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INTRODUCTION

Objective tinnitus or somatosound originates from the para-au-
ditory structures of the head and neck. This symptom is much less 
common compared to subjective tinnitus or sensorineural tinni-
tus, and the sound or etiologies can be heard or observed by both 
the patient and examiner. Conditions that can cause objective tin-
nitus include tinnitus of muscle origin, vascular origin and a patu-
lous eustachian tube. A previous report investigating the incidence 
of objective tinnitus has demonstrated over 17% among 211 tinni-
tus patients who visited a tinnitus clinic in a tertiary referral center 
[1]. Once properly diagnosed, objective tinnitus can be more at-
tractive to the clinician due to its curability. Therefore, etiologic 
factors should be thoroughly evaluated to achieve the best thera-
peutic results in the management of objective tinnitus. Careful 
history taking, mindful physical examination to identify the pos-
sible causes, audiologic, medical, and radiological evaluations for 
each type of objective tinnitus are needed for the proper diagnosis 
and treatment. 

MYOCLONIC TINNITUS

Myocloinic tinnitus can be subdivided to palatal myoclonic tin-
nitus and middle ear myoclonic tinnitus. Based on the muscle vol-
ume and location, palatal myoclonic tinnitus is expressed as a most-
ly irregular, non-continuous clicking sound, whereas middle ear 
myoclonic tinnitus is characterized as a rather soft crackling or 
buzzing sound.

1. Palatal myoclonic tinnitus

1) Etiology

Palatal myoclonic tinnitus is an extremely rare type of tinnitus 
caused by voluntary or involuntary contraction of palatal muscle. 
Two discrete forms have been identified, namely a ‘symptomatic’
form or an ‘essential’ form. A symptomatic palatal myoclonic tin-
nitus which develops secondary to tumorous, ischemic or degen-
erative lesions of the brainstem or the cerebellum is less common 
and is usually observed in middle aged patients with a predomi-
nant tendency to males [2]. Essential palatal myoclonic tinnitus in 
which no structural lesion is discernable, is more common and 
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prominent than the secondary form, and usually presents to oto-
laryngologists with the symptom of a loud clicking type of tinni-
tus. It commonly occurs with a mean age of 20s but may also oc-
cur in childhood with the same gender proportion and mostly con-
tinues without therapy; however, may disappear spontaneously in 
a rare occasion. The etiology of either form of palatal myoclonus 
still remains unclear and presumably involves a dysfunction (es-
sential) or a lesion (symptomatic) of the connections between the 
dentate nucleus, red nucleus and inferior olivary nuclei, which is 
called the Guillain-Mollaret triangle. 

2) Diagnosis

The proper diagnosis of essential or secondary palatal myoclon-
ic tinnitus is most often made by the observation of palatal myo-
clonic movement under endoscopic examination and the auscul-
tation of clicking tinnitus with Toynbee tube. Neurological exam-
ination and imaging study are necessary to exclude a brain lesion 
which would lead to a diagnosis of secondary palatal myoclonus. 
Hyperactive palatal myoclonic contraction can be detected and 
documented by an electromyogram (EMG) (Fig. 1A). Several ther-
apeutic strategies have been demonstrated to relieve symptomatic 
clicking tinnitus with varying therapeutic results of success and/
or adverse effects. 

3) Treatment

Medical treatment has used anti-convulsatants, muscle relax-
ants, benzodiazepines, barbiturates, and anti-cholinergic agents, 
but no drug has been shown to significantly improve symptoms 
reproducibly. Surgical therapies including sections of the levator 
veli palatini muscle and the tensor veli palatini muscle, have also 
provided highly variable results and also run a high risk of side ef-
fects. Recently, the most popular, safe and effective therapeutic tool 
for palatal myoclonic tinnitus has been the injection of botulinum 
toxin to the palatal muscles. Promising results have been shown in 
various case reports (Table 1) [3-6]. Known side effects of botuli-
num toxin injection to palatal muscles are velopharyngeal insuffi-
ciency, hypernasal voice (rhinophonia), and temporary dysphagia 
due to the excessive neuromuscular inhibition of the adjacent mus-
cles of the palate. To reduce side effects, toxin dosage should be as 
high as necessary, but as low as possible. EMG-guided injection 
can be useful to achieve effective injection of toxin with the avoid-
ance of side effects to target the muscles of the palatal myoclonic 
tinnitus (Fig. 1B). Recent data from our tinnitus clinic has shown 
the development of essential palatal myoclonic tinnitus in younger 
ages (mean 27.9 years) without gender difference. Many of these 
cases were accompanied by middle ear myoclonic tinnitus (43.9%). 
Conservative therapy, using behavioral therapy and reassurance 

