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THE NERVOUS and MUSCULAR MECHANISMS CONCERNED

in the PRODUCTION of the VOICE.

SCOPE OF THE THESIS.

The neuro-muscular mechanism "by which the voice

is produced has been the subject of much study in

recent yearB. Stimulated by the invention of the
■

laryngoscope by Manuel Garcia in 1855, many workers

have endeavoured to explain the production of the

various notes by the appearances seen in the larynx.

Unfortunately however many of these workers, being

inadequately trained in scientific method, have

formed conclusions and based systems of voice training

thereon, which have not led to successful results in

the production of fine voices.

For several centuries, the old Italian method of

breathing and the system of voice production founded

thereon gave remarkable results. This method was

founded entirely on experience and has been attacked

in modern times on the ground of its empiricism.

It was however entirely justified by its results,

while modern so-called scientific methods of voice

training have produced no remarkable successes.

Struck by this fact, the writer has for several years

been /
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■been making experiments and investigations into

the action of the muscles concerned in voice pro¬

duction and into the nature of their nervous control.

This reconsideration of the subject forms the basis

of the present thesis.
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THE MUSCULAR MECHANISMS INVOLVED.

Voice Is produced "by one of the most complicated,

of the coordinated muscular mechanisms in the human

"body.

There are three main subdivisions of the vocal

mechanism, the respiratory or thoracic, the laryngeal

and the oral.

It will be necessary to consider each of these

in turn as separate mechanisms and then to consider

their coordinated action in the production of voice.
I

In order to arrive at a proper understanding of

the action of these numerous and complicated groups,

it is essential first to consider the method of their

nervous control.

Many of the modern observers have devoted their

attention rather to the investigation of isolated

muscular action than to a comprehensive study of the

nervous control of the vocal mechanism and this has

naturally led to very great confusion In the interpre¬

tation of the facts they have observed.

The respiratory or thoracic sub-mechanism will

first be considered. The latter name is preferable,

for it is with the function of the thoracic cage■as

a vocal/



a vocal bellows, rather than its action as a respir¬

atory pump that we are in this thesis concerned.

A want of appreciation of this elementary fact is

responsible for much of the confusion in present day

theories upon voice production. As however the

thoracic musculature is so commonly called respiratory,

it is necessary to keep this name even when speaking

of its action as a vocal bellows.

The nervous control of this mechanism will first

be considered and then the relation of respiration

to the formation of the voice.
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5 (a)RESPIRATION in RELATION to the NERVOUS

SYSTEM.

Unlike tiie cardiac pump, the respiratory apparatus

is non-automatic and the movements of the chest in

respifcation are performed by striped or voluntary

muscles.

In studying the nervous control of the muscles of

the thoracic cage, the fundamental point that they have

two separate and quite distinct actions must never he

lost sight of. This was most clearly emphasised by
1

Dr. Hughlings Jackson in his lecture on the Respirator^
Centre. He divides the duties of the muscles of the

thoracic cage into -

(1) Their organic service. The "menial work"

of respiration proper.

(2) Their manifold voluntary services which are

mainly of cerebral initiation.

1. THE ORGANIC SERVICE or the "MENIAL WORK" of

RESPIRATION PROPER.

This is carried out by a series- of centres in the

[medulla and in the cervical and thoracic regions of

the spinal cord.

Dr. Hughlings Jackson divides these centres into

laryngeal/



laryngeal, phrenic and costal, and these names may he

retained, provided that it is recognised that the

distribution of the centres is much wider than their

names imply.

The laryngeal centre. This includes the. nuclei

of the 7th, 9th, 10th and the bulbar portion of the

11th cranial nerves.

It is scarcely necessary to point out the.

importance of the facial muscles during respiration,

while the muscles of the palate and pharynx as well

as those of the larynx are concerned in each respir¬

atory act.

The phrenic centre. Besides the diaphragm which

is supplied by the nucleus of the phrenic nerve, there

are probably a large number of muscles which are

respiratory in function, and are supplied from the

phrenic centre.

These are;

(1) The sterno mastoid and trapezius which are

supplied by the spinal accessory and also by

the cervical nerves.

(2) Other muscles fixing the scapula - the levato^

anguli scapuli and the rhomboidei major and

minor.

(3) The serratus magnus supplied by the external

respiratory nerve of Bell, which arises in

connection with the phrenic nerve.
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(4) The subclavius, the nerve to which often

communicates with the phrenic,

(5) The scalene muscles.

COSTAL CENTRE.

The inter-costal muscles and. the muscles of the

abdominal wall, the quadratus luinborum and probably

also the ilio-costalis.

These three centres, laryngeal, phrenic, and

costal, are coordinated and controlled by the respir¬

atory centre in the medulla, which is a centre

concerned in what may be called compound coordination

In the adult male during ordinary quiet respir¬

ation the diaphragm is most in action, the action of

the other muscles being relatively slight. When

from any cause respiration is embarrassed, all the

muscles controlled by the three centres may be

brought into action.

THE CEREBRAL CONTROL of ORDINARY RESPIRATION.

Dr. Hughlings Jackson considers that there is a

continuous inhibition of the respiratory centre as by

the subagency of the three subordinate centres it

i serves in the menial work of respiration proper.

He/
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He instances hemiplegia: in a case of hemiplegi

the chest on the paralysed side moves during quiet

respiration to a slightly greater degree than the

chest on the non-paralysed side. This is owing to

the fact that the cerebral inhibition is removed

from the respiratory centre on the paralysed side.

Since however each respiratory centre is on Broad-

bent's hypothesis bilaterally represented on the

cortex the difference in the movement of the two

sides of the chest can only be slight.

When the cerebral control is removed from both

respiratory centres, as in some cases of coma from

intra-cranial pressure or toxaemia, we get Oheyne ?

Stokes respiration, or uncontrolled action of the

respiratory centres.

Here the respiratory centre acting uncontrolled

by the cerebrum gives rise to several marked respir¬

atory acts and this is followed by apnoea - during

the apneal period the blood becomes venous - the

respiratory centre is stimulated and the cycle is

repeated.

Diagram I, represents the action of the nervous

system in quiet respiration. Thus in man and
2

monkeys, as Spencer has shown experimentally, the

cerebral/

a



~^L)ia.^ra.m. II

D;
ifx, nTdiu^laA'LJ Orul £nxat7on.aX rn*oV"£ merits'' o£j- /fisT' T/vrTafijc



10

cerebral action is mainly if not entirely inhibitory

as regards respiration proper.

2. THE VOLUNTARY SERVICES of the MUSCLES of the

THORACIC CAGE.

When the chest is raised and fixed, while the

arms lift a heavy weight, all the muscles above

enumerated are brought into action.

During this action, entirely initiated and

controlled by the cerebrum,which is in marked

activity, there is a sudden violent inhibition of

the respiratory centre, which often continues until

the blood becomes so venous that the respiratory

centre becomes excited and compels the taking of a

breath.

Diagram II. represents the action of the nervous

system during voluntary service of the thoracic cage.

Thus as concerns the voluntary services of the

thoracic cage the respiratory muscles are extensively

represented in the cerebrum. Besides the voluntary

fixation of the chest during muscular exertion, the

following voluntary actions of the muscles of the

thoracic cage may be enumerated,

1. Talking.

2. Shouting
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3. Singing.

4. Vomiting.

5. Laughing.

6. Crying.

and many other emotional conditions have their

physical expression in movements of the muscles of

respiration. Speaking of the action of the muscles
3

of respiration during terror. Sir Charles Bell

says "There is a spasm of the chest ~ he cannot

breathe freely, the chest remains elevated and his

respiration is short and rapid. There is a gasping

and convulsive motion of his lips, a tremor on his

hollow cheeksj a gulping, a oatching of his throat:

his heart knocks at his ribs while yet there is no

force in the circulation, the lips and cheeks being

ashy pale*"

That many of the muscles which we have enumerated

as muscles of the thoracic cage have a double nerve

supply is obvious. Thus the trapezius and the

sternomastoid are supplied both by the spinal

accessory and the cervical nerves. Dr. Hughlings
4-

Jackson says, "It is not likely that the elements of

what I have called the subordinate centres, which are

acted/
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acted upon by higher levels in the voluntary service

of expanding the cage when told, and during effort,

are the same elements as those which are acted upon

by the respiratory (medulla) centre in respiration

proper." The former elements are probably the
anterior horn cell column while the latter (according

to Dr. Jackson) are represented by thecells in the

lateral horn.

This leads us to a consideration of the peripher

nerves concerned in respiration.

The discovery of the difference between the

motor and sensory roots of the spinal nerves by Sir

Charles Bell has become such a commonplace that the

very name of the discoverer is almost forgotten.

