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ABSTRACT 

The purpose of the study was to elucidate the structure 

and function of the normal equine laryngeal nerve supply and 

musculature. This was undertaken as a preliminary step for 

further examination of equine laryngeal hemiplegia or 

recurrent nerve paralysis. 

A literature review of anatomy and function of the 

nerve supply and intrinsic musculature was prepared. 

The experimental study was divided into two main 

sections, the first being an anatomical study, the second 

being confined to laryngeal function. 

A�ATOhiCAL �TUDY: 

Six horses were used to supply the gross anatoDy and 

nerve supply of the intrinsic laryngeal muscles. Transverse 

sections were taken of the vagus, and recurrent laryngeal 

nerves at various points, these bein� submitted for 

nistolocical examination. It was apparent that t he gross 

anatomy of the larynx and its nerve supply was similar to 

that described in the literature. However, the intra­

laryngeal nerve distribution had not been described so this 

was subsequently studied in detail. The nerve supply 

appeared to be unilateral and both cranial and recurrent 

laryngeal nerves supplied the intrinsic musculature. 

Histological examination of the nerves showed that in 

the vagus , nerve fibres were of a mixed population composed 

of fine , medium and heavily myelinated fibres. These 

appeared to decussate and coalesce in a complex manner along 

the nerve . In the recurrent nerve , however , the majority of 

nerve fibres were of a medium myelinated type. In the 
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intralaryngeal nerve only medium fibres were found. 

FUNCTIONAL 3TUDY: 

In this study fourteen norses were investigated using 

electromyographic techniques, to establish the activity of 

the intrinsic laryngeal �uscles during respiration. The 

dorsal cricoarytenoid muscle was confirmed in its 11abductor11 

activity while the cricothyroid muscle in some horses also 

showed increased activity durin� inspiration. All other 

intrinsic larynr;eal muscles snowed 11adductor11 or e:Arpiratory 

activity. Once tne norcal restinG respiratory activi�y o� 

the laryne;eal r:mscle s was established, selective denervation 

of individual ouscles was undertaKen to confirm tne 

anatomical findin�s. �he dorsal cricoarytenoid cuscle was 

supplied oy a 'Jranc� of the recurrent larynl·eal nerve. rne 

cricothyroid �uscle was supplied by tne external oranch or 

the cranial laryn�eal nerve. All other intrinsic larynceal 

muscles were supplied from two branches of the recurrent 

nerve. Motor nerve supply was unilateral. 

A furtner study was performed using a randoo sample of 

twenty four norses. In tnis investigation the intrinsic 

laryngeal muscles were dissected off their respective 

cartilages and weighed , the muscles from the left side being 

compared with those from the right. For those muscles 

supplied by the recurrent nerve , the muscles of the left 

side were significantly lighter than those of the right. 

Comparison of the cricothyroid muscles , however , showed no 

significant difference between left and right sides. 

Comparison of the denervated right muscles with the contra­

lateral muscle after six weeks did not seem to alter this 



iv. 

finding. Conventional histological examination of 

denervated muscle at six weeks post nerve section failed to 

snow any significant signs of denervation atrophy. 
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INTRODUCT ION 

The functj.on of the larynx has puz z led man s inc e the 

day Galen found that vo c al isat ion orig inat ed in the larynx 

and not in the ne art as previously thought . P o s s ib ly o e c ause 

of the irnport�nc e of vo calisat ion in man' s s o c ial int e�c ourse , 

this func t ion in part icu lar and all funct ions in general of 

the hum an larynx have come under scrut iny by medical 

re s e archers . 

Dur inG the last century cons iderable informat ion on 

laryngeal funct ion in man and experiment al animals has b e en 

obt ained . �umerous text s exist which cont ain d e s cript ions 

of the �ro s s  anat ooy of the equ ine larynx but �here rema ins 

a paucity of informct ion on its funct ion. 

Pre s sman and ftelemdn ( 1955) in t heir review of 

larynge al pnys io l ocy make f ew references to tne horse. 

IIowever, they eophas ised that marked differences in larynceal 

fun c t ion exist b e tween the sp e c ies . 

In the horse funct ional laryn5eal paralysis has b e e n  

recogni s e d  f o r  o v e r  120 years ( hason , 1973). It is thought 

that up t o  5� of t horoughbre d  hors e s  are aff e c t e d  ( Dunc an 

et al . , 1974). 

The present study was undertaken to  e st ab l i sh a r e l iab l e  

and ac curat e knowl e dge of  the anat omy and funct ion of the 

motor nerve supp ly to  the normal e qu ine larynx , as a pre­

requ i s it e to inv e st igat ions into the condit ion known as 

larynge a l  hemip le g ia . T o  de s cribe the funct io n  of  the motor 

supp ly to the e qu ine larynx , a certain famil iarity with the 

anat omy of the l aryngeal c art ilage s and mu s c l e s  is  ne c e s sary . 

For thi s reason a brief review of  the gro s s  anatomy and 



funct ion of  the larynx i s  inc luded in the following 

l it erature review . 
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LITERATURE REVIEW 

ANATOi>JY OF ·I'HE LARYII,r 

The basic structure of the larynx is common to all 

domestic aninals; however species differences do exist in 

laryngeal nerve supply and function c �ressman and �cleoen, 

1 955; 1ex, 1969; I�icKel et el., 1973). 

Laryngeal cartilases: 

In the horse the skeleton of the larynx consists of 

iive cartilaces waicn provide a tuoular connection between 

tne pharynx �nd the trachea ( �is. 1). 
The epiclottic cartilage lies in the nidline directly 

cranial to the clottis. The base of the epi�lottis is 

attached to the t�yrohyoid licarnent and tne base of the 

"GJ.\rr:·oid cartilar:e. Arisinf:; dorsall;y frOEl tne base or' tne 
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epi ;lottis are the lateral cuneiforr, processes, vJ�icn project 

into th� aryepiGlottic folds. I'he pointed apex of t1e epl-

0lottis curves c=anially over the soit palate into �� e 

na so pl1 arynx. 

fhe thyroid cartila�e is the larcest la�yn�eal ca�ti­

lac;e in t.I.1e �1orse and supplies the lateral walls and ve11tral 

floor of tne larynx. The thyroid cartilage consists of two 

lateral vJalls or laminae forming quadrilateral plates, 

connected ventrally by the body of the thyroid cartilage. 

The dorsal borders of the laminae are extended cranially 

and caudally to form cornua which serve as synovial inter­

cartilaginous articulations. The cranial cornua are attached 

to the thyrohyoid bones. The fissure between the cranial 

cornu and the cranial border of the lamina is bridged 

incompletely by connective tissue cranially, thereby forming 



The equ1ne laryngeal cartila,;es and their 

relationship to one another 

a. Tl1e epit...lottic ca::-tile.ge, a dorsal vievJ sno'.Tinc tl1e apex 

and lateral cuneiforc p::-ojections from the �ase (1). 

b . fhe arytenoid cartilaGe, lateral and medial aspects. 

On tne cedial aspect t�e cricoid rticulatio. can be 

seen (2) . 

c. �he thyroid cortila�e letere.l aspect. 

l'hc ceudal cornu ( 3) acts as the articulo.tion for the 

cricotnJroid �oint. 

d. rne cricoid cartilaGe. 

Tne articulations with the arytenoid cartilage ( 4) and 

thyroid cartilage (5) are shown. 

e. A median section through a composite of all laryngeal 

cartilases. Left lateral aspect. 
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the thyroid foramen, which serves as entry into the larynx 

of the internal branch of the cranial laryngeal nerve. The 

caudal cornu articulates bilaterally with the caudal 

prominence of the cricoid cartilage. 

Tne cricoid cartilage lies between the laminae of the 

thyroid cartilaGe. It is shaped like a signet rin�. rhe 

dorsal lanina forms the roof of the larynx and cranially tne 

bilate ral cricoarytenoid articulations. Caudally it supplies 

the _ornerly described cricot�yroid articulation. Laterally 

and ventrally trte cartila�e is thi� and circular, forminG 

the cricoid arch. fhis arch serves aG an attachment caudally 

for the first tr2.cheal :r-inc_'; by -,eans of the cricotrac'::eal 

lit :s. on-e, '.\(lilc cra11iclly it is connecb�d to the tll;yroid 

cartile6e by the c�icothyroid li�a�ent. 

_.le c::.rytenoid cartilc=�es are paired structures whic.il 

lie o� either side of the rioa 0lottidis. �ne ir�e�ul£rly 

shaped cartilaces are articulated at their bases to the 

cricoid cartilace at the cricoarytenoid articulation. �he 

ventrally located vocal process is attached rostrally 

to tile epi�lottis and caudally to the thyroid cartilage by 

the intrinsic laryngeal musculature in two planes. �he 

cricoarytenoid articulations a llow movement of the arytenoid 

cartilages medially and laterally, affecting the size of the 

glottis. The cricothyroid articulations allow ventrodorsal 

movement of the cartilages through an axis passing between 

the cricothyroid articulations (Fig. 2). ( Sisson and 

Grossman, 1 953;  Nickel et al., 1 973 ) . 





(a) 

(b) 
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Intrinsic laryngeal musculature 

Each cricothyroid muscle ( Fig. 3b) arises from the 

lateral surface of the cricoid arch and passes craniodorsally 

to the thyroid lamina inserting on to the lateral surface, 

caudal edge and caudal cornu of the lamina. The action of 

the muscles is to rotate the cricoid cartilage rostrally 

towards the thyroid cartilabe, thus increasinG the distance 

between the l�rynceal floor and roof. This results in an 

increase in the length of the vocal cords. ( £ig. 2a ) , 

(,,:)isson and Grosst1an, 1953; l\ickel et al., 1S73) . 

�ach dorsal cricoarytenoid muscle ( �ic. 3c) arises from 

the c�udodorsal surface of t"1e cricoid lamina. '.[ll1e t\:O 

�uscles are separated by t�e cedi�n crest of the cricoid 

ccrtila�e tnd eoch p�sses cronially to insert on to the 

�uscular process of the arytenoid cortilace. rhe action of 

each muscle causes a dorsolateral rotation of the muscular 

process t�ereby carrying the voc�l process of the arytenoid 

cartila�e away from the oedi�n plane and therefore i�creasin� 

the size of tne rlottis (Fie. 2b) , ( disson and Gross8�n, 

1':J53; . licKel et o.l., 1973) . ·�his muscle has been described 

as the abductor muscle in the horse ( disson and Grossman, 

1953) , the respiratory muscle in the dog ( Hast, 1967) and 

the inspiratory muscle of the cat ( duzuki and Kirchner, 1969) . 

demon and Horsley ( 1890) and Cook ( 1966) relate tne action 

of this muscle to that of the inspiratory phase of 

respiration. 

The transverse arytenoid muscle (Fig. 3b) in the horse 

1s a paired muscle. It arises from the muscular process 

and cranially from the dorsolateral border of the arytenoid 

cartilage. The fibres of the muscle pass dorsomedially to 



fuse with each other at the midline. The action of these 

muscles is to adduct the dorsal portions of the arytenoid 

cartilages, thus closinG the dorsal part of the glottis 

Gsisson and Grossr:1an, '1953; Nickel et al. , '1973). 
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The lateral cricoarytenoid �uscles (iig. 3c) lie medi.l 

to the thy�oid laminae. �ach ruuscle originates frou the 

craniolateral edGe of the cricoid arch, the fibres passing 

craniodorsally to attach on to the caudal area of the 

�uscular process of the arytenoid cartilage. The action of 

these muscles causes the muscular process of the arytenoid 

cartila�es to �ove in a dorsoventral manner. This in turn 

causes adduction of the vocal processes and closes the 

clottis when the vocal folds are relaxed C0isson and 

Grosscan, '1'J5�; l.ic�:el � al. , '1-/?3). 

