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Figure 1. An overview of the structures 

of the airways and lungs. 

I remember my initial exposure to the advanced physiology of lung function during my 
PhD study.  I was amazed at how interesting this physiology was, and even more 
alarmed at how all my prior study of exercise physiology had not connected with me in 
such a way.  The lungs are a truly amazing organ, and I am always shocked to look at 
people who smoke and willingly do so much damage to such a vital organ.  Anyway, 
this study Section will reveal combinations of physiology, physics, and anatomy, with 
some complex issues, and some really logical issues.  Remember that you are your 
best laboratory when it comes to emphasizing real life issues of human physiology.  
This is clearly relevant for the lung, as we can change our breathing when we want, and 
as such induce alterations in physiological function that we are immediately aware of. 

 
The lungs are essential for life as they are the 
organ that transfers oxygen from the air into 
the blood, and carbon dioxide from the blood 
to the air (Figure 1).  Such gas exchange 
between the lungs and air is called external 
respiration.  The lungs are located within the 
thoracic cavity, and air flow to and from the 
lungs is conducted through air passages that 
encompass the nose and mouth, throat, 
trachea, left and right bronchi, bronchioles 
and smaller and smaller diverging airways 
(conducting zone), eventually ending in small 
air sacs called alveoli (Figure 2).  External 
respiration occurs in the smallest bronchioles 
(respiratory bronchioles) and the alveoli.  Gas 
exchange between blood and the cells of the 
body is called internal respiration.  The 
volume of air that encompasses the 
conducting zone of the lung is called the 
anatomical dead space, and approximates 150 mL for an average sized adult.  Figure 
3 is a cast of the lungs, showing the tremendous divergence from the trachea to the 
alveoli. 
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Figure 2. The conducting and respiratory zones of the lung. 

 
Figure 3. A cast of the 

human lungs. 

 
 
 
 

 
 

 
Think about the difficulty presented to the body in having lungs located at such a 
distance from external air.  This means that air must travel through the air passages of 
the conducting zone, to the smallest bronchioles (respiratory bronchioles) and the 
alveoli, called the respiratory zone.  The further a liquid, such as air, has to travel, the 
greater the resistance to flow.  The smaller the diameter of the tube a fluid such as air 
(yes, in physics air is classified as a fluid!) flows through, the greater the resistance.  
These relationships are expressed in Pouiselle’s Law, as shown in Equation 1. 
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You should memorize Pouiselle’s Law, as you also learned this equation in 
cardiovascular physiology hemodynamics as it can be used to better understand both 
gas and blood flow.  However, remember that Pouiselle’s Law is based on fluid flow 
through rigid straight tubes for a fluid of consistent density.  Although the body differs to 
these conditions, the general relationships of variables that influence flow, resistance 
and pressure gradients all have relevance to cardiovascular and pulmonary physiology. 
 
Looking at the structure of the conducting zone and alveoli (Figures 1, 2 and 3), air flow 
must be conducted through airways that decrease in radius, with the alveoli being the 
smallest of these airway structures.  Based on Pouiselle’s Law, shouldn’t this cause 
tremendous resistance to air flow?  Yes, it should, but it doesn’t for two important 
reasons. 
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Figure 4. Surfactant is 
found distributed over 
the membranes of the 
respiratory zone of the 
lung. 

 
1) Like the blood vessels of the cardiovascular system, the 
divergence of the conducting zone actually increases the total 
cross sectional area of each successive, individually smaller 
diameter structure, air passage zone.  This results in the net 
cross sectional area of the alveoli in the average adult 
approximating the area of half a tennis court!  The extent of 
such divergence actually decreases resistance to flow, even 
though the size of each individual successive air passage 
structure decreases. 
2) The respiratory bronchioles and alveoli are surrounded by 
a layer of surfactant (Figure 4), a lipoprotein molecule that 
functions to decrease surface tension of the respiratory 
structures, effectively lowering the air pressure gradient 
needed to inflate these structures. 
 
The net result of the above two combined features is to lower the work needed by the 
muscles of ventilation to direct airflow into and from the lungs.  Thus, for a healthy lung, 
the work of breathing for routine activities of daily living is not noticeable.  During 
exercise, research has shown that the work of breathing can amount to 15% of the 
whole body VO2 response, and of course this is physiologically meaningful.  Yet such 
meaningful physiological demands for ventilation only occur high rates of ventilation as 
occur during intense exercise. Despite this, even at these high rates of air flow and 
frequency, peripheral skeletal muscle metabolic factors remain the major cause of 
volitional fatigue. 
 