The other great discovery on which he laid even

greater stress is that of the irregular or respirator

system of nerves. This has never received the due

attention of the medical profession.

According to Sir Charles Bell the respiratory

system of nerves consists of afferent and efferent

fibres which arise from the lateral horns of the

spinal cord and from an analogous situation in the

medulla.

The respiratory oh irregular system of nerves

may/

al
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may be summarised as follows

(1) THE MEDULLARY GROUP,

The seventh nerve to the muscles of the face.

The ninth nerve is sensory from the pharynx.

The tenth nerve is sensory from the larynx,

lungs, heart and stomach.

The eleventh is a motor nerve and supplies the

larynx via its communication with the vagus.

It also supplies the sternomastoid and

trapezius and some of the posterior neck

muscles by means of its intraspinal communi¬

cation with the sub-occipital nerve.

(2) THE CERVICAL GROUP.

The phrenic or internal respiratory nerve which

supplies the diaphragm.

The external respiratory nerve to the serratue

magnus.

The nerves to the rhomboids, the levator anguli

scapulae and the subclavius and probably the

nerves to the scalene muscles.

(3) THE THORACIC GROUP.

This group is formed by the intercostal nerves.
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All the nerves comprising the medullary group

arise from the lateral aspect of the medulla and from

a situation in the grey matter analogous to the

occupied by the lateral horns in the spinal cord.

They have a superficial origin between the olives and
the restiform bodies, while the twelfth nerve,

analogous to spinal nerves, which arise from the anter

horn cells,has its origin from the anterior part of

the medulla between the pyramids and the olives.

That the cells of origin of the nerves here

described as the thoracic and cervical groups of

respiratory nerves are situated in the lateral horns

is not yet proved, but it is a significant fact that

the lateral horns of the grey matter are alone present

in the medulla, the upper cervical region and in the

region of the spinal cord from which the intercostal

nerves arise.

Thus all these nerves form a distinct group,

which not only looks after respiration proper, but

is the means by which the emotions ordinarily find

their physical expression. To sum up, the important

point to remember is that in respiration proper it

is the diaphragm which is chiefly in action, while

the other respiratory muscles are of less importance,

whereas/

3. or
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whereas in the voluntary services of the thoracic

cage the importance of the diaphragm is small and

it is the costal and laryngeal muscles which are

chiefly called into play.

During ordinary respiration the respiratory

centre "by subconscious working, controls the three

subcentres, the phrenic centre being dominant and

the diaphragm the main respiratory muscle. On the

other hand, in singing and other emotional actions,

the three subcentres are dominated by the cerebrum

and the laryngeal and costal mechanisms are chiefly

in action.
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3 (b) We must next consider the movements of the

thoracic cage.

It is impossible to understand the respiratory

capabilities of the various parts of the thorax

without a clear recognition of the fact that every

complete costal arc is made up of three physiological

segments.

The dorsal or spinal segment of the costal arc

is that part of the rib to which the spinal muscles

are attached. It extends from the head of the ribs

to the angles. The spinal segment is the axis

round which a costal arc rotates and, while these

segments form the dorsal wall of the thorax, they

are only indirectly concerned with respiration.

They really act as lateral levers of the spinal

column and the muscles attached to them are in no

sense muscles for directly enlarging the chest; they

are spinal muscles for spinal movements.

The ventral segments form that part of the

thoracic cage which is visible when it is viewed

from above. Each succeeding segment from above

downwards is part of a greater circle than the one

above it. As the thorax is viewed in profile from

above, (see Diagram III.) each of the ventral

segments/
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segments Is seen standing out further forwards than

the ono above. The costal cartilages are included

in the ventral segments, which consist of the whole

of the first three ribs and cartilages in front of

their angles and the 4th, 5th, 6th and 7th ribs and

cartilages in front of a line drawn from the angle of

the third rib to the 8th costal cartilage. Below

the 8th rib the ventral segments cease to exist.

The lateral segments of the costal arcs are

nearly in the same plane and are not seen where the

thorax is viewed directly from above. They form the

flattened area which can always be..seen in the lateral

aspect of the dried and mounted thorax. These

lateral segments are absent in the first three costal

arcs. They begin at the fourth and increase in

length down to the eighth:below this the lateral

segments diminish in length till they have disappeared

at the twelfth rib.

These three sets of segments divide each side of

the thorax into dorsal, ventral, and lateral walls.

There is a marked difference in shape between

the upper set of ribs extending from the first to the

fifth and the lower set of ribs extending from the

seventh to the tenth. It will be seen that this

upper/



ttun " IV

X Xtco HaT £-T£/^ces X/uT££m_ i

-u-^jiB-r Oj^d ^oui£V^ S'e/?' <lS 6-ar
3^- Cdt^actonA^ ch/vd. f*H^Stoioq >-^



JltLd'i'frtrs, V

IV ^Tatv6"iT. \

/ Cajitt. \
\l |>rtt. |

Coffto-tf'A'KCvr. attic.

£jdpV<" •

Costo -tfaxstr. art it.

~T» -H.E'o tfce. 4)§§t.4~e.K.ai, biksttr^ feT
Corfo-li-ajy.sfotee- O-tfiauULo^S ^
(XrtcL lauyt-f" Gfct o^- rTi()S-



18.

upper set forms the ventral thoracic zone whilst the
lower set forms the lateral thoracic zone.

Each rib of the upper set is bent so that the

lower border is curved downwards from the angle to

the costo-chondral junction. The convexities are

directed downwards until the sixth rib is reached.

In the lower set of ribs the lower border is concave

downwards from the angle to the costo-chondral

junction.

These differences are well seen in the accom¬

panying drawing of the fifth and seventh ribs.

(Diagram IV.)

Another feature of great interest, which

differentiates these two series of costal arcs is the

condition of the costo transverse articulations.

In the upper set of ribs the articular facet, on the

ribs is oval and convex, as if it were the segment

of a cylinder while the facet on the transverse

process is socket shaped so as to receive the costal

articulation. In the lower set of ribs on the other

hand the costo-transverse facets are flat and oval,

while the costo-transverse articulation of the sixth

rib is intermediate in character. (Diagram V.)

Further differences between the ventral and

lateral/
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lateral segments of the chest can "be observed, in

their muscular attachments. To the lateral segment

alone is the diaphragm attached, as also is the
5

ilicostalis, a muscle which as Keith has pointed out

is of considerable importance in respiration.

It may be noted here that the dividing line

between lateral and ventral segments of the chest,

corresponds to the great fissure of the lung, an

extremely significant fact and one which has the

most important bearings on the respiratory capability

of these two parts of the thorax.
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THE EXPANSION OF THE THORAX AND UNDERLYING LUNGS,,

There are three directions in which the thorax

and consequently the underlying lung does not and

cannot expand. It does not expand upwards, backwards

or inwards. The lungs cannot expand backwards

because their posterior surfaces are in contact with

the spinal column and the spinal or dorsal thoracic
.

segment, the segment to which the spinal muscles are

attached. The only movement which takes place in

the spinal portion of a rib is one of pure rotation,

a movement which cannot and does not help to enlarge

the thorax backwards. The lung cannot expend inwards

because it is in contact with the heart and other

structures of the mediastinum and it cannot expand

straight upwards because it is roofed in by the firm

fibrous structure known as Sibson's fascia. Thus

expansion at the apical, mediastinal or posterior

surfaces can only be produced indirectly or by

enlargement of the opposite wall of the thorax.

(See Diagrams VI. and VII.)
■

There are three surfaces of direct expansion -

1. The ventral.

2. The lateral.

3. The diaphragmatic.
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In depression of the diaphragmatic surface, the

apex of the lung is expanded indirectly and in quiet

or ordinary respiration the diaphragm is the leading

muscle of inspiration.

Next in importance to the diaphragm is the

anterior or ventral thoracic segment. In women with

a well marked chest-heaving type of respiration,

expansion of the lung is effected more by the anterior

wall than by the diaphragm, The forward movement

of the chest wall occasions an induced expansion

of the part of the lung subjacent to the dorsal wall

of the thorax. Least important is the lateral wall.

In many people especially men with a pure abdominal

type of respiration there is no outward movement of

the lateral wall of the thorax.

As seen then in the diagrams, there are two main

methods by which the lungs are expanded.

1, The antero-lateral expansion which is produced

by the outward and forward movement of all the

ribs - the so-called pan-costal respiration.

2. The downward movement of the diaphragm, which

may or may not be associated with an outward

movement of the lateral segment of the chest.