Fig. 1. The pre-injection electromyogram of the the tensor veli palatini muscle showed the bursts of electrical activity with different frequencies 
and amplitudes (A). Botulinum toxin injection to the tensor veli palatini muscle was accomplished through an EMG-guided external approach (B).
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along with medication using anticonvulsants, muscle relaxants, 
and anxiolytics for 3 months has demonstrated satisfactory results 
in over 80% of the patients. However, patients with intractable pal-
atal myoclonic tinnitus were treated by botulinum toxin injection, 
either EMG-guided or not, and were completely cured without 
significant long lasting side effects [7].

2. Middle ear myoclonic tinnitus

1) Etiology

Tinnitus secondary to middle ear myoclonus is very rare, and 
consequently there are very few reports of it in the English literature 
[8-12]. It has been suggested that the crackling or buzzing sounds 
reported are caused by repetitive and abnormal tensor tympani 
and stapedial muscles contractions [11]. These myoclonic move-
ments are thought to be a form of segmental myoclonus involving 
brainstem innervated muscles. Vascular, infectious and demyelin-
ating disorders as well as anxiety, trauma and neoplastic disease 
have all been implicated in the etiology of segmental myoclonus 
[9,11,12]. In a previous report of the largest case series of middle 
ear myoclonus, 58 enrolled patients had a mean age of 29.8 years 
(range, 6-70 years) and 20.7% (n=12) were less than 10 years old 
[12]. Stressful events or noise exposure were frequently associated 
with the onset of middle ear myoclonic tinnitus, which indicates 
that a possible pathological mechanism of the middle ear myo-
clonic tinnitus could be brain reorganization due to stress, noise 

or brain lesions. Middle ear myoclonic tinnitus can also be associ-
ated with vigorous contractions of the eyelid, called forceful eyelid 
closure syndrome [14], or with palatal myoclonus [12].

2) Diagnosis

Impedance audiogram and otoendoscopic examinations of the 
tympanic membrane are helpful tools for diagnosing middle ear 
myoclonic tinnitus. Inward-and-outward motion, mostly in the 
posterior part of the tympanic membrane can be observed on oto-
endoscopic examination. Sound evoked tremor-like motion of the 
tympanic membrane, which is also frequently observed in an acous-
tic reflex decay test or strong inward-and-outward motion of the 
tympanic membrane in the middle ear myoclonic tinnitus associ-
ated with forceful eyelid closure syndrome are useful objective tools 
for diagnosing MEM tinnitus (Fig. 2). Tympanometry can con-
firm rhythmic changes in the middle-ear compliance in patients 
with middle ear myoclonic tinnitus [13]. Diagnostic tools useful 
for middle ear myoclonic tinnitus are summarized in Table 2. 

3) Treatment

Medical treatment with an anticonvulsant, i.e. cabarmazepine, 
a muscle relaxant or a sedative agent have all been reported to pro-
duce partial to complete relief of symptoms in middle ear myoclon-
ic tinnitus [14,15].

In addition, more than 75% of patients exhibited complete or 

Table 1. Botulinum toxin injection of essential palatal myoclonus

Reference Sex/age Toxin Dose, effect  Duration of remission Side effects

Saeed et al.3 F/25 BoNT 5U bilat. > 3 mo None
Saeed et al.3 F/64 BoNT 5U bilat.

10U bilat., improved
A few hours mild Dysphagia

Saeed et al.3 F/70 BoNT 10U bilat., improved  Dysphagia
Speech problem

Penney et al.4 F/26 BoNT 5U bilat., improved
4U bilat., improved

6 mo
10 mo

Mild VPI

Penney et al.4 M/42 BoNT 15U bilat., improved None
Penney et al.4 M/41 BoNT 15U bilat., improved

15U bilat., improved
15U bilat., improved

5 mo
4 mo
5 mo

None
None
None

Penney et al.4 F/27 BoNT 15U bilat., no effect
20U bilat., improved

None
None

Penney et al.4 F/35 BoNT 15U bilat., improved 3 mo None
Park et al.5 F/17 Dysport 40U bilat., complete remission 4 mo Mild VPI

Nasal voice
Park et al.6 F/17 Dysport 50U bilat., complete remission 4 mo Mild VPI

