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Abstract : Otologic complaints, including otalgia, tinnitus, vertigo, and hearing loss, are known to be related
to temporomandibular disorders (TMDs). There have been several hypotheses regarding the clinical correlation
between otologic complaints and TMDs, based on clinical phenomena with corresponding symptoms, the close
neurological relationship between otic and masticatory structures, and anatomical features of the tympanic cavity
and jaw joint. Function of the tensor tympani muscle seems to be crucial to understanding TMD-related otologic
symptoms. The tensor tympani inserts into the handle of the malleus and it modulates sound transduction in
situations of excessive noise. This muscle is innervated by the trigeminal nerve, like the masticatory muscles.
Voluntary eardrum movement by pathological tensor tympani contraction results in various otologic symptoms.
Thus, co-contraction of the tensor tympani with the masticatory muscle could be a possible cause of TMD-related
otologic symptoms. The tensor tympani is rather unrelated to the acoustic reflex, in which the stapedius is strongly
involved. The tensor tympani seem to be controlled by proprioceptive information from the trigeminal sensory
nucleus. The peripheral innervation pattern of the tensor tympani and masticatory muscles is also supposed to
be interconnected. The middle ear structure, including the malleus, incus, and tensor tympani, of mammals had
been adapted for acoustic function and lacks the masticatory role seen in non-mammalian jawed vertebrates. The
tensor tympani in non-mammals is one of the masticatory muscles and plays a role in the modulation of sound
transduction and mastication. After the functional differentiation of the mammalian middle ear, the nervous
connection of the tensor tympani with other masticatory apparatus still remains. Through this oto-stomatognathic
vestige, the tensor tympani seems to contract unnecessarily in some pathological conditions of the TMD in which
the masticatory muscles contract excessively. We hypothesized that the phylogenic relationship between the
tensor tympani and masticatory apparatus is a significant and logical reason for TMD-related otologic complaints.
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Introduction

Otologic complaints, such as otalgia, tinnitus, vertigo,
and hearing loss have been broadly reported in patients
with temporomandibular disorders (TMDs) [1-3]. There
have been some hypotheses to account for the physiolog-
ical relationship between otologic complaints and TMDs,
from the 1930s to recently [4-6]. One theory raised in the
1930s emphasized that some otologic complaints in TMDs
occur due to compression on the auriculotemporal nerve
or the chorda tympani and erosion of the tympanic plate,
resulting from the posterior displacement of the condyle
[4,5]. Today, the masticatory musculature is regarded as a
significant factor in TMD-related otologic complaints, be-
cause patients suffering from TMD with myofascial pain
have more otologic complaints than those with only in-
ternal derangement of the meniscus [1]. Auditory muscles
(tensor tympani, tensor veli palatine, and stapedius) that
function in modulating pressure in the middle ear cavity
and sound transduction were also regarded as key candi-
dates for the otologic symptoms with TMD, based on their
involvement in voluntary eardrum movement [6,7].

Mastication and sound transduction both involve the
malleus and incus in non-mammalian jawed vertebrates,
and an anatomical connection between these two func-
tional apparatuses can be observed in developing mam-
mals [8-12]. Additionally, the masticatory and auditory
muscles seem to be intimate in nervous distribution and
function in mammals. The oto-stomatognathic relation-
ship of the two musculature groups should be reviewed
from a phylogenic point of view in seeking to understand
the symptoms.

Literature Study

1. Anatomy of the tensor tympani and its clinical
implications

The tensor tympani is mainly contained in the temporal
and sphenoid bone and located superior to the body por-
tion of the pharyngotympanic (Eustachian) tube [13]. The
muscle originates from the cartilaginous portion of the
tube, passes posterior within a bony canal, and ends in the
tympanic cavity, inserting into the handle of the malleus.

The relationship between the tensor tympani and the

acoustic reflex is unclear; the human acoustic reflex is
mainly an action of the stapedius muscle [7]. On contrary
the tensor tympani respond to strong sounds, mastication
(chewing), and swallowing in EMG tests [14]. Normally,
it acts in a neurological reflex to protect against trauma by
excessively loud sound and collaborates with velo-pha-
ryngeal muscles for balancing pressure of the tympanic
cavity. Aberrant activity of the tensor tympani can cause
otologic disorders, including otalgia, tinnitus, and hypera-
cusia or hypoacusia [6]. In particular, pathological move-
ment of the tensor tympani is known to be associated with
TMD disorders [1,2,7,15].