The difference between the anterior and the
|

lateral/
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lateral costal segments is well seen when one examines

the movements of these two sets of ribs. The

characteristic movement of the upper set is a bucket

handle movement in which the costal arc is elevated,

on an axis joining the costal and sternal extremities.

The lower set of ribs undergoes no such movement:

they are long levers attached at their vertebral ends.

When their ventral ends are raised, a great lateral

enlargement of the abdominal wall takes place but

only a very partial enlargement of the real pulmonary

space. That is., while the upper set of ribs are

direct lateral distenders of the lungs, the lower set

is mainly accessory to the diaphragm. They provide

a fulcrum for the diaphragm and their lateral

movement rather makes room for the abdominal viscera

displaced by the diaphragm, than causes a direct

enlargement of the lung.

The differences in the costo-transverse articu¬

lations of the two sets of ribs already pointed out is
i

thus explained, when we consider in the one case the

bucket handle movement of rotation of the upper set,

and in the latter the mere outward displacement of the

lower set.
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3 (o) RESPIRATION IN RELATION TO THE VOICE.

INSPIRATION. Proper management of the breath.

being a fundamental condition of good singing, it is

of the utmost importance that the proper method of

breathing be taught. In the first place the directio^x
so often given to the pupil in singing to breathe

naturally is to say the least misleading for to get

the best effects in voice production the normal

natural method of breathing, that is the method of

performing the menial work of respiration, does not

suffice.

Ordinary breathing has for its end purely and

simply the physiological function of purifying the

blood and it is insufficient for singing which required
'

|
an increased chest capacity and an increased volume

of inspired air. The various methods of breathing

have been divided and subdivided almost ad nauseam.

In text books of anatomy and physiology respir¬

atory movements are given but scant attention.

They are usually divided into movements of quiet

respiration and forced respiration, and the muscles

of the chest are considered as ordinary muscles of

respiration and accessory muscles of respiration.
The different services of the thoracic cage are

however/
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however not recognised, and its movements during

voluntary effort are not considered.
6

Campbell in his work on Respiratory Exercises

describes no less than five varieties of these

movements, namely,

I.Clavicular : when the clavicles are raised and the

expansion of the upper part of the chest is in

relative excess.

2. Pure Lower costal : the lower ribs are raised,

without any profusion of the belly, the clavicles
variety

being kept fixed, A sub variety of this.is that in
. n

whiish the inner ends of the clavicles are moved

upwards and forwards, thus securing an increased

expansion of the upper part of the chest.

3. Lower costo-abdominal; when the lower ribs are

raised, and the belly protruded, the former being

the essential movement.'

4. Fare abdominal; When the belly is protruded, the

ribs being fixed".

5. Abdomino-costal: When the belly is protruded, and

the lower ribs raised, the former being the essential

factor.
7

Curtis divides the methods of respiration into

1. Superior costal.

2. Inferior costal.

3. Abdominal.
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- In the superior costal type he thinks the

respiratory expansion takes place chiefly if not

entirely in the upper part of the thorax. The upper

ribs, collar bone and sternum rising and falling

during the respiratory act.

In the inferior costal type, on the other hand,

the inferior ribs, commencing with the .seventh are

rotated and elevated, the sternum rising in its

inferior portion only, the diaphragm becoming

flattened and the lower abdominal wall being

contracted during the respiratory act.

In the true abdominal type the thorax is supposed

to be completely fixed, the diaphragm taking the

ribs as a fixed point contracting downwards to its

greatest extent and pushing down the abdominal viscera

and so distending considerably the abdominal wall.

All such methods of subdividing the movements

of respiration are fallacious being based merely upon

the anatomy of the thorax.

Movements of the thoracic cage are brought about

by the correllation of the actions of an exceedingly-

large and complicated system of muscles and in

considering the types of breathing scientifically,

we /
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we must have regard to the correllating mechanism

rather than to the movements of the various parts of

the chest itself. As has been shown in the section

on the nervous control of breathing, there are two

centres only in the nervous system which correlate

the movements of the chest in breathing.

I. The Respiratory Centre.

II. The Cerebral Centre.

I, The respiratory centre. This centre, situated ir

the medulla, controls the muscles moving the chest

and is entirely concerned with the work of aerating

the blood. Its action can be best seen when the

body is at complete rest and is undisturbed by outside

influence, e.g. in the breathing of a sleeping child.

This type of breathing is mainly diaphragmatic; at

each inspiration the diaphragm descends and the

abdominal wall is protruded, the upper and lower

ribs move but slightly.

II. The cerebral centre. The action of this centre

can be best seen when the subject is told to take a

deep breath; the breathing is then mainly costal.

The chest is raised as a whole, the sternum moves

forward and the inner ends of the clavicles are

raised. At the same time the lateral aspects of

the chest move outwards and forwards following the

movements/
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movements of the upper ribs and the abdomen is

retracted.

Thus the methods of breathing may be divided

into two: viz., ordinary or abdominal breathing and

voluntary or pan-costal breathing.

Respiration itself may be divided into -

1. Quiet or ordinary respiration.

2. Forced respiration.

3. Full respiration.

In quiet or ordinary respiration we have

movements of the thoracic cage adapted chiefly for the

work of respiration proper. This form of breathing

is best studied in the sleeping child and in this

type the abdominal wall is protruded during inspiration
Forced respiration occurs in cases of respiratory

distress from any cause, the ordinary method of

breathing being reinforced by other respiratory musclep

being brought into play. It Is not essentially

different from the ordinary form of respiration, the

respiratory centre being only more violently stimu¬

lated than normally and in its turn causing the

accessory muscles to act forcibly.

In full respiration we have however an entirely

different method controlled by a centre In the cerebruin

All the muscles of respiration come into play but

those/
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but those moving the ribs are now chiefly in action.

This is the form of respiration naturally used

during voluntary effort and during emotional actions

such as singing and speaking. In this type the

abdomen is drawn inwards.

A question of very great importance to singers

is the amount of air which can be inhaled by means

of the various methods of respiration. For in

singing it is essential that the method of respir¬

ation to be used will insure the greatest amount of

air being inspired.

We shall now shew that this takes place when

the full or pancostal method of respiration is used.
8

Howard gives the following figures for the

amount of air exhaled after taking a deep breath by

the various methods. The amount was measured by the

dry spirometer of Barnes.

Abdomen alone. Chest expansion
with protrusion
of abdomen.

Chest alone
with abdomen
retracted.

30 175 190

35 ' 185 224

25 190 260

40 220 230

35 190 320

25 185 310
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9

Campbell gives the following table showing the

quantity of air which can be expired by the different

methods of breathing.

Pancostal. 400 cub, in.

Abdominal. 90-170 " "

Abdominal and
lower costal expansion. 210-270 " "

12
Dr. Hutchinson whose great work upon the thorax

must be read by everyone interested in respiration,

is also of the same opinion. He states, "Therefore

the greatest enlargement of the thoracic cavity is

made by the ribs and not by the diaphragm as is

generally supposed. It appears very questionable

whether the diaphragm is anything more than drawn in

and that without descending."

The writer of this thesis has made a very large

number of similar experiments and his results agree

with those of the authors quoted.

When the chest is expanded as a whole, while the

abdomen is retracted, he found, as the result of a

very large number of observations, that about half as

much air again could be expired as in any other method

of breathing.

The reason why the abdomen is contracted in this

form/
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form of respiration seems to be very imperfectly

appreciated by writers on respiration. Some, such
10

as Howard actually believe that the diaphragm

ascends during this form of respiration. The fact of

the matter is however that the expansion of the chest

produced in this manner is so marked that more room

is provided than can be filled by expansion of the

lungs with air and so the abdominal contents are

displaced to fill up the place provided by the out¬

ward movement of the lower ribs and the anterior

abdominal wall sinks in.

These considerations show that in the pancostal

method of respiration we have the best means for

securing the greatest inflation of the lungs.

Another reason for. the adoption of the pancostal

method of respiration is that by elevation of the

upper part of the thorax we increase the resonating

action of the chest cavity on the voice. The beauty

of the voice is mainly a question of resonance and the

neglect of the chest resonator is one of the worst

features of the abdominal method of respiration.

The old Italian Masters taught that in inspiration

the anterior abdominal wall should fall inwards and
'

advocated/
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advocated the pancostal method of respiration. It

is indeed recorded that Rubini, when trying to take

a very high note, suffered a fracture of a clavicle.
11

In 1855 Mandl however published his celebrated

work in the "Gazette Medicals" in which he maintained

that the descent of the diaphragm was facilitated

by allowing the abdominal wall to be flaccid and

pushed out as far as possible in inspiration. He

assumed that this ensured a more complete filling

of the lungs with air. His method was adopted by

the Paris Conservatoire and in England was strongly

advocated by Messrs. Lennox Browne and Behnke.