Nasal voice

F, female; M, male; BoNT, botulinum neurotoxin; U, unit; bilat, bilaterally; mo, months; VPI, velopharyngeal insufficiency.
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partial remission of their symptom using combination medical 
therapy [12]. Other therapeutic options like white band noise mask-
ing devices were also successful in treating middle ear myoclonus 
[16]. Botulinum toxin placed on a piece of gelfoam socked form and 
inserted through a perforation of the tympanic membrane into 
the middle ear cavity of a patient suffering stapeius myoclonic tin-
nitus was able to provide disappearance of symptoms for 3 months, 
indicating the possible therapeutic tool of botox toxin for middle 
ear myoclonic tinnitus [17]. Patients with intractable middle ear 
myoclonic tinnitus who underwent sectioning of the middle ear 
tendons showed very good outcomes [18]. Sectioning of middle ear 
tendons (both tensor tympani and stapedius) via a transmeatal 
approach in 11 ears with intractable tinnitus resulted in complete 
resolution or marked improvement of the symptom in all cases, 

demonstrating surgical sectioning of middle ear tendons to be 
successful in treating intractable middle ear myoclonic tinnitus 
[12]. Considering the high response rate to medical therapy, clini-
cians should prescribe medication as a first-line management of 
this disorder. If medical therapy fails, surgical sectioning of the 
tendons of the middle ear muscles is a good second-line manage-
ment procedure. 

VASCULAR TINNITUS

Vascular tinnitus is the most common form of pulsatile tinni-
tus, particularly when the tinnitus corresponds with the pulse of 
patients. It is an uncommon otologic symptom; the incidence has 
been reported to be approximately 4% in patients with tinnitus 
[19]. Vascular tinnitus originates from vascular etiologies and may 
occur as a result of turbulence in the blood flow and can be classi-
fied as either arterial or venous type [20]. The flow of blood in a 
smooth-walled blood vessel is laminar and is usually silent. Noise 
may result when laminar flow in the blood vessel is disturbed and 
the resultant turbulence is thought to cause a vibration of the ves-
sel walls that finally is detected as pulsatile tinnitus by patients. It 
is sometimes heard in normal adults with hypertension or hyper-
dynamic circulatory states [21]. 

Table 2. Diagnostic approach to patients with middle ear myoclonic 
tinnitus

Tools Signs

Otoendoscopic examination Inward-and-outward motion of tympanic membraine 
Impedance audiogram
   Tympanogram
   Stapedial reflex
   Static compliance

Irregular multiple spikes or perturbation
Abnormal perturbation
Irregular spikes

Brain MRI Brain lesions: vascular, demyelinating, tumorous, etc.

MRI, magnetic resonance imaging.

Fig. 2. Diagnostic methods of middle ear myoclonic tinnitus. Direct observation of To-and-fro, or inward-and-outward motion, mostly in the pos-
terior part of the tympanic membrane by otoendoscopic examination (A, arrows), sound evoked tremor-like motion of tympanic membrane 
which is also frequently observed in acoustic reflex decay test (B) are useful tools. Strong inward-and-outward motion of tympanic membrane 
in middle ear myoclonic tinnitus associated with a forceful eyelid closure syndrome can be documented even in a static compliance test (C).
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1. Etiology

Etiologies of vascular tinnitus or pulsatile tinnitus are listed in 
Table 3. The incidence of vascular tinnitus reported in a relatively 
large case series demonstrated that the most common cause was a 
high jugular bulb, and the second most common was venous hum. 
Arterial causes were less common. Glomus tympanicum, intra-
cranial hemangioma, arteriovenous malformation and aberrant 
carotid artery, and benign intracranial hypertension (BIH) were 
other etiologic factors of vascular tinnitus in this study [22]. In an-
other previous study, BIH was the most common diagnosis (56 
patients) of vascular tinnitus [23]. It has been reported that the in-
cidence of BIH is increased in women who are 10% or more over 
ideal weight, and varies according to the prevalence of obesity in 
the respective region [24].

2. Diagnosis

1) History & physical examination

A detailed history of pulsatile tinnitus is essential to diagnose 
the possible cause of vascular tinnitus. Throbbing, rushing, or hum-
ming sounds synchronized with the pulse suggests a vascular eti-
ology. Thorough physical examinations through otoscopy, auscul-
tation of the ear canals, and a full head and neck examination should 
be performed. A tympanic mass could be visible on otoscopy or 
microscopic examination. To discriminate venous causes of vas-
cular tinnitus, the ipsilateral internal jugular vein (IJV) can be 
gently compressed and any changes in tinnitus loudness reported. 
A head turning test is also used to confirm the venous etiologic 
vascular tinnitus along with the compression maneuver. In tinni-
tus of venous origin, light digital pressure over the ipsilateral IJV 
or head turning towards the tinnitus side elicits the tinnitus to di-

minish or subside. 

