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Abstract

BACKGROUND

A 48-year-old female presented with sudden-onset right-sided aural fullness, low-
frequency hearing loss, and tinnitus. Medical history included right-sided
temporomandibular joint disorder (TMJD) with crepitation, and retro-orbital
headaches. The patient was diagnosed with atypical Meniere’s disease (MD) and
received intratympanic steroids, prednisone, betahistine, and began a low-sodium diet;

however, the patient’s symptoms worsened.

CASE SUMMARY

The patient sought out physical therapy for TMJD. TM] testing revealed reduced
motion and dysfunction with vertical opening, lateral excursion of the mandible to the
right, and tenderness to palpation. Treatment included soft tissue mobilization of right
facial structures and temporal fossa, intraoral massage of the right pterygoid
musculature, and massage of right neck structures. After 4 weeks, the patient noticed
subjective improvement in hearing and decreased headaches. After another 7 weeks, an
audiogram showed that the right-sided hearing loss had recovered to normal levels.
The patient has continued the daily at-home intraoral and neck massage therapy and

maintained normal hearing over 4 years to date.

CONCLUSION

Conclusions: The temporal relationship between physical therapy and the parallel
recovery of hearing loss suggests muscular or inflammatory etiology as at least partially
causative of this patient’s symptoms. The mechanism of healing from physical therapy
may have been due to decreased inflammation, improved blood flow, restored function
of cranial nerves, or some combination of these and other unknown factors. This report
suggests that physical and massage therapy of the face and neck may be an effective

treatment for the cochlear symptoms associated with MD, and merits further study.
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Core Tip: A patient who experienced right-sided symptoms of Meniere’s disease (MD)
with comorbid right sided temporomandibular joint disorder (TMJD) and mid-
face/retro-orbital headaches experienced no relief from traditional MD treatments. The
patient sought out physical therapy for TMJD, which included soft tissue mobilization
of right facial structures and temporal fossa, intraoral massage, and massage of right
neck structures. The patient recovered from the right-sided hearing loss and associated
MD symptoms and had decreased headaches after 1 month. Physical and massage
therapy for the cochlear symptoms associated with MD may be an important adjunctive

treatment, though confirmatory studies are needed.

INTRODUCTION

The underlying etiology of Meniere’s disease is not fully understood[1], with a variable
clinical presentation that includes spinning vertigo with tinnitus, fluctuating hearing,
and/or fullness of the ear. Current medical treatment recommendations include
diuretics, a low-sodium diet, and intratympanic steroid therapy[2], but outcomes are
unpredictable and there is no cure.

The following is a report of a patient diagnosed with atypical Meniere’s disease (MD)
(cochlear symptoms and periodic disequilibrium without spinning vertigo) who
showed no improvement over one year while receiving conventional recommended
therapeutics. However, the patient rapidly improved and recovered full hearing with
reduction of aural fullness and tinnitus after receiving physical therapy of the neck,

face, and jaw (including intraoral massage) over an 11-week interval.




CASE PRESENTATION

Chief complaints

A 48-year-old female presented with sudden-onset right-sided ear fullness, tinnitus,
and sound distortion. The patient denied having spinning vertigo, but had experienced
periodic brief episodes of disequilibrium.

History of present illness

(none)

History of past illness

(none)

Personal and family history

The patient’s medical history included panic disorder, right-sided temporomandibular
joint disorder (TMJD) with crepitation, and infrequent mild-to-moderate mid-
face/retro-orbital headaches. There were no other comorbidities, and the patient did
not use alcohol or tobacco. Current medications were venlafaxine 18.75 mg daily and
alprazolam 0.25 mg as needed for management of panic attacks. The patient noted that
the aural symptoms began after a recent emotionally traumatic event. She initially
presented to her primary care physician who prescribed Flonase and referred her to an

otolaryngologist.

Physical examination

Her head and neck examination, including otologic and cranial nerve examination, was
unremarkable. Pure tone audiometry showed a right-sided low-frequency hearing loss
(Figure 1A) with normal hearing in the left ear, and word recognition scores of 92% in

the right ear and 100% in the left. Tympanometry showed bilateral type A




configuration. The patient was initially diagnosed with low-frequency sudden

sensorineural hearing loss (SSHL) and cochlear hydrops.

Additional examinations

Electrocochleography (ECoG) showed normal results for both ears. MRI of the internal
auditory canals and cerebellopontine angle was unremarkable. An autoimmune inner
ear disease test (heat Shock Protein 70, IgG antibodies) was negative. She was referred
to a neurotologist and treated with a tapering course of oral prednisone with no

improvement in symptoms or recovery of right-sided hearing loss.