�he thyroary�enoi� �uscles (1ic. 3a) 1n tne �orse are 

divided into ventricular and voc l muscles. �ne �ore cranial 

ventricular :nuscle arises f:::.�om the junction of t.i:1e "i.:hyroid 

la�:inae and cricothyroid li�auent and passes dorsally, 

cranial to tne lateral ventricle, to insert oainly on to t�e 

cranial part of the muscular process of the arytenoid 

cartilages. Booe fibres pass dorsally over the transverse 

arytenoid muscle to join the contralateral muscle medially. 

The vocal muscle lies in the vocal fold lateral and caudal 

to the vocal ligament. The muscle arises from the ventral 

thyroid laminae and the cricothyroid membrane. The fibres 

pass dorsally to insert on to the ventral side of the 

muscular process and the vocal process ofthe arytenoid 

cartilage. Sisson and Grossman ('195 3 )  claim that both 

muscles act as adductors closing the glottis by slackening 

the vocal folds. However, Nickel et al. ('1973 ) state that 
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the ventricular muscle closes the "vestibular cleft" while 

the vocal muscle in conjunction with the cricothyroid muscle 

acts as a tensor of the vocal folds. 

Laryngeal innervation: 

The laryngeal nerves all originate from the vagal trunk. 

The cranial laryngeal nerve arises from the vagal trunk 

inmediately caudal to the cranial cerv�cal ganglion. The 

nerve passes medial to the internal carotid artery in the 

wall of the pnarynx to enter the larynx oy the thyroid 

forar1en. �J i thin the larynx the nerve divides into fine 

brancnes vJhich end in the mucosa of the larynx , pharynx and 

esophageal entrance. A small anastomotic branch joins with 

the recurrent larynGeal nerve lateral to tne thyroarytenoid 

rr'.uscle. 

hrisinG fron tne same area of the vaGal trunk is a 

sr:�e.ll nerve, t11e external branch of the cranio.l larynr�eal 

nerve. Tb.is nerve supplies tile cricothyroid and cricopharyn­

seus muscles. Tile oriGin of this nerve is variable. It nay 

arise directly from the vagus at the point of branchinG of 

the cranial laryngeal nerve, or caudal to this point. It 

may also be found originating from the pharyngeal branch of 

the vagus ( Sisson and Grossman, 1953) . 

The recurrent laryngeal nerve arises from the vagus in 

the thorax and is reflected medially around the subclavian 

artery on the right side and medially around the ductus 

arteriosus and aorta on the left. From these points the 

nerves follow a common pattern on the dorsolateral surfaces 

of the trachea , passing cranially up the trachea to enter 

the caudal part of the larynx . �ach recurrent laryngeal 



F igure 3 . I nt rins ic larynge al mu s culature 

a . Left lateral asp e ct of larynx with caudal p art of the 

thyro id c art i l age removed . The mu sc le s  in red are the 

vent r i cu l ar i s  (rostral) and vo calis (caudal) . 

b. Left l at eral aspect  of l arynx with caudal p art of the 

thyro id c art i la5e remo ved . The mu scles  in red are 

the t ransver s e  aryt eno id mu s c l e  (dorsal) and the 

cricothyro id mu scle  (vent ral) . 

c .  Left lat eral aspect of the larynx w ith caudal part of  

the  thyro id c art ilace removed . The mu s c l e s  in red are 

the dorsal cricoaryt eno id mu scl e  (caudal) and the l at eral 

cri c o aryt eno id mu s c l e  (ro stral) . 



ROSTRAL 

VENTRAL 
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(b) 

(c) 

CAUDAL 
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nerve unilaterally supplies all intrinsic laryngeal muscles 

except the cricothyroid muscle and also joins with the 

cranial laryngeal nerve by the anastomotic branch described 

earlier ( Sisson and Grossman, 1953) . 

3isson and Grossman ( 1953) state that the cranial 

laryngeal nerve in the horse is sensory, while the recurrent 

laryngeal nerve supplies motor function to all intrinsic 

laryngeal Buscles except the cricothyroid which is supplied 

by the external branch of the cranial laryngeal nerve. 

Intracranially, laryngeal motor activity has been 

demonstrated in the oedulla oblonsata in dogs ( Seoon and 

Horsley, 1890) , horses (Argyle, 1934) and cat ( �eisen-dussell, 

1895). clafanie ( 1967) claimed that fibres f�oo both cranial 

nerves � and LI fuse at the distal vacal �anglion to form 

ti.1e vc.cc.l trunk. i1ettam ( 1899) stated thc:.t in t11e horse, 

the cranial nerve ZI or accessory nerve contributed fibres 

to the recurrent laryngeal nerve, while Le8ere ( 1932a, b ) 
clc.imed that in the dog, laryngeal motor function originated 

from the "bulbar roots" of the accessory nerve. 3emon ( 18<]0) 

postulated that abductor and adductor nerve fibres were 

spatially separate within the recurrent laryngeal nerve. 

Hussell ( 1892) claimed he was able to separate nerve bundles 

within the recurrent laryngeal nerve and could trace the 

distinct bundles to individual adductor and abductor muscles . 

However Sunderland and Swaney ( 195 2) were unable to show 

discrete abductor and adductor trunks in the recurrent 

nerve of man. These authors suggested that in man there was 

constant coalescence and division of fascicles along the 

recurrent laryngeal nerve. 
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V ermeulen ( 1 914) f ound an average of e ight fas c ic l e s  1n 

the r e curr ent nerv e  in the hor s e . C o le (1946) de scrib e d  

two t yp e s  o f  f ib r e  trunks in the r e c urrent nerve o f  the 

hor s e . He de s cr ib ed an average of s ix f asc i c l e s  of heav ily 

mye l inat ed f ibr e s  and f ive fasc ic l e s  of fine ly mye l ina t ed 

f ibre s . 

8t imulat ion exper iQent s of the r e current laryngeal 

nerv e of the hor s e  have shown that w e ak st imulat ion produced 

abduct ion ( Cole , 1946) . In cat s  and co at� �urt agh and 

Campb e l l  (1948) showed that e l e ctr i ca l  stimulat ion invariab ly 

c au s e d  adduc tion nd that abduct ion was infrequent and o nly 

oc curred aft er r e p eated sho c1:s . L e chanical st imulation of 

the nerve , however , r e sulted in dduc t ion. �rom the s e  

i'ind int;s Lurtach and Co.mpb e l l  ( 1 9L�o) concluded that the  

Greater nu�oe� of  f ibre s  i n  t n e  nerve were l cr�e and supplied 

t� e adductor �us c l e s  and pre suoed tnat abductor f ibre s  

would b e  snal ler and l e s s  numerou s . Lat er studies  showe d  

that in cases o f  l aryngeal  paraly s i s  and in traumat i s e d  

re curr ent larynGeal nerve s  abductor function l o s s  corr e s­

ponded w itn lo s s  of f in e ly Lye linat e d  fibr e s  ( hurt ash and 

Campb e l l , 1 95 1, 1 952) . From the s e  f indings the author s 

c laimed that in man , cat and coat , f iner heavily myel inated 

f ibr e s  of 2 . 8 � diameter c ontro l l e d  abductor funct ion . 

The s e  f ibre s made up 40% of the nerve fibr e populat ion . The 

remaining large r  f ibr e s  c ontrolled adduction . In 1 95 6  these  

authors emphas i s ed that the  re current nerve was  not s o l e ly 

motor but had m ixed s ens ory and mot o r  component s . 

The cranial l aryngeal nerve in the dog was shown t o  

c ont ain both l ar g e  and sma l l  f ib r e s  ( Chase and Rans on, 191 4) . 
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FUNCTION OF THE LARYNX 

I ntrinsic laryngeal mus culature 

The a ctivity of individual intrinsic laryngeal mus c le s 

has b e en a point of con j e cture for many years . B e mon and 

Hor s l ey (1890) , aft er ob servations on live and postmort em 

l aryng e s  in man , stat e d  that the dorsal cricoaryt enoid 

mus c le wa s in a const ant stat e of contrac tion in re spiration . 

They c laimed that thi s  mus c l e  was the primary re spiratory 

muscl e of the larynx . The adductor group of mus c l es was 

c laimed to have no re spiratory func tion and was primarily 

involved with vo calis ation and deg lutition (Semon and 3or s l ey , 

1 890; Nick e l  et al . , 1973) . 

With the advent of ele ct romyography, the activity of 

lcryng eal mu scle s both normal and abnormal , in man and a 

range of experimental snimals ha s b e en investigat ed (Siribodhi 

et  al . , 1963; Hiroto et al . , 1964; Tomit a , 1 967; Asigian 

et al . , 1970; D edo , 1970; Kotby-Has s er and Haut;en , 1970; 

Drasnoveau and Fopovi ciu , 1 971;  Murakami and Kirchner , 

1 971;  Hirose and Gay , 1972). �xperiment al studi e s  on 

specific muscles  ha s shown in dogs (Nakaoura et  a l . , 1958; 

Hast , 1967 ) and c at s  (Green and Neil , 195 5; Suzuki and 

Kirchner , 1969) that the dorsal cricoaryt enoid mus c l e  was 

mos t  act iv e  just prior to and during the insp iratory phase 

of re spiration , whil e  the adductor group of mus c l e s  show 

e l e ctrical activity during exp iration . Anatom i c a l ly the 

c r icothyro id mus c l e  has been inc luded with the adductor group 

of musc l e s, c ausing adduction and t ens ing of the vocal folds 

in hor s e s  (Sis son and Gros sman , 1953 ) , dogs (Fre e dman , 195 5 ) , 

'Murtagh , 1 945 ) , goat s and c at s  (r11urt agh , 1945 ) . However , 
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lat er studies have advanced the possib ility of �ult ip l e  

function o f  this muscle . It has b e en shown that e l ectr ical 

act ivity in the muscle varies between insp iratory and 

exp iratory phases dependinc on tne type or' r esp irat ion 

( .:3uzuki et al . , 1970). 

Larynceal innervat ion 

Sensory st imuli  fro� tne laryngeal mucosa in cats is 

c arr ied to the brain through the cranial larynGea l nerve 

( nex , 196S). r� is concept rrees w ith that of Fr essman 

and -�elenen (1S55) who cons idered t�e cranial l aryn · e l 

nerve contained �a inly sensory f iJres. 

In t�e horse 0 isson and Gross�an (1953) st ate t�et t�e 

inl-ernal brer..c_� o�' the cranial l0r· n ·eal ne:'VG contains 

only se�_sor;;' i' i  )res and th t so,.le r.-oLo:r· _.' ibre . .:;, Hhic: supply 

the cricot_l;:,Troid c;..r..d cricopharynL·eo.l r::us cle s , nre preser.tt 

i� t�e external br�ncn of the crnnial laryn ·e�l nerve . :�ese 

authors also utate tnat t�e rema ininc intr insic laryn�e& l 

r:ruscles rece ive their r::otor nerve supply unil teral ly 

t�rou�h the recurrent larynceal nerves . Pressman and �eleoa� 

( 1955) howe ver consider t�at in �an the tr ansverse 

aryteno id muscle rece iv es a b i lateral notor nerve supply 

from the recurrent l aryngeal nerves. 



f'IATERIALS AND h8THODS 

ANATOflliCAL STUDY OF THE LARYNG�AL NERVES 

Gross anatomy of the laryngeal nerves 

Six horses were used to trace the gross nerve supply 

12 

to tne larynx. ·rhe at;e, sex and breed of these animals is 

shown in Table 1 .  Iomediately after slaughter a dissection 

of the vagus and all its branches from the point of emergence 

from the jucular foramen to a point caudal to tne heart was 

performed on botn left and right sides. All laryngeal 

brancneo were t�aced. 

