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CHAPTER I 

INTRODUCTION 

The joint betweeti the arytenoid cartilage and the 

cricoid cartilage is one of the smallest in the body. Its 

existence has been known since, if not before, the time of 

Galen (130-201 A.D.). Rowever, little anatomical study has 

been carried out on this synovial joint and publications 

based on research into its exact anatomy and function are 

few. The results -0f these studies have been rarely ques-

tioned or scientifically re-examined, with the consequence 

that authoritative anatomical texts h~ve perpetuated 

unconfirmed ideas of the behaviour of the cricoarytenoid 

joint. 

The purpose of this thesis 1s to present 1n detail 

the results of research into the anatomy and the functions 

of the cricoarytenoid joint and of the mus~les that act 

upon it. This research began in 1977 with the dissection 

of 45 cadaver larynges. In this initial study the most 

striking anatomical finding was the identification of the 

so-called :'posterior" cricoarytenoid ligament, of which 

inadequate and often incorrect detail has been presented 1n 

standard anatomy texts. Another surprising finding of 

this work was the variability of the shap~ and positions of 

the two cricoid facets. In 1978 these findings were 

published in detail (Sellars and Keen). 
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. . 
An attempt to understand the accepted muscular 

control of the cricoarytenoid joint led to further research. 

This was carried out by the dissection of a further 23 

larynges, with s~ecial care to examine the exact origin, 

direction and insertion of each muscle concerned. Six .of 

these larynges, which had been surgically excised, were also 

stimulated electrically immediately after excision and the 

resultant arytenoid cartilage movements were recorded and 

analysed. The findings of this study were published in 

1978 (Sellars) and these articles (Sellars and Keen, 1978; 

Sellars, 1978) are referred to in "Gray's Anatomy" and in 

Grant's "Method of Anatomy" (Sellars and Keen, 1978). 

Further examination of the reactions of these 

intrinsic laryngeal muscles to electrical stimulation has 

since been done on three additional fresh operative specimens. 

This additional work on laryngeal muscle action suggests that 

the explanation of specific intrinsic laryngeal muscle actions 

made in the earlier publication (Sellars, 1978) had been over

simplified. 

The main experimental work, on which this thesis is 

based, attempts to clarify and interpret the highly complex 

synchronized muscle actions that occur at the cricoarytenoid 

joint. Relevant facts found in both recent and old publi-

cations relating to this subject are presented and discussed. 

Before the review of literature is presented the embryology 

and basic anatomy of the larynx are described. 

- 2 -



FIG 1 

T-shaped opening of the larynx 
(±6 week embryo) 
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CHAPTER II 

FOETAL DEVELOPMENT 

Present day knowledge of the embryological development 

of the larynx is based mainly on the writings of J. Ernest 

Fraser (1909-1910). He believed that the larynx developed 

entirely from the branchial arches and he went to great 

lengths to prove this. However, present day thinking is 

that the larynx has two embryological origins, the supra

glottis, which is branchial and the subglottis, which forms 

with the trachea from the tracheobronchial groove (Arey, 

1974). 

At the 5mm stage a midline swelling forms from the third 

and fourth branchial arches, giving rise to the hypobranchial 

eminence (copula) (Langman, 1969) which protects the entrance 

into the laryngotracheal tube. This eminence increases in 

size, forming the flap-like early epiglottis. Simultaneously 

the lateral pharyngo-epiglottic folds form from remnant 

tissue of the third branchial arch. 

During the 5th week of development the arytenoid swell

ings (fourth and fifth arches) develop on either side of the 

laryngeal entrance and these, together with the developing 

epiglottis, cause the typical "T"-shaped laryngeal opening 

(Figs 1 and 2). This opening then becomes obliterated by 

proliferation of the lining laryngeal epithelium, which at 

about the 10th week of development, breaks down. If this 

epithelial core does not disappear a persistent congenital 

- 3 -
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Figure 2. 

T-shaped opening of the larynx 15 week embryo I. 
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laryngeal web, which ca~ · be either complete or partial, 

results (Sellars, 1979a). 

Towards the end of the first month of foetal develop

ment the future thyroid cartilage begins to form within 

precartilaginous tissue. Chondrification starts in . the 4th 

week and by the end of the 7th week has advanced considerably. 

Early 1n the second month chondrification in the lateral 

sides of the future cricoid cartilage has started from 5th 

and 6th branchial arches mesoderm. The arytenoid cartilages 

develop more slowly, starting during the 7th week in the 

branchial arytenoid swellings. 

formed until the 4th month. 

They are not completely 

The supraglottic larynx forms from 4th to 6th arch 

tissue 1n the pharyngeal floor. A connection of 4th arch 

tissue to the hypobranchial eminence forms the aryepiglottic 

fold on either side . Later in the 7th week an outpocketing 

in each lateral wall of the supraglottic chamber appears to 

form the ventricles and the saccules of the larynx. 

former are bounded above by the vestibular folds (false 

cords). 

The vocal cords and attached cricovocal membranes 

The 

develop between the cricoid and the arytenoid and thyroid 

cartilages. By the 4th month of foetal life the vocal cords 

are drawn out between the arytenoids behind and the thyroid 

cartilage in front. The subglottic chamber forms below them. 
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As early as the 5mm stage the intrinsic muscles of 

the larynx can be seen as two circularly arranged cell 

layers (Baxter, 1953). The outer 4th arch cells form the 

~ricothyroid mus;les; which are innervated by t~e~ s~~~rior 

l • .,.-· ..;:_,: ... ;.::· 

The inne~ ring of cell~, formed from the 5th and 6th 
• ~ :, i_ • 

arche.s_,_, _-_ g ~ ve s . ,rise , ,to , al 1 the m·us c 1 ~ s attached to the 

arytenoid cartilages. These are: the thyroarytenoids, the 

transverse and oblique arytenoid muscles and the posterior 

and lateral cricoarytenoid muscles. These are all supplied 

by the recurrent laryngeal branch of the vagus nerve, the 

branchiomotor nerve of these two arches. 
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Sagittal section through part of the head and 
neck, showing:-

a) Hyoid bone 
b) Laryngeal aditus 
c) Cervical spine 
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CHAPTER III 

ADULT ANATOMY 

Before considering the anatomy and function of the 

cricoarytenoid joint, the larynx and its component parts are 

described-. In the adult the larynx lies midline in the 

neck anterior to the pharynx and the second to sixth cervical 

vertebrae and is suspended from the hyoid bone (Fig 3b). The 

skeleton of the larynx is formed by cartilages which are 

interconnected by ligaments, membranes and muscles. The 

whole structure extends from the base of the tongue above to 

the trachea below. 

CARTILAGES 

The basic shape and size of the larynx is formed by 

three single cartilages, the cricoid and thyroid cartilages 

and the epiglottis (Figs 4, 5 & 6). 

three pairs of small cartilages. 

Cricoid Cartilage 

There are additionally 

This signet ring-shaped cartilage forms the lumen of 

the larynx and i~ the only complete ring of cartilage in the 

whole respiratory tract. It is attached below to the first 

tracheal cartilage by ligaments and membrane (Figs 5 and 6). 

The inferior border of the cricoid is roughly horizon

tal, whereas its superior border slopes forwards and down

wards from the relatively high posterior quadrate lamina 

towards the lower lying anterior arch. The quadrate lamina 

- 6 -



Figure I. 
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1s posteriorly divided · by a central vertical ridge. 

The round articular facets of the cricothyroid joints 

. lie on either side of the cricoid cartilage. Those of the 

cricoarytenoid joints lie on either side of the superior 

rim of the quadrate lamina (Fig 7). Their exact position, 

size, shape and direction vary from larynx to larynx. These 

latter facets are rarely symmetrical in the same larynx 

(Sellars and Keen, 1978) and this has considerable influence 

on the exact movement of each individual cricoarytenoid 

-joint. 

Thyroid Cartilage 

The thyroid cartilage 1s the most prominent of the 

laryngeal cartilages and consists of two quadrilateral 

laminae, fused centrally to form the thyroid angle with its 

obvious V-shaped superiorly placed thyroid notch. From the 

thyroid angle the laminae diverge backwards and laterally. 

From their upper and lower lateral limits extend a 

long slender superior cornu and a short inferior cornu on 

either side. 

An articular facet placed medially on the inferior 

cornu forms the cricothyroid joint. The external surface 

of each lamina is marked by an oblique line to which muscles 

are attached. The internal surface gives attachments to the 

- 7 -
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thyroepiglottic ligament, the vocal cords and the origins 

of the thyroarytenoid muscles. 

Epiglottis 

This leaf-shaped structure is made of yellow elastic 

cartilage and is ve~y flexible. It is the highest part of 

the larynx with its superior limit lying behind the base of 

the tongue. Its inferiorly placed stem is attached to the 

thyroid cartilage (thyroepiglottic ligament). It has a 

convex anterior (lingual) surface which is attached to the 

hyoid bone by the loose hyoepiglottic ligament and a concave 

posterior (laryngeal) surface which opposes against the 

entrance (vestibule) of the larynx during swallowing (Figs 

5 and 6). 

Paired Cartilages 

Three pairs of laryngeal cartilages are found in the 

lower halves of the aryepiglottic folds. The arytenoid 

cartilages are the most important of these, whereas the small 

yellow elastic corniculate and cuneiform . cartilages are not 

always present. 

Arytenoid Cartilages 

These are roughly pyramidal in shape, each having a 

base and three processes, three surfaces and three borders 

(Fig 8). The inferior surface of the arytenoid cartilage 

forms the base, part of which is an articular facet. The 

- 8 -
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apex of the arytenoid cartilage is directed upwards to 

cont i .n u e into the a rye pig 1 o t t i c f o 1 d . The slender vocal 

process projects forwards and medially into the vocal fold, 

while the blunt muscular process is directed backwards and 

laterally (Fig 9). The surfaces (anterior, posterior and 

medial) and the borders (anterior, posterior and lateral) 

are obscured in the living by muscle and mucous membrane. 

The thyroid, cricoid and most of the arytenoid cartilages 

are made of hyaline cartilage which ossify at an early age 

(Warwick and Williams, 1973). This ossification can start 

as early as the twenty-fifth year and by sixty-five the 

larynx may be formed completely of bone. This was clearly 

seen: in most of the 110 specimens examined in a study of the 

subhyoid bursa (Sellars, 1981). The apices of the arytenoid 

cartilages and the cuneiform and corniculate cartilages con

sist of yellow elastic cartilage which rarely ossifies. 

MEMBRANES AND LIGAMENTS 

Thyrohyoid Membrane 

This flat thin membrane is attached to the upper border 

of the thyroid cartilage .. It is thickened both medially and 

laterally, forming the medial and lateral thyrohyoid ligaments 
(Fig 6). These ligaments and the membrane . suspend the larynx 
from the superior border of the posterior surface of the body 

of the hyoid bone and its greater horns. The subhyoid bursa 
(Figs 10 and 11) which separates this membrane from the back 

- 9 -
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FIG 10 

Sagittal section through the larynx 
(Sellars, 1981) showing:-

a) Hyoid bone 
b) Thyroid cartilage 
c) Subhyoid bursa 



FIG 11 

Sagittal section through a subhyoid bursa 

(Sellars, 1981) 

·.; ... · 



of the hyoid body is variable in shape and size (Sellars, 

1981). 

Quadrangular Membranes 

These are two larg~ fibroelastic sheets which are 

attached anteriorly (on either side) to the lateral margins 

of the epiglottii and posteriorly to the anterior borders 

of the arytenoid cartilages (Fig 12). The name 'quadrangu

lar membrane' is confusing as the shape of this structure is 

triangular with its base attached anteriorly to the epi

glottis and its truncated angle attached to the .arytenoid 

cartilage. The upper free edge of the membrane with its 

covering mucous membrane forms the aryepiglottic fold (Fig 

12) . 

This is the highest lateral boundary of the lumen 

(vestibule) of the larynx. It is thickened deep to the 

mucous membrane by fibrous tissue, muscle fibres (aryepi

glottic muscle) and postero-inferiorly by the corniculate 

and cuneiform cartilages. The lower edge of the quadrangu-

lar membrane stretches between the side of the apex of the 

epiglottis and the lowest part of the anterior border of 

the arytenoid cartilage. 

