muscles approximate the arytenoid 

_ Lhé Vocal process medially.it also pulls the vhole _ Sartilages and act as adductors of the Vocal folds, 

the vocal. folds, but the lateral 1.1.2.,5.Transverse arytenoid ruscle 
| 

muscle may also shape up the glottis for dy “d 
“| 

a  whisper; with an opening of the IS, among the intrinsic larÿyngeal muscles, the déni 

portion of the glottal chink.This last imp. one.lts fibers originate from the lateral margin. 

feature also evokes à dyskinetic glottal ter it surface of one arytenoid cartilage, 

as seen in some cases of functional voice pi. > and insert into the lateral margin \ 

of the opposite arytenoid cart 

que arytenoid muscle 
L 
Function : 
Le 

Ml muscle consists of two fasciculi, each of 

nates from the medial half of the museular 

» arytenoid cartilage and inserts into the apex 

caf mn behind, the  
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This muscle has some fibers lying on the lateral face of. 

the thyroarytenoid muscle, originating from the 

anterolateral arch of the cricoid cartilage, and inserting 

| Into the thyroid cartilage àas two distinct parts,The more 

_Pposterior belly, called the oblique portion, runs upyard and L 
Lo the epigliottis.Some or even all of these fibers 

—backvard to insert into the anterior margin of the inferior 
of the oblique arytenoid muscle (Fig.1.5,) 

Sonnu of the thyroid cartilage.The more anterior bellys 

Dr the erect portion, runs nearly Vertically upward and | 

. Inserts along the inner aspect of the thyroid lamina. 

fibers move the epigiottis backward and downward, 
| Function: 
the anyepiglottie folds and slightly move the l 

14 gartilages toward adduction. 14 ,” 
When anterior fibers contract, the distance batwman, ha) 

| Whyroid Jaminae and the cricoid Î | [M muse re | cricoid cartilage is reduced,Thum, 

hé distance betveen the thyroid cartilage, at the angles " 

2 syfee L | | na he vocal processes of the arytenoid Sah TASSE DURE 

Muscle fibers extend fron the deep face of 

lamina, superior to the fibers of 

oil o the aryepiglottic fold. 
1: une thyroid cartilage forward on Un 

Anh. and this action further Ineresses quitte 

. the arytenoid and thyroid cartilages.fn à 

old cartilages ar NT 
pull forward on the apex of the arytenoid 1,2 FRE UT" 1£ 128 +e8° 15m "f 

| | P edtbinesr Ir arrete 
rs Ér8 à 

D CT CECE fus dir yrt) save aire »  
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mi othyroid muscle is à fan-shaped muscle broader 

han below, originating from the anterolateral arch of 

“isoid é£artilage, and inserting into the thyroid 

o distinct parts.The more posterior belly, 

the obl que portion, runs upward and backward to 

The more anterior kelly, called the erect 

of any other single intrinsic larynoeal muscle 

d'Kahn, 1984 ) (Fig. I.6.). 

_{ibres contract, the distance between the 

à and the cricoid arch decreases. Thus, the 

the thyroid cartilage, at the angle, and 1.6. : Cricothyroid mustle.Lateral vil 
| ï tions. | " 

(Piquet and Terracol, 
viofs ir 

De 

| à 

ration of the oblique portion pulls the Daiioe 4 . . | 51 Std 
[ 

forward on the cricothyraid joint, and Mol arme puiest wat bu mais à ‘ail Da 
à … \ l . L L . : _ LE  
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contraction of the £ricothyroid muscles results in adduction 

of the srytenadids. 

1.1.3.FUNCTIONAL ASPECTS 

n
n
 

=
 

  Using excised canine larynges tecause of their similarity 

Length of the vocal cords during contraction of each |aryngeal muscle 

to human TVlarynges, Koike et al. (1976, 1978) stimulated 
  

Laryngeal muscle 

    

  

electrically each muscle with bipolar electrodes and stimulated Length 0f the vocal cords 

r 109 

observed both macroscopis and histological changes in , Gricothyroid dE 

position and shape of the vocal fold (Fig. 1.7.). Fi 854 JZAstimulated side 
Thyroarytenoid 

  
l 92% Mhon-stimulated side 
  

pa! r . ï Lateral 107 
cricoarytenoid L 97%, 

L 113% 
Posterior 
cricoarytenoid 1 34h 

T T 
0 100, 
RE 
Length ofthe vocal cords | 
before stimulation 

  1.1.3.1.Stimulation of the cricothyroid muscle 

The effect is that the vocal fold is stretched, elongated       
and slightly adducted to the paramedian position.The edge of 

the fold on the stimulated side becomes thinner than on the 

non-stimulated side.When the crico-thyroid muscle is 

stinulated on one side, the vocal folds on toth sides are 

             
   

    * 1,7.: Changes in Tlength of the vocal. cord. 
elongated, but the degree of elongation is greater on the ation of individual laryngeal muscles tele Te 

       

    

  

stimulated side than on the non-stimulated side.The upper 

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

    

1" 
# decrease, not only in the thickness of the entire cord, 

   also in the area of the lamina propria.Shipp et al.      
       stimulated the cricothyroid mugele In vivo while the     

sustained phona 

    
, and range
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on the stimulated side.The upper level of the st :nu Vs ns 

Stimulation of the posterior cricoarytenoid vocal fold is raised upwards.The crose-sectional area of the 

…—_lamina propria is increased. 
= 1 | 

* 

Ne ste nm on 
rh Dur ét is an abduction of the vocal fold to the 1.1.3.4.Stimulation of the lateral cricoarytenoid 

Mal. position, and à wide opening of the glottis.The edge nu nusc Te 

t the vocal fold is rounded up and slightly thickened, ’ 

_ The vocal fold becomes slightly elongated and thinner " 

11 edge.The level of the upper margin of the fold |s 

! Hoht1y ‘lowered.Even as for the posterior cricoarytenoid 

| of the vocal fold eminence is smaller on the Muscle, the contralateral vocal foid 1 F 
ll nl 1 

en the control side.The ipsilateral she dened.Contraction of the laieral cricoarytenoid russie 

. : x \ ere 
ls also markedly elongated, while the vocal faid Menu lt a decrease in the thickness of the etgm of &næ L 4 bre 

onsstimulated side is shortened.The latter effect Den fold and in the area of the lamina propria, “ 
te PL L 

ed to a backward movement of the anterior 
| 5 it 

with the thyroid cartilage.ln spite of J.5.Stimulation of the arytenoid muscle " 
k si LE] rte vw” 

4 the edge of the vocal fold on the stimulated , 

the area of the Jlamina propria M ractal lon of this se causes an UE fon. et the 

the posterior cricoarytenoid contracts. Vencid region, but without any significant ef| \ 

je menbranous portion of the Vol TEE 

lation of the thyroarytenoid muscle 5260 | TRE 
bvvy= 

Pire 7 eme Tan 

ROLE ERP EVE CORTE 
RE Le RS Li 

effect is a shortening and thickening 

the vocal fold  » as …_ an an 
ee 

of th  
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ÿ 

      

              

   

The laryngeal nerves &: Data about central nervous system control over the tenth. 

nerve lack precision, although corticobuibar tracts probably 
     

@t and Terracol, 1958: Zemlin, 196B: Truex and _ form synapses with Vagus nerve nuclei in the same Way 48     

       
     
       

  

ler, 1969: Dickson and Maue-Dickson, 1982: Graney, Lhey do with other cranial nerve nuclei.However, as pointod 

| out Ey Aronson (1960), it is also likely that vagus narve 

nuclei receive a disproportionately larger share of 

     
     
    

«. CENTRAL NERVOUS SYSTEM “ subcortical innervation to facilitate reflex laryngeal 
| 

function, owing to its important life-sustaining 

      
      
                
      

2 ent badies of the vaqus nerve, which supply the larynx vesponsability.The  tenth nerve  nuclei are unden the 

Influence of both pyramidal and extrapyramidal systems.The 
   

In the nucleus ambiquus.The nucleus ambiguus is a amidal system {the corticobulbar tracts) exerts volunbany 

t
s
 

    
cells in the reticular formation about halfway Æbntrol over the larynx.Corticobulbar tracts originate from 

            
      

              the spiral trigeminal nucleus and the inferior bien precentral gyri of both cerebral hemispheres, they         
entends from about the caudal border of the          
    

as the corona radiata, they become condensed In the         

                                   

   
   

           
to the the         decussation level of striae capsule, and they pass through the corebnral 

  

      

  

| 
of the medulla, most of Lie 

nm decussate to the opposite side. of thelbhralnstans 

         The nucleus is composed ot typical multipolar #äunsles.At the upper border 
  

                

             
    
    

  

   de 
and the pharynx.Experimental evidence in monkeys 

   

@ they form synapses with vagal nuclei in the nucleus 
"a 

       

         

Le ma the upper third of the nuclieus ambiguus is biguus.The remainder form Ssynapses with vagal nuele lon L 

the pharynx and oesophagus.More caudally is ipsilateral side.The nucleus ambiguus aise rai 

       
         

Mon cnicothyroiïid muscle function, and caudal to # from the pharyngeal and laryngeal muscles for À 

nd from         

  

1m a center for abductor laryngeal muscle function.The       secondary dan » @16#s0   

        region 1s responsible for adductor muscle 

tenberqg and Magielski, 1955! Aronson, 1980: 
..
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pharyngeal and laryngeal reflexes.Afferent 

bers enter the medulla in association with emerging    
| 

#nt fibers (Truex and Carpenter, 1969). 

MI 

4-2.PERIPHERAL NERVOUS SYSTEM 

y 

D 
É
 

AMigu 1:6.; 1.9 and 1.10) 
“| 

îi 

_1,2.2,1.Vaqus nerve 

ñ Diintsr 
oh. | 

1Ette 

… Die Huparficial origin of the vaqus nerve consists of a 

M of small rootiets, which emerge between the olive and 

         

  

Lo  péduncle, just underneath the rocts of the 

    

   
glossopharynge a! nerve.The nerve presents two enlargements ; 

he Wgular (superior) and nodose (inferior) ganglia, at the    
    
    

  

    

_ he juguiar foramen, by way of which it leaves the 

hese ganglia contain cells for the sensory portion 

   Ve.From the ganglia,. some branches join several of 
       

      

on Eranial nerVes, and others supply sensory fibers $ ie 

      

  

    

uternal ear), war 

  

      

   

      

kr IT. et 
pu 2.Superior laryngæal nerve 

nior cervical ganglion 4.1nferior laryngeal nerve 
        
   

    

neck, the vagus nerve gives off several branches, 

  

   

     

fanion thyroid artery PURES 
LH ect y L'eontrol bre rs latie ganglions _8.Ligamen 

M when directly control the speech mechanism.In Eat 

  

It recnives fibers from other cnanial nerves ! 50, laryngeal nerve
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         nerve,Thus, there js some evidence that the   

     on of the laryngeal and Velopharynaeal musculature      

    

_
 

    un from the tenth one (Dixon and Maue - Dixon, 

       

  

\erior laryngeal nerve 

   
OU + 

Superior laryngeal nerve originates from the nodose 

      

   or). ganglion, and descends alongside the pharynx 

  Mel pontarior to the internal carotid artery, and then 

    

_ Lo it. About 2 cm below the ganglion, it divides into     
         _ | the external and internal 1laryngeal nerves. 

        
    
   

  

branches,They convey afferent fibers 

   

mucous membrane of the larynx above the vocal 

   

  

   
     

   

  

    

  

alen’s anastomosis 
iparior laryngeal nerve 

2e) ft CAE rl: Te ! à 

E 

3 
| fé ter ri MAT 

s of the inferior laryngenl nerve, el be , 

d also from muscle spindies and other stretch 
   

   

      

the Tlarynx.Some of the terminal branches 

  

          ET RTE  : 
J nat,
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The external laryngeal nerve descends in close relation 

to the oblique line on the posterolateral face of 4h 

thyroid catilage.lt turns obliquely forward, near tie 

cricothyroid muscle , so that it is in line with the 

longitudinal axis of the oblique head of the muscle.Two om 

$hree branches are formed, which divide just before. om 

immediately after penetrating the epimysium.Anten|on « 

branches are directed toward the erect portion, and Ve 

posterior branches supply the oblique portion (English and 

Blevins, 1969),1t must be noticed that, in some subjeelh, 

thé cricothyroid muscle additionally receives motor nenve 

filaments that traverse the pharyngeal plexus from thé vagus 

Ÿ nerve (Wyke and Kirchner, 1976). 

DANIEL TRS ( 
1.2.2.3.1nferior (recurrent) laryngeal nerve 

D 
L 

Early in embryologic development, the recurrent lanyngeal 

ferve passes inferior to the aortic arches of the haanb 
| 

léfüre entering the larynx.During the process of growth, MH 

and aontic arches become increasingly separatu, ane 

       
    

nerve thus descends Lo loop under Lhe adult state of | 

  

      
hose arches (the subelavian artery on the right and he        

   

  

or laryngeal nerve 2.External laryngeal nerve 
or laryngeal nerve        

   

  

   

   
    
   

le arch on the lmft) from front to back, before * 
: Fr e € 

tt ) larynx. 1" 

à" LÉ 0 ri tas nue régie Lt À a" 

RTS VA ” 

(Piquet and Terracol, 1948)    
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f 

common carotid artery, and in or near the oroove between the . Ps: 
he $ 

DS, ne cescphequs: LE erters NE TARA USE Mens à The Jleft-right difference makes the right recurrent nenv 

articulation between the inferior horn of the thyroid …_ about 11.5 cm shorter compared to the left one, in subjects 

155 to 173 com in height (Peytz et al., 1965).Thle [im 

| élation with a difference in embryologic development. AE 
0) 2400 180n, 1780). between left and right branchial arteries : Anatonie 

jariants such as a non recurrent right inferior laryng#al 
® left inferior laryngeal nerve also asrends laterally Mérve coincide with vascular Vänomalies of the neck tétau 

à e | 

And Jaco, 1986). 
side. ; 

nMespect to the trachea, and enters the larynx as on the 

. The inferior laryngeal nerve is primarily a motor nerve 

je During their course along the trachea, both inferior supplies all the intrinsic muscles of the laryni 

laryngeal nerves give sensory branches to the trachea, 

authors descrited extralsryngeal divisions of the rYtenbid muscle, but done of them continues upuatd 4 

Ne 
$ us läfyngeal nerve in two or more branches.Nemiroff 1y the oblique and transverse arytenoid muscles, THE Mi 1h 

(1982) report extralaryngeal divisions in up to 40 laryngeal nerve continues Upward behind 
r” rh tn the majority of them occurring between 1,8 and Téothyro id ASE u ia ten it gives off tuo or 

the cricoid cartilage, It has been suggested taie" > Fate lateral crée te 

5 Lo form multiple branches supplyin 
in post-surgical paralysis (Claes and 1 noid muscle.The  thyroarytenold, | ane 

variability in the course of the lébarytenoid and the posterior éricoary: os ” nerve and Its terninal branches in TOR ne Dnten on nr RENE el ut by Wytenoid muscles (ob 
W has been : 1 en A HUE. W. hi: ne À n mAaae _Vé Û L 1 5 Hilatu)  
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inferior Taryngeal nerve also gives off a posterior kranch 

which  anastomoses with filaments of the internal branch of 

bé superior laryngeal nerve (Galen’s anastomosis). 

The inferior laryngeal nerve aïso contains sensory fibers 

that supply the respiratory mucosae helow the level of the 

Vazal folds, and carries afferent impulses from stretch 

receptors. 

Murtagh and Campbeil (1952} observed that adductor fibers 

of the inferior laryngeal nerve continue to propagate action 

potentials despite à chemical or thermal blockade gufficient 

to paralyze abductor function.Furthermore, the chronaxy of 

addustor fibers, ane of the most rapid thus far identified 

(OP ms ) is tenfold less than that found in fibers 

Subserving abduction. 

Me problem of a possible dual innervation of ‘some 

…laryngeal "muscles by both the superior and the inferior 

Janyngeal nerves has been discussed by same authors (Arnold, 

1961) .Exner's nervus larÿyngeus nmedius , à separate branch of 

the Mamus pharyngeus nervi vVagi , and innervating the 

Cricothyroid muscle ,; seems to exist in rabbits and dogs, 

Eut not in humans, 

    
   

  

| 
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Innervation of the intrinsie laryngeal 

muscies e 

  

  

       
Huscle Innervation 

       
        

  

   
     

    

     
     

     
      

    

  

      

Or icothyroid 

  
ique and 

nangsverse arytenoid 

External branch of the CR 

superior laryngeal nerve, - 

Sometimes (additionally 

nerve filaments that 

traverse the pharyngeal 

plexus from the vaqus | L 

nerve, 

Inferior laryngeal nerve@ |, 

"4 
1 

Both inferior laryngeal | 

  
( recurrent nerve ), Le 

     

  

nerves,. 
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intrinsic larynoeal muscles, 

1.2.2.4.Autonomic nerve Supply of the larynx 

Parasympathic fiters originäte in the dorsal motor nucleli 

of the vagus nerve, Synapse in the inferior ganglion, and 

ACCompany the motor nerves to the larynx.Sympathetis nerve 

fibters enter the aotor nerves through connections with the 

Superior cervical ganglion, 

1.2.-2.5.Nerve Supply of the extrinsic 

laryngeal musculature 

The extrinsic musculature of the larynx may also be 

implicated in lover motor neuron pPathology.Among suprahyoid 

muscles, the anterior belly of the digastric is innervated 

EY the mylohyoid branch of the inferior alveolar nerve: the 

Posterior belly by the seventh nerve, as the stylohyoid,The 

mylohyoid is innervated EyY the mylohyoid braneh of the 

inferior alveolaär nerve, and the geniohyoid by the first 

cervical Spinal nerve ( C1 ) via the hypoglossal nerve, as 

is the thyrohvoid.The reémaining infrahyoid muscles - the 

Sternohyoid, sternothyroid and omohyoid - are al] innervated 

by the ansa cervicalis. 

mnt dent 

ke. 
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The laryngeal 

from the two pharyngeal sphincters ! the external and Lie. 

internal.The external sphincter has again two derivatives | 

| 

muscles may be considered as developing. 

à dorsal one and a Ventral one,The dorsal one becomes the. 

ventral one ig the …_ thyro- and cricopharyngeus.The 

ÉPicothyroid muscle.Originating from the fourth branehlal 

arch, this muscle is innervated by the fourth branchial | 

nerve, via [Le herve, which is the superior laryngeal 

| | #. motor branch,.Similarly, the internal sensory braneh 

  

   

   

    
ynx, which has the same branchial origin. | 

       
       

   Mn iVatives af the internai sphincter are the intrinslie 

   TS 
1 RYngeai muscles.Being derived from the sixth branghi al 

       

  

La 
laryngeal muscles are motor L&al1y 

   
nai internal 

  

          

  

    
led by the sixth branchial nerve.Their proprioëe 

    

Bnmation is likewise transmitted through sensor y fl 

  

     f: i 

nerve, as are afferent #    Men inferior larynaeal 

  

       

    
    

Om the infraglottic larynx (Arnold, 1961), 
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1.3. Laryngeal behaviours 

CPTE. T1 5 

1.3.1.Respiration 

Respiration is temporally the dominant function of the 

larynx (Fink, 1975) ,Although already mentioned Ey Manoel 

Garcia (1855), respiratory movements of the larynx were only 

recently investigated in depth.Stanescu et al, (1972) and 

Clément et al, (1973) Showed that lung volume and airflow 
rate greatly affect the size of the giottis.The most obvious 

respiratory movements of the larynx consist of widening of 

the glottic chink (abduction of vocal folds) during 

inspiration, and of Marrowing during expiration Cadduct ion 

of Vosal folds),.This movement is almost imperceptible dt 

quiet Fespiration, but, as the depth of the respiratory 

movement increases, the inspiratory excursion becomes easily 

recognizable (Fink, 1975), 

Furthermore, gross Mmovements of the entire laryngeal 

framework take place during respiration : downvward with 

inspiration, upward with expiration.Even as the glottie 

the cranio-caudal displacement Vary with the 

   
   ST 

&natono-physioloey 
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1.3.2.Fhonation 

Tone production schematically requires: 

1.âddustion and Stsbilization of the mobile posterior 

ends of the vocal folds {arytenoid cartilages), determining 

the oscillation axis of the free edge of the fold 

2,Tension and eventually eélongation of vocal muscles, 

ligaments and mucosae, even as shaping the free edge. 

3.Air flow between the folds,; with an adeguate subglottic 

pressure, 

The extrinsic muscles that move the larynx Upwards and 

dourwards modify the Supraglottis resonance cavities and 

influence the related Speech formants, but also contribute 

+0 requiate length and tension of the Vocal folds (external 

frame function) (Fink and Demarest, 1978), 

1.3.3.Effort Cclosure 

Effort closure occurs in several overlappinqg Stages (Fink 

   “and Demarest,1978) : 
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i iti i line _ vocal folds in apposition on the median | | 

{ 

- 2.Apposition of the vestibular folds by contraction of 

«ii 
he  thyroarytenoid muscles, which at the same time 

: + A | 
Gbliterates the sinus by drawing the vestikular folds down.   Against the vosal folds. à 

| 

— | 
the laryngeal intrance, du® Lo 9,Vertical shortening of 

än approximation of thyroid cartilage and hyoid bone by the 
ol 

D ohyoid musecle.This folds the medial surface of the 

lan thyrohyola mryepiglottic folds and compresses the media y ÿ L4 

d down against the top of the edducted vestibular folds, 

sustained "ie An 

  

        This effort closure allows à 

    

        

   
intraabdominal pressure, with submequant     Iirathoracic and 

   

    

of the framework of the trunk, forming a baët (üm 

    

tittenino 
   

  

       
   Mforts by the TlTinbs.This postural support is used dur 

    
        ng or dragging efforts by the arms while the Indivi 

   

   

   

    

Î «+ 

_ standing or striding orthograde: Fur thannenns 

  

“e-proof seal of the larynx permits à high 

      

   

        

pressure, that facilitates expel11ng the leon) 
  

viseus, ns in coughing, vomiting, #30 

   

   

    

+ pm 

        

= un 
Le
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in  swallowing are similar to those of 

but two additional necfanises intervene , in 

: à puddie of bolus from collecting in the 

Je of the closed larynx, and thus fall into 

yYnx reopens ! 

hg &f the épiglattis over the entrance 

Cl 

of the closed larynx against 

é1 

Hotor units 

Chapter Il 

Laryngeal motor units 

2.1. Intrinsic laryngeal muscles 

2.1.1.Size of intrinsic laryngeal muscles 

Intrinsic Jlaryngeal muscles are small. Their #| 

been measured by K. Faaborg-Andersen (1957) : Table 

summarizes the average lengths, breadths and thiekn 
” 

and also gives volumes and weights,as calculated (ho 
« 

measured data.Specific gravity is taken as 1,06. 

| 
— 

Weight measurements of infant (9 subjects) land ad 

subjects) intrinsic laryngeal muscles have 

performed by Bowden and Scheure (1960), and 5 

Kahn (1984) .Owing to their small size and 

in determining the boundaries bi Ann ing peur | 
3  
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muscles within each group, respectively. 

‘5 

= Zemlin ét al. (1984); which spesifically invest|gatit 

sterior crhicoarytenoid muscle report a mean welqlh 
  

MS Mg; with a range of 449.6 - 843,6, and à stars 

MUSCLE “eviation of 138.3 ma. 

  

{% of total veight of 1laryngeal muscles) 2.1.2-Motor unit and innervation ratio 

OTh LCA/TA | The functional unit of the neuromuseular system 

Motor unit (Liddel and Sherrington, 1925).1n the cas 

larynx. this motor unit consists of the alpha motor M 

In the brainstem and all of the muscle fibers innernvall 

Vhe axon of that motor neuron.Changes in tension of sf   MUsEles are due to increases or decreases in the numbil   @quency of active motor units firing therein.The num 
  

NUscie, fibers in à single motor unit varies widel# 

fferent Skeletal muscles.Âs a general rule, a large fl 
. 

uhich is involved in relatively gross movements (e, 
Individual muscle weights expressed as à jastrocnemius) may include severai hundreds of muscle th 

th an LR D oeil na motor unit; vwhereas à muscle concerned vith preæl k ?, 
: 

{After Kahane and Kahn, 1984) ements may have à small number of muscle fibers per mt 

ne 

The innervation ratio expresses the number of muscle 
mr à. ho pe i p tibors po noton. nerve "M taThile: v be com nn 5 NA aus: 21508 diet sh) 1 à (QUE me è VS may be SenAu TES LEA 

lang LE 

+  
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Ci 
Motor units 

    

  

      

total number of motor nerve fibers, In general, it is 

   

ffleult to determine the exact nunber of motor nerve 

fibters. im the nerve trunk since sensory (afferent) and small 

Hobor nerve fibers supplying. the intrafusal muscle fibers                

    
ma present, Some authors assume that 40 % of the large 

     
         

     
     

         

    

  

  

  

        

      

   

    

  
  

nünva flbens are afferent (Goodgold and Eberstein, fi 

laryngwal nerve contains a proportion of Af 

afferent fibers,s difficult to determine in ; 

M rom à variety of sources, as vell as many more that, j 

pe sbnnyelinatec (Myke and Kirchner, 1976). F 0 : 

tai Fu dei: 
2 - 

|| Zubiluharyngeal nerve fibers 0 : 
0 5 10 15 20 QU ie.        

