
SECTION 1

The respiratory system—or pulmonary 
system—is the power source and actua-
tor of the vocal instrument. In this capac-
ity, the lungs serve a function similar to 
the bellows of a pipe organ or the air 
bladder of bagpipes; in essence, they 

function as a storage depot for air. This is 
not, of course, the primary biological 
function of the respiratory system, which 
must perpetually oxygenate the blood 
and cleanse it of excess carbon dioxide to 
maintain life. 
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SECTION 1

Respiratory Anatomy

! The respiratory system is housed within the axial skeleton 
(Figure 3-1), which is the portion of the human skeleton that con-
sists of the spine and thorax (ribcage). The remainder of the skele-
ton, including the skull, pelvis, arms and legs is called the appen-
dicular skeleton. Posture is largely a function of the relative posi-
tions and balance between these skeletal regions. 

Spine

! Discussion of the respiratory framework must begin with the 
spine itself, which consists of twenty-four individual bones called 
vertebrae. Stacked together to form a gentle “S” curve in the 
anterior/posterior (front to back) plane, the vertebrae gradually 
become larger from the top to the bottom of the spinal column. 
The lowest five are called the lumbar vertebrae. These are the larg-
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est and thickest bones in the 
spine and are responsible 
for carrying most of the 
weight of the upper body. 
Curvature in this region acts 
as a shock absorber, helping 
to prevent injury during 
heavy lifting (Figure 3-2). 
Thoracic vertebrae make up 
the next twelve segments of 
the spine. These bones are 
somewhat smaller than the 
lumbar vertebrae and pos-
sess flat areas called facets 
for the attachment and ar-
ticulation of the ribs. 

! The seven cervical vertebrae complete the top of the spine. 
The topmost cervical vertebra is called the atlas and is specially 
shaped to fit snugly into the base of the skull and carry the weight 
of the head. The second cervical vertebra, called the axis, features a 
projection from its anterior segment called the dens or odontoid 
process that inserts into the atlas. Together, these two vertebrae pro-
vide a pivot around which the skull can be tilted and rotated.

! Each vertebra, except the atlas, has a small projection from its 
posterior called a spinous process that serves as an attachment 
point for muscles of the back. In the lumbar region, these projec-
tions are robust and somewhat stubby, extending nearly at a right 

angle to the spine. In the thoracic region, the spinous processes are 
longer and extend obliquely downward from the spine. The 

spinous process of the 
seventh cervical verte-
brae is particularly large 
and can easily be seen 
or felt in most people, 
especially while bend-
ing over. This provides 
a landmark for the divi-
sion between the cervi-
cal and thoracic regions 
and can be useful in es-
tablishing correct pos-
ture. Two transverse 
processes extend later-
ally from each vertebra.

!At the base of the 
spine, five sacral verte-

brae are found, which are fused together to form the sacrum. An 
additional five, very small vertebrae, which also are fused together, 
extend beyond the sacrum to form the coccyx or tailbone. The sa-
crum joins with a group of bones called the ilium, pubis and is-
chium to create the pelvis, a strong structure that serves as the at-
tachment points for the lower extremities and as a girdle for the 
contents of the abdomen.

! Knowledge of the structure, shape and attachments of the 
spine has significant pedagogic consequences. It must be remem-
bered that the spine has a natural, s-shaped curve. While this curve 
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should not be exaggerated, as seen in severe cases of lordosis 
(swayback), it should also not be removed and straightened artifi-
cially. At least one prominent text on singing technique instructs 
that correct posture can be established by leaning against a wall 
with the knees bent and the feet placed several inches forward. The 
singer then presses the small of his back into the wall, making it as 
straight as possible. Finally, he is to stand up while maintaining the 
same vertebral posture—and sing (McKinney, 1994). While this 
technique might be somewhat beneficial for the correction of lordo-
sis, the impact on normal bodies is contrived and unnatural.

! When the entire skeleton is considered, another significant 
pedagogic implication becomes clear: the central pivot point for 
bending forward is located at the joint between the pelvis and the 
hips, not at the waist. Many singers and teachers use breathing ex-
ercises that include bending over to increase awareness of abdomi-
nal movement during respiration. If students are instructed to 
bend forward from the waist, the exercise compresses the abdomi-
nal area and actually inhibits free breathing. If, however, the singer 
bends forward from the hips while deliberately elongating the 
spine, space is created for the abdomen to release fully, making the 
exercise much more effective.