(false cord) (Fig 12). 

Vocal Cords 

It forms the vestibular fold 

These are two fibroelastic ligaments which connect the 

vocal processes and medial surfaces of the arytenoid cart

ilages behind, with the angle of the thyroid cartilage in 

- 10 -
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front. They stretch antero-posteriorly across the lumen 

of the larynx (Figs 13 and 14). They lie close together 

anteriorly and are separable posteriorly where they are 

attached to the arytenoid cartilages. The vocal co~ds, 

because of their attachments, lie in a position medial to 

the superiorly placed vestibular folds (Fig 12) and there

fore on laryngoscopy their free margins can be seen under 

the false cords. These vocal cords, the adjacent thyro-

arytenoid muscles and the enveloping mucous membranes form 

the vocal folds on either side. 

Cricovocal Membranes 

These are two yellow elastic fibrous sheets which are 

attached inferolaterally to the upper edge of the cricoid 

cartilage. They dome upwards and medially to become part 

of the vocal cords (Fig 14). Posteriorly each membrane is 

limited by the respective arytenoid cartilage and anteriorly 

both blend into the strong midline thickening of the crico

thyroid membrane which is the cricothyroid ligament. This 

midline fibrous ligament and the two cricovocal membranes 

form the dome-shaped conus elasticus (Fig 14). 

CHAMBERS OF THE LARYNX , 

The air-containing cavity of the larynx is shaped into 

three unequal chambers by the membranes and ligaments which 

connect its cartilages (Fig 12). The superior and largest 

.chamber, the vestibule, lies between the quadrangular 

- 11 -
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membranes. Its entrance is formed by the aryepiglottic 

folds and it is limited below by the vestibular folds · or 

false cords. The walls of the cavity are lined by thick 

mucous membrane. The middle and smallest chamber, the 

ventricle of the larynx (sinus of Morgagni) is an elliptical 

space between the vestibular folds above and the vocal folds 

below. It is lined with mucous membrane and has an 'out-

pocketing' on either side, the saccules of the larynx, which 

contain numerous mucous glands. The inferior chamber, the 

subglottis, lies under the dome formed by the conus 

elasticus, the inferior surface of the vocal folds. This 

chamber is also lined with mucous membrane which continues 

into the trachea. 

JOINTS 

There are two pairs . of joints in the larynx, both of 

which are involved with opening and closing of the rima 

glottidis, the gap between vocal cords. 

Cricoarytenoid Joints 

These are synovial joints between the inferior surfaces 

of the base and muscular process of the arytenoid cartilages 

and the oval, laterally placed facets on the cricoid carti-

lage (Fig 9). Each joint has a loose capsule, a synovial 

membrane and a medially placed posterior cricoarytenoid 

ligament (Sellars and Keen, 1978) which is important in 

controlling arytenoid cartilage movement. 

- 12 -
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Diagram from Sonninen (1956) 
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At rest 
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After rotation 

c3 
After forward gliding 

FIG 15 MOVEMENT AT THE CTI.I COTHYROID JOINT 



Cricothyroid Joints 

These are synovial plane joints between the articular 

facets on the inferior thyroid horns and the laterally 

placed cricoid facets (Fig 5). They have a capsule, a 

synovial membrane and a fosterior supporting ligament. 

Movement occurs at these joints and alters the tension of 

the vocal cords. Sonninen (1956) on the basis of X-ray 

studies of the larynges of 10 trained singers, produced a 

diagram showing the relationship of the thyroid to the 

cricoid cartilage (Fig 15). At rest (Cl), after rotation 

at the cricothyroid joint (C2) and after forward gliding of 

the thyroid cartilage on the cricoid cartilage (C3). 

This last movement is disputed since it implies disloca-

tion of the joint surfaces. However, in the careful study 

of Maue and Dickson (1971) comment is made on the lack of 

definition of the cricothyroid articulations, a feature 

also noted personally. This makes forward shift of the 

thyroid cartilage possible. As soon as the muscles produc-

ing forward gliding have relaxed the elastic articular 

capsule will cause immediate recoil of the joint. 

INTRINSIC MUSCLES 

Intrinsic muscles of the larynx can be divided into 

three groups. One group opens the glottis (abduction), the 

second closes it (adduction) and the third group tenses the 

vocal folds. 

- 13 -
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Abductors 

The posterior cricoarytenoid muscles are the main 

abductors of the vocal folds. Triangular in shape, they 

each take origin from either side of the central ridge on 

the back of the cricoid cartilage. The fibres converge 

from three·directions to insert into the muscular process 

of the arytenoid cartilage (Fig 16). 

When this muscle contracts it pulls the muscular 

process of the arytenoid cartilage backwards and medially. 

This causes the cartilages to rock on the cricoid facets 

and the two vocal processes to lift and separate. 

Adductors 

The thyroarytenoid muscles take origin from the poster

ior surface of the thyroid cartilage on either side of the 

vocal cords. Their .fibres pass backwards to insert into 

the vocal processes and they encroach laterally and 

inferiorly onto the bodies of the arytenoid cartilages, 

where they meet the insertions of the lateral cricoarytenoid 

muscles (Fig 18). The bulk of each muscle is increased by 

the addition of muscle fibres which take origin from the 

cricovocal membrane. These fibres lie in a lower position 

than those which are of thyroid cartilage origin and they 

pass obliquely backwards and upwards to the arytenoid 

cartilage (Fig 19). 

- 14 -
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Contraction of the thyroarytenoid muscles pulls the 

vocal processes of the arytenoid cartilages forwards, 

medially and downwards (oblique fibres), causing the two 

vocal processes to come together at a lower level than 

their positions in abduction and at rest. 

The vocalis part, the most medially placed fibres, 

controls the ligament of the vocal cord and together with 

other muscles produces the tension necessary for phonation 

(Van den Berg and Moll, 1955). 

The interarytenoid muscle can be divided into three 

parts. A transverse muscle stretches between the two ary-

tenoid cartilages and two oblique muscles connect the 

muscular process of one arytenoid cartilage to the apex of 

the other. These oblique muscles cross each other and 

continue upwards into the aryepiglottic folds. 

The interarytenoid muscle acts as one, pulling the 

arytenoid cartilages up the slopes of the cricoid cartilage 

and pressing the . two of them firmly together. 

The lateral cricoarytenoid muscles are small muscular 

fasciculi which take origin from the upper border and outer 

surfaces of the lateral arches of the cricoid cartilage. 

The fibres pass upwards, backwards and medially to insert 

into the bodies of the arytenoid cartilages, between the 

insertions of the posterior cricoarytenoid and the 
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a) 

c) 

FIG 20 THE CRICOTHYROID MUSCLE 

Diagram from Fink and Demarest 
(1978) 

a) At rest 

b) Contraction of the vertical 
fibres causes rotation of 
the thyroid on the cricoid 
cartilage 

c) Contraction of the oblique 
fibres moves the thyroid 
cartilage forward and causes 
subluxation at the crico
thyroid joint 



,.....,.. 

TIie left tllrroer,tenOld MUNle, viewed holll the rltllt . 



thyroarytenoid muscles (Figs 17 and 18). Traditionally 

they are classified as adductors, but this is an over 

simplification. 

Muscles Tensing the Voc~l Folds 

The cricothyroid muscles arise from the anterior and 

lateral surfaces of the cricoid arch by two heads of origin, 

an upper vertical and a lower transverse head (Fig 20). 

The upper head passes upwards and slightly backwards to 

insert into the lower rim of the thyroid cartilage. The 

lower head passes backwards to the anterior surface of the 

inferior horn of the thyroid cartilage. When these muscles 

contract they are said to adduct and stretch the vocal 

cords (Warwick and Williams, 1973). Fink and Demarest 

(1978) functionally divide the muscle into two parts (Fig 

20). They consider that the vertical fibres cause rotation 

at the cricothyroid joint and they state that when the 

cricoid cartilage is fixed, the oblique fibres pull the 

inferior thyroid horn forwards and "hav e a tendency to sub

luxate the joint.". This statement supports the idea of Sonrtinen 

· ( 1 9 5 6 ) th a t th e c r i c o thy r _o i d j o in t d o e s s u-b 1 u x at e . I f 

the thyroid cartilage is fixed, contraction of the crico-

thyroid muscles causes cricoid cartilage rotation. This 

carries the arytenoid cartilages downwards and away from the 

thyroid cartilage, stretching the cords. If the cricoid 

cartilage is fixed then the forward and downward tilting of 
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the thyroid cartilage tenses the vocal cords. 

during phonation. 

VESSELS AND NERVES 

This occurs 

The arteries to the larynx are the laryngeal branches 

from the superior and inferior thyroid arteries. The veins 

drain into the internal jugular vein. The superior laryngeal 

nerve, through its external branch, is the motor nerve to the 

cricothyroid muscle and through its internal branch is the 

sensory nerve to the larynx above the vocal cords. The 

remaining intrinsic muscles are supplied by the recurrent 

laryngeal nerve which enters the larynx on either side from 

below. This nerve supplies both adductor and abductor 

muscles. The posterior cricoarytenoid muscle receives 

(Williams, 1951) a branch from the nerve as it passes upwards 

and forwards to the tr~nsverse and lateral cricoary~enoid and 

thyroarytenoid muscles. The recurrent laryngeal nerve is 

also sensory to the infraglottic mucous membrane. 
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CHAPTER IV 

FACTORS AND FORCES INFLUENCING ARYTENOID CARTILAGE POSITION 

LIGAMENTS 

Capsular Ligament of the Cricoaryt_enoid Joint 

This 1s a loose, fibroelastic sleeve which connects the 

surfaces of the respective articular facets. Through it 

forces are applied on the arytenoid cartilage by extremes of 

movement, especially medial and lateral rotation. 

''Posterior" Cricoarytenoid Ligament 

This is a medially placed obliquely lying ligament which 

acts as a pivot for the rocking and lesser rotatory movements 

of the joint. Its length allows the arytenoid cartilage to 

slide down the slope of the cricoid facet to the extreme of 

this movement. It is, however, incorrectly named posterior 

since it lies totally medial to the joint (Fig 21). As it 

is the only ligament that supports the joint it would be 

better called the "cricoarytenoid ligament" (Sellars and 

Keen, 1978). 

Vocal Cord 

This flat ligamentous structure stretches backwards from 

the back of the angle of the thyroid cartilage, below the 

attachment of the epiglottis, to embrace and to be attached 

to the arytenoid vocal process (Figs 13 and 14). This 

cartilaginous process forms just under half of the length of 

the functioning vocal cord (Busuttil et al, 1981). The rest 

of the cord is made up of soft tissue and has elastic fibres 
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which enable it to stretch, as in phonation, and then 

recoil to its position of relaxation. The average increa-

sed length of the cord obtained in speech is 5mm in men and 

3mm in women (Sonninen, 1956). 

Vestibular Fold (False Cord) 

This is formed by the lower free border of the fibro-

elastic quadrangular membrane. It is attached anteriorly 

to behind the angle of the thyroid cartilage and passes 

backwards to attach to the middle of the anterior border 

and adjacent anterolateral surface of the arytenoid cartil

age (Fig 12). 

Aryepiglottic Fold 

The upper free border of the quadrangular membrane forms 

this fold, which is continuous upwards from the apex of the 

arytenoid cartilage. Like the vestibular fold, it is 

basically fibroelastic, but in addition contains muscle 

fibres and the cuneiform and corniculate cartilages, which 

are both enclosed in the free fold of mucous membrane (Fig 12). 

MEMBRANES 

The quadrangular membrane and the cricovocal membranes 

have been described earlier (see pages 10 - 11). 
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INTRINSIC LARYNGEAL MUSCLES 

The details of the muscles which influence arytenoid 

cartilage movement have already been discussed. The muscular 

forces that act on the arytenoid cartilage are highly com

plicated and are described elsewhere. 

The muscles involved are:-

cricothyroid 

thyroarytenoid 

vocalis 

posterior cricoarytenoid 

lateral cricoarytenoid 

oblique arytenoid 

aryepiglottic 

transverse arytenoid. 

EXTRINSIC LARYNGEAL MUSCLES 

The muscles which are attached extrinsically to the 

larynx influence its position and also its movement. Altera-

tion of the position of the larynx affects the vocal cords 

and will move the arytenoid cartilages. 

