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Physiology of Respiratory system 

 

The respiratory tract is the path of air from the nose to the lungs. It is 

divided into two sections: Upper Respiratory Tract and the Lower 

Respiratory Tract. Included in the upper respiratory tract are the 

Nostrils, Nasal Cavities, Pharynx, Epiglottis, and the Larynx. The 

lower respiratory tract consists of the Trachea, Bronchi, Bronchioles, 

and the Lungs. 

As air moves along the respiratory tract it is warmed, moistened and 

filtered. 

Upper Respiratory Tract 

The upper respiratory tract consists of the nose and the pharynx. Its 

primary function is to receive the air from the external environment and 

filter, warm, and humidify it before it reaches the delicate lungs where 

gas exchange will occur. 

Air enters through the nostrils of the nose and is partially filtered by the 

nose hairs, then flows into the nasal cavity. The nasal cavity is lined with 

epithelial tissue, containing blood vessels, which help warm the air; and 

secrete mucous, which further filters the air. The endothelial lining of the 

nasal cavity also contains tiny hairlike projections, called cilia. The cilia 

serve to transport dust and other foreign particles, trapped in mucous, to 

the back of the nasal cavity and to the pharynx. There the mucus is either 

coughed out, or swallowed and digested by powerful stomach acids. After 

passing through the nasal cavity, the air flows down the pharynx to the 

larynx. 

Lower Respiratory Tract 

The lower respiratory tract starts with the larynx, and includes the 

trachea, the two bronchi that branch from the trachea, and the lungs 

themselves. This is where gas exchange actually takes place. 

1. Larynx 

The larynx (plural larynges), colloquially known as the voice box, is an 

organ in our neck involved in protection of the trachea and sound 

production. The larynx houses the vocal cords, and is situated just below 

where the tract of the pharynx splits into the trachea and the esophagus. 

The larynx contains two important structures: the epiglottis and the vocal 

cords. 

The epiglottis is a flap of cartilage located at the opening to the larynx. 

During swallowing, the larynx (at the epiglottis and at the glottis) closes 

to prevent swallowed material from entering the lungs; the larynx is also 

pulled upwards to assist this process. Stimulation of the larynx by 

ingested matter produces a strong cough reflex to protect the lungs. Note: 
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choking occurs when the epiglottis fails to cover the trachea, and food 

becomes lodged in our windpipe. 

The vocal cords consist of two folds of connective tissue that stretch and 

vibrate when air passes through them, causing vocalization. The length 

the vocal cords are stretched determines what pitch the sound will have. 

The strength of expiration from the lungs also contributes to the loudness 

of the sound. Our ability to have some voluntary control over the 

respiratory system enables us to sing and to speak. In order for the larynx 

to function and produce sound, we need air. That is why we can't talk 

when we're swallowing. 

1. Trachea 

2. Bronchi 

3. Lungs 

 

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. 

The respiratory system is divided into extrathoracic and intrathoracic 

parts: 

The extrathoracic part involves nose, nasopharynx (alternative paths are 

mouth and oropharynx), larynx and upper part of trachea 

The intrathoracic part involves lower part of trachea, carina, two main 

bronchi (primary bronchi) and other divisions and sub-divisions of 

bronchial tree (about 34 generations) which involve lobar bronchi 

(secondary bronchi), lobular or segmental bronchi (tertiary bronchi), 

terminal bronchioles, respiratory bronchioles, alveolar ducts, atria, 

alveolar sacs and alveoli. 

Functionally, the respiratory system is divided into two main zones: 

• Conductive zone in which no gas exchange occurs, but it transmits the 

air to the next zone. So, conductive zone is regarded as anatomical dead 

space. 

• Respiratory zone in which gas exchange occurs. 

Conductive zone starts from the nose and ends at the terminal bronchioles 

while the transitional and respiratory zones start from the respiratory 

bronchioles and involve alveolar ducts, atria, alveolar sacs and alveoli. 

Forces controlling lung volumes 

Pleural pressure, airways resistance, and surface tension 
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1.  Pleural pressure (intrapleural pressure): 

The space between visceral and parietal pleurae is filled with a thin layer 

of pleural fluid which provides lubrication for lung movements against 

the chest wall. Pleural fluid facilitates sliding and prevents separation of 

the two pleural membranes. The pressure inside the pleural space is called 

pleural pressure or intrapleural pressure which is always negative in 

relation to the atmospheric pressure. 

The pressure inside alveoli is called alveolar pressure which ranges 

from. This very small pressure gradient is sufficient to move the 500 ml 

tidal volume into and out of the lungs. 

The difference between pleural and alveolar pressures is called the 

transpulmonary pressure.  

