Chapter 15 Evaluating Lung Structure and Function
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FIGURE 15-2 A, Cast of the right lung demonstrates branching of airways. B, The branching airways can be modeled by use of the principles of
fractal geometry, which allow for efficient filling of the thoracic space.

Alveoli
The alveoli are the grapelike clusters of air sacs that interface
with the pulmonary capillaries. There are about 300 million individual alveolar sacs, or 10,000 in each of the 30,000 acini. The
alveoli are thin-walled structures with a total surface area of about
130 m2. This is roughly half the size of a doubles tennis court.
The surface of the alveoli is lined by two types of cells. The flat
type I pneumocytes constitute 95% of the cells. Type II pneumocytes, which account for about 5% of the alveolar lining cells,
secrete surfactant, a complex lipoprotein whose role in lowering
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The branching pattern of these first 15 divisions of the airways
follows the principles of fractal geometry: The reduction of
airway diameter and length between each generation is similar,
by a factor of 0.79, serving to densely compact the airways into
the available space of the thorax (Fig. 15-2A and B). This geometry reduces bronchial path length from the trachea to the periphery and minimizes both dead space volume and resistance to
convective airflow.
The remaining eight generations of airways comprise the respiratory bronchioles and alveolar ducts lined with alveolar sacs.
This area of the lung is referred to as the respiratory zone, and the
terminal respiratory unit is called the acinus. Gas exchange commences in the respiratory zone but primarily occurs in the alveoli.
Inspired air moves down the conducting zone primarily by bulk
convective flow, whereas the movement of oxygen in the respiratory zone is by diffusion.
In total, there are an average of 23 subdivisions of the airway
from the trachea to the alveolar ducts. Although it might be suspected that resistance to convective flow would be highest in the
small airways because of their small diameter, the opposite is the
case. The enormous number of small airways together provide a
huge net cross-sectional area for airflow. For example, the crosssectional area of the trachea is 2.5 cm2, compared with a total
cross-sectional area of 300 cm2 for all of the alveolar ducts combined. As a result, 80% of the resistance to airflow occurs in the
first seven generations of bronchi, and the remaining “small”
airways (diameters <2 mm) contribute only 20% of the resistance to airflow (Fig. 15-3). As the lung expands during inspiration, the net cross-sectional area of the alveolar ducts doubles,
further reducing resistance to airflow.
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FIGURE 15-3 Total cross-sectional area of the airways is depicted for
several generations of airways. The total cross-sectional area increases
dramatically in the respiratory zone. Consequently, the velocity of gas
entering the respiratory zone decreases and resistance is low.

surface tension in the alveolar space is critical to reducing the
forces needed to expand the lung. Surfactant is also important
in preventing alveolar collapse at low lung volumes and thereby
promoting normal gas exchange. The capillaries run in the
exceedingly thin septa that separate the alveoli and are therefore
exposed to the air from surrounding alveoli. The epithelial lining
of the alveoli, the endothelial lining of the capillaries, and the
intervening fused basement membrane form the alveolarcapillary interface. Normally, this interface is less than 1 µm thick
and does not significantly interfere with gas exchange.

