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To the Editor,

We are grateful to Dr Iranzo Lobera for his critical reading
of our article, as well as for his valuable comments.
Nonetheless, we feel it is necessary to add a few thoughts.

Throughout the evolutionary ladder, morphology and
function have been dynamically linked so as to ensure
optimal adaptation to the surroundings, so that it would
impossible to separate the influence of one over the other
(in this respect, a good example might be the changes that
have arisen in the middle ears of whales since their
predecessor (Mesonyx) left terrestrial life down to their current
configuration).!

In the article on “The Middle Ear of Birds, etc,” we did
not prioritize the mechanics of the middle ear over its
function, as Dr Iranzo states, as both are on an equal footing
since the middle ear is a mechanical system, so its properties
and function depend directly on its mechanical characteristics
(mass, rigidity, and friction).

Nor did we intend to explain away all of the evolutionary
changes that have occurred in the middle-ear muscles of
multiple animal species, mammals or otherwise, as this
would exceed the lesser goal of our paper to describe the
middle ear of a species (ostrich). It is not our aim to explain
why birds have only 1 muscle in their middle ear (or why
many reptiles with columellar systems lack it), as this goes
far beyond our ambitions and other authors have already
published sufficient reports on the matter.> Our article was
only an attempt to study, with the goal of transferring the
results to a computerized system, the middle ear of a species
with a single ossicle (a characteristic that can be assimilated
to the use of a total ossicular replacement prosthesis) in
order to understand its mechanical behaviour.

It is true (and perhaps this is the basis underlying Dr
Iranzo’s reflections on our article), that, on the basis of the
findings in the ostrich’s middle ear and its mechanical-
acoustic analysis in a computerized model, we formulated
a hypothesis: the fact that we mammals have 3 small bones
in the middle ear as an essential characteristic is not due to
random evolution but is intimately linked to the possession
of 2 muscles. Having 3 bones in the ear brings with it certain
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advantages to mammals (dissipation of part of the energy
between the joints® or fostering their accommodation to
sudden changes in pressure), but in audiological terms, it
places us in a certain situation of inferiority vis-a-vis species
with only 1 ossicle (as the mass is smaller). This begs the
question of why we have 3 small bones if the mechanical
and acoustic behaviour of only 1 might be similar or (for
lower frequencies) even superior. On this point we are aware
that some species having a columella in the middle ear
(although not all) have only 1 muscle, whereas mammals,
with 3 ossicular elements, have 2 (with a greater or lesser
degree of development). An analysis of the literature*® on
the study of the motor pathways of the muscles in the middle
ear of mammals led us to a transcendental finding: the nuclei
of the tensor tympani and stapedial muscles are synaptically
connected to the olivocochlear pathway and the superior
olivary complex (the stapedial muscle) and to the dorsal
and ventral cochlear nuclei (the tensor tympani muscle). It
does not seem useful in evolutionary terms to develop a
complex neuromuscular system in the middle ear of
mammals, closely linked with the auditory route, if it lacked
any functional implications. What might these be? Striate
muscles have an essential function, namely to provide
dynamic movement for the bones to which they are attached.
This same functionality persists in the ear. When one of the
muscles in the ear contracts, it increases the rigidity of the
chain, which displaces the resonance frequency towards
higher tones. This does not happen only as a mere defence
mechanism when faced with an intense sound or prior to
vocalization, but rather forms part of a complex and refined
system of frequency selection mediated by the muscles, yet
intimately linked by serotoninergic pathways’ to the
ascending (cochlear nuclei) and descending (efferent
pathway) auditory information.

This function allowing the muscles to move the bones in
the middle ear would serve no function if both acted
synchronously on a single bone or on 2 (separated by a single
joint), as the effects (depending on the force vectors of each)
would interfere with each other. On the other hand, if the
chain to which the muscles were attached comprised
3 elements and 1 of the muscles were inserted in the first
(the hammer) and the other in the third bone (the stirrup),
their action would not interfere as the other bone (the anvil)
lies between them to individualize their respective actions.

These considerations have led us to develop a working
hypothesis whereby what is significant in evolutionary terms
in the middle ear of mammals is not the presence of 3 bones
(which is merely an epiphenomenon) but rather having
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2 muscles with independent actions related to the afferent
and efferent auditory information, meaning that their
contraction gives rise to a true selection of frequency prior
to the cochlear filter. This theory does not conflict with the
classic function of the ear’s musculature for the attenuation
of the sound caused by the body’s own vocalization® and
extends the functionality of these muscles,'® which will have
important consequences on the current concept of the middle
ear and, therefore, our surgical actions on it.
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ERRATUM

Publishing Inc.

In the article entitled “Endoscopic Endonasal Transpterygoid Approaches” (Acta Otorrinolaringol
Esp. 2007;58 Suppl. 1:419), Figures 1-3 have been reproduced with the permission of Plural
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