Labomtory examinations

(none)

Imaging examinations

(none)

MULTIDISCIPLINARY EXPERT CONSULTATION

(none)

FINAL DIAGNOSIS

Initial diagnosis
The patient was diagnosed with atypical MD, as the symptom complex and hearing loss
configuration met all criteria for MD except for spinning vertigo[2] though the hearing

loss and aural symptoms were constant and not episodic.

TREATMENT

Treatmen tforMeniere’s Disease




The patient received intratympanic steroid therapy, started a low-sodium diet (less than
1800 mg sodium/day) and began taking betahistine 16 mg per day. After several
months, the patient’s right-sided hearing loss worsened despite treatment (Figure 1B).
The patient then tried several alternative therapy regimens including several weeks
of oral valacyclovir, the John of Ohio supplement regimen for MD, acupuncture, and
various splints to treat the pre-existing history of TMJD. Her aural symptoms and
hearing loss did not improve in response to any of these alternative therapies, and after
9 months she abandoned these therapies and diets, although she continued to take
betahistine daily. Right-sided ear symptoms and hearing loss failed to improve and did

not worsen after discontinuation of these treatments.

OUTCOME AND FOLLOW-UP

One year following the initial diagnosis, the patient was placed on a trial of gabapentin
100 mg BID, but treatment was discontinued due to excessive daytime drowsiness even

at much lower doses (25 mg QHS).

Treatment for TM]D

The patient then sought out physical and massage therapy for TMJD and aural
symptoms. Computed tomography (CT) imaging of the mandible showed flattening of
the super anterior condylar surface on the right side with volume loss of the superior
aspect of the condylar head and an osseous projection at the anterior surface of the
condyle. The condylar eminence was flattened and congruent with the
temporomandibular fossa. The left side temporomandibular joint (TM]) showed normal
anatomy and cortication.

The physical therapist noted decreased static/dynamic functional balance,
diminished ambulatory balance (Functional Gait Assessment = 20/30 points) and
dizziness with activities of daily living (Dizziness Handicap Inventory = 50/100 points).
TM] testing revealed reduced motion and dysfunction with vertical opening, lateral

excursion of the mandible to the right, and protrusion. The physical therapist noted that




the patient was tender to palpation throughout the cervical and craniofacial regions.
The patient demonstrated pain and reduced active range of motion with cervical
rotation and upper cervical flexion and bilateral rotation. She reported symptoms of
dizziness during saccades, head thrust to the right, and gaze stabilization activities.

The treatment plan included soft tissue mobilization of right facial structures
(particularly the masseter) and right temporal fossa, intraoral massage of the right
pterygoid musculature, and massage of right neck structures including the
sternocleidomastoid muscle and scalene musculature from the occipital and
retromandibular region to the level of the clavicle. Treatment was performed in-clinic
weekly for a total of 11 visits, and a concurrent home therapy regimen of daily intraoral
and neck massage. Clinical intervention and the home exercise program included
strengthening of postural stability muscles to improve postural alignment during
function. The treatment program also consisted of stretching exercises for
sternocleidomastoid, upper trapezius and levator scapulae to address mobility
dysfunction with cervical rotation and side-bending. The patient was educated in a
program for intraoral release for the right TMJ region to address dysfunctional
movement patterns. The patient was also instructed to perform controlled opening
activity of the lower jaw with mirror feedback to emphasize neutral positioning during
opening and closing motion. In addition, the patient performed a dynamic balance
program and gaze stabilization activities to facilitate improved function of the

vestibular system.

Resolution of Symptoms

After the first 4 weeks, the patient noticed subjective improvement in right-sided
hearing and a decrease in the intensity of right aural fullness and tinnitus. A phone-
based audiogram app showed some improvement in the right low-frequency hearing
loss. Headaches were also less frequent and less intense. Physical and massage therapy
continued for another 7 weeks with further subjective improvement of all symptoms. A

follow-up audiogram showed significant improvement in the right low-frequency




hearing loss (Figure 1C) to near-normal levels, with word recognition at 100% for both
ears.

The patient continued the daily at-home intraoral and neck massage therapy and has
maintained normal hearing in the right ear over 4 years to date. A recent audiogram
showed normal hearing in all frequencies (Figure 1D). The patient has not taken or
pursued any other therapies outside of daily betahistine (16 mg/day) and the at-home
physical and massage therapy program. The only residual symptom of atypical MD is
mild right-sided tinnitus which is exacerbated by emotional stress or caffeine

consumption.

