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RESPIRATORY SYSTEM / LEC 4 

Pulmonary Ventilation 

The goals of respiration are to provide oxygen to the tissues and to 

remove carbon dioxide. To achieve these goals, respiration can be divided 

into four major functions: (1) pulmonary ventilation, which means the 

inflow and outflow of air between the atmosphere and the lung alveoli; 

(2) diffusion of oxygen and carbon dioxide between the alveoli and the 

blood; (3) transport of oxygen and carbon dioxide in the blood and body 

fluids to and from the body’s tissue cells; and (4) regulation of ventilation 

and other facets of respiration. This chapter is a discussion of pulmonary 

ventilation, and the subsequent five chapters cover other respiratory 

functions plus the physiology of special respiratory abnormalities. 

 

Mechanics of Pulmonary Ventilation 

Muscles That Cause Lung Expansion and Contraction 

The lungs can be expanded and contracted in two ways: (1) by downward 

and upward movement of the diaphragm to lengthen or shorten the chest 

cavity, and (2) by elevation and depression of the ribs to increase and 

decrease the anteroposterior diameter of the chest cavity. 

The most important muscles that raise the rib cage are the external 

intercostals, but others that help are the (1) sternocleidomastoid muscles, 

which lift upward on the sternum; (2) anterior serrati, which lift many of 

the ribs; and (3) scaleni, which lift the first two ribs. 

The muscles that pull the rib cage downward during expiration are mainly 

the (1) abdominal recti, which have the powerful effect of pulling 

downward on the lower ribs at the same time that they and other 

abdominal muscles also compress the abdominal contents upward against 

the diaphragm, and (2) internal intercostals.  

 

Movement of Air In and Out of the Lungs and the Pressures That 

Cause the Movement  

The lung is an elastic structure that collapses like a balloon and expels all 

its air through the trachea whenever there is no force to keep it inflated. 

Also, there are no attachments between the lung and the walls of the chest 

cage, except where it is suspended at its hilum from the mediastinum. 

Instead, the lung “floats” in the thoracic cavity, surrounded by a thin layer 

of pleural fluid that lubricates movement of the lungs within the cavity. 

Further, continual suction of excess fluid into lymphatic channels 

maintains a slight suction between the visceral surface of the lung pleura 

and the parietal pleural surface of the thoracic cavity. Therefore, the lungs 



are held to the thoracic wall as if glued there, except that they are well 

lubricated and can slide freely as the chest expands and contracts. 

“Work” of Breathing We have already pointed out that during normal 

quiet breathing, all respiratory muscle contraction occurs during 

inspiration; expiration is almost entirely a passive process caused by 

elastic recoil of the lungs and chest cage. Thus, under resting conditions, 

the respiratory muscles normally perform “work” to cause inspiration 

but not to cause expiration. The work of inspiration can be divided into 

three fractions: (1) that required to expand the lungs against the lung and 

chest elastic forces, called compliance work or elastic work; (2) that 

required to overcome the viscosity of the lung and chest wall structures, 

called tissue resistance work; and (3) that required to overcome airway 

resistance to movement of air into the lungs, called airway resistance 

work. 

 

Pulmonary Capacities 

In describing events in the pulmonary cycle, it is sometimes desirable to 

consider two or more of the volumes together. Such combinations are 

called pulmonary capacities. the important pulmonary capacities, which 

can be described as follows:  

1. The inspiratory capacity equals the tidal volume plus the inspiratory 

reserve volume. This is the amount of air (about 3500 milliliters) a person 

can breathe in, beginning at the normal expiratory level and distending 

the lungs to the maximum amount. 

2. The functional residual capacity equals the expiratory reserve volume 

plus the residual volume. This is the amount of air that remains in the 

lungs at the end of normal expiration (about 2300 milliliters). 

3. The vital capacity equals the inspiratory reserve volume plus the tidal 

volume plus the expiratory reserve volume. This is the maximum amount 

of air a person can expel from the lungs after first filling the lungs to their 

maximum extent and then expiring to the maximum extent (about 4600 

milliliters). 

4. The total lung capacity is the maximum volume to which the lungs can 

be expanded with the greatest possible effort (about 5800 milliliters); it is 

equal to the vital capacity plus the residual volume. All pulmonary 

volumes and capacities are about 20 to 25 per cent less in women than in 

men, and they are greater in large and athletic people than in small and 

asthenic people. 

 

 

 

 



Functions of the Respiratory Passageways Trachea, Bronchi, and 

Bronchioles 

The air is distributed to the lungs by way of the trachea, bronchi, and 

bronchioles. One of the most important problems in all the respiratory 

passageways is to keep them open and allow easy passage of air to and 

from the alveoli. To keep the trachea from collapsing, multiple cartilage 

rings extend about five sixths of the way around the trachea. In the walls 

of the bronchi, less extensive curved cartilage plates also maintain a 

reasonable amount of rigidity yet allow sufficient motion for the lungs to 

expand and contract. These plates become progressively less extensive 

in the later generations of bronchi and are gone in the bronchioles, which 

usually have diameters less than 1.5 millimeters.The bronchioles are not 

prevented from collapsing by the rigidity of their walls. Instead, they are 

kept expanded mainly by the same transpulmonary pressures that expand 

the alveoli. That is, as the alveoli enlarge, the bronchioles also enlarge, 

but not as much. 

 

Normal Respiratory Functions of the Nose 

As air passes through the nose, three distinct normal respiratory functions 

are performed by the nasal cavities: 

(1) the air is warmed by the extensive surfaces of the conchae and 

septum, a total area of about 160 square centimeters . 

(2) the air is almost completely humidified even before it passes 

beyond the nose .   

(3) the air is partially filtered.  

These functions together are called the air conditioning function of the 

upper respiratory passageways. When a person breathes air through a 

tube directly into the trachea (as through a tracheostomy), the cooling and 

especially the drying effect in the lower lung can lead to serious lung 

crusting and infection. 

 

Physiologic Anatomy of the Pulmonary Circulatory System 

Pulmonary Vessels. The pulmonary artery extends only 5 centimeters 

beyond the apex of the right ventricle and then divides into right and left 

main branches that supply blood to the two respective lungs.The 

pulmonary artery is thin, with a wall thickness one third that of the aorta. 

The pulmonary arterial branches are very short, and all the pulmonary 

arteries, even the smaller arteries and arterioles, have larger diameters 

than their counterpart systemic arteries.This, combined with the fact that 

the vessels are thin and distensible, gives the pulmonary arterial tree a 

large compliance, averaging almost 7 ml/mm Hg, which is similar to that 

of the entire systemic arterial tree. This large compliance allows the 

pulmonary arteries to accommodate the stroke volume output of the right 



ventricle. The pulmonary veins, like the pulmonary arteries, are also 

short. They immediately empty their effluent blood into the left atrium, to 

be pumped by the left heart through the systemic circulation. 

Bronchial Vessels. Blood also flows to the lungs through small bronchial 

arteries that originate from the systemic circulation, amounting to about 1 

to 2 per cent of the total cardiac output. This bronchial arterial blood is 

oxygenated blood, in contrast to the partially deoxygenated blood in the 

pulmonary arteries. It supplies the supportin tissues of the lungs, 

including the connective tissue, septa, and large and small bronchi. After 

this bronchial and arterial blood has passed through the supporting 

tissues, it empties into the pulmonary veins and enters the left atrium, 

rather than passing back to the right atrium. Therefore, the flow into the 

left atrium and the left ventricular output are about 1 to 2 per cent greater 

than the right ventricular output. 

Lymphatics. Lymph vessels are present in all the supportive tissues of 

the lung, beginning in the connective tissue spaces that surround the 

terminal bronchioles, coursing to the hilum of the lung, and thence 

mainly into the right thoracic lymph duct. Particulate matter entering the 

alveoli is partly removed by way of these channels, and plasma protein 

leaking from the lung capillaries is also removed from the lung tissues, 

thereby helping to prevent pulmonary edema. 