Sternothyroid Muscle 

This bilateral muscle originates from the posterior 

surface of the manubrium sterni and passes upwards and 

laterally to attach to the oblique line on the outer surface 

of the thyroid cartilage lamina. It is closely related to 

the anterolateral surface of the lobe of the thyroid gland 

(Warwick and Williams, 1973). 

- 20 -



The contracting sternothyroid muscle pulls down the 

thyroid cartilage and larynx. It also causes movement at 

the cricothyroid joint between the cricoid and thyroid 

cartilages. 

Thyiohyo~d Muscle 

This is more or less an upward extension of the sterno-

thyroid muscle. Taking origin from the oblique line on the 

thyroid cartilage it passes upwards to attach to the lower 

border of the greater cornu and adjacent body of the hyoid 

bone. 

Pharyngeal Elevators 

The Palatopharyngeus, Stylopharyngeus and Salpingo

pharyngeus muscles are three slender paired muscles that are 

responsible for elevat~on of the pharynx during deglutition. 

Inferiorly their fibres merge within the pharyngeal wall, 

some inserting into the posterior border of the thyroid 

cartilage. 

The Inferi6r Pharyngeal Constrictor Muscle 

This muscle is attached to the thyroid and cricoid 

cartilages. The upper part, the thyropharyngeus, is attach

ed to the oblique line of the thyroid cartilage, to a fibrous 

band that bridges over the cricothyroid muscle and to the 

cricoid cartilage. The lower part, which forms the import-

ant cricopharyngeal sphincter, has horizontal fibres which 
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pass from the cricoid cartilage backwards around the 

pharynx to insert into the posterior median raphe of the 

pharynx. The fibres of thyropharyngeus also insert into 

this raphe. The cricopharyngeus muscle is continuous 

below with the circular fibres of the oesophagus. 
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CHAPTER V 

SOME FUNCTIONS OF THE LARYNX 

SWALLOWING 

The larynx has an active and a passive role in the 

mechanics of swallowing. As the bolus of ingested food 

leaves the mouth the tongue pushes the food backwards and 

the pharynx is lifted by its elevators. 

The thyrohyoid muscle lifts the thyroid cartilage and 

consequently the whole larynx rises up towards the hyoid 

bone. The stylopharyngeus, salpingopharyngeus and palate-

pharyngeus muscles, together with the thyrohyoid muscle, 

contract simultaneously and lift the larynx so that the 

arytenoid cartilages come to lie under cover of the poster-

iorly displaced epiglottis. The muscle fibres in the 

aryepiglottic folds (continuous with the oblique arytenoid 

muscles) contract and approximate the two folds, pulling the 

epiglottis further downwards. The entrance to the larynx 

is thus closed. At the same time the adductors of the 

larynx strongly contract and the vocal and vestibular folds 

come together in the midline. These actions prevent food 

from entering the . vestibule of the larynx and the trachea. 

RESPIRATION 

On inspiration the rima glottidis between the vocal 

folds widens and simultaneously the larynx is pulled down by 

the tracheal traction. Expiration releases this downward 

pull and the larynx passively rises. Specific actions of 
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the laryngeal muscles and joints which occur during phonation 

and in breathing are discussed later. 

PHONATION 

Although phylogenetically the most recently acquired 

of laryngeal functions, phonation has become a basic activity 

of civilized man and is essential for everyday communication. 

The mechanisms by which the larynx is involved in the produc

tion of speech are referred to throughout this thesis. 
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CHAPTER VI 

. ' REVIEW .OF LITERATURE 

EARLY OBSERVATIONS 

The three functions of the larynx, namely respiration, 

phonation and protection of the lower respiratory tract were 

recognized and described by Aristotle (384-322 B.C.) in his 

"De Partibus Animalum" . He states "The windpipe and the 

larynx are constructed out of a cartilaginous substance. 

For they have to serve ·not only for respiration but also for 

vocal purposes; and an instrument that is to produce sounds 

must necessarily be not only smooth but firm". Later in 

the same chapter he continues, "The windpipe owing to its 

position in the front of the oesophagus, is exposed to the 

annoyance of food. To obviate this, however, nature has 

contrived the epiglottis" . 

Aristotle suggested that mammals alone have an epiglottis. 

"This part (epiglottis) is not found in all viviparous ani

mals, but only in such of them that have a lung; nor all of 

these, but only in such as at the same time have their skin 

covered with hairs, and not either with scaly plates or 

feathers. " He further commented on the differences in the 

histology of the epiglottis compared to the rest of the 

larynx and adjacent structures. 

Galen (130-201 A.D.), another authoritative writer, 

described the larynx at length. Writing in about the year 

165 A.D. in his "De Usu Partium" he added to Aristotle's work. 
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He described the larynx as having three cartilages, a 

shield-like cartilage (the thyroid), a smaller "second" 

cartilage (the cricoid) and a "third" cartilage (the 

arytenoid). He described the last of these as a single 

structure, but implied that it was pulled apart on opening 

of the glotti~. ~e referred to the epiglottis separately 

and did not include it in his description of the larynx. 

He stated that "Nature placed the epiglottis before 

the orifice of the larynx as a lid to stand erect during 

all time when the animal breathes and to fall down upon the 

larynx when anything is swallowed. For what is swallowed 

first falls upon the rest of the epiglottis and then it is 

carried along its back, thus forcing it to bend and fall 

down because it is made of cartilage, and very thin 

cartilage at that." 

Galen identified all the intrinsic muscles of the larynx. 

He stated that the function of the posterior and lateral 

cricoarytenoid muscles was for "opening the third cartilage", 

that is, for abduction of the glottis and that "the posterior 

muscles bend the third cartilage back and the lateral ones 

draw it apart to the sides". 

Little attention has been paid to Galen's theories of 

laryngeal accommodation, perhaps because of his misconcep

tion that the arytenoid cartilages are a single structure. 
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He was evidently criticized by his contemporaries and the 

foll6wing is an attack on his fellow anatomists: 

"The Creator of animals has displayed here too, an 

extraordinary skill, which Zike almost everything else ~n 

the structure of the larynx, is unrecognized by anatomists. 

For the muscles closing it arise from the middle of the base 

of the thyroid cartilage and extend straight sloping upwards, 

backwards and to the sides so as to arrive near the articu

lation of the third cartilage." 

TABLE I 

CLASSIFICATION OF INTRINSIC MUSCLE ACTION 

(as described by Galen) 

ABDUCTORS OF THE GLOTTIS 

Posterior cricoarytenoid 

muscles 

Lateral cricoarytenoid 

muscles 

ADDUCTORS OF THE GLOTTIS 

Thyroarytenoid muscles 

Interarytenoid muscles 

He also identified eight extrinsic laryngeal muscles 

which "associate it (the larynx) with adjacent parts ." 

After Galen there seems to have been little activity in 

the science of human anatomy and this is probably because of 

the prohibitive laws of the Church. Nearly 13 centuries 

later the elderly Leonardo Da Vinci (1452-1519) influenced 
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FIG 22 

Separated arytenoid 

cartilages 

Sketches by Leonardo da Vinci (from O'Malley & Saunders, 1952) 



Il lustrations by Vesalius (from Saunders & O'Malley, 1950) 

Individual cartilages of the larynx 

Arytenoid cartilages 
/ in adduction 



by Galen's uDe Usu Partium'' completed his superb dissections 

and drawings of the human body. He closely followed 

Galen's teachings, but his own powers of observation and his 

dedication to reproduce as carefully as possible ·everything 

he saw, resulted in his accurate sketches of the upper 

respiratory tract, .including all the major cartilages of the 

larynx (Fig 22) (O'Malley and Saunders, 1952a). 

This is the first known correct recording of the position 

and structure of the two arytenoid cartilages. He also 

illustrated the cavities, ligaments and membranes of the 

larynx. However, he incorrectly maintained that the voice 

was produced by the ventricles "These are the two ventricles, 

which make the sound of the voice; and when they are full of 

humor then the voice ~s hoarseu. (O'Malley and Saunders, 

1952b). 

Andreas Vesalius Bruxellensis (1514-1564), who completely 

changed medical thinking as far as human anatomy was concerned, 

described the larynx in considerable detail. He included all 

the major laryngeal cartilages, but his description of the 

epiglottis was incorrect in its proportions (Saunders and 

O'Malley, 1950). 

Although Leonardo had shown that the arytenoid cartilages 

· were two separate structures, they were depicted by Vesalius 

almost as a single unit, stuck firmly together as in adduc

tion (Figure 23). 
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Vesalius compared the second cartilage (the cricoid) to 

the ring worn by Turkish archers. However, the word 

cricoid (ring-like) is first thought to have been used by 

Fallopius (1523-1562) (Saunders and O'Malley, 1950). 

After Vesalius, anatomical studies on the larynx contin-

ued, particularly in respect of voice production. Minor 

laryngeal cartilages lying in the aryepiglottic folds were 

identified. The corniculate cartilages were discussed 

by Giovanni Santorinni (1681-1737) and the cuneiform by 

Heinrich Wrisberg (1739-180ID (Saunders and O'Malley, 1950). 

This latter is often disputed. 

In 1741 Ferrein studied the excised human larynx and 

from this work he deduced that the vocal cords act like 

strings, which vibrace and produce sound. Ferrein first 

named these structures the "vocal cords", a term which today 

is in common use. Despite his findings and the supportive 

evidence, for the following century his theories on voice 

production met with much resistance. During this time the 

idea that air-eddies across the vocal folds and in the 

laryngeal ventricles were responsible for voice was much 

favoured. 

Johannes Muller (1840) demonstrated nearly 100 years 

later that Ferrein's theory of vocal cord vibration was 

correct. He showed that the vibration of the cords was 
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horizontal and not vertical. He also demonstrated by an 

intricate system of air bellows that the excised larynx· 

could produce a whole scale of sound pit~hes. 

In 1776 William Northcote described the lateral cr1co

arytenoid m~scles as "s e rv i ng t o dilat e t h e rimula or 

gl o ttis". This deduction was made like that of Galen's 

by examining the direction of this muscle's fibres. 

In 1829 Robert Willis of Cambridge was the first person 

to describe in detail the cricoarytenoid joint and the 

rotation of the arytenoid on the cricoid cartilage , which 

1s now interpreted as a "rocking" movement. His concept 

of laryngeal muscle action was that the cricothyroid 

muscles tensed the vocal cords, whilst the thyroarytenoid 

muscles relaxed them . He felt that the actions of the 

lateral cricoarytenoid and thyroarytenoid muscles combined 

in closing the glottis while the posterior cricoarytenoid 

muscle remained the only abductor. The combined actions 

of these muscles are still uncertain and it becomes increas-

ingly obvious that they are highly complicated. Their 

synchronized actions allow ma x imum control of the precar

iously balanced arytenoid cartilages. 

Th e traditional method of e x amination of the larynx by 

indirect laryngoscopy has its beginnings in 1856. A 

Spaniard, Manuel Garcia (Stevenson and Guthrie, 1949), who 
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for much of his life was a singing teacher in Paris, whilst 

watching the sun reflect from a window pane, conceived the 

idea of using reflected light from a mirror to view the 

larynx. To do this he purchased a small dental mirror 

from a local instrument maker. "I place d against th e 

uvul a the l i ttl e mirror; the n flash i ng upon its s urface 

wi th the hand mirror a ray o f s un l ight , I s aw a t once , to 

my g r e at joy, th e glottis wi de open be f or e me ..... th e 

manne r ~n which th e gl o t t is s i l e n t l y opened and s hut , a n d 

moved, i n t he a c t o f ph on a t ion f il l ed me with won de r." 

It was, however, Professor Johann Nepomuk Czermak (1828-

1873) (Stevenson and Guthrie, 1949) of Budapest, who per

fected the clinical usefulness of examinin g patients with 

the "little mirror". 

At the end of the nineteenth century and the beginning 

of the twentieth century tentative suggestions about three 

types of movements at the cricoarytenoid joint were made. 

These were theories based on cadaver dissections of the 

joint and its surfaces. However, there is no evidence 

that experimentation on the living larynx was carried out. 