Later, Joal urged that the lower ribs should be

expanded at the same time as the abdomen is protruded

and, as has been seen, by this method a much larger

amount of air can be inspired than by the purely

abdominal method.

As we have shewn, however, this is not the

natural method of voluntary action of the respiratory

cage, and the amount of air inspired is not nearly

so great as in the pancostal method with retraction

of the abdomen.

Fortunately many teachers of the voice are now

returning to this old Italian method and the physio¬

logically correct method of respiration during/
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13

during singing. Holbrook Ourtis 3ays,

"We were long since convinced that the inferior

costal was the proper method of respiration for

singers and voice users, but it seemed to us that

the act might be made more general by adding to it

the superior costal elevation, for thus we are

bringing into play every means not only to fill

the lung but also to increase the resonating

function of the chest."
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5 (d) THE CONTROL OF EXPIRATION.

Just as with the mechanism of inspiration so the

method of expiratory control is fundamentally

different in automatic respiration from that which

obtains in voluntary breathing.

I. In ordinary or automatic respiration, expiration

is usually stated to be a passive act, produced by

tho elastic recoil of the ribs from the position of

inspiration.
14

Sir Douglas Powell is however opposed to this

conclusion. He considers that at the commencement

of an ordinary expiration the thoracic cage is in

the neutral position, and that it is bent inwards in

expiration. For after death, when the chest is in

a position of ordinary expiration, if the pleural

cavity be opened the girth of the chest may be
r

increased 509 inches. In ordinary inspiration the

thoracic girth is only increased by P to 3 inches and

consequently in the quiet inspiration of health the

limit of thoracic recoil is barely reached.

According to Douglas Powell therefore the sole resist¬

ance to be overcome by the inspiratory muscles is

that of pulmonary suction.

Consequently we must consider that expiration

is not a purely passive act but like all muscular

actions/



34.

actions consists not only in a contraction of

expiratory muscles but in an active relaxation of

the inspiratory muscles. Thus in the ordinary or

mechanical work of respiration the control of

expiration is that of a perfectly balanced action

of the muscles of expiration and inspiration, the

inspiratory muscles - the diaphragm chiefly -

relaxing while the expiratory muscles contract.

This control is purely outside consciousness

and is governed by the respiratory centre in the

medulla.

IX. When we consider expiratory control in volun¬

tary respiration we find that an entirely different

mechanism is called into play.
15

Professor Wyllie in his graduation thesis

discusses the valvular action of the glottis. He .

discusses the mechanism of the closure of the glottis

when the breath is held by a voluntary effort.
16

He quotes Csermak one of whose conclusions is that,

during closure of the glottis in voluntary effort,

the superior vocal cords approach and meet in the

middle line.
17

Grutzner gives a drawing of the larynx when

closed during voluntary effort, where the rounded and

bulging/
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bulging nature of the false vocal cords is very

evident as they meet in the middle line and suggests

inflation from below.

Dr. Wyllie made numerous experiments on the

excised larynx.

His conclusion is as follows. "There is

within the larynx a double valve which is capable

of controlling both the exit and entrance of air.

The plan found so commonly throughout the body in

such structures, in the aortic and ileocaecal orifice

and in the course of the veins holds good here

likewise. In the upper half the resemblance is

most obvious. Comparing it to the aortic valve, we

find the representatives of the sinus of Valsalva in

the well marked ventricles of Morgagni,while the

cusps are reproduced in the two folds of mucous

membrane, whose free edges are known as the false

vocal cords."
18

Cash and Lauder Brunton made experiments which

confirmed those of Dr. Wyllie. They confined their

experiments to the mechanism of the closure of the

larynx during voluntary effort. They conclude.

I. That the ingress of air into the glottis is

prevented/
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prevented by the approximation of the true vocal

cords "but these have very little power to prevent

its egress,

2. The false cords or ventricular hands on the

contrary have very little power to prevent the ingress

of air into the lungs hut when their edges are

brought together they act as valves and offer great

resistance to the egress of air: they are therefore

to be regarded as the chief factors in the closure

of the glottis during exertion.
19

It has been objected, by Browne and Behnke

to this view that "the comparative tiny muscles of the

larynx are too weak to resist with impunity so

tremendous a strain; while the large and powerful

muscles of the chest are clearly made to regulate

expiration as well as inspiration. It is absurd

to suppose that they are only intended for inflating

the lungs while the exit of the air is to be governed

by another set of small muscles situated at a great

distance." This assumption would not have been made

if its authors had possessed an elementary knowledge

of the laws of physics. We need only refer- to the

principle of the Eramaii or hydraulic- press tc show

the fallacy of this argument. It is because the

tiny/
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tiny muscles of the larynx are situated at the top of

the trachea, a tube of very small sectional area

compared with that of the chest, that they can

counterbalance the combined efforts of the muscles of

the trunk of the body and govern the exit of the air.

However powerful the muscles of expiration may be

in compressing the chest, their influence is very

small on the column of air in the windpipe, the

pressure there being no more than on any part of the

walls of the thorax which is of the same area as the

base of the trachea.

Another objection to this view is that there is

so little pressure at the top of the trachea on the

true vocal cords that there is no necessity for an

elaborate apparatus like the false vocal cords for

the purpose of controlling the breath during singing.

It is here that the great significance of

Professor Wyllie's researches comes in. He shewed

"that;:the space in the trachea below the vocal cords

is wedge -shaped and that the air was thus enabled to

wedge itself between them, so that the true cords

could not present any serious obstacle to the exit of

air when the glottis is closed." Hence if the

pressure of the air below were not balanced by

pressure/
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pressure above the cords, due to the false vocal

cords and ventricles, the voice would always "be

forced. This is indeed what happened in the numerous

cases of laryngitis due to forcing the voice, which

have come under the writer's professional experience.

Professor Wyllie's discovery of the action of the

true vocal cords in preventing the entrance of air

into the trachea is illustrated sometimes during

very deep chloroform anaesthesia. When the patient

has ceased to inspire although the abdomen may still

rise and fall, the tongue has fallen hack and the

true vocal cords have met and been sucked together

by the efforts of inspiration.- Under these

circumstances merely pulling out the tongue will not

suffice but the finger must be put down into the

larynx past the epiglottis and the true vocal cords

must be separated by means of the finger.

We may therefore conclude that the true vocal

cords have no action in controlling the exit of air

from the larynx and that this control is exercised

by the false vocal cords or ventricular bands.
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4 (a) THE LARYNX AND THE CONTROL OF EXPIBATIOH.

We have shewn that the method of control of

expiration during voluntary movement of the thoracic

cage is by means of the approximation of the ventricular

bands, which though not themselves containing muscle

fibres can be and are approximated by the upper

portion of the thyro-arytenoidous externus muscle.

We have now to consider the control of expiration

during singing.

Charles Lunn was the first to suggest that if

the false vocal cords were used to hold in the breath

completely, they must also be used to control the

exit of breath during voice production. This point

is extremely difficult to prove and for the last ten

years the writer has carefully examined with the

laryngoscope many hundreds of throats for the special
I

purpose of investigating this point and he has come

to the following conclusions. In throats in which

it is possible to see inside the larynx easily without

having to hold out the tongue at all or only very

.slightly he has found that if the subject is asked

to attack the tone strongly the false vocal cords

invariably meet first,so as to obscure completely a

view/
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view of the true vocal cords. The false vocal cords

then spring apart and the tone is continued in a

clean perfect manner. If on the other hand the

subject brings the true vocal cords together but not

the false vocal cords the writer can in every case

predict that that voice will be a breathy one and

not clean like the other. On trying the voice after¬

wards the writer has found that this prediction is

invariably correct.

This shock of the glottis caused by the approx¬

imation of the false vocal cords can only be obtained

when the breathing is pancostal, emotional or full.

In no case of abdominal or diaphragmatic breathing has

the writer seen the false vocal cords come together.

Here again we have a confirmation of the scientific

basis on which the old Italian school of voice

production was built up. In those cases in which

the writer has observed nodes on the cords for which

the shock of the glottis has been blamed, he has

found that the breathing was abdominal. There Is

such an intimate connection between proper control of

the breath and proper breathing that it is impossible

to control the breath by means of the upper or cerebral

centre while breathing by means of the lower or

medullary centre.

An/
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An objection, which has "been raised to this view

that the false vocal cords control the exit of the

breath during singing, is that when the laryngoscope

is used to inspect the larynx during the production

of a note, the true vocal cords can always be seen

and must therefore be nearer together than the false

vocal cords or ventricular bands.

