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I’d like to thank Dr. Sohmer and his colleagues who, in their letter to Ear and Hearing (Sohmer,
Sichel, Perez & Adelman, in press), cited our work on conductive hearing loss produced by
inner-ear pathology. They have summarized some of the results my coworkers and I have
gathered while investigating what we and others (Minor 2000; Mikulec et al. 2004; Rosowski
et al. 2004; Songer, Brinsko & Rosowski 2004; Songer and Rosowski 2005, 2006, 2007; Chien,
Ravicz, Rosowski & Merchant 2007; Merchant, Nakajima, Halpin et al. 2007; Merchant &
Rosowski 2008) refer to as conductive hearing loss due to the presence of an abnormal third
inner-ear window. However, Dr. Sohmer and his coworkers feel that there are methodological
issues with the experiments we performed and question our interpretation.

Sohmer et al.’s first criticism of our work revolves around the difference in the characteristic
impedance (which depends on the density and compressibility of a fluid or gas) between air
and body fluid. Sohmer and coworkers point out that our experimentally produced canal
dehiscences in the chinchilla (Songer & Rosowski 2005, 2006, 2007) and temporal bone (Chien
et al. 2007) models of superior canal dehiscence were between the inner-ear lymph of the
semicircular canal and the air in the middle-ear cavity, while the human pathology couples
inner-ear lymphs with cranial fluids and tissues. Sohmer et al. argue that the large mismatch
between the characteristic impedances of inner-ear lymph and air seen in the dehiscences we
introduced is fundamentally different from the impedance ‘match’ between inner-ear and
cranial fluids in pathological superior-canal dehiscence.

What Sohmer et al. ignore in their argument is that simple comparisons of the characteristic
impedance of fluids or gases are only relevant in the ideal case when the two fluids (a gas, like
air, can be considered a fluid) are separated by a near infinite interface. Under those conditions
each acoustic particle (Kinsler et al. Chapter 6, 1982) of each of the fluids need only interact
with other like particles of fluid, or, when near the interface, with particles of the other fluid.
In the real world, with restricted dimensions, the fluid particles also interact with the walls of
the containers that surround them. In these real conditions, the acoustic impedance is relevant;
this impedance is determined not only by the physical characteristics of the fluids but also the
dimensions and characteristics of the fluid containers (Kinsler et al. Chapters 9 & 10, 1982).
In the case of the dehiscent semicircular canal in chinchillas or humans, the container is a rigid-
walled tube-like bony canal with a diameter of about 0.1 mm and length of 3–5 mm. The
frequency-dependent acoustic impedance of such a small fluid-filled structure is very large in
the range of sound frequencies over which we hear. Intuition and experience support this
notion: It takes a much larger pressure head to move the same flow rate through a narrow hose
than through a wide hose. A similar dependence on the dimensions of the container affects the
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acoustic impedance looking into the fluid-filled cranium from the dehiscence. Our calculations
(Rosowski et al., 2004; Songer 2006; Songer & Rosowski 2007) suggest that over the 200 to
20000 Hz range, the acoustic impedance related to sound flow through the dehiscent human
canal is 3 to 3,000 times larger than the impedance of the fluid in the cranium. This difference
in impedance is large enough that our model calculations would be essentially unchanged if
the cranium were full of air rather than body fluids. The basic conclusion here is yes, Sohmer
and colleagues are correct in noting that there is a mismatch between the impedance associated
with sound flow into the middle-ear cavity from the dehiscence in our experiments and the
much larger impedance associated with fluid motion in the semicircular canal. However, the
impedance associated with the flow of sound into the fluid- and tissue-filled cranium from a
dehiscence is also very small compared to the impedance of the canal. Indeed, over the audible
range, the impedance of both an air-filled and fluid-filled human cranium are so small compared
to the canal impedance that neither are matched to the canal impedance, and neither represents
a significant load on the canal. Support for this conclusion comes from the similarity of our
measurements of the effects of canal dehiscence on ossicular and round-window velocity in
temporal bones with measurements of ossicular velocity and hearing thresholds in live humans
with superior-canal dehiscence (Chien et al. 2007). Further support comes from reports of
changes in bone-conducted thresholds in humans with dehiscences between the lateral (or
horizontal) canal and middle-ear air space that are similar to the hearing changes observed in
superior canal dehiscence (Merchant & Rosowski 2008).