Histolo�y of the laryngeal nerves 

YellowinG exposure of the nerves in the 6 horses used 

l� the study of the gross unatooy of t�e laryngeal nerve 

supply. �ransvcrse sections were taken at the points shown 

1n l'c:,ole 2 . 

All nerve sections were fixed in 3ouin's solution. 

!.fter wax embedding and cutting, the transverse sections 

were stained using trichome blue by the modified �asson's 

l"Jethod (Birtles, 1 974). 

FUi�CTIONAL STUDY OF TIU IJ�RYNG:6AL TErtV..::.S 

Utilising the findings of the anatomical study of the 

laryngeal nerves, a series of experiments was devised to 

establish the motor control of the individual laryngeal 

muscles. For this purpose four experiments were undertaken, 

each being repeated on three horses. On these twelve horses, 

and on two further animals, electromyographic observations 

were made of the right intrinsic laryngeal muscles to 

establish the pattern of electrical activity. 

Clinical and routine haematological examination prior 
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TABU 1 

I'YPr., 

1 i\.!'2.. b Ge lclins 6 

2 'J:lhO::::'OU[_:l1 brcC. C olt 2 

3 Lwrout;Dbred/ Geldin;: 10 
Pony cro s s  

LJ- i' _!o :-ou:_·h bred Larc 1L� 

5 Pony i·,are 10 

6 Pony La re 10 
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P0.0ITIONS OF 'I'H....:: VAGUS L.ND LAHYNG_,::;AL .3.t�JUJCH�.0 
.t!..T .1HICH ;:3Al·.P�o FOJ.t 1II8'I'OLOG ICAL �.XAIHN1�1I'ION 1.!Z��.:": TA:tui:N 

Vo.e_;us 

�ecurrent Larynceo.l Nerve 

Cranio.l L c_ryn::.; e c.l l:. erve 

PO 3I'r IOi� 

11.t the jut_;ulo.r foramen 

3efore branc)ins of tne recurre�t 
le.rynr:,eal nerve 

After branc�inc ·of t�e recurrent 
lo.ryn;:·cal ne:r:-ve 

Ne.=n· oriG-;.n from vagus ne:r:-ve 

L'. e e.r t 11 e lerynx 

3ranch to a�ductor Duscles 

3ranch to adductor �u s cl c s 

At thyroid foraffien 

�xternal Cranial Laryngeal At the cricothyroid 8uscle 
i�erve 



Figure 4. 
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to the experiments on these animals failed to reveal any 

abnormality. 

Each animal was prepared for anaesthesia by an intra­

muscular in jection of 20 mg acetyl promazine. Anaestnesia 

was induced by intravenous administration of 1Q; thiopentone 

sodium ( 1g/100G live weight) . An endotracheal tube was 

placed in position and attached to a large animal Water's 

canister and rebreathing bag. Anaesthesia was maintained 

by use of a halothane-oxygen mixture delivered through a 

F luotec vaporiser. T�e animals were placed in left lateral 

recumbency and the area of skin over the right l at eral 

surface of the larynx wa s prepared for surgery. The intrinsic 

l aryng e a l  rru s c l e s on the right s ide were selected for 

recording because o n ly rarely are they affected by t he 

p athological processes so c oumonly found in t h e  l eft 

intrinsic mu scles ( Duncan et al. , 1974). After suitable 

drap ing , a s kin incision wa s made i�mediately ventral and 

parallel to the external maxillary vein extending forward 

for 10 co from the level of the sterna-mandibular muscle. 

After cuttinG throuch the cutaneous muscle , the external 

maxillary vein and the omohyoid muscle were identified. 

Blunt dissection was carried out between these two structures 

thus exposing the cricopharyngeal and thyropharyngeal muscles 

and the postero-dorsal aspect of the larynx. For earthing 

purposes a monopolar needle electrode was implanted in the 

skin of the horse over the posterior ext remity of the 

horizontal ramus of t he mandible. An active concentric 

needle electrode was then placed in the cricothyroid and 

dorsal cricoarytenoid musc les in turn and the electromyograms 

f rom these musc les were recorded on frequency modulated 
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magnet ic  t ap e . 

The sul cus betwe e n  the crico- and thyropharyngeal 

mus c le s  was then carefully opened taking c are t o  ensure that 

the external branche s of  the sup erior laryngeal nerv e s  were 

no t injured . F o llowing this , the concent r i c  ne edle e l e ctrode 

could be  p laced in the l atera l  cricoaryt eno id , the transver s e  

aryt eno id and t h e  vo c a l i s  and v entricularis mus c l e s  without 

the ext erior of the ne edle be ing in cont act with any other 

QU S c l e s . � e cordinss were obt a ined from up to  three s ep arat e 

reg ions of e aci mu s c l e . 

In each recording the e l e ct rode s were conne c t ed to  an 

amp l if i er which was in turn c onne ct ed t o  b o th a loudsp e aker 

and a two cnanne l o s c i l los c op e  t�us allowing both � r1 • c.cUu.lO and 

v i sual appraisal of the e l e c t r i c al act ivity ( � ig . 4) . 
In the f irst few animal s , resp irat ion was s i�ultaneou s ly 

monitored by u s e  of a ther� i s t or plac e d  in the endotracheal 

tub e . I n  l at e r  e xp e r iment s  this  arranc ement was rep laced 

by a tens ion transdu c e r  att ached to a belt around the 

g irt h . This  monit ored the excurs ions of the thoraco-

' ' 110rse s 

abdominal wall during insp irat ion and exp irat ion . The t ension 

t ransducer was also c onnect ed to  the two channel o s c i l l o s c op e  

a l l o wing s imultaneous v i ewing o f  both e l e c t rornyographic and 

r e s p irat ory act ion . A permanent re c ord of the s e  was obt ained 

by c onnect ing each system to  a frequenc;y modulat ed t ape  

re c order* . A vo i c e  channe l was  availab l e  on this machine 

and allowed comment s t o  be re c orded on tape during the 

p r o c edure (F ig . 5 ) . The t ap e s  were lat er repl ayed int o an 

u lt ra-violet  osc illogr aph thu s  produc ing a stat ic record 

Ep sylon NR 800 A Labc order . 
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that c ould b e  vi sually examined (F ig . 6) . 

Denervat ion expe riment s 

After the normal e l e ctrical act ivity pat t ern on the 

r ight intrinsic laryngeal mu s c l e s  was recorde d ,  various 

nerv e s  were transected . Ut ilis ing the f indinc s of the cro s s  

anat omical study , e l ectromyocraphic re cordinc s were t aken 

durinc nerve transe ct ion from the mus c l e  supp l i e d  by the 

transe c t ed nerve . Two or  three  re cordin� s we re ag&in t aken 

from e ach �u s c l e  immediat e ly aft er nerve se ct ion . 

Dur ing the ac tual nerve s e c t i o n  t�e aryt eno id move ment 

wa s ob s e rved through a rh inolaryngo s cop e . 

O n  c ompl e t i o n  of the !'ec ord inc s the surc i c e. l  inc i s ion 

was c l o s e d  in t \JO l ayer s , dead spac e was o c c luded witn 2/0 

c�ro�i c  cat cut and the s �in was c lo sed with h e a vy if et o � i l . 

Juture s vJere reooved in t en days . 1:..ft er six we e k s  the 

hors e s were ret urned and sub j e ct ed t o  furt h e r  surcory . 

J s in� the same t e c�niqu e  as e arlier de s cr ib e d , both leit 

and r it_;ht int r insic larynceal mu s c l e s  were e le ctromyo '::_;rapll­

i c a l ly monit ored and re c orded , t hu s  al lowinc a c omparison 

of ope rat ed and unop erat e d  s ides . 

Bxp er iment I :  Abductor Act ivity 

The right re current larynge al nerve was ident if ied as 

it p a s sed dorsal to the right thyro id gland . Care was t aken 

to  avo id the laryngeal b ranch e s  of the thyro id art ery which 

lay dorso lat eral t o  the nerve at this po int . Aft er t he 

nerve was ident ified the trunk was careful ly d i s s e c t e d  

cranially t o  t h e  po int of  f irst divi s ion . This branch was 

then trac ed to it s insert ion int o the right dorsal cric o ary-

t e no id mus c l e . During the experiment the dorsal 
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cricoarytenoid nerve was sectioned and two centimetres of 

nerve was removed. 

Experiment I I : A dductor Activity 

T he right recurrent laryngeal nerve was identified as 

described in �xperiment I. The recurrent nerve was traced 

to the point of division of the "Abductor " branch . rrhe 

nerve was traced cranial to this branch, thus exposing 

that part of the nerve supplying the adductor group of musclE s. 

�lectromyoBraphic recordings of adductor activity were taken 

fron the lateral cricoarytenoid muscle. This muscle was 

used f or ease of recording during nerve section as it is the 

most accessible of the adductor group of muscles. A t wo 

centimetre section of nerve was re moved in all cases. 

�xperiment I I I : Cricothyroid Activity 

'l'he ext e rna l branch of' tne richt cranial larynf;eal 

nerve vvas identified as it passed lateral ly over t�1e 

extrinsic larynGeal muscles. Transection of the nerve, 

examination, and samplint:� were made as in Experiments I and 

I I. 

Bxperiment IV : Cranial Laryngeal Nerve Function 

The internal branch of the right cranial laryngeal 

nerve was identified as it passed ventrocaudally from the 

vae:;us to the thyroid forame n  of the larynx. In this experl­

ment, all intrinsic laryngeal muscles were monitored before 

and immediately after nerve section. Transection and 

sampling of the nerve was made as described in Experiment 

I and I I. 
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v.J.2: IGHTS OF INTH INBIC LA£/.YNGEAL hUSCLES 

A . Twenty-f our larynge s obta ined from dead hor s e s of various 

age s , b r e eds and sexe s we r e  placed in 10; formalin for 

7 days . An addit iona l larynx was obtained fror o d iac­

no sed roarer for purp o s e s  o f  compari son . rhe int ri�sic 

�u s c l e s  from the se larynce s were removed froo tne ir 

cart ilacinou s att achment s and we iched . d inc e it is 

p o s s ib l e  that the use of wet , fixed tissue introduc e s  

an error in mu s c l e  we i�ht measurement , the mu s c l e s  were 

sub s e qu ent ly fre e z e -dried and we iched acain . ��e 

s icnif i c ance of t�e we icht diff erenc e b etwe en oaired 

risht and left mus c l e s  in each hor se was t e st ed us inc 

Jtudent ' s t t e s t  wit hin t h e  f o l l owinc G�oun s : 

( 1) Abductor mu s c l e s  ( dorsal cricoaryt eno id) 

( 2 )  .i. dductor nu scle s supp lied by the ::::-e current l e.:::-;:y-n[;e c: l  

nerve ( lat eral crico aryt eno id , transve r s e  aryt eno id , 

v o cc:lis  and ve�tricu lar i s ) 
( 3) Cricotnyro id 

B . �he laryn� e s  were removed po stmort em from the 12 horse s 

inv o lved in the denervat ion experiment s and t reat e d  in 

the s ame manner as previo u s ly mentioned in A . 