We have however shewn that during the attack
I

this is not the case for the ventricular bands do ther.

approach and meet in the middle line obscuring the

true cords and then relax allowing the vibrations to

pass upwards.

Possibly the ventricular bands while not actually

meeting may? control expiration by altering the shape

of and pressure within the ventricles of the larynx.

Doctors Gash and Lauder Brunton have shewn how

important these structures are for the production

of the voice and it seems probable therefore that

they do thus act in helping to control expiration.
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4 (\>) THE ACTION OF THE LARYNGEAL MUSCLES DURING

RESPIRATORY MOVEMENTS.

The most important muscles of the larynx and

those which act directly on the vocal cords are the

cricothyroid, the posterior cric-o-arytenoid, the

lateral crico-arytenoid, the thyro-arytenoid and the

inter-arytenoid.

All these muscles are supplied hy the recurrent

laryngeal nerve except the cricothrcid which has an

entirely different nerve supply from the external

laryngeal branch of the superior laryngeal nerve.

The action of the crico-thyroid muscle has been the

subject of much controversy. The muscle has been
20

divided by Luschka into tvro parts, the crico-thyroid

rectus and obliquus. The rectus arises from the

outer surface of the cricoid cartilage and is attached

to the inferior cornu and adjacent lower edge of the

thyroid cartilage. The oblique portion arises also

from the outer surface of the cricoid cartilage and

passing obliquely upwards is attached to the middle
third of the lower edge of the thyroid cartilage.

The action of this muscle is therefore to

approximate the cricoid cartilage to the pos-te-rior.

edge/
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edge of the thyroid cartilage and so to separate the

two points of insertion of the true vocal cords, thus

increasing their tension. Although all are agreed

that the main action of the crico-thyroid is to tense

the vocal cords the exact mechanism by which this is

brought about is disputed. It was formerly thought

that when this muscle contracted the anterior part of

the thyroid cartilage was drawn downwards, the cricoid

cartilage remaining immoveable. But the work of
21 22

Earless followed by the later researches of Hooper
23 24

Neuman and Jelenffy , have shewn that this

explanation is inaccurate. They have proved that

the cricoid cartilage is extremely mobile while the

thyroid cartilage is during vocalization fixed by

the powerful intrinsic muscles of the larynx which

are inserted into it. • They shewed that the crico¬

thyroid muscles on contracting pull up the anterior

border of the cricoid cartilage, the thyroid cartilage

remaining fixed. The anterior and oblique portion

of the muscle causes the anterior portion of the

cricoid to be rotated and drawn upwards so that its

posterior part with the attached arytenoid cartilage

is rotated backwards and slightly downwards. The

pars horizontalis causes the cricoid to be pulled

backwards/
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backwards on the fixed thyroid cartilage and thus

the vocal cords are elongated and tensed.

While the main action of the cricothyroideus is

a tensor^ it also approximates the vocal cords. The

pars obliqua laterally compresses the thyroid cartilage

and must by doing so bring the vocal cords nearer
25

together, Krishaber has shewn that after slitting

the thyroid cartilage,as is sometimes' done for

removing tumours,the voice loses considerably in

modulatory capacity.
26

Moreover Jeleneffy has proved that through

pressure on the anterior surface of the cricoid

cartilage a tone sustained during this manipulation

is raised while this pressure in the anterior surface

of the thyroid cartilage the tone is lowered.
27

Longet discovered that on cutting the nerve to the

crico-thyroid the voice of the animal became deeper.
28 29

Mackenzie and Welsch have shewn that in bilateral

weakness of the crico-thyroid the cords appear to

have a wavy edge and that the voice is deeper than

normal.

The important question has still to be considered

as to why the crico-thyroid should have a different

nervey

I
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nerve supply to all the other intrinsic muscles of

the larynx. That this difference in innervation

indicates a difference in function cannot he doubted

since the nerve supply of any muscle is the most

accurate indication of its origin and action. The

action of the other intrinsic muscles of the larynx

will first be briefly considered, as their functions

are of importance in the solution of this question.
s

The arytenoideus transversus is a single muscle which

passes from the posterior surface and outer edge of

one arytenoid cartilage to the corresponding portion

of the opposite one. The action of this muscle is to

approximate the arytenoid cartilages and to close

that portion of the rima glottidis which is included

between the arytenoid cartilages.

The crico-arytenoideus lateralis arises from the

upper margin of the lateral part of the cricoid

cartilage and is inserted into the muscular process

of the arytenoid cartilage. These muscles rotate

the outer process of the arytenoid cartilage outwards

and thus the vocal process inwards and approximate

the vocal cords.

The thyro-arytenoid muscles are two in number;

the external and internal. The external muscle has
. '

a complicated/
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a complicated action,

1. It approximates the vocal cords.

2. It rotates the arytenoid over forwards and thus

depresses and rotates inwards the vocal process

and the posterior end of the vocal cord attached

to it,

5. A very important action is that of its upper

fibres upon the false vocal cords or ventriculaf

hands. When these contract the false cords

are approximated and may meet in the middle line

The action of the internal portion is to draw

forward the arytenoid and posterior part of the oricoi

and to relax the vocal cord.

The action of the thyro-arytenoid as a whole is

consequently to adjust the vocal cord to modify the

elasticity and probably also to increase or diminish

its vibrating surfaces in the production of tone.

All the muscles above,described are adductor

muscles# the main abductor muscle being the posterior

crico-arytenoid. These arise from the posterior

surface of the cricoid and are inserted into the inner

aspects of the muscular process of the arytenoid,

which in contraction they drag backwards and inwards.
I

Consequently the vocal process is rotated outwards

and/
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and the aperture of the glottis is increased.

The extrinsic muscles of the larynx especially

the sterno-thyroid and the .thyroid-thyroid acting

together serve to steady the thyroid during phonation.

We may now return to the movements of the larynx

during respiration.

If a larynx he observed during quiet or normal

respiration the view obtained is often very limited

owing to the overhanging epiglottis. Diagram 8

j shews the larynx during "quiet breathing." The
epiglottis is seen to be close to the cartilage of

Santorini ana between them the vocal cords can be

seen.

The to and fro movement of the vocal cords is

produced by the action of the posterior ana lateral

crico-arytenoids.

If now the larynx be examined during a voluntary

respiration, i.e. whan the subject takes a deep breath,

the view obtained is much more extensive(Diagram 9).

The most striking feature is the separation of the

epiglottis and the cartilages of Santorini, so that

the antero-posterior diameter of the laryngeal opening

is increased. As we have seen it is the crico-thyroid
'

muscle/
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muscle particularly which, acting from the thyroid

cartilage as a fixed point,draws "backward the cricoid

cartilage and its attached arytenoid cartilages. It

is this action of the cricoid in voluntary or deep

breathing which no doubt accounts for its separate

innervation from that of the other laryngeal muscles.

It is contracted whenever the cerebral respiratory

centre is in action, while in the ordinary or "menial"

work of respiration it does not come into play.

During phonation the upper opening of the larynx

presents considerable similarity to that seen when a

deep breath is taken (Diagram 10), The epiglottis

is again seen to be widely separated from the apices

of the arytenoid cartilages and the only difference

is that the vocal cords instead of being far apart

are now closely approximated.

If the three figures in the diagrams are compared

it will be seen how the upper aperture of the larynx

differs in deep breathing and tone production alike

from the shape assumed during quiet respiration.

Here again we see that the shape of the larynx

during singing is that assumed during volitional

movements of the chest, so we have further evidence

that/
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that during.singing pancostal voluntary chest move¬

ment is the natural method of respiration in opposit¬

ion to diaphragmatic or quiet breathing which is

associated with an entirely different form of

laryngeal aperture.
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ACTION OF THE LARYNGEAL MUSCLES IN VOICE_PRODUCTION.

THE VOCAL REGISTERS.

In singing all the vocal muscles always come into

action yet the manner and extent of this action differ

with the different notes. No note can he properly

sounded in case of the utter disablement of even a

single muscle, as we are here dealing with one of the

most complicated of coordinated mechanisms.

In singing an ascending scale the cricoid

cartilage can be felt to approximate to the thyroid,
as the lower pass into the higher notes. This can be

easily verified by placing the finger in the crico¬

thyroid space which gradually diminishes as the scale

is ascended.

Moreover the larynx probably rises slightly as a

whole as the voice goes upward. This has little or

no effect on the pitch or quality of the notes but is

merely the mechanical result of the increased force

of the breath current required to produce the higher
30

notes. For as experimentally proved by Hooper an

increased blast of air tends to tense the vocal cords.

To raise the pitch therefore the expiratory blast must

be increased. This is well seen when a person

phonates under/
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under the influence of pain or of violent anger when

the voice will suddenly rise to a very high pitch.

