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Figure 3. TM Sensitivity to Sound. Figure 4. Stapes Velocity from LDV.

before. Figure 2 also illustrates the effects of ossicular manipulations on TM vibration.
Column A (the control case) differs significantly from column B (malleus fixed) at
f < 4 kHz but not at higher frequencies. Much of these differences are explainable by
attenuations of the entire TM motion. Column C (malleus freed) is similar to Column A.
Column D (stapes fixed) shows patterns intermediate between A and B at f < 4 kHz and
small differences at higher frequencies.

Figure 3 shows computed 80% image intensity thresholds. In the control case (the
thick dark line without symbols), the threshold sound pressures are lower at low
frequencies, consistent with a higher sensitivity of TM motion at low frequencies [7].
Above 1 kHz, the thresholds generally increase, peak around 12 kHz, and then decrease
till 20 kHz. This maximum at 12 kHz needs further investigation. After malleus head
fixation (the solid line with open circles), the thresholds are increased at low frequencies
compared to the control case, which is consistent with published data describing a
decrease in umbo movement after malleus-head fixation [2]. However, the increased
sensitivity of TM motion between 3 and 8 kHz after malleus fixation is not consistent
with published umbo motion data [2]. After the malleus is freed (the gray dashed line),
the thresholds return to near the control case. After stapes fixation (the solid line with
triangles), the thresholds at f < 4 kHz are increased, consistent with a decrease in TM
motion [2], while above 4 kHz, the thresholds are equal to the control case. The stapes
fixation produced larger changes in TM motion than malleus fixation, which is contrary
to previous umbo motion measurements [2].

Changes in stapes velocity produced by the same ossicular manipulations and the
effect of painting the TM are illustrated in Fig. 4. The illustrated velocities are all relative
to the velocity measured in the NoPaint condition. Painting the TM (filled circles)
produced little change in stapes motion (differences of +2 to -5 dB at f < 20 kHz).
Malleus fixation (open triangles) produced 20 dB or larger decreases in stapes motion at f
< 1 kHz and little change at f > 4 kHz. Malleus freed (the open circles) returns the stapes
velocity to near the initial case. Stapes fixation (the filled triangles) produced a reduction
in stapes motion of at least 20 dB except at the highest and lowest frequencies. These
changes are similar to those observed by Nakajima et al. [2], and are significantly larger



in magnitude than the differences in 80% thresholds in Fig. 3. Also illustrated in Figure 4
is the relative velocity of the petrous bone. This estimate of motion artifact in our system
places lower bounds to discriminate the differences of motion. The artifact is generally 20
to 35 dB smaller than the stapes motion, except in a band between 1 and 3 kHz where the
artifact dominates the measured motions. We excluded data in this band from our
analysis. The cause of this artifact peak may be related to motion between the LDV laser
mounted on an operating microscope and the bone coupled to the TAHI system.

4 Conclusion

The vibrations of the human TM stimulated by pure tones over 0.2 to 25 kHz were
studied through TAHI and grouped into three patterns: simple, complex and ordered. The
TM motions at various conditions were compared with stapes velocity. The results show
the ossicular manipulations had effects on stapes motion that were visible at higher
frequencies than the effects observed on TM motion. This is particularly true in stapes
fixation, which reduced stapes velocity by at least 20 dB at frequencies less than 10 kHz,
but had little effect on TM motion at frequencies of 4 kHz or higher.
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