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The Physiology of the Upper Airways and its Effect on the Deposition of Environmental and
Therapeutic Aerosols ; Studies with Replicate Airway Models and in Human Subjects
David L. Swift, Ph. D. JOHNS HOPKINS University

Abstract

Aerosols entering the respiratory tract initially encounter the nasal or oral passage. The possibility
of deposition in these airways depends on a number of factors which can be grouped into three broad
categories : (1) airway shape, (2) breathing characteristics, and (3) particle characteristics.

A number of studies have been performed to characterize the shape of the nasal, oral, laryngeal and
tracheal airways. These involve the techniques of post mortem casting of the airways and magnetic
resonance imaging (MRI) of these airways. Rapid measurement of the anterior nasal cross sectional
area has been achieved using acoustic rhinometry (AR). Intersubject variability of nasal dimensions
using these tests is great.

Breathing at low minute volume (rest or light exercise) is normally totally nasal. Flow rate varies
approximately sinusoidally during inspiration. At higher minute volume, breathing switches to oro-
nasal. For environmental aerosols in the micrometer size range, theory predicts a linear dependence
upon flow rate ; deposition of aerosols at these varying flow rates is predicted from steady flow rate
studies where the inspiratory volume is equal for the two cases. It is difficult to predict the upper
airway deposition of therapeutic aerosols from studies of “ideal” aerosols because the aerosol flow
rates are often mismatched with the inspiratory flow rates and the aerosols often exhibit marked
evaporation and/or hygroscopicity.

The effect of particle diameter upon upper airway deposition depends on the dominant mechanism
of deposition. For micrometer diameter particles, inertial impaction and turbulent deposition domi-
nate, leading to a predicted d-squared dependence. Particles from 50 nm to 1 micrometer normally
have low upper airway deposition percent. Experimental studies in replicate airway models and
human subjects with ultrafine aerosols (d<50nm) deposit by molecular and turbulent diffusion.
Within a given region of the upper airways, the distribution of deposition is highly dependent upon the
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mechanism of deposition. This fact has important implications for the dominant clearance mecha-
nism. Particles may be cleared from the upper airways by swallowing, physical removal, trans-
epithelial transport, and mucociliary motion.

Intersubject variability of aerosol deposition and clearance has been studied in a large number of
normal human subjects. The significant changes observed have been correlated with airway dimen-
sional characteristics of the subjects. It is found that : (1) intersubject variability of deposition is
great for all particle sizes, (2) the most significant dimensional characteristic is different for different
size regimes, and (3) the most significant dimensional characteristic depends upon the dominant
mechanism of deposition.
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