           

  

Tnoh 

inlinated anons the dianeter of which measures up to 25 

Mn NenVes, alpha motor fibers are generally large 

na 1 _notor nerve fibers vary widely in diameter, but f 

M 

                
    

    

           

Mhannappear someuhat smaller than those innervating 

  

    
            

   

‘à Fig.11.1.! Distribution of nerve fiber diameter [In th 
Interior laryngeal nerve of a 65 yoar old man: 
(Faatorg-Andersen, 1957) 

Mme usb ated muscle (Uyke and Kirchner, 1976).Fig. 11.1. 
    

     
the “dimtmibution af nenve fiber diameters in the 
         

laryngenln nerve of ca 65 ÿear old man, tvo 

   before the nerve'’s penetration into the muscle 

   
DDR À, (Fasborg-Andersen, 1957).48 a rule, small 

M Non ur US are Innervated by nerve fibers of smaller 

MLen than large motor units, 

  

   

  

sn: » tt rdré ia an EtAN ven 
2 dès    

  
     

D. dés, mnber - Lot (Pod t era ñ Pyngeal motor Le ne DES 
1h
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terminal muscular branches of the larynaeal nerves. This is 

confirmes by physiological measurements showing a slover 

conduction in the distal portion of the nerve compared to 

the proximal portion (Atkins, 1973).6Some authors reported 

larger fiber diametere in the left inferior larvngeal sure 

compared Oo the right (Tomasch and Britton, 1955: Krmpotic, 

1957).This might have a functional significance since larger 

nerve fibers are known to éonduct the nerve impuises faster 

than smaller ones.This would compensateé for the differences 

in length Ebetvwveen the two sides and allow nerve impulses to 

reach the larynx on both sides simultaneously (fccording to 

Feytz, the difference in length averages 11.5 cm) ,.However, 

electrophysiologital investigations did not support this 

concept that there is à greater velocity in the left 

inferior larynaeal nerve compared to the right one !: 

Experiments suggest that the conduction velocity is the same 

in both nerves.These large fikers are mainly present in the 

vagus nerve, and the difference in diameter is practicaliv 

inperceptible in the inferior laryngeal nerve near the 

larynx.This suggests that the larger fibers may not carry 

laryngeal muscles motor impulses to the intrinsic 

.Furthermore, if the average motor nerve conduction 

velocity is 60 - 70 m / SRE the delay in conduct ion between 

the two sides could not exceed the maximum difference in 

distance between he sides 16 cm dividud ny conduction 

velocity 60 mm  / msec. 

* 
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msec before sound production.Thus it is obvious that ane 

hypothetic delay is not a critical factor in vole 

production at all.Therefore, it is unnecessary to FE DIS 

a compensatory mechanism ,; and no such mechanism semmns Vo 

exist (Atkins, 1973).   4 

_ 2.1.4.Laryngeal end plates 1 

je A possible dual or multiple innervation of the same 

muscle fiber must be considered for computing the si1w of & 

motor unit.Staining of end plates by Koelle's cholinesterane 

iin has shown that end plates in the cricothyroid muscles 

localizegd on a strip, which covers about 15 per cent of 

  

R
S
 

length of the muscle fibers (Faaborg-Andersen, 1947), 
      
      

  

          of this finding, a dual innervation of any consid         
        of muscle fibers in the Jlaryngeal muscies 

       
       

likely.Piquet and Barets (1960) find that motor n        
of the vozal muscle Very rarely divide In thelm        

ending, in the vicinity of the motor plates, and     erminal                   
suguests that Jlaryngeal motor units should be vi        

         

l,Rudolïlph (1962) has observed muscular f{ibers of 

IDEAT muscles presenting up to five separate neuromuseu 

11.9,)4 

     

  

        
           

       

  

  

(Fig 11,2.and The proportion         
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100 y 

     
…_fig.11,9.: Triple notor end plate 

Fig.11.7.: Triple motor end plate in a human Hhyroarytenoid muscle (Rudolph, 1962), 

thyroarytenoid muscle (CPhotograph and drawing by Rudolph, ee 

1959). 
a



  

    
           

   
       

A, 

Hotor units 

— À 
MuBeular fibers with à multiple innervation reached 5 per 

cent in the posterior Cricoarytenoid muscle and 70 to 80 per 

cent in the other ijintrinsice laryngeal muscles.lt has also 

been indicated that the majoritÿy of type 1 muscle fibhers 

Mave multiplie motor end-plates, while the majority of type 2 

fibars have single motor end-plates (Bendiksen et al., 

L _Rossi and Cortesina also observe that motor end-plates of 

Uhe VOSal muscle appear as being disseminated over about tvo 

imasmof the length of the muscular body.This is in 

Bontradietion With earlier work of Sonesson (1960), who 

reported that the motor end-plates in the Vocal muscle were 

DU KhE" same appearance as that described in other striated 

      
MUscies.According to this later author, the motor end-plates 

re situated |n a single, broad zone, which is located 

Rens tr to the longitudinal axis of he vocal muscle, 

And apprhonximately equidistant from the arytenoid cartilage 

and the anterior part of the thyroid cartilage.The motor 

mndsplates of the lateral cricoarytenoid muscle could also 

Hedentitied in a zone situated posterior and lateral to 

that of the Vocal muscle. 

Mort recent work by Rosen et al. (1983) in cats and 

Man Shows that the end-plates are diffusaly Jlocated - 

the  thyroarytenoid muscle rather th h limited to 

or" any cClustered <onfiquratio niéal 

    

      

     

   

    

      
    

    

           
   

   
   

    

   

_posterlor direction, in contrast to the arrangement 

    

   

   

PÉypiently seen In most other human skelelal muscles when 

L they are found in à narrow band at the midpaint af ts 
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| Yocalization pot heuromuseular punatian 
S' 

— acetylchol inesgtanane). 

Ganbino et al, (198%) demonsirated that that tn sotan 

  

    

  

end plate distribution in the human posterior cricoarytanol 

muscle is somewhat more localized than In Lhe man 

séattered pattern observed in the  thyroarytent 

nuscle.Rossi and Cortesina (1965) find only a small numbam 

(2%) of posterior cricaarytenoid fibers with multiplié 

end-plates, while Yashihara et al, (19684) descer(be ma 

evidence of such multiple end-platés.A4 somewnat Wenttena 

pattern of motor end-plates may partially reflet « 

| 

seatlering of motor Unit territories that would permit 

    
   

ue 

afchitecturally complex system for tenslon geneñation Li 

Éorresponding funetionally varied motor unit sequence of 

pecruitment : this could help the fine motor control néeded 

for phonation and respiration: 

De Vito et al. (1985) investigated the _erleothyraid 

- muscle ! its end plates consistently appear to be located in 

he nediai tvo thirds of the muscle In the anterion Ko 

    

    

  

nn: 

muscle,The authors also observed that the motor end=pl 

appear Lo be in groups withi 
! M di ren be if
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directions.Rossi and  GÇortesina (1966) @btimates that 

appronimalteæly 50 % of the muscle fibers contain two or three 

motor andeplates per muscle fiber.A substantial number of 

(ibers have end-plates separated by distances greater than 

0 jm, 

Péom another point of view, it must be remenbered that a 

MOLOR fiber may, in theory, divide anyvhere along the nerve 

boum (Piquet and Barets, 1960). 

2.1:5;Laryngeal muscle spindies 

Further, some of the motor fibers of the laryngeal nerves 

Supply the intrafusal muscle fikers in the muscle spindies 

ManborgmAndersen, 1957) : It is now well established that 

Maeh of the intrinsic lanyngeal muscles (in the cat and man) 

gountains à few small muscle spindles (even as spiral 

Bndings) (Yyke and Kirchner, 1976), althouah they are more 

DUMMNOUR In man than in other species (Fig.ll1.4.and 11.5). 

Die fiber diameter spestra of the inferior laryngeal nerve 

and the vwxternal laryngeal nerve embrace fiber sizes of the 

Marne onder as those of the fusimotor nerve fibers ( 1 - 6 um 

LuHound in muscle nerves in other parts of the body (Wyke 

and Kinghner, 1976), 

—_ lon the make of completeness, it must be noticed that the 

| lafÿgeal nerves also contain snall diameten Vanoñotor and   
  

PGI AN 
musele (Balkæn, 

Notor units 

Neuromuseular 

1974)! 
spindlie in a thyroarvytenc ta
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cricothyroid 

indicated N.A 

its terminal 

myelinated 

is also shown, 

  

     
Tber (Bakon, 

  

    
   

     

nr 
Notor units 

secretomotor fibérs of #mympathètie (superio" ang midi 

cervical ganglion) and parasympathetic (dorsal nueleus &œf 

Vaaus) origin (Mitéhell, 1954), 

2.1.6.Size of laryngeal motor units 

Al] these considerations contribute to explain -#0m8 

discrepancies between the sizes of the motor Units of the 

intrinsie laryngeal muscles, as different authors 

hypothetized,.Data available for humans are gsummar|iæud in 

table 11.4, The sizes and functional characteristies arm 

probably not uniform throughout the 1aryngeal musellAatumee 

and even within individual muscles (CWyke und KIMaNMEMe 

1976). 

2.1.7.Contraction characteristics of laryngeal 

muscles 

As assumed by Wyke and Kirchner (1976), the intrinslie 

muscles with the fastest contraction times, Sueh as Lire 

Vocal and lateral chicoarytenoid (contraction Lines 14 mi 

mses in the cat) probably consist mainly of small note 

units, with less than 20 fibers per unit, Wheruas nuyselee 

with gslower contaëtion times, auch as the er |e0thy"o lu nm 

posterior ericoarytenoid muscles (contraction times 20 = 4û { 

nsec in the nonkey and 90 - 50 ns in the dog and cat À. 
te: 
| probably éonsisl of a higher proportion of lar 
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Table II.4,: Intrinsic laryngeal muscles ! Number of 
muscle fibers in a motor unit, after different authons, 

Hetor UnPtr 

  

‘ 

  

its containing perhaps up to 200 - 240 “diffuse ly 

   distributed fibers per unitiHowever, it is probable that 

also contain small, fast contractinq motan 

e ait | 
lutter muscles 

11.2 
l LA Û 

There are differences in contraction character |#tlenn 

larynaeal muscles in repond 

TU 

vi 

ividuat intrinsie 

of their motor fibers ! maximal motor 

ls obtained in the posterior cricoaryten@ls muse le 

(20 - 40 H1) of stimulation 8 
    

    

    

    

   

réelatively low frequencies 

motor fibers in the inferior Tlaryngeal nerve, whoreat 

Milauius frequencies of 30 - 70 Hz äre necen#ary to qgenerata 

Mmañimal activity in the vocal fold adductons.AVAr 

stimulus frequency, variations in stimulus voltage ha in 

harked differential effect (Nakamura, 1964! Taken 

As) 1968: Kotby and Haugen;, 1970) .Furthermorer 

to protracted stimulation of their motor 

fatiquabitity of the intrinsie laryngeal muscles LS 

  

fan. than that of limb muscles In the same species (@at) 

strôm et al., 1973). 

   

vt 

D osioa and Jennekens (1977) show that In 

11 fibers are found in a relatively     
fuseulature type 

sortion than in sheletal 

aturer there probably also e ta, à AT EM NOTES 

r dian 1 
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oxydative metabolism ;,while type II fibers have faster 

contraction times. Type Ila fibers are adapted to an aerobic 

metabolism, but conserve a glycolytic activity.lin type IIE 

fibers energy is provided by glycogenolysis,The muscle fiber 

composition of the posterior cricoarytenoid muscle consists 

of one-haf type 1. while most of the renaining fibers are 

type Ila.This mixed fiber composition allows continuous 

sustained activity (type I), while the type I1a fibers are 

capable of abducting the vocal folds via the glycolytis 

pathuay in situations of hypoxemia,; when vocal . Toitrd 

abduction is imperative (Hast, 1967 : Crumley, 19892). 

2.2. Extrinsic laryngeal muscles 

Few data are available concerning motor units of the 

extrinsis Tlaryngeal muscles Hast (1968) studies canine 

contraction characteristics of the sternohyoid and 

thyrohyoid muscles, both of which have larger contraction 

times (50 - 52 ms) than those of the intrinsie larynaeal 

muscles. 

Extrinsis laryngeal muscles { in contrast to the 

intrinsie muscles ) are atundantly provided with muscle 

spindles (Wyke and Kirchner, 1976), : 
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l 
| Chapter Ill 

Basic principles of neuromuscular physiology | 
applied to laryngeal electromyography 

. The electric signal 

F 

Électromyography (I the reconding. of E detection and 

Méétrical activity from a portion of a muscle : The sour em 

this electrical activity must be considered as rolated LE 

#lructure and the function of the muscle fiber membrane 

pucifically its ability to store electrical ShA"G0M" AN Ru 

bursts of electrical energy when  prop@nty 

à
 

114 

ri 
         
         

          

    M® rasting potential of a muscle fiber ls due to ++ nel 

  

   
444 

      

    

the fact that at rest the ceil nenbrane 15 selective) 

    
    

able to potassium lons than te sodium ions. 
   

        
      Laganne ns tn Le 

  

mar, r# dits
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faët that the membrane is Üimpermeable to | tevel as abruptly ns It had begun, usually after about 1. 
  

 msec.This decrease and the accompanying Iinersase In We         

             

ll 

permeabitity bring the menbrane rapidliy to Ïts original 

polarized state.Finally, permeability to K+ returns ta LR 
NT o 1 

Ming potential is the potential difference between 

           
       

   

War and outside of the cell t the outside is 

sitivety Sharged and the inside negatively. This can be 

resting level, 

        
                   

     

dingetiy by means of an intracellular micropipette The entire sequence of these bicelectrical phenomena at 
Li ds æ | 

Lhode and is about - 90 mV. the Site of stimulation, including depolarizatlion of the 

membrane and its recovery, occuré within N "TI 

Ent Lhansmembrane potential Îis reduced telow à 

Hold éveil, changes oceur in membrane permeability, 

milliseconds.This action potential, once Inltiateds 

       
   

  tre propagates along the whole muscle fiber, away from the 

Me mpacific to excitable cells.Once the membrane has stimulus site, without decreasinog in amplitude.ïn fat, 444 

    

    

        
     

ülarited above the threshold, à rapid rise and fall consequence of the potential difference between." 

tent OCEUrNS, whiëth is called action potential. The depolarized region and adjacent inactive regions, & 

en üf Lhe action potential is, in this condition, an          wi11 flow from the depolarized region to inactive reg 

    

        
     

._ phenomenon, no longer controlied by the through bath the intracellular and the extracellulan fluid, 
  

          19 Btimulus.ln response to a depolarization above forming a complete local cireuit.This current acts, to 

         
     

   
        

thé membrane of the muscle fiber becomes highly depolariize adjacent inactive regions of the membrane to bhe 

            
   

    

  

le &o Nat which, consequently flows inwvard.The inf1u» threshold, and in this way action potentials are generale: 
   

further reduces the internal negativity which, in in regions unaffected by the initial stinutus,.The aati       
    

                      

       

         

     

             
  

Na+ to       flow inward. In this way, à potential thus self propagates along the entire muscle (ban, 
     

chain is established tetween tHodgkin and Horowicz,. 1959: Ruch and Fatton, 1968} Goodgo 14 
  

sodium            permeability.The result :jis a and Eberstein, 1972). 

  

    the elecrical polarity of the membrane, 
  

    

  

When à. voluntary  contractioüon oùcurs In à nor 

Cat the mu de tibers  Innarvat 1 by na L 

   

  

         
HS from positive to negative on the outside of the 

menbrane and from negative | 

      er... : nQ nn
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dual muscle fibers are summed up and produce a larger second and 7 - 24 spikes / second for the biceps (Bigland, 

M potential, which is called a single motor unit and Lippold, 1954! Clamann. 1970).In the case of vocall# 

l CHirano, 1981). muscle, the signification of recruitment of new motor units 

and pulsating at a higher frequency is analyzed in Chaptam 

2. Gradation of the muscular contraction 
Fe 

4 

ee" 
Under normal conditions, each motor unit is activated at 

Wañkest possible tension that could be developed by a random intervals and different motor Units are activate 

MOuld be produced by à single action potential ; asynchronously.ln extremely strong contractions, on In 

       

      

fatigue, different motor units may pulse synchronousi\w 
     

      

    

x 
- fibers, in other words, the tension developed by one 1981). 

  

(Hirano, 

  

      unit in response to a single stimulus. 1f more 

                      

       
   

          

  

   

+ ü 

"4 

AS a general rule, strength of contraction und, ny LS required, more motor units may be activated 
   
     

Loinennresruitment mechanisa, which will alto conditions is directly proportional to the mean amplitude &f     
      the integrated action potentials (Lippald, 1952).,The mean & variations in the mechanical output.But tension 

  

A muscle can also be graded by varyino the amplitude gives an indication of the number of muscle fiber 

     

  

    

   
   

of discharge of each active motor unit. __ activated per unit time (Buchthal, 1959). , new WE 

ii 

/ 

The force developed Ey an excited muscle fiber also 

            

    
      
    
     

      

     

   

eu 

+ her frequency, the motor unit twitch tension 
    

    
      
       

     
   

atus _to produce a tetanic contraction and an increase in | depends on muscle length at the time of act ivation L 

Dan ere AREAS alien the uGher the | maximun force is developed when the fiber is atit 

     
  

» the larger the developed tension,in à resting length.ñt  shorter  lengths, less 

+ 
È 

| the resting length, the maximal f 

soct. araa = À 

   

  

facton for 
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corded extracellular potentials 

œurrent flous a by action potentials will 

the whole muscle, according to the 

properties of the electrolytiec medium 

the fibers. 

u À 

| recording electrode is located near the fiter 

a short “is dance from the paint of stimulation, 

lnefarence" electrode is at à point distant 

RAD as depolarization at the excited region 

“thé outyañd flow of current through adjacent 

, makes the active electrode more 

réspect to the reference electrode.The region 

e electrode is located acts as a source of 

_ result of the impulse approaching 

a positive deflection.4 short time later, 

the active electrode will reverse its polarity 

lows from the adjacent regions into this 

tive electrode will thus become negative with 

the reference , electrode, and a negative 

87 
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the active electrode repolarizes, it aqain acts as à sou e 

of vcurrent.The recorded potential progresses again fnüm 

negative to pasitive.As the impulse moves further along the 

fiber, the eurrent flow ceases to influence the active 

electrode, and the observed potential slowly returns to the 

original base Jline.The complete potential change |6 thum 

triphasic with a steep linear positive-negative detiection 

{Goodgold and Eberstæein, 1972: Hinzelin, 1979). 

The shape of the recorded potential may vary to a large 

extent with the position of the electrode with respeet 

the active fiber. Furthermore, as a general rule: bi 

amplitude of the extracellular potential is much le6# nan 

that of the intracellular potential. 

The motor unit potential recorded in the el 

medium surrounding the fibers is the sum of the el 

activity of several muscle fibers (exerpt the ase of 

units with only one muscle fiber), which mi 

geumetrically scattered.Thus, for a given positien € 

active electrode, each muscle fiber differently contibu us 

both in shape and in amplitude = 

PotentialeMore distant fibers 5 
dt banal en ons uhiten tt fredqué  
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potential will be determined by a few muscle fibers in the 

! 

immediate vivcinity of the active electrode.The voltage rang 

of the electrical activity in the Jlaryngeal muscles la 
al 

approximately 0.003 - 2.5 mV. 

gs 

I
N
T
E
R
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E
 

The  gradation of  muscular contraction in normal 

conditions corresponds to the schematic electromyographieal 

patterns of Fig.l11.1. ; 

Conventionnally; in electromyography, positive 

Le deflections are downwards. re 

M 
E 
€ 
+ 

Q 
tu 
£ 
E 
ni 
E 
2 
+ 

msi mile 3.4. Microphonic effect 

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

einer et al., 1958: Faaborg-Andersen, 1965: Dejane 

_ 1980) 

S
I
N
G
L
E
 

._  Besides the normal aperiodic action mn UE 
us 

a so possible to record, during phonation, nier [ 
F | 

OR 
En rophonie effect in the vocal musctes (Fig, 111.2,),7h 

  
rophonic electrical activity has some specitie f 

= PAL LL 4: A er id  
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normal or pathologie, who is able to 

vibrations. 

subject, the microphonic effect is easiest 

the top of the nesdle-electrode is losated 

# naar to the free edge, in the region of Keinke’s space, 

on Hhe electrode is in contact with ÉTENES the lover 

of the thyroid catilage, or the upper edge of the 

d Gartilage. 

Pathological subjects in which this effect is most 

patients with chronic polypoid laryngitis 

n'S  cedema), and patients with one voral fold 

dunervated in median or paramedian position. 

LE 

Me microphonic effect arises as soon as the voral 

In to Vibrate, and ceases when vibration ends. 

» is à perfect synchronism khetwveen the microphonic 

the sound oscillogram of the uttered voice. 

PRUNE re 

microphonie activity may have either à sinusoidal 
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L 

superimposed on fibrillation potentials and slow denervat lon. 

potentiails, without 

phonation (Fig. 111,2, and 111.3). 

voluntary muscle activation durinq 

9, The microphonic activity can sometimes be recorded 
“ 

alone, without any other electrical activity. 

The amplitude of the microphonie effect is Variahle, 

may reach 0.5 mV (De jonckere, 1980) and even more 

The microphonic effect is passive in nature IL Ia 

Caused Eÿ passive simultaneous deformation of all munal 

fibers and their membranes as a result of the vibration 0f 

the vocal folds.This microphonic effect is similar Lo. 

Well-knouwn VWever and Bray effect of the cochlea à à 

_microphonie effect of the semicircular canals (van den 

“and Spoor, 1957), | , 

D | 

However it does not seen possible to obtain à michop 

in excised larynges os illated art HARRIS 

and polariied membranes aveprobaT nat aTe Ne 

The micraphanie effect ls thus to b 
in ele / € DE 

14 
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trasing and without concomitant voluntary action Chapter IV 

Technical instrumentation 

4.1. The electromyograph 

4.1.1.-.General characteristics 
} 

The basis features of a typical E.M.G.- installation arm 

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

The electrical activity of the laryngeal mus 

rded by either needle electrodes or. | 

éctrodes (see below), exceptionnally 

an oscilloscope (preferably @t  
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- an integrator circuit. 

An electrisal stinmulator is synchronized with. 

recording system. 

  

  

    

The amplifier must satisfy rigorous requirements : 

  ÿ 1, Hioh frequency uniform voltage 
  

  

  

frequency range 

set i 

2, Frequency range of 2 -—- 20.000 Hz 

8. Differential input 

  

  

ua) 

of 

  

» dédie À 

_$, High common mode rejection 

    

6, Low inherent noise. [= 

US sArE x : # 
» Ts v+ | 0 on 

DA 
.… Ad x. . 

sdiel s El 
2.Input impedance 

be té sir ts. 18 f 'narédédt ba 
typical 

FT — 

ar 

nr, High input impedance and 1ow input capacitanee £ 
Le 
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edanee of the electrode.The input impedance of the 

MeGimamplifion needs to be larger than 2 megohms to ensure 

ibüntion=free recording. 