The extra force of the expiratory current results in

slight elevation of the larynx as a whole during

singing of the higher notes. We must now consider t

mechanism by which the various notes of the scale are

produced, and this involves a consideration of the

vexed question of the vocal registers.
31

Bohnke defines a register as consisting of a

series of tones which are produced by the same
32

mechanism. Garcia divided the voice into three

registers, chest, falsetto and head, all three of t

them common to both sexes, the head register being

most used by females, while in men the chest register
33

has a greater range. Behnke divided the voice into

lower thick, upper thick, lower thin (or falsetto),

upper thin and the small or head register, thus

making five different mechanisms in all. The

indications accounting for this subdivision are^as

he himself says, more or less vague. Other writers

have to a greater or lesser extent followed these

subdivisions. It will be noted that both Garcia

and Behnke use the term falsetto to denote the

medium register midway between the low or chest

register/
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register and the high or head register. As

generally accepted however the term falsetto is used

as describing the false voice in men stimulating the

upper notes of the soprano and it is this acceptation

of the term that will be used in this thesis.
54 55

Mandl and Mackenzie however recognise that

there are essentially two registers, one the chest

in which the pitch is raised by means of increasing

the tension of the vocal cords, and the other, the

head, or falsetto, in which a similar result is

brought about by shortening the vocal reed.

The observations of the writer of this thesis

are entirely in agreement with the views of these

authors and against the artificial subdivision of

the registers as adopted by Brownfand Behnke.

The act of phonation may be described as

follows: By.the action of the stemo-thyroid and

thyrohyoid and the other extrinsic muscles of the

larynx the thyroid cartilage is fixed. Immediately

following this, the crico-thyroid contracts and

tenses the vocal cords, which are at the same time

approximated by' the action of the thyro-arytencids

ana the lateral crico-arytenoids»

As/
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As the pitch of the note rises, the crico-thyroid

muscles contract more and more until at last the

crico-thyroid space becomes obliterated and then they

have no further action.
36

Howard and others hold that this takes place

in most singers at or about the higher F. At this

point he believes that the crico-thyroid ceases to be

the dominant muscle and that the thyro-arytenoid

muscle begins to have a dominant action and that this

is the point at which the chest register changes into

the head or falsetto register. The action of the

thyro-arytenoids upon the already tensed vocal ccrds

is to rotate the arytenoids downwards so that the

vocal processes sink and the posterior insertions of

the cords are lower than their anterior. Possibly

the internal thyro-arytenoid also acts in such a way

that the posterior parts of the vocal cords are

approximated and their vibrations damped, leaving a

small chink between their anterior ends only. At

any rate this is suggested by the laryngoscopic

appearances of the vocal cords during the higher

notes of the female voice. The view that the vocal

cords actually sink during the high notes although

the larynx, nay rise as a whole is due to the work of
37

Neuman ./
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37
Neuman . He cut the right recurrent laryngeal nerve

nerve
and the right superior laryngeal^and the right cord
could he seen distinctly higher than the left, while

it did not sink to the level of the left cord until

both the right recurrent laryngeal nerve had been

stimulated and the right crico-thyroid muscle put

into action by stimulation of the right superior

laryngeal nerve.

The internal thyro-arytenoid by contraction

of its fibres probably alters the shape of the vocal

cord, so that it becomes thinner than it is in the

production of the lower notes. This change in shape

would cause a difference in the angle of incidence

of the respiratory current on the vocal cords and
38

Koschlakoff has shewn the angle of incidence affects

the vibration of the vocal cords.

As regards the exact mechanism of the registers,

it may he granted that in the lower notes the whole

of the vocal cords are thrown into vibration and that

as the pitch rises the cords become tenser by

increasing action of the crico-thyroid and glottic

aperture becomes more and more narrowed. In the

falsetto voice and the head register most writer hold

that only the margins of tho vocal cords vibrate.

Thi s/
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39
This view was strongly advanced by J. Muller and

has been accepted by most writers since his time, but
40

the recent investigations of Oertel by means of

the laryngostroboscope have demonstrated that this

view can he no longer accepted.

Briefly the stroboscope is an instrument in

which by means of a revolving disc perforated at

regular intervals we may see the vocal cords moving

as slowly as we plea.se and by means of a telescope

can obtain magnified image of any portion of their

surfaces. As the result of his experiments Oerfel-

found that the vocal cords were set in-motion by the

expiratory air blast in their entire length and

breadth. In the chest register the vocal cords can

be seen to oscillate throughout their entire length

and breadth and in such a way that the extent of the

excursion of individual points diminishes with their

distance from the free edge of the cords. In the

upper or falsetto register the cords again vibrate

as a whole but the character of the movement is

entirely altered. The vocal cords are thinner and

and flatter and a nodal line appears -upon them so tha

they are divided into segments which have their own

rate of vibration. A cross section of the cords

under/
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under these conditions would give an exact picture

of a vibrating rod fixed at one end and divided by

a nodal point.

Both anatomical and experimental investigations

seem to show that there are two distinct mechanisms

by which the chest and the falsetto registers are

produced respectively. It is however questionable

whether the upper or falsetto method of producing

pitch need ever be used.
41

Mackenzie found that in the best singers even

in pure sopranos the chest register was generally

used throughout and he states that., this was the case

with Nilsson, Albani and Valeria. This is of course

most remarkable and it would tend to shew that in

properly trained voices the chest register need alone

be used except for very special purposes. In many

cases this ability to produce the highest notes of

the chest register mechanism must be due to a special

endowment of Nature but It may certainly be acquired

by proper training of the voice and especially by

coordinating the action of the crico-thyroid muscle

with its naturally associated method of respiration.

It cannot be too strongly insisted that the crico¬

thyroid/
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thyroid is called into action by the cerebral centre

alone and not by the respiratory medullary centre

and that therefore its action will be most naturally

associated with that form of respiration which is

called into play by the higher cortical centre. The

use of the pancostal voluntary respiration where the

abdomen is retracted and the chest expanded to its

fullest extent should therefore be adopted in

singing in opposition to the forced diaphragmatic

respiration which as we have seen is not associated with

those muscles of the larynx, which give to the chest

register its peculiar characters.
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5 (a) THE^ PHARYNGEAL AND ORAL MECHANISM,

(a) The Vocal Resonators.

In the larynx is developed the tone of the voice,
.

while the quality is devloped "by the vocal resonators.

Although the breath is vocalized by the larynx,

both the muscial notes in singing and the vowels In

speech are affected by the form and dimensions of the

vocal, resonators.

This is well seen in these cases, in which a

person has divided the pharynx and exposed the top of

the larynx. When such a person attempts to speak,

no sound Issues from the larynx. By great effort

he may produce a noise, but anything like the common

effort of speaking is attended with no audible sounds.

From this we may infer that the delicate vibrations,

necessary to articulate language are influenced not

merely by the action of the glottis, but by the

condition of the walls of the pharnx and mouth, the

cavity into which the sound is thrown.

The vocal resonators may be divided into three

groups.

(1) The chest resonator.

(2) The laryngeal resonator.

(5) The head resonators.
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Of these undoubtedly the head resonators are the

most important but the effect of the chest resonators

on the voice must not be lost sight of.

(1) The resonance imparted by the chest to the

voice is greatest when the pancostal method of

respiration is used because the upper part of the

chest is then brought nearer to the origin of the

vibrations in the vocal cords, This chest resonance

can easily be brought out by singing a note with the

chest in the position of pancostal respiration and

the same note with the chest in the position required

by abdominal breathing when in the latter case the

chest resonnance will be found to be largely absent.

It is generally supposed that what is called

chest voice or that part of the voice which is

reinforced most noticeably by the chest is only useful

for basses and baritones sometimes for contraltos

but never for tenors or sopranos. Some teachers even

go so far as to omit any mention of it all. For

instance no mention is made of it by Browne and
42

Behnke and they very carefully take pains to render

its development impossible. They give the following

definition of correct breathing : "Whoever draws in

the/
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the abdomen and raises the upper part of the chest

breathes wrongly," Further they try to prevent

even the proper development of the lower part of the

chest by advocating that all breathing exercises

should be practised when lying on the back on the

floor thus effectually preventing the full play of the

ribs.

No modern sopranos have any chest resonance

and consequently their voices all sound thin like a

small boy's voice. As my master, the later Signor

Scafati of Naples said to me "Tutti i donni adesso

cantano una genera di falsetto " - All women nowadays

sing a kind of falsetto. That even light sopranos

of former days had chest resonance may be heard by

listening to Patti in the gramophone when her low

notes may still be heard in their pristine beauty, full

and beautiful owing to chest resonance.

The laryngeal resonator consists of the ventricles

of Morgagni lying between the true and false vocal

cords. The great development of this pouch in

certain animals such as the howling monkey shows that

it must be of importance as a resonator of the voice

and it has been seen by the writer to be greatly

developed at post mortem examination of the larynx of

a/
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a distinguished vocalist. The ventricles of

Morgagni can no doubt be developed by practising

what is generally known as shock of the glottis.

They are always well developed in voices that are

well balanced and -which give the hearer the sensations

of vibrations well controlled.

We next come to the pharynx which is the

resonator that gives character to all good voices

and is the one most neglected. It can be developed

to a certain extent by exercising the consonants

B D and G when it may be seen to swell out to the

extent of an inch or so. It Is also of equal

importance with the chest for giving quality as well

as power to the voice. The back wall being fixed,

the front wall can be expanded by constant practice

in the right method. The difficulty lies in this,

that practice without tone will do no good as it is

only by means of the ear that one can tell whether

the space is getting larger or* not because the sound

seems to go down lower and sink Into the chest.

My late master SIgnor Scafati pointed out to me that

every vowel ought to have two resonances, a forward

one in the front of the mouth and a deep one at the

back of the pharynx. The deep one was obtained by

bringing/
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bringing the back of the tongue away from the back

of the throat but not necessarily in every case,

making it lie flat in the mouth. Every other master

under whom the writer has studied ennunciated as the

first principle that the tongue should lie flat in

the mouth, and as long as it did so their ear as well

as their eye was satisfied that the tone must be

right. Now that is just where the mistake lies.

The eye has got nothing to do with the voice production
as far as the writer's experience - a long and

wearisome one - goes; it can not give one the

slightest assistance.in the production of beautiful

sound.

The head resonators are not very large at any

time and the presence of adenoid growths in the naso¬

pharynx or a deflected septal cartilage in the nose

may effectually prevent nasal resonance being

developed. The inability to obtain this resonance-

may be the first indication that there is any

abnormality present.

It is important to remember that this abnormality

may be of such a slight nature that although it might

not be of any importance to a non-singer it is of

the utmost importance to a singer to have it corrected.

Enlarged/
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Enlarged tonsils should always he removed

because they lessen the resonating space and prevent

it being used to the fullest advantage. It is said

that it is a dangerous thing to do so, as it changes

the character of the voice. This is quite true but

in the numerous cases in which the writer has performed
the operation in singers the character of the voice

has always been improved as well as changed.
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5. .(h) FORMATION OF THE VOWELS.

43

According to Ellis a vowel may be defined

"as a modification (due to resonance in the cavities

above the larynx) of an original quality of tone

(produced by the vibrations of the vocal cords in

the larynx)". The chief agents in the modification

of this original tone are the tongue and the lips.

Some vowels can be produced by the action of the

tongue when the lips are widely apart; in other

vowels the lips are closed to a greater or lesser

extent, while the tongue is made to assume various

positions; thus the front of the tongue most closely

approximates the palate during the formation of the

vowel ee_ and the back of the tongue for the vowel oo.

During the formation of the former vowel the lips

are widely apart while in the latter they are closely

approximated. So numerous are the combinations

which may be brought about by means of these two

modifiers of the oral cavity that Melville Bell

concludes that in the universal alphabet there should

he no fewer than 180 possible shades of vowel sounds.
44

As Professor Wyllie has pointed out, many of

the/
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the English vowels are really compound so that

"the English i is really not a simple vowel sound

hut a compound of two vowels sounds that may be

represented by the letter a, i."
45

Melville Bell distinguishes 17 different

vowel sounds and five combinations of vowel sounds

or glides in the English language.

The Italian language is supreme as a vehicle

for teaching singing since it has more open vowel

sounds than any other language and no glides from an

open to a closed position of throat such as are found

in English,

Every vowel has two resonances, one from the

front of the mouth and the other from the pharynx.

Helmholtz in his great work on the "Sensations of

Tone" has pointed out that the vowel sound varies

with the pitch and that some vowels are more easily

pronounced in a high pitch than others. This questi

of pitch does not affect speakers practically at all,

as they keep to a medium pitch throughout. It is

far otherwise with singers, who often have the

greatest difficulty in enunciating the proper vowels

upon high notes. This difficulty can only be

/overcome/
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overcome by proper development of the pharyngeal

resonator for every vowel. In order to do this,

many years must be spent in development the muscular

bag of the pharynx in such a way that it is expanded

instead of being contracted during the emission of

high notes. Of all the vowels the one which

requires the greatest expansion of the pharynx for

its proper production Is the Italian "Ah", whereas

the vowel which requires,the least expansion of the

pharynx is the vowel "oo".'

Consequently when beginning the training of the

voice the student should first of all endeavour to

obtain the proper pharyngeal resonance in the vowel

"ah" and only when this has been done should the

other vowels be attempted.
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5 (c) FORMATION OF THE CONSONANTS.

The power of articulation differentiates the

human voice from all other instruments. In other

instruments, either wind or string, continuous

sound or tone is the only requisite but in voice

production besides the tone, which is represented by

vowel sounds, we have to study consonants or

articulations.

Consonants may be divided into two main groups:

(1) Breath or voiceless consonants, in which there

is no voice sound; and

(2) Voiced consonants, which have the same oral

position as the first group, but have in

addition a concomitant voice sound.

The difference between the voiceless consonant

p. and the voice consonant b. is that the former has

no sound previous to the parting of the lips while

in the latter a guttural sound precedes it. It is

the exact cause of this guttural sound which is

generally so imperfectly explained.

Like all other sounds this murmur proceeds

from the vibration of the vocal cords and these cords

cannot vibrate without the ascent of air through

them/
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them. During the whole period of production of the

murmur the lips are closed, consequently'the air, as

it ascends, must he distending the pharynx. Thus in

the voice consonants the breath ascends and produces

the sound which precedes and gives them their

distinctive character, while in the voicoless

consonants, produced as they are by the same position

of the lips and tongue there is no preceding murmur.

Several alphabets for the consonants have been

constructed on a physiological basis.

The following table represents that constructed

by Alexander Melville in 1849. In it the consonants

are placed in parallel lines

Voiceless Voice. Voice - Nasality.

P P M

V V

WH W

TH

T D

TH (DH)

h

R

S Z

SH ZH

Y

K G NG
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On referring to the table, it will he seen that

in order to form the breath consonants the breath is

completely obstructed at three pointsi-

1- By contact of the lips.

2. By contact of the tip of the tongue with the

anterior part of the palate.

3. By contact of the bach or root of the tongue with

the posterior part of the palate. At the first

of these points are formed the articulations P

and B; at the second T and D; and at the third

K and G("hard"); the former of each of these

parts being the"breath", and the latter the

"voiced" form of the articulation.

While the oral organs are in obstructive contact

the breath or voice may be made to issue by the nostri

This is the mode of formation of the English elements

M, N, and G. For M the lips are closed, as in

forming P and Bj for N the tongue is on the palate

as for T and D; and for NG the postei'ior organs are

in contact, as in forming K and G.

F and V are formed by partial contact of the

lower lip and upper teethj TH and TH (DH) by partial

contact between the tip of the tongue and the upper

teeth, and L by partial contact of the tongue and

forepart of the palate, while the sides of the tongue

vibrate/

Is.
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vibrate freely.

In trilled R the tip, and not the sides of the

tongue, is allowed to vibrate, thus differing from L

with which it is often confused. In WE and W there

is merely approximation of the lips and in S and Z,

SH and ZH and Y, approximation of different parts of

the dorsum of the tongue to the hard palate. In the

formation of these consonants it is well to bear in

mind that L, M, IT, NG, R, DH, Z, ZH, W, and Y can

be compared to'the'vowels, in that they are all

continuous voice sounds, and like them are seldom a

cause of trouble to the stammerers. Any.one of the

other consonants however, may present the greatest

difficulty. In the formation of the breath consonant

there is one point of the utmost importance, which,

so far as the writer is aware is mentioned by Melville
46

Boll and by no other writer on the subject. As it

is important not only in the correction of speech

affections, but also constitutes a crucial distinction

between good and bad voice production, it will be best

to give it in its own words:-

"The voice organ and the articulating organs are

entirely separate and independent; and the element

of their respective utterances are not coalescent,

but/
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but merely sequent, however rapid and close may be

their apparent connection. All actions of the vocal

organs which partially or wholly obstruct, or which

compress the breath or voice, are called articulations

(or consonants). The necessary effect of such

obstructions or compressions is a degree of explosive--

ness in the breath when the co^oined or approximated

organs are separated. Hence arises an element of

audibility produced by or with the mouth. When the

current of unvocalized breath is altogether stopped

by organic contact, as in P, T, K, the only audi¬

bility that the letter so formed can have is the

puff or explosion which follows a separation of the

organs. This must therefore be clearly hoar or the

letter is partially lost. In the mode of producing
• |

this little effect, lies one of the most important

principles of speech - a principle on the right

application of which lies much of the speaker's

distinctness and all his ease. Here lies the -point

of importance. If only the breath in the mouth, and

not any from the lungs, be ejected, a distinct sharp

quick percussion will be heard, which gives to these

breath articulations all the audibility of which they

are susceptible, The want of pharyngeal power

manifests/
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manifests itself by distension of the lips- and cheeks

for P and B; by the incontinoncy of breath for T,

K, D, G, by the laborious act of the chest to create

those letters; by scattering the saliva for S and F

and other elements; and by general distinctness of

articulation. It is the want of power to retain

the breath after consonants which causes the great

difficulty which stammerers experience in joining

consonants to succeeding vowels. They will often get

smoothly over the consonants and stumble at the vowel.