2) Audiometric & laboratory tests

Audiometric tests should include pure tone audiometry and 
tympanometry. Tympanometry is useful to diagnose middle ear 
effusion and other associated conductive hearing loss. Auditory 
evoked brainstem responses are useful in patients suspected of 
having benign intracranial hypertension in which cases prolonged 
interpeak latencies are the most common abnormal findings [25]. 
A full blood count, vitamin B12, and thyroid function tests should 
be performed to exclude hyperhemodynamic causes of anemia or 
hyperthyroidism. Cholesterol level is useful to check for hyperlip-
idemia, a risk factor for atherosclerosis. 

3) Imaging study

To select an imaging study, the potential etiology of venous or 
arterial origin can be a determining factor for choice of imaging. 
Temporal bone computed tomography, or brain magnetic reso-
nance venography (MRV) would be a first line of imaging study 
for venous-origin vascular tinnitus whereas transcranial Doppler 
sonography or brain CT angiography or brain magnetic resonance 
angiography (MRA) will differentiate arterial-origin vascular tin-
nitus (Fig. 3) [26]. For the rare cause of vascular tinnitus, an aneu-
rysm of brain vessels, angiographic confirmation followed by con-
comitant radiological intervention with coil or other materials have 
been reported [27].

A diagnostic algorithm for vascular tinnitus has been suggested 
in our previous report [22]. Pulsatile tinnitus should be called id-
iopathic only after an extensive work-up has been completed and a 
specific diagnosis has not been reached. Thorough history taking 
and physical examination as well as individualized diagnostic test-
ing are important factors in evaluating patients with pulsatile tin-
nitus (Table 4). 

3. Treatment

Treatment for vascular tinnitus should be individualized accord-
ing to the etiologic factors. 

Treatment methods for high jugular bulb-origin vascular tinni-
tus could include pharmacological intervention to reduce hyperhe-
modynamic conditions, or anxiety relieving treatments as well as 
tinnitus retraining therapy, sound therapy and cognitive behavior-
al therapy [23]. In cases of the failure of initial treatment, surgical 
therapy such as jugular vein ligation, transcatheter endovascular 

Table 3. Etiologies of vascular tinnitus

Arterial causes                                                                            
   Arterio-venous malformations                                                
   Intracranial arteriovenous fistulae and aneurysm
   Atherosclerotic carotid artery disease
   Atherosclerotic occlusion of the contralateral common carotid artery
   Persistent stapedial artery
   Aberrant carotid artery 
   Increased cardiac output (anemia, thyrotoxicosis, pregnancy)
Venous causes
   High jugular bulb
   Benign intracranial hypertension
   Venous hum, essential tinnitus
Others
   Vascular neoplasm of the skull base and temporal bone                                        
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coil embolization, transvenous stent-assisted coil embolization and 
surgical covering and reinforcement using fascia, perichondrium, 
or autologous cartilage can be considered although they are not al-
ways successful [28]. Moreover, potential complications of surgical 
management such as intracranial hypertension, low cranial nerve 
palsy or conductive hearing loss should be considered. 

Venous hum can be treated by conservative medical therapy 
with antidepressant and/or anxiolytics first, as well as tinnitus re-
training therapy; other surgical therapy has not been shown as ef-
fective. Benign intracranial hypertension can be managed by re-
ducing body weight and administration of acetazolamide and fu-
rosemide [29]. Pulsatile tinnitus in patients with hypertension 

A

C

B

D

Fig. 3. Vascular tinnitus diagnosed by imaging studies (arrows). High jugular bulb detected in temporal bone computed tomogram (A), intracra-
nial aneurysm in 3D-reconstructed Brain CT angiogram (B), arteriovenous fistula in magnetic resonance arteriography (C), and glomus tympan-
icum in Gd-enhanced temporal bone magnetic resonance imaging (D).
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should be managed by controlling their hypertension with proper 
medication. Treatment of patients with glomus tumors is mainly 
surgical excision. Carotid endarterectomy for patients with ath-
erosclerotic carotid artery disease should be considered when ob-
struction is more than 60% [30]. Selective embolization techniques 
for arterio-venous fistulae or intracranial aneurysm showed the 
excellent therapeutic results of not only life-saving but also of symp-
tomatic management of pulsatile tinnitus. Vascular tinnitus could 

be alleviated or cured in most of the patients with the individual-
ized treatment according to the etiologic factors. Thorough evalu-
ation and proper diagnosis are mandatory for relieving or curing 
pulsatile tinnitus in patients with vascular tinnitus. 