HISTOLOGY O.B' IN1rR INSIC :L.ARYNG.c,AL f'JUSC U S  

S e ct ions were  t aken from the hor s e s  invo lved in the 

denervat ion exp eriment s . S e c t ions of the denervated mus c l e s  

and c ontr alat eral e quivalent mus c l e  were st ained with 

Haemat oxy l in and e o s in and e xamined . 
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.rtESULT S 

ANATOhiCAL STUDY 0�' TH� LArtYNGBAL N�HVB8 

Gro s s  anat ooy o f  the larynge al nerve s 

1 .  Vasu s 

T he gro s s  anat o oy of the vagu s and it s larynG e a l  

branche s was out standins i n  it s unif ormity , and wa s s im i l ar 

t o  the de s c r ipt ions in the lit e rature ( � radley , 1 923 ; 8 i s s o n  

and G rossoan , 1 95 3 ; Taylor , 1 95 5 ) . 

The vacus nerve was first ide�t i: i ed at t h e  j ucul ar 

f o r a�en . It  effiersed in conjun c t ion with the clo s s opharynGeal  

( I� )  nerve and t�e  ext ernal brand of the ac c e s s o ry ( L I )  

ne �ve . � n e  � l o s s op�arynreal  and vacu s nerves  io�ediat e ly 

pas :::; ed t oF· e -c h e r  throuL.tl 2, fo ld of t .Cle  c;uttural poucn nu c o s a . 

ihe ext e rnal branc� of t he ac c e s s o ry nerve curved c audal ly 

t owards the l at era l  c ervical re c i on . Tne vazus n e rv e  o e c a�e 

a s s o c iat ed with the int ernal c ar o t id art ery at t�1 i s  p o int 

and pas s ed paral l e l  t o  this ve s s e l  b e fore  b e c o o in� ass o c iat ed 

w i t h  the cranial c e rvical gan� l io n . The vaco syop at h e t i c  

t runk tnen t rave l l e d  c auda l ly down the neck t o  t n e  l e ve l of 

t h e  tnorac ic  inl e t  o n  the dor s a  l at e ral surf ac e s  of the 

t rache a . 

2 . C ranial larynge a l  nerves  

The  f irst larynge al branch of the vagus aro s e  from the  

o e s ophageal d ivis ion of the  pharyn�eal branch of  the vagus . 

The oe sophage al branch of  the pharyngeal nerve p a s s e d  c audally 

f rom it s p o int of origin from the vagus slight ly c audal t o  

t h e  cranial c e rvical gangl ion , t o  the cranial o e sophagu s . 

In all c as e s  this nerve supp l i e d  the external b ranch of the 

cranial laryngeal nerve . The e xt ernal branch of  the cranial 
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l aryngeal nerve was traced lat eral ly in the pharynge al wal l  

t o  the po int where i t  l ay lat e ra� but in c l o s e  proximity t o , 

the cric opharyngeal and thyropharynge al mu s c l e s . In this  

reg ion the nerve branched ext ens ive ly ( F ig . 7). One divi s ion 

of the nerve pro gre s se d  ventrally to ins ert int o tne c rico ­

thyro id and thyropharynge al mu sc le s . Other smal ler b ranche s 

ramif ied into the mu sculature of the cricopharynga l  mu s c l e . 

C audal t o  the pharyng eal branc h , a large nerve aro s e  

froo t h e  vasuc . This nerve p a s s e d  in a ventral direct ion 

oedial to  the e xt ernal c arot id art ery in the lateral wa ll 

of the pharynx and then c ont inued ventro c audally t o  ent er 

the lc..rynx at the thyro id foraoen . This nerve was ident if ied 

a s  the int ernal branch o f  the cranial larynBeal  nerve . 

Tne larynge al nerve distribut ion in the cran ial and 

c ervic al region was unilat eral but siailar on both left  and 

ric;l1t s ide s . 

? · 2 e c urrent l arynB e al nerve s 

In contrast , the branching of the recurrent laryngeal 

nerve s  differed on e ither s ide . The right nerve branched 

froo the vagus at the level o f  the f irst int erc o st al spac e , 

p a s s ing medial ly around e ither the right sub- c lav ian or 

the c o stoc ervical  art ery to lie  on the  right lat eral wal l  

of the trache a . A t  t h e  thorac i c  inlet a series  o f  f ine 

branche s  of the recurrent nerve ent ered the  t rachea . There 

was also  an int e rconne ct ion at this po int with the c e rvico­

thorac ic gangl io n . F rom this p o s it ion the  nerve p a s s ed 

cranially on t h e  trache a  cro s s ing deep t o  the c ommon c arot id 

art e ry b ef ore c o ming to lie on the dorso lat eral a sp e ct of 

the trachea in the region of the thyro id gland (F ig . 8 ) . 

The nerve pas s e d  dorsal t o  the gland but ventral t o  the  
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thyroid and larynge al blood ve s s e l s . It then ent ered the  

larynx nedial t o  the extrinsic l arync;e al mus c l e s (F ig . 7 ) . 

The  left recurrent nerve branched from the left vagu s 

at the level of the base o f  the heart , i . e .  about 25 t o  3 0  cm 

caudal to  the e qu ivalent p o int of branching of the right 

recurrent larynce al nerve . F ine branche s of both the vagus 

and recurrent laryngeal ne rve s were f ound at this po int . 

The s e  were trac e d  int o the wal ls  of the aort a and s inu s are a 

of the he art . T h e  re current larynge a l  nerve divided int o 

tHo brancl1e s v1hich curved medially around the aort a and 

lisamentum art erio sum to l i e  on the trachea . The soa l l e r  

of the s e  two branches app e ared t o  b e  assoc iat ed with the  

sympat�etic nerve at  this  p o int oe fore re j o ininc the  �us c le  

or nerve f ibre s . This  branch was identif i ed as  the t ra n s ­

ver s e  a�yt eno id or adductor branch of the re current l arync e a l  

nerve . 

The rcoalnlnc braTich of the re current nerve p as se d  

ro stro -ventrally medial t o  the tjyro id lamina . rhe nerve 

pas s e d  o b lique ly along the lat eral surface of the lat eral 

crico aryt eno id and gave off two branches int o the sub s t ance 

of tnis  muscle . The recurrent nerve c ont inued ro stro­

ventrally to  l i e  l at eral t o  the lat eral ventricle  where  it 

f inally divided int o thre e branche s . The mo st caudal branch 

was reflect ed c audally , medial to the lateral cricoaryt e no id 

where it ent ered the substance of  the  vocal i s  musc le . The 

cranial divis ion p as sed cranially over the lat eral vent r i c l e  

to  p a s s  into t h e  s ubstance of t h e  ventricular i s  musc le . 

The remaining branch i . e . the dorsal branch int erconne ct e d  

with a large branch of t h e  int ernal cranial laryngeal n erve 

(F ig . 1 0 ) . 



F igure 7. Ext rins ic innervat ion of  the larynx 

R ight lat eral asp e c t  o f  the larynx . 

Showing the ext ernal di stribut ion of  

all nerve s assoc iat ed with the  larynx 

in the laryngeal re gio n . 

Key : ' Vagu s  nerve 

Symp athetic  nerve 

" Ext e rnal branch of the c ranial 
laryng e al nerve 

Int e rnal branch of the c ranial 
laryng e al nerve 

' R.e current laryngeal ne rve 

' O e s ophage al branch 

' Pharynge al nerve 
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F igure 8. D i stribut ion of  the vago - sympathet ic t runk 

and re current larynge al nerve in the thorac i c  

r egion 

Key : 

R ight lat eral asp e ct . 

Showing origin of the right recurrent 

larynge al nerve 

'V agu s  nerve 

\ Sympathet i c  nerve 

\ Re current laryngeal nerve 





F igur e 9 . D i stribut ion of the vago - sympathetic t runk and 

recurrent l arynseal nerve in thorac ic region 

Key : 

Left l at eral a sp e c t . 

Showing or igin of  the l eft re current laryng eal 

nerve . 

�V aGU S  nerve 

Sympathe t i c  nerve 

' d e current laryngeal nerve 





F igure '1 0 . Int r in s i c  innervat ion o f  the larynx 

Key : 

R ight lat e ral asp e ct of the larynx . 

Showing the int ernal distribut ion of the 

r e current laryngeal nerve and cranial 

larynge al nerve . 

� Re current laryngeal nerve 

� Int e rnal branch of the cranial 
larynge a l  nerve 
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The c ranial laryngeal nerve aft e r  entering the larynx 

from the thyro id foramen immediat e ly divided into numerous 

f ine branches  ( other than the anastomot i c  branch describ ed 

above ) . These f ine f ibrils  ramif ied int o the mucosa  of t he 

aditus larynGis , aryt eno id c art i l ase , aryep iGlot t i c  folds 

and lat eral ventric l e s . There app eared t o  b e  no  evidenc e 

of the s e  f ibrils ent erinc mu s c l e s . The l arger anast omo t ic 

branch p a s s e d  c audal ly from the thyro id foramen dorsal t o  

the lat e ral laryngeal  ventr i c l e  to  fus e with the recurrent 

nerve ( F ig . 1 1 ) . 

:::: isto locs of the lar;ynt;e al nerve s 

I t  was found that e ach nerve examined c ont ained a 

va�iab l e  nucb e �  of p erineurial e�c l o s e d  f a s c i c l e s  of ny e l in-

e at e d  f i1n'e s . rl1h e  s t aininG t e chnique u s e d  diC. not sho\v 

unoy e l in e at e d  f ibr e s . Thre e dist inct typ e s  of f ibre we r e  

icie�-:t if i ed : 

( i ) larc; e f ibres > 13 !lm 

( ii ) mediur:: f ibr e s  < 13  !lD 7 5  :n 

( i i i ) small  f ibr e s  < 5 !lffi 

There were dist inct chances  in the distribut ion and 

p opulat i on of the various nerve f ibre typ e s  dependinG on the 

l evel  of transect ion of the nerve . 

At the leve l o f  the jugular forame n , t he vagus c ont ained 

many small f ibre s ,  and f ewer large and medium f ibre s , 

randomly distribut e d  throughout the nerve fa s c i c l e s . The 

large and medium f ibres usua l ly made up 10-1 5% of the f ibre  

populat ions (F ig . 1 2 ) but in  a small numbe r  of  fascic l e s , 

the proport ion of  the  large r  f ibr e s  was in exc e s s  of 5 0�6 . 

A t  the thorac i c  inlet the vagus had f ewer fasc i c l e s . 

The f ibre populat ion changed within t h e se fas c ic l e s . The  



F igur e  1 1 . Int ernal branch of the c ranial larynge al nerve 

K ey : 

rt icht lat eral asp e ct of larynx . 

Median s e ct ion t hrough the larynx to  show 

distribut ion of nerve within the larynx . 

Not e anast omot ic branch of nerve . 

Int e rnal branch c ranial laryng e a l  nerve 



I 
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medium s iz e d  f ibres app e ared t o  coale sce  int o several 

f s c i c l e s  in the nerve t runk . This resulted in s ome fascic l e s  

having the medium s i z e d  f ibre f o rming 50-60% o f  the p opulat ion . 

The s e  f a s c ic l e s  lay superf icially in the nerve t runk in a 

dist inct area ( F ie . 1 3 ) . 

Ju st prior t o  the re current nerve branching , the 

fas c i c l ar charact e�i stic s of the vasus chanced s l ight ly ; 

tnere were now s everal f a s c i c l e s  containing s o le ly Qedium 

s i z e d  f ibre s . These f a s c i c l e s  lay sup erf i c ia l ly in the nerve 

trunk in a dist inct sroup (2 ic . 1 4 ) . 

l�f t e� the re current nerve had left the vacus the 

fas c ic l ar patt ern revert e d  to that seen at the juGular fora­

Den . In all f e.s c i c l e s  t nere was a rGndorn distribut ion of 

f ib � e  typ e s  with � predo�inance of  smaller f ibre s ( J i3 . 1 5 ) . 

'11hG recur�:'ent larynceal nerve vias c oH:p r i sed s o l e ly of  

fas c ic l e s  cont aininG medium sized f ibre s , althou�h in s ome 

..o. o r se s  one f e. s c i c l e  co;.. tained snc.ll  fi�res onl;y . r:t1 i s  

fas c ic l e  typ e was pres ent only i n  t � e  recurrent nerve s a s  

f ar as the l rynx and could not be  f ound i n  the l arynseal 

branche s (l� i[; . 1 6 , 1 7 ) . 

Both " adductor " and '' abduct o r "  laryngeal  branche s of  

the r e current l aryngeal nerve we re comprised of f a s c i c l e s  

cont a ining medium f ibre s only (F igs . 1 8 , 1 9 ) . 

The ext e rnal branch of the cranial laryngeal nerve 

cont ained f a s c i c l e s  of  medium f ibre s only ( F ig . 20 ) while  the 

int e rnal branch c ont ained a mixed population s imilar to that 

s e e n  in the vagus at the jugular foramen ( F ig . 21 ) . 



F igure 1 2 . Phot omicrograph of t ransverse s e ct ion of  the  

vagus at the jugular foramen . 

a . Showing distr ibut ion of the f a s c icles  present in the 

vagus . 

Trichrome b lu� 90x . 

b . 3howing a t yp ical fasc icle of  the vagus at this p o int . 

All  t yp e s  of  mye l inat ed f ibr e s  c an b e  s e en in random 

distribut i on . 

Trichrome b lu e  260x . 





F igure 13 . Phot omicrograph of transverse s e ct ion of the 

vagus at the thorac ic inlet . · 

a . Showing the distribut ion of fasc icles  within the vagus . 

A numb er of f a s c i c l e s  now show group ing of f ibre type . 

Tri c hrome b lue 90x . 

b . Showing a fas c ic l e  where there appears to  b e  a separat ion 

of f ibre typ e s  within the fas c ic l e . 

Trichrome blue 260x . 





F igure 1 4 . Phot omicrograph of  t ransverse s e c t ion of the 

vagus b efore branching of  the re current 

laryngeal nerv e . 

a . Showing distribut ion of the f a s c ic l e s  in the vagu s . 

Some f a s c i c l e s  now lying on the periphery of the ne�ve 

trunk are comprised s o l e ly of medium mye l inat ed f ibres . 

See lower r ight of f igure . 

Trichrome b lue 90x . 

b . Showing one of  the p eripheral fas cicl es ; all the f ibre s  

within this fascicle  are o f  the medium mye l inat ed f ibre 

type . 

T r ichrome b lue 260x . 





F igur e  15 . Phot omicrograph o f  transverse s e ct ion of  the 

vagus aft er branching of the re current 

l aryngeal nerve . 

a . Showing p at t ern of  f as c ic l e s  within the vagus . 

The fibre distribut ion res emb l e s  that s e en in the vagus 

at the jugular foramen . 

b . Showing a typ ical f as c ic le . 

Trichrome b lue 90x . 

There appe ars to b e  a randoo distribut ion of a l l  f ibre 

typ e s  within the fas c ic le . 

Trichrome b lue 260x . 





F igure 1 6 . Phot omicrograph of  t ransverse s e c t ion of the 

re current l arynge al nerve at the thorac i c  inlet . 

a . Showing two typ e s  of  f as c ic l e s . 

The ma j ority of  f as c i c l e s  are comprised of  medium 

mye l inat ed f ibres . 

Two f a s c i c l e s  can b e  s e en t o  the right of  the figure 

which are c o�prised of f inely myel inat e d  f ibre s . 

Trichrome b lue 90x . 

b . Showing the two t yp e s  of f ibre de scrib e d  ab ove . 

Trichrome b lu e  260x . 





F igure �7. Phot omicrograph of the transverse s e c t io n  o f  

t h e  recurrent l arynge al nerve at the l arynx . 

a . Showing distribut ion of the fasc ic le s . 

The maj ority of  the fas c ic l e s  are compr ised of  popu­

lat ions of  �edium mye l inated f ibre s . 

One fas c ic l e  of  f in e ly mye l inat ed f ibres  c an b e  s e e n  

t o  the right of the f igure stained b lue . 

Trichrome b lue 90x . 

b . Showing a f a s c icle of  medium mye l inat e d  f ibre s . 

The fasc i c le app ears t o  b e  sp l it t ing into separat e 

branche s . 

Tri chrome blue 260x . 





F igure 1 8 . Phot omicrograph of transverse sect ion of the 

re current l aryngeal nerve . 

Abductor branch t o  the dorsal cricoaryt eno id 

mu s c l e . 

a . dhowing f as c i c l e s  c omprised predominant ly of f ibre s of 

medium oye linat ion . 

Trichrome b lue 260x . 





F igur e  1 9 . Phot omicrograph of t ransverse s e ct ion of the 

r e current larynge al nerv e . 

Adductor branch t o  a l l  intrinsic larynge al 

mus c l e s  supp lied by the re current laryngeal 

nerve other than the dorsal cricoaryt e no id 

mu s c le . 

a . Showing distribut ion of fas c i c l e s  in the nerve . A l l  

fas c i c l e s are comprised o f  f ibre s o f  medium mye l inat ion . 

Trichrome blue 90x . 

b . Showing f a s c icle  c omprised o f  medium mye l inat ion . 

Trichrome blue 260x . 





F igure 20 . Pho t omicrograph of transverse s e c t ion of the 

ext ernal branch of the crania l  l arynge al nerve 

a . Showing fascicles  which have a majority of the medium 

mye l inated f ibre type . 

Trichrome b lue 260x . 





F igure 21 . Phot omicrograph of transverse  s e ct ion of  the 

int e rnal b ranch of  the crania l  laryngeal nerve . 

a . Bhowing f ibre typ e  distribut ion in the fasc ic l e s , 

simi l ar t o  that s e e n  in the vagu s at the ju�ular 

f orame n . 

Tr ichrome b lue 90x . 

b . One fasc i c le c ont aining a random distribut ion of  

large , medium and small f ibres . 

Trichrome b lue 260x . 
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FUNCTIONAL STUDY OF TnB LA2YNGBAL NEHVE SUPPLY 

� ormal e le ctromyographic act ivity of  int rins ic l aryngeal 

mus c l e s  

�lectromyographic act ivity o f  the do rsal crico aryt eno id 

mu s c le : 

A t ot al of  3 8  recordinG S were obt ained from the 1 4  

hor s e s  examined . In all 3 recordings t�ere was an increased 

rat e of  f iring o f  the e l e ctrical act ivity of a �otor unit 

dur ing insp irat io n . In no st recording s a great e r  numb e r  of 

not o r  unit s were act ive dur ins this phase of the cyc le  

(F i� . 22). In 34 of the 38 recordings there was cons iderab l e  

�o� o� unit 8 ct ivity durins t n e  r e st nhase betwe en r e sp irat o ry 

excurs ions . 

In the rernainin� 4 re c ordincs , sotor unit act ivity wss 

not disc ernible  durin� tnis phase of  the re spiratory cy c le . 

�oweve r , tne se 4 recordincs were obt ained from animal s , 

w�ich , o n  repeat e d  examinat ion , showed ootor unit s t�at were 

act ive dur inr th is phase of the cyc le . In the maj ority of 

t�e re c o rdincs ( 23 out of 34) in which act ivity durinc the 

re st ing phase of the resp irat o ry cyc l e  was pre s ent there 

was a variab le int erval on commencement of exp irat ion in 

which l ittle  act ivity c ould be ob s erved . In the other 9 

recordings mot o r  unit act ivity was not iced throughout the 

ent ire respirat ory cyc le . 

E l e ct romyographic act ivity of the cricothyro id mus c l e  

The r ight cricothyro id mus c l e  was e le ctromyographically 

examined in 1 3  hors e s  and a total o f  32 re c ording s  were 

obt aine d . 

In all trac e s  there was t onic act ivity b e t we en r e sp irat o ry 



F igure 22 . Abductor act ivity in the do rsal crico aryt enoid 

mu scle . 

T wo examp l e s  o f  insp irat ory f ir ing in the dorsal cr i co ary­

t eno id mu s c l e . 

The upper trac e s  show re sp irat ion . 

Lower trac e s  show t onic f iring during the rest  pha s e  with 

an increa s e  in f iring dur ing insp irat ion and a short p eriod 

of  s i lenc e during exp irat ion . 
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excurs ions . In approximat e ly half t he animal s  ( 7 )  in which 

17 r e c ordings were ob served the t onic f iring was acc omp ani ed 

by an increase in rat e of  motor unit act ivity durinG 

insp irat ion . I n  sooe cases  an increase in the nu�b er o f  

act ive motor unit s was also ob serv ed . 

In a further 4 animals the rat e  of ele ctrical act ivity 

was no t apparent ly re lat ed to  the r e spiration as in a l l  

the s e  animal s a reEular rat e of  f ir ing was obs erved through­

out the ent ire re sp irat ory cyc l e . IIowever , in a rep e at ed 

recordinc in one such anioal , althouch the rat e of  act ivity 

was const ant tnroucnout the r e sp iratory re st period , it  

actual ly decre a s e d  and almo st c e a s e d  durinc both insp irat ion 

and exp irat ion . 

In tne re�a inin� t wo aniDals a s licht ly different 

pct t erL of e l e c t r ic a l  act ivity was s e e n . 1he rat e of  t�oto r 

unit act ivity de creasea durinc insp irat ion , scce lerat ed 

duri�� exp irat ion but was oost rap id durin� ��e r e sp irat ory 

rest p eriod . In one of the an irn�ls there o c curred sudden 

burst s of f irinc apparent ly unre lat ed to the r e sp ira t ory 

cyc l e . Durinc the se bursts an increased numb er of  mot or 

uni t s  and an increased aop l itude and rat e of  dis charce was 

ob s e rved . 

� l e ctromyographic act ivity of  the lat eral cricoaryt eno id 

mus c l e  

Twenty-four recordings were obt ained from 1 2  different 

hor s e s . Four different pat t e rns o f  motor unit act ivity 

were ob served . The most common e lectromyographic p at t ern , 

whi ch was seen in 5 of the 1 2  animal s , was that in which a 

burst of e l e ctrical act ivity of varying durat ion o c curred 

during exp irat ion (F ig . 23 ) . In 1 of the s e  5 animal s 



F igur e  23 . Adductor act ivity in the lat eral crico aryt eno id 

mus c l e  

Two examp l e s  of act ivity i n  the lat eral cricoaryt eno id 

musc le . 

Upp e r  trace s show re sp irat ion . 

Lower trace s show e lectrical  act ivity in the mus c l e s  during 

exp irat ion and a variat ion in the length of variab le t ime 

during the rest phas e . 

There is  no act ivity d i s c ernibl e  during insp irat ion . 
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c on s iderab l e  act ivity was ob s e rved throughout the resp irat ory 

r e s t  p eriod . 

In a further 3 animals act ivity oc curred throughout 

the ent ire re sp iratory cycle without 2 det e c t 2b l e  resp irat ory 

rhythm . In another animal , increased e l e ctric act ivity 

o c curred ln bur st s somet imes  during insp irat ion and somet im e s  

during exp irat ion . 

F inally in 3 anima l s , although repe at e d  att empt s were 

nade t o  obt ain e l e ctromyograms , no act iv ity was re c orded . 

