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BACKGROUND & METHODS 

AIRWAY RESISTANCE - ADULTS TRACHEAL REYNOLDS NUMBER 

TABLE 3: Values of tracheal Reynolds number at different flow 
rates through  the airway replicas. 

SUMMARY 

For the adult replicas, the modified Pedley model proposed by van 
Ertbruggen et al.3 most accurately predicted central conducting 
airway resistance for inspiratory flow rates ranging from 15 to 90 
L/min. For child replicas, the Pedley2 and Katz1 models both 
provided good estimation of measured pressure loss at flow rates 
representative of resting tidal breathing, but under predicted 
measured values at high inspiratory flow rate (60 L/min).  

These results are intended to provide guidance for selection of 
analytical pressure loss models for use in predicting airway 
resistance and ventilation distribution in adults and children.  

AIRWAY RESISTANCE - CHILDREN 
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BACKGROUND: 

Analytical models of airway resistance are frequently employed in modeling breathing 
mechanics and ventilation distribution.  The present work was conducted to evaluate 
the accuracy of three previously published airway resistance models1-3 in predicting 
total pressure drop through central conducting airway replicas. 

METHODS: 

Experimental measurement was made of the total pressure drop at varying steady 
inspiratory flow rate through anatomically realistic conducting airway replicas of ten 
children, 4 to 8 years old, and five adults (Table 2). Conducting airways were 
identified in CT images using Mimics software (MIMICS 3D; Materialise, USA) and 
replicas were built in acrylonitrile butadiene styrene (ABS) plastic using a 3D printer 
(Invision® SR; 3D systems, USA). 

Experimental results were compared with analytical predictions made using published 
airway resistance models (Table 1).  For analytical calculations, diameters and 
lengths for all airway segments in each replica were measured from segmented CT 
images using a post processing software package (MAGICS; Materialise, USA). 

For a given flow rate the total pressure drop through a replica was calculated by 
treating the conducting airways as a network of hydraulic resistances, R: 

where Q is the flow rate through an airway segment, ρ is the gas (air) density, and ΔP 
is the pressure drop across the segment. 

FIGURE 4. 
Pressure drop (Pa) 
predicted using 
analytical models is 
compared with that 
measured 
experimentally for 
adult central 
conducting airway 
replicas.  

FIGURE 5. Pressure drop (Pa) predicted using analytical models is compared with that measured experimentally for child central 
conducting airway replicas. Top row: the full range of measured pressure drop is shown.  Bottom row: magnified view at low pressure drop. 

TABLE 2. Summary of child and adult subject information and 
airway diameters of child and adult replicas.  

Subject numbers ending with “c” indicate child subjects, while those ending with “a” 
indicate adult subjects. 
Generation 0 (Gen.0) is the trachea, Gen.1 are the main bronchi, Gen.2 are the bronchi, 
and Gen.3 are the segmental bronchi. 

FIGURE 1. Experimental apparatus used to 
measure pressure drop in the airway replicas. 
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TABLE 1.  Analytical resistance models. 

*Expressions for the friction factor f and bifurcation
minor loss coefficients K are found in Katz et al.1
+Values of γ in conducting airway generations are 
provided in van Ertbruggen et al.3
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