DISCUSSION

This patient’s unexpected recovery from acute low-frequency hearing loss, aural
fullness, and tinnitus after receiving physical therapy may be attributable to a number
of factors, however the temporal relationship between receiving physical therapy on the
neck, face and jaw and the rapid resolution of symptoms suggests a muscular,
inflammatory, and/or TMJD etiology as at least partially causative. The physical
therapy treatment was initiated for the improvement of the muscular and inflammatory
issues associated with the patient’s right-sided TM]D, and produced a parallel rapid
improvement and ultimate resolution of the patient’s right-sided low-frequency hearing
loss, aural fullness, and a decrease in tinnitus intensity.

The surmised link between TM]D and otologic symptoms is not new, and has been
explored in prior research. Given the anatomical proximity between the TM], the
muscles innervated by the trigeminal nerve, and structures of the ear[3, 4], otologic
symptoms (particularly aural fullness and tinnitus) are common in patients with TMJD,
with prevalence estimates as high as 87%[3]. Research has also shown increased
prevalence of TMJD in patients with MD compared to healthy controls[5]. Pekkan et
al[6] reported that TMJD patients with otological complaints tend to have hearing
impairment at low frequencies, and Kitsoulis ef al[7] reportedrgat moderate and severe

TM]JD was associated with hearing loss of median and low tones.




The patient in this report had both TMJD and MD. There are several theories as to
how TMJD can produce similar and overlapping otologic symptoms as seen in MD. It
has been hypothesized that TMJD can influence activation of the auriculotemporal
nerves[3] or alter inner ear pressure equilibrium[8]. Alternatively, pain from TMJD can
be caused, in part, by the pathological contraction of the masticatory muscles which can
stimulate an extravascular inflammatory process and potentially aural fullness|7, 9].
Neurogenic inflammation (including release of pro-inflammatory factors) can be caused
by injury to the TMJ[10, 11], thus sensitizing the trigeminal and facial nerves, leading to
vasospasm or tonic spasm of middle ear muscles[7]. It has been theorized that altered
trigeminal nerve input caused by TM] dysfunction may cause activity changes in the
dorsal cochlear nucleus that might affect the central auditory pathway, with resulting
otologic symptoms[12].

The collective innervation (and irritation) of the tensor tympani, tensor veli palatini,
tympanic membrane, and masseter, temporalis, and pterygoid muscles by way of the
trigeminal nerve, or the potential contraction of the blood vessels supplying the cochlea,
or bruxism leading to microtraumas, can all be contributors to otologic symptoms[13,
14]. At the time of the abrupt hearing loss, the patient in this report had moderate-to-
severe TMJD (on the same side), as evidenced by CT imaging showing a flattened
condyle and signs of joint degeneration, in addition to the patient’'s symptoms of
morning headache, crepitus, and deviation of the mandible to the affected side upon
opening. The combination of moderate-to-severe right-sided TMJD may have been a
contributing factor to the symptoms of atypical MD, given that her symptoms resolved
with TMJD-focused physical therapy that included massage and soft tissue mobilization
of the jaw, face, and neck.

While the TMJD causation model seems biologically plausible, central mechanisms
could also be contributory or overlapping with TMJD and MD in this patient and
others; specifically, this patient could also be afflicted with cochlear migraine. Migraine
is associated with inner ear pathologies, including vertigo and tinnitus[15]. Two types

of migraine with inner ear symptoms - vestibular migraine and cochlear migraine -




have been proposed as distinct entities; vestibular migraine includes migraine with

vertigo symptoms, and cgchlear migraine includes migraine and auditory symptoms. It
has been theorized that MD and migraine inner ear disorder may instead exist on a
continuum, with some patients having purely vestibular synﬁtoms (eg, vertigo, motion
sensitivity), termed vestibular migraine on one end, and patients who have purely
cochlear symptoms (eg, fluctuating hearing loss, aural pressure, tinnitus) on the
other[15]. When experienced together, they form a symptom complex termed
cochleovestibular migraine that is similar in presentation to MD[15]. In fact, patients
with vestibular migraine are sometimes misdiagnosed as having MD[16]. Of note, it has
been hypothesized that migraine and MD share a common etiology[11]. Past research
has shown that up to 51% of individuals with MD experience migraine compared to
12% in the general population[15].