� l e ctrornyog�aphic act ivity of the transverse  aryt eno id 

mus c le . 

htt e�pt s we re made to  obtain e l e c tromyograms of this 

1:1us c l e  in 10 hor s e s . ll o \vever , a total of 1 3  recordint; s 

were obt ained in 6 animals only . 

In 4 of t�e 6 an imals , increased e l e ctrical act ivity 

o c curred dur int_, exp irat ion \vi th o c cas ional act ivity t11rouc_;h­

out the p eriod b etwe en r e sp irat ory excurs ions . In tne 

remaining 2 an imals incr eased act ivity c ommenc ed at tne 

s t art of exp irat ion and cont inued unt il s everal s e conds 

aft e r  exp irat ion had c eased . 

� le ctromyographic act ivity in the ventricularis  and vo c al i s  

mus c l e s  

Att empt s we re made t o  obtain record ing s from 1 2  hor s e s  

but e l e ctrical act ivity was obt ained in only 9 recordings 

from 6 animals . 

In 4 o f  the s e  6 animal s ,  bursts  of firing were s e en dur ing 

exp irat ion but no act ivity was s e en other than thi s . In 

another the burst of f ir ing dur ing exp irat ion cont inued 

int o the p e r iod b etwe en re sp irat ory excurs ions . The r e c ordings 
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from the remaining animal cont a ined an increased burst  o f  

f ir ing during insp irat ion . M o t o r  unit act ivity throughout 

the r e s p irat ory r e st period was ob s e rved in only one of the 

n ine r e c ordings obt ained (F ig . 24) . 

Denervat ion exper iment s 

.Sxp e r iment I - Abduc t o r  act ivity 

When the abduct or branch of the right r e current 

l aryn0e al nerve was severed there was a result ant violent 

increase  in e l e c t rical act ivity of the r ight dorsal crico -

aryt eno id mus c l e  fol lowed by e lectrical s ilence (F is . 25 ) . 

Howeve r , there were no obvious chang es in the e l e ctrical 

act ivity of all  o ther intrins ic l aryngeal mu s c l e s . �hino-

lary�so s cop ic exa�inat ion during s e ct ion reve aled a vio lent 

abduct ion of the aryt eno id c art ilac e s  fo llowed by adduct ion 

aft e r wnich ther e was no re sp irat ory moveoent of t�e ri�ht 

arytenoid cart il ace . Normal r e sp irat ory movement of the 

left aryt eno id c art ilac; e  c ont inued . 

�xp e riment I I  - Adduct o r  act ivity 

When the adductor branche s of  the right recurrent 

laryngeal nerve were cut brief vio l ent e l e c t rical act ivity 

was r e c orded from t he lat eral cri c o aryt eno id muscle . Rhino-

laryngo s copic examinat ion dur ing nerve sect ion reve aled a 

vigorous adduct ion of the aryteno id cart ilag e s  f o ll owed by 
• 

app arent ly normal abductor movement s during c on s e quent 

r e sp irat ions . 

When the animal s were re -examined s ix weeks aft e r  nerve 

s e c t ion a f ibrillat ion p at t e rn in the right intrinsic 

l aryngeal mus c l e s  with the exc ept ion of the cricothyro id 

and dorsal cricoaryt eno id was re c o rded (F ig . 26 ) . 



F igure 24 . Adductor act ivity in the ventricularis mu s c l e  

Upp er t race shows resp irat ion . 

Lower trace shows a burst of e lectrical act ivity in 

exp irat ion that cont inue s through p art of the rest p eriod . 
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F igur e  25 . A c t ivity in the dorsal cricoaryt eno id muscle  

during nerve s e c t ion . 

a . Upp e r  t race shows r e sp irat ion . 

Lower t race shows t onic act ivity throughout the 

resp irat ory cyc le , with a short burst of act ivity 

during insp irat ion . 

After nerve sect ion there was no further e l e c t rical 

act iv it y . 

b . Upp er trace shows re sp irat ion . 

Lower trace shows e l ectromyogram in the same 

mus c l e  as  in a . , s ix we eks post s ect ion . 

There i s  c onstant random e l e ct rical act ivity 

rr f ibri l lat ionrr , no respirat ory patt ern is 

dis c ern ib l e . 
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F igure 26 . Act ivity in the ventricularis mus c l e  during 

nerve s e c t i o n . 

a . Upp e r  t race shows re spirat ion . 

Lower t rac e shows e l e ctromyogram from the 

ventricularis mu s c l e . 

The nerve is s e c t ioned during c ontract ion of the 

mus c l e . 

Aft er s e ct ion there was no further act ivity . 

b . Upp er t rac e shows r e s p irat ion . 

Lower t rac e shows e le ctromyogram of the ventr icularis 

mus c le s ix we eks post s e c t ion . 

There i s  c onstant random e le ctrical act ivity 

" f ibrillat ion " . 

No resp iratory p att e rn c an b e  seen . 
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Exp eriment III  - Cricothyro id act ivity 

During sect ion of the right cranial l aryngeal nerve 

there was a viol ent incre ase in e l e ctrical act ivity in the " 

c r i c othyro id ous c le f o l lowed by e l ectrical  s ilenc e . 

Aft er s ix weeks the cric othyro id mus c le showed 

f ibrillat ion act ivity (F ig . 27 ) . � l e ct r i c a l  act ivity s imilar 

t o  that ob served prior to nerve sect ion was s e en in all 

other intrinsic laryngeal mus c l e s  on the right s ide and al l 

the  intrinsic larynge a l  mus c l e s  on the l eft . 

�xp eriment IV - Cranial larync eal act ivity 

F o l l o winG s e c t ion of the int ernal branch of the right 

cranial larynGeal nerve no chance in e l e c trical activity 

was s e en in any of the mus c l e s  on the right s ide . After 

s 1x we eks , intrinsic  l arynseal  mu s c l e act ivity on both s id e s  

of the l arynx was s in i lar t o  tnat re c ord e d  from t � e  nus c l e  

on the risht s ide prior to nerve s e c t io n . 

a . The wet and dry we ight s of mus c le s from both side s of 

the larynge s  are shown in T ab le 3 . T he dry we icht s of the 

abduct ors , adductors supp lied by the recurrent larynseal 

nerve , and the cric o t hyro id mus c l e s  were plotted on graphs 

to illustrat e the r e l at ionship between the l eft and right 

s ides  (F ig s . 28 , 29 and 30) . 
St at ist ical analysis  on b o th wet and dry we ight s demon­

strat ed a highly s ignif icant differenc e in we ight betwe en 

s ides  of  abduct ors and adduct ors supp lied  by the recurrent 

l aryngeal nerve ( P  < 0 . 001 ) . In both c a s e s  the muscle s o n  

the l eft s ide were s ignif ic ant ly l ight e r  than tho s e  on the 

r ight . In contrast t here was no s ignif i cant diff erence  in 



F igure 27 . Cric othyro id act ivity during nerve s e ction . 

a . Electromyogr am of t onic type of cricothyr o id act ivity on 

lower trac e . 

During nerve s e ct ion there are a numb er of giant 

potent ials f o llowed by e le ctrical s ilence . 

b . The upp e r  trace shows re sp irat io n . 

The lower trace shows c onst ant t onic act ivity of the 

cricothyr o id ou s c l e . 

I erve s e c t io n  o c curred during r e sp irat ion . 

Not e giant p o t ent ials at this t ime fol lowed by 

e l e ctrical s ilenc e . 
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F igure 28 . 

F igure 29 . 

F igure 30 . 

The fre e z e dried ue ight s of the abductor ousc le s . 

The dorsal cricoaryt enoid mus c le s . 

R . - A c l inical ro arer . 

The fre e z e  dried we ight s of the total adductor 

mus c l e s  supplied by the re current laryngeal nerve s . 

R . - A c l inical ro arer . 

The fre e z e  dried we ight s of the cricothyro id 

mu s c le s . 
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TABLE 3 

\rJ_2; IG.hT o Oli' Ii:JT.rt llk-JI C LA.RY1m�l1.L l 1UoCUJ 

Oi Ia .. l'l DO HLY 8.0UCT.2D noi{oc::; J 

hu s c l e  
i:J e t  U e i ght P r e e z e  D r i e d  

( Grams ) b e ic;ht ( Grar.1s ) 
L e f t  ?.. i cht L e f t  1:::. i cht 

D o r s a l  c r i c o -
a:::'yt e n o i d  

-
5 . 1 7 X 8 . 70 2 . 1 2 2 . 3 6  

o . D . 2 . 1 6 2 . 3 6 0 . 5 7  o . G'? 

C . V . 26 2 7  27 2J 

.Lat e ra l  c r l c o -

aryt e n o i d  
-

3 . 04 X 3 - 79 0 . 78 0 . 97 

..3 • .0 . o . S<J 0 . 91 0 . 25 0 . 24 

C . V . 3 2  24 3 2  25 

C' r&nsver s c  
2.ryt en.o i d  

-

2 . 3 8 2 . 72 0 . 60 0 . 67 X 

o . D . 0 . 8 1 0 . 73 0 . 1 9 0 . 1 9 

C . V . 34 27 3 2  . 28 

V o c al i s  X 5 . 1 0 5 - 73 1 . 29 1 . 46 

S . D . 1 . 7 1 1 . 45 0 . 3 6 0 . 40 

C . V . 34 25 28 27 

Ventricularis 
-

2 . 23 X 2 . 65 0 . 54 0 . 62 

S . D . 0 . 60 0 . 51 0 . 1 1  0 . 1 3 

C . V . 27 1 9  20 2 1  

Cricothyro id 
-

5 . 76 5 . 74- 1 . 62 1 . 58 X 

S . D . 1 . 74 1 . 72 0 . 58 0 . 50 

c . v . 30 30 36 32 

-

Me an : S . D . St andard Dev iat ion : c . v . Coeffic i e nt o f  X 

Var ianc e 
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the we ight s o f  t h e  left and right cricothyroid mu s c l e s . 

Bince the coeff i c ient of variat ion o f  mus c le we ight s are 

s imilar for both wet and dry mus c l e s  the experiment al e rror 

was s imilar for e ach . Variation was generally great e r  in 

the we ight of mus c l e s  from the left s ide . 

b . The mean mus c le we ight s of the denervat ed r ight crico-

aryt eno id musc l e s  were heavier than tho se  of the undenervat ed 

left muscle s ,  wit h the exc ept ion of the cricothyro id mus c l e s  

(Table 4 ) . However , insuffic ient r e sult s were availab l e  

for ac curat e stat i s t ical analy s i s . 

HIB'rO:SOGY Ol" INT� � INSIC LARYNG.t:AJ_j hUSCWB 

There were no dist inct change s seen  1 n  the denervat ed 

mus c l e  when comp ared with its cont ralateral e quival ent . 

l o s s  o f  cyt oplasm app arent in t�e s e ct ions of denervat e d  

/, H 

r.ms c l e  (:F ie . 3 1 , 32) � was attr ibut ed to prepare.tion a::r:'t ifact . 

However , a smal l  nu�b er of mu s c l e  c e l l s  in the denervat e d  

mus c l e  showed central ly p laced nuc l e i  which are f ound i n  

atrouhied musc l e . The se  c ould not b e  found i n  the control  

mus c l e . 
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F igure 31 . Phot omicrograph of transvers e s e ct ion o f  

dorsal crico aryt eno id musc le . 

a . Le f t  mu s c le . 

Showing normal patt ern o f  muscle  f ibre s . 

b . R ight mu s c l e . 

H & E . 260x . 

Show ing art ifactual shrinkage of mus c l e  fas c ic l e s . 

