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Figure 9. Nasal cavity casting partially filled with balls to illus
trate the complex geometry of the residual volume. 
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Figure 10. Initial results from feedback system measurements 
on nasal cavity castings. 

As a Helmholtz re onator oscillate the aIr In the 
neck move in and out, j ust like a rna on a pring. This 
moving volume of air extends into and out of the cavity 
volume. As the cavity volume i reduced by filling it 
with water or balls, the surface of the balls or water 
nearest the neck is approached by the moving air vol
ume. At some point, interference occur , causing the 
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Figure 11. Modified theoretical prediction based on an empiri 
cal fit to the data. 

measured frequency to be lower than predicted by the 
theory, hence the artifact in the data. Since this geometric 
effect results from trying to obtain data over a very wide 
volume range and is not anatomically valid, we will not 
correct for it here. With the ystem cal ibrated, then, we 
should be able to make volume prediction from re 0-

nant-frequency mea urement in intact human na al cav
itie with reasonable accuracy. 

DISCUSSION 
A noninvasive method for determining the volumes 

of cavities of irregular geometry was developed , and the
oretical prediction were validated with experimental 
re ults. In addition to the te ts run with the ca ting and 
cavitie de cribed in thi article, trial mea urements on 
the inve tigator have been attempted. Difficultie have 
been encountered with the e measurement principally 
because of errors in the a umption that the intact human 
na al cavity can be modeled as a Helmholtz resonator. 

The Helmholtz resonator theory is derived for a rigid 
cavity whose only communication with the exterior is 
through the neck. For the nasal cavity, not only is the 
cavity surface not rigid but side branches into the 
sinu e may have re onance of their own and may affect 
the mea urements. In addition, the anatomy of the na al 
cavity i uch that it is open to the throat except during 
swallowing. While a person breathes through the mouth , 
air sti ll moves through the nasal passages. For vol ume 
mea urements using our technique, the cavity must be 
do ed except at the neck. Unless the person being mea-
ured can voluntarily clo e the soft palate at the back of 

the throat, the cavity will not resonate and it volume 
cannot be mea ured. Al 0, if the closing of the cavity is 
not consistent (i.e. if the actual volume varie from time 
to time) , the mea urement will not be repeatable. Cavity 
volume including some unknown portion of the throat 
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may also result. Lastly, a normal cyclic variation in the 
state of the turbinates may preclude repeatable measure
ments. Abnormal or prolonged sealing of the cavity may 
also affect volume. 

Despite these problems, our technique has promise as 
a noninvasive method for determining the actual volume 
of the human nasal cavity in vivo. Patient training before 
volume measurement or artificial means for closing the 
nasal cavity will most likely be required to obtain repeat
able and accurate results. In the near future, we will cou
ple our technique with magnetic resonance imaging (and 
image-processing techniques) to validate the measure
ments taken with human subjects. 
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