2 

“1.9.Differential input 

EE 
‘2, 

AN differential amplifier is characterized by its 

JAinetion of voltages which are identical, both in amplitude 

and time, at its two input terminals and the amplifications 

ot the voltage difference between the two input terminals.An 

BeMiGi=alestrode which is inserted into a muscle will pick 

ve “etion potentials, but also mains - hum : The latter, if 

_ hassed through an ordinary single-ended amplifier, would be 

amplified along with the muscie patentials.When a 

Mifferential amplifier is used, in-phase signals arising 

_ from pourr lines or from sources outside the electrode 

. fleig, Whieh Would normally interfere with the muscle 

pot MEDATS, Will be rejected by the amplifier. 

c 

4,1.4.Frequency response 

? 
Mie frequency response is the speed with which a given 

    

0 
me 

LM 

    

  

boument Œan respond without distortion to voltage changes 

. at its input.Forn example, in electronyography, 

Of 100 UV may occur in less than | msec.A common 

Wie SMANEY, reRROn SE, of en Lan ifler is 
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! 

input for “ine waves üf  varying troquency For 

electromyography of  intrinsic laryngeal muscles, 4 

fréquency-response from 2 Hx to 20 000 Hz |s nesmamary: tout | 

(t es sometimes advisable to reducr the VE QUENE y er Ep ON 

In order to increase the signal-to-noise vratiasAlL de 

    

recording equipment whiëh Îs connected to the amplif lent 

sgatisty the same requirements. 
| 

A.1.5.The EMG 200 Electromyograph from 

F.J. Electronics ( Denmark ) 

The EMG 200 Élestromyograph 5 a threm channel 

built-in high-pass and |owspaum 
œ@lectromyograph with 

(Vers, and a linear rectifier followed by an integrat lon 

Sireuit with sgmoothing filters.it is specially designed tor 

Manoarch and diagnosis of speach dysfunctions (Fig.1V.2), 

… rhe vlectrodes (either needle, hooked-wire on surface) 

“re connected Lo à probe which, owing to Its small physieal 

  

    

   

    

dimensions, may be fixed on the skin near the point of 
1 1 En... 

naasurement.The stainless-starl base of the probe serves A 

      

   
   

   

  

   
        

        

à grounding electrode.The probe contains a dual FET input 
' 

ëperationat amplifier which #erves an tuo independent 

impedance and very low 
1: +de 

Voltage followsrs with high input 
  

       
+ impedance. 

    L 

\£ | Cl x   
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D MIN ON/ 2) The EMG 200 Three-Channel Electromyograph from MrlrElectronics (Dennark) ny ent C » Specially designed f 
AndNIagnosis of speech dysfunctions. Dares 
   

s 
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gain ajustable from 40 to 80 dB in 10 steps.An overtoad 

  

indicator indicatos excens | vo input level an 

amplification.The frequency response of the amplifier symten 

is limited to the range 2 Hz = 20 kHz in order to reduek the 

nois Jlavel.Furthermore, each E.M,G. channel has builltæin 

low-pass and high-pass filters with à roll=off of LOMARA 

a octave.The ceut-off frequencies are selected with sp#sjal 

reference to speech analysis. The output Îs available both 

as amplified spikes (unintegrated and unsmoothed) and as an 

integrated signal with switch-selectable smoothing times, 

Specifications 

Probe amplifier : dual operational amplifier with PET Input 

    
    
   
    

       

     

  

   

    
     
  

Amplification : unity gain 

Input Impedance !: 20 megohms 

Output Impedance : Less than L ohm 

Frequency response ! DC to 1 MHz 

î 

“Main frame amplifier : S E.M,G. channels and #/= 12=voit 

hour source 

Mnput resistance ! 2 200 ohms 

“Anpliftication : 40 - 50 = 60 = 70 - 80 dB awltchabhl 

…—Fraquency response : 2 Hi - 20 000 Hz ( = dB ) 

= 6,8 - 10 - 20 KH | | 
Mectitier | linear vom 10 di 

“Low“pass filter !: 18 dB / octave roll=off at 2,2 = 9,0 4,7 | 

h 
1 
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Intagration \ Active 18 dB / octave smoothing filter 2 - 5 - 

1Qum20-= 50 ms. 

OtLpule ! sgpikes and integrated 

Oubaut Impédance : 75 ohms 

Output level ! Max, 4 volts peank-to-peak 

Output eunrent : Max, 20 mA 

11.6. .The Medelec MSé Electromyograph 

he MS = system includes à mainframe, together with 

hiugein nodules suitable for various applications.The 

cbmnbliete assemt y is housed in à bench cabinet, and mouñted 

on a trolley which also provides a lToudspeaker and 

breanmplifiwr mounting arm.This arrangement allows 

Counneetions Lo patisgnt electrodes ta be kept very short, 

Liue minimizing interference pick-up.The fiber optics cathode 

Pay Lubhe provides single frame and continuous recording on 

dayltignt déevelopina or darkroom processed papers.The 

Witravlolmt sensitive paper is held in close contact with 

ta ronteplate.Fermanent records may be produced without 

ANV—process|ina delay.Alternatively, by using full chemical 

prosmening, an enhanced contrast ÎIs achieved with archival 

pormanence, À sgtalrcase time calibration waveform is 

qurner à bad bn the malnfrane,A built=in audio-amplifier 

dhablos displayed signale Lo be aurally monitoredg using the 

énterral loudépealher (Fig, 1V,4,), 
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Flo. 1V.9,: The Medalowe 

al l-purposv œloctromyograph 

"moé 

with 

Elestromyograph 

plugein modules, 

  
ñ cl'assie
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global activity of all muscles in that area. 

0.05 to 500 ms / division.Area 14 « 11.4 | 
Such electrodes are very easy to apply,and caus® no. 

| discomfort to the patient.The main disadvantagus 
(for continuous or raster recording) : 0.5 to k 

particularly in the field of the small laryngeal musclen, 14 
Mn tO-YX 8 EM: 

that on does not know exactly what activity is picked Up,The. 
Hiological amplifier.Bandwidth selection over a 

signal is in fact the result of an integration over time and 

space of several muscles contracting beneath the skin.it 18 
stimulator : single or paired constant . 

_also impossible to observe single motor unit activity, and 
IMmUIUuSs amplitude, duration, repetition and 

high frequency compoñnents are lost (Goodgold and Eberstein: 

1972).Furthermore, the amplitude of the signal from eurf 

Fe electrodes is of lover level than that from other iypes 0 F 

électrodes : The maximum is approximately 500 LV. 

Fr Surface electrodes are most conveniently made of | 
trinsic laryngeal muscles was made by 

| silver or platinum ceups, with a diameter of 4 = # fi: 
and Pattle (1944), who Used a concentric | 

a thin Ilead soldered to each eup.The le 
and carried out a11 of the manipulations ’ 

yngoscop 
connected to the pre-ampliflier, 

‘yngoscope. 

KL ee _ After cleaning the surface electrodes b 
of electrodes may be used for | 

Ü 

EL 
sun 

DORET OR EEE TE TS" 
_ ER 

des must be. sm  
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4.2.2.Needle electrodes    

    

        
| edle electrodes are to be consider@d 

selective recording of the electrical Three types of ne 

an individual — even extrinsic — laryngeal (Fig. IV.4) : 

seem possible, because several muscles of a 

are overlapping and are all covered by the FeSsrsls#onopolar L 

‘Usions about the activity of the crico-thyroid 3 

J A solid needle electrode, isolated except at the tip, |n 
g Speech and singing.when recorded with skin . 

, i ti with a surface reference electrode ,Sueh 
bn (Lehmann, 1981), should be considered with some Du ON SGSRRNNER A ï | 

  

electrodes are rarely used for recording electric activity 
    
        

of a muscle, but they may be suitable for stimulation af         

        

  

       muscles or nerves. 

           

  

skin electrodes may be very useful, and 

  

       
         

   

     for recording of “general        

  

   
    4.2.2.2.Singale core concentric 

in order to develop, for ; * à      

      

   

  

A cannula serves as a reference electrode and the ba 
     

          

   

  

   

     
   

    

ectrode is applied onto the region of the 
     tip of an isolated inner core in the cannuia serves as Le 

l | th À [ 

active electrode.The central wire is gerars | EE ot. 
. " Ven 

_ platinum and has à 0.1 mm diameter (Bronk’s newd T 

nina, the second one is attached to the right 

   

  

   round electrode is fitted under the chin. 

   

  

    
   

L 

out of the electrode vary from 0,9 to. va jeh to investigate voice dysfunction in singers, ve De À ‘ Fe 

    two surface electrodes (92 x 24 mm) applied _ mn.For laryngeal Use, the optimum outer diameter Ls 

    
   

  

Dr + 7 

0.6 mm.Smaller sizes are not vrigid enough to    
   

at the level of both thyroid laminae.A 
   badequately the crica=thyroid er thyro=hyold 

L - ä + e dd # ‘ 

  

to the wrist,By this way,it 
Fe v 

  

n{dtor ni1e 
W, 1, IF NAN 

à Li 

ode Is connected 
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The impedance of such electrodes ranges between 50 000 

Needle electrodes | and 200 000 ohms at a measurina frequency of 150 Hz.Both the 

inside vire and the outside cannula are connected to the 

differential amplifier input terminals. v4i 

+ V 

Fotentials are measured between the tip of the platinum. 

wire and the surrounding steel shaft.The tip angle of the 

Manopolar : These solid stainless steel needles 
11y sharpened points and are insulated leaving eannula is 15 - 20 °, so that the recording area of. 

p of the needle as the electrode pick-up area, | 
platinum wire is 0.03 mm£. 

7. CD l Standard concentric needle electrodes registrate activity 

of 10-20 muscle fibers (Mercelis, 1986). 43 

core concentric : The platinum wire core is - The  grounding electrode is generally a large. plate 
in the stainless steel cannula by a 4 1 
ester infill.Quter diameters vary from 0.3 to électrode affixed to the skin. 

The concentric needle electrode is the most gsuita 

or anticulatory movements and 

(double core contentric) ! This electrode 
kel/Chrome alloy cores located within the 
inless steel hypodermie needle Ey an epoxy 

e spacing is 0.014 ar 0.20 mm. W = | zh | b NE y é L . 

PT Te > At Le dd « l : RE 9 

- + À th « « Mie: nn 
L L ls _ *, J U 

. LR. ï Wen * x Sun té |  
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trode, and the other as a reference electrode.The 

potentials from à smaller volume than when 

_ Goncentric electrode.The recordina area for each 

wire is 0.03 mm3, and the distance between the NS 

#lectrodes have several advantages over needie 

due to their flexibility and 1ightness.Most 

studies use intramuseular wire électrodes 

(1962), and by Hirano and Gh4la (1969) for 

ÿgeal use.Tvo thin isolated wires (95 - 50 u 

ed wires) with bare ends are threaded through a 

© cannula (e. g. N° 27).The free ends of the 

over the end of the cannula, and cut with a 

_ approximately 0.5 and 1 mm away from the tip of 

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

, scraped off for connection to the differential 

lead is placed on the gear lobe of the 

__ bire eleëtrodes are inserted into the 

\ypodernie nebdie. which is later removed. 
# in place [ 

11 
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Hooked vire electrode : Two 
wires with bare ends are threaded th 

ic œannula.The free ends are hooked over th 
die, and eut 1 nm away from the à 

8 muscle, the hypodernic r 
Ss in place.  
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in diameter.Hirose (1971) adopted a 

m=iridium alloy wire with polyester caoating, the 

of which is approximately 0.05 mm. 

pecific indications 

à general rule, vhen a kinesiological pattern of a 

that of a set of muscies is examined, hooked wire 

are preferable, for three reasons (Hirano, 1981) 

minimum discomfort to the subject, and 

articulation in nearly physicglogical 

fairly well in place regardless of movements 

ated muscle and of the whole larynx 

considerable localization of the area from 

1 activity Îs recorded. 

vocal fold paralysis or paresis js 

dison: of the motor unit, a needle 

Hi 
( 
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In order to avoid interfering signals from adjasent 

muscles, Dedo and Hall (1969) and Dedo (1970) prefere à 

bipolar needle gelectrode.This electrode detects potentia 

from à smaller volume than the concentric electrode, 

Action paotentials may differ considerably in shape when 

recorded either with a concentric needle electrode or à 

bipolar concentris needle electrode (Notermans æ@t 

1981). 

An important feature is that, in motor neuron 10 un 

1S necessary to move the tip of the needle electrode |netum 

the muscle during the investiagation, because different 

t patterns can be faund in à given muscle.Espeel 

spontaneous pathological restig activity Î|s Tenkol 

rdings must be made from different poire dltnl 

muscle. 

>.5.Stimulation electrodes 

_ oùr experience,  
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{diameter 0.4 mm! length 50 mm); insulated except for 

segment at the tip.Â similar reference electrode 

cutaneously in the supraclavicular fossa. 

Hana ref Bienne rusporise 

1." h. à. 4 

is 
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Chapter V 

Electrode positioning 

5.1. Methodological aspects en 

Electromyograohy of larvyngeal muscles may be performed in 

six different ways : "+! 

Î 

“5,1.1.Direct approach through 

_pharynoostoma or laryngofissure : Gi 

This method is rather exceptional, but has 

erest (Portnann et al., 1955 : @poor and van D 

958). Greiner et al, (1960) compared recordings 

is direct approach and by the trancutaneous 

Was valuable, 

+ + 2 1) e Fr » 

.Per viae naturales, through direct | 

Asveewsu lé avi  



116 

Electrode positioning 

[RACTAS Jlarynacscopv.Both a topical application of cocaine 

on pets 4 neuroleptanalgesia are required.General 

hasia is ÊSE indicated, because the cooperation of the 

Is necessary to induce voluntary activity.Either 

ed wire electrodes are appropriate. 

naturales, through indirect larvngoscopy ! 

indersen (1957) in his fundamental study on 

Gtromyograäphy managed to reach all the internal 

Melon by needle electrodes passed through the 

in place under mirror control.The 

dire 
A8 approached throuoh the skin.Several authors 

@nt specifically designed for this purpose, 

# (Hirbse,1971), forceps (Guerrier and 

dnapplicators (Thumfart, 1981).The 00m 

term supervision of the larynx 

and magnifications: It constitutes 

for the transoral application of 

for 

ätion.lnsertion of electrodes into the 

te easy after slight displacement of the 

nr 
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5,1.4.Percutaneous approach, through the soft tissue 

overlyina the larynx : 

Hiroto et al. (196%, 1967) and Hirano and Ohala (1 

demonstrated how it is possible to reach each of 

intrinsic JÎarynaeal muscles by this method.The subject Re 

on his back with his head tilted back.The skin of the neck 

is disinfected with alsohol.Surface anesthesia is applied : | 

the Jlaryngeal mucosae.Xylocain may be iniected via 

cricothyroid membrane.Either hocked wire ov 

électrodes can be used.lnitially, these authors pren 

in order to investiqate the Vocal muscle, to intën 

needle into the subalottic cavity through the enie 

space on the midline.The tip of the needle is than L 

upwards and sideways, and penetrates the mucosa of the | 

surface of the vocal cord.ïn fact, it is better Lo. 

the skin at a point close to the midline and 

submucosally through the submucous tissue into th 
Te  , 

(H ir ano, 1981 ) «Pig V. de and V2. )  
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insertion of the electrode into 
i Schematic superior view muscles 

the posterior cricoärytenoid 

LE 

Electrode positioning 

Interarytenoid 

Vocal cord. 

Thyroid 

Cricoid cartilage 

né-e:: L 4 

mit) CPL re sud es deg nat 

al cr Eee  
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A 

(Fig.V.4.). If the needle is directed medially or Loo {a» 

upwards,. it may be placed in the external part of the 

| thvroarytenoid muscle. 

The posterior cricoarytenoid muscle is reached following 

the same path, but the needle is introduced 5 Lo 10 mi 

Thyroarytenoid m. deeper.A slight downward tilt of the tip of the needle UE 

often required in order to avoid hitting the aryten 

Fe A j' Cartilage.ln some cases, a slightly curved needle is helptul 
PUtenes & <) M, 27 Inf. tuberculum Arytenoid cart. À TS lt _ (Fig.V.5). The needle must be inserted at a right angle to 

V 
4 

TES Ne the Tong axis of the muscle.Fortunately, the musele 14 

Posterior thickest near its insertion to the arytenoid cartilage,lhe 
Gricoarytenoid m. ME 

vr ù poster ior  cricogarytenoid is the most difficult muse ,. 0 

| \ 71 

vMeach by percutaneous approach, but its activity pattennm 

50 characteristic and so clearly different from al 

muscles . that no error of identification 

sible.Nevertheless, in cases of denervation , à 

alization of the electrode is not possikhle.rf 
ee 

In some patients, anatomical configuration of 

( ' insertion into the jiateral : k UN | ; us , ! 
Posterolateral view.Thyroid cartilage il Ily makes that this nuscie cannot bi 

irano and Ohala, 1969), MAT *Un} EU We e 
purcutaneou f In such cases, 

MEN rent n° x | à On RE Or 

MT Mpun Aro ov 9 ° rytenoid w b _reached by the 
RENE |. 18 Z'RALAT-ARUR : a. hOljses#: = 

EDIT DEEP sil à ut i … 

lai LL RE she y: : elite 

L x: ébet or er ?r 

_ L Le)  
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Électrade pasi tionine 

Thyroid cartilage 

insertion into the aneous 
É 

needle 
e.0hlique cut along the 

trade 

_ of 

NI 28 ue DE bé 

LE — a 

lateral 

can be placed in any of the 

or lateral cricoarytenoid muscles 

insertion {Hirano and Ohala; 

123 
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Posterior 
cricoarytenoid m. 

Percutaneous _ inser 

usele with a eurve 
. rt 

tas! TT. tobtqss 

PR: | Aa 
L à [PA ERA T7 

en: nés "TE  
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the inter arytenoid mucosa Ï|S pierced.The position 

needle can be monitoreg by indirect laryngoscopy 

and V,2.). There is no neichboring muscle in 

éricothyroid muscle is reached after piercing the 

point above the lower edge of the cricoid 

and lateral to the midiine.The needle is directed 

nlaterally and upuards along the long axis of the pars 

ua aimina at the lover surface of the thyroid cartilage 

lor to its inferior tubterculum (Fig. V.é.). 

NEnternal surface etectrodes 

électrodes measuring 0.5 x 1 em vere used by Lebmann 

IR 
UL A 1 In children : they were applied at 1 om distance in 

of the cricothyroid pacs, on the right or left 

author observed à minimal activity at a pitch 

4&o the usual speaking frequency: and an 

this activity with rising pitch, possitly due to 

d muscle.When pitch was lowered, a even 

Was recorded.The latter was probably in 

contraction of extrinsic 1arynaeal 

125 
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Thyroid cartilage 

 



expiration and art AONSRREUNT . tungtional disturbances of the Vanynus o Gel 

DRRELER" NF nEIEM ES  “elsctromyography more specifically concerns laryn 
is appropriate for the analysis of muscle paralyses Hd pareses.For clintioël purposes, the 

DA MCE specific tendencies can slectromyographic investigation dÂÜs commonly redused te ble 
0. | L 

between the warmina-up period and the fatigue exploration of both cricothyroid and thyroarvtenolit muscles 
h (| 

in order to test both superior and inferion laryne 
A 

nerves.£Buch an examination needs to be realized in a min 

_ With surface skin electrodes is that it time and with topical anesthesia on ambulatory pat 

Oo de mil ; S | 
4940 ; 

Fou ceterntne the exact muscular orioin of the our experience, and according to Greiner et al, (1960), the 

Ographis activity. sampling of the  thyroarytenoid muscle alone may be 

considered in most cases as representative of the activi{Y 

surface electrodes : x of the intrinsic laryngeal muscles innervated by this n 

except for isolated abductor paralysis.But even VW 
Rs ue i 
SJ et al. (1984) performed Ronan of lätter case, peripheral neurogenic siagns are often. 

Why means of a bipolar surface electrode thyroarvtenoid muscles.Hirano (1976), reViewina 190 € 

DRM ANIEN VAE *ppiied on the vocal foid complete and incomplets vocal cord paralysi®, 10) 

4 phenation.This allowed an evaluation of significant differences in frequencies of electromyogn @: 

pattern of the mussls activity.The 4 patterns neither among thyroarytenoid, lateral and postsñler 

Use of this electrode to investigatina cricoëryténold musclés, nor Mbetysen ie OR en 

abductor muscles :! This suggests that there 4 

differences in Vulnerability or recovery between mu: 

À: unilateral paralysis of the jinferion laryngal n 

1 principles e interarytene id muscle always presented  hornd 

electromyagraphie findings.Benry et al, «  



    
   

            
     

    Blectrade positienine 
. ‘ 

       L LL , Mn Le 
a jen within both the territories of innervation by 

| electromvegraphy of cricothyroid and 

L nussles. without samolina additional 
   

jscles 

the technique of insertina the needle 

  

throuah the cricothyroig space {or 

ly through the thyrohyoid space) seems the most 

obnékere. 1976). 

   
déneral rüle, à very important point in our opinion 

    

st Jé  ghploration of the whole muscle mass ; By 

"moving the tip of ths electrode, while looking at 

ME cpe, and listenina to the sound produced in the 

AR y the electrical activity af the 

potentials, for example, are frequently 

easily, or even niv, in a5some well 

of the muscle. 

tip of ihe electrode remains submucosally: 
   

    

   

     
        

        

to anesthetize the larÿyngeal mucosae, as 

ble space. with a 4% xylocaine spray.This 

    

sis on paralysis of the vosal fold(s), 

    

  

Lion à ‘R 

Nesla does not significantly influence voice 

, 0.5 na atropine is given 1.M. 15 

                  

     

   
    

      

   
    

  

‘Fiberscopie Visualisation is possible during the une 

procedure, 

     

    

       
     

tracheotonmized ov intubated.Even neonates may 

investigated if intubated. 

ll 

The patient is advised not to drink or eat for about half. 

“4 

an hour after the examination. 

$.2.2.Cricothyroid muscle | Cl 

    

      
              

     

     

    
    

  

      
          

The arch of the cricoid cartilage is palpatede an 

needle is inserted alona the edge of the cartilage, #1! 

posterolaterally and Upwards, aiming at the lower 
   

à 

“ie dr 
b mo he thyroid cartilage.if the electrode is introducoÿ 

    

à 
: e 

4he Inner face of the thyroid cartilage, it may be placwduim 

the Jaterall enicoanytenoid muscle Instead,.On the other hands 

    

jf the insertion is not deep enough, the activity picked un 

may be that of the sternohyoid muscle (Hirano, 19 

also Important that the tip of the neëedle be not In et 

with the inferior edge of the thyroid catilage, because: 

    

    

may produce a microphanic effect at loud phonation 

easily verified + in the 
fi | A Lo | 0 ® %
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activity is always resent in normal subject ÿ ÿ 
S ity JAY p Jess - Electrical silence is practically impossible to obtain, 

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

> À " : 4 Î 

activity, while others have an expiratory - There is à respiratory-linked rhythmical activity, 

1971): 
3100 . 

q 

_ which increases with forced respiration. 
1 

= À burst of motor unit potentials usually procedes 

D. 
(200-400 ms) the phonatory activity. 

to Nasser Kothy (1975),the vocalis muscle <an 

during quiet respiration. by à needle passing = High pitched sounds considerably enhance the electrical 

cricothvroid space, parasagittally, at 6 mm from etivity 
L'EAU | “ 

the Donc at an anale of about 40° upuards, backwards and 

fania ly (Denth of the electrode tip ! 18 mm). In females «4-Horphological particularities of pare RSR 

éhlladr ï 1 4 idli 
éhildren, ve insert the needle closer to tre midiine (8 larynges 

“and orient the needle more upwards (about 70°), and 

latarally as soon as the cricothyroid membrane is | characteristic morphologic features of unilatera 

(Dept = ip ; ab , 
us. 

{Depth of the electrode tip about 13 mm.When the jarynges are of critical importance for electrodi 

- 
( 

js inserted laterally with respect to the midliine, 

4he touah part of the cricothyroid ligament 

very important to perform all manipulations 

and to avoid penetration of the sensitive 

TR a Tete n AUS: 
; x - Me. st sle: zna4 

 subalottic space. 
7 | ne 

eg a on of the laryn cin the on 

of correct  
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L Mig,V,8,: Schematic illustration of compensation, NA 

Miahlvocal foid paralysis on Intermediate positions 4m 

HbLe Ne by volem training, During phonation, bhe 1e tal 

Jesion of the left inferior nuershaota he midiine, In order Lo obtain an adequabs 

Fig: V,7.: Complete peripheral 

larnyngæal nerve» as demonstrated by laryngography (frontal 

vieu) during & phanation effort. Difference of level between 

both foids, and important atrophy of the paralyzed fold. 

montié elouuru,
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these characteristics nodify the classical 

aneous technique, and require a careful clinical 

ion prior to electrodiagnostic procedures. 

atronhy , asymmetry of inirinsie larynaeal 

MUmele tonus , and effects of voire therapy are essentially 

ble. 