Morris and McMurrich (1907) suggested that the arytenoid 

cartilage moved by "an inc l in i ng f or war d and backwar d , 

l ate r al and media l g l iding and r otation on a vertical a x is ". 

Piersol (1907) gave a similar description, but also commented 

on the rotation "t his movement is a screw motion r ath e r t han 

a tru~ r otation " and on the arytenoid which "ma y rotate upon 

i t (the cricoid) at an y point occupied ." 

- 31 -



Figure 24. 

D 

Part of Fig 8-15 (p 1181) Gray's 

Anatomy, 35th Edition, showing 

"C - Abduction of the vocal folds" 
"D - Adduction of the vocal folds" 



CHAPTER VII 

RECENT OBSERVATIONS 

THE ANATOMY OF THE CRICOARYTENOID JOINT AND ITS MOVEMENTS 

Relevant studies by Negus published in 1929 were so 

well received that any previous alternative explanations of 

arytenoid cartilage movement were ignored. His teaching of . 

closure of the glottis by rotation of the arytenoid cartil

ages around a vertical axis can still be found in standard 

textbooks to this day (Fig 24 Grays Anatomy, 35th edition, 

1973). This concept of rotation around a vertical axis was 

elaborated upon by Pressman (1942) who stated "the principal 

movements (but not the only movements) of the arytenoid 

cartilages are a clockwise and counterclockwise rotation 

us&ng as a fixed base their articulation with the facet of 

the cricoid cartilage". He goes on to describe the muscles 

responsible for the a~duction and adduction that occur with 

this movement. 

As this movement is now known to be incorrect, Pressman's 

theories of muscle action cann.ot be accepted without question. 

He repeated and ·expanded his work and in 1955 published an 

article "The Physiology of the Larynx" in which he expressed 

no change in his original concept on the mechanics of the 

cricoarytenoid joint (Pressman and Kelemen, 1955). 

Sonesson (1959) after dissection and examination of 12 

larynges, described the cricoarytenoid joint as a "cylinder 

joint" with one axis of movement. This axis he said, was 
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Figure 25. 

long axis 

horizontal plane 

median plane 
Diagram illustrating Frable's findings . 119611 



oblique from "dorsomedial above to ventrolateral below" 

allowing approximately 35° of rotation. He also referred 

to the posterior cricoarytenoid ligament as being medial 

to the joint. 

Two years later Frable (19?1) presented the following 

anatomical measurements from 10 fresh laryngeal specimens: 

Arytenoid facet: 

Cricoid facet: 

Measurement 

3.2 x 4 mm (average) 

2.8 x 6 mm (average) 

She further stated that the longitudinal axis of the cricoid 

facet, if projected forwards, would meet the median sagittal 

plane at an angle of 20-45° (Fig 25) and the same axis meets 

the horizontal plane through the inferior cricoid margin at 

0 . 
an angle of 45-70 (Fig 25). She suggested that the 

arytenoid cartilage moved synchronously in three planes. 

Her findings are presented as mathematical equations and she 

concluded that "the arytenoid does not rotate around a 

vertical axis but around an oblique axis from dorsomedio-

cranial to ventrolaterocaudal positions". This conclusion 

is similar to that described earlier by Sonesson (1959). 

Von Leden and Moore (1961) described the cricoarytenoid 

joint as a shallow ball and socket joint with three types of 

movement. These are an inward and outward rocking and a 
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lateral and medial sliding of the -~rytenoid cartilage, and 

a third lesser movement when the cartilage "pivots" around 

the ~trong posterior ligament. 

Ardran and Kemp 1n 1966 presented an analysis of radio

graphs taken during breathing, · phonation, whispering and 

abdominal straining. Their findings demonstrated conclu-

sively that on abduction the vocal folds are turned upwards 

into the laryngeal ventricles and the arytenoid cartilages 

are inclined ·about 45° outward on the cricoid facets. On 

adduction of the vocal folds the arytenoid cartilages move 

downwards and forwards on the cricoid facets and the vocal 

0 

processes drop downwards through an arc of about 40 . 

A meticulous examination of the exact anatomy of the 

cartilages of 20 larynges was done by Maue and Dickson 

(1971). Some of the findings of this study are relevant 

to this present thesis. They showed that the cricothyroid 

joint facets on the thyroid cartilages were often poorly 

defined and were absent on at least one side in about 20% 

of larynges. The cricoid facets of this joint were variable 

1n size, shape and presence. Thirty per cent had soft 

tissue facets and in only 20 per cent were the specimens 

well defined. The author's comment on the difference seen 

between cricothyroid and cricoarytenoid joints were that 

" the c r icoarytenoid f acets on the cricoid were v e r y we ll 

defined, very c onsistent and bi l aterally s ymmetrical i n a ll 

c ases". 
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Thyrohyoid ----.-...-
membrane 

Thyroid 
cartilage 

Fig 551 , p 450 

Fig. 26. 

Epiglottis 

Cartilago 
triticea 

Superior horn 
of thyroid 
cartilage 

Corniculate 
cartilage 

Arytenoid 
cartilage 

Muscular process of 
arytenoid cartilage 

Ligament behind cricoarytenoid 
joint 

Inferior horn of 
thyroid cart ilage 

Cunninghams Textbook of Anatomy . 
10th Ed . 

"Posterior aspect of cartilages and ligaments 
of the larynx" 



The arytenoid cartilages were all very similar, 

especially the "left-right" symmetry of each larynx. The 

facets on the arytenoid cartilages were well defined, 

smooth, symmetrical and concave along their long axis. 

The posterior cricoarytenoid ligaments were prominent, 

extending from the sup~rior rim of the cricoid lamina 

medial to the cricoarytenoid facet. 

Ballenger (1977) described the posterior cricoaryten

oid ligament as lying behind the cricoarytenoid joint and 

said it strengthened the joint capsule posteriorly. 

Similar descriptions can be found in most authoritative 

t e x't s. Cunningham's "Textbook of Anatomy" (1964) shows a 

diagram (Fig 26) in which the arytenoid cartilage lies on 

the cricoid cartilage such that the muscular process 

~oints laterally and the posterior cricoarytenoid ligament 

is behind the cricoarytenoid joint. A similar diagram 

appears in Gray's Anatomy (Warwick and Williams, 1973) in 

which the text describes a strong posterior cricoarytenoid 

ligament that connects the cricoid cartilage with the 

medial and post~rior part of the base of the arytenoid car

tilage. This statement has been further repeated in the 

most recent edition of "Gray's Anatomy" published in 1980 

(Willia~s and Warwick) .. 

Fink (197~ in his book "Th e Human Larynx" brings much 

published work into discussion covering all aspects of the 
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larynx. He does not commit himself 1n some controversial 

issues but quotes relevant theories, even those that are 

opposed. 

On movement at the cricoarytenoid joint he says "both 

a sliding and a rotatory movement occurs ..... the arytenoid 

cartilages can thus be approximated or separated or have 

their vocal processes s1.Jung towards or away from midline." 

In 1978 Fink and Demarest published «Laryn~eal 

Biomechanics 11
, a book with excellent illustrations of the 

larynx and all its cartilages, membranes and ligaments. It 

explains their theory of "functional folding" of the larynx, 

describing "eight separate folds" responsible for opening 

and closing the laryngeal cavities in different situations 

(respiration, speech, straining and swallowing). It also 

describes their interp~etation of the suspensory system that 

connects the larynx to the hyoid bone. 
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Figure 27. 

~b 

Diagram from Sonesson 

(1959) showing the two 

forces (a and b) of the 
lateral cricoarytenoid 

muscle. 



THE INTRINSIC MUSCLES OF THE LARYNX 

The behaviour and action of the intrinsic muscles of 

the larynx have been extensively studied by anatomical 

dissection, morphological examination, electrical stim~la

tion and electromyographic responses. 

In 1955 the accepted action of the thyroarytenoid 

muscles were re-evaluated by Van den Berg and Moll. They 

noted the complicated interlacing of the muscle fibres of 

the upper medial part of this muscle (the vocalis), which 

they stated inserted into the arytenoid cartilage and caused 

shortening and tensing of the vocal cords. They classified. 

the rest of the muscle (thyromuscularis) as a vocal cord 

adductor. 

Stroud and Zwiefach (1956) questioned the accepted 

adductor action of the .lateral cricoarytenoid muscle stating 

that because of their position the lateral fibres should on 

contraction, pull the arytenoid laterally. They also desc-

ribed the lateral and posterior cricoarytenoid muscles as 

synergists. Sonesson (1959) divided the lateral cricoary-

tenoid muscle into two functional units (Fig 27), one force 

parallel to the axis of movement and one at right angles to it. 

Faaborg-Andersen (1957) reported an electromyographic 

study of intrinsic laryngeal muscles in 32 normal healthy 

volunteers and in 23 patients with an unilateral vocal cord 

paralysis (the normal side was investigated in the latter). 
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Under local anaesthesia ana by indirect laryngoscopy a 

needle electrode was inserted through the mucosa into the 

vocalis, thyroarytenoid, interarytenoid and posterior crico

ary~enoid muscles. The cricothyroid muscle needle was 

passed through skin. During this investigation the voice 

was recorded on tape synchronously with the EMG recordings. 

During respiration a 1 resting electrical activity' 

described as "postural" was found 1.n the adductor muscles 

(thyroarytenoid, interarytenoid, vocalis and cricothyroid 

muscles). This activity increased during quiet inspiration 

with an even greater increase in forced inspiration. On 

expiration muscle activity similar to that seen in the 

resting phase occurred. In the abductor muscles (posterior 

cricoarytenoid) a "pronounced" postural resting activity was 

evident in all subjects; in most cases this decreased on 

quiet inspiration, but increased on forced inspiration. 

In phonation electrical activit y increased in the 

cricothyroid, thyroarytenoid, vocalis and (inter) arytenoid 

muscles, whilst at the same time this activity decreased in 

the posterior cricoarytenoid muscle during speech in some 

subjects and increased in others. O'Hala, Hirano and 

Vennard (1968) conducted a study similar to Faaborg-Andersen's 

on 5 subjects. They used percutaneous needle electrodes 

which were inserted into the intrinsic laryngeal muscles. On 

the basis of their findings they divided the muscles into 
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Figure 28a. 

EMG : lateral cricoarytenoid 

~~ 

~~r+-iH~r• 
EMG: posterior cricoarytenoid 

EMG from Ohala et al (1968) taken 

during a series of glottal stops. 



three functional groups:-

Adductors interarytenoid, lateral cricoarytenoid 

and vocalis muscles. 

Abductor posterior cricoarytenoid muscle. 

Tensor cricothyroid muscle. 

They further commented that the pattern of behaviour 

was more complicated than the above grouping implied. They 

quote examples of responses that were puzzling, particularly 

from the vocalis and lateral cricoarytenoid muscles. In one 

diagram they present the activity seen on EMG . during a series 

of glottal stops in "a pair of antagonistic muscles", the 

lateral and posterior cricoarytenoid muscles (Fig 28a). 

In 1970 Kotby and Haugen (a) reported on an EMG study 

of the intrinsic laryngeal muscles. In this they showed 

that there was an increased electrical activity during inspir-

ation, especially forced inspiration. This extra activity 

was noted to a similar extent in both the abductor (posterior 

cricoarytenoid) and adductor (thyroarytenoid, vocalis) muscle 

groups. They interpreted this increase in the electrical 

activity of the adductors as an effort to stiffen the vocal 

fold edges and to prevent flapping or fold collapse in front 

of the incoming jet of inspired air. 

Working on cats, Green and Neil (1955) demonstrated that 

the recurrent laryngeal nerve showed bursts of electrical 
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activity during both inspiration and expiration. Increased 

activity of t~e posterior cricoarytenoid muscle occurred 

with inspiration and increased activity of the thyroarytenoid 

muscle occurred with expiration. 

Kotby and Haugen (1970b) stimulated the intrinsic 

laryngeal muscles in 12 patients during laryngectomy and 

observed their results through a laryngoscope. From their 

findings the authors doubted whether the intrinsic laryngeal 

muscles were capable of controlled glottic movements and 

suggested their action was postural only. 

In a subsequent article by the same authors (c) on an 

electromyographical study of posterior cricoarytenoid muscle 

activity, ten patients aged 22-27 years were examined. 

