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Physical effect of the change of envirommental pressure upon ear drum, Eustachian tube and
middle ear cavity - An experimental study
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The authors designed an experimental model of middle ear cavity connected to Eustachian tube using

plastic and latex materials, performed simulated experiments to testify their physical behavior against
the change of environmental pressure, and confirmed the difference between compression and
decompression phases. As middle ear cavity can be considered as a kind of enclosed space, so when
the outside pressure is elevated, if not the Eustachian tube is open, the inside pressure of middle ear
turns to be relatively negative against the increased outside pressure. As the degree of the occlusive
part of Eustachian tube is strengthened by the increased negative pressure of the middle ear cavity, it
was revealed that the opening of tentatively occluded tube became more difficult by this increased
relative negative pressure. Contrary to this, when environmental pressure decreases, inside pressure of
middle ear turns to be positive against outside, so the occluded air in the middle ear cavity can easily
run through the tube spontaneously. It is indispensable to understand these physical properties of
Eustachian tube and middle ear cavity to remove the ear squeeze of the patients effectively at the time
of HBO practice. '
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Fig.1 Schematic drawing of middle ear, Eustachian tube
and ear drun

Eustachian tube is only one pathway leads to outer space

(pharynx), but is usually occluded. Therefore, middle ear

can be considered as a cjosed space.

vinyl sheet (eardrum)
head of plastic bottle (middle ear cavity)

latex tube (Eustachian tube )

occlusion

N

grease oil was coated on inside wall

Fig.2 Experimental model of middle ear, Eustachian tube
and ear drun

When environmental pressure increased, due to relatively
negative pressure inside of the experimental model, vinyl
sheet was drawn toward inside, and the occlusive part of
latex tube extended its length toward middle ear cavity.
Contrary to this, when environmental pressure decreased,
due to relaticely positive pressure generated inside of the
model, vinyl sheet was pushed outward and occluded latex
tube was opened gradually.
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Fig.3-a Middle ear, Eustachian tube and ear drum
receiving increased environmental pressure.
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opened Bustachian tube

Fig.3-b Middle ear, Eustachian tube and ear drum
receiving increased environmental pressure.

When environmental pressure increases, inside wall of Eustachian tube is drawn inside due to relatively negative pressure

created within middle ear, and occlusive state increases its strength in proportion to the negative pressure.

When environmental pressure decreases, inside of Eustachian tube is opened by relatively positive pressure within middle ear

and the occlusion is released passively.
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