According to the diagnostic criteria newly proposed by Lai and Lui in 2018, the
patient in this report would meet the criteria for cochlear migraine, though the
diagnosis of cochlear migraine is largely still a theoretical concept[17]. While the
overlap between vestibular migraine and MD has been well-described, there are limited
data published in reports on cochlear migraine. Hwang et al[18] conducted one large
population-based study in Taiwan, and found that the incidence of cochlear disorders
(defined as tinnitus, sensorineural hearing loss, and/or SSHL) was found to be
significantly higher among patients with a history of migraines, providing some
population-based evidence that migraine can impact the auditory system[19].

A widely accepted model of migraine revolves around the trigeminovascular
system[11]. Similar to the TMJD model of otologic symptoms, it is thought that
innervation and sensitization of the cochlea and cochlear blood vessels by trigeminal
nerve fibers contribute to the vascular effects of migraine may impact the inner ear[15,
16, 20], and that the cochlea is susceptible to injury from vascular dysfunction[21]. It has
been shown that the trigeminal nerve directly affects inner ear blood flow through the
innervation of cochlear vasculature[11]. It is possible that the trigerr'ﬁlovascular system

in migraine patients causes perfusion deficits in the inner ear; eg, involvement of the




spiral modiolar artery) leading to the historically described “cochlear” MD with low-
frequency hearing loss[11], similar to the patient described in this report. Reduction in
blood flow to the cochlea due to vasospasms would affect the apical turn of the cochlea
and has been proposed to describe why the hearing loss is in the low frequencies[16,
22

Multiple studies have found an association between stress levels and migraine
occurrence; similarly, physiologic stressors can also provoke MD symptoms[15]
potentially via activation of afferent pathways through the trigeminal nerve. Given that
the patient in this report experienced hearing loss abruptly in the morning after an
emotionally traumatic event, it is plausible that this traumatizing event and subsequent
physiologic stress changed and compromised the functional dynamics of the inner ear.
It is also possible that intense emotional stress stimuli caused an increase in TMJD
behaviors in the patient (bruxing or clenching) and led to the symptoms associated with
MD. Alternatively, an overlap of factors between processes related to both TMJD and
central processes occurred. For example, it has been shown that patients with TMJD
have greater electromyographic activity in the neck and trunk, potentially sensitizing
the autonomic nervous system and potentially leading to migraine via the trigeminal
nerve|7]. Taken together, an overlap of symptoms may exist amongst TMJD, MD, and
migraine[3, 9, 11, 18, 23-26] and all 3 disorders can be exacerbated by emotional and
psychological stress.

For the patient in this report, it appears that with enough stressors (whether
mechanical, muscular, vascular constriction, or central biochemical processes) the
patient’s right ear showed the symptoms of cochlear hydrops and was resistant to
conventional medication, unconventional medications, and dietary protocols. The
mechanism of healing from the physical therapy intervention may have been based in
reduction of inflammation, increased blood flow to injured tissues or muscles, restored
function of cranial nerves, or some combination of these and possibly other unknown
factors. Past research has reported that myofascial treatments have been shown to

alleviate certain types of tinnitus[27, 28] and the symptom of aural fullness related to




TMJDI9, 29], but there are very limited data reported to show that physical therapy can
improve the cochlear symptoms in MD. This report suggests that physical and massage
therapy of the face, jaw, and neck may be an effective treatment for the cochlear
symptoms associated with MD, and merits further study.

It's important to consider that this patient’s rapid recovery after receiving physical
therapy may be attributable to another cause, such as spontaneous recovery that
occurred simultaneously to receiving physical therapy, the fluctuating nature of MD, or
due to the use of betahistine. Though the patient had been taking betahistine for several
months prior to receiving physical therapy without improvement, the use of this daily
medication could be a potential confounder in this patient’s recovery. Additionally, the
patient may have been misdiagnosed with atypical MD but instead has one of the

atypical variants of migraine.

CONCLUSION

The complementary treatment of the cochlear symptoms of MD by a physical therapist
may be beneficial for patients. Although physical therapy has been shown to be
effective for vestibular disorders, less is known regarding efficacy for cochlear
symptoms and disorders. Integrating physical therapy treatment may be particularly
effective for patients with cochlear disorders who have comorbid TM]D or migraine, as
choosing therapeutic options that target both auditory and musculoskeletal symptoms
can potentially yield improved outcomes. Given that the pathophysiology associated
with MD is unknown, and that current conventional treatments are limited and have
unpredictable outcomes, physical and massage therapy for the cochlear symptoms
associated with MD may prove to be an important adjunctive treatment, though

confirmatory studies are needed.
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