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RESPIRATORY PHYSIOLOGY 
STRUCTURE & FUNCTION 

Objectives (Pre-reading: Sherwood & Ward’s Human Physiology Canadian 
Edition Ch.11, p.448-453; Abbreviations & Gas Laws handout on Canvas) 

1.  Define the three processes underlying external respiration, ventilation, 
gas exchange and blood gas transport. Specify the mechanisms 
underlying the movement of gases in each process. Draw a schematic 
representing these processes in relation to the pulmonary and 
systemic circulations. Distinguish between internal and external 
respiration.  

2.  Define and quantify oxygen consumption, carbon dioxide production 
and respiratory quotient in healthy adults at rest. 

3.  Compare and contrast the functions of the upper airways and the 
tracheo-bronchial tree during breathing. Describe the role of the upper 
airways in obstructive sleep apnea 

4.  Describe the changes in airway number, diameter, total cross sectional 
area, airflow and linear velocity of air from generation 0 to 23. 

5.  Compare and contrast the characteristics of different airflow regimes in 
human airways. 



PROCESSES UNDERLYING HUMAN RESPIRATION 

BULK FLOW or DIFFUSION 

Ventilation breathing air in  & 
out of the lungs  Transport of 
Blood Gases are both 
accomplished by bulk flow & 
require a difference in total 
pressures. 

Gas Exchange at the lungs & 
the tissues are both 
accomplished by diffusion & 
require a difference in partial 
pressure of a specific gas. 

At Rest: 
CO2 production  =   200 ml/min 
O2  consumption = 250 ml/min 

Respiratory Quotient = ratio of 
CO2 produced to O2 consumed 
= 0.8  
i.e. 8 molecules of CO2 are 
produced for every ten O2 
molecules consumed. 
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The Airways: upper airway & the tracheo-bronchial tree 
 conduct air between the atmosphere & alveoli 

The diaphragm separates the 
abdominal & thoracic cavities 



THE UPPER AIRWAY 
A multipurpose passage for air, solid, liquid food & a common 

structure for breathing, digestion & phonation 

Uvula (closes the naso-
pharynx during swallowing; 
inhibits nasal regurgitation) 

Epiglottis (movement of hyoid 
bone during swallowing brings 
it down stopping food from 
entering the trachea & directs 
food into the esophagus) 

Vocal cords / folds (mucous 
membranes that lie across the 
laryngeal opening; allow for 
phonation; prevent aspiration 
of food) 
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The upper airways (UAW) have over 20 muscles to control 
the position of four key structures keeping the airway 

closed during swallowing or open during breathing  

Four Key Structures 

1. soft palate (alai nasi, tensor palatini,        
        levator palatini) 

2. tongue (genioglossus, geniohyoid,     
 hypoglossus, stylo glossus) 

3. hyoid apparatus 
4. pharyngeal wall 

In Osbtructive Sleep Apnea (OSA) a ↓ in 
genioglossus muscle activity (an upper 
airway dilator) leads to obstruction of the 
airway by the tongue and cessation of 
airflow to the lower airways. 
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OBSTRUCTIVE SLEEP APNEA  
WHEN UPPER AIRWAY DILATOR MUSCLES MISBEHAVE 



INSPIRATION  heat & moisture lost from the mucosal 
lining heats & humidifies the inspired air to 37°C,  
saturated water vapor.  

EXHALATION air releases heat & moisture, partially 
warming & humidifying the mucosa. The remaining 
recovery is from the systemic blood supplying the airways. 

THE UPPER AIRWAY MUCOSAL LINING 
heats & humidifies the inspired air 

What do you think happens to 
the regulation of heat and 
moisture in a patient with 
tracheostomy? 



THE TRACHEOBRONCHIAL TREE 

In humans the left lung has 2 lobes, the right lungs has 3 lobes 

Resin cast of human lungs-- 
L- the airways & the pulmonary vessels 
R- the airway 



Figure 11-3, p. 453 

CONDUCTING ZONE 
• Bulk flow 
• requires energy 
(respiratory muscle 
contraction creates a 
pressure difference 
between the airway and 
atmosphere resulting in 
air flow) 

RESPIRATORY ZONE 
• Diffusion 
• does not require energy 
• depends on partial 
pressure gradient of 
individual gases. 

Movement of Air Through the Tracheo-bronchial Tree 

Airways bifurcate to new generation 



TRACHEA  U shaped cartilage 
completed into A ring by the  
“trachealis” smooth muscle 

BRONCHI singular- Bronchus  
Cartilage plates interspersed 
within the bronchial smooth 
muscle ring 

AIRWAYS WITH CARTILAGE RESIST COLLAPSE 



 BRONCHIOLE: by definition, composed of mainly smooth muscle 

TERMINAL BRONCHIOLES last generation with only conducting 
function 

RESPIRATORY BRONCHIOLES added function of gas exchange due to 
presence  of alveoli 

ALVEOLAR DUCTS walls covered with alveoli & terminate in alveolar 
sacs 

SOME AIRWAYS HAVE NO CARTILAGE 





•  airways bifurcate into 2 daughter branches 
•  individual airway diameter ! 
•  number of airways arranged in parallel " 
•  total cross sectional area " 
•  linear velocity of gas slows (cm/sec).  
• movement of gases in conducting airways is by bulk flow. 
• movement of gases in respiratory (alveolar) airways is by diffusion. 

FROM GENERATION ZERO TO 23 



The slow & laminar rise of cigarette smoke becomes 
fast, chaotic & turbulent 

THERE ARE 3 TYPES OF AIRFLOW IN THE AIRWAYS  
TURBULENT, LAMINAR & TRANSITIONAL  



TURBULENT FLOW 

•   axial & radial in direction 
•   noisy, rapid speed 

•   turbulent flow occurs in larger diameter airways 

1.   the upper airways 
2.   the trachea during quiet breathing (the bronchi during exercise) 

Turbulent Flow Depends On Density Of Air 
Air is composed of roughly 80% nitrogen and 20% oxygen. 
Replacing this gas mixture with a lighter gas mixture reduces 
turbulent flow in the airways and makes laminar flow more likely. 



•  streamline [parabolic profile] 
•  silent & slow speed  

LAMINAR FLOW 

•  laminar flow occurs in the smaller airways (<2mm diameter)  



•  characteristics are intermediate between laminar & turbulent flow 

•  this is the flow regime prominent throughout most of the tracheo-
bronchial tree 

TRANSITIONAL FLOW 



Helen Larson is a cancer patient 
hospitalized due to a laryngeal 
tumor. There is concern about the 
status of air delivery to her lungs. 
The respiratory care team plans to 
improve airflow by changing the 
flow regimes to predominantly 
laminar type to lower the work of 
breathing required to overcome 
resistance to airflow. 

THINK ABOUT IT! 

What can they do to reduce the resistance to airflow & reduce 
the work of breathing?  


