BOX 25.1

OTOACOUSTIC EMISSIONS

In 1978, David Kemp made a surprising discovery: the ear can sometimes emit sounds. These “otoacoustic emissions” are now the focus of much interest because basic researchers can use them to study the function of the ear and because clinicians can use them as tests of hearing (reviewed by Shera, 2004). Emissions are almost always so low in level that they are inaudible unless the individual is in an exceptionally quiet environment. Thus, measurement of emissions requires a sensitive, low-noise microphone that is placed in the external ear canal.Many studies indicate that the cochlea (inner ear) is the source of emissions.Within the cochlea, the outer hair cells are likely to be the generators of emissions. After emissions are generated, they travel in reverse of the normal pathway for sound into the inner ear: the emissions propagate from their point of generation along the basilar membrane to the oval window, then through the middle ear via the ossicles, and finally they move the tympanic membrane to result in airborne sound. 
There are two main types of emissions—spontaneous and evoked—the latter are evoked in response to an externally presented sound. Spontaneous emissions are detected from the ears of about one-half of normal hearing humans, but these emissions are rare in laboratory animals. They are almost always pure tones. Transient-evoked emissions are evoked by a short sound such as a click and appear several to tens of milliseconds later. These emissions were first called the “cochlear echo,” but they are not a real echo because more energy can appear in the emission than was present in the evoking sound. Distortion product-evoked emissions (Fig. 25.9) are evoked by two tones (“primaries” of frequencies f1 and f2) and occur at combinations of the primary frequencies (such as at frequency 2f1–f2). The two primary tones each produce traveling waves along the basilar membrane, and a likely point of generation of the emission is where these waves overlap maximally. 
Otoacoustic emissions can be used clinically as a screening tool in hearing tests, as subjects with sensory hearing losses greater that 30 dB typically lack emissions. Transient-evoked or distortion product-evoked emissions are used in such tests. Emission-based tests are especially valuable for individuals such as infants who are otherwise hard to test by conventional audiometry. Otoacoustic emissions only rarely are the cause of tinnitus, the sensation of ringing in one’s ears. Most individuals who have tinnitus do not have emissions corresponding to the tinnitus. Thus, tinnitus arises by some other mechanism, almost certainly within the nervous system. 
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FIGURE 25.9 Distortion-product otoacoustic emission from a human subjectmeasured with a microphone placed in the ear canal. The microphone records the sound pressure of the two primary tones (frequencies f1 = 3.164 kHz and f2 = 3.828 kHz, each 50 dB sound pressure level that were used to evoke the emission at 2f1–f2 (2.5 kHz at 12 dB). From Lonsbury-Martin and Martin (1990).