Needle electrodes were . placed 3-4 mm into one posterior 

cricoarytenoid muscle and electromyographic recordings of 

the activity in this muscle were taken at re~t and during 

respiration, forced glottic closure, swallowing and phonation. 

Their findings showed that "electrical silence", even at 

total rest, never occurred. This fully supports the pos-

tural theory of Faaborg-Andersen (1957). In all their 

patients there was during inspiration a significant rise of 

electrical activity which became more pronounced when inspir-

ation was forced. During phonation, coughing, swallowing 

and straining this muscle showed considerable activity and 

exhibited sustained contraction. The authors comment that 
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these findings showed none of the contradictory results 

seen in previous studies, which used a percutaneous approach. 

The electrical activity seen 1n the posterior cricQary

tenoid muscle during phonation and sphincteric actions is 

considered by Kotby arid Ha~gen as "a challenge to the conven

tional view that this muscle is a pure dilatory muscle of 

the glottis and that in this respect it is antagonistic to 

the adductors". They carry on to say, "accordingly the 

posterior cricoarytenoid muscle is not solely an abductor". 

Shipp and McGlone (1971) reported the results of an 

EMG study done on 14 normal healthy young men. They 

examined four muscles (Table II) but did not include the 

lateral cricoarytenoid because of its inaccessibility. Their 

findings show that with increase in voice pitch there was 

a proportional increase in activity 1n the thyroarytenoid 

and cricothyroid muscles. Once the cords were in apposition 

there was little change in the activity of the interarytenoid 

muscles, whereas the posterior cricoarytenoid muscle main-

tained a low level of activity throughout. This latter 

finding differs from that of other researchers, while those 

of the other three muscles correspond to previous data. 
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TABLE II 

(As presented by Shipp and McGlone) 

MUSCLES 

Relative Posterior 
Frequen- Crico- Thyro- Crico- Inter-
cy Level thyroid aTytenoid arytenoid arytenoid 

Mean SE Mean SE Mean SE Mean SE 

10% 12.2 3.54 30.1 2.93 14.1 2.80 67.6 4.52 

30% 18.5 2.62 35.2 2.10 12.9 2.33 68.9 4.45 

50% 40.5 4.13 52.1 4.12 13.1 2.11 68.0 5.26 

70% 52.9 5.92 53.4 5.70 11.3 2.45 65.6 5.22 

90% 102.2 12.57 75.0 9.05 15.4 3.87 71.5 5.52 

Commenting on EMG studies of laryngeal muscles at an 

International Congress in New York (1961) Faaborg-Andersen 

described results similar to those seen by Shipp and McGlone. 

He stated that the increase in electrical activity of the 

intrinsic muscles on phonation begins and often reaches 

maximum strength before an audible tone is produced. He 

supported the previous authors' conclusions on the behaviour 

of the posterior cricoarytenoid muscle by saying that 

electrical activity in that muscle is inhibited during 

phonation. However, he further commented that during cer-

tain kinds of phonation there is an increase in electrical 

activity in the posterior cricoarytenoid muscle. 
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In 1972 G~y, Strome, Hirose and Sawashima reported a 

meticulous EMG study ~hich simultaneously recorded the 

activity of five intrinsic laryngeal muscles d~ring voice 

manoeuvres. Hook wire electrodes were introduced into 

each muscle by an hypodermic needle and correct positioning 

was confirmed in each _case before the recordings started. 

The experimental findings in one subject singing an arpeggio 

of low intensity are shown in Fig 28h. Similar data 

were obtained from the other subjects under the same circum-

stances. However, there were slight variations in the 

recordings made from the interarytenoid and lateral crico-

arytenoid muscles. These latter muscles showed slight 

increases in electrical activity in the higher frequencies. 

An electromyographical study on the cricothyroid 

muscle by Lesoine and Paulsen (1968) showed a low level of 

electrical activity in this muscle during quiet breathing. 

This activity increased in deep inspiration, was greater 

in strong expiration and during coughing and was greater 

still in phonation. During swallowing, when the laryngeal 

sphincters close tightly, the cricothyroid muscle showed 

its highest level of activity. 
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THE EXTRINSIC MUSCLES OF THE LARYNX 

The extrinsic muscles of the larynx each have an 

attachment to the laryngeal skeleton and will thus influence 

laryngeal movement. They include the sternothyroid and 

thyrohyoid muscles, which are infrahyoid strap muscles (Fig 

29), the stylopharyngeus, salpingopharyngeus and palato

pharyngeus, which are the longitudinal elevators of the 

pharynx and the inferior constrictor muscle of the pharynx. 

Other neck muscles ; act upon the hyoid bone and thus can 

alte~ the position of the larynx. These are the remaining 

infrahyoid muscles, the sternothyroid and omohyoid and the 

suprahyoid muscles, the mylohyoid, geniohyoid, stylohyoid 

and digastric muscles. 

Zenker (1961) showed that during singing, voice pitc~ 

in a young subject could be raised by digital compression 

of either side of the thyroid cartilage. This manoeuvre 

has a similar effect to contraction 0 £ the thyropharyngeus 

muscle. By using electromyography (Fig 30) Zenker also 

demonstrated that the cricopharyngeus muscle acts strongly 

during singing at low voice pitch. The contractin~ crico-

pharyngeus muscle tilts the cricoid cartilage forwards 

towards the thyroid cartilage (Fig 30). This decreases the 

anteroposterior diameter of the larynx and shortens the 

tensed vocal cords, lowering the voice register. 

Controversy exists regarding the function of the sterno-

thyroid muscle during phonation. Kotby and Haugen (1970b) 
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reported tha t on stimulation of the sternothyroid muscle in 

five patients during laryngectomy, abduction of the vocal 

folds occurred in each instance. Sonninen (1968) stated 

that on examination of 76 patients after thyroidectomy all 

had difficulty in singing notes of high pitch. This 

appeared to be related to the· extent of damage done to the 

sternothyroid muscle dur i ng surgery. Sonninen further 

supported this statement by referring to similar reports 

made by " Berendes (l 9 54), Kat z enstein and de Bois - Reymond 

(l 922) , Lu c hsinge r (l94 2 ), Miche l ( l 9 54 ), S c hilling (l94 0 ) 

and Sokdows k y ( l 936 ) "· The findings of these workers imply 

that adduction of the tensed vocal cords was impaired, a 

contradiction of the findings of Kotby and Haugen. 

Earlier experiments by Sonninen (1956) showed the 

importance of the position of the head and neck in singing. 

He stated that stretching the head backwards caused an 

upward movement of the larynx and an increase of its antero

posterior diameter (elongation of the vocal cords), whereas 

bending the head forwards caused the opposite to occur 

(shortening of the vocal cords). Sonninen continued "that 

c ontrac tion o f the s te rn o t hy r oid may result in leng t hening 

or shortening o f the v o cal c o r ds seems to depend on the 

position o f the head and t he cervical spine and that the 

pr imar y f un c t i on o f t h e ste r nothy r oid muscle is to mo v e the 

t hyroid carti l age in a c audal dire c tion and to tilt it 

f orwards ". 
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In 1960 Faaborg-Andersen and Sonninen published a 

combined work de'scribing the function of the extrinsic 

laryngeal muscles during s1ng1ng at different pitch. Their 

subjects were healthy volunteers, seven men and six women 

who were examined both radiologically and electromygraphi-

cally. Laryngeal cartilage movement and extrinsic laryngeal 

muscle activity could be demonstrated whilst each subject 

sang a note of specific pitch. 

The muscles that were examined included the sterno-

thyroid, · thyrohyoid and mylohyoid muscles. Needle 

electrodes were inserted into the first two muscles through 

the skin and into the mylohyoid muscle through the floor of 

the mouth. Their findings showed that at rest there was no 

electrical activity in these muscles. Singing at a low 

pitch (175 cycles per second) showed pronounced activity 1n 

the sternothyroid muscle and less activity 1n the thyrohyoid 

and mylohyoid muscles. This was accompanied by a downward 

shift of the larynx that was shown on X-ray. Singing at 

high pitch (490 cycles per second) showed an increased 

activity in the thyrohyoid and mylohyoid muscles with a 

decreased electrical activity in the sternothyroid muscle, 

while the larynx on X-ray moved upwards. With yet further 

increase in pitch (715 cycles per second) increased electri

cal activity again occurred in the sternothyroid muscle and 

a pronounced degree of activity was maintained in the thyro

hyoid muscle while mylohyoid muscle activity decreased. The 

larynx moved downward at this point to a similar position as 

seen during singing at low pitch. 
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CHAPTER VIII 

STUDY, METHODS AND FINDINGS 

INTRODUCTION 

The cricoarytenoid joints in a total of 86 larynges 

(17 fresh and 69 preserved) have been dissected and examined. 

The morphology of the articulating surfaces, joint ligaments 

and intrinsic laryngeal muscles acting upon these joints 

were carefully studied. The relative movements of the 

joint surfaces and the influence on these movements by the 

joint ligaments were also examined. Where possible the 

specific actions of some of the individual muscles of the 

larynx were observed by stimulation with an electric curren~. 

The seventeen . fresh larynges were removed by laryn-

gectomy or at postmortem autopsy. Each was first examined 

whilst still attached to the hyoid bone and with all the 

intrinsic musculature and the mucous membrane still intact. 

The mobility of the arytenoid cartilages of these specimens 

was checked by manipulation through the theoretically 

correct ranges of movements. Some of the intrinsic muscles 

of 9 post-laryniectomy specimens, which were examined in the 

otolaryngology operating theatre suite at Groote Schuur 

Hospital, were also stimulated electrically and the results 

noted and photographed. Some of these findings have already 

been published (Sellars, 1978). 
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Sixty-nine formalin preserved postmortem and 

cadaver specimens were dissected. The hyoid bone, thyro-

hoid -membrane and ligaments and the covering mucous 

membranes and submucous tissue were removed. In 17 the 

intrinsic laryngeal muscles, their attachments, the direction 

of their fibres and the relationship to each other were 

examined in detail. Later in the study all the intrinsic 

muscles were carefully removed, leaving the cricoarytenoid 

joints, their joint capsules and supporting ligaments intact. 

The cricoarytenoid joints of 45 of these larynges 

were inspected. The capsules and ligaments were examined 

and the capsules then removed to expose the articular sur-

faces, which were observed in detail and measured. Towards 

the end of the study the movements of the cricoarytenoid 

joint in five postmor~em specimens were examined biomechan

ically in the Department of Bioengineering (Sellars and 

Vaughan, 1981). 

At various stages photographs, diagrams and tables 

which recorded tbese findings were made. An outsized 

model of the laryngeal skeleton, eight times normal size 

and based on measurements taken from 10 adult male cadaver 

larynges, has been constructed. 

The findings of the following are reported:-

1. Dimensions and interrelationships of the facets of the 
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cricoarytenoid joint. 

2. Structure and function of the joint ligaments. 

3. Range of joint movement. 

4. Anatomy of the thyroarytenoid and posterior and 

lateral cricoarytenoid muscles. 

5. Actions of the thyroarytenoid and posterior and 

lateral cricoarytenoid muscles. 

THE JOINT FACETS 

The facets of 60 cricoarytenoid joints were 

examined in detail. 

After the intrinsic laryngeal muscles, capsules and 

ligaments had been removed, the arytenoid and cricoid joint 

facets were carefully studied. Various surface measure-

ments were taken of these articular facets. Photographs, 

diagrams 

presented. 

and a table of the measurements taken are 

Arytenoid Facet 

The articular facet on all the arytenoid cartilages 

was a small concavity placed on the undersurface of the 

muscular process and body of the cartilage. These facets 

were very similar in shape and symmetry in all the specimens 

that were examined. The short axis of the arytenoid facet 

was parallel to the long axis of the cricoid facet and in all 
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FIG 31 

The disarticulated cricoarytenoid joint shm, ing the articular 
facets (from Sellars, 1979b) 

a) Concave long axis of the arytenoid facet 
b) Concave short axis of the arytenoid facet 
c) Convex long axis of cricoid facet 



FIG 32 

bJ 

dJ 

a), b) & c) Cricoid cartilage variations. 
d) Sections of the same cricoid facet. The left section taken 
at level c(medial curve) and the right taken at level e (lateral 
flattening of the facet•) See Figure 34 (Sellars & Keen, 1978). 