2. Phylogenic basis of the jaw joint in non-mammals

and mammals

Recent developmental biology and classical paleology
concur with the opinion that the malleus and incus within
the mammalian tympanic cavity are homologous to the
articulating part of the lower and upper jaws (quadrate and
articular bone) of the jaw joint in non-mammalian jawed
vertebrates (the articulo-quadrate joint) [12]. This joint
remains in mammals as the incudomalleolar joint at the
tympanic cavity, but lacking masticatory function. Mam-
mals possess another novel jaw joint, the dentary-squamo-
sal joint or temporomandibular joint, which was formed
by the mandible (dentary bone) and a squamous part of
the temporal bone (squamosal bone) instead. It has been
believed that functional specialization of the malleus and
incus to the acoustic apparatus, with loss of masticatory
function, occurred during mammalian evolution [8,11].
Although the skeletal structure had been modified during
the evolution, the configuration of the muscles concerned
corresponds consistently with the bony component. For
example, the tensor tympani inserts into the malleus in
humans, and the homologous muscle inserts into the ar-
ticular bone in non-mammalian jawed vertebrates. The
innervation of the muscles is also invariable; e.g., the ten-
sor tympani and medial pterygoid are innervated by the
trigeminal nerve in mammals and reptiles.

Additionally, the peripheral nervous distribution of the
masticatory muscles, tensor tympani, and temporoman-
dibular joint is closely interconnected in humans. The ten-
sor tympani is supplied by axon bundles, ramified from
the nerve to the medial pterygoid after passing the otic
ganglion without a synapse. Posterior branches of deep
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temporal nerve that innervate the temporalis usually arise
from the masseteric nerve. The masseteric nerve provides
the articular branch, the sensory nerve to the temporo-
mandibular joint.

3. Neurological model: the tensor tympani is
controlled mainly by sensory input projecting from
the trigeminal sensory nucleus

The tensor tympani and tensor veli palatine seem to be
referred to the trigeminal sensory nucleus that gleans so-
matic input from facial and masticatory muscles with the
overlaying skin and the solitary nucleus that receives vis-
ceral input from the pharynx and soft palate.

Tensor tympani contraction occurs as a response to a jet
of air into the eye and in forceful eyelid syndrome [15,16].
Nociception in the trigeminal sensory nucleus projects to
the supratrigeminal region capping the trigeminal motor
nucleus, and it may control the activity of the tensor tym-
pani and tensor veli palatine with the masticatory muscles
[17,18]. Contraction of the tensor tympani and tensor veli
palatini are related to the pharyngeal and palatine sensory
input projecting to the solitary nucleus (general visceral
sensation) and the trigeminal sensory nucleus (general so-
matic sensation, proprioception) during swallowing and
vocalization [19,20].

The tensor tympani may participate in a reflex with the
trigeminal sensory and motor nucleus. That is, the trigem-
inal sensory nucleus seems to deliver proprioceptive in-
formation of the facial and masticatory muscles and tem-
poromandibular joint to the tensor tympani. Unlike the
stapedius muscle, which participates strongly in the acou-
stic reflex, the tensor tympani seems to be controlled by
general sensations via the trigeminal sensory nucleus [7].
The lower pressure in the tympanic cavity can cause dim-
ensional changes in the tensor tympani, and this barometric
information of the muscle may be delivered via proprio-
ceptive afferent signals [6,21]. Logically, the barometric
information of the tympanic cavity can provide regulatory
guidance to the tensor tympani, instead of the direct acous-
tic reflex.

4. Function of the tensor tympani in non-mammalian
jawed vertebrates and mammals

In non-mammalian jawed vertebrates, the tensor tympa-
ni operates between the articular bone (malleus-homolo-

gous) belonging to the lower jaw and the cranium [22]. It
acts with the masseter, pterygoids, and temporalis muscles
during mastication for closing the jaw and it may mod-
ulate transduction of friction and a clicking noise. Here,
dimensional changes in other masticatory muscles would
be crucial regarding the auditory input. During the resting
state, free of strong jaw movement, the tensor tympani
would manipulate sound transduction, restricting exces-
sive vibration of the tympanic membrane. The muscle
would be controlled directly by barometric information or
indirectly by acoustic information.

In mammals, the function of the tensor tympani in mas-
tication is vague. Mammals have definite and distinct in-
dividual ossicles within the cranial base [8,11]. The malle-
us of mammals is completely situated within the tympanic
cavity and the tensor tympani is also locate within the
cranial base. The tensor tympani is no longer involved in
actual mastication in mammals. It can be suggested that
the soft palatine muscles, tensor tympani, and pharyngeal
muscles would modulate the balance of pressure in the
oral cavity, nasal cavity, and tympanic cavity. However,
little is known about this. Except this assumed modulation
for pressure balancing across the cavities, the role of the
tensor tympani in the mastication may be very subtle or
none.

Immoderate contraction of the tensor tympani with
masticatory muscles regardless of sound volume triggers
voluntary eardrum movement. Such voluntary eardrum
movement might be a pathological condition, resulting in
otalgia and tinnitus.

Hypothesis

We hypothesize that the mammalian vestige of the oto-
masticatory connection plays a role in pathological con-
tractions of the tensor tympani that result in otologic
complications. The tensor tympani acts to coordinate mas-
tication and sound transduction in the primary jaw (incu-
domalleolar joint) and shares the trigeminal sensory sys-
tem and trigeminal motor regulation system with the mas-
ticatory muscles. In non-mammalian jawed vertebrates,
the tensor tympani would contract during mastication and
it restrains friction noise from jaw closing by fastening
the ear ossicles and tympanic membrane. The regulation
of sound transduction by the tensor tympani is supposed
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to be significantly concerned with proprioceptive sensa-
tion, whereas stapedial regulation participates strongly in
auditory reflexes.

Mammals, including humans, still possess the nervous
connection (trigeminal sensory input and trigeminal motor
regulation) between the tensor tympani and masticatory
system, although the middle ear structures and masticato-
ry apparatus became functionally and anatomically differ-
entiated in mammals. Aberrant contraction of the tensor
tympani by stimulation via this nervous route will develop
into a pathological condition of the masticatory muscles.

We do not exclude other possible hypothesized causes
for otologic complaints with TMDs. However, our phylo-
genic hypothesis can shed light on the logical connection
between the otic and stomatognathic systems in oto-TMD
symptoms, especially myofascial symptoms.

References

1. Tuz HH, Onder EM, Kisnisci RS. Prevalence of otologic
complaints in patients with temporomandibular disorder.
Am J Orthod Dentofac Orthop. 2003; 123:620-3.

2. Parker WS, Chole RA. Tinnitus, vertigo, and temporoman-
dibular disorders. Am J Orthod Dentofac Orthop. 1995;
107: 153-8.

3. Alherabi A, Marglani O, Herzallah IR, Shaibah H, Alai-
darous T, Alkaff H, et al. Endoscopic localization of the
sphenopalatine foramen: do measurements matter? Eur
Arch Otorhinolaryngol. 2014; 271:2455-60.

4. Costen JB. A syndrome of ear and sinus symptoms depen-
dent upon disturbed function of the temporomandibular
joint. 1934. Ann Otol Rhinol Laryngol. 1997; 106:809-19.

5. Costen JB. Neuralgias and ear symptoms: associated with
disturbed function of the temporomandibular joint. JAMA.
1936; 107:252-5.

6. Ramirez LM, Ballesteros LE, Sandoval GP. Tensor tympani
muscle: strange chewing muscle. Med Oral Patol Oral Cir
Bucal. 2007; 12:96-100.

7. Angeli RD, Lise M, Tabajara CC, Maffacioli TB. Voluntary
contraction of the tensor tympani muscle and its audiomet-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ric effects. J Laryngol Otol. 2013; 127:1235-7.

. Allin EF. Evolution of the mammalian middle ear. ] Mor-

phol. 1975; 147:403-37.

.Huangfu M, Saunders JC. Auditory development in the

mouse: Structural maturation of the middle ear. J] Morphol.
1983; 176:249-59.

Manley GA. An evolutionary perspective on middle ears.
Hear Res. 2010; 263:3-8.

Ji Q, Luo ZX, Zhang X, Yuan CX, Xu L. Evolutionary de-
velopment of the middle ear in Mesozoic therian mammals.
Science. 2009; 326:278-81.