 

2. Airways resistance 
Under normal conditions, the greatest resistance to the air flow 

occurs in the larger bronchi near the trachea and not in the smaller 

airways due to the very large number of these smaller airways 

(about 65000 parallel terminal bronchioles) and the very small 

amount of air passing througheach.But under certain disease 

conditions, the greatest resistance occurs in the smaller airways 

because their smaller diameter makes them easily occluded by the 

secretory products and they contain greater percentage of smooth 

muscles in their walls making them easily constricted. Direct 

sympathetic control of bronchiolar smooth muscles is weak but, the 

circulating epinephrine (and to a lesser extent nor-epinephrine) 

hormones cause bronchodilatation. 

In the contrary, vagal (parasympathetic) stimulation results in 

secretion of acetyl choline which causes bronchoconstriction. 

Surface tension of a fluid is the ability of its molecules on the 

surface with air for extra strong attraction for one another resulting 

in the tendency of that fluid surface to contract. The surface tension 

of alveolar fluid results in alveolar collapse but this is prevented by 

presence of a surface active agent secreted by type II alveolar 

epithelium which is called surfactant. When surfactant spreads 

over the surface of alveolar fluid it reduces the surface tension 

from 50 dyne\cm to 5-30 dyne\cm. 

Surfactant is a complex mixture of several phospholipids, other 

lipids, proteins, Ca++ and some other ions. 

The activity of surfactant depends on the concentration and 

orientation of phospholipids molecules on the surface, while the 

importance of glycoprotein and Ca++ is to enhance the spread of 

phospholipids over the surface.Thyroid and glucocorticoid 



Dr. Takea sh Ahmed                                                    Lec. 13&14 
Collage of dentistry                                                        2nd class  
Tikrit university 

5 
 

hormones accelerate the maturation of surfactant while cigarette 

smoking reduces its production. 

The pressure that causes alveolar collapse is called alveolar 

collapse pressure which is about 4 cmH2O in the presence of 

surfactant. 

Alveolar collapse pressure = 2T \ r 

where T is the surface tension r is the radius of alveolus 

In many premature babies (early born before full maturation), the 

radius of alveolus is about 1\4th normal with no secretion of 

surfactant (until the 7th month of gestation or more) which leads to 

increase of alveolar collapse pressure to 40 cmH2O or more and 

the baby dies from alveolar collapse in a disease called (RDS) 

respiratory distress syndrome of newborn. 

 

Pulmonary Volumes and Capacities 

Most pulmonary volumes and capacities can be measured with a 

spirometer. The total lung capacity, functional residual capacity, 

and residual volume cannot be measured with a spirometer.  

•Tidal volume (VT) is the volume of air (about 500 mL) inspired 

and expired with each normal breath. 

•Inspiratory reserve volume (IRV) is the extra volume of air 

(about 3000 mL) that can be inspired over and above the normal 

tidal volume. 

•Expiratory reserve volume (ERV) is the extra amount of air 

(about 1100 mL) that can be expired by forceful expiration after 

the end of a normal tidal expiration. 

•Residual volume (RV) is the volume of air (about 1200 mL) 

remaining in the lungs after the most forceful expiration. 

Pulmonary Capacities Are Combinations of Two or More 

Pulmonary Volumes. 
•Inspiratory capacity (IC) equals the tidal volume plus the 

inspiratory reserve volume. This is the amount of air (about 3500 

mL) a person can breathe beginning at the normal expiratory level 

and distending the lungs to the maximum amount. 

•Functional residual capacity (FRC) equals the expiratory 

reserve volume plus the residual volume. This is the amount of air 

that remains in the lungs at the end of a normal expiration (about 

2300 mL). 

•Vital capacity (VC) 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 
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first filling the lungs to their maximum extent and then expiring to 

the maximum extent (about 4600 mL) 

•Total lung capacity (TLC) is the maximum volume to which the 

lungs can be expanded with the greatest possible inspiratory effort 

(about 5800 mL); it is equal to the vital capacity plus the residual 

volume. 

Minute Respiratory Volume and Alveolar Ventilation 

The Minute Respiratory Volume is the total amount of new air that 

is moved into the respiratory passages each minute. It is equal to 

the tidalvolume multiplied by the respiratory rate. The normal tidal 

volume is about 500 mL, and the normal respiratory rate is about 

12 breaths per minute; therefore the minute respiratory volume 

normally averages about 6 L/min. 

Alveolar Ventilation is the rate at which new air reaches the 

gas exchange areas of the lungs. During inspiration, some of the 

air never reaches the gas exchange areas but, instead, fills 

respiratory passages; this air is called dead space air. Because 

alveolar ventilation is the total volume of new air that enters the 

alveoli, it is equal to the respiratory rate multiplied by the amount 

of new air that enters the alveoli with each breath. 

Lung compliance 

It is the extent to which the lung volume expands for each unit 

increase in transpulmonary pressure. 