FIG 33 

Variations of the whole cricoid cartilage showing the differing positions and axes of the cricoid 
facets (Sellars and Keen, 1978) 



cases was shorter than th~ length of the cricoid facet with 

which it qrticulated (Fig 31). The average difference 

between the two axes was about 2mm and the largest difference 

was 2,5mm (Sellars and Keen, 1978). At rest the long axis 

of the arytenoid facet was at right angles to the long axis 

of the cricoid facet. 

Cricoid Facet 

The cricoid facet was more or less oval in shape and 

each was present on either side of the posteriorly placed 

cricoid lamina. Each facet was convex in its short axis 

and usually convex in its long axis. In 43 of the 60 

cricoid facets examined, the medial part of the facet was 

significantly more sharply curved than the lateral part 

(Fig 32d). In 7 facets the lateral curvature was more 

marked and in the remaining 10 specimens the medial and 

lateral curvatures were very similar. The mean medial 

curvature (2,1 mm radius) was significantly smaller than the 

1 a t er a 1 cur v a t u re ( 2 , 6 mm r a d i us ) ( Tab 1 e I I I , F i g 3 2 d ) . 

It was found that the signet ring-shaped cricoid 

cartilage frequently did not show right-left symmetry. This 

asymmetry was even more evident between the two cricoid 

facets of the same larynx (Fig 32 and 33). 

In thirty of the specimens examined, 17 males and 13 

females, the following cricoid facet measurements were 

recorded (Fig 34) :-
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Figure 34. 

( a) 1 ength 

(b) breadth at midpoint 

( c) medial breadth 8 

(d) medial arc 

( e) lateral breadth 

(f) lateral arc .. 

From these measurements the following calculations 

which are shown in Table III were made:-

1. Shape (length 'a' divided by breadth 'b'). 

2. Size (length 'a' multiplied by breadth 'b') 

3. Medial curvature (medial arc 'd' being a segment of a 

circle whose radius was calculated) 

4. Lateral curvature (lateral arc 'f' being a segment of 

a circle). 

TABLE III (see Fig 34) 

(Sellars and Keen, 1978) 

MEASUREMENTS IN MILLIMETRES OF 60 CRICOID FACETS 

STATED AS RANGE, MEAN AND STANDARD DEVIATION 

(unusual values listed in brackets) 

Mid- Radius of Radius of Shape 
2 

Length Breadth Medial Curve Lateral Curve Size IlID1 (Ratio) 

Range 5,4-9,0 3,0-5,7 1,4-2,9 1,7-5,2 20,2-50,5 1,4-2,00 

(3,2, 3,4) (1,2, one (1,2, 2,3 

flat facet) 2,5, 2,6) 

Mean 7,4 4,2 2,1 2,6 31,4 1,8 

59 facets 

Standard 
Devia- 0,9 0,6 0,2 0,8 6,2 1,2 

tion 59 facets 
... 
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FIG 35a 

:he nedially placed posterior cricoarytenoid 
of the left joint (viewe<l fron the right). 

Sellars & Keen, 1978) 

liganent 
(Fron 



When the arytenoid cartilage is at rest its position 

therefore differs from larynx to larynx and the position 

and direction of a vocal process can be different from its 

partner and from those · in other larynges. Despite this, 

the ultimate movement of each arytenoid cartilage ensures 

correct opening and closing of the glottis. However, 

because of this differing anatomy, the exact muscle action 

and the type of movement produced is specific to each joint. 

JOINT CAPSULE AND LIGAMENTS 

The articular capsules of 90 cricoarytenoid joints 

were examined and dissected. It was found to be attached to 

the rim of the articular facet of the arytenoid cartilage 

above and around the facet on the cricoid cartilage below. 

In all specimens this fibroelastic ligamentous sleeve was 

extremely lax. 

In addition the cricoarytenoid j oint was found in all 

45 specimens to be supported medially by a thick and oblique

ly placed ligament, the posterior cricoarytenoid ligament. 

Little attention has previously been given to this important 

structure. This ligament was inferiorly attached to the 

upper border of the cricoid lamina medial to the cricoid 

facet. It stretched upwards and passed obliquely forwards 

to its attachment to the medial surface of the arytenoid 

cartilage, midway between the vocal process in front and the 

muscular process behind (Fig 35a). On its deep surface it 
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FIG 351' 

A bilaminar posterior cricoarytenoicl ligament (viewed 
from behind). (Sellars & Keen, 1973) 



blended with the capsular fibres of the joint. In several 

specimens these posterior cricoarytenoid ligaments were 

bilaminar but were still attached as in the above descrip

tion (Fig 35b). 

Joint Movement 

The cartilages of the 17 fresh specimens could on 

manipulation be taken through three planes of movement, which 

were inward and outward rocking, medial and lateral gliding, 

and rotation. 

In abduction the arytenoid cartilages rock backwards, 

slide laterally. and swing (rotate) outwards on the flatter 

lateral part of the cricoid facets. This results in 

maximum glottic opening. In adduction the arytenoid 

cartilages rock forwar~s and slide medially. In addition, 

medial rotation of one or bot~ arytenoid cartilages may be 

necessary for the total approximation of the vocal processes 

on full adduction, because of the differing axes of the 

cricoid facets. 

The biomechanical investigation done on five larynges 

(Sellars and Vaughan, 1981) showed that movement at the 

cricoarytenoid joint occurred around three axes of rotation. 
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TABLE IV 

(As presented by Sellars and Vaughan, 1981) 

Movement Axis Range 

1. Rocking below the joint 4 8 2° 
' 

2. Lateral slide below the joint 36 4° 
' 

3. Rotation behind the joint 64 7° 
' 

It 1s not possible to state exactly when rotation occurs 

during arytenoid cartilage movement. 

After examination of the articular facets it would seem 

that movement of the concave arytenoid facet allows the 

arytenoid vocal process to rock into and out of the lumen of 

th ,.e cricoid cartilage. · The differences betwe~n the two facet lengths 

enables the arytenoid cartilage to . slide up and down the 

length of the cricoid facet. However, in all the larynges 

examined, the shape of the articulating facets was not 

mutually reciprocal and therefore rotation of the arytenoid 

on the cricoid cartilage becomes possible. 

INTRINSIC LARYNGEAL MUSCLES 

Twenty-six of the larynges examined were dissected with 

special reference to the anatomy of three important intrinsic 

laryngeal muscles. The position, size, direction of fibres 

and exact attachments of the muscles were examined and 

- 54 -



recorded. It was also necessary to disarticulate the 

cricothyroid joint and dissect away some of the covering 

mucous membrane to expose the lateral cricoarytenoid muscle 

during this study. 

Nine of these specimens had been removed surgically 

because of laryngeal carcinoma. Immediately following 

excision these muscles were stimulated electrically and 

their movements recorded and photographed. Initially the 

specific action of each muscle was looked for and confirmed. 

The findings of this work have been published (Sellars, 1978). 

More recent examination of the action of these muscles show~d 

an even more complicated pattern of movement than was 

previously thought. 

The electrical - stimulation of post-laryngectomy 

specimens was done in the operating theatre suite, immediate-

ly after the larynx had been removed. A Tr{odyne muscle 

stimulator producing electrical stimuli of one millesecond 

duration was used. These were repeated at a rate of one 

hundred stimuli per second and were surged to give a slow 

muscle contraction which was as near to the normal pattern 

of muscle action as possible. 

The dissection and the electrical stimulation of these 

intrinsic laryngeal muscles, the lateral and posterior crico

arytenoid and the thyroarytenoid muscles, demonstrated actions 
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A posterior cricoarytenoid nuscle showing two heads 
of origin (Sellars, 1978) 

.; ,,! 
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which contradict traditional ideas on intrinsix laryngeal 

muscl~ behaviour. Furthermore, the patterns of movement 

seen on stimulation were both highly complicated and 

differed slightly from larynx to larynx. 

1. The Posterior Cri~oaryt~noid Muscle 

A total of 52 posterior cricoarytenoid muscles were 

examined. These were found to be large, triangular paired 

muscles wnich took origin from the posterior surface of the 

cricoid cartilage lamina. Together the two muscles covered 

the whole of the posterior surface of the cricoid cartilage, 

but were separated from each other by a central vertical 

ridge. Being triangular, the muscle had fibres that lay in 

three different directions. The medial fibres passed later-

ally and slightly upwards, the lateral fibres lay nearly 

vertical and fibres that lay between these two groups passed 

obliquely upwards and laterally. 

In 17 of the 52 muscles examined there were two 

separate heads of origin, a medial oblique and a lateral 

(Fig 36). The medial fibres inserted into the medial side of 

the muscular process of the arytenoid cartilage. The lateral 

fibres passed upwards and slightly laterally to insert into 

the outer side of the muscular process of the arytenoid 

cartilage. Their outer limit reached the insertion of the 

lateral cricoarytenoid muscle (Fig 18). The intermediate 

fibres passed obliquely upwards and laterally to be attached 
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to the back of the muscular process of arytenoid cartilage. 

The forces of this muscle that act upon the arytenoid 

cartilage are three-fold, a backward directed .force, a down-

ward directed force and a medially directed force. The 

lateral and int~rmediate fibres pull the muscular process 

backwards and downwards (the rocking action of abduction), 

while the medial almost horizontal fibres exert an angled 

force on the muscular process, which rotates it medially and 

simultaneously swings the vocal process outwards and upwards. 

This combined movement was demonstrated by use of Faradic 

stimulation in eight of the nine laryngectomy specimens 

studied. On stimulation of the ninth specimen, adduction 

of the arytenoid cartilage was produced. It was later 

realised on discussion with the surgeon, that this particular 

specimen had disease-fixed vocal cords. 

2. The Thyroarytenoid Muscle 

A total of 52 thyroarytenoid muscles were examined. 

Traditionally described as a broad, thin muscle (Warwick and 

Williams, 1973) it was consistently much thicker than expect

ed in all specimens examined. It had a small triangular 

origin from the back of the thyroid cartilage on either side 

of the thyroid angle and passed backwards on the outer 

surface of the cricovocal membrane towards the vocal process 

of the arytenoid cartilage. 
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· Most of the "fibres inserted into the vocal process 

and adjacent part 

and Warwick, 1980). 

of the arytenoid cartilage body (Williams 

The highest and the most medially 

placed fibres, those adjacent and parallel to the vocal cord, 

are known as the vocalis muscle, while the rest of the fibres 

form the thyromuscularis part of the thyroarytenoid muscle. 

From the dissections done 1n this study the fibres 

of this muscle were seen to lie in three directions. The 

most superior fibres passed horizontally and backwards. The 

inferior fibres came from the cricovocal membrane and passed 

obliquely upwards and backwards. The most lateral fibres 

diverged and passed laterally and backwards to join the 

insertion of the lateral cricoarytenoid muscle on the anter-

ior aspect of the arytenoid cartilage (Fig 18). Some 

superficial fibres were seen to pass upwards to join. the 

aryepiglottic muscle. 

Electrical stimulation demonstrated an inward and 

forward rocking movement of the arytenoid cartilages in all 

9 specimens. 

Like the posterior cricoarytenoid muscle, the thyro

arytenoid muscle exerts a threefold force on the arytenoid 

cartilage. The superior horizontal fibres pull the vocal 

process forwards, the inferior fibres from the cricovocal 

membrane pull it downwards and medially (inward rocking 

action) and the lateral fibres twist the arytenoid cartilage 
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medially. This medial twisting action is sometimes 

necessary for complete glottic closure, but this depends 

on the anatomy of the particular joint. 

3. The Lateral Cricoa~ftenoid Mu~tle 

A total of 5~ lateral cricoarytenoid muscles were 

examined. Compared to the previously described muscles, 

this is a small muscle with a proportionately limited power. 

It is described as originating from the upper border of the 

cricoid arch and as inserting into the front of the muscular 

process of the arytenoid cartilage (Warwick and Williams, 

1973). These attachments explain the accepted theory that 

this muscle is responsible for the medial rotation of the 

arytenoid cartilage that is said to occur in adduction. If 

rotation occurred around a vertical axis then this would be 

correct. 