Undesirable effects and risks 

di our experience (12 years: more than 650 examinations);: 

serious complications have resulted from an 

ography of larynaeal musclies.Most of the authors do 

“mention any side effects or dangers. 

local bleeding sometimes occurs in the vocal 

larvngoscopy is always performed after the 

and biseding was observed in only about 1 

135 
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Oedema of the vocal cords after electromyography ia 

probably svstematic, ut of minimal importance, and not 

perceived by the majority of subjects.£Sometimes, patients 

| unilateral paralysis or paresis feek a tempon 

in 

against larynueal electromyography in out-pat | 

nting à spontaneous dyspnoea due to bilateral vos, 

such hospitalized patients, (|f 4 

is imperative, corticosteroids should Le 

Close supervision during several hours aflon 

étromyography is indispensable, 

reactions with cardio-circulatory reperëus l 

lly possible, but were never observed in 

 



. na EUTT 

1. 1- 

E.M.G. of the normal larynx 

Intrinsic laryngeal muscles 

the normal larynx, an electrical activity |s qe 

the intrinsic laryngeal nuscles during 

the subject hoïds his breath. this aetiu 

rmment,lts mean amplitude is Up to 200 uv, : 

iderably from subject to subject, and av 

BUbject.In the posterior cricoarytenald 

ude of this resting activity [8 more important L 

UV (Faatiorg-Andersen, 1957). veu 

arytenoid muscle 
murs Ti 

à. 
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ENG of the normal larynh 
larynx. 

à | "1 

and expiratory motor : ds (Barillot and Bianéhi, 19714 
[l 

Lucier et al., 1978). 

Knuteson et al.(1969) found that in some motor Unité the 

discharge frequency is quite stable and independent of 

respiratory phases.lin other units, the frequency varies 

Mespiration : Some of such units discharge only during. 

of the vrespiratory phases, while others fire continuously, 

modulating their frequency with respiration.There are lang 

fluetuations in the number of cyclically active units im 

different suhjects.There are also interindividual varlations 

“with regards to the respiratory phase in which the units AN 

active : In about one-third of the subjects the authtmm 

wnévountered only inspiratory units, in about ona un ind 

expiratory units, and in the remaining thin 

Inspiratory and expiratory units in the 

Mmuséle.Faaborg-Andersen (1965) observed an (ncreañm in 
LL 
_mloctrical activity during the Inspiratory phase are . 

À 

Aumntiy during forced respiration than during quiet 
4", 100 

Fhasic respiratory activity | 

| Hussein, In à normal subject. néépiration. 
à | ‘NS 

! l 
u, = AL 

| 
ra tt 

é-1-1.2.Phonation : : ATOS 

|. PR 

LITE 

In  éonditions of normal phonation, the 

| markedly increases (FIgeVT.2).A8 à 
il TEE.  



    

ne î 

140020 | 14 

ENG of the normal larynN l PO of narmal Larvnx 

C1 

has been called the “pre-phonatory tuning" of the vosal 

  

        
    
   

    

   
   

   

        

    
        

  

   

    

#l4,During voice emission, the electrical Fat MARIE 

Bérhoases, : but remains higher than in the absence af 

the end of phonation, when audible tone ELLLLLES 

      

   

  

level of the electrical activity al 

ames,.Sometimes the increase in electrical aëtiv 

fnapponrs à little after the audible tone.The Lime (ntanm 

men he start of the change in electrical aëtivily an 

“onvet of Voice emission Is 50 Lo 400 ms,.This Eine 

Mianval js largest for vowel syllabes, and smaller fon 

1, Volced consonant and voiceless consonant syllabes in 

     

    

    

           

            

  

   

  

       
    

&. 

5 roaming order. cuis 

v 

n° | : 
LE There is no significant difference in electriéal at 

10 $ 
s® Lénission of different vowels. 

: = 
20 sec 

  

# d 

thyroarytenoid muscle the change in electrical 

begins æearlier and is significantly larger ln Gañm 

  

ity 

# ‘stopped" or "hard" attack than In à breathy attack, 
        

Thyroarytenoid muscle in a normal 

activity. with normal E:M.G. action 

(B), mean action potential amplitude (A),     

     

    

hecording (GC). Fitch : 397 Hz.Only a few pi  œ “4h soul es 

“we recorded. The electrical activity increases 

dlble tone is recorded Ey the microphone. “case of whispered voice, an,.increasn |n “la 

   

  

    

  

   

Discharge frequency for a single motor unit from EX | 

above (upper tracing) and amplitude of the dau, but somæwvhat less than In case. ot Y 

hecording In mV (lower tracing) as à function of 
l 

# eonds (Faaborg-Andersen, 1957). 

Tu 

      
   

     

  

   
    

      

     

abion.The same effect is noticed with silent speech, 

pigat aëtivity In the thyroarytenoid muscle 

it reading ja when the nes [) 

  

ls more   
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-Andersen, 1957, 198653: Greiner et al., 19760: 

and Faaborq-Andersen. 1964: Hiroto et dl-x 1767: 

chest register, an increase in piteh is 

increase in electrical activity in the 

muscle restaure 1957: 1965 

and von Leden, 1966: Hirano et al., 1969: Gay et 

à controlled constant psychophysiological 

Autre averaged electrical activity systematically 

In 15 normal subjects out of 15 for a pitch rise 

A HITLh above the usual speaking frequency (Fig.VI.3).   
chanism ; for a minimal rise in pitch, seems to 

—p   

| the pulsing frequency of activated motor units, 

ted with a recruitment by activation of Ege+ 1 R1FTIN 

sltent proximal motor units (Dejonckere, 1981) 

Il. mean amplitude of 

the activity of the thyroarytenoid muscle À tenoid muscles during 

the change from chest to falsetto voice 

4997: 1965: Sawashima et al., 1969: Gay 

Li 4m mar A 
Ai aubjects ! 11 fenales, 4 " 

er Î{s primarily regulated by the vocalis ) t en] 2hse Shi La 1 eut id Bel æ 

Are. ét prets 4e 

that:  



ENG of the normal 

  

recordina of two electromyographie 
muscle during thyroarytenoid 

d microphonis activity.The tip 

hear the edge of the 

into the musclie.For a 

pitéh, as shown by the microphonis effect, 

motor units increase their pulsing frequency 

Schematic 
potentials 

à superimpose 

electrode 

inserted superficially 

Mig,VI,4,: 

     

      

   

  

   

   

  

h. activated 
recruitment   
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mhhlnctrical activity is smaller, and the transitions are lis 

Ælonrcut.When either proprioception or auditive control ar 

Moutricted in a subject singing normally, a pattern | 

Gbaerved with an amplitude intermediate belveen normal 

Minging and silent singing (Dejonckere, 1982). 

Faabtiorq-Andersen found no significant increase In 

Méétrical activity with increasing intensity of phonalion 

(197), but later, several authors observed à participation 

Gt the thyroarytenoid in regulating intensity in the chent 

faulater € Fink, 1962: Hirano et al., 1769: Vennard et al, 

On 3, Fink (1975) suggested that the conflict could be dus 

lduifferences in the pitch at which the nespestive 

bnarvations had been made.Hirano et al. (1969) notice Lhab 

he ASLIVILy always increased with increasing (ntens|ty" in 

mihand chest voice, while in falsetto it might «ant 

hanged,Furthermore;, intersubiject Variability 418 quite 

“as shown Hy Gay et al. (1972).At constant pitén 

Mpeuking frequency), 13 normal subjects out of 15 

…_ A plight Increase In the averaged electrical agbtivity 

6H) +: The basic mechanism seems to be à recrulinent    

     

    
    

    

dafey of primarily active motor unita siaultaneausty IA 

(Dejanékere, 19811 (Fig.V1,6). is 
- À 

» 1484 1. ét 

   

    

      

   

W mütor units, although sinultaneousiy the pulming
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jV ! 
1000 | nn. 

| 7 ad 

800 dan 

600 | 

400 

é | ; 
100 100MSEC 

L —æ 
70 80 dB 

j:VI:6.: Schenatic electromyographic recording af à 
& motor unit potential in a thyroarytenoid musela 

no phonation, with à superimposed microphonie 
v.the tip of the electrode is located near the edge 

vocat foid, and inserted superticlally Into the 
“ slight rise in Jloudness, as shown by the 

@phonie effect, there Is a recrultment of new melon 
while usually the pulsing frequency of ariaartlyi 

à motor units is also accelerated (Dejonckere, 1901), 

1q,V1.5.: Averaged mean amplitude of the electrical 

AebiviIty In both thyroarytenoid muscles during phonat ion 

_[.Al à loudness of about 70 dB(A) 

—2,hhout 10 dB(A) louder. 
the TlTips.Pitoh is 

mity Is measured at 20 cm from 

| constant and corresponds tb the Usual speaking 

(Fo) of the subject.18 normal subjects out of 15 

slight increase in tha æelectrical activity 

     
        
       

  

   

         

      

   

    

    
   Mini ieis re00401 
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Li
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ENG of the normal larynx | 

Nypartense siyle, and smallest for hypotense style (Hirano 
| 

tal. 1969). 

  

phythmic activity.Generally, the energy peak in the vibrato 

  

Ing production of glottai click and cough. there is an 

im the amplitude of the action potential pattern. 
  

begins before the deflection of the microphone 

,În many instances, the amplitude of the action 

  

during cough and alottal click decreases     pattern 

when the audible tone begins as shown by the 
  

   only to increase again and then to 

  

recording; 

    

      

  

   

    

   

  

    

about simultaneously with the disappearance of the 

       

  

       

   
   

  

   

     

       

    

  

    

gel Thyroarytenoid muscle in a 

tone.When the subject coughs, the interval betveen thai cliek.Motor unit action potential vn 

' ; Le : lcrophone recording (B).There is an increase nu 

À of the increase in the action potential pattern’s F of the action potential pattern before the sound 

wd (Faaborg=-Andersen, 1957): M 
   and the microphonic deflection is greater than 

    is: ’ 

Di “ing suallowing, there also appears à brief abrupt     
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250407 — 

  

Fig.Vi1.8.! Thyroarytenoid muscle in a normal 
Cough. Motor unit action potential pattern (A) , 

potential amplitude (CB), 
as for phonation and 
electrical activity 
(Faaborg-Andersen, 1957), 

subject. 

mean action 

and microphone recording (C).Even 

production of a gloittal click, the 

precedes the sound emission 

    

     

    

   

   

     

       
   

£Si 

ENG of the normal 

Swallowing 

10sec. 

Swvallow in à normal 

étential in the 

JE : cricothyroid muscle 

hyroarytenoid muscle 

M interarytenoid muscie 

CR pasterlor cricoarytenold muscle 

larynx 

subject 

  
Motor unikl
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of the 

CC Yanagihara and Von Leden, 1966: Hirano et al, 1969! Gay & 

al, 1972) (Fig.VI.10).Arnold (1961) observed that this 

muscle practically began to be active above 150 Han 

an: ‘a va 1 ‘ . 1 Hi f 

M 0 75 enenstrate that à he falsetto register.in falsetto register, the cr leu! 

Lau the cricothyroid muscle begins at the nerte —iselftoougrest)y.tüschance wine degree of 4h 

ALIEN and continues vell into inspiration.Ganz AP uénaard ete. 47). There 1e NES © 

4 

d M D ROUE laspirators correlation between electrical activity in the cricothyre 

5 Sa tal | ï : - > s : se. à F 

RER eminspirators setivity musclée and Gdlottal resistance (Yanagihara and von Laden: 

dtn_al.. 1970).Hovever, Horiuchi and Sasaki (1978) 
La 1966). 
In anesthetized dogs. that during eupneic 

D NP PTT shserved In Faahorg-fndersen (1957) and Sawashima MU 

machaniéal resistance to ventilation is D nn ART t fe atestr 

Le FF RARES With changes in intensity, but Hirano et al, 

whereas removing the resistance J 

“ a decrease in activity of the 

in éessntion of all électromyographie activity.in 
vs à- # increasing intensity.This appears to 

70 7 Poster Tor the fundamental frequency constant, because the factors 

ner reel Frise HE increase the intensity can also increase th 

‘ " : ce » : 

F 1969)! Horiuchi and Sasaki, Se at 

deu al. 11972) observed that the posture of the 
: LT- 

Led a significant effect upon unit discharge. 

eriéothyroid muscle is not 

on L Lense phona  
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x sternohyoid 

" 

    
    
  

. 
# 

\, e 
fs 

Le dd 
rad 

AT 
£ 

cl ", 
# 

nn 
# 1 

0 ee 
eo à on cou à me à ue oo mes 0 à 

Low pitch 
—> High pitch 

Fig.Vi.10.: Schematic diagran of the pattern of activity 

the sternohyoid: lateral cricoarytenoid and cricothyroid 

f pitch.These patterns are useful as 

identification cHirano and Ohala: 
of 

muscles as «a function 0 

a physiclogical basis of 

1969). 
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EHG of normal larynx 

In whispered voice and silent speech, tnere is a rathem 

slight activation of the cricothyraid muse lé 

iRasbora-Andersen: 1957, 1965: Zenker, 1960) 

1 

—…. jn singing; vibrato can be accompanied by à rhythmie 

Aétivity of the muscle (Vennard et al., 1970). 

À 

6-1-2.3-Sphincteric activity 

Modifications in action potential pattern amplitude An 

1 ; 

| 

ar to those observed in the thyraarytenoid nusele 

Maabaro-andersen, 1957, 1965: Fink, 1975) (Fig.VI.9), 

L 

mt,3,Lateral cricoarytenoid muscle 

1:3.1-Respiration 

    specific information seems available tron the 

   

       
   

he, but, in our oun experience, the behaV) ou 1H 
D TE PQ 

a 
müsele is similar to that of the thyroarytenoid mu 1e. 

LT 

   

     
     

      
        

        
   
   

   QT ele 

â 4 sefal 
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_ There is an active participation of the lateral 

“cricoarytenoid muscle in regulating intensity in chest 

register, but with à nonsystematic pattern, and with à 

feéduetion in activity in falsette € Hirano et al., 1769 

increase of activity with louiness is sharper at higñn 
M The 

pitenh-chest (Gay et al., 1972): 

es This muscle also participates in regulating the hyper- or 

hypotense character of phonation (Hirano et als 1989), 

f À hard attack is accompanied by a marked increase in the 

m laterai cricoarytencid activity during the prephonatory 

seems to ke related to the strong medial 
period.This 

LL
 

compression or constriction of the alotlis prior to release 

t Hirose and Gay, 1973 ). 

In singing, a vrhythmis activity can ke observed durina 

_vibrato.Generally, the energy peak in the vibrato precedes 

the high phase of the pitch vibrato (Vennard at a1.,1970),. 

é.1-3.3.Sphincterice action 

The lateral cricoaërytenoid nuscie is invariably active 

durina à glottal stop (hreath holding), and swallowing 

(Hirano and Ohala, 19691, 

1 
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EñG of normal larynx 

t.4.1.Respiration 

np phasic activity, related with phonationx 

pts.Especially during forced respiration, there  |# an 

bhiratory increase in amplitude of the action potontial 

Wibrn (Faaborg-Andersen, 1957,1965). Ganz et al. (1974) 

described a predominantly inspiratory activity duninQ 

Mal Spontaneous respiration (in  lying down positions, 

b 

Ming microlarvnaoscopy). 

d.4.2.PFhonation l 
| 

1 
- 

      
     
       
    

              

         

     
     
         

    

  

M is à burst of activity just prior to and cent inuin@. 

sustained 
   

ughout phonation (Shipp et al., 14970)" 
  

My js greater with whispered voice than with ordinary 

    

io! (Faaborg-Andersen, 1957, 1965).Hirose and, Gay 

Mhtound ; during the production of voiced and voice lines 

compared Lo À 

en +12 : 

tent 

a reciprocal pattern when 

    

lun Cricoarytenoid muscle, 

    

   1 

M muscim also usually participates in regulating the 

   phonation (Hirano et al,, 1969). sp lé 

m 
-_wvr+ 
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6-1.4.3,Sphincteric action 

Modifications in action potential pattern amplitude are 

similar to those observed in  thyroarytenoid muscles 

(Faabhorga-Andersen, 1957,1965: Hirano and Ohala, 1969: Fink, 

1975). 

6.1.5.Posterior cricoarytenoid muscle 

ân excellent review of electromyographie litterature ‘vas 

made by Zemlin et al, (1984), 

6é.1,5.1.Respiration 

In his fundamental work (1957), Fasborg-Andersen reported 

a restina phase activity durina respiration of 200 - 500 mY, 

a value much higher than that of other intrinsic laryngeal 

muscles atitest. À high resting potential is also reported by 

Kotby and Haugen (1970), who suggested that the posterior 

cricoarytenoid muscle Was responsible for stabilizing the 

cricoarytenoid joint. 

Faaborg-Andersen found also (1957: 1965) that, durina 

quiet respiration, the amplitude of the action potential 

pattern js mostly reduced during inspiration, while during 

of the 0 forced inspiration, there is an increase in ampl 

actlan potential. pattern o 

       

        

AFYNN 

Le sas ‘a Chi É     
, there is no change in eleætri 

      
          
          

aAetivity as compared with rest, Kotby and Haugen (1970) at 

reported activity duming #4 

piration.Shipp et al, (1970) confirmed that 

inspiratory 

  

                    

  

          

           

        

Misoarytenoid activity  coincided with the | 

attont, 

An increase in electrical activity du   

ébserved in most of the single units of this 

          
           

em et al,, 1978: Lucler et al,, 1978), , 
d 

” 

+ Hivoto et al. (1967), Fukuda et al, (1973 
  

    
   

     
       
                 

                   

         

      
   
   

   
al.(1980) reported an increase in electrical 

   

    

_posterior  cricoarytenaid muscle im case 

bbstruction: thus sugaesting that the muscle UE 

in inspiration when the glottis is dilat 
  

eritliæal level of ventilatory vrenista 
   

for centinued inspiratory contractianss af th 

1 Tracheostomy  abalishem this AT 
4 11 

MRRe san net QU ta) ht À 

   
          
     
     

     
     
  

increasing a NUE Rs 

" and Sasaki, 1984) ii 

is primarily co 

   

resistance    
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pa LE Tes 

amductor activity in dog one week 
Fia.Vi.11.: Laryngeal 

after tracheotomy. ÀA.Trachectomy open. R.trazcheotomy 

partially occluded. ä. Fosterior cricoarytenoid 

electromyography:. b. Intratracheal pressure.fbüuctor 

activity is absent with an open tracheotomy, but a slight 

posterior cricoarytenoid muscle activity can be elicited 

when the tracheotomy cannula is partially occluded,Three 

the cannula produces no return in 

muscle activity (Buckwvalter and weeks later, closure of 

posterior cricoarytenoid 

Sasaki, 19784). 
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EHG of normal larynx 

4-1-5.2.Fhonation 

As à general rule, and since Faaborg-Andersen (1997) , “am 

describe a decrease in posterior cricoarytenolu 

durina phonation (Fig.VIi.12).Hiroto et al. (1967) 

a sudden decrease in activity during phonation of 

nasals and voiced consonants, à decrease in activity 

be end of phonation, and an increase again at the onset 

phonation.Hirose and Gay (1972) and Hirose (1974) 

Lnpor Led à participation of the posterior cricoarytenoid fan 

MU Ge | a us 

while 

consonants and suppression for voiced consonantss 

Gay et al (1972) found a gradually decreasing AëtivIny 

H—hngathy vocal attack and a sudden decrease befu"® 4 

Ultaneous attack. 

Mina“ latter authors also reported that the postan|on 

Harytenoid muscle seems to reaquiate vocal fold tenmiom 

Pt js more active at the highest pitch levels) these 

QI are inconsistent with those of Faabong=Andensen 

196%), who found a decrease in muscle activity WItN A 

Landous Increase in fundamental frequency, 

Wing milent reading, the activity of the postarion 

rylenoid muscle 1# also Inhikbited (Faaborgeñnamraais
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with eough, glottal €liek, and swallow, an inhibition 

- | 
appears in the activity of the posterior cricoarytenold 

4 
muscle (Faaborg-Andersen, 1965 : Hirano and Ohala, 1969) 

l 
(Fig.V1.9). Sasaki et al. (1973) also found an  abnupt 

4 | 
inhibition of aëtion potentials Just before phinetumii 

4 
action.On the other hand, Kotby and Haugen (1970) report a 

ù 
, 

L 
large electrical activity during sphineterie gasturom anel 

_ Lil 
postulated that the posterion cricoarytenoid Ssarves AA 

su) 
evbunterbalance for the forward action of the larynowal 

  

adductors, 

       
   

     
     

    

Pemlin et al. (1984) proposed an explanation fan LULU 

  

     

  

jineonsistent and paradoxical electroamyographis reaui 

-involving this muscle : The posterior cricoarytanoldlmm Î 

ls to be considered not as, one muscle mass, HUtUARN LUN 
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separate bundles, one medial and one lateral, with à 

distinct tendon, each muscle part possihly performing à 

discrete and different function.The paltonn of     MMA Postarior cricoarytenoid muscle in a normal elsetromyographie activity should thus be dependent om Qu 

“honatlion (pitch 333 Hi) 
” 

   

      

  

   

ment of tha electrode. 
Mean amplitude prise 

L Aëtion potential pattern 
| Microphone recording 

__Diééharge frequency for the sinqlé motor unit and 
ù @f the microphone recording in mV (thin line) as a 

in of Lime in seconds (Faaborg=-Andersan, 1997), 

      

     

  

   

  

6.2. Extrinsic laryngeal muscles 

        

  

     
+ 

_6.2.1-Respiration he 
[ut tr >= re 

  
        
  

ft L 1ttbets nai 5# 

LE 
( ar HU
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n 

yroild muscle, the sternohyoid Ausale and the 

Véldemnuséie "at rest, only slightiy influenced by 

biration,At forced respiration, the sternathyroid muscle 

M Prongunesd activity durina Inspiration. vhile the 

ONYO IS muscle shows pronounced electrical activity 

hg eHpiration. —…_O laryngeal posture (Honda and Estill, 1986). 
Br : 

So, Hirano and Ohala (1969) found that the activity.of anc Sternohyoid muscles principally become ; 
ie 

Wher id decreases with Increasino pitch, at Isast-in “Wen partial airway obstruction and hypoxia are the sternohyoi = | 
: Cr 

(Et ‘e ister.For very high pitches, it increases again end, (Ellenbogen et a1., 1981). the chest registe 

tFig.VI.10). 

However. Arnold (1961) found increasing activity 

j muscle with rising pitch, the activity mi san Le  demonstrated in certain of the sternothyroid mu 

FL | h the full tone scale from low to high pl Isle aryngeal muscles as à function of the pronounced even threug 

The thyoid bone and vroct of the tongue is pulled 

| Un ce , al. (1984) observed a | In closed vovels while it is pulled backward in open pans "6 

aborg-Andersen, 1965), —sctivity of ms 

ginging : Activity increases when the larynx ls in low 

ten + ee jé id muscle Ïs active during silent speech and position \ 
n Ing: especially in subjects with low reading ch | pu 

Y (Faaborg=Andersen, 1965) The sternohyoid muscle also assists in requiati 9 
AU NRMYN, -nnoers » " 

_ style of phonation (Hyper- or hypotense) (Hirano 

fn the sternothyroid muscle, à moderate increase in nee 

| Mas observed beginning ap rokimately ( on M + * 

8-anser Bu  
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-Hiernohyoid and the lateral cricoarytenoid muscles.Vibrato 

“tan “aAppoar in all the extrinsie laryngeal muscles (Vennard 

(NI PRPRTLTEE 
Dr: L 

62,3 .Sphincteric closure 

ll (du 

During œoughina and strainina efforts. the electrical 
. 

“AetIVILy increases (Fink, 1975). 

hours La
u 

6.3 Characteristics of laryngeal motor unit action potentials 

6,%.1.Durat ion 

re 

Mhe mean duration of single motor unit potentials from a 

detined  mumélim is à fundamental physiological characteristic 

"OÙ major élinienal significance. 

me A) «++: 
ÿ're 

à: 0 The  notor unit 

summat lan of action potentials from several muscle fibers of 

action potential results from the 

tnt unit, the contribution from each fiber depending on its 

Eh Lire y , 

distance to the electrode .Fotentials originatina from fibers 

M distance of more than 1 mn contribute to the low 

    

  

Anblitud siow initial and terminal phases of the motor unit 

val. times at the monopolar Lpetro 

4. d 
1QLor 

     and add to its total duration,The dispersion of 

      
  

    

tibers of the motor unit and the differences In conduet ion 

vélosity.The different points of origin of thé electrieal 

impulses account for the spread of arrival times at LE 

electrode, and thus for the total duration (of the unit 

action potential.iln most skeletal muscles, the majority ul.    

