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INTRODUCTION

The linear dimensions of present lung models are based on morphometric measurements on fully inflated
lungs (e.g. Horsfield et al.,1971; Raabe et al., 1976). To simulate deposition and clearance of inhaled
radionuclides in human lungs under normal breathing conditions, airway diameters and lengths have to be
scaled down to the smaller dimensions at functional residual capacity of about 3000 ml (Yu and Diu, 1982).

METHODS

The commonly applied linear scaling procedure (e.g. Yu and Diu, 1982) is based on the assumption that
all linear dimensions vary with the cube root of the total lung volume (Hughes et al., 1972). However,
recent measurements of the biomechanical properties of bronchial and alveolar epithelial tissue have
suggested a different scaling procedure (Habib et al., 1994): While the airway lengths are scaled from the
Horsfield et al. (1971) airway geometry at total lung capacity by a constant scaling factor (i.e., all airway
lengths are multiplied by the same linear factor), airway diameters are scaled by both a constant scaling
factor and a generation-dependent sigmoidal curve (i.e., the relative changes of the airway diameters
increase with progression through the airway system).

In the present study, deposition patterns of inhaled particles in a stochastic morphometric model of the
human lung (Koblinger and Hofmann, 1985) are simulated by a Monte Carlo transport and deposition code
(Koblinger and Hofmann, 1990; Hofmann and Koblinger, 1990). Since the morphometry of this lung model
is based on the Raabe et al. (1976) data obtained at total lung capacity, we have defined another scaling
procedure, which is based on the Habib et al. (1994) model, but normalized to the Raabe et al. (1976)
geometry.

The mucociliary clearance model of Koblinger and Hofmann (1995), which has recently been added to the
Monte Carlo deposition program is used here to simulate the effect of morphometric scaling on mucociliary
clearance in the human lung. The corresponding effects on the retention patterns of inhaled radionuclides
in bronchial airways are illustrated here for two radionuclides: Tc-99m (half-life of 8 days), and J-131 (half-
life of 0.25 days). For the average transport time of a particle through the bronchial tree a value of 10 hours
is used (Stahlhofen, 1989).

RESULTS AND DISCUSSION

The effects of these three scaling procedures on total, regional and local deposition patterns have been
investigated for a wide range of particles sizes (0.001 - 10 urn), for resting (tidal volume TV = 1000 ml and
breathing frequency f = 15 s"1) and heavy breathing (TV = 2000 ml and f = 25"'s ) conditions. These
deposition data are compared to those obtained with the originally reported lung morphometry at total lung
capacity. The results displayed in Fig. 1 indicate: (i) In general, the various scaling procedures increase
total and regional deposition (except acinar deposition of very small and large particles) relative to the
corresponding simulations based on the original morphometric data; (ii) the novel scaling procedure
suggested by Habib et al. (1994) generally yields higher deposition fractions than the commonly adopted
linear scaling procedure; and, (iii) the effects of the different scaling procedures on total and regional
deposition are practically the same for resting and heavy breathing conditions.
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Fig. 1: Total (panel A), bronchial (panel B) and acinar (panel C) deposition under resting breathing conditions
for the original Raabe et al. (1976) morphometry at total lung capacity (o) and three scaled down
morphometries assuming a constant scaling factor (D) and the Habib et al. (1994) scaling procedures
normalized to the Horsfield et al. (1971) model (0) and to the Raabe et al. (1976) data (V). Total
deposition under heavy breathing conditions is displayed in panel D for the four morphometric models.

If deposition is plotted as a function of the generation number (Fig.2), one can hardly see any difference
between the data based on a constant scaling factor and those without any scaling. Comparing these two
data sets with those, which are received by applying the scaling method of Habib et al. (1994), the different
behaviors of the deposition patterns are obvious:

The scaling method devised by Habib et al. (1994) increases particle deposition in the range of airway
generations 10 to 20 relative to the linear scaling method and the original morphometry.

The analysis of the diameters and velocities reveals that the scaling procedure devised by Habib et al.
(1994) results in smaller diameters in peripheral airways compared to the other scaling procedures,
therefore producing higher deposition by diffusion in this region. Generally, a slight shift of deposition
towards smaller generation numbers can be seen.
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Fig. 2: Deposition by generation for particle diameters d = 1.0 um (panel A) and d = 0.01 um (panel B) under
resting breathing conditions for the original Raabe et al. (1976) morphometry at total lung capacity (o)
and three scaled down morphometries assuming a constant scaling factor (D) and the Habib et al. (1994)
scaling procedures normalized to the Horsfield et al. (1971) model (0) and to the Raabe et al. (1976)
data (V).
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Fig. 3: Retention patterns for Tc-99m (d - 1.0pm) (panel A) and J-131 (d = 0.5um) (panel B), nuclides inhaled
under resting breathing conditions based on a total tracheobronchial transport time of 10 hours
(Stahlhofen, 1989) . The curves show the original Raabe et al. (1976) morphometry at total lung
capacity (o) and three scaled down morphometries assuming a constant scaling factor (D) and the Habib
et al. (1994) scaling procedures normalized to the Horsfield et al. (1971) model (0) and to the Raabe
et al. (1976) data (V).

Figure 3 shows that clearance is increased by using the scaling method of Habib et al. (1994). In the
clearance model of Koblinger and Hofmann (1995) it is assumed that the clearance velocity in a given
bronchial airway is proportional to the diameter in that airway and a proportionality factor, which is a
function of airway diameters and lengths in all bronchial generations. Calculations have indicated that the
usage of the Habib et al. (1994) procedure leads to a higher clearance velocity in the upper airways because
of their relatively larger diameters. Due to the combination of this effect with the above mentioned shift
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of deposition to smaller generation numbers the deposited particles are faster cleared from the thoracic
region. This joint effect is displayed in Fig. 3. The shorter bronchial retention of Tc-99m (Fig. 3 panel
A) compared to that of 1-131 (Fig. 3 panel B) is caused by the faster decay of Tc-99m during the clearance
process.

In conclusion, the different scaling methods generally lead to a higher total, bronchial and acinar
deposition. An increased clearance occurs if the scaling method is used, which was developed by Habib
et al. (1994), whereas a rescaled lung morphometry with a constant factor for airway lengths and diameters
has practically no influence on the clearance behavior.
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