In this study, the lateral cricoarytenoid muscle was 

found to originate from the outer surface of the lateral 

arch of the cricoid cartilage, as well as from its adjacent 

upper border. 

I 

' \ , 
\ \ i. ) f 

, 
/ 

f 
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The left lateral cricoarytenoid muscle. 
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FIG 37 

a) Apex of the arytenoid cartilage at rest. 

b) Superior horn of the thyroid cartilage. 

FIG 38 

a) Apex of the arytenoid cartilage during stimulation 

of the lateral cricoarytenoid muscle. 



The muscle fibres lay parallel to each other And 

pa~sed upwards and backwards to insert into the anterior 

surface of the body of the arytenoid cartilage between the 

insertions of the posterior cricoarytenoid and thyroarytenoid 

muscles. In only one specimen, which had an abnormally 

broad cricoid rim, did both the lateral cricoarytenoid muscles 

originate entirely from the upper rim. The obliquity of 

this muscle varied considerably because of the different 

position of the cricoid facet and hence of the joint itself. 

Theoretically the direction of pull of this muscle on 

the arytenoid cartilage should be forwards and laterally, arid 

when this muscle was isolated and electrically stimulated a 

lateral sliding movement of the arytenoid cartilage was demon

strated (Sellars, 1978) supporting the theory (Figs 37 & 38). 

However, simultaneous stimulation of the lateral cricoarytenoid 

and posterior cricoarytenoid muscles produced abduction, and 

simultaneous stimulation of the lateral cricoarytenoid and 

thyroarytenoid muscles produced adduction. This confirms 

that the action of the lateral cricoarytenoid muscle does not 

alter the basic abductor or adductor action of the other two 

muscles, but enhances them. 

On re-examination of the exact anatomy of this muscle 1n 

17 specimens, it was found to be attached to the arytenoid · 

cartilage directly opposite to the attachment of the medially 

placed posteriot cricoarytenoid ligament (Fig 39). Therefore 
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FIG 39 

The left cricoarytenoid joint with capsule removed, showing the 
lateral cricoarytenoid muscle 'a' and medially placed cricoarytenoid 

ligament 'b'. 



as the arytenoid cartilage rides 1n and out of the cricoid 

lumen, . it 1s balanced between the attachments of the lateral 

cricoarytenoid muscle and the posterior cricoarytenoid 

ligament. 

In ~his way the lateral cricoarytenoid muscle acts as 

a "dynamic ligament" (Sellars, 1978) and at all times places 

on the arytenoid cartilage a controlling force, which is 

laterally directed. Its strong contraction in abduction of 

the vocal folds, pulls the arytenoid cartilage down the slope 

of the cricoid, while contraction of the posterior cricoary

tenoid muscle rocks the cartilage backwards and outwards. 

In this regard it is also acting as a synergist. 

Similarly, during adduction the lateral cricoarytenoid 

muscle exerts a lateral controlling force on the arytenoid 

cartilage whilst the thyroarytenoid muscle rocks the aryten-

oid cartilage inwards and medially. Should it be necessary 

for the total approximation of both arytenoid vocal processes 

the lateral cricoarytenoid muscle fibres coming from the 

cricoid rim can assist the action of the lateral fibres of 

the thyroarytenoid muscle in twisting or rotating the vocal 

processes medially. 
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CHAPTER IX 

DISCUSSION 

The cricoarytenoid joint on which this whole study 

is centred, is a synovial joint with a questionable classi-

fication. In 1959 Sonesson described it as a 'cylinder' 

joint, at which the arytenoid cartilage rocked on the 

cylindrical cricoid facet. 

nized by Willis in 1929. 

This movement had been recog-

Modern understanding of the anatomy of the larynx 

is indebted to Sir Victor Negus, who published his studies 

during the 1920s. His belief that the glottis opened and 

closed by rotation of the arytenoid cartilages around a 

vertical axis was so well received that all previous ideas 

on the subject were ignored. However, his concept, which 

was still quoted by many textbooks into the 1970s, would 

necessarily require the joint surfaces to be more or less 

horizontal. His view is easily understood since on 

indirect (mirror) examination of the larynx the arytenoid 

cartilages and the vocal folds appear to move in a single 

horizontal plane. 

ARTICULAR FACETS 

The articular facet on the arytenoid cartilage, 

which was seen as a concavity on the undersurface of the 

body and muscular process of the cartilage, was very similar 

in shape and symmetry in all specimens. This confirms the 
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findings of Maue and Dickson (1971). 

In contrast, the articular facets on the cricoid 

cartilage showed such asymmetry that ·the axes were different 

in every case. This supports the work of Frable (1961) who, 

after measuring 10 larynges, found that the angle between the 

median sagittal plane and the long axis of the cricoid facets 

varied as much as 20° to 45°. 

The shape of the cricoid facet has been shown to be 

flatter laterally than medially. This permits easier lateral 

rotation of the arytenoid cartilage in full abduction and 

allows maximum opening of the rima glottidis. 

JOINT CAPSULE AND LIGAMENTS 

The joint capsule is a loose fibroelastic sleeve which 

connects the two articular facets. It is reinforced medial-

ly by the thick 'posterior cricoarytenoid ligament' which 

hitherto has not been considered important. The medial 

position of this ligament has been described by Sonesson 

(1959), Maue and Dickson (1971) and Sellars and Keen (1978) 

and its name, therefore, is confusing since it certainly does 

not lie posterior to the joint. As it is the only ligament 

supporting the cricoarytenoid joint, it could be called the 

"cricoarytenoid ligament", as suggested by Sellars and Keen 

(1978). 
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Despite these findings, the ligament is still 

referred to as posterior and is still said to strengthen 

the joint capsule posteriorly (Ballenger, 1977). Similar 

descriptions can be found in most authoritative te~ts 

(Cunningham's Textbook of Anatomy and Gray's Anatomy, 35th 

and 36th editions). The authors of these · texts had com-

pletely overlooked the inconsistencies of the anatomy of 

the cricoid facets. It can be seen from Fig 26 that if 

the posterior part of the arytenoid cartilage was held firm 

by this ligament, the mechanics of the joint would be com

pletely different and the movements that are described in 

this thesis would not be possible. 

JOINT MOVEMENTS 

The movements of the larynx in vivo can be studied 

by use of high-speed cinematography with film speeds of up 

to 8,000 frames per second (Von Leden, 1976). In normal 

phonation the vocal folds vibrate at f requencies of 100-250 

per second, whilst in a trained singer they may vibrate on 

a high note at 1,000-2,000 per second. The film used to 

photograph all vocal fold excursions can be examined frame 

by frame to show a very clear, detailed picture of exactly 

what happens during all laryngeal movements. 

However, since the arytenoid cartilage 1s enveloped 

below by muscles and is obscured above by mucous membrane, 

its movements are difficult to fully assess. Its e x act 

- 64 -



displacement during breathing and on phonation cannot be 

fully seen and therefore conflicting theories on these move

ments and their relevance have bee·n put forward. Analysis 

~y cinematography is not easy since the film can only be 

taken from above and the movements of the vocal folds cannot 

be seen from the front or from the side. 

Movements of the arytenoid cartilage at the cricoary

tenoid joint is threefold; rocking, lateral sliding and 

rotation. This "rocking" action of the arytenoid on the 

cricoid cartilage was described by Willis (1829), Piersol 

(1907), Morris and McMurrich (1907), Sonneson (1959), Frabl~ 

(1961) and Von Leden and Moore (1961) and was proved con-

elusively by Ardran and Kemp in 1966. Unfortunately, 

authoritative texts have continued to ignore this in favour 

of Negus's ~riginal copcept. 

In 1966 polytomographic studies by Ardran and Kemp 

showed conclusively that as the glottis closes, the arytenoid 

cartilages move downwards, forwards and medially on the 

cricoid facets, and thereby each rock through an arc of about 

40° until both vocal processes are apposed. These workers 

showed radiographically that in the reverse movement the 

vocal processes inclined about 45° outwards and upwards, 

giving maximum glottic opening. The most striking feature 

that their study demonstrated was the different levels which 

the vocal processes reached in abduction and in adduction. 
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This was due to the dropping downwards of the vocal process 

in adduction and its lifting upwards and outwards in abduc~ 

ti.on. Both movements are the result of 11 rocking 11 of the 

arytenoid cartilage. 

The lateral sliding action of th~ arytenoid on the 

cricoid cartilage is easily understood. The joint facets 

are so shaped that the arytenoid facet, with its shorter 

lateral axis, in abduction can slide laterally and forwards 

down the sloping longer cricoid facet. This increases the 

posterior opening of the r1ma glottidis. This was suggest-

ed first by Galen in 165 A.D. and later by Piersol (1907), 

Morris and McMurrich (1907), Sonneson (1959), Von Leden and 

Moore (1961) and many others. There are, however, those 

who believe that this anatomically possible movement does 

not occur. This is mainly because the muscle action res-

ponsible for this lateral slide could not previously be 

explained. 

The third type of movement, the rotation or twisting 

of the arytenoid cartilage, occurs on abduction of the vocal 

folds and can be seen as the vocal process swings upwards, 

backwards and outwards, causing maximum opening of the rima 

glottidis. On the other band the rotation which occurs in 

adduction is a corrective mechanism that 1s necessary for 

total vocal fold closure, depending upon the axis of the 

cricoid facet. 

- 66 -



Von Leden and Moore (1961) referred - to a similar 

but very limited type bf arytenoid cartilage movement by 

which it pivots around the strong posterior cricoarytenoid 

ligament. This movement has also been mentioned by Morris 

and McMurrich (1907), . Piersol (1907) and Frable (1961). 

Rotation of the arytenoid cartilage was demonstrated 

in the biomechanical study on five postmortem specimens by 

Sellars and Vaughan (1981). They found that a range of 

movements from full lateral to full medial rotation of 

64 7° , was possible. However, it is unlikely that this 

range of movement ever occurs in the living. 

The cricoarytenoid joint is thus multiaxial and can 

be compared with the talocalcaneonavicular joint. This 

latter joint is classified as a modified 'ball and socket' 

joint, where the socket, formed by the navicular bone, spring 

ligament and sustentaculum tali moves around a stationary 

ball, the head of the talus. In the cricoarytenoid joint 

the arytenoid cartilage, with its small concave f~cet, 

articulates with the long oval convex facet of the cricoid 

cartilage. Like the talocalcaneonavicular joint, the 

arytenoid cartilage moves over the fixed elongated "ball" 

of the cricoid cartilage in three different planes of move-

ment. Although it in no way resembles the hip or shoulder 

joint, the cricoarytenoid joint, because of its multiaxial 

movement, could also be termed a modified ball and socket 
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joint. Indeed, it has been previously described as a 

''shallow ball and socket joint" by Von Leden and Moore 

(1961). 

INTRINSIC- LARYN.GEAL MUSCLES 

The arytenoid cartilage is repeatedly subjected to 

mechanical stresses. When the vocal folds are completely 

relaxed all the intrinsic laryngeal muscles show a degree 

of resting electrical activity, which has been recorded by 

electromyography (EMG). Faaborg-Andersen (1957) suggested 

that this activity, which exerted a constant stabilising 

effect on the cricoarytenoid joints, was postural, Without · 

muscle support at all times the cricoarytenoid joint would 

be extremely unstable. 

During respiration the position of the vocal cords 

must allow adequate passage of air. On deep inspiration 

abduction of the vocal cords occurs, together with a slight 

adductor muscle activity which, as suggested by Kotby and 

Haugen (1970a), tenses the vocal folds and prevents their 

collapse. On expiration adduction of the vocal folds, as 

shown by Green and Neil (1955) is understandable as a wide 

open glottis is unnecessary for expiration. 

In the production of voice the vocal folds during 

expiration are firmly pressed together and the air pressure 

below them rises. When this pressure reaches a certain 

critical level it overcomes the resistance of the opposed 
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vocal folds, forcing them apart and makjng them vibrate 

(Fry, 1979). 

Adduction of the vocal folds, which occurs during 

speech, is brought about by contraction of the intrinsic 

and, to a lesser extent, of the extrinsic muscles of the 

larynx. Electromyography (EMG) studies done during phona-

tion and intrinsic laryngeal muscle stimulation have been 

reported. Some of the findings are suspect because of an 

assumption that each of these muscles can be isolated in 

their action and because in many studies the lateral crico

arytenoid muscle has not been examined, presumably because 

of its inaccessibility. In some, electromyography tracings 

of muscle activity are presented presupposing the specific 

actions and b~haviour of each muscle. O'Hala and colleag-

ues (1968) show the electromyography tracing of "a pair of 

antagonistic muscles , the lateral and posterior cricoaryten

oids, during the production of a series of glottal stops 11
• (Fig 28) 

The findings are impressive, but nothing is said of the 

thyroarytenoid, interarytenoid or cricothyroid muscles. 

These muscles are the main adductors of the vocal folds, 

whereas the lateral cricoarytenoid muscle, which is a syner

gist, could never cause glottic closure by itself, as is 

necessary in a "glottal stopu. 

The impressive publication of Gay, Strome, Hirose and 

Sawashima (1972) described inconsistent EMG tracings of the 

activities of a number of different lateral cricoarytenoid 
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muscles. These variable tracings can be explained by accept-

ing that the ·axis of each cricoarytenoid joint was different. 

This muscle plays a postural role in the control of the posi

tion of the arytenoid cartilage on the cricoid cartilage and 

the amount of muscle activity needed would therefore differ 

in each case. This would explain the findings presented by 

Gay et al (1972) and other reported inconsistencies of 

laryngeal muscle actions. 

Classification of the various actions of the intrinsic 

laryngeal muscles helps the elementary understanding of their 

function, but is an oversimplification. The picture that 

emerges from reported studies is that the intrinsic laryngeal 

muscles never act singly and always maintain at rest a post

ural tone that supports and balances the arytenoid cartilage 

on its cricoid facet (Faaborg-Andersen, 1957; Kotby and 

Haugen, 1970a; Basmajian, 1978). ( 

During inspiration an increase 1n tone occurs 1n the 

posterior cricoarytenoid muscle (Kotby and Haugen, 1970c). 

This further increases with deep inspiration, during which a 

greater tone is also seen in the thyroarytenoid and crico-

thyroid muscles. The thyroarytenoid muscle contraction 

stiffens the cord and prevents it from flapping in front of 

the incoming jet of air (Kotby and Haugen, 1970a). Crico-

thyroid muscle activity maintains stability between thyroid 

and cricoid cartilages such that as the thyroarytenoid muscle 

contracts, tending to tilt the thyroid cartilage backwards, 

contraction of the cricothyroid muscle counteracts this. 
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Following the muscle activity that occurs during 

deep inspiration·, muscle relaxation occurs during expiration. 

However, Green and Neil (1955) demonstrated in cats an in

crease in activity of the thyroarytenoid muscle during expira

tion, implying active vocal cord adduction. 

During phonation, especially as voice pitch increases, 

a marked increase 1n intrinsic laryngeal muscle activity has 

been found in the cricothyroid, thyroarytenoid and vocalis 

muscles (Kotby and Haugen, 1970a; Shipp and McGlone, 1971; 

Gay et al, 1972). Simultaneously, the interarytenoid muscles 

contract, maintaining approximation of the arytenoid carti- . 

lages posteriorly. The lateral cricoarytenoid muscles also 

contract, but neither as powerfully nor as consistently as 

the cricothyroid or thyroarytenoid muscles (Gay et al, 1972). 

The behaviour of the posterior cricoarytenoid muscle 

is controversial. Its resting tone is always present 

(Faaborg-Andersen, 1957; Kotby and Haugen, 1970c; Basmajian, 

1978) and during phonation, especially with high frequencies, 

this tone increases (Gay et al, 1972; Kotby and Haugen, 1970c). 

Faaborg-Andersen (1961) maintains that its tone decreases 1n 

some phases of speech and increases 1n others. Yet a third 

different op1n1on 1s that during speech the tone in this 

muscle 1s consistently low (Shipp and McGlone, 1971). 

The behaviour of the intrinsic laryngeal muscles that 

occur during straining against a closed glottis, is similar 
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to that in speech, except in addition the vestibular folds 

also approximate anc the epiglottis is pus~ed bac~wards, 

closing the laryngeal vestibule (Fink, 1975b). 

From earlier reported experiments it is evident that

the extrinsic laryngeal muscles also influence both abduc

tion and adduction of the vocal cords, but in contrast to 

the intrinsic laryngeal muscles they have no active postural 

influence on the larynx (Faaborg-Andersen and Sonninen, 1960) · 

The controversy over the function of the sternothyroid 

muscles can be explained. In Kotby and Haugen 1 s (1970b) 

study the postmortem pharynx was opened and the larynx was 

tilted forward to allow direct inspection of its interior. 

This manoeuvre places the larynx in a position similar to 

that which occurs on bending the head forwards (Sonninen, 

1956). When the head and neck are flexed forwards, contrac-

tion of the sternothyroid muscles decreases the antero

posterior diameter of the laryngeal lumen (Sonninen (1956); 

Kotby and Haugen, 1970b) and causes relaxation and thus 

passive abduction of the vocal cords. 

When the head and neck are in the normal upright 

position contraction of these muscles occurs during speech 

and during singing. At low voice pitch electrical activity 

in the sternothyroid, thyrohyoid and mylohyoid muscles is 

evident. In extremely low voice pitch the cricopharyngeus 

muscle is additionally involved and tilts the cricoid 

cartilage forwards, thus shortening the tensed vocal cords 
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(Zenker, 1961) and lowering voice pitch. As voice pitch 

increases so in~reased activity in the thyrohoid and mylo

hyoid muscles occurs and the larynx moves upwards (Faaborg

Andersen and Sonninen, i960). In singing this is often 

accompanied by voluntary extension of the cervical spine 

and further elevation of the larynx and increase of vocal 

cord tension (Sonninen, 1956). 

In order to attain very high voice pitch the sterno

thyroid anrl thyrohyoid muscles contract powerfully and pull 

· the larynx and ~yoid bone downwards (Faagorg-Anderson & Sonninen 

1960). The power of these muscles also pulls the thyroid 

cartilage forwards and partly subluxate the cricothyroid 

joint (Sonninen, 1956; Fink, 1975). These displacements, 

which increase vocal cord tension, could account for a 

feature commented on by Sonninen (1956), who noted in ten 

professional singers that during singing the larynx tended 

to move forward away from the cervical spine. This movement 

is due to the strong sustained contraction of the sterno

thyroid and thyrohyoid muscles, together with some contribu

tion from the mylohyoid muscle. 
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cricothyroid and vocalis muscles. When necessary it is 

also increased by co~traction of the sternothyroid and 

thyrohyoid muscles. The anteriorly directed forces of 

all these muscles are counterbalanced by the constant tone 

of the posterior cricoarytenoid muscles. The activity of 

the posterior cricoa~ytenoid muscles, combined with that 

of the interarytenoid muscles, produces a force (Fig 40) 

which holds together the adducted arytenoid cartilages and 

counterbalances the anteriorly directed pull of the thyro

arytenoid and cricothyroid muscles. This pull of the 

posterior cricoarytenoid and interarytenoid muscles also 

counterbalances the action of the sternothyroid and thyro-

hyoid muscles ., which increases vocal : fold tension in 

high pitched sounds. As seen in the electromyography 

experiments presented in Chapter VII the pattern of con

traction of the posterior cricoarytenoid muscles varies. 

What is needed in speech from these muscles is 

sufficient force to prevent anterior movement of the adduc-

ted arytenoid cartilages. The sustained . contraction at 

low intensity 0£ the posterior cricoarytenoid muscles as 

described by Shipp and McGlone (1971) could be sufficient 

to hold stable, in the subjects of their study, the 

adducted arytenoid cartilages. 

During phonation Gay et al (1972) also found that a 

low level of contraction intensity of the posterior crico

arytenoi<l muscles was sustained, except at the peak 
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CHAPTER X 

CONCLUSION 

The two joints between the cricoid and arytenoid 

cartilages of the larynx are small multiaxial synovial 

joints at which complicated patterns of movement take place. 

Movements of the arytenoid cartilage at this articulation 

are involved in the opening and closing of the rima glotti

dis. Both cartilages rock into and out of the ring of the 

cricoid cartilage and simultaneously slide laterally in 

abduction and medially in adduction. When necessary, the 

arytenoid cartilages are also capable of rotating · at the 

arytenoid attachments of the posterior cricoarytenoid liga

ments, thus obtaining full abduction or full adduction of 

the vocal folds. 

The axes of movement . of the arytenoid cartilage are 

specific to each particular joint because the anatomy of 

each cricoid facet is very variable. The facets differ in 

size, shape and particularly angle. 

The variable anatomy of the cricoid joint facet also 

explains the difficulty that has been experienced in analy

sing and standardising the various laryngeal muscle actions 

which also differ to a certain degree from larynx to larynx. 

Electromyography and muscle stimulation experiments have 

shown in some circumstances, apparently inexplicable incon

sistent findings. 
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Abduction of th~ ·vocal folds occurs with the backward 

rocking and lateral sliding of each arytenoid cartilage 

and is usually accompanied by lateral rotation. Contrac-

tion of the posterior cricoarytenoid muscle will rock the 

arytenoid cartilage backwards and pull its muscular process 

medially, thus lifting and swinging laterally the arytenoid 

vocal process. Simultaneously the lateral cricoarytenoid 

muscle contracts and pulls the arytenoid cartilage laterally, 

acting also as a synergist to the posterior cricoarytenoid 

muscle . . This allows maximum opening of the glottis, if 

and when it is necessary. 

During abduction of the vocal folds, increased activity 

also occurs in the cricothyroid and thyroarytenoid muscles . 

. The thyroarytenoid muscle action is thought by Kotby and 

Haugen (1970a) to stiffen the vocal folds, but probably 

together with that of the cricothyroid muscle, it also 

counterbalances the pull of the poster i or cricoarytenoid 

muscle in abduction. The simultaneo u s contraction of the 

interarytenoid and thyroarytenoid muscles causes adduction 

of the vocal folds. The pull of the laterally directed 

fibres of the thyroarytenoid muscle, supplemented by the 

action of the superior rim fibres of the lateral cricoary

tenoid muscle, cause medial rotation of one or both aryten-

oid cartilages. The lateral cricoarytenoid muscle will 

automatically act as a synergist to the thyroarytenoidmuscle. 

The tension of the vocal folds necessary for normal 

phonation results from the added contraction of the 
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intensity of the vocal fold 11 tensors 11 (Fig 28b). This 

could also be correct for the particular subjects of their 

study. 

The picture that emerges is one where at rest all 

the intrinsic laryngeal muscles show a postural electrical 

activity which controls and maintains the position and 

stability of the arytenoid cartilage at the cricoarytenoid 

joint. It is thus difficult to give a simple classifica-

tion oi the actions of each of the intrinsic laryngeal 

muscles. It ap~ears that these muscles are in a state of 

constant tone, with increased or decreased activity coin

cident with the position of any specific arytenoid on its 

cricoid cartilage at any given time. 

During abduction of the vocal folds there is an 

increased activity in the posterior and lateral cricoary

tenoid muscles and in the thyroarytenoid and cricothyroid 

muscles. 

During adduction of the vocal folds there is an 

increased activity in all the abovementioned muscles, as 

well as in the interarytenoid muscles. Movement of the 

vocal folds, either abduction or adduction, is accompanied 

by a muscle interplay which brings about the final required 

position. The increased or sustained activity that is 

seen in all the intrinsic muscles of the larynx during its 

functions of phonation, respiration and swallowing results 
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in optimum forces acting in all directions on the arytenoid 

cartilage. Essentially these forces maintain the aryten-

oid cartilages and the vocal cords in the required position 

at any specific time. 
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13 MAY 1982 

LARYNGEAL SPECIMENS EXAMINED 

First study: 

Second study: 

Further laryngectomy 
specimens: 

Specimens for the 
model: 

Specimens for 
bioengineering 
study: 

42 Cadaver larynges 

3 Fresh postmortem specimens 

17 Cadaver larynges 

6 Fresh laryngectomy specimens 

3 

10 Cadaver specimens 

5 Fresh postmortem larynges 

86 TOTAL 

Preserved specimens 69 

Fresh specimens 17 
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