Sohmer et al. (in press) also raise the issue of sound level, and point out all of the measurements
of cochlear potential, dehiscence velocity, stapes velocity and middle-ear input impedance
made in the chinchillas and temporal bones (Rosowski et al. 2004; Songer, Brinsko & Rosowski
2004; Songer and Rosowski 2005, 2006, 2007; Chien et al. 2007) used sound stimuli of 70 to
110 dB SPL. Considering, the large amount of data on the linearity of middle-ear input and
output characteristics over a broad stimulus range (Guinan and Peake 1967; Nedzelnitsky
1980; Goode, Killion, Nakamura and Nishihara 1994; Dalhoff, Turcanu, Zenner & Gummer
2008), as well as the linearity of the cochlear microphonic over sound levels of 0 to 80 dB
(Wever & Lawrence, Chapter 9, 1954; Dallos 1970) it is unclear to me why Sohmer et al.
suggest that our results would differ if we were able to measure mechanical or sensory
responses near perceptual threshold levels. Furthermore, as noted above, our measurements of
the effects of canal dehiscence on ossicular and round-window velocity in temporal bones
compare well with measurements of ossicular velocity and hearing thresholds in live humans
with dehiscent canals (Chien et al. 2008).

Since Sohmer et al. decided to introduce our work into a discussion of their (Freeman, Sichel
& Sohmer 2000; Sohmer, Freeman, Geal-Dor, et al. 2000; Sohmer & Freeman 2004) and
others’ (Watanabe, Bertoli & Probst in press) demonstrations of the sensitivity of the ear to
vibration sources placed on non-bony parts of the head, I will take the liberty to comment on
this issue. I think the works referenced at the start of this paragraph contain repeated
demonstrations that the term ‘bone-conducted sound’ is misleading. Clearly, the head is made
of bone, fluid and soft tissues and the bony cranium is filled with fluid and fluid-like soft tissues.
It should not be surprising that compression and translation of the cranium also compresses
and translates the fluid and soft-tissues within the cranium. Nor should it be surprising that
compression and translation of the fluids and soft-tissues within the cranium act to compress
and translate the bone that surrounds them. While I believe the Sohmer group’s and others’
demonstrations that vibration sources placed on the eye or open cranium produce a significant
auditory response is a demonstration of the coupling of the vibration of the cranial contents to
the ear, some part (large or small) of that coupling must arise because of compressions and
translation of the bone around the ear secondary to compression and translation of the fluid
and tissues within the cranium. Simply put: If you vibrate the nearly incompressible contents
of a container, the container walls also vibrate. Therefore, while most of us don’t appreciate
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the role of the cranial fluids and soft-tissues in producing the response of the ear to vibration
of the cranial bones, theories that suggest that inner-ear fluid channels are important to the
conduction of soft-tissue vibrations to the ear don’t always account for the effect of such fluid
vibrations on the bones surrounding the ear.

While I find Dr. Sohmer’s hypothesis of fluid-coupling of head vibration to the ear worth
consideration, given that vibration of the cranial contents must be linked to vibration of the
surrounding bone, I think demonstrations that closing some of the potential fluid pathways
reduce the ears responses to fluid-borne stimuli are part of the ‘existence proof’ needed for the
demonstration of such paths. I realize that the Sohmer group has argued that their observations
of an increase in response to bone-conduction stimuli after a superior canal dehiscence is
opened is an argument in favor of their fluid-channel hypothesis (Sohmer, Freeman and Perez
2004). However, Rosowski et al. (2004) and Songer (2006) have been able to predict just such
an enhancement based on dehiscence-induced changes in compressional bone conduction
without the need to invoke the direct fluid coupling of cranial and inner-ear contents.
Furthermore, our group (Songer, Brinsko and Rosowski 2004; Rosowski et al. 2004; Songer
2006) has repeatedly produced increases in bone conduction sensitivity in the chinchilla model
with dehiscences placed between the superior canal and the middle ear, a result that is difficult
to explain in terms of improved fluid coupling from brain to the inner ear. Similar increases in
bone conduction seen in clinical cases of dehiscence or fenestration of the lateral canal are also
not easily explained in terms of improved fluid coupling between the inner ear and cranial
contents, but can be explained by an alteration in compressional bone conduction (Merchant
and Rosowski 2008).
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