  

nerve endings are locallzed within a narrow band (Gamdÿ 

and Eberstein, 1972), sq Fa 

! In general, motor unit potentials recorded with bipolan 

concentric needle electrodes are shorter in duration 6han 

those from monopolar concentric needle electrodes, because 

the distant potentials arise simultaneously at each piatemu 

électrode and cancel each other out (Goodaold and Eberstaine 
   

    

  

1972). 

Glassically, motor unit potential duration increases + 

age (Goodgold and Eberstein, 1972) 

duration of motor unit action potentials 1m 

muscle have  bémn 

ui: Mean 

…— thyroarytenoid and cricathyroid 
   

—…. investigated in 50 normal subject, aged 5 to 17 yoars | a 

    

  

   
     

        

         
     

à males: 29 females ).10 action potentials wure recordmd 

        

  
   

 uach muacie with a concentrie needle electrode.Materlal 

Docs are similar to those Used In eliniéal m 

delec MB 6 Electromyograph).The duration |# measi) 

Line ,ntanval,, betwenn, he, CJrat,, daflegties | 

En de Éd bent £ detection 
Me © wh | pai high the       
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returns to the baseline.Results are shown in Flq.Vl.19. 

Statistical calculations demonstrate that: 
       

  

         

   

  

      

  

    

      
    
     
       

  

    

10° THYROARYTENOID MUSCLE T4 
ji >RICOTHYROID MUSCLE     

1,The thyrosrytenoid and cricothyroid muscles have 

significantly shorter mean durations of motor unit 

potaentials than skeletal muscles. 

2.There is no significant difference between right and 

left muscles, 

deMaean duration of action potentials increases as a 

funetion of age, and the regression line may be considered 

| as atfectively linear,The correlation-coefficient is 

“ighifigantiy different from © (p + 0.001) for Hoth 

5 MUSSIR#.Nevarthaless, the slope of the regression line is 

loss Htowp than that of facial muscles, 

nm #     

  

              4,.Thore "is no significant difference between mean 

   
  

    
à L SF" ars 

Meg ta 17 21 25 29 33 37 41 43 49 83 87 € rat E 
durations of action potentials of thyroarytenoid and 

éricéthyroi a muscles, althouah var iances differ 
    
     

  

   
   
   

   
   

"sighificantiy (php = 0.01) : Variance is larger in the 

| éricothyroid muscle. 

HA à 

Fig,V1.19.1 Mean duration of normal motor Li 
Llals In  thyroarytenoid and eniléothy 
l subjects, as a function of age.Éach p 
arithmetie mean of 10 motor unit aeti 

from one nuscle.Each potential has been 
0 times 

À. AAA spé easiluef C @iee dfr MI IRL 

          

         

  

             

             
    

béni -# “état,   



EHG of normal Larynn 
+ 

20-90) and 4.21 +/- 1 ms (age group 40- 

b.%,2,Ampiitude 

Es . 
} 

The Vecorded voltage amplitude is highly dependent on the 

wbumen the electrode and the source of the action 

tentiats At à distance of 1 mm from the active fibers, the 

Que 18 enly ébout 1% of the maximal recorded spike ÿ 

D. and Eberstein, 1972).According to 

HN Mn Al, (1969), the mean amplitude in the potentials 

ef han WoGal muscle |S 0.41 mV and the 10th and 90th 

éntitos are 0.15 respectively 0.70 nvV.During 

bition, {he maximal amplitude of the interference 

mean amplitude has been found of 0.994 mV and 

_and goth percent iles 0,150 and 0.800 mV 

alviThe mauimal amplitude of the interference 

MO mes tit on is Usually in the range of 1.2 — 

parte 
n ! 

| potentials may be observed in normal muscles, 

Wah ara rare in cricothyroid muscles (1 H) (Haglund, 
LUI à 
Vocal nuscies, 5% are polyphasie (Hnut et al,, 

Slt re. i à 

7.1. Neurogenic lesions 

7.1.1.E.M.G.- patterns 

In partial neurogenis pathoïogy: when the number of Mmolun 

units is decreased, the vemaining motor Uni ts VAN 

activated, pulse at firing rates highen than us 

extrene cases, the pattern at maximal contraction tm 

one or a few motor units firina at high frequeney Ch 

1986) (Fig. VII.1.).8patial recruitment of new moton 

has become impossible due to the neurogenie lesions, and à | 

temporal recruitment persists.Such a reduced activity Man 

correspond with a clinical complete, paisy Lofwbe vasal 

fold.in partial lesions of larynoeal nenvas » À | 

frequency pattern of one or two motor units may be observed 

enty at the time of the pre-phonatory bunat,. lp £E 

1h 
LR. TE 

In case of degenerative paralysis, the most 

Inmediate criterion of à complete lack of volu 

is dne eïectrieal silence In the stqct 
on.  
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potentials be ? f . suEN as fibritlation potentials 

(Fiqa. GTI DM positive sharp vaves (Fig. 

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

indicates that the Jack of the neuromuscular transmitter, 

acetyicholine, is the cause of the spontaneous denervation 

potentialis.Other mechanisms have been proposed to explain | 

the occurrence of fibrillation potentials : spontan@oum k 

oscillations of the membrane potential of denervated muscle | 

  he depolarization | 

| 
\ 

fibers trigger propagated spikes whenever ? 

reaches tiresholä: functional changes in the sarcoplasmi® 

reticulum. as ne by the increased calcium binding by th           sarcoplasmic sé lei in denervated qguinea piq muscle « "2 

well as alterations in the muscle fiber membran® may li 

cause of fibrillations in denervated nuscle (Goadq@ll 

   

   

   

Eberstein: 1972).1t js most likely that rite 

            potentiais oriqginate from a single muscle {iber.They Ç 
   

sound in the loudsp 

         
     

a particular » easily identified, 

of 1-10 / second.Po#l    and pulse requliarly at a frequency 

considered to originate from single m 

      

  

     

           

  

   

Sharp waves are 

ftibers and are probably detected near a damag®“ region 6f 

    

   
     

    

   
   

   
   

{he fibers.The frequency of discharge is usually ME 

  

| | @ motor unit potential pulsing at high 
7 25 cycles per second ) during stronq     

   

   

    

.Fibrillation potentials and positive sharp 
gatin ng that several Eut not all motor u ; nits sSecot 

In à normally innervated muscle, strong mie 

S accompanied panied by recruitnent of other also be observed in dystrophie muscle © They 4 

      absolutely pathognomon ic of peripharal nerve 

|(Goodgoïd and Eberstein; 
ln [
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50pV 

5ms 

FN 2et en PÉBe TAUPE potential, arising from an 

individual muscle fibre {schematie) : It is of short 

duration, variable but rather small amplitude, and bi- or 

triphasic shape with initial positive phase (out of the 

endpliate 1o0n8).  



"7 

simultaneously with single motor unit 

reduced voluntary activity, when the subiect 

@ à maximal contraction. 

weeks, especially in cases of initially 

1 “ 

} denervation, nascent motor units may appear : They 

&, low amplitude and relatively short duration 

ï 

are of great pronostics Value, indicating a 

In. Rhocess: 

of recovery of partial nerve lesions, 

d low amplitude polyphasis potentials are 

: This prolonged duration most probably 

increased temporal dispersion | of the 

lransmission, and the consequent spreading in 

at the recording electrode of the action 

in different muscle fibers.Another 

be à Ilow conduction 

in newly reinnervated 

DA mr le6r 17587. 
Fig.VII.4.: Polyphasic potential (schematlic) 

| 
and Jlong duration are characteristic, in * ; 

fact that more muscle fibres of the same vagè 

| 
contribute to the action potential. ñ 

| of recovery ( 5 - 12 months after onset 
EU EUR 4-5! 4! ya 

pod. spontaneous. _denervation potentials 

1s became 
TEEN 2 bi4 \y dirt: ét st li  



0! méoregtent 
duration of motor unit po 

Wen(Fiigs VII.5,). 

_ Mégeneration occurs, fibrillation potentials and 

#harp waves may remain présent for several Years, 

mis develops, ARPOE 

= 41 à 

wnis stages of neuragenis lesions, spontaneous high 

Le . 
discharges are frequentiy observed, 

ile 
alectrode is displaced inside the   

  i 

nr to ‘be generated by ephaptic 

17861. Such high frequency discharges 

T
r
o
u
 

u
e
 

        
  

éto (1970) made à detailed description of the 
d ns 

| 

"f" is Lis FO ASus 
Fig.VI!.5.: Comparative histograms of dura 

| 
unit action potentials in both thyroarytenoid 

of them having been slightly denervat 

_- e Vier.The dlatter shows oglobally an increased ! 
the inferior laryngeal nerve causes ” D action potentials. 5 L 

with subsequent paralysis of “us Asn foid 

ana 

Lu  



of the superior laryngeal nerve with an intact 

inferior laryngeal nerve always leads to little 

change in the contracture af the voral 

the cricithyroid muscle stops contracting 

m at the time of dissection. 

inferior laryngeal nerve followed by 

the superior laryngeal nerve causes 

iobile fold in the paramedian position to 

in the more lateral position. 

the intéermediate position, In case of a 

to ane of the inferior laryngeal nerves, the 

td fold [s seen in the paramedian position. 
1,2 

_ al. (1980) demonstrated that the physiologie 

of the cricothyreid muscle by tracheostomy is a 

& of he lateralized vocal fold observed in 

and inferior laryngeal nerve 

“ 

Sasaki (1980) ee éborts that in early paralys 

than one year) of one inferior larynaeal nerve, the | 
# 

vocal fold assumes à paramedian position caused by 

unopposed contraction of the ipsilateral of the ipsltate 

cricothyroidg muscle which, as an extrinsie aduuett 

receives its innervation Via the intact superior Taryr 

nerve, In late paralysis, {greater than one year), 

involved vocal fold may move to the atducted position 48 Eh 

ipsilateral intrinsic muscles slowly atraophy, 

If paralysis js progressive, abductor muscles may loue 

their function before adductor muscles (Semon'h la 

much discussion has raised about this asse#tion LU 

al., 1974). Murtagh and Campbelt (1952) cbse 

adductor fibers continued to propagate action 

despite a chemical or thermal blockade sufficlent 

paralyie abductor function.In addition, the chronany üf 

: 240 ñ 

adductor fibers, one of the most rapid thus far idenbi ou 
pui 

(0.1 ms) is tenfold shorter than that found in 
1 

subserving abduction. 

7.1-2.2.Prognostic information  



ENG of path 

M. , _ 
Dhsenved, mretunn to a satisfactony, -o" géven normal 

r 

fi y Ù expected (Farnes and Satya-Murti, 1985). 

this favourabie prognosis are due to 

(cf. Chapter IX), or to the fact 

_ of the cricoaryvtenoid joint may have occurred 

…  despite reinnervation, the fixation impedes 

Di thé vosal fald (Parnes and Satya-Murti, 1995). 

E, à 
nmyotonin, as well as other myopathies, are rarely 

or. in the field of laryngeal 

aphy.Nevertheless, myotonis discharges may be 

In vocal muscles in cases of Steinert'’s 

in an  impaired relaxation . 

4 scharges give a characteristie 

; “sound In the loudspeaker. 

à general characteristic is the loss of 

SO |h the individual motor unit : This causes a 

voltage . Further, the 
u ut 

slight a » mo and results 

“splinterinag! of the action potential.The Latal dura 

the polyphasic Unit does not exceed that of à normal mot 

unit.The spike compounds are all sharp (Fig. VI1.6),À full 

interference pattern is observed at small or moderate eff 

(Goodago1d and Eterstein, 1972: Mercelis, 1986), 

The clinical picture suggests à paresis of both Val 

foids, 

7.3. Functional voice diseases 

7.3-1.Functional dysphonia 

Fioneering work in this field has beewn pan 

Brever et al. (1960) and Faaborg-Andersen et al, 

They denonstrated that , while healthy phonation Hal 

depends on flexible balances of the inter-related #@ts ON 

intrinsic Jlaryngeal muscles, unhealthy phonation 0" Vosal 

abuse is regularly identified with imbalance of iühase sant 

intrinsic muscies.Furthermore, electromyography pr 

confirmation of the efficiency of voice therapy ! du le: 

intrinsic Jlaryngeal muscle imbalance ds relieved 

concurrent disappearance of symptoms and a return © 

laryngeal appearance.  
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200 uv | 

5ms 

Fig.Vil.6.!: Myogenic potential (schematic) : short and 

small polÿyphasie motor unit potential, 

drop-out of individual muscle fibers. 

in relation with a 
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normal restina activity in the intrinsic even as extrinsii 

L     
laryngeal musculature (De jonckere, 1975). 

  

   

+ 

     

  

L Haglund et al. (1973) found slight neurogenie lesions In 

     v Several cases first diagnosed as functional dysphonia ! 

    _ concluded that some patients who were believed to      
    

  

5 
 Suffering from functional dysphonia vere actually suf fening 

   
n from idiopathie vocal cord paresis, although their para       

Was not severe enough to be detected at larÿynooseop le    

  

_ éxamination. 

      

   
: Electronyographis analysis of all intrinsic \aryngaal     muscles in cases of so-called "internus paresigt ot 

      

>” . | il 

dtransversus paresis"., made by Tomita (1967), rovealsdun     

       

  

Abnormality of the function of these muscles, ie : 

LA VW 

—_ Stemple et al. (1980) recorded the "general lanyngeal 

    a! muscle tension, by means of a surface  wleët 

plied onto the left thyroid lamina ! they neflendiitsss 
     

    

       
    

  

VIS TIRER 
and during phonation.They suggested biofeedhae 

  

   

   

  

utig method, æ -fa dé 
ep é 1 

  

      
Rene es hilgrés (ose 4 24h 

non la PPS dx
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Té electromyographie findings 

authors investigated 12 patients !: simultaneous 

higal recordings vere ckhtained from vocal 

from several articulatory muscles (musculus 

" oris: tongue! musculus masseter). In almost all 

muscles, the authors found phonatory hyperactivity 

d'and enhanced pre-phonation and post-phonation 

# patients, the post-phonatory phase changed 

… into the next pre-phanatory phase without any 

The wlectromyagraphy vielded “eue pertinent 

IVe and qualitative objectivation that the authors 

Lo Mosument therapeutic results with its help. ‘ 

JF et a. (1985) related abnormal 

Nieal findings in 50 % of the subjects : 

amplitude, asynchronous activity 

a tremor disorder, synchronous bursts of 

festing other mussles.They also conciuded 

phon Îs not à "spastic" disease. 

+ Li 

magnetic resonance imaging and 

brain stem responses vere found in several 

spasmodic dysphoni a by £chaëefer et al. (1985) 

in the basal ganglia and demyelinating 

r he supralateral angles of the lateral 

Jcal a 

central  nerVous  systel disturbances, 

psychological component is usually present. 

7.3.3.Psychogenice aphonia and dysphonia 

Greiner et al. (1960) found a normal electromyographieml 

activity in the thyro-arytenoid muscle. +” 

dl 

Hirano (1981) observed that the incomplete glotile 

closure during  phonation could Be attributed Lo Lie 

neutralization of the activity of the adductor muscles 48 4 

resuit of the contraction of the posterior crieoanyt 

muscle : this muscle was active during phonation 48 

during inspiration. ‘1 

à "ui 
CE 

7.3.4.Stuttering 

Thurmer et al. (1983) performed  mult i-ehannal 

electromyography in 42 patients with stuttering : Houker 

wire electrodes were placed in Vocal museles and nu 

articulatory muscles.The authors objectivated  Mper 

‘features of the tonic, clonic and combined disturk 

speech flow!  



hyperactivity in the tonque and musculus 

in vocal muscles. 

found significant differences between 

le patterns of spontaneous and rhythmic 

the same sentences out of standardized texts,in 

* ythnie speech, the electromyographical tracings 

reduced in amplitude, and pre-phonatory 

missing.Synkinetie activity was also 

al patterns of phenatory and articulatory 

of spastic dysphonia. 

bitity of electromyographical functional 

han tatriesrange, therapeutis possibilities 

électromyographical feedback therapy vere also 

long sen familiar with the | 

phonatory dis es of laryngeal Pise fünet lon € (nr 

addition to articulatory disorders) aré associated WIEN UNI 

dyskinetic diseases (Farkinson’s disease o* atheto 418 

example); as well as with destructive lesions of he 

corticobulbhar projections from either cerebral hemlsphew mn 

of the ‘cerebellum. such as may oceur in cerebrovaseul 

degenerative diseases (Wyvke and Kir£hner, 1976) 

lesions cause incoordination and hyper- or hypotonicity 8f. 

the laryngeal musculature, cliinisally as wall 48 

electromyographically, but no neurogenie 

manifestations.Krause (1884) first reported aphonia in dog 

after bilateral extirpation of the gyrus p'ec"uaia 

Foerster (1926) postulated the necessily of ati 

lesion as à  pre-requisite to supranuclenn 

disturbances. 

7.5. Disorders of rhythmic respiratory activity +4 

, 7” 

7-5-1.Data from normal and pathological humanñs 
4 

In all of the intrinsic laryngeal 

during quiet respiration, and even 

| resp iration, a rhy | Increase and dec 

; H ni _ NA Ed  



In Single units of the inferior larÿngeal nerve. 
nl in laryngeal motor neurons in the nucleus amtiguus 

ized sat). 

er» 
neurological mechanism of generation and control of 

fdinated activity has been largely investigated in 

ls stil1 imperfectly understood.£Several 

bhotuween animal species sea in the requiatory 

Lilation (Dejours, 1963: Wyke and Kirchner, 

| a consequence the mechanism in humans cannot 

Hend, from animal experiments. 

PACERS 

repart a set of electromyographic observations 

gd. in hunan subjects seuffevinag from selected well 

led peripheral neurologic disorders .Kespiratory 

of the cricothyroid muscle is either preserved or 

NE à variable degree,.Critical analysis and 

with results of experimental lesions in animals 

An corp ie neurat mechanisms determininog the phasic 

Of the crhicothyroid muscle, but similar 

ys are found in animals and humans, 

were selected,all suffering from well 

HNDeanEneunslon ea troubles,They first underwent 
e. 

_ electronyographie recording of the erlcothyraid 
mais: 

_ l 

require 4 ihesia.Subhsequentliy,;the other intrinsl 

laryngeal  müséles  (Cinnervated Ey the nervus larynqeus ES 

inferior) were examined after topical “yloca 

application.This procedure allowed objective estimation 

the extent of lesion of each of the four laryngeal norvess 

Fifteen normal subjects have been included in 

study,serving as a control group.All electromyographile 

recordings were performed using a concentrice 

electrode. 

AT normal subjects showed electric activily 

cricothyroid muscles,consisting in à chanaë in troqueñay 

action potentials related to the respiratory €yel® dim 

normal breathing.PFhasic activity was re 

ventilation. 

Fatholcaical cases are summarized in Table VII,I, 

The. followina abbreviations are used : N.L,8,1ne 

larynaeus superior IN.L.l.inervus laryngeus 

IN.L.S.musclesimuscles innervated by the nervus la 

superior !N.L.I.muscles'muscles innervated by the ner 

laryngeus inferior.  



Laryngeal mu: : | d R Ÿ a ty In M CONCLUSION. 

À ILES no 

D denervation.Other | Th homolateral N.L.1. not ess 
muscles normal 1) 

  

Left N.L.1.muscles:total denervation, Left'absent homolateral N.L.I. contributes 
then partial reinnervation.Other 
muscles normal 

À &. ht: î 5 . ‘ ÿ 
it Jarotid surgery Left N.L.l.musclesitatal denervation, Present,hilateral,after homolateral N.L,I. contribute us -- then partial reinnervation temporary abolition 

Left N.L.I,muscles:total denervation:* Absent bilaterally N.L.1. contributes.Crossed other muscles normal 
connections 

Left N.L.I. and N.L.S.muscles'partial Left'absent N.L.1. and/or N.L.8, contribute 
denervation;other muscles normal 

a 

CRE 

Left N.L.I.musclesitotal denervation. ri sbennt Homolateral N.L.I. cont*IbUten 
Right N.L.I,muscles!reinnervation. 
Other muscles normal [ EU 

GANT 

Right N.L.S.muscleitotal denervation, Left and right:present N.L.S. contributes.Crossed connaetiti then reinnervation.Other muscles after temporary bilateral 
REF os abolition ae 08 

acte, 

D and lesrparvial Right:absent Homolateral N,L,I, contributes u veinnervation.Other muscles normal . 4 

“ 

aa: «ob ar: 

HAN /heal nüscles intact .Sectlon of Righti:absent,but resumes Homolateral nervus vagus sont it 
Righisnenvus Magus Intrathonacical ty ightly during forced Peripheral modulation. | 

(ee miba 
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neuritis Partial denervation of all muscles, 

then partial reinnervation 

Absent durina breathinq Modulation E i : Q eriph Us: 

through tracheotomy.Present F RAF 
during treathing through 

natural airways ° 

      

             

   

+ 

Left'abhsent Homolateral N.L.S. and/or N,L,1, 
coniributes "1 

Left N.L.S. and N.L.l.musclesitotal 

denervation.Right muscles normal) 

   

       
    

        

   1d surgery Left N.L.l.musclesitotal denervation Bsent.. bi 
; 

sLilateral 
y Kat 

Left NM.L.S.muscie!:partial denervation Honolateral N.L.1, not essentia 

Right muscles:normal 

Left N.L.l.muscies':total denervation 

Other muscles normal 
     
    

    

       

Âbsent bilaterally Homo- and heterolateral N,L,1, 
intervene.Crossed connect one 

      

      

    

ak1y present ,bilateral Homolateral N;,L, 1% ‘ot o ï 

creases In forced Per ipheral modulation 1 

" Sp iY ä t Î on , 

Right N.L.I.musclies'total denervation 

Left N.L.I.muscies:subtotal denervation 

Right and left N.L.S.mussles normal 
       

      

  

      

    

iweakly present Heterolateral N.L.S,. and/0 Right N.L.S. and N.L.l,.muscles'subtotal 

t'absent contribute denervation.left muscles normal.         
        

N.L.1. contributes    Right and left N.L.l.muscles'total 

denervation.Other muscles normal 

    
    

          

        

Partial denervation of all muscles: bent, bilateral, when Peripheral nodul at an 

. (28 È 

,bilateral,during N.L.1. contributes but not 
respiration essential *SS ä 

   
      Right and left N.L.1.:total denervation. 

Other muscles normal    

  

   
Reinnervation after partial peripheral 

neurogenie lesion      
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The superior larvyngeal nerve is involved (case 7).This DONS VINSS CET MATIERE DATE TN SNA ex parle 
D. # , L 

éarries afferent impulses from the supraglottic enlighten the observations of this study : S 

l 
prioceptive receptors in the cricothvroid muscles 

4 

Nanastomoses) from pulmonary receptors (lewett, 1.Frimary central generation of rhyEhmic activity, 

_ and Kirchner, 1976). 

L | 

Rhythmie increase and decrease of frequency of actio 
nl 

inferior laryngeal nerve is involved (cases 2,4 potentials in iaryngeal motoneurones persist to à var lat: 

it is,however,not indispensable (cases extent.even in decerebrated  animals,after one of th 

following manipulations: 
144),Thls nerve carries afferences from the subglattic 

4 

-total museular aralysis neuromuscular loshin 
mn laryngeal articular and muscular receptors and | P Y ÿ 1 bloëk in 

y from pulmonary receptors (Jewett, 1964; Wyke and agents (Stransky et àal., 19738) 

D -diversion of the respiratory air-siream out 

+ 
it “larynx (Wyke, 1973) 

à ; . —topical anesthesia of the laryngeal mucosa (W 

vagus nerve (intrathoracic portion) is involved (T ê 09 à ty 

. -interruption of Ulmonar afferent {| 
) IV gcarries afferences from pulmonary receptors =, B P YŸ P 

S. : bilateral divisi À ot 
als 1987: Jewett, 1964). Maltiere vision o he vaqus nerve distal to th 

af the inferior (recurrent) 

er 

idees of crossed connections (cases IVTS;, Wyke, 1778): 

| “complete deafferentation of 

; 4 1973) , l tour 

cases  reveal a modulation by k This suggests that the basic (but dei #) 

thythnic respiratory of the intrinsic laryngeal 

ntral,mediated through relays from the re 

EL  



electrical stimulation of the inspiratory region 

medullary reticular system on one side leads to 

of the vocal fold abductors,whilst 

the expiratory vregion provokes bilateral 

“numele activity (Kurozumi at al., 1971). 