To be complete on this topic, I have to provide one example of an exception to the 
content in the above paragraph.  For sedentary individuals, the absence of exercise 
stress and therefore ventilatory demand, not only detrains the skeletal muscles involved 
in movement, but also the skeletal muscles that support the mechanics of ventilation.  
Similarly, for athletes who are forced into a period of extended detraining caused by 
injury or illness, the detraining that occurs in the muscles of ventilation can induce 
perceptions of ventilator strain on the resumption of training.  For the sedentary 
individuals, as for the detrained athlete, this is why there can be feedback from an 
exercise session involving comments such as, “I couldn’t breathe”, or “I found it too 
difficult to get air”.  In these situations, the muscles that support ventilation have 
become so detrained that they are in worse condition than the muscles involvement in 
movement and may indeed be the limiting feature of the exercise intolerance.  Finally, 
another good example of ventilator limitation occurs during swimming.  Our forced 
entrained breathing during swimming can induce insufficient blood oxygenation and 
CO2 emission from the body that these features cause the systemic and peripheral 
muscle metabolic events that lead to volitional exhaustion.  To me, this is an under-
researched area, and would make a very interesting research project. 
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Figure 5. The relationships between ventilation and perfusion for lung regions from 
bottom to top.  Adapted from West JB. Respiratory physiology. 4

th
 edition, Williams & 

Wilkins, Baltimore, 1990. 

Ventilation 
Ventilation is the movement of air into and from the lung.  As you have already studied 
in the Topic Calorimetry, ventilation can be quantified as inspired (VI) and expired 
ventilation (VE), and is expressed in the units L/min.  At rest, the average sized person 
ventilates at a rate approximating 6 L/min.  During exercise to VO2max, peak ventilation 
could be 150 L/min, and even higher for larger individuals. 
 
During ventilation, not all the lung receives air flow when ventilation is low.  Due to 
mechanical issues (see Topic on Mechanics of Ventilation), the bottom regions of the 
lung are the first to be inflated.  As ventilation increases, more and more of each lung 
become inflated, progressing from the inferior (base) to superior (top) regions of the 
lungs.  Now, air flow to and from the lungs is just one part of the process needed for 
external respiration.  To make this process functional, there must also be sufficient 
blood flow to the regions of the lung that are inflated.  Such blood flow is essential to 
transfer oxygen to blood and remove carbon dioxide from blood.  Figure 5 presents the 
regional changes in ventilation and pulmonary blood flow to the alveoli (perfusion) for 
the lung. 

Alveolar Ventilation 
Given that there is an anatomical dead space, there is 150 mL less “fresh” atmospheric 
air that gets to the lung each breath.  In reality, the volume is even greater than this, as 
the first 150 mL of air that enters the lung each breath actually consists of expired air 
from the previous expiration.  This volume is re-breathed each breath, effectively 
lowering the true volume of “fresh” air inhaled each breath to twice the anatomical dead 
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space.  Ironically, this fact has been overlooked in all other textbooks of pulmonary and 
exercise physiology!  Alveolar ventilation (VA) pertains to the volume of air received by 
the respiratory zone of the lung each breath. 
 
Equation 2 expresses computation of ventilation and alveolar ventilation.  As such, 
ventilation is the product of volume of air breathed each breath (TV; tidal volume) and 
breathing frequency.  Alveolar ventilation incorporates an anatomical dead space 
correction for tidal volume. 
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Glossary Words 
 
external respiration refers to gas exchange between the lungs and external air. 
 
trachea is the long anatomical tube connecting the mouth to the bronchi, and smaller 
diverging airways of the lungs. 
 
bronchi are the main diverging airways to the left and right lungs that are imediately 
connected to the trachea. 
 
bronchioles are the smaller airways of the lung that diverge from the left and right 
bronchi. 
 
conducting zone comprises the airways of the lungs not involved in gas exchange 
(external respiration). 
 
alveoli are the small air sacs of the lungs where most gas exchange (external 
respiration) occurs. 
 
internal respiration refers to the gas exchange that occurs between the blood and 
cells in peripheral (non-alveolar and respiratory bronchiole) tissues of the body. 
 
anatomical dead space is the volume of air within the conducting zone of the lung.  
Though body size dependent, a typical value is 150 mL. 
 
respiratory zone refers to the regions of the lung involved in gas exchange, which 
consists of the alveoli and respiratory bronchioles. 
 
Pouiselle’s Law pertains to fluid flow through rigid straight tubes for a fluid of consistent 
density.  The physical law is mathematically expressed as Q = (  (Pi – P0) r

4) / (8 n l); 

where Q=flow;  = 3.14; Pi = internal pressure; P0 = outer pressure; r = tube radius; n = 

fluid viscosity; l = tube length.  Though many of the requirements of this law (rigid 
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straight tubes for fluid of a consistent nature) are violated for application to human 
cardiovascular or pulmonary haemodynamics, the law is useful to emphasize many of 
the necessary challenges to human cardiovascular and pulmonary physiology during 
exercise. 
 
hemodynamics is a branch of physics used to study fluid flow. 
 
resistance is the force opposing flow or externally applied force. 
 
divergence refers to the sequential branching of a vessel into more vessels of smaller 
and smaller diameter. 
 
respiratory bronchioles are the small bronchioles that are involved in gas exchange 
that connect to alveoli. 
 
surfactant is the phospho-lipoprotein molecule produced by the type-II alveolar cells of 
the lung that reduces alveoli membrane surface tension, thereby increasing compliance 
for a given pressure differential. 
 
ventilation refers to the bulk movement of air to and from the lung.  By convention in 
exercise physiology, ventilation typically refers to expired ventilation, as this is how 
ventilation is most commonly measured. 
 
alveolar ventilation refers to the ventilation that consists of “fresh” or external air that 
enters into the respiratory zone of the lung per unit time. 
 

 
 
 


