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Microscopic mechanics of single sensory receptor cells play an important signal processing role in the inner
ear. However, there are few direct measurements—in large part because the measurements are technically
challenging. The important structures are small (micrometer scale) and the motions are even smaller as well
as fast (20 Hz to 20 kHz).

Recently, members of RLE's Auditory Physiology Group have developed a video microscopic system in
which stroboscopic illumination is used to take stop-action images of sound-induced motions of inner ear
structures. Motions as small as 14 nm are determined directly from video images using a new algorithm
based on optical flow techniques that are commonly used in machine vision.

The system has been applied to characterize inner ear motions at three levels of organization, illustrated on
the cover. The left panel shows a cluster of approximately 25 sensory cells and associated structures. The
center panel shows a magnified view of three of the cells. Each cell (8 micrometer diameter) contains a
bundle of approximately 50 sensory hairs (0.7 micrometer diameter). The right panel shows a magnified
view of the sensory hairs of a single cell. Analysis of images at these three different levels provides informa-
tion about the coding of sounds at a systems level, at a cellular level, and at a level that provides insight into
the molecular mechanisms of transduction.

These photomicrographs were taken by C. Quentin Davis, a graduate student in the Department of Electrical
Engineering and Computer Science and in the Medical Engineering/Medical Physics (MEMP) program in
Health Sciences Technology, and by Dr. Dennis M. Freeman, research scientist in RLE. More information
and slow-motion video sequences of these structures are available through the Cochlear Physiology home
page on the World Wide Web (http://behn.mit.edu). For background information on the work of the Auditory
Physiology Group, write the RLE Communications Group for a copy of RLE currents (volume 3, number 1,
Fall 1989).
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