\ 

systems (superior and inferior 

discharges can be recorded in 

Inn the superior larynaeal nerve, 

ricat Stimulation of this nerve (or its 

modifies laryngeal motor unit activity 

al., 1966).Direct mechanical stimulation of 

of the supraglottic and subalottic laryngeal 

ou! véluaing with gentle puffs of air) evokes afferent 

U' in the related laryngeal nerves (Eyzaguirre et 

rohner, 1968, Vyke, 1973), 

afferent systers (vagus nerve and partially 

Mn, A : 

inflation of the lungs stimulates 

| pulmonary  mechanoreceptors Innervated by 

Ÿ fibres 

(Barillot and nt? Ti: Fukuda et 

Viddiconbe, 1973).Moreover,a combination of deganer 

electrophysiological studies has shown that the laryngea 

nerves contain afferent fibres originating from pulmem 

mechanoreceptors (Agostoni et al.,1957: Jewett, 1964), 8amah 

et al.(1980) have also demonstrated a peripheral contr 

dogs ©: the vhythmis activity of the cricothyroid muse | 

directly controlled by la rise in subalottic pressure | 

therefore.when tracheotemy abalishes the critical pressure 

changes necessary to trigger the _activation of thé 

cricothyroid muscie,it must inactivate this muscle as wall, 

7.5.3.Physiopathological conclusion 

Fhasic respiratory activity in 

muscle;primarily centrally generated, is unden « 

complex and intricated mechanisms,in which the su 

larynaeal nerve,the inferior laryngeal nerve, the 

nerve and cross connections all intervene.Furtherm 

peripheral modulation related somehow to the resistan 

the airways is present.Despite difterenciss ee anima 
- bé 

species,it seems that qualitatively the same eont 
+ 

elements are present in animals and humans (De jonckere an 

Lebacq, 1984),  
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_ Chapter VIII 

Etiopathogeny of laryngeal paralysis 

.1. Introduction 
6 

__ Laryngeal nerve paraiveis is an important pathology 

the field of otolaryngology and phoniatrics.Each pa 

with an  inmoktile or less mobile voral fold needs to uni 

Be. 
À bésides à complete electrophysiciogical test, all possib 

1 (4 

pres! Rg 
medical investigations in order to define 4 

ological factor.This js of fundamental impo 

ng; if possible, an etiological treatm 

treating ;at an early stage of developmen 

Mlated tumoral lesion. 

the present Lime, CT-Scan has : 

e: 
“ 

1 

AN 
rmant diagnostic procedure for cam  
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which may be medical, functional or surgical : they include 

stroboscop};: acoustical analysis, airflow rate and 

spirometry: larynaography and phonetogram. More information 

about this subject can be found in Hirano (1976,1981) and 

De jonckere (19895). 

Unilateral vocal foid paralysis usually causes «a dominant 

Voice symptomatologÿy; and it has been related that 7 % of 

all dysphonias are related to laryngeal paralysis (Ulrich; 

1977) .Nevertheless, innervation of the intrinsic laryngeal 

muscles is not a prerequisite for voice production 

(Buchthal, 1959). 

Bilateral inferior laryngeal nerve paralïysis more often 

results in breathing and swalloving difficulties 

(Dejonckere, 1980). 

8.2. Review of recent literature 

8.2.1.Main etiological facters 

A large number of publications are devoted to etiological 

factors of Vocal fold paralysis, from a clinical point of 

view .Fig4VIII,.1. and VIII1,2, give a comparison of 

uiatistice reported by f|ve authors who consider separately 
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(1970). Maisel and Ogura (1974), Titche (1976), Holinger et 

\11.(1976), and Tucker (1979).Similar comparative tables are 

aVailatle in Paparella and Ehumrick (1980). 

      

   
r The series of Thumfart (19931) includes 340 cases with 

inferior larvngeal nerve paralysis, which are summarized in 
». . 

Fig. VIII.S3. 

Claes and Jaco (1986) made a recent review of 631 cases :     
   

    

  

    

we 

The listing of Table VIII.1, shows compiled incidences. 

à even larger sample (1 087 patients with vocal fold 

\paralysis} was collested by Wendler et al, (1984) from 16 

different phoniatris departments : etiologies are presented 

in Fig.VIilr.4. 

The greatest variability among the different authors 

concerns the factor “Thyroid surgery" ? It may be 
     

    

   

1 
_ hypothetised that this is in relation with working 

Fr : 

_—_ conditions and clinical environment. 

Isolated superior laryngeal nerve paralysis is mast 

ts frequently caused Ey surgical trauma; thyroid surgery and 

k partial laryngectomÿ being the procedures where the nerve Îis 

most likely to be exposed to trauma (Claes and Jacor 
AUS E 

9f6),1 
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ETIOLOGIES OF INFERIOR LARYNGEAL NERVE PARALYS 18 | 

  

  

Malignant disease 

24,5 % of which lung cancer 
Desophageal cancer 

thyreid cancer 
other 

Surgical trauma 

20.5 % : Fneumectomy, oesophageal surgery, surgery 

of heart, thyroid, neck dissection, mediastinostopy, 

Idiopathic 

13 % : mononusleosis, influenza, etc... 

Inflammatory 

13 % of which 90 % tuberculosis, 

Trauma (non surgical) 
  

11 % ! Accidents, congestive heart disease. 40110 
aneurysm, .. re 

Neurologis 

7 % ! Epilepsy, Parkinson, multiple sciero 
alcoholis or disketis neuropathy, Guilialn-Rahré, 

Miscellaneous 

11 % : Syphilis, rheumatoid arthribis, collaoun 
di Se ASE , + » | h > Ma re 
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“14 
TE 

. 

: ë ; : : a Lu It is important to notice that all these reviews ded! : . , : . “, ; : : : ' “E 
: : : : : ps = with clinical (and not elsectromyographic) diagnosis. [4 

: : ; ï î LE 
: : : : ë Fe Thyroid surgery may also cause paresis of extrinal 

ü : : : : ë laryngeal muscles, especially the sternothyrold (Pahn el 

À os E E i = al., 1984). nl 
Ê D 4 6 à: os 4 

È : î AE In sunmary; ve conclude that thyroid surgery ani 

; ; : : : “rt = malignant disease are by far the most common etiologle® of 

; : : ! à = [| laryngeal paralysis.Besides, some specific, although rar : : ; ë : 1 PA 
î : : ; : “E F= causes, are vorthy of attention : 
: : È : î Lu 

î î i E Fe 
! : : ; ne = 8.2.2.Peculiar etiologic factors 
nn {Es 

| E E i i FE 
: : : ! FC ALL 
! Ë ë ! SUITE 6-2.2.1.Intubation 
: à : ; se] ri 

Ho NE nt ie 4 
ù ; = AIT authors agree that paralysis is due to |iséhenia of 

ui the inferior laryngeal nerve.This can result from 

  

       
#tretching of the nerve when the neck |s hyperextended (or 

Antubation, or from à trauma produced by the larynges 

But the most probable mechanism seems a compression | 
   

   

   
     

        

a tube, or" an excessive pressure In the &uf: f, G 
: : \ ÿ SE 

Plg:Vit14.1 Etlology of vocal fold,paratys|ls after SJemonstraltes that nitrous oxide diffusen 
at al,.(1984),    
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tube ceuff and the cricoid, or between the 9.2.2.2.Cai 

à dislocated arytenoid cartilage (Cros et 

nia forced neck torsion during the surgical Simultaneous occurrence of  dyspho and 

bendure increases the risk (Holley and Gildea, 1971). hypertrophy in patients with a valvular mitral stenosis 

+ first described Ery Ortner in 1697 as ‘!cardiévosnl 

“inalomieal study has been realized by Cros at syndrom',.At the end of the nineteenth century, ith trequem 

and shows that the ischaemic area jnduced was estimated to be about 4 % of cardiovasceular pathologlu 

uré in the endotracheal euff averlyes the nerve: ( Kittel et al., 1986 ).At present, with proghess 

cardiology; it has become much less freaquent,.Th 

hypoathetical mechanisms have been proposed : 
bhe paralysis is generally unilateral, the 

LM If à paramedian position, and the dominating 
- pressure exerted on the left inferior larynonal nanm 

by the dilated auricle 

appear even after a short duration 

But prolonged intubations increase the risk.Cros pressure srerted on the left Infenlonlanm 

ale. (1981) reviewed 30 cases (of which 13 had by the Arteria pulmonalis. 

Yographic confirmation) : The average duration of 

uäs 19 days for patients with unilateral lesion, DpMRE AAC EMLaf "Re y er ter ALe MERE 

ys for patients with bilateral lesions. | Kittel et al, 1986 ) 

MR SRE 

but the cases of laryngeal paralysis due to short In contrast , cardiovascular surgery has qal 

_ intubation evolve towards à Sora considerable importance in the last decades, and haw 

lectromyography is a valuable indicator for a good a more significant causative factor of vocal fold paral) 

denervation is not complete (Cros et al., 

ab" tes The follouing peréentages nf vocal fold paralys 
a L \a ‘ls L  #f  



2 
Etiapathogeny 

3 cases among 57 patients with 

4 cases among 134 patients 

8 cases amona 389 patients 

42 cases among 600 patients 

of view, Kittel et al. (1986) observed 

in 434 patients operated because of 

18, in Europe, the most frequently observed 

In man.Survival 
| dep 

(R 

rate at five years is not 

| et al., 1983), because only a few of 

(20 %), and long time survivals 

A practically inexistant with ather 

are made on 994 cases of lung 

al., 1986). 930 cases of 

Mia #).1n 18 cases, 

(rs “au” | 

In 27 cases, the left vocal fold was involved, In 2 &AN#M 

the right vocal fold, and in 1 case both vocal folus, 

The position of the paralyzed fold is 

paramedian ! ÿ Cases 

intermediate 5 cases 

in abdustion |! 83 cases 

in adduction : 3 cases. 

Jn the remaining cases, no sufficient precision coul 

obtained, 

After complete assessment, all patients 

ll 
In relation uith mediastinal extension of the tunor, A4 

patients had a regular follow-up : mean survival 

M" ont hs, 

t 

must be considered that à vocal fo1d paral; 

+ 

not 
| a lung cancer is a sign bad prognasis. 

8.2.2.4-.Hetabolic disease 

» + ‘ » 

k 
SU UN A 

Tr 4 t mt up _nf 10100  
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Le à ss mn mr 

idiopathie. cases (among 238), both the FA and Interior 

al. (Y981 ) : Among 99 patients with 

laryngeal nerves vere paralyzed, indicating that the l® 

eoutd involve the nuclear louer motor neurons.The auth 

4 Chiens OÙ diabetes mellitus thought that, in all probabilily, so-called idiopathie vo 

“ ; i 
Lo ) \: dio 

_ 4 subjects with a pathological oral glucose tolerance nd Rene Le, RIMCAN la, Sen Un pH eE nr lATeRA 

re 
granial nerve palsies such as facial paralysiss loto 1 

Er 
deubjects with uremia olfaction, and sudden deafness. 

7 
1! + 1 with hyperlipidemia 

jJéct with hyperuricemia 
8.2.2.6.Vocal fold paralysis in infancy 

or, among 296 subjects suffering from diabetes or A casses para lys En 17 ne PAG A TQUSS 

M 0 Bences of laryngeai mobility population are different from those in adults, In 6hlldmen 

the major causes of vozal fold paralysis, both Uma 

and bilateral, are birth trauma, central NArMOUEN A 

diseases, meningomyelocele with Arnold-Chianl mal! Al 
: 

is to be suspected, with probable 

and hydrocephalus, idiopathic, surgical trauma, and Im 

diopathic vocal fold paralysis of the heart and great vessels.Statistics of Cohen # 

are reported in Fig.VIII.5.(100 cases). 

Ney of idiapathic vocal fold paraïysis is very high 

deries, and very Jlow in other ones. Capps (1948) ponine ADCUOTE CA REY pelronn sen electronyogra 

Investigation, but each ehild had à direct laryngoscopy @ 

(Paparella and Shumrick, 1980).1In our own ann bronchascopy.Crieoarytenalé fixation was, exe]udedby 

(866 cases of peripheral neurogenic lesion of the Binect.palpat ion Stand LrE 

i 1 

a 1 faïe chiidren are #1lontiy nore often 
> RAS 

ise etiology lacks in 17 cases,  
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The earliest evidence of laryngeal paralysie [#1 LINE 

group of children with birth trauma.Children with General 

nervous system disease (e, g. Mobius’ syndrom) #hou evImWe"em 

of laryngeal] paralysis within the firet ten. Jay   

  life.However, in the group of patients with meninqomy#l0a# tn 
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With Arnold-Chiari malformation and hydrocephalu#, th man 

LT = age of onset is later (47 days).This delay in anset 01 
in 

pe a C0 C2 Symptôoms may be related to the progressive davelopment af J sr j 

wi AE den hydrocephalus which foiloved the repair of Lha 
4 

Tr pr AH meningonyelocele.Uncomplicated hydrocephalus does nat 
nn, ] = Li 

HA 4 produse laryngeal paralysis. 

j Er 
| dm 

LL]   Compl icated delivery with abnormal POWER PDIEENNEN 

RSR 
ps        

  

  positioning of the infant and the need for cesaruañ #eeLiar 

ÉI
R 

1 

15
8 

birth was associated with larÿyngeal paralysis [In a1mout 204 
  

      
      

LT I of the children, 

2 
Cr 

Es Sinty-six percent of the patients had à bilatenal 

= abductor paralysis: Most of them are due to. à 

" maninaomyelocele with Annold-Chiari malformation of 4 

ee
 

central nervous system disesse.Kinking and herniation &f the 

brainstem is thought to cause Impairment of its bioue supply 
    

   
     

PiqgeVini.5,: Etiology of laryngeal paralysis in children, 
ManGühun at a1., 1782. 
Anar vous system disease. birth trauma, 

Veloeele With Afnold-Chiari malformation ant 
1y hydrocephalus, idiopathie unilateraly idiopathic 

surgery, blunt trauma to the nétier familial, 

   
and the resultant ischaëmia leads to bilateral abduetom             

    

   

   
    

     

   VOSal fol paralysim.ln those with unilateral paralysis: the 

   left side most freauent Y Invalved, SEA    
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.: EE re 

= peripheral neurogenie gvyr 

is the -nostt con epreschtino syndrome.ïn 17 of these cases (4.6 %), no specific atlal 9 

Savere obstruction to the airway, aspiration and CUS DA ÉRnONAN PRES In mp} Us OSRSEAANS) #'T1HEn 

Nagia frequently occur.Dysphonia is an uncommon symptom Depas Tale RO ne as PRE 11 

Une the paralysis is unilateral or bilateral, #liological categories. 

tte Le 

ibatlon and trazheotony are often necessary. 8.93.2.Sex 

a | 18 
als: 1982) , Fig.VIII.6. separates, for each group of et\ologiens "tm 

2: | 
De féspective number of male and female patients concenneds 

ry …— bilateral vocal fold paralysis has been 
| 

lowing difficulties and other neurological Piaeal lé no shétiet lon ty sien CC ns 

Ugually associated.Tracheotomy is frequently Éabueen sexes (175 men and 195 women), Nevers sans 

Ut ane PL EL . #tiologic factors are much more frequent in one sal E | 

Mir. 

Loc. iMted) delay in neurologie maturation is suspected as On the one hand, strumestomy is much mon tre 4 

women © p < .000001 ),On he other hand, neck mur env 

(except the thyraid gland) ( p 4 .01 ) and thoracie tutos e 

Grundfast and Milmoe, 1982) p = 00001 ) appear significantly more frequentiy æ 

l à cause of laryngeal denervation.The overwhelming M 

of thoracie tunors are kbronchial 

mnotastases, 

Other causes Seuwm approximately equally & 

; PR. 44 

patients with El peripheral laryngeal Œuxvs; and no significant difference ls detected, 
0e ? L ràf hd 

phié pathology, ve found bé cases with à nr Lil de 

F 

À  
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aurébéthä den» 

         
  

  

    

     

    
          

: 

| FMtipeee u 
: Æ 

Li ‘ : , 

æ") : î ‘T 
ETIOLOGY OF PERIPHERAL NEUROGENIC j ! ë Li 

SYNDROM OF THE LARYNX La ii 
! ; ! à 

(personal statistic) on 5 : ! 2 L 

Lu E E . 
it ! : : : je 

Number of cases FA : : ; ! Li 

m1 7 ! ! : ! ri 
| Btrumectomy 159 £ TL , ï ; ë at 

le ste 
: : : : = Dervicali surgery 36 . è £ ë ; [) 

Fr. ! ; : : 4 
Thoracie tumors 41 = : - : : LL) fn 

: 2 E F Ll 
Neurologie pathology 32 1 : s : ù | 

er ; : ! : i Trauma 33 = : î : E dm 
Thorasie surgery 18 hi ! ; ! ! ( sr 

Cervical tumors 12 è Ë ! me 11 

| Neuritis 11 ë f ë j _ ATEN | 

Am Gardiopathies 7 E E $ mme 
>| i : ; ; 

Undefined 7 [ EL 

*a. | : ; ? un 5 
ele , ; ‘ 1 

‘ [a [uen ui [un Li Un 
C4 oi PF Li C4 

+ 1 

HUMEBER OF CÂSES nf 
_ DAUMUIII2.1 Fensonal statistic of etiological factors 
NI AU CASEM Cf, peripheral neurogenic syndrom of the larynx, 
EL qu Ly electromyography.        

  

Fig.VII1,6,: Etiology of peripheral neurogénie myndr _at { 
the lanynn, mith, fon œaëh etiologiée group, the respe (199 | 
number of male and female patients, ; 
_Binumectomy, cervical surgery, thoragic tunors, neurologie pathology; trauma € surgery, cervical tuners 

     
   

   

  
     

  

   

    

1) 

_ heuritis, cardiop DLULUCLATC PRESSE 
      

nn IL
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« 

B:4,.9.Nuüumber of injured nerves 

PgeVIL Tr. 7, shows the respective proportions.lin most 

DABUMs DNlY one of the four laryngeal nerves is involved. 

LL : 

| 
: : 

Mel, A:Bide of nerve lesion 

   
       

   laryngsgal nerves 

  

dt “Ki 
fa 

FE 
Anong 253 cases of unilateral inferior laryngeal nerve 

» ne à 

Léon withmeduction of mobility, 108 were right and 145 

lettenie "difference in statistically significant ( p = .02 

l1The greater length and the particularities of the 

intrathoracic course of the left nerve may be considered as 

| responihie. fi other patients had bilateral involvement 

Ag VETT 8). Fig.VIi11.9 gives à comparison with Wendler’'s 

conpi le data (1087 Cases) concerning the side of clinical 

_ paralysis of the vocal fold, 

11 

W.9,5.Importance of denervation 

[ Tea 

id 
MI lie 
Anong 79 injured superior laryngeal nerves, 52 had a 

ls degeneration, and 27 a total denervation.Partial 

on is significantiy more frequent LL & LOL 

  

       

   

    
    

       

: 4l were, 

  

= 40e 

Htlopathogeny 

mn" Led 0 F0 — 0 Ÿ Lu 
D = "= u* = ui à Gi È Aù wi = m< 
[+ ME i 
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L: l 
—….Mig.Vi11.7.: Number of Injured layngeal nervas, in Can#e 

of peripheral neurogenie syndrome of the larynu, ge | 
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Slide of reduction of mobility, 

  

in cases of  
 

foid, 
Flg.VIt1.9,: 
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Side of wlinical paralysis of the vocal 
(1984) (1087 complled cases), 

| 

aid 
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Among 924 injured inferior laryngeal nerves, 183 had a jus 

Mamtial dencrvation: and 141 a total denervation.Partial un “L .h Z 

sm ss ni 
dendnvalion is also significantly more frequent ( p = .02 ). F= ii UE © à 

Ur LE MT RUE 

HE LE UE 
M.%,6,.Position of the paralyzed vocal fold Qi Li oo C4 Li] MC 

tr [=] Fe [a DS NÈDEEE el = HA CL. 

  
     

    

Maramee an 211 

Lnberme|ate 70 

+ Li 
Mad | an 26 4 

O1 Ti 
Lalwral 3 Le 4 

b 
eu F1 

Œ Il 
LM case of O Odenervation of a vocal fold, the paramedian “T 

L © 
position, ig significantly more frequent than ail the other st 

E 
avuntuallties (© p < ,000 000 1 ) (Fig VIII.10).A comparison RAS 

pol 
MUR Mh® Slinical compiled data of Wendler is given in LL + 

Fe 
MIgaurITsit. J 

ZT O0 
Eu, EX 
Œ 

W:2,7,.Correlation of laryngoscopy and E.M.G. = 

The data, with respect either to the total or the partial 

tharacter of the injury, are presented in Table 

1X 0 Inicatiy, the criterion is either immobil ity or reduced 

tell ity of the vocal fold! electromyographically, the 

DA” Fig.VII1,10.! Position of the paralyzed vocal folds ‘ "M 
EbitemIon Im either presence or absence of voluntary motor 

          
Potentials.Diagnosis significantly differs depending on 
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the method ( p < ,000 1 ) (Evaritt, 1980), 
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    MigeULIT,L,! Position of the paralyzed vocal fold, after 
Het al: (1984): (1087 compiled cases), 
    



    

  

    
       

       

9.1. Neurophysiological basis 

%,1.1.Types of lesions 

#     
— Keinnervation may oùcur elther after axonal (allure 

    

  

         

  

     

_ NMudlear neuronal disease, | 484 

  4 [ 

   —huonal failure ls usually classif led |n: 

     A,Neurapraxia ?! it may be considered as the frs      

  

        

       

      
      

A          #arly response to nerve compression,  f@al 11 

   phymiological block of conduction, ‘1 

2.fkonotmesis : The axon is sectioned , and à Wallen at 

‘ation occurs:s but the perineural  #heath 

     hüsarvad, allawing axonal 

—_SiNeurobtmesis : it corresponde to va. raie al 

#ebtion of the nerve, h:- it 

regeneration, ‘ Jeter À 

   

e tin 

u (1986) investigated histochemical change in                
    
   

racteristics of the intrinsic laryngeal muscles 1 Lo 

M after damage of the inferior laryngæal nervé 

#. du” a) 

TVA
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keinnervation 

removal of the recurrent nerve: Âhe activity of 

phosphorylase decreased rapidly and disappeared almost 

gompletely within one month after the operation.The 

adenine dinuclieotide 
—__jîtivities of nicotine-amide 

FE dohvädrogenase and succinie dehydrogenase decreased 

I Wnadually, Eut they did not disappear within six months. 

NMilase did not change throughout the period of six months. 

Nan Lie nerve was crushed, the level of enzyme activity 

no change significantly. Enzyme activities after the 

Mabtion of the nerve also changed, and the degree of thé 

Changes “Yan Wweaker than in case of removal of the nerve. 

Brouping__ of the same type of muscle fibers vas observed 

  

Pradominantly in case of section of the nerve, 

9,1.2.Flectromyographic data 

t- When recovery from injury oceurs, the reinnervating 

f 10ns are immature and of dianeter smaller than 

honmal.Consequently; their conduction velocity is 

#. Monsiderably reduced.The electomyographic patterns reflect 

nm 

é 
the disintegration of the motor unit and the recruitment 

phenomenon.in garly phases of reinnervation, motor unit 

D potentials have à low amplitude and a richly notched shape. 

à e In later stages of reinnervation, the polyphasie 

[ potentials “increase in amplitude, These large potentiais, 

sometimes Galled qi ant potentialns indieaté that al 

motor  Units have ben built up by the prosess 

._ painnenvation, 

  

L ÿ.1.3.Axon sprouting 

= 

   

  

mn. Harly after denervation, the membrand of the mn 

-_ fibre becones hypersensitive to acetylcholine (MI ad, 

Potter, 1971), and ls most receptive ta reinnenvat lon by 

— hegenuerating axons (Hatsuyama, 1966),The membrane of 4 

“dénenvated nuscle fiber also becomes sensitive Lo 

mmhcotylcholine over Its entire surface, uhenaag normal y 

lienvated, flbers . are only sensitive at the moto mena 

plats. 
L 

Elsberg (1917) demonstrated that a normal musalentnen 

Not accept any additional innervation Chyparneuroti ation le 

But, if the muscle’s original nerve ls InjJured when thé 

“toroign nerve is implanted, then the muscle may beau 

              

       

    
         

    

      
  

Malnnarvated by both normal and foreign nerves (dual 

     
lnnervation) (Guth, 1962).Local motor nerves sprout anons 

tronly near denervated motor endplates in response to xt] 

(bu L' ENTER 
   
    

     
   

_ {the production of "neurocletin" deseribed y 

   
(1950), and nerve grouth factor=like substances vapor | 

eg and Hanson (1979), Kiernan (1979), and pin 

    
s.Pfaia sant deuR MMA Ten: 17 RU ULUR 

EM . 

