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Introduction

The sound of breathing at the mouth in heslthy sublects has been described as a
white nolsel. The noisy braathing often exbibited by patients suffering From
chronic obstructive eirways diesass produces similer sounds selthough it has
been suggeeted that there may be a larper proporticn of high Freguency compo-
nents pressnt even in the absence of a distinet wheeze. This noisy breathing
can be a ueeful clinical algn but 1t ls often ighored bacausa tha mechanism of
its production is not fully underetood end hence Llts significance is difficult
to appreciate.

Previous work in the field heae concentrated on ths sounds of respiration as
haard over the cheat wall which introduces the unknown Filtering effect of thas
intarvening tiesue. Another dieadvantege of this spproach is that the frequeney
rasponse of this recording system is virtuslly impoesible to quentify since it
depanda upon the pressure with which the microphone is applied to the chest.
Sounds recorded in this way ere limited teo e relatively nerrow renge of low
frequencies with a steep fall in emplitude ebove 200 Hz.

The work thaet haes been done on breath sounds at the mouth2 has shown that the
intensity of the sounds, correlates well with indices of elrflow obstruction.
From this and other evidence, it is considered that the mein source of breath
sound productlon is dus to turbulence at the glottis and in ths upper alrueys.
Information on the frequency content of breath sounds {s eperse. Generally it
$8 held that the freguency distribution of braasth sounds at the mouth ls sssen-
timlly flat from abeut 200 Hz to 2,000 Hz,

This investlgation is concerned with the frequency spectrum of breath sounds

at the mouth in health and chronic obstructure alrways disease bhefore and
after bronchodilator therapy with a view to an improvement in understanding

the mechaniems of preduction and perhaps the emergance of e new diagnestic tool.

The problems mescciated with maasuring the bresth sounds over the chest were
not encountered whan examining breath sounds at the mouth although the datar-
mination of the frequency respones of this recording aystem is not without dif-
fleultion.

Mathod
Tha tntensity of breeth sounds at the mouth is dependent on the Flow rate at

the mouth go that this parsmeter ls recorded simultansously with the sounds
using the errengement in Figurse 1.
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The acoustic characteristice of the pystem were investigated by introducing
known signals through a loudspeeker ss shown in Figure 2,
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It was found that reproducible resulte eould not be abteinsd on this eystam.
It became apparent that the problem wes the plestic connecter which was slight-
ly flaxible to sllow vasrlous sizes of caerdbnerd breathing tube to be push-Pitted
into it. The frequency respones of the complaets system depended upon how tight—
ly the arrengement waa pushed together, Thie problem wae cvercome by replacing

tha plastic connector with a rigld aluminium connector wlth internel locating

filangas for the brmathing tube and flow traneducer.

It wes found that the frequency respones of the syetem exhibited meny peaks
and these were investigated by determining the response ee pleces of the
flow measuring equipment were removed eequentially.

Dne peak 1n the frequency response was deduced to be & knoun pesk in the loud—
speeker rasponee modified by a mechanical resonance of the alr conteined with—
in the cavity of the breathing tube, connector, flow tranasducer end perapex
sound channel. A further peak eppeared to bs dua to a Helmholtz rescnance of




Proceedings of The Institute of Acoustics

THE FREQUENCY ANALYSIS OF BREATH SOUNDS AT THE MOUTH

thie same cavity.

Complete agreemsnt with the theoreticel equations for these resonances was not
expacted nor obtained as the pneumotachograph head incorporatea e double wire
mesh in its cross-section which enables it to detect flow. This feature will
undoubtedly affect the resonant frequencies.

The complete frequency response of the system used to record sounds from pa-
tients is slightly different from that used to investigate the measuring system,
The differences were oxamined by comparing breath sounds recorded excluding the
flow measuring equipment with those recorded normally but attempting to compen-
sate for the frequency response of the flow measuring equipment.

To obtain the frequency spectrea the breath sounds are enalysed by a PDPA/E com-
puter. The flow signal is used es a marker to define the timing of the sound
sample within the breathing cycle. The computer progrem used was constructed
around a publishad3 mixed-radix fest fourier trensform subroutine. This ensured
a great dogree of flexibility in the length of the sound sample to be analysed.

All progrems were written or obtained in Fortran except those which sampled the
sound and flow on the analogue to digital converter which were written in RALF,
an assembler lenguage. .

The sempling spead of the analogue to digitel converter is limited to 1 sample
evary 100 microseconds so that the technique has an upper limit of 5000 Hz. A
low frequency limit of 100 Hz was set to minimise the contribution of system
noiee to the signal.

Results

Preliminary results indicate that the Prequency epectra of breath sounds of
patients suffering from chronic obstructive airwaeys disease show features above
3000 Hz not present in the spectra of normal subjects breathing at the same

flow rate.
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