Thorax (ribcage)

! The thorax or ribcage houses the lungs and heart. It consists 
of twelve pairs of ribs that attach to the thoracic vertebrae through 
flexible joints that permit movement up and down (in spite of 
what is implied in Genesis, men and women have the same num-
ber of ribs). Limited movement also is possible in the anterior/

posterior plane. The top four pairs of ribs attach individually to the 
breastbone or sternum through the flexible connection of the costal 
cartilage; ribs five through ten all share a common cartilaginous 
connection to the sternum (Figure 3.1). The bottom two ribs are 
free-floating, with no connection to the sternum and sometimes are 
referred to as false ribs. The sternum itself consists of two bony 
plates called the manubrium and the corpus. The joint between 
these plates is flexible at birth, but fuses solid by the time we reach 
adulthood. At the base of the corpus, a small projection called the 
xiphoid process is found, to which some of the abdominal muscles 
attach.

! The flexible connections of the ribs to the spine and sternum 
allow for a significant range of motion. Through contraction of res-
piratory muscles, the entire thorax can be raised and depressed, 
and made larger or smaller in circumference; all of these dimen-
sional changes result in either inhalation or exhalation. 

Lungs

! Why do dimensional changes of the thorax result in breath-
ing? The answer lies in an old axiom you might remember from 
your school days: nature abhors a vacuum. The lungs, which lie 
within the thorax, are organs, not muscles, and therefore do not 
have the ability to move of their own accord. However, they still 
must be enlarged for inhalation and made smaller for exhalation. 
This can occur only because the lungs are coupled to the interior 
wall of the thorax by action of the pleurae, or pleural sac. The pleu-
rae is a serous membrane (water permeable) that causes the thorax 
and lungs to adhere to each other with a flexible connection that 
has much more in common with a wet plastic bag adhering to a 
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window than to 
double-sided adhesive 
tape. Because of the 
pleurae, dimensional 
changes in the thorax 
are transferred directly 
to the lungs; if the tho-
rax gets bigger or 
smaller, the lungs do 
the same.

!To better understand 
how a vacuum is cre-
ated in the lungs, we 

must make a brief visit to 
the realm of physics. Robert Boyle, a 17th-century British scientist, 
discovered that when a gas, such as air, is contained in an enclo-
sure, pressure and volume are inversely proportional (if one goes 
up, the other goes down). This is easily visualized through a sy-
ringe. When the plunger is depressed, volume in the syringe be-
comes smaller and pressure inside increases; conversely, when the 
plunger is withdrawn, volume increases and pressure is reduced. 
Because of these relationships, fluid is drawn into the syringe 
when the plunger is withdrawn and is ejected when it is de-
pressed. 

! To inhale, the volume capacity of the thorax and lungs must 
be increased. This, according to Boyle’s Law, results in a decrease 
in air pressure. In fact, the air pressure in the expanded lungs be-
comes lower than atmospheric pressure and a vacuum is created. 
Air rushes in to fill this vacuum and create equilibrium between 

the pressures inside and 
outside the lungs. Exha-
lation reverses this proc-
ess. The thorax and 
lungs are made smaller, 
decreasing their volume 
and thereby increasing 
air pressure. Air in the 
lungs now rushes out to 
equalize lung and atmos-
pheric pressures. Be-
cause of Boyle’s Law, 
whenever the volume 
capacity of the thorax 
and lungs is increased, 
inhalation occurs; when-
ever it is decreased, ex-
halation occurs. It is ex-
tremely important to re-
member this cause-and-
effect relationship of ex-
pansion and contraction 
during breathing. Ex-
pansion of the chest 
and/or abdomen upon 
inhalation causes air to 
rush in and fill the 

lungs by creating a partial vacuum; expansion is never the effect of 
air entering the lungs (unless the person is breathing with the me-
chanical support of a ventilator).
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Figure 3.3: Lungs, lobes, & airway Figure 3.4: Alveoli

Figure 3.5: Diaphragm, lungs, & larynx



! The lungs themselves are made of porous, spongy material. 
The right lung is composed of three separate sections, called lobes; 
the left lung must compete for space with the heart and therefore is 
slightly smaller, having only two lobes (Figure 3-3). Air comes into 
the lungs through the trachea (windpipe), which divides into two 
separate bronchial tubes. These further divide into lobar bronchi, 
which insert into the individual lobes of each lung. Once inside the 
lungs, the bronchi divide into smaller and smaller segments, even-
tually arriving at the alveoli or alveolar sacs, which is where the ac-
tual exchange of blood gasses occurs (Figure 3-4). The alveoli are 
highly compressible and are responsible for much of the elasticity 
of lung tissue. Healthy, mature lungs contain vast numbers of indi-
vidual alveoli—about 300 million per lung (Kent, 1997). If we 
could remove and spread them out, they would cover the surface 
of a tennis court! 