They must bear in mind that the breath in articulation

is exploded from the mouth and not from the chest.

The space within which the air is compressed is above

the glottis; and the effects of the compression must

not be communicated below the glottis. The quality

of clear-cut articulation depends on the due separ¬

ation of the function of the vocalizing and articu¬

lating organs. The vocal sound seem.3 to be unbroken.,

because the actions of the tongue and the lips, while

interwoven with it, do not interfere with it. All

singers and all speakers may attain this bright

excellence of articulation by forming consonants with

the economic impulses of the pharynx instead of the

wasteful explosion of breath from the chest."

Professor/
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47
Professor Wyllie however in his classic work,

The Disorders of Speech, considers that the consonants

are formed in a different way. Thus in speaking of

his physiological alphabet he cays

"Before I proceed to draw up this alphabet, let

us consider, in the light of a few examples, the

delicately co-ordinated action, which is carried on

in combination by the two mechanisms laryngeal and

oral, in the production of ordinary speech. Take

the word Satisfy. Here the laryngeal mechanism

is called upon to touch off three separate vocal

sounds, each of which is evolved by the vocal cords

during an instant of approximation, viz. the sounds,

A, I, and Y; and between the sounds the open glottis

must permit the current of air to pass moiselessly

into the mouth, where it will be utilised for the

production of the voiceless consonants, which are

made, as it were, to clothe the vowels in front and

behind. Let the naked vowels, as they sound in this

word, be pronounced, and then the full word itself;

and the extreme delicacy and exactitude of the three

co-aptations of the vocal cords will be realised.

first vowel, and the initial S will be hissed and

prolonged/

delay in the pronunciation of the
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prolonged exactly as it is by the stammerer.

"But the voice is not an exclusive possession of

the vowels; many of the consonants are also in part

made up of voice. Take the word WONDER, for example

Here every letter consonant and vowel alike contains

voice; so that the larynx has to maintain its vocal

cords in co-aptation throughout the irhole word, which

may even be repeated many times in a deliberate and

continuous hum. But add to this word the final

syllable FULL, and as the word with this addition is

being hummed over, note the moment of .interruption of

the hum during the production of the voiceless F.

For a moment the vocal cords have been thrown apart

to permit of the passage of voiceless air for the F;

but they are immediately brought together again for

the production of the vocal U. These examples may-

suffice to show what a delicate and exact work the

larynx has to perform, in supplying the vocal element

to the vowels and vocalised consonants, and in

intermitting the voice production when the air is

required for consonants that require no voice."

A comparison of the statements of Bell and Wyllie

respectively shows a fundamental difference between

their/



75.

their conception of the production of voiceless

consonants. The practical lesson to he drawn from

Bell's dictum is that it is not necessary to intermit

the voice ( as stated by Wyllie) in order to interpola

the voiceless consonants.

In speaking, much of the sound, as in the vowels

and dipthongs, is the uninterrupted issue of the

vocalized breath, modulated by passages, and differ¬

ently directed, but not checked or interrupted.

The consonants are of the same sounds checked by the

tongue, lips or teeth. At the moment of this

interruption the pharynx, being distended, is prepared

to give an appulse by its muscular action exactly

in time with the parting lips.

If we grasp the throat whilst speaking, so that

the fingers embrace the bag of the pharynx, we shall

feel that each articulate sound is attended with an

action of the pharynx; and preceding each explosive

letter, we shall be sensible of a distension of the

throat. By a close attention to the act of breathing

we shall perceive that whilst the distended chest

falls gradually and uniformly, the bag of the pharynx

is alternately distended and compressed in corres¬

pondence with the articulated sounds.

If/
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I

If each impulse of the breath in speaking and

singing arose from an action of the chest, it would

be attended by very great and unnecessary exertion.

Thus if each consonant in addition to each

vowel required the action of the whole thorax we

should probably find that a speaker instead of being

able to deliver an oration of several hours in length

would become exhausted in a very short time.

We thus see that there are two sources of the

force with which words are uttered, viz. the chest

and the pharynx.

The emphatic delivery of several words or syllables

must proceed from the forcible expulsion of the

breath by the efforts of expiration; but the

emphasis on the single syllable and the forcible

ennunciation of the consonant on which the clearness

and distinctness of words depend are produced by the

efforts of the pharynx.
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_ oonolpsio_h _s._

The mechanism "by which the voice is produced

has "been the subject of so much controversy and the

question is still in so much confusion, that it is

necessary to state the conclusions arrived at in this

thesis somewhat dogmatically.

1. The movement of the thoracic cage when it is used

as a vocal bellows is essentially different from its

movement when used merely as a respiratory pump.

These two movements are controlled by entirely

different nervous mechanisms; in the former case,

the cerebrum is the controlling agent, while in tho

latter case the respiratory centre controls the

subconscious movements of ordinary respiration.

■When the voice is being used, the thoracic movement

is of the pancostal type, all the ribs being used

and the abdominal wall sinking in. During ordinary

respiration, such as that of the sleeping child,

the diaphragm is the main muscle in action and the

abdominal wall protrudes during inspiration.

2. Since the classical work of Dr. Wyllie on the

function of the false vocal cords or ventricular

bands, the fact that they control the exit of air

during/
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during voluntary movements of the chest is undisputed.

It is the writer's opinion that they also control

expiration during voice production and that they

can "be seen to meet in properly trained voice

users during the shock of the glottis. This

controlling movement of the ventricular hands is

intimately associated with the pancostal method of

"breathing both in voluntary holding of the breath

and in the act of singing.

Voice is produced by vibrations of the true

vocal cords, the exit of air from the vocal bellows

is controlled by the ventricular bands.

The movements of the laryngeal cartilages also

show the same correspondence between voice

production and a voluntary effort such as taking of

a deep breath.

In these actions, the crico-thyroid is the

muscle first to contract, the cricoid cartilage

being displaced backwards on the fixed thyroid

cartilage. The arytenoid cartilages are carried

backwards with the cricoid cartilage and the vocal

cords are tensed.

During ordinary or quiet respiration this is

not the case: there is no action of the crico¬

thyroid/
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thyroid, and the cords move in and out under the

action of the posterior and lateral crico-arytenoid

muscles.

The writer believes that this action of the

crico-thyroid associated with voluntary movements

of the thoracic cage, accounts for its separate

innervation by the external laryngeal nerve,

4, The initial tone of vowel sounds is produced by

vibrations of the vocal cords and the various vowel

by alterations in the shape of the pharyngeal and

buccal resonators. Upon the proper development

of the pharyngeal resonator depends the quality

of the voice,

The voiceless consonants are only properly

produced when the air in the pharynx and not that

in the lungs is used in their formation. The

guttural sound present in the voiced consonants is

due to the vibration of the vocal cords produced by

air from the lungs ascending through the larynx to

fill the pharyngeal pouch.

As the result of his investigations the writer

has come to the conclusion that the old Italian

method/
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method of voice production though empirical in

its origin, is scientifically correct. Until a

return is made to this method of teaching,good

singers will always be far to seek. The pancostal

method of respiration, the proper attack of the

tone which has been shewn to be due to the action

of the ventricular bands, and the education of the

pharyngeal and nasal resonators were the main points

on which they insisted. It has been shewn that all

these .movements are intimately associated and that

the. art of voice production depends upon the

delicacy of their co-ordination. The old Italian

Masters kept their pupils at simple exercises for

several years in order to attain this end and it

is only by following their patient methods that

equal results can be obtained.

The writer hopes that in this thesis by

providing the scientific basis for what has

hitherto been a method of teaching founded on

experience only, he will assist in restoring the

lost art of voice production.
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