Lung compliance=ΔV\ ΔP where ΔV is the change in lung volume 

ΔP is the change in transpulmonary pressure 

Normal total compliance of both lungs is about 200 ml\cmH2O, 

while normal compliance of lungs and thorax together is about 110 

ml\cmH2O. 

Lung compliance is decreased in restrictive pulmonary diseases 

(pulmonary fibrosis, pleurisy, pleural effusion….) while lung 

compliance is increased in emphysema which is an obstructive 

airway disease. 

Diffusion of gases through the Respiratory Membrane 

Respiratory Gases Diffuse from Areas of High Partial Pressure to 

Areas of Low Partial Pressure. The rate of diffusion of the 

respiratory gases (oxygen, nitrogen, carbon dioxide) is directly 

proportional to the pressure caused by each gas alone, which is 

called the partial pressure of the gas. Partial pressures are used to 

express the concentrations of gases because it is the pressures that 

cause the gases to move via diffusion from one part of the body to 

another. The partial pressures of oxygen، carbon dioxide, 

and nitrogen are designated PO2, PCO2، and PN2, respectively. 
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A Respiratory unit is composed of a respiratory bronchiole، 

Alveolar ducts, atria, and alveoli. There are about 300 million units 

in the two lungs. The alveolar walls are extremely thin, and within 

them is an almost solid network of interconnecting capillaries; the 

flow of blood in the alveolar wall has been described as a“sheet” of 

flowing blood. Gas exchange occurs through the membranes of all 

the terminal portions of the lungs، not merely in the alveoli 

themselves. These membranes are collectively known as the 

respiratory membrane, or the pulmonary membrane. 

The Respiratory Membrane Is Composed of Several Layers. The 

exchange of oxygen and carbon dioxide between the blood and 

alveolar air requires diffusion through the following layers of the 

respiratory membrane (from inside to outside):  

 A layer of fluid lining the alveolus that contains surfactant 

 The alveolar epithelium, which is composed of thin 

epithelial cells An epithelial basement membrane. 

 A thin interstitial space between the alveolar epithelium and 

the capillary membrane. 

 A capillary basement membrane that fuses in places with 

the epithelial basement membrane  

 The capillary endothelial membrane 

 

 

 

 
 

 

 

 

 

 

 

 

 

The alveolar partial pressure of oxygen is referred to as PAO2, while the 

arterial partial pressure of oxygen is referred to as PaO2, and the same 
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thing for carbon dioxide. Henry's law states that the partial pressure of a 

dissolved gas is directly proportional to the concentration of its molecules 

and inversely proportional to its solubility coefficient in the solvent . 

The net diffusion of gases occurs along their partial pressure gradient 

(from area of higher to area of lower partial pressure) so, O2 diffuses 

from the alveolus (PAO2= 104 mmHg) to the pulmonary capillary (PO2= 

40 mmHg), and when the oxygenated blood reaches the tissues, O2 

diffuses from the tissue capillary (PaO2= 95 mmHg) to the interstitial 

fluid (PO2= 40 mmHg) and then to the tissue cells (PO2= 20 mmHg). 

The reverse happens to CO2. 

The diffusion rate of gas molecules across biological membranes is 

affected by several factors such as: the partial pressure gradient of gas 

across the membrane, the surface area of the membrane, the solubility of 

gas in the membrane, the distance of diffusion (thickness of membrane) 

and the molecular weight of gas. 

Another factor is the temperature which, up to certain limits, is directly 

proportional to the rate of diffusion, but it is constant in healthy human 

body . Diffusion rate through the respiratory membrane is greatly reduced 

in: 

1)Pulmonary fibrosis due to the increased thickness of respiratory 

membrane 2) Emphysema due to the decreased surface area of the 

respiratory membrane 3)High altitude due to the reduced pressure 

gradient of O2 (hypoxia or low atmospheric PO2). 

Diffusing Capacity of the Respiratory Membrane 

Diffusing capacity defined as the volume of a gas that diffuses 

through the membrane each minute for a 1mm Hg difference in 

pressure. All the factors discussed that affect diffusion through the 

respiratory membrane can affect the diffusing capacity. The diffusing 

capacity of the lungs for oxygen when a person is at rest is about 21 mL/ 

min/mm Hg. The diffusing capacity for carbon dioxide is about 20 times 

this value, or about 440mL/ min/mm Hg. 

The Diffusion Capacity for Oxygen Increases During Exercise. During 

exercise, oxygenation of the blood is increased not only by greater 
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alveolar ventilation but also by a greater capacity of the respiratory 

membrane for transmitting oxygen into the blood. During strenuous 

exercise, the diffusing capacity for oxygen can increase to about 65 

mL/min/mm Hg, which is three times the diffusing capacity during 

resting conditions. This increase is caused by the following: 

Increased surface area: Opening up of closed pulmonary capillaries and 

dilation of open capillaries increases the surface area for diffusion of 

oxygen. 

 Improved ventilation-perfusion ratio : Exercise improves the match 

between the ventilation of the alveoli and the perfusion of the alveolar 

capillaries with blood. 

 

 
Transport of gases (O2 and CO2) 

Gas exchange in pulmonary capillaries is called external respiration, 

while gas exchange in tissue capillaries is called internal respiration. 

In internal respiration (between blood/tissue) , normally, about 97% of 

O2 is transported in chemical combination with hemoglobin (Hb) in RBC 

and only 3% is transported in dissolved state in the water of plasma and 

cells:  

 O2 dissolve in plasma ……….3%  

 O2 + Hb========== HbO2 ……..97% 

While CO2 is transported in three forms:  

 In the form of bicarbonate (HCO3-)………………………. 70% 

 Co2 + H2O======== HCo3- + H+ 

 In combination with Hb ………. 23% 

 Co2 + Hb========== HbCo2  

 In dissolved state in plasma ………………... 7% 

CO2 is readily diffused from tissue cells to the interstitial space and then 

through capillary membrane to be dissolved in plasma, but the major 

amount diffuses into RBC to combine with water or Hb to form carbonic 

acid which immediately form HCO3 + H or carbaminohemoglobin HbCO2 

respectively. 

In external respiration (between alveoli/blood) the reverse occurs. 

Control of breathing (regulation of respiration) 
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Control of breathing is either neural or chemical. Neural control is either 

voluntary or involuntary. Chemical control is either central or peripheral . 

Voluntary neural control is direct control from cerebral cortex via 

corticospinal tracts to the spinal neurons of respiratory muscles. It 

regulates certain voluntary activities like breath holding, hyper- and 

hypo- ventilation and forceful respiratory maneuvers. Involuntary 

neural control 

1. The respiratory center in the brain stem which is responsible for 

autonomic respiration. 

2. The pulmonary receptors which are responsible for pulmonary 

reflexes. 

Respiratory center in the brain stem 

The respiratory neurons are either of type I (discharge during inspiration) 

or type E (discharge during expiration). The respiratory center is 

composed of several groups of these neurons located bilaterally in the 

medulla and pons which are: 

 Dorsal respiratory group (DRG) 

 Ventral respiratory group (VRG) 

 Pneumotaxic center 

 Apneustic center 

The DRG group participates in the basic respiratory rhythm (2 seconds 

inspiration followed by 3 seconds expiration) and it is responsible for 

quiet inspiration. It contains only type I neurons. 

The VRG is inactive during quiet breathing and does not participate in the 

basic respiratory rhythm, but it contributes to the respiratory control of 

heavy breathing. It receives signals from the DRG when heavy breathing 

is required and it contains both types I and E neurons. 

Pneumotaxic center operates in association with apneustic center in the 

lower pons to control the depth of inspiration. They switch off the ramp 

signal of DRG at the end of adequate inspiration to block over inhalation. 

Chemical control: The chemosensitive areas of respiratory (central) or 

(peripheral) which are sensitive to changes in H+, PO2 and PCO2. 
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The direct stimulus for these neurons is H+, while CO2 must react with 

H2O to yield H2CO3 which will dissociate to HCO3- and H+ and the 

latter H+ in turn will stimulate the chemosensitive neurons. 

When CO2 or H+ are increased in the blood; the chemosensitive area will 

signal the respiratory center to increase its activity (hyperventilation) to 

get rid of CO2 and H+ (by the reaction of H+ with HCO3- to yield 

H2CO3 which will dissociate to H2O and CO2). 

Hypoxia 

Low level of PO2 anywhere is called hypoxia. Hypoxia in the blood is 

called hypoxemia. There are four types of hypoxia: 

a. Hypoxic hypoxia: it is the most common type in which there is a 

decline in PaO2 

b. Anemic hypoxia: in which PaO2 may be normal, but HbO2 is declined 

due to anemia or CO poisoning. 

c. Stagnant hypoxia: in which PaO2 and HbO2 may be normal, but 

blood flow is reduced. 

d. Histotoxic hypoxia: in which PaO2, HbO2, and blood flow may be 

normal, but the tissue cannot utilize O2 due to enzymatic inhibition 

caused by poisons or drugs e.g. cyanide poisoning. 

Patterns of breathing 

Normal rhythmic breathing is called eupnea (12-15 BPM). Apnea means 

no breathing while dyspnea is a conscious shortness of breathing (as in 

asthma). Hypopnea is a decrease (and hyperpnea is an increase) in the 

rate or depth of breathing regardless whether the subject is conscious or 

unconscious. Tachypnea is a rapid shallow breathing. 

The normal pattern of breathing is the ramp signal which is characterized 

by gradually increasing cycles which last for 2 seconds and represent 

inspiration followed by sudden cut off which lasts for 3 seconds and 

represents expiration. 