Inspiratory muscles

! We now know that the thorax must be made larger to induce 
inhalation. We also know that muscles are capable of only one mo-
tion: contraction. How is it then that something is made larger 
through contracting—isn’t this a paradoxical contradiction? 

! The most important muscle of inhalation is the diaphragm. 
This is the second largest muscle (measured by mass) in the human 
body—in most people, only the gluteus maximus muscles are 
larger. Shaped like a dome or an old-fashioned, round parachute 
with two small humps, the diaphragm bisects the body, separating 
the contents of the thorax from the abdomen (Figure 3-5). In this 
location, it serves as the floor to the thorax. With help from the 
pleurae, motion of the diaphragm is transferred directly to the 

lungs. On contraction, the diaphragm lowers and becomes some-
what flatter, increasing the volume capacity of the thorax and 

lungs, an effect similar to 
withdrawing the plunger 
of a syringe.

Many people have mis-
conceptions about the lo-
cation and size of the dia-
phragm. Because it is lo-
cated deep within the 
thoracic/abdominal cav-
ity and cannot be 
touched or felt exter-
nally, it often is believed 
to be smaller in diameter 
and lower in placement 

than is correct. Often these misconceptions arise from the best in-
tentions of voice teachers or choir directors who teach breathing by 
placing a hand on the belly and telling students to “breathe from 
their diaphragm.” Recipients of this instruction naturally assume 
the outward movement of the abdominal wall is the actual dia-
phragm. Even well educated singers often believe the diaphragm 
lies lower in and descends farther into the torso than it actually 
does. In reality, the diaphragm extends upward in a gentle dome 
from its attachment point at the bottom of the sternum; the stom-
ach and liver lie directly below, covered by the diaphragmatic 
dome like an inverted bowl (Figure 3-6).

! The diaphragm attaches anteriorly to the sternum, laterally to 
the costal cartilages and ribs seven through twelve, and posteriorly 
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SECTION 3

Having explored the primary respiratory muscles, we now are 
equipped to examine the manner in which they are used during 
breathing for singing. Almost all voice pedagogues agree that four 
principal methods of breath management can be described: clavi-
cular (upper chest), thoracic (lower chest), abdominal (belly breath-
ing) and a balanced breath, often now called appoggio, which is a 

combination of the latter two. Each of these methods can be used 
to provide breath support for singing and to aid in breath control.

! What is the difference between support and control in breath-
ing? According to James McKinney, author of The Diagnosis and 
Correction of Vocal Faults, they are independent, yet related func-
tions. Breath support is best described as the dynamic relationship 
between the muscles of inspiration and expiration that are used to 
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control pressure in the air supplied to the larynx. Support, there-
fore, is a pulmonary function. Breath control, however, is a laryn-
geal function (McKinney,1994). The two vocal folds, which to-
gether form the structure known as the glottis, serve as a valve that 
regulates airflow through the larynx. Breath control is determined 
by the efficiency of this regulation; the lower the flow rate, the 
higher the efficiency. We might say that breath support enables the 
production of beautiful sounds; breath control allows those sounds 
to last to the end of long phrases.

