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Abstract: The tensor tympani muscle is structurally important in the middle ear, specifically through its involvement in the
impedance of sound in response to intense auditory and non-auditory stimuli. Despite numerous studies, its true function
has been debated for many years; questions still remain about its role in auditory and non-auditory reflexes and in sound
damping. Some studies suggest that the tensor tympani muscle contracts as a result of non-auditory stimulation such as facial
or head movements; others suggest that it contracts due to input from the cochlear nucleus, therefore by way of auditory
stimulation. Whatever the cause, contraction of the tensor tympani muscle results in low frequency mixed hearing loss,
either to protect the inner ear from loud sounds or to desensitize the ear to self-generated sounds. A review of these studies
indicated that the tensor tympani muscle has a wide range of functions, yet the mechanisms of some of them have not been
clearly demonstrated. One major question is whether the tensor tympani muscle contributes to sound damping; and if it does,
what specific role it serves. The primary purpose of this review article is to explore the functions of the tensor tympani muscle
in light of recent research advances.
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Introduction

The tensor tympani muscle (TTM) (Fig. 1) resides in
the middle ear. It arises from the cartilaginous part of the
pharyngotympanic tube and inserts on the manubrium of
the malleus [1]. It is innervated by the nerve to the tensor
tympani, which originates from the mandibular division of
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the trigeminal nerve. It functions to tension the tympanic
membrane by drawing it medially [2]. Although much is
known about the TTM, researchers still question its exact
function. One aspect that is debated is whether the TTM is
responsible for sound damping although it is clear that the
stapedius muscle is primarily involved in this function. It
could achieve this by stiffening the ossicular chain, which
decreases the amplitude of sound being transmitted to the
cochlea; however, much research concerns whether the TTM
produces this stiffening directly or indirectly. It could even
contribute to certain pathological conditions of the ear [3, 4].
For example, a tenotomy of the middle ear muscles (MEM)
can relieve some symptoms of conditions such as Méniére’s
disease. However, there is no clear explanation as to why this
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Fig. 1. Schematic drawing of the right skull base illustrating the tensor

tympani muscle (asterisk) after the roof of the middle ear has been
removed. Note the muscles attachment onto the malleus (M). For
reference, note the middle meningeal artery (MM), greater petrosal
nerve (GPN), geniculate ganglion (GG), and cranial nerves trigeminal

(CNV), facial (CNVII), and vestibulocochlear (CNVIII).

occurs.

The purpose of this comprehensive review is to examine
the true function of the TTM in light of recent reports in the
literature.

Review

Database search

Using PubMed, “tensor tympani”, “tensor tympani
muscle”, “tensor muscle”, “ear”, “middle ear muscles”, “func-
tion”, “physiology”, and “anatomy” were searched. Inclusion
criteria included articles dealing with the function/physiol-
ogy/pathology of the TTM and published in English includ-
ing studies in both animals and humans. Exclusion criteria
included articles published in languages other than English
and papers not dealing specifically with the function or
proposed function of the TTM. A total of approximately 50
papers were reviewed and distilled down to the paper used in
this review.

Muscle fiber types

In animals, the TTM contains numerous type II muscle
fibers, as demonstrated by immunohistochemistry using
myosin-type specific antisera [5]. This study also proved
that although the TTM and the stapedius muscle have many
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similarities, their difference in fiber composition could ac-
count for their distinct functional roles. Whether the TTM
comprised mainly slow or fast muscle fibers had been de-
bated; it has now been accepted that to serve its role a func-
tional component of the MEM reflex, it contains fibers that
contract quickly and are fatigue-resistant [6]. The MEM
reflex is the contraction of both these muscles in response to
excessive auditory input to the ear. Its purpose is believed to
be the prevention of injury to the inner ear. It causes imped-
ance of sound by decreasing the volume in the middle ear,
which leads to increased pressure because the TTM forces
the manubrium of the malleus inward as a result of the in-
flux of sound through the middle ear [7, 8]. Along with type
IT muscle fibers, in animals, it also contains abundant elastic
fibers that allow it to stiffen the ossicles during loud sounds

[6].

Middle ear muscle reflex

Although the true function of the TTM is not yet fully
understood, some specific roles have been revealed through
multiple studies. The TTM, in conjunction with the stape-
dius muscle, is important in the MEM reflex. As mentioned
earlier, the MEM reflex is the contraction of both these mus-
cles in response to excessive auditory input to the ear. Al-
though both the TTM and the stapedius muscle are involved
in the MEM reflex, the stapedius appears to dominate. For
example, one study found that patients with paralysis of the
stapedius muscle but an intact TTM had no MEM reflex [9].

Stimulation, function, and embryology

In animals, the TTM is partly innervated by motor neu-
rons that consist of cochlear nuclear inputs [10]; therefore, it
does respond to auditory input. Since the MEM reflex is lost
even with a fully functioning T'TM, it is believed that in hu-
mans, the TTM contracts in response to self-generated audi-
tory stimuli such as swallowing [11], chewing [9], or vocaliza-
tion [12-15]. Interestingly, both the TTM and the tensor veli
palatini muscle are derived from the first pharyngeal arch,
the latter being involved in swallowing. This embryological
connection could suggest that swallowing and contraction of
the TTM coincide [16]. Additionally, cranial nerves involved
with feeding, e.g., mastication muscles, tongue muscles,
pharyngeal muscles are thought to have central connections
with the brainstem [17].

Another function specific to the TTM is the low frequen-
cy mixed (combination of conductive and sensorineural)
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hearing loss that occurs when it contracts after auditory and
non-auditory stimulation. When the TTM contracts it pulls
on and stiffens the middle ear ossicles, which decreases the
sound input to the cochlea. The auditory stimulation that
leads to contraction of the TTM is due to the actions de-
scribed, while non-auditory stimulation includes the startle
reflex, anticipation of loud sounds, orbital air jet, and tactile
stimulation of the face [18]. Bance et al. [19] in 2013 showed
that when these non-auditory stimuli were presented to
patients with conductive hearing loss, there was increased
stiffness in the ossicles of the middle of ear because the
TTM contracted, leading to a decrease in the low frequency
vibrations transmitted to the umbo and stapes [19]. The au-
diometric findings showed that the decrease in vibrations
resulted in the low frequency mixed hearing loss experienced
by the subjects.

Testing and microstructure

It is important to determine when the TTM contracts. In
2017, Wickens et al. [3] tested volunteers who could volun-
tarily contract their TTM, measuring the contractions us-
ing standard audiometric testing. The resulting audiogram
showed a specific pattern portraying the differences between
the air and bone conduction thresholds when the TTM
was relaxed or contracted. The participants experienced
reversible, low-frequency conductive hearing loss when the
muscle was contracted owing to a lack of sound transmission
through the ossicles.

A study conducted in 1990 was designed to test the poten-
tial role of the TTM in animals in sound transmission using
immunohistochemistry, gross and microscopic anatomi-
cal analyses, morphometry, histochemistry, and electron
microscopy [12]. For morphometry, the researchers took a
cross-section of the muscle to examine the fiber composition.
Histochemistry was used to analyze enzyme activity, which
enabled the researchers to determine whether fast or slow
oxidative fibers predominated in the TTM. Immunohisto-
chemistry showed that most of the fibers reacted positively
to anti-IIB antibody, so they corresponded to type II muscle
fibers. Electron microscopy was used to determine muscle
fiber ultrastructure, including the arrangement of mitochon-
dria. Major conclusions from this study were that the TTM
contains fast and slow oxidative glycolytic fibers, as indicated
by their arrangement and the large number of mitochondria;
its movement is consistent with isometric contraction; and its
fiber composition indicates a fatigue-resistant and rapidly-
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contracting muscle. These features of the T'TM are consistent
with its contraction in response to loud sounds. The results
supported the primary aim of this study, which was to deter-
mine whether the TTM is involved in sound transmission.
Subsequent experiments showed that the TTM contracts in
response to non-auditory or self-generated auditory stimuli.

Eliciting TTM contraction

In 2010, Mukerji et al. [6] conducted a study that helped to
explain why the TTM contracts in response to self-generated
auditory stimuli such as chewing and swallowing, and why
this mechanism is different from the contraction of the sta-
pedius muscle. This study provided a basis for understanding
the MEM reflex and the structural and functional differenc-
es between the stapedius muscle and TTM. One interesting
finding was that the motor neurons corresponding to the
TTM are located on a portion of the brainstem near the mo-
tor neurons that also relay information to the masseter and
digastric muscles. This could explain the TTM’s response to
swallowing. The study used electron microscopy to explore
the contrasting structures of the stapedius muscle and TTM
motor neurons. A pseudo-rabies virus was used to track the
pathways of the MEM reflex, specifically between the cochle-
ar nuclear interneurons and the motor neurons supplying
each muscle. The purpose was to locate the interneurons on
the cochlear nucleus. Since the interneurons of the cochlear
nucleus between the stapedius and the TTM were located on
separate sections, it was concluded that they functioned in
different reflex pathways. This study confirmed previous re-
search on the MEM reflex and a specific role for each muscle
involved.

A study in 2013 took a deeper look into the contraction of
the TTM in response to non-auditory stimuli and how these
findings could be used to investigate the causes of many oto-
logical conditions [19]. The aim was to measure the changes
in contraction of the TTM when the subject was exposed to
non-auditory stimuli, using a middle ear laser Doppler vi-
brometer. Participants were subjected to one of three condi-
tions: stroking the face with a fine brush, mentally counting
to ten, or having air puffed into their eye while closed. The
first two conditions did not elicit a TTM contraction; how-
ever, participants who had air puffed into their eyes reported
changes in sound impedance, implying contraction of the
TTM. The extent of muscle contraction was predicted by a
computer model simulating the participant’s conditions. An
important aspect addressed by this research paper was that

https://doi.org/10.5115/acb.21.032



116 Anat Cell Biol 2022;55:113-117

hypercontraction of the TTM can be the trigger for certain
diseases of the ear. This is because intense stimulation of the
TTM results in low frequency conductive hearing loss con-
sequent on decreased vibration from the TTM to the umbo
and stapes. Some design flaws in this study were the small
number of participants (twenty) and the stipulation that the
participants must be able to contract their TTM voluntarily
for a substantial time, which is not a common ability accord-
ing to the authors. It would therefore be difficult to replicate
the study and its results exactly.

Association with Méniére’s disease

The clinical implications of TTM function include poten-
tial causes of many otological conditions such as Méniére’s
disease and tinnitus. In 2018, Azuma et al. [4] examined the
outcome of tenotomy in patients order to determine whether
the TTM is involved in these disorders. The researchers
hypothesized that the differences in anatomical structure
between the TTM, tympanic diaphragm, epitympanum, and
protympanum could account for the development of Mé-
niere’s disease in patients. They used temporal bones from
patients with Méniere’s disease and determined whether they
had developed any otitis media, cholesteatoma, or endolym-
phatic hydrops. In Study 1, they examined the difference in
structure between the T'TM and its tendon and the tympanic
isthmus. In Study 2, they investigated the structure of the
protympanum. The protympanum is the bony portion of the
Eustachian tube. In both studies, the measurements of the
structures in patients with or without Méniére’s disease did
not differ significantly. The authors also reported no signs
of otitis media, cholesteatoma, or endolymphatic hydrops in
any of the patients. This meant that the anatomical differ-
ences in these structures do not contribute to the develop-
ment of Méniére’s disease. They determined that the root of
Méniere’s is not likely to be dysventilation in the middle ear
because there were no observable differences in anatomical
structure between patients with and without the disease. The
results did not support the hypothesis; however, the findings
from this research will help to narrow down the possible
causes of this condition to be evaluated in future studies. The
researchers said that they did not focus particularly on the
Eustachian tube as a structure possibly involved in dysventi-
lation in Méniere’s disease patients; this could be a potential
topic of future research.
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Conclusion

The function of the TTM has been strongly debated for
years, and despite the numerous research projects conducted
there are still many unanswered questions. One of the big-
gest questions in the research community is whether this
muscle is involved in sound damping. All the research pa-
pers examined in this comprehensive study agree that the
TTM contracts when exposed to self-generated auditory
stimuli such as swallowing, speaking, or chewing, and non-
auditory stimuli such as a jet of air on to the eye or in antici-
pation of loud sounds. The earlier hypothesis that the TTM
is involved in protecting the ear from loud sounds was not
entirely incorrect; however, the muscle does not contract in
response to external stimuli such as fireworks. This protec-
tive reflex is known as the MEM reflex. Both the stapedius
muscle and the TTM are involved in it and have similar fiber
compositions; however, each of these muscles has a different
role, indicated by their different innervations and specific
reflex pathways, as seen in previous studies. The stapedius is
the main muscle involved in protecting the ear from external
auditory stimuli, as confirmed in the study showing that the
MEM reflex could no longer be elicited in patients who had
lost stapedius muscle function.

TTM contraction results in low frequency conductive
hearing loss while modulating the passage of sound through
the middle ear. The 2017 study by Wickens et al. [3] provided
evidence for sound impedance during TTM contraction in
volunteers; however, it could be difficult to replicate owing
to the small number of participants, results being gathered
from only one ear, and tests being conducted at different
times. Since the capacity for voluntary contraction of the
TTM is rare, larger studies on this topic could be difficult to
perform.

Future studies in this field should include investigat-
ing structural differences in the Eustachian tube between
patients with and without Méniére’s disease, examining pa-
tients with tinnitus to observe if they can contract their TTM
voluntarily, and conducting further research on patients di-
agnosed with an otological disease to see if a response is elic-
ited by non-auditory stimuli. In addition, studying patients
who have lost TTM function would be helpful to determine
if this muscle is responsible for other functions in the ear.
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