LL Ch



    

      
     

  

   

   
   
      

     

    
   
     

  

    

   

     

   
    

        

      
Relnnervat/on Re 

2rthe absence of "axon-sprauting Inhibilor factor", a it 

fubmtanée normally found near intact distal atons motor L. dt 

. 

andhlates (Diamond et al,, 1976). é 

Aetive nerve growth factors that stimulate axon : 

#prouting originate from the most distal region of the 

degonwrating aïon, near the motor endplate (Diamond et al., 

1076) Moriughi and Sasaki, 1978), or from denervated muscle 

(ibres Cyan Harreveld, 1945) ,ûÂs a consequence, the 

NeuPENUMEUl ar padicie procedure of surgical reinnervation « 

un préservation of En nu iy between distal terminations 

OÙ the meérves and their motor endplates, probably prevents 

Anonm SproUtINg , a crucial phase of muscle reinnervation 

(Crumlæy, 1982), 

h gdenervated muscle adjacent to a normally innervated 

  

t a ‘: - 

……HH#ctie Ms able to stinulate nerve fibers within the 2 
4 1 

Ê _ Innervated muscle to produce axon sprouts.Ssroutina L 

. aetivity seems to be maximal in partially denervated 

“mumeles, while à muscle more than half denervated will show "1 

#1 re s ka 4l 

_ Fig.IX.1.: Above : Schematice muscle Innervation, Two ananm 
Innervate each tuo muscle fibers.Axon sprouting inhibition 

étor Is present in normal muscle, | 

5 Below : The first  axon ls eut,.ñften 
ervation, nerve growth factor and absence of ' 

routing inhibitor factor cause  sprouting af. 
innenvating anon toward the denervated motor end pl 

‘ eu. “si! RS 

“less vigorous sprouting (van Harreveld, 1945: Edds and 

Small A9E 1) (Fig. IX,1,9. 

       
     

        

    

he 

     

   

  

    

  

9,1,4.Huscular atrophy 

   

      “To. bé wfficient, reinnervation must také place during à 

lbré undergows
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atrophy from denervation,.For normal function, the muscle 

naous a frequent stimulation by the alpha and gamma fibers, 

an ol] as neurotrophic substances delivered from the 

héburon cell body Dieter and Kaufmann, 1977),The time 

Née tem Ar y for atrophy varies from species to species, and 

ven amona different muscles in the same subject 

thennysBrhown, 1951! Guth and £slewski, 4.,1963: Sunderland, 

LOMME MIYGIKX.2,), Lizuka (1966) ,experimenting with dogs, 

BU ie Up the wexposed inferior larynaeal nerve with a small 

hiveu of lvory on one side, and observed that, after ire 

days Of. pulling up; the nerve fiber degeneration and the 

  

à alrophy of the vocal muscle had partially set in.After one 

month, the muscle fibers were separated, cut and collapsed, 

and necrosis had noticeably set in: In this time, the 

changes were quite irreversikie. Nagashima (1970); 

cuparimenting with dogs, observed that, after partial 

Pameval of the inferior TlTarÿyngeal nerve with no possible 

rageneration, the weight of the denervated muscles rapidly 

doerased, be“oming about a half of that of the unaffected 

Fig.1X,.2,! Muscular atrophy, as it ie shown by «a OT-sean 

Of. Tarynx, at the level of Che right paralyzod Mocal form 
the present case, total denervation occurred [ve Y#arm 
botore, and was due to strumectomy,. 

Side in three months.The muscle fibers proagessively were 

haplaund with connective tissue, Slow type I fibres seem to 

ban more prone Lo atrophy than the more hardy fast-twitch 

fibres (Dreyfus and Shapira, 1948).0ther factors may affect 

the duration of denervated muscles’ survival ; as exposure 

to cold a" passive motion during the denervation period. 

Ailrophy of the intrinsie laryngeal nuselas |8 most 

nn _ CC ÉÉ  
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Vident in cases vhere no voluntary electrieal activity is 

found ,.When the inferior larÿyngeal nerve is eut in dogs, the 

Warght of the muscle is PR UeeS to 50 % of the healthy one! 

hovever, When the electrital activity is restored , muscle 

weight relurns Lo normal. In the contrast laryngogram, the 

dvc
is 

| 
L
L
)
 

E
 

Vueal MG on the paralyzed side is thinner than on the 

Méatthy ne ldentsee Fig.v.7.) CHiroto, 1976). 

Vl.S4librosis 

    

    

  

rule, the sooner a functional connection is made 

M “hegenenat ing axon and muscle fiber, the more likely 

_ Le 

funetion of the muscle cell will return to normal.lf there 

    L 
{Nat he resulting metabolism, morphology and 

  

LE 

Ve À delay in reinnervation, fibrosis appears in the 

muscle, which diverts sprouting axons and prevents them 

rom neaching motor endplate .During the first three weeks 

1
2
 

following denervation, motor endplates underga several 

Nistotogical changes and may fill up with collagen if 

ValnierVation does not occur (Bowden and Gutmann, 1944; 

Grüniey, 
Age... Î 3 à 

à fIbrosis of cricoarytenoid articulation. 

1982).Lona lasting immobilization also causes 

' 

9.2. Spontaneous reinnervation 

" 

Ralnnervation is quite frequent in cases of idiopathie 

  

             paresis of laryngeali nerves (Haglund mt als, 1979) : two 

L # « 
EN | ; Ê 

  

Nelnnervation 
4 IL HA 

deb k * 

_ types of potentials ane Gharacteristic ! 

Q 

   

D
 

ns
 

l L 
1,'Nascent potentials" ©: they are of lou amplitude on 

polyphasice shape, sometimes vrichly notched, and |ndimalten 

_aarly ræinnervatlion, 

   
. 2."Giant potentials" |! they are also polyphasic, hub 

“mitrenety large amplitude, typical of later  stagen ot 

… relnnervation. 

Y 
If some of the recorded potentials are of normal 4ypa ln 

NM case of paresis, they indicate that some of the mabton 

_dxons remain visble.Thus , some muscle fibers may have aan 

. réinnervated through bifurcation of these viable 

manons,Indications as to the the mode of reinnerval ion | Eu 

  

be obtained from the analysis of the shapn ef | 

polyphasie potentials : Those of more or less normal 

duration and consisting only in a series of repatilive 

Mpikes are to be considered as deriving from recently 

—hainnervated muscle fibhers.Others are of long duration, and 

- consist in smooth waves, accompanied by notches and spilems 

suggesting that they derive from a normal motor un 14h ef 

,bY . « mechanism, has included previously 

denarvated muscle fibers (Haglund mt al., 1972 , 1979): 

sprout ing 
nn 

    
    

  

     
       

   
     

_£atoh (1978) obswrved 
ui 4 

that, in two casws of ap 
À . è 

        

  

    à 

  

dés     

La i@p a
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stimulation was of miongatant 

mnonthe .Nevertheless, some patients recover after one year 

And even after two years (Fig. IX.3, and I1X.4), 
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potantial ewvoked by elmetrical 
Le Vel 

lAteney ang abnonmal form.ln the Lo cases, both the ! ! ! : à 
î : ; ; 

superior and the inferior Jlaryngeal were involved,Thæ ; ; ; ! ds 

Author suggested that ordinary electromyography and evokædl ; ! ! j ; = 

piactromyographic test are capable of describing the ! ! ; î ! C4 

Huallly of nerve regeneration. ; ; ! ! 

Qu ENS 

MPOM“ a. Mlinisai point of View, UWendler et al,.(1904 ! À À Si 7 

Met CU LE 
nalieo inat , cons idering all cases together, Æ4 ; { : . mA - 

PARIMALOM motion of the paralyzed vocal fold is full ; i " Ee 

Ver In 10-15 % of the subjects, partially in 40-40 W, im! J'0 Lu 
ï : ki 

ANTON AN NT in 30-40 %.After strumectomy, partial om rt 0 nl J= 

ÉOMNPTeLE recovery occurs in 40 % of the cases! aften + à Mr 

NéUPILIS In 50 %, and in case of undefined etiology in M0 : : LE 

M, Most Of the the patients recover mobility of «this 1e u 

paralyzed fold, even as a better Voice, afton 4 pe 4 

N Æ 
Le 
_— [ea 

+- 

v—t 

9.3. Misdirected regeneration 
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535429 40 H3aunH 

for clinical complele recovery nf 
after Wendlor's mt al, paralyels, 

In 1927, Colleuoe and Ballance first described the 

bhénoménon of paradonlcal @lottie movements of expiratony 

abduet lion and inapiratory adduetion after inferiom 

ngeal nerve rmpalrs 6 
Rare û “dei Time delay 

1, mollion after 
dhbàa (1004) ,Most 

nm nEcur 
Tom|ta (1987) published electromyographie Investigatians   of 

aftor ! months, 
remobilisations of paralyzed 

but favourable wvolution 
bé obawrved after one or" even two y#añt:
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he intrinslie Taryngeal muscles carried out in 29 human 

Minis with inferior laryngeal nerve paralysis and im 14 

in whiæh unilateral inferior laryngeal nerve 

had bon muparimentally provolked by various 

n
u
n
s
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n
n
m
n
n
n
n
n
n
s
n
n
 

n
n
 

D SrhueNing, sastion and #uture after essetion of 

Ed 

     

   

  

E
R
 

author observe a phenomenon of misdireetenu 

  

Meation gf Che nerve in some cases of both human an 
  

patbrrant  larynQmal nerve paralysis:|l, ©, aetive     D
E
L
A
Y
T
 

es of the adduetors or the abductor of the vaoeal 

  

sh 
e
m
m
m
m
e
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m
m
n
e
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e
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n
s
s
n
n
e
 

0 

  

ee 
pe. 4, d, ss " é La—hagorded during inspiration and expiration «4 

Us, 
    mhonation,The author concluded that , sine the 

  

F
A
R
T
I
A
L
 

RE
CO
I 

BOnirasteul with the adductors during phonatl lun ann 

    
PR _atler the nerve had regenerated, Lhe Iinvoltwen 

  

rañalñned Lo be fixed al paramedian posttien 

    
MAR BUMN an  Irregularly reinnenvated voenl told Nav 

Hisorote Glottié wave during phonation (Fe, 1970),     FA
 

PA
RT
. 

R
E
C
O
U
E
R
Y
 

ot al, (19764) also demonéstratec with 

A
 

se
rr
e 

r
e
s
m
e
m
s
e
e
c
e
u
s
s
e
 

Fa
 

Ë 4 3É
 1 

Magraph ic evidence the relative importanes of 

u falnnemvaltion us a cause of incomplete 

Met funetion of intrinsie larynaual muscle, 

53543 40 433404 
Plg,IX.4,1 Time delay Tor clinigal incomplets rectMEmm 

Vocal old motion after paralysls, after Vendierts œt 

cumpllied data (1984).Even as for cases of gonplath NRoNMe 

moët 61 remobhilisalions oceur after 4 months; but 

résoveries are not enceptional, 

fl (1974) applied mestioning and repairing 

“arushina inferior laryngeal nerves In dogé, and 

LUE cases abnonmal motion patterns ; Whigin
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they attributed to misdirested reinnervation, 

Hirgto (1976) observed that, in some casus Gil 

Misdirected regeneration in humans, the Vocal fold on the 

Paretic side abducted Sslightiy during phonatlion when tm    
@althy fold adducted, 

  

À personal example of electromyographie avidenéee ot 

  

misdirected regeneration is shown in Fig, IX,6, 
  

  

rt 

  

Therefore, selective treatments to adduëtors on 

  

  abduztors have been designed ( Murakami and Kirchner, 91 

: 
Abductor fibers 

ml +4 7777 
». 3e PAP: 

+ LS 
Le ee. 
. FES 

© .. 
spams 

  D: 

“hjHamura, 1974 ! Matsui, 1976 ! Sato and OgUr4a, 190)     

  

    
9.4. Surgical reinnervation # 

Early in the 20 th century, Horsley (1909) presente 

SUCcessful case of simple neurorrhaphy of the left intenlteom 

laryÿngeal nerve in a Woman, who had been ehüt by 4 

plstol.Both nerve stumps Vvere approximated after @nc|#ltn 

    

       

      

æ us 
FidIiR- St Schematis misdirected regeneration after DORA TARA, ERLEEOR AGO, SANT RO EM NAN NANES inferior laryngeal nerve section (Tomita, 1967) ,This ot < again 

phenomenon is responsible for lack of remobilisation of the DIRNErT LES LR TA GERS TT Ee CSS \ag@la 
vosal fold; and even for abnormal motion patterns 
(Pia: 1X:9) . siightiy behind the normal side on adduction (misdireeted 

      
rageneration ?), 

In 1924,  Frazier used the ansa hypoglosai 
Le: . NE Tr) vo j
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100 41V   

Fig.IX.6.! Electromyographis pattern in à thyroarytenoid 
muscle, during phonation, after nisdirected 
reinnervation.Above ï sound oscillogram: Éelow : 
Électromyogram.A parados*ical decrease of muscular activity 
is observed durina sound emission.Clinicalily, the trophic 
vacal fol remained imnobilized in a paramedian 
position.Time calibration is 10 ms. 
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mar ve, 

A detailed review of historical aspects of aurqiæal 

Palnnervation is aiven hy Sato and Odura (1978), 

Batoh et al, (1974) sectioned and repalred the Interne 

laAnyngeal nerve in dogs. and compared museulan functions 

Wbh that of animals in which the nerve had been enueheduan 

fubjocted to sustained pressure : Reinnervatad inthinmle 

laryngmal muscles showed impaired function .Besides th 

Misdirested reinnervation of muscle fibers by inappropriatm 

Bomponents of the regenerating fibers of the nenvas bia 

Authors considered three reasons as contr |hul Mg manmumm 

loss to this reduction of function of the relnmenmaum 

laryngeal muscles 

1,The sprouting nerve fibers often fall Vo MeaëNUNe 

nuncie fibers, 

P,Connectlive tissues developes between muséle fibers al 

the same time as the muscle fibers atrophy. 

98,There |s an obstruction of mechanisms in Lhe prisme 

between alectrical and mechanical changes leading Hi 

éontraction, which may be caused by chemical changes |Ln he 

muscle fibors (ulectro=machanigal uncoupling):
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Shin (1971) showed hat ,; in dogs, after section and 

surgical suture, the reaenerated nerve fibers were less in 

number and that there was considerabtle development of 

fibrous tissue. 

À complete recovery of the Jlaryngeal function ,; with 

cyelic adequate abduction and adduction is thus not to be 

espected after regeneration of the inferior laryngeal nerve 

(Crumiey, 1982), 

Such considerations could alsa ke a plausible 

explanation for the discrepancy between the good quality of 

electrophysiclogical reinnervation and the poor clinical 

nobilization of the vocal fold. 

Doyle {19864) end Doyle et sal. (1967) pioneered the 

selective reinnervation of the posterior cricoarytenoid 

muscle Ey implantation of the inferior larynaeal 

nerve.Migiets (1974) reported a clinical success with this 

technique, 

Tucker (1976, 1978, 1979) obtained good resylts with a 

nerve-muscle pedicie (technique in cases of Ebilaterally 

paralyzed Vocal folds with insufficient airvway.He dissected 

free a small portion of muscle (2-8 mm square) from the 

anterior belly of the omohyoid, so as to include th@ nerve 

(a bran&h of the ansa hypoglossi),hi pr œid 

“hont. This technique does not involve eutting most & | 

LL 

hervVe-muséle péuléle was sutured ta the postuni 

éricoarytenciu musele.Appropriate abduction of 

Molnnervated side vas noted, after & = 12 vuuks, at vu 

In approximately 50 % of the cases.Gone of the rem 

Vere observed to abduct after a modified Master Luë el m 

er 

terminal nerve fikhers, thus avoiding neural degenerat lan | 

Merve Branch, not derived from the vaqgus herve HU 

“hontaneousiy firing during inspiration Îs ue 

j 
Miarnothyroid muscle is also convenient).Finally, becau#en 

only the abductoir muscle is selectively reinnenvatud, 

mlsdirected reinnervation, inherent to nerva anastonos id 

bwshniques js  avoided.Other authors conf ivm NN 
x 

l [ 

0 "RE 

résulte (May gt al., 1980).Nevertheles#, Aetuan 

“hhrouting 13 questionable (cf:supra) : Experimentis Man 

Grümiey (1982) and Rice et al. (1953)s09g#8tu/" 

the ansa hypogiossi neuromuseulan pedielé « 

the glottic airway during dyspnea, |t doeë nom 

actually velnnervating the posterior cricoaryten lei. 

L The mechanism of action should be an é#nhans#mernmt 

accessory Vocal fold "abduction" produemd 

muscles of respiration, while ‘assiating vie 

Ghleothyrold muscle With enlargement af the qgléttis in 

Antoro=postérior dimension. Electromyographie dala ani 
* {I d 

USE Te histology reveal that the posterior er 

le may be reinner  
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Chang (1985) shovs that : three months after Eh 

nerve-sternohyoid nuszsle pedisle graft in  paralyzed the posterlor éricoarytenoid muscle to the nuclieus an 

posterior cricoarytenoid muscle in dogs, two thirds of the on the came side as the infenior laryngeal nerve sectln 

animals demonstrate excitable evoked muscle action 

potentiails in the operated musclie.The wave form is Fex (1966), Taggart (1971) and Morledge wt al, (1979) 

dispersed and in some dogs the latency 1s longer.Hovwever, _ Implanted ‘he phrenic Tes inÈo {he 

this experiment does not provide direct evidence of Sr icoarytenoid muscle, in cats and dogs.This nerve can 

reinnervation : Other neural regeneration could have caused “inspiratory impulises to the diaphragm a few mililis 

re . LÉ : ; 108 | : a similar effest.On histological examination, the grafted « after the inspiratory discharoes of the poster ion 

neuromuscular pedicle shows severe degeneration of muséle Æricoarytenoid muscle (Sato and Ogura, 1978), but the 

fibers : Almost the whole grafted muscie is replaced by Physiological Ssimilarities between the diaphragmatié and 

fibrous tissue.ln some dogs. neural proliferation is seen Posterion éricoafytenoid muscles are so apparant that it 

at the junction of the neuromuscular pedicle and the has beën suggested that both muscles are inner vated y 

posterior éricoarytenoid musecle.There are no otvious nerve ame group of neurons in the brainstem (Wyke, 194034 

fibers growing across the junction. the operated animals demonstrate inspiratony Voëal 

Abhduétion.However, the function of the diaphragm #he 

Nea} et al: (1983) performed omohyoid nerve-muscle be sacrified, although unilateral sectioning of the 

pedicie tranposition in  subhuman primates : after 6 to B inarve seens to be very well tolerated (Fackier et at 

veek, galvanie stimulation of the omohyoid nerve pedicle “927! Robertson, 1979), | al 

caused lateralization of the paralyzed vocai fold, although L at 

no inspiratory abduction was noted. Electron microscopy : — Crumliey st alle (1980) improved the technique by 
TS 

uniformiy showed the presence of both myelinated and Splitting the phrenie nerve, and routing half of the fibres 

unmyelinategd nerve fibers in the posterior cricoarytenoid Ko the posterior cricoarytenold muscle Via à fra nu 

muscle on the denervated side. The attempts to show Graft.with this technique, cyelle inspiratory contr 

horseradish peroxidase transport via the ansa hypoglossi to of àre paralyzed poster or cricoarytenold M 

the cervical spinal cord motor neurons have never been ar ai 
ei: 

N U 

surcessful.However, there was transport of"phano: das from  
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9.5. Artificial long-time stimulation of denervated 

posterior cricoarytenoid muscle 

Considering the problems occurr ing with surgical 

reinnervation techniques, some authors ( Obert et al., 

1984: Zrunek et al.;, 1986) experienced implanting 

stimulation electrodes into the posterior cricoarytenoid 

muscle after section of the inferior laryngeal nerve ( only 

animal experimentation ).Long-time interrupted stimulation 

could prevent as well abductor muscle atrophy as arytenoid 

ankylosis,.Some problems with electrode stability and 

corrosion still need adequate solution. 

    

\apter X 
D'tv 

    

   Neuromyography and reflexmyography 
‘ e ‘agi 

2 ‘1 … 

É 10.1. Introduction 3 à          
   

à 

        
      

  

ne . re 

electromyography, the recorded musals 

a 
val Itional.Muscle action potentials can also bo evaked li 

         

     

un detection 

… Action potentials are either spontanmonus 
       

    
    
   

  

   

     
   

    

   

  

   

  

      

    
     

  

    

«_élactrical stimulation, using surface or  needla 

—aectrodes.Moreover, electrical stimulation of affanam 

nanves initiates reflex evoked waves in conterma m    
   

      

“Gopdgold and Eberstein, 1972: Mercelis, 1984), LARANAN 

wuperimentation has been performed in eats by Suauky 

Basaki (1976). | 
! 

+ 

+ 

MA" y 
k Neuromyography is the stimulation of a nerve wik 

1 

racording of the electrically induced muscle agtivity af 

the InnervVated muscle.Reflexmyography |s the stimulation of 

afferent nerve with recording of the reflex Musau 

    

Masponse.A well known example of the latter |# thé b     
   

       

    
    

à haflen :? The supraorbital nerve Îs stimulated A 

taflex response Is picked Up In the orbieularis 0e Le 

_£Sase of the larynn, the afferent branch of the “ssl 

nynamal DM Ars tad: after swltching over [ 

Ne . 
| tivity    
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7 ei HPTUR bai > ® " 

_Faytz et al, (49685)  gtimulated the inter l'on laryna 

the vagus nerve and the laryngeal motor nerves, with a 

muscle response potential in the intrinsie laryngeal 

muscles (Thumfart, 1986). Furthermore, late contralateral “nonve with stainless steel needles € diameter O4 LE 

  

        

      

      

    

evoked potentials suagest à crossed pathuay, with possible length 50 mm ), insulated except for a length of à mn at   

thalamo-cortical relays. ‘the tip.They applied the stimulus ê » 

    

  

         
       

          
    

       

     
        

      
   
   

    

  

         

     
          

        
   

In Case of injury of the neuro-muscular system, the 1, To the inferior laryngeal nerve near the thaëNiban 
   

evoked electromyographis test is in general considered as Gathode TI vas placed paratracheally at a distance of 2,6 em 

the most useful test in estimating the degree of iniurv at “hwlow the most prominent point of the cricoid arch, ‘ 
LA 

an early stage after the onset.lt contributes to the » 

prognosis and the setting up of the policy of treatment 2. To the Vagus nerve just before the hranghing of the 

{Satoh, 1975),Shin (1971) has demonstrated in dogs that, in récurrent nerve : Cathode II vas inserted at the same level 

case of a regenerated inferior laryngseal nerve, the evoked \s cathode I at the  posterlar edge of 4e 
   

   

  

potentials reveal prolonged Jlatency and a characteristic “iennocleidomastoid muscle, dis: 

D 
Te 

- The depth of the electrodes was varied until &he |e 

pattern, 

10.2. Methods of stimulation and recording threshoïd af the action potential was obtained. I: 4Y 

LA ‘.d 

Ciassically, when the internal branch of the superior …_ Añode I was placed in the subcutaneous tissuw nf the 

laryngeal nerve is stimulated, a reflexive closure of the Jugular fossa, Anode II in the gsubceutaneous Lissue    
glottis results (Arnold, 1961). nrnior to the sternocleidomastoid muscle, lutas Re 

Abo-El-Enein and Wÿyke (1966) aïso show that afferent on | #1 né fi   

discharges provoked from muscular mechanoreceptors (spiral » The stimuli were rectangulan current pulsés 0 
      

nerve endings and muscle spindles) by graduated passive msec duration, ar LÉ 
   Ca 

al      

    
    

       stretches applied to individual lTaryngeal muscles are 

   £hañges in the tone of the intrinsie mun@les &f Uhe larynx, 
bi 

capable of producing sustained, reciprocally co=ordinated oter af the vocal 

   die 
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-The electrode is introduced either through a direct 

larynaoscope ( lozal anaesthes ia and pethidine 

intravenouslyÿ ), or during a total laryngeztomy. 