There i s  s ome evidenc e o f  atrophy dep icted by 

c e l lu l ar invas ion of  the mus c le fas c i c l e s  s e en 

as c entrally placed nuc l e i  in the sub stance o f  

the myof ibril s . 

H & E . 260x . 
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F igure 32 . Phot omicrograph of transverse  sect ion of 

lat e ral cricoaryt eno id muscle . 

a . Left mus c le . 

Showing normal pattern of muscle  f ibr e s . 

b . R ight mus c le . 

H & E . 260x . 

Showing art ifactual shrinkage of  muscle  fas c ic le s . 

There i s  some e vidence of  atrophy dep icted by 

ce llular invasion of  the muscle  fascicles  s e e n  as 

centrally placed nuc l e i  in the substance of the 

oyof ibril s . 

H & � . 260x . 
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DISCUSSION 

GROSS ANATOI•IY OF THE LARYNGEAL NERVES · ·  

The gro s s  anat ooy of the nerve s t o  the larynx was not 

at varian c e  with previou s  reports ( S is son and Gro s sman , 1 95 3 ; 

l•l ason , 1 973 ; N ic ke l  et  al . , 1 973 ) and therefore n e eds  no 

further comment . However , the cours e  of  the larynGe al 

nerve s within the l arynx had not previou sly b e en de scrib e d  

in det ai l . A dist inct unilat eral patt ern was e vident ; in 

no case could nerve f ibre s b e  t raced across the median p lane 

int o the c ontra- lat eral s ide o f  the larynx . Thi s f inding 

was c onf irme d  by the e l e ctromyographic  re sult s and the 

d i s s e c t ions of t wo horses aff e cted with laryngeal hemip l eg ia . 

It app e ars t hat , a s  with va s c u l ar and lymphat ic  sy stem 

( Pr e s sman and Ke l emen , 1 955 ) , the motor nerve supp ly t o  the 

l arynx is unilat erally indepe ndent and separat e . 

H ISTO LOGY O.i.t' .LAEY HG�AJ_J l'{2HV:2:S 

'l'he structural p att ern o f  the vac;u s and re current 

laryngeal nerve s corresponded t o  that a lre ady d e s cri�d in 
' 

the c at ( Dubo is and � o ley , 1 93 6 )  and dog ( Chas e  and � an s o n , 

1 91 4 ) . However , the diffe rent s iz e s  of f ibre s ( large , 

medium and small ) within the r ecurrent laryngeal nerve 

report ed by Murtagh and Campb e ll ( 1 95 1 , 1 95 2 )  and C o le ( 1 946 ) 

were not s e en in this study . The only typ e  of  mye l inat e d  

f ibre in the re current larynge al nerve at the level  of t h e  

larynx was the medium siz ed f ib re . This was s e en in b o t h  

abductor and adducto r  branche s of t h e  nerve . f"lurt agh and 

Campbell ( 1 95 1 ) attribut ed differing funct ions t o  small 

f ibre s and large f ibres ,  the  f o rmer b e ing abductor and the 

lat t er b e ing adductor . They c laimed that in cas e s  of  damage 



t o  the nerve the s e  small f ibre s would be  more suscept ib l e , 

r e sult ing in abductor malfunct ion . In the vagus f as c i c l e s  

app e ared t o  diverge and fuse i n  a comp lex manner along the 

l e ngth of the nerve s . Whe n  the medium and large f ibres  

t o g ether were traced from the cranium peripherally ther e  

3 4  

was a r e organisat ion of the s e  f ibre s unt il fas c ic l e s  had 

p opulat ions between 50 and 1 00% of large and medium fib re s . 

Such an obs ervat ion was oade by Dub o i s  and F o ley ( 1 93 6 )  in 

the c at and by Sunderland and Swaney ( 1 952 ) in man . The 

c laim of Rus s e l l  ( 1 892 ) and Nurt agh and Campb e l l  ( 1 95 1 )  that 

nerve f ibres to adductor and abductor mu scle s c an be r e c og­

nised  in discret e bundl e s  doe s  not therefore app ear val id 

in the hors e . 

The s ingle fascic le compo s ed of small f ibre s seen in 

some :hor s e s  in the re current nerve which could not be found 

p er ipherally in the larynx mo st probably cont ains sensory 

f ibres  t o  the o e sophagus and trachea as f ine b r anch e s  o f  

t h e  nerve were det e ct ed pas s ing int o these  struc tures . This 

f inding agre e s  with the ob s e rvat ions of Dub o i s  and Foley 

( 1 93 6 ) in the cat . 

The external branch of the cranial larynge al nerve was 

also f ound to consist mainly of medium and large f ibre s 

and i s  t herefore expected t o  be  motor to the mus c l e s  it 

supp l i e s . Thi s  i s  contrary to the f inding of Dub o i s  and 

F oley ( 1 936)  who c laimed that the nerve f ibre s in the e xter­

nal branch in the cat were o f  small f ibre diamet er . The 

t erm " ext e rnal branch of the cranial laryngeal nerve " i s  

mislead ing , for i n  all hor se s  dis s e ct ed , this small branch 

originat e d  from the o e sophag e al branch of  the pharynge al 

nerve o f  the vagus and not the cranial larynge al . 
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The internal branch of the cranial larynge al nerve was 

found t o  c ont ain a mixed p opulat ion o f  medium and small 

f ibres randomly spread throughout the bundle s . Dubois  and F o l ey 

( 1 S 3r ) , e nd Chase and Ranson ( 1 914 )  also found t hi s and 

claimed that the s e  were sens o ry f ib re s . E le ct romyographic 

re sult s c o nf irm that th is n erve contains no mo t o r  f ibre s t o  

t h e  int rin s ic laryngeal mu sc l e s . 

J:i'UNCT IOHAL dTUDY OF LA:]YNGEAL N.2HVES 

:Normal e l e c tro:Jyo;,raphic activity of int rins ic l a:!:'ynge a l  

nus c l e  

T � e  dorsal c r i c o a ryt eno id mu s c l e 

A lthouch there are many s i�ilar it i e s  in the e l e c t r i c al 

a c t ivity of the dorsal cricoaryt eno id durinc q u i et re sp ira­

t io n  � e t we en the h o r s e  and othe � sp e c ie s , t h e r e  ar e also  

so�e narke d diff erenc e s . A s  with t h e  e l e ctr ic al act ivity in 

the e qu ival ent hunan :Juscle  ( � aaborc-Anders en , 1 957)  there 

is a p � o nounc e d  de�re e of ele ctrical a c t iv ity dur in� t�e 

resp irat o ry rest phase . H o w e v e r , in c ontrast t o  � aaborg­

And er s en ' s human f indings , the  electrical act ivity in the 

hor s e  incr e ased dur ing insp irat ion . Similar e le ctrical 

behaviour during quiet r e sp iration in this nu s c le has b e en 

obs e rved in anae sthet ised c at s  ( Green and Neil , 1 955 ; R ex ,  

1 969 ; Suz uki and Kirchner , 1 969 ) , dogs (Nakamura et al . , 

1 958 ; S ir ibodhi et al . , 1 963 ) and goat s  ( Murt agh and C ampb e l l , 

1 954) but in the s e  spe c i e s  the act ivity ceased during 

exp iration . In the hors e , however , the electric al act ivity 

was inh ib it ed in most sub j e ct s  during s ome or all of  the 

exp irat ory phase , while others did not show e l e ct rical s ilenc e  

at any t im e  during the r e sp iratory cyc l e . 
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The degr e e  of motor unit act ivity during the r e st phase 

of the re sp irat ory cycle  indicat e s  that the dorsal  cri c o -

aryt eno id mus c l e  p l ays an imp o rtant r o l e  in maint aining the 

aryt eno id c art ilage s in the ir normal resting p o s it ion during 

the period betwe e n  resp irat ory excurs ions . In addit ion , 

the degre e of  act ivity durin� insp irat ion conf irms that the 

main funct ion of the mus cle  is t o  abduc t the aryt eno id 

cart ilag e s  during th is phase  of the respirato ry cyc l e . 

The cricothyro id muscle  

Cons iderabl e  c onfus ion exist s in the  literature regarding 

the act ivity of the cric othyr o id mus c l e s  during qu iet 

r e s p irat ion . Numerous autho r s  cons ider it to be oost act ive 

dur ins exp irat ion ( 'I• s c'clias sny , 1 944 ; hurt agh and Campb e l l , 

1 954 ·; · l'Jakamura e t  al . , 1 958 ; .S iribodhi et al . , 1 963 ; ohin 

et al . , 1 969 ; Su zuki e t  al . , 1 970)  whilst others cons ider 

it t o  be m o st act ive during insp irat ion (Andrew , 1 955 ; 

Armstrong and doith , 1 955 ; F aab orB-Andersen , 1 95 7 ; 

H iroto et  al . ,  1 964 ) . 

In the pre s e nt study , wh i l st approximat e ly half the 

hor s e s  had incre ased e le ctrical  act ivity during insp irat ion , 

there were no recordings in which the great e st degree o f  

e l e ctrical act ivity o c curred during exp irat ion . This f inding 

i s  difficult t o  e quat e with the opinion of mo st authors that 

the cricothyro id mus cle  is an adduct o r  mus cle  of the larynx 

( I'1urtagh , 1 945 ; Seymour and H enry , 1 954 ; F aaborg-Andersen , 

1 95 7 ;  Nakamura e t  al . ,  1 95 8 ; Siribodhi et al . , 1 963 ) . - -
Rather it i s  more in ac cord with the opinion o f  H irot o e t  al . , 

( 1 964) and Suzuki et  al . ( 1 970 ) who considered t hat the 

cric o thyro id assisted the dors al crico aryt eno id muscle in 
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opening the glott i s  during insp irat ion . Suzuki et al . ( 1970) 

b e l ieved that such an hypothe sis  was support ed by the work 

o f  Konrad and R att enborg ( 1969) who r e c orded l arynge al air­

way r e s i st ance during e l ectri cal st imulat ion of the crico­

thyroid and dorsal crico aryt e no id in various c omb inat ions . 

The s e  r e s e arch workers f ound that s ir.mltane ous st imu lat ion 

of both the cric othyro id and dorsal cricoaryt eno id mus c l e s  

produ c e d  l e s s  re s i stance t o  a ir f l o w  than did s t imulat i o n  

of t h e  dorsal cricoaryt eno id alone . 

The t onic act ivity of the crico thyro id mus c le in the 

hors e  i s  apparent ly diff erent from that observed in o th e r  

sp e c i e s . F o r  examp l e , i n  t h e  anae sthet ised dog , Nakamura 

et al . (1958) rep ort ed that the crico thyroid nnd the adductor 

mus cle s remained s i l ent throughout the re st phas e of the 

re sp ir at ory cycle . 3uzuki e t  al . ( 1970) report e d  that tD.e 

cric othyro id act ivity during quiet r e sp irat ion in cat s 

under general anae sthe s ia was so we ak that it c ould b e  

ob s erved only when the anae sthesia vva s  ve ry l ight . In the 

ana e sthet i s ed hor s e , during t he pres ent study , the aL1p l itude 

of mot o r  unit act ivity in the cricothyro id was s ignif ic ant ly 

l arger than in any of the intrins ic l aryngeal mus c l e s  with 

the exc ept ion of the dorsal cric o aryt enoid . Thi s  f inding 

ind ic at e s  that the tonic act ivity of the cricothyroid muscle  

i s  imp o rtant during quiet r e s p irat ion . Thi s mus c l e  app arently 

a s s ists in stabilis ing the d iameter o f  the glottis  by 

tensing the vocal f o lds dur ing this phase o f the cycle . 