! In recent years, voice science has contributed extensively to 
our understanding of the physical processes of phonation. We now 
know that none of the fundamental systems involved in singing 
function with independence. Traditionally, we have imagined the 
voice as a one-way system: power provided by the respiratory sys-
tem causes the vocal folds to vibrate, generating sound. That 
sound is amplified by the resonance of the vocal tract and modified 
into the sounds of language by the articulatory actions of the 
tongue, lips, and jaw. Reality is more complicated. The power 
source can be modified through the actions of the vibrator, chang-
ing pressure by releasing more or less air through the glottis. The 
vibrating vocal folds in turn are influenced by breath, but also by 
aerodynamic forces in the vocal tract and by resonance itself. And 
articulatory gestures can impact both resonance and vibratory pat-
terns of the vocal folds. In short, the entire system is highly interac-
tive. Therefore, a new definition of breath support is needed—one 
that acknowledges the interdependence of all aspects of voice pro-
duction:

Breath Support: the dynamic interactions between the respiratory system, 
larynx, and vocal tract that enable singers to produce their desired sounds 
(McCoy, 2013)

! By this definition, support is variable: it must be appropriate 
to the vocal demands presented by the specific music that is sung. 
A Wagnerian soprano can be assumed to use breath somewhat dif-
ferently than a soubrette. An extreme belter uses breath differently 
than an ingénue. A jazz singer breathes differently than a hip-hop 
artist or rapper. And just as there are many types of singing—not 
just between, but within genres—there are many ways that effec-
tive breathing can be accomplished.

! The first breathing method we will explore, clavicular breath-
ing, has few advocates among voice professionals (not only classi-
cal), even though this is the breathing method often seen in the gen-
eral population and is extremely common among beginning sing-
ers. Inhalation is caused by a pronounced elevation of the upper 
chest, which is induced by lifting the shoulders and clavicles, 
hence, the name clavicular breathing, which is demonstrated in 
this video. These same structures drop during exhalation. Muscu-
larly, inhalation is induced by a contraction of the diaphragm, ac-
companied by contraction of any of the various muscles that lift 
the upper chest and shoulders, such as the levator scapulae, sca-
leni, and trapezius. Exhalation generally relies on the natural elas-
tic recoil of the lungs and diaphragm, assisted by the weight of 
gravity pushing down upon the thorax. During forced exhalation, 
as found in heavy exertion or loud singing, the internal intercostal 
muscles also might contract, squeezing the thorax to help com-
press the lungs.
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! Why do professional singers and singing teachers discourage 
the use of this breath? If it successfully keeps billions of people 
alive and well every day, shouldn’t serve singing equally well? In 
spite of what many of us would suspect, the answer does not lie in 
the amount of air drawn into the lungs. Indeed, many singers actu-
ally get a larger breath through the clavicular technique than with 
any other breathing method. The problem with clavicular breath-
ing lies not in capacity, but in the ability to control air pressure dur-
ing exhalation.

! To produce beautiful sounds, singers must be able to care-
fully and accurately adjust the pressure of the air that powers the 

vibrating vocal folds. Ideally, this regulation is accomplished 
through the use of muscular antagonism (the isometric opposition 
of two or more muscles, used to control movement). Unfortunately, 
clavicular breathing offers few—if any—opportunities to establish 
this antagonistic control. This absence of control is exacerbated by 
the fact that the high potential lung capacities of clavicular breath-
ing lead to overfilling and over-pressurizing the air, especially at 
the beginning of long phrases or prior to climactic high notes. As a 
result, the larynx reverts to its biologic function to help regulate air 
pressure by acting as a valve in the airway. Subglottal pressure is 
reduced by opening this valve wider or for a longer time; closing it 
more tightly increases pressure. These actions help explain why all 
young singers who breathe clavicularly do not share the same vo-
cal problems: those who squeeze the glottis to resist high subglot-
tal pressure sing with a tight or pressed vocal quality; those who 
relieve surplus pressure by opening the glottis wider sing with 
breathy sound.  

! In the twenty-first century, very few classically trained profes-
sional singers use clavicular breathing. But singers from earlier 
times often reported using this technique—perhaps out of despera-
tion or necessity. Think for a moment of women’s clothing during 
much of the nineteenth and early twentieth centuries. Fashionable 
women almost always were securely bound in a corset. As you can 
well imagine, and as those sopranos and mezzos who have been 
subjected to authentic period costumes can attest, the constriction 
caused by a corset makes any breathing technique other than clavi-
cular very difficult. (My female colleagues tell me that it is essen-
tial to take and hold the biggest, lowest breath possible during the 
lacing of the corset.)

38

Movie 3.1 Clavicular breathing

http://www.voxped.com/basics3#three1
IVP
Typewritten Text

IVP
Typewritten Text

IVP
Typewritten Text

IVP
Typewritten Text
Video opens in new window

IVP
Typewritten Text
iBooks media is embedded directlyin the book