Anthwal N, Joshi L, Tucker AS. Evolution of the mamma-
lian middle ear and jaw: adaptations and novel structures. J
Anat. 2013; 222:147-60.

Standring S. Gray’s Anatomy: The Anatomical Basis of
Clinical Practice. 40th ed. Edinburgh: Churchill Living-
stone; 2008.

Gray LP. The relationship between the “superior constrictor
swallow”, clicking of the ears and ear disease. J Laryngol
Otol. 1983; 97:1121-8.

Rock E. Objective tinnitus and the tensor tympani muscle.
Int Tinnitus J. 1995; 1:30-7.

Bance M, Makki FM, Garland P, Alian WA, van Wijhe RG,
Savage J. Effects of tensor tympani muscle contraction on
the middle ear and markers of a contracted muscle. Laryn-
goscope. 2013; 123:1021-7.

Li JL, Kaneko T, Nomura S, Mizuno N. Projections from
the caudal spinal trigeminal nucleus to commissural inter-
neurons in the supratrigeminal region: an electron micro-
scope study in the rat. Neurosci Lett. 1998; 254:57-60.
Nolte J. The human brain, An introduction to its functional
anatomy. 6th ed. Philadelphia: Elsevier/Mosby; 2007.
Klockhoff I. Middle ear muscle reflexes in man. A clinical
and experimental study with special reference to diagnostic
problems in hearing impairment. Acta Otolaryngol Suppl.
1961; 164:1-92.

Klockhoff I, Anderson H. Reflex activity in the tensor
tympani muscle recorded in man; preliminary report. Acta
Otolaryngol. 1960; 51:184-8.

Malkin DP. The role of TMJ dysfunction in the etiology of
middle ear disease. Int J Orthod. 1987; 25:20-1.

Kardong KV. Vertebrates: comparative anatomy, function,
evolution. 4th ed. Boston: McGraw-Hill; 2006.



Hypothesis of Oto-stomatognathic Connection of the Mammalian Jaw 67

E9F S ARIASLE ag: nug2a G
2 Z4 g Az 7H

Il
i)
my

lo
)
10
o
ox
olX
ﬁ
&)

)

258 HRAgols AES ALY, olXee € ¥ &4 o] 9lek 712, 7}
PR e whsh sjety Begg vgow cheFet 7hdol Al

[e]
i
I ek E3] 1971AE (tensor tympani muscle)> B33 2 A3} (TMD-related otologic complications)
<
i

2 10 o
&)
™
o
=
EY)
i)
p
)
rit
2
)
=

N

[e] yul

olgst= dl T3 FHolth AR EEStE AHNFTS G WMALFO| Eof A&EW ] gz d 7]
5= St} WAQl MurAe] AHEE 4= (voluntary eardrum movement)< THFSH FAEe] AQ1O 2 o AR 1L
Atk wheha] muplgo]l 7|2 ST 5SS ohe A2 - EAof By AZES oldfste H 8% @40l
ot 2 d7E V&Y S HEez A WA ATEASH ddS 1S, a2 712
AT Aol Hadgol ¥ AR Sa8% Jd2 T Aol 7Hde AlAstLAL gt

SAF (stapedius muscle)©] HZFREAL (acoustic reflex)et =] AgdgRd IS st= AR}E 2, 1
LS et EAR fFdte Ao A Utk ol aERIFTo] AAAIBAZ (trigeminal
sensory nucleus)oll 4] 501 IG7Zto] o3 2EH7] HZoz2 oA AFsjReta s 27 AW,
22w U SwE T3 7Ly F2RE Z877) ofd g 23255 (non-mammlian jawed vertebrate) ¥} =
22 7ol BofshA] geth 2771 ofd Bw HFEFEOA ZHFEY AstolA ol2dt 715F &£
7b o|FojF o), ZRFoIA DRI A7|259 AFAZ-S IR Fot qick whEkA of2jet Al
SAL AR7AETY BA QAT THo] okl & 4 ok & A= olEd AT wiF S Hige =
A7IE50 vZAA 5 Al 2Tl A-A7AE ATEAsH E4e T = FersS 4oA
ot A9 o) FEge] U 4= Qloke 7HE S AR

O:

SotE7| i IS V1SS, "

i)

Aol garddel ¥ Adg AFEAst

pul

TAAR AR @A Ahet TSI (B 0 YD)
22+~ : hjk776@yuhs.ac



www.kci.go.kr