 

Gas Pressures in a Mixture of Gases—“Partial Pressures” of 

Individual Gases 

Pressure is caused by multiple impacts of moving molecules against a 

surface.Therefore, the pressure of a gas acting on the surfaces of the 

respiratory passages and alveoli is proportional to the summated force of 

impact of all the molecules of that gas striking the surface at any given 

instant. This means that the pressure is directly proportional to the 

concentration of the gas molecules In respiratory physiology, one deals 

with mixtures of gases, mainly of oxygen, nitrogen, and carbon dioxide. 

The rate of diffusion of each of these gases is directly proportional to the 

pressure caused by that gas alone, which is called the partial pressure of 

that gas.  

 

 

 

 

 

 

 

 

 



Diffusion of Gases Through the Respiratory Membrane Respiratory 

Unit   
the respiratory unit (also called “respiratory lobule”), which is composed 

of a respiratory bronchiole, alveolar ducts, atria, and alveoli. There are 

about 300 million alveoli in the two lungs, and each alveolus has an 

average diameter of about 0.2 millimeter. The alveolar walls are 

extremely thin, and between the alveoli is an almost solid network of 

interconnecting capillaries, because of the extensiveness of the capillary 

plexus, the flow of blood in the alveolar wall has been described as a 

“sheet” of flowing blood. Thus, it is obvious that the alveolar gases are in 

very close proximity to the blood of the pulmonary capillaries. Further, 

gas exchange between the alveolar air and the pulmonary blood occurs 

through the membranes of all the terminal portions of the lungs, not 

merely in the alveoli themselves. All these membranes are collectively 

known as the respiratory membrane,also called the pulmonary membrane. 

 

Transport of Oxygen from the Lungs to the Body Tissues 

oxygen diffuses from the alveoli into the pulmonary capillary blood 

because the oxygen partial pressure (Po2) in the alveoli is greater than the 

Po2 in the pulmonary capillary blood. In the other tissues of the body, a 

higher Po2 in the capillary blood than in the tissues causes oxygen to 

diffuse into the surrounding cells. Conversely, when oxygen is 

metabolized in the cells to form carbon dioxide, the intracellular carbon 

dioxide pressure (Pco2) rises to a high value, which causes carbon 

dioxide to diffuse into the tissue capillaries. After blood flows to the 

lungs, the carbon dioxide diffuses out of the blood into the alveoli, 

because the Pco2 in the pulmonary capillary blood is greater than that in 

the alveoli. Thus, the transport of oxygen and carbon dioxide by the blood 

depends on both diffusion and the flow of blood. We now consider 

quantitatively the factors responsible for these effects. 

 

Transport of Oxygen in the Arterial Blood 

About 98 per cent of the blood that enters the left atrium from the lungs 

has just passed through the alveolar capillaries and has become 

oxygenated up to a Po2 of about 104 mm Hg. Another 2 per cent of the 

blood has passed from the aorta through the bronchial circulation, which 

supplies mainly the deep tissues of the lungs and is not exposed to lung 

air.This blood flow is called “shunt flow,” meaning that blood is shunted 

past the gas exchange areas. On leaving the lungs, the Po2 of the shunt 

blood is about that of normal systemic venous blood, about 40 mm Hg. 

When this blood combines in the pulmonary veins with the oxygenated 

blood from the alveolar capillaries, this so-called venous admixture of 

blood causes the Po2 of the blood entering the left heart and pumped into 



the aorta to fall to about 95 mm Hg.These changes in blood Po2 at 

different points in the circulatory system . 

 

Transport of Carbon Dioxide in the Blood  

Transport of carbon dioxide by the blood is not nearly as problematical as 

transport of oxygen is, because even in the most abnormal conditions, 

carbon dioxide can usually be transported in far greater quantities than 

oxygen can be. However, the amount of carbon dioxide in the blood has a 

lot to do with the acid-base balance of the body fluids . Under normal 

resting conditions, an average of 4 milliliters of carbon dioxide is 

transported from the tissues to the lungs in each 100 milliliters of blood. 

 

Other Factors That Affect Respiration 

-Voluntary Control of Respiration.  

-Effect of Irritant Receptors in the Airways.  

-Function of Lung “J Receptors.”  

-Effect of Brain Edema.  

-Anesthesia. 

 

 

 

 
 

 

 