PATULOUS EUSTACHIAN TUBE

Patulous Eustachian Tube (PET) was first described by Schwar-
tze in 1864 and can result in multiple symptoms of autophony of 
voice and breathing and aural fullness [31]. It is an abnormal pa-
tency of the eustachian tube that affects 0.3% to 6.6% of people 
[32]. Since most of the patients with PET report symptoms of per-
ception of one’s own voice or physiologic sound due to the patu-
lous condition of the Eustachian tube (ET), PET has been classi-
fied as a type of objective tinnitus. 

1. Etiology

Several etiologies of PET have been proposed, including loss of 
tissue within the cartilaginous portion of ET caused by weight 
loss, pregnancy, use of high-dose oral contraceptives and estrogen 
therapy. Atrophy or scarring of the Eustachian tube or nasophar-
ynx caused by adenoidectomy, radiation therapy or other iatro-
genic trauma also can be associated with altered eustachian tube 
function [33,34]. 

Fig. 4. Diagnosis of the patulous Eustachian tube. Otoendoscopic examination of the tympanic membrane during forceful inspiration and expi-
ration with the contralateral nostril blocked demonstrates the inward-and–outward motion of the total tympanic membrane according to the 
respiratory status. Outward buldging of tympanic membrane during expiration is shown in this otoendoscopic finding (A). It can also be docu-
mented by tympanogram in accordance with forceful respiration which shows severe and irregular perturbation (B). 
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Table 4. Diagnostic approaches to patients with vascular tinnitus

History & physical examination                                    
   History of throbbing, rushing, or humming sound synchronized with pulse
   Otoscopy/otoendoscopy/microscopy
   Auscultation
   Head/neck examination: gentle compression of internal jugular vein
                                               head turning test
Audiometric & laboratory tests
   Pure tone audiometry & tympanometry
   Auditory evoked brainstem responses
   A full blood count, vitamin B12, thyroid function tests
   Cholesterol level
Imaging study
   Temporal bone computed tomography (CT)
   Brain CT angiography
   Brain magnetic resonance imaging
   Brain magnetic resonance venography 
   Brain magnetic resonance arteriography
   Brain angiography 
   Transcranial doppler sonography
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Table 5. Management of objective tinnitus caused by patulous Eu-
stachian tube

Medical interventions                                                   
   Topical treatment: saline, salicylic and boric acid powder, hydrochloric acid,  
      chlorobutanol, etc.
Tympanostomy tube and mass loading of tympanic membrane
Eustatian tube plugging, injection and cautery 
   Angiocatheter, silicone plugging
   Teflon, silicone, gelatin sponge, a polytef paste, fat, and cartilage injection
   Silver nitrate, diathermy or KTP laser cautery                                      

2. Diagnosis

The diagnosis of PET is made clinically on the basis of subjec-
tive characteristic symptoms and signs. Criteria of PET include 
autophony of voice and respiration as well as aural fullness. Due to 
the symptom of autophony, many patients with PET complain of 
difficulty in everyday conversation which often causes severe stress 
and even depression. This type of objective tinnitus can be diag-
nosed by physical examination and audiometric test. Tympanic 
membrane movement on respiration and severe perturbation of 
the tympanogram checked during respiration have been used as 
good confirmatory diagnostic methods (Fig. 4).

3. Treatment

Various therapeutic attempts for PET have been reported with 
various success rates and results (Table 5). 

1) Medical interventions

Saline was the most commonly used topical treatment, but his-
torical formulas such as salicylic and boric acid powder (in a 1:4 
proportion), diluted hydrochloric acid, chlorobutanol, and benzyl 
alcohol and saturated potassium iodide solution have been studied 
[35-37].

Results ranged from 63.5% to 100% partial or full resolution of 
symptoms without consistent effectiveness among the previous 
reports. 

2)  Tympanostomy tube and mass loading of the tympanic 

membrane

The symptoms of PET are postulated to arise from tympanic 
membrane movement, thus techniques to weigh down the TM 
have been attempted. Tympanostomy tube insertion was the most 
frequently described method with the results ranging from 53-
100% of patients achieving partial or full resolution of the symp-
toms of PET [35,38]. Sniffing to alleviate PET symptoms should be 

requested and the attic retraction of the tympanic membrane as 
well as the inward-and-outward motion of it should be checked to 
detect the relationship between sniffing and PET. Ikeda et al. re-
ported the tympanostomy tube insertion was more effective in pa-
tients of PET with sniffing habit than those without [35]. No seri-
ous adverse events except temporary otