
Respiratory System

Respiratory System
Function: supply oxygen necessary for oxidative phosphorylation

remove carbon dioxide (a waste product of cellular respiration)  
CO2 is a problem because it affects pH.  Therefore, the respiratory system is an important
regulator of acid/base balance in the body.

Respiration: 1) ventilation - mechanical act of breathing (mass movement of air into lungs)
2) gas exchange - O2 in & CO2 out

lungs: diffusion from air to blood
tissue: diffusion from blood to cells

3) cell respiration

Respiration involves a lot more than the respiratory system.  It encompasses a wide variety of processes and
involves the coordinated activities of the nervous system (rate of breathing), endocrine system (rate of
breathing), cardiovascular system (mass movement of dissolved gases between lungs and tissue), muscular
system (blood vessel tone, bronchial tone, diaphragm), digestive system (removal of dust and particles
inhaled), immune system (keeping respiratory tract free of “invaders”),  and the respiratory system (delivery
of air to the alveoli).  

Anatomy of the Respiratory System
Air enters the upper respiratory tract via the external nares (nostrils).  The nasal cavity is divided in two
sections by a septum.  The nasal septum is formed by the vomer inferiorly and the perpendicular plate of the
ethmoid bone superiorly.  The anterior section of the septum is not bone, but instead a septal cartilage.

The roof of the nasal cavity is formed by the
cribiform plate of the ethmoid bone.  The receptors
for smell are located in this region.  The walls of the
cavity are formed from the superior and middle
conchae of the ethmoid bone, the inferior nasal
conchae, the perpendicular plate of the palatine bone,
the nasal bones, and the maxilla.  The floor of the
nasal cavity is also the roof of the oral cavity (mouth)
and is formed by the hard palate anteriorly (palatine
process of maxilla and horizontal plate of the palatine
bone) and soft palate posteriorly.  The soft palate is
muscular tissue that ends in a little flap (uvula) that
can be seen hanging down at the back of the oral
cavity.  The uvula prevents food from entering the
nasal cavity.

The nasal cavity is covered with pseudostratified
ciliated columnar epithelium (complete with mucus
producing goblet cells) and is continuous with
sinuses in the ethmoid bone, maxilla (cheek and
upper jaw area), between and above the eyes (frontal
sinus), and at the rear of the nasal cavity (sphenoid
sinus). Cilia move mucus towards the throat.



The air passage commonly called the throat is the pharynx.  It can be divided into three sections:
nasopharynx, oropharynx and laryngopharynx.  The nasopharynx is the section between the nasal cavity and
the oral cavity.  The oropharynx is the section that is at the “back of the throat”.  The laryngopharynx is
just inferior to the oropharynx and posterior to the larynx.  The oro- and laryngopharynx both conduct air and
food.  Their epithelial lining is adapted to deal with the abrasion that occurs with eating food.  These are the
only parts of the respiratory tract that are covered with a stratified squamous epithelium instead of the
pseudostratified ciliated columnar epithelium.   Food goes down the posterior tube (esophagus) while air
continues into the larynx.  

The larynx (voice box) is formed by eight rigid cartilages (hyaline) and an elastic cartilage flap called the
epiglottis.  The epiglottis flaps over the opening to the larynx when food is swallowed thereby preventing the
movement of food into the airways.  The thyroid cartilage is the largest cartilage of the group that form the
larynx and can be easily palpated.  Its anterior portion forms what is commonly called the “Adam’s apple”.
Ligaments between the thyroid cartilage and the arytenoid cartilage form the true vocal cords (vocal folds). 
These mucosa covered ligaments vibrate when air passes through the slit between them (glottis) and the
vibrations produce sound.  Superior to the true vocal cords are another set of ligaments called the false vocal
cords (vestibular folds).

Air moves downward into the trachea next.  The trachea is
commonly referred to as the wind pipe.  Starting at the
trachea, the lower respiratory tract branches into bronchi
(primary) and then to smaller (secondary) and smaller
(tertiary) bronchi and bronchioles.  

The trachea is supported by incomplete cartilage rings and
these rings become less apparent as one travels deeper
through the bronchial tree towards the alveoli.  The smaller
bronchioles are supported by smooth muscles, not unlike the
vascular system. 

At the end of terminal bronchioles sit grape like bunches of
alveoli.  These clusters are called alveolar sacs.  The alveoli
(singular = alveolus) are the sites of gas exchange.  

The respiratory tract is the conducting zone of the system.  It
cleans, warms and moistens the incoming air in order to protect
the delicate alveoli.  Since gas exchange only occurs at the
alveoli, the rest of the respiratory passages are sometimes
referred to as “dead space”.

The tissue of the respiratory tract are formed from the same
embryologic tissue that make up the digestive system, and share
the common feature of being made of epithelial cells
interspersed with mucus producing goblet cells.   As mentioned
previously all the epithelial cells (before the terminal
bronchioles) have cilia on their surfaces that constantly move the
mucus (with dust and inhaled particles) towards the place where
the airway splits from the esophagus.  Mucus clips along at a hot



1 to 2 centimeters a minute and once at the back of the throat the debris is either swallowed or coughed up. 
An alveolus is made of alveolar type I cells.  Gas only
needs to diffuse across these cells and the endothelial cells
that make up the capillary walls.  The diffusion distance is
very small (0.3 to 2 µm).

The alveolar area also contains alveolar type II cells. 
These cells secrete surfactant.  The surfactant lines the air
exposed surface of the alveolus and reduces the surface
tension, especially during exhalation.  This ensures that the
alveoli remain open and don't collapse.

The surface area for gas exchange in the lungs is the same
area as that of a tennis court.  

Lung Divisions
The top of each lung is called the apex.   The bottom of each lung is the base.  The right lung is divided into
three lobes each served by a secondary bronchi.  The left lung is divided into two lobes each served by a
secondary bronchi.  The tertiary bronchi bring air to the twenty bronchiopulmonary segments.  The
smallest visible division of the lungs is called the lobule.  Lobules are 7 to 15 mm in diameter and receive
air from a large bronchiole and its branches.  

Each lung is surrounded by a double layered serous membrane.  The innermost layer (touches the lung
tissue) is the visceral pleura.  The outer layer is the parietal pleura.  In between is the imaginary space
called the pleural cavity.  This contains pleural fluid that lubricates the membranes and allows them to slide
across each other as the lungs move during breathing.  The parietal pleura is also considered the lining of the
chest wall (thoracic wall).  The chest wall consists of the rib cage, the intercostal muscles and associated
connective tissue.  The base of each lung sits on top of the diaphragm.

Ventilation
Inspiration  is a result of contraction of external intercostals (lifts
rib cage out) and diaphragm (pushes abdomen down).  During
forced air breathing muscles of the neck (scalenes and
sternocleidomastoid) and the pectoralis minor of the chest are
recruited to increase inspiration.

Expiration  occurs when the muscles relax.   During forced air
breathing internal intercostals, abdominals (obique, transversus
and rectus muscles), latissumus dorsi and quadratus lumborum
are recruited.