Atkins (1973) used a similar method. ’ , S S ”) 
.p 4»? 

** ISLN ISLN @° 

Satoh (1979) stimulated the internal branch of the 

superior laryngeal nerve; vaqgus nerve and inferior 

laryngeal nerve with electrodes made of copper vire | 

measuring BO UÙU in diameter coated with enamel except faor*s5 

mm along the edge (Fig.xX.1.). In order to stimuiate the 

internal Branch of the superior laryngeal nerve, the 

elsctrodes are inserted approximately 1 em deep at the 

distance of 1 com so that the region where this nerve 

penetrates the thyrohyoid membrane may be the center of the 

slectrodes To stimulate the recurrent nerve, the anode is 

inserted 3 com below the JlTover margin ef the 

cartilage and the cathode 1 cm above the anode at the depth 

of appronimately 2,5 0m for both electrodes.To stimulate 

the vaqgus nerve, the anode and the cathode are 

approximately 2.5 com deep at the external nargin of the 

sternocleidomastoid muscles, the anode teina above 

cathode below, at the same height of the electrodes as in 

stimulating the recurrent laryngeal nerve. 

The bipolar concentrie needle elegtrhode used for 

recording Is Inserted percutandousiy un 

   
   

     

    

   

  

    

   
   

  

    

    

   

  

   
       

  
cs 

cricoid 

L 
-
V
A
G
U
S
   

  

FASERIEN Fig.X.1.: Location of stimulation and recording 
_éctrodes, according to Satoh (1978). 
ISLN: Internal branch of the superior laryngoal herve, #= FA 
ESLN: External branch of the superior larynqwal nerve, 4 
RLN: Recurrent laryngeal nerve, 
Arrow: Stimulation, D 
EW1: Evoked waves induced from the right erleothyrol. 
muscle, "M1 

BU2: Evoked waves induced from the left cricothyrold nr 
EUS: Evoked waves induced from the right thyroa 

_muacle. + 
EVA: Evoked waves Iinduced from the left  thyroary 

    
           

  

and the 
    

         

       

   
   

   

        
          

       

    

  

   

  

+2 1% Lit) btt= D” | 
un 

thyroid
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Neuromyography 

and the thyroarytenoid mussle. 

Me Ahresholäs (minimum intensity of stimulation 

à Ined to Induce evoked wave) rise in proportion of the 

distance between the nerve and the electrodes but also 

ieunding La the degree of nerve injury : They vary from € 

Lu 20 volts. 

(MMBONN" 1951, 1983, 1986) stinulated the 

bal nerve in the region of its penetration 

hyrohyoid membrane vith surface electrodes.hHe 

(Nam Rilnulations of the vagus and inferior 

y Ven. Auring laryngectomies.Electris impulses 

RO RQUANE UAVeS 0,5 to 1 me duration ( O to 10 mA : 50 

Ou I00 VV) The ‘recording hooked wire (or bipolar 

nhsdlv-mlectrode) WaS applied transorally under optics 

L ontrot into the intrinsic laryngeal muscles, or 

“neous]ly (negdle-eleztrode) into the cricothyroid 

Metperiencs, stimulation of the inferior laryngeal 

la diffieuit to realize in clinical routine, because 

ls difficult to find and to access.Deep 

a rigid electrode may be painful, and is not 

er,.The superior laryngeal nerve is easy to 

ù efficientiy and with mini rt for the 

EUT nt { the Il id setl 

_potantial, G@eeumi bout. 15 ns in the, 

LE 
is. inserted. À 

the hyoid bone at appronimately 1 cm depth undam 

skin.The reference electrode (anoda } 1# log 

subcutaneously in the supraclavicular fosma, Elesr 

stimulation is performed with pulses. of 2 

duration.Amplitude vVaries as a funetion of the din 

betveen the tip of the electrode and the superioel 

nerve +% 5 to 50 Volts ).The stimulation current 

extends 

2 per second.At least ten repetitive respontam 

recorded. 

10.3. Results 

10.3.1.Normal subjects 

nil 

10.3.1.1.Evoked response in the thyroarytenüld 

muscle 
4 

with our technique, the first response obtain nu ln À 

thyroarytenoid muscle after stimulation tite 

Jaryngeal nerve is a mechanical artifacts "CU 

“contraction of the cricothyroid muscles With 
A 

stretching of th@ vogal fold.lts Tlateney |# about 2» 

milliseconde,The LLLI ME ait 
Lu Te 

TR 

side, ATEN ge. F | and Xa 

ponse is a true evoked mul  
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Neuromyography 
' 

latency increases with the heïigth of the subject.The 

difference (1,5 to 2.5 ms) is to be related to the 

  

    

  

   

  

        
        

difference of lenath between the two inferior laryngeal Dibhennmid ne ensatennnqmnsent Bireenern ren e nt e de nn teen den ee UT RIRE One PTE EE ENIONENTRNNENNE 

nerves € +/- {1 ©m in a normal adult subject ). Thumfart 

relates somewhat longer Jlatencies, and does not observe a 

LUE . ere t tt OA MENTON 

| 
| 

mechanical artifact, but the latter may be due to the fact 
  

that hooked vire electrodes are used rather than concentric 

needle electrodes.A controlaterall1y evoked potential may 
Mi ire esieee drsenssrse ads freres téaseniancereerienrerenr nant ee Ton A OTONNNNN 

also be recorded, and in our experience, its latency is 

cons ldevatle (about 60 ms)i.lts neurophysiological and 
| 

| 
clinical significance requires further investigations, IVe M TR NN RNA TD NT RD NTI TRES 

  

10.3.1.2.Evoked response in the cricothyroid muscle 

Ra NA NET Badnsr verset tente tie Ca UE le ÉTEINT TR RRRENRRTEE 
ART Tantemanadismmeniisenenenes CTP ANA ANS ; !   

With à same method of stimulation, a direct muscular   
    reponse is obtained in the cricothyroid muscle, with a 

short Jatency (| 2 — 3 ms } ! The distal efferent nerve 

tength is estimated to be about 8 com. Simultaneously, 

   
echanical artefact 1" 

D cuis oforlecs thyrola 
| muscle) 

Evoked muscular potential 
Patenc, : 19515 Ms: a 162 

- pig.X.2.1 Evokod response In the right thyroanyhenott 
cle afkler stimulation of the right super on Taryn 

nerve, *t 7 

afferent fibers of the superior laryngeal nerve are also 

stimulated, and provoke à second, reflex response, about 12 

ns after the beginning of stimulation.The same values are 

found in both sides (Fig.X.4. and X,3.), This has a1s0 

been reported by Thumfart (1983, 1986), who mentions again 

       
   

       

   

    
   

somewhat longer TlTatencies, as well for the first potential 

O 4 - TT ms }) as for the second one ( 16 - 18 ms ) « The 

evoked response may be also controlateral, while the direct 
" 

muscular response is only [p#ilaterai hit . 

 



Heuronyoaraphy 

Normal subject. 
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        1 

û 1Ù 20 30 40 50 60 M 

1 : Mechanical artefact First muscular response 

(Contrsction of erico-thyroid Second or reflectors potential, 

muscle) D: : 2.0 Sd 1e , 4 
Di: ÿ AD UTE , 

2 : Evoked muscular potential 

Latency : 17.95 ms. 
4 

Fig.X.3.! Evoked response in the left thyroarytenoid è 

muscle after stimulation of the left superior larynaesal À Fi x,4.: 

nerve.Latency is about 2 ms longer than on the right side. # A thyroid muscle 

Varyngwal nerve: 

Direct and evoked response in the 

after stimulation of he te -
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Neuromyography 
Heuronyouraghy 

Detection : Left crico-thvroid muscl 
Normal subject. 

mU : 

-10.3.2.Pathologic subject 

10.3,2.1.Thyroarytenoid muscle 

When  denervation of the inferior laryngeal nerve is 

Complete, no evoked response can be obtained.ln case of 

1.5 Încompiete nerve lesion, the Tlatency of the evoked 

1 potential increases (Fig.X.6.). The duration of the evoked 

1 di potential may also be increased. No response is to be 

7 -prpected NT the superior laryngeal nerve has been injuried 

between the point of stimulation and the inferior ganglion 

“of the vaqus nerve , nor if the lesion is located higher 

than this ganglion.iln case of neurapraxia, the evoked 

museular potential is lacking.      

  

   

  

10.3.2.2.Cricothyroid muscle     
   

  
  

À 

EUR RENT at nn: 
j : : ! ! 
| (eg 
Q 10 20 30 40 SÛ éQ 

ai Suraical trauma is frequently more distal than the 

Stimulation level: it may either be partial or total, and 
iret muscular response 

nd OPmreflectory potential. 
   

alters the direct response.More proximal lesions cause a 

  

           rapid wallerian degengration, again either partial or 

total.ln Some cases, the evoked response is delayed and 

  

   d MigiXS 1 "Direct and  evoked response in the left —Hieohyroid muscle after stinulation of the left superior 
 laryngsal nerve. 

  

highiy polyphasic,. In one case vith à partial nuclear 

    

        
  

» 
“lesion, we found only a direct response :! The evoked 

response was laëcking, 

  

  



    

      

Neur ST RAN ! . 

Detection : Right Vocal muscle. 
Pathologic subject 

mU 3. 

  

    

partial denerva-= 
tion 

    

âs 

         

         

  

   
   
     

    
    

    
     

  

responses with thos@ of the contralateral side,    
   

These findings are in agreement with those of Thunmtan 

(198s, 1986). 

10.4. Conclusions 

With the Use of neuromyography and refleuxmyography, LE 

has become possible to test the complex polysynaptie reflun 

pathuays of laryngeal innervation, and to obtain valuablé 

information about the site and the degree of the nenvi 

injury, as well as about the state of nerve    
regeneration.Further neurophysiological and sine 
investigation in this fiels seems very promisinq, 

  UE LE SEE D dent ed A EE] 

Q 10 20 SD 4 50 

Mechanical ärtefact 
Mboniraction of crico-thyroid 
muscle) 

D-Euorcc muscular potential 
Latencs, : 23 ms. 

   s Evoked response in the right vocal muscle after 
tion of the right superior laryngeal nerve, Pathologic 

with sliaht denervation of the muscle after 
#ctomy.An evoked response is present, but with a longer 

18y than normal. 

    

PTT TT 

El) 
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ENG-Atlas 

100 pv 

100 ms 

- 

Sub ject: 

Male, aged 84. 1 le, aged 46. 

Muscle: Muscle: 

Right thyroarytenoid. Might thyroarytenoid, Tes 
pe Description: Deseription: RS. DEL LL) 

Single motor unit potential pattern. DRE ELLE " 
(l 

| seu Case history: ! viss#rn 

Normal subject. Normal subject, à, à ie DE 

Comment : | Comment : 1% 

Spontaneous normal resting activity in a vocal muscle, Voeat emission bof low pitoh and moderate intens. 

motor units are activated, and fire at various fredu 
M 

ni EL EL , CALE & 0 L] 

n 
[  
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FHG-Atlas 

1:9 DV 

100 ms 

  

Sub jest: 

Male, aged 43. 

Muscle: 

Right thyrosrytenoid. 

Description: 

Normal motor unit potentials, ÂÀs greater tension is 

developed in the vosalis mussle, the rate of discharge of 

active motor units increases, and a150 additional motor 

units are recruited (partial unterference pattern. 

Case history: 

Normal subject during voicing. 

Comments: 

Continuous regulation of pitch and intensity requires 

adequate adjustments of muscle activity of the intrinsic 

laryngeal muscles. 

 L 

    

   

        

nn. 

HHO=AC Ian 

  

  

  

200 pV   
40 

Sub jest: 

Male, aged 34, 

Muscle: 

Right thyroarytenaid, 

Description: 

Normal voluntary action potentials, Interference haltanne 

Case history: 

Normal subject during singing. 

Comments: 

Submaximal contraction of the muscle (high pitehaam 

rather Jloud emission),Many potentials, firing: at"aninia 

frequency, interfere with one another so that sing 

potentials can no langer bn diseriminated. 

7” 
+
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Subject: 

Male, aged 55. 

Muscle: 

Left thyroarytenoid, 

Description: 

Micraphenic fact. synchronous with vosal fold phonatory 

oscillation, and of same pitch.These sinusoidal waves are 

not to be taken for action potentials. 

Case history: 

Important bilateral Reinke’s oedema, in relation with 

smoking Hhabits.@light mechanical impairment of vocal fold 

motion, but absence of neuromuscular pathology. 

Comments: 

The tip of the concentric needle electrode is not positioned 

into the vocalis muscle, but submucosally into the 

gelatinous substance of KReinke's spacn, 

    

    

     
   
   

     

  

   

   

    
   

        

     

    

     

     

       

Subject: 

Male, aged 37. 

Muscle: 
ss“ 

Right thyroarytenoid. | 

Description: 
À 

Bpontaneous rythmicity; synchronous with 

breathing.Activation oceurs during inspiration, and lENaNm 

Important than normally. 

. 

Case history: 

Severe head and neck trauma one year ago.Mocdematn Taryngdal 

Btenosis due to fibrosis, caused by long Lern intubat lon :Né 

“al 

nerve injury. L 

A 

Comment: l 

Increased variations of rhythmica ciectronyagrafhill 

activity may bé seen In normal subjects during { read 

breathing.Thla subyaat has ä permanent ineréage | 

ain lou 44 he level of his Varyhie 
l L L 

À 

     

  

    
    

resistance bo ine L 3
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190 pv 

10 ms 

Sub ject: 

Female, aged 89. 

Muscle: 

Left thyroarytanoid. 

Description: 

Five fibrillation potentiais. 

Case history: 

Unilatersi total denervation after strumectony. 

Comment: 

FPathological spontaneous activity after complete nerve 

sestion.Fibrillation potentials may appear as soon as 5-6 

days after denervation, and remain present for several 

years.Duration (with concentric needle electrode) is about 

1-3 msec and sin Py Tlow: usually less than 0.15 mV.The 

sound they produce in the loudspeaker is typical, even as 

their regular rhythm (1 to 30 / second).Theÿy are usually 

associated with positive sharp waves, but appear here 

isolated.Absence of voluntary action potential, 

4,4% MU tot GA dei DE na à à 

100 uv 
Sub ject: À 

Female,aged 56. 

100 ma Muscle: 

    
Left thyroarytenoid muscle,     

    

  

   Description: 1 

Positive sharp vaves and fibrillation potential s ANNE ef 
#       

motor unit potentials, 
   

       

     
     

  

   

   

     

       

  

+ d Fa 
Case history: dé ; 

TT 7 

Strumectomy Z months before.Paralysis of the LAS 

i D] 
fold. de 
      A 

          Comments: . 

Pathological spontaneous activity,.Positive sharp Mau | en 
tal È 4 

            
diphasie potentials characterized by A sharp, nitial 

     

   

    

   
positive deflection followed by à slow, disay JE M 

M: 
  negative direction,This negative phase 1 DES 

amplitude, but prolonged In ShrAtlanr SC NESS 
           

    

  

for 100 maecs L 
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100 uv 

10 ms 

Sub ject: 

Male, aged 65, 

Muscle: 

Right cricothyroid. 

Description: 

Abundant positive sharp waves and fibriltation potentials. 

Case history: 

Fartial laryngectomy, ? months ago.Complete nerve section of 

the right superior laryngeal nerve. 

Comments: 

Important pathological spontaneous resting activity, without 

motor unit potentials, 

    

   
     

    

  

   

    

       

   
   

     
    

      

Subject: 

Female, aged 56. 

Muscle: 

Right thyroarytenoid. 

Description: 

Single moter unit firing at atout 40 » 50 pan season The 

baseline further shows a small gsuperiniosed"m'ennmhhanien 

effect. 

Case history: 

Neck trauma with knife, 2 months bhefors.Pammiymie af the 

night vocal fold. 3 

Comments: ‘ 
+ 

ei | 

In partial neurogenie lesilans, with a deëcreased umban of 

          
      

functional motor units, the few remaining motor unit 
[l 

at high fraquenéles (à than 25 per #econd). 1pl 

  

    &k hi F L 18 ‘ét
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200 uv 

Sub ject: 100 ms 

Male, aged 68. 

Muscle: 

Right thyroarytencid. 

Description: 

Single motor unit pattern during hiah pitch 

phonation.Frequency of firing is about 90 per second.A small 

microphaonie effect is perceptible, 

Case history: 

£Severe paresis of both vocal folds.Lateral amyotrophic 

sclerosis. 

Comments: 

Lack of spatial recrnuitment of motor units suggests à 

partial primary axonal failure, 

  

   

  

      
   
   

     
    
   
     
      

      

     

  

              

  

                                    
Sub ject: 

Male, aged 34. 

Muscle: 

Right thyroarytenoid. 

Description: 

Two short high frequency discharges. 

Case history: | 

Byringobulbia.Incompetent laryn*x.Pares | of bath  vogal 

folds. 

Comment: 

These bizarre spontaneous discharges consist of trains of 

potentials with à firing rate of about S0 KO. MOHen 

     

  

{ 
second.Sueh high frequency discharges are not shui tien) 

à 

They may be observed in any irritation lesion of anteriom           

        

   
horn cells, peripheral nerves, and even in myopathies, 

: D | ‘ . LL 
L
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Sub ject: 

Male, aged 34. 

Muscie: 

Left thyroarytenoid,. 

Description: 

Several short high frequency 

Case history: 

Same case as the precedent. 

Comment : 

Same as the precedent, 

discharges. 

    

   
     
    
   

    

     

    
                
    

  
Sub ject: 

Femais, aged 4%. À 

Muscle: 

Left thyroarytenoid. 
«i 

Description: 

High frequency discharge., at variable rates of frequanay: 

Case history: 

R
e
 

Oesophageztomy, 4 months earlier, 

Comment : 

  

      
Such trains of potentials are not pathognomonie 0 mynpalm 

         { cf. Steinert’s disease ), but are a distinetiy abnonmtml        

    
   

phengmenon, occurring also in peripheral neuñopabthhes sons 
ns 

‘ 

authors have sugossted that true electromyognaphia myaton | # 

       

   
   

1# identified by a flueluatlon of both anpT LEUR MAN 
cé 

1tly ohabrved in atham 848 
o 

     

   
      

frequency, viëh | Les ne 
I 

= pt ñ
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100 pV 

100 ms 

Subject: 

Fanale, aged 3. 

Muscle: 

Left thyroosrytenoid,. 

Description: 

Single motor unit potentials, pulsing at high frequency; 

with myasthenic decrementation. 

Case history: 

Congenital paresis of facial,;pharynageal and laryngeal 

muscles.Mobius’ syngrom. 

Comments: 
; 

A a faste notor unit potential pulsing at more than 25 cycles 

/ second, without recruitment of other motor units, suggests 

a partial nerve or nucleus lesion.in the present case, 

repetitive stimulation demonstrates a myasthenic 

decrementation, but the changes are not as Impressive as in 

myasthenia gavis. 

    

    

    

   

   

  

   

        

   

      

      

  

    
     
      
       

        

    
  

degenerative  changes,.lnereased  insertional ac V TT OR 

  
Subject: 

Rs. aged 48. 

Muscle: 

Left thyroarytenoid. 

Description 

High frequency discharges, somewhat dysrhythmie, phovaleun vy! 

electrode insertion. | 

Case history | 

a 
Radiotherapy on neck for Hodgkin’s disense WWü Ven 

* 

before.Faresis of both vocal folds. 

Comments: « 

These high frequency discharges are to be considarw 0 

manifestation of hyperinnitability, associated henm wlth 

   

  

   frequently assoëlated éunapathis disease.
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k ,       

   

  

    

   dei fl | MH ï i 

ViUk i t Los Fi 

bis tt EE, 

Sub ject: 

   Male, aged 56, Sub ject:    

    

      

Muscle: Male,     aged 60. 

          

  

Left thvroarytenoid. Muscle: 

    Description: Fight thyroarytenoid,       
Description:     High frequency discharge.evoked by needle movement. 
      

             Case history: Enall and short polyphasic motor unit        

  

Inherited  myotonia dystrohica (Steinert's disease) vith rhythmically firing during breathing. 

             facial, pharyngeal and laryngeal involvement. Case history: 
    

  

Comments : Right carotid artery surgery, 4 months before ,R 

    

      told immobilized in paramedian position, +98 
   

    

In true myotania, high frequency repetitive dischargaes 

          UEUaTIY Show à recurrent fluctuation of frequency and Comments :      
    

  

   

amplitude.The sound is typical.A myotonic response may be This is the earliest variety of low amplitude and ve     
short duration potentials,  formerly called nasemn 

  

evoked gither by  voluntary movement, or By mechanical (or 
  
                  

electrical) stimulation.



Aa u À» 

Subject: 50 HV 

Female, açced 92, 

Muscle: 

Left cricothyroid, 

Description: 

Small and rather short polvphasic ootential.Nascent motor 

unit. 

Case history: 

Etrumectomy 3 months before, 

Comments: 

These nassent motor units are here the first sign of 

Sara han Patrie 10w amplitude and relatively short 

duration are characteristic, and reflect immaturity, small 

diameter and slow conduction velocity of reinnurvating 

Subject: 

Male, aged 63. 

Musslie: 

Right thyrosrytenoid,. 

Description: 

Polyphasic motor 

amplitude, 

Case history: 

Oesophagectomy for 

right vocal fold, 

Comments! 
Pr 

Fartial par! ERADA 

10 

unit potential With A rater 

Un 

ai 
a 

nooplasm;, & months earlier.P  



   
    
   

  

   
    

   
        
   

  

   
    
      

         

Subject: | L 

Male, aged 51, 

Muscle: 

Left thvrbarvtenoid, 

Descrivotion: 

Étngts polyphasic potential, rhythmicaliy firing. 

Case history: 

Nétritis of viral Srigin.Glinicaily baralvzed Tleft vacal 

fald.Reinnservation. 

Comment: 

This potential has increased duration, with polyohasia, but 

StrIT low amplitude.in the present case, after about six 

months ot comclete denervation, it indicates 

reinnervation.Nevertheless, the vocal fold wi] remain 

ramoabile, 

Sub ject: 

Femaie, aged 48. 

Muscle: 

Left tivraarytenoid. 

Description: 

Folyphasis motor unit potential, With T'AtMEMRONE 

(linked potentials"), Increased duration and amplitude, 

Case history: 

Etroumectomy: 10 months before,Fares|is 

position. sitl 

Comment! . 

In early stages. of recovery of partial rarveteaias 

polenti duration 
6, d
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m
t
     

100 pv 

SUE jest: | 

Female, aged 324. FR ae 

Muscle: 

Right thyroarytenoid. 

Description: 

Abnormal spontaneous breathing activity.Short duration and 

high frequency polyphasic potentials. 

Case history: 

Dermatomyositis.Muscular and vocal veaknese was the cardinal 

clinital symptom. 

Comment: 

In  myopathy the total duration of the polyphasie unit does 

not exceed that of a normal motor unit, and the spike 

Compounds are al1 sharp.The peak-to-peak amplitude is rather 

low. fu] interference pattern at small or moderate effort 

is also characteristic of myopathy, 

= sé 

Sub ject: 

Female, aged 86, 

Muscle: 

Left cricothyroid. 

Description: 

Single, short duration and 

potential. 

Case history: 

Dermatomyositis.Cf, supra: 

Comment: 

lurod as pathogn 
mé œt him  
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  Subject: + _ À 

Ps AE He Fanale, aged 25. 

Bub ject: | Muscle: à 

_ Male, aged 63. Right thyroarytenaid. À 

Description: 

Rhythmical, myoclonice, unvoluntary contractions of the right 

hanilarynx, with "nystagnus" of he vocal fald, at «à      
    

    
   

  

        

Hduratlion and low amplitude bolyphasic potential. frequency of about 3-4 per second.    
   

  

       
® history: Case history L 

rar >. 

      Polymyositis considered as a paraneoplastic syndrom Multiple selerosis, with  brainstem and cereballun 

  

      

  

Involvement, 
    

Hi an advanced prostatic cancer.Slight paresis of both vocal 

    

Comments 

Yngeal nyoclonus ls Very rarely observed.ll |s assoc 

   

          
spoct to the clinical context, Ehis abnormal 

| ele ti A 

     LENS 

ae 
| is to be considered an MmyohAathIes but there 1e 
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