The variat ion in the p at tern o f  e le ctrical act ivity 

found in the re c o rd ings obt a ined from the cricothyro id 

indicat e s  that whi l st the maj ority o f  motor unit s in this 

mus cle f ire phasi c ally othe r s  are not apparent ly inf luenced 
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by the rhythm o f  bre athing . 

The addu c t or mus c l e s  

The increas e d  e l e ctrical act ivity ob serve d  during 

exp irat ion in the majority o f  animal s support s  the f indings 

of r e s e archers in other spe c i e s  ( Green and N e i l , 1 955 ; 

Portoann , 1 957 ; Biribodhi e t  al . , 1 963 ; Rex , 1 969 ) . How­

ever in the pre s e nt study no ele ctri c al act ivity was found 

in a s ignificant numb er of adductor muscle s . One or mo r e  

of t h e  f o l lowinG p o s sib i l it i e s  could acc ount f o r  this 

findinG . It could perhap s have b e en the result o f  larg e 

numb ers o f  motor unit s in the s e  mus c l e s  being inact ive during 

qui e t  bre athing . It may al s o  have r e sulted from misp lac e -

nent of the needle e le ctrode , although this i s  unl ike ly as 

re ady acc e s s  t o  these  mus c l e s 'v-Jas obt ained in the e::meriment al 

pro c edure us ed . F inal ly it may have been a manif e st at ion 

of t�e depths of anaesthe s i a . In this  conne c t ion it  is  

int ere s t inG to  note t�e ob s e rvat ions of 3uzuki and Kirchner 

( 1 969) who found that in anae sthet i s e d  cats the depth o f  

anae sthe s ia inf luenced spont aneous e l e ctromyographic act ivity 

in l aryng eal mus c le s . They c ons id e1 ·ed that with deep ening 

anae s th e s ia , act ivity disapp e ared init ially in the adductor 

mus c l e s  and fina l ly in the abduct or s . 

The ab senc e of electri c a l  act ivity in some adduct o r  

mus c le s  h a s  been previously noted during qui e t  r e sp irat ion 

in cons c ious humans ( Knuts on et al . ,  1 969 ) and in anae sthe ­

t i s ed dog s  ( Nakamura et al . ,  1 958 ) . 
- -

The ob servat ion that e l e ctrical activity o c curred 

thr oughout the r e sp iratory r e st p eriod in s ome r e cordings 

sugge s t s  that s light t onic act ivity may o ccur in all the s e  

mus c l e s  b etwe en r e sp iratory excur s i ons . 
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Ele c t romyographic act ivity f o llowing denervat ion 

In all  denervat ion exp e riment s there was c omp l et e 

e l e c t r i c a l  s i lenc e immediat e ly aft er n erve se ct ion . A f t e r  

e ight w e e k s  there app e ared , i n  t h e  denervat ed mus c l e , a 

constant random e le ctrical a c t ivity which was not re l at ed 

t o  tne r e sp irat o ry cyc le . This random act ivity has b e e n  

ident if ied as  intr ins ic f ib r i l lat ion o f  the mu s c l e  c e l l s  

(F aaborg-Anders en , 1 957 ) . 

F ib r illat ion volt ace i s  charact erised by the intrinsic  

act ivity of the  Qus c l e  and ari s e s  from thre e days t o  th� e e  

we eks  aft er in jury . H irot o et al . ( 1 964) claimed that t h i s  

act ivity remains unt il re innervat ion o r  marked atrophy t ake s 

p la c e . 

The re sult s of the denervat ion expe riment s supp ort e d  

t h e  hyp o t he s i s  tnat t h e  recurrent larynge al nerve supp l i e s  

mot or f ibres  uni l at erally t o  the dor s a l  crico aryt eno id cu s c l e  

and a l l  the adductor mus c l e s  with t h e  exc ept ion o f  the 

cr i c othyro id . T h i s  mus c le re c e iv e s  it s motor supp ly from 

the ext e rnal branch of the c ranial laryngeal which do e s  not 

supp ly any o ther intrins ic  l aryng eal mus c le . 

The exp eriment s also  demonstrat ed that the int ernal 

branch of the cranial laryngeal nerve did not c arry mot o r  

f ib r e s  t o  the int rins ic laryngeal mus c le s . 

\�EIGHTS OF INTR INSIC LARYNGEAL rv USCLE 

a . A s suming that the mus c l e s  on the left and right side s 

of the l arynx share s imilar embryological deve l opment , and 

that the nature and amount o f  work p e rformed by the l aryngeal 

mus c l e s  is e qual on both s ide s , the intrins ic l aryngeal 

mus culature of the normal animal should be  b il at erally 
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symmet r i cal . This has b e en shown t o  be  the c a s e  with r e sp e ct 

t o  the we ight s of human laryngeal mus c l e s  ( Bowden and S cheuer , 

1 960 ) . In the horse , however , many authors ( C o le , 1 94-6 ; 

Gunn , 1 972 , 1 973 ; Duncan and Griff iths , 1 97 3 ; Dunc an , et al . , 

1 974-) h ave report ed differenc e s  in the hist o l ogical structure 

of int r insic l aryngeal mus c l e s  betwe en each s ide of the 

larynx . They have shown t hat mu s c le fibres in the adductors 

and abductors on the left s ide fre quent ly show atroph ic 

change s ,  whilst such chang e s  are only rarely observed in 

mo s t  QU S c l e s  on the r ight s ide of the larynx ( Duncan and 

Griff iths , 1 973 ) . In the op inion of many aut hors ( C o l e , 1 94-6 ; 

Gunn , 1 972 , 1 973 ; Duncan and Griff iths , 1 973 ; Duncan , 

et a l . , 1 974-) the atrophy f o l l mvs degenerat ive chang e s  in 

the l e f t  re current laryngeal nerve . This ne rve unilat eral ly 

supp l i e s motor f ibres to  a l l  the intrinsic l aryngeal mus c l e s  

with t h e  except ion of the cricothyro id ( Sis son and Gro s sman , 

1 95 3 ) . 
In the equ1ne larynge s  examined the marked we ight 

difference between the mus c le s  supp l ied by the re current 

larynge a l  nerve contras t ed with the b ilaterally symmet rical 

we ight s of the cricothyro id muscle s . The dif f e rence in the 

we i ght of  aff e c t e d  mus c le s  could r e sult therefore from 

degenerat ive changes in the r e current larynge al nerve . 

The only previous author to report on the we ight of 

e qu ine intrins i c  larynge al muscle s was Gunn ( 1 972) . H i s  

f indings showed n o  s ignif i c ant d if f erenc e s  t o  exist b et ween 

the dorsal cricoaryt eno id mus c l e s  on each s ide of the larynx 

in e ach of 1 2  animal s . Moreover , in one c a s e  a markedly 

histologically atrophied l eft mus c l e  was found t o  b e  he avier 

than it s partner . Thes e  f indings are at variance with tho s e  



41 

of the pre sent s tudy in whi ch , however , hist o logical examin­

at ions were not made . 

The we ight differenc e s  found in the clinic ally diagno sed 

case of  re current larynge a l  nerve p aralysis  affe c t ed s imilar 

mus c l e s  but the wast ing was more ext ens ive . It i s  po s s ible , 

t he r e f o re , that the other animals in which gro s s  we ight 

diff erence exi s t ed b et we en right and left mus c l e s  are the 

sub c l in ical "roarers " ref e rred t o  by Duncan et  al . ( 1 974 ) . 

In the opinion of  Cole  ( 1 946) hor s e s  re quired a 50% atrophy 

of the left dor s al cricoaryteno id mu scle to show symptoms of 

laryn� e al hemip l e gia at exe rc i se . 

�hen discu s s ing this c ondit ion , Gunn ( 1 973 )  sugge sted 

that it was c o nc;enital in character  and progr e s s ive in 

deve lopment . The source of the animals studied in the pre sent 

serie s t ended t o  select a disproport ionat e ly h igh percent age 

of aged animals . If Gunn ' s theory i s  correct , this may 

have ac c entuat e d  the we ight differences recorded . 

b . The we ighing of mus c l e s  from the denervated laryng e s  

was att empted t o  det ermine whether there was a mus c l e  we ight 

lo s s  due to denervat ion . The re sult s show th at no s ignificant 

chang e s were s e e n , and also  showed that the mus c l e s  of the 

left or " c ontro l "  s ide were light er than the c ontralat eral 

denervat ed musc l e . 

S o la and Mart in ( 1 95 3 ) denervat ed the hemidiaphragm of  

the white  rat , and f ound an init ial increase of we ight in 

the aff ected mus c le during the f irst  six days . Atrophy s lowly 

oc curre d  to c ontrol level s  at 23 -38 days . Obvious atrophy , 

i . e .  60% was only evident aft er 492 days . Therefore the 

we ight " incre as e " s e e n  the pre s ent experiment s could be e ither 
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denervat ion hyp ertrophy or the re sult of the normal dis cre­

p ancy in unilat eral larynge al mus c l e  we ight s shown in 

exp eriment A . 

H ISTOLOGY OF INT.rtiNSIC LARYNGEAL I'-lUSCU3 

I n  the s e ct ions of denervat ed muscle  the only visible 

change s were the occurrenc e of c entrally placed nuc l e i  in 

some f ibre s . This i l lustrat e s  the failure of normal hi st o ­

logical  technique s t o  indicat e  patho logical chances in mus cle  

f o ll o winb denervat ion or in early neurogenic atrophy . The 

h i s t o c hemical t e chnique s u s e d  by Gunn ( 1 97 2 )  may have b e en 

of more value in this  exp e riment . 

CONCLUSIONS : 

1 .  �he motor nerve sup p ly to  the intrinsic l arynGeal �us c le s  

i s  comp l e t e ly unilat e ral . 

2 . � it�in the re current larynceal nerve and ext ernal cranial 

l aryngeal nerve whicn are the motor supp ly to  t!1e intrin­

s i c  larynge a l  mus c l e s ,  there wa s a common typ e of nerve 

f ibre . This was the medium mye l inat ed typ e . 

3. I n  the vagus , re curre nt nerve f ibre s c ou ld not b e  

f ound i n  distinct bundl e s . 

4 . There was cont inual decus sat ion and coal e s c ence of 

f ibre s along the length of the vagus and gradual forma­

t ion of recurrent nerve bundle s  distally . 

5 . In the anae sthet ised horse , all  intrins i c  laryngeal 

mus c l e s  show a resp irat o ry rhythm which i s  manif est  

e le ctromyographically as a charact eristic  and ident if iab l e  

f iring patt ern . 
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6 . The dorsal cricoaryt enoid and cricothyro id mus c l e s  

showed tonic act ivity throughout re spirat ion with 

incre ased activity dur ing insp irat ion . It i s  thought 

that the cricothyro id as we l l  as the dorsal cricoaryt eno id 

muscle  has some funct ion in abduction during insp irat ion . 

7 . The transverse aryt eno id , lat eral crico aryt enoid and 

thyroaryt eno id mus c l e s  all showed adduct or act ivity 

during exp irat ion . 

8. � le ctrical s ilence was s e en immediate ly aft er denervat ion 

of mus c l e s . Aft er s ix to  e ight we eks f ibrillat ion was 

s e en which has b e en described in cas e s  o f  neuroGenic 

at rophy . 

9 . W e ight s of the left intrins ic mus c l e s  supp lied by the 

r ecurrent laryngeal nerve in apparently normal hor s e s  

were s ignif icant ly light er than the right . T h i s  oay 

p o s s ib ly b e  due t o  degenerat ive change s  in the left 

re current l aryngeal ne rve . 

1 0 . C onvent ional hist opathology fails to  ident ify early 

n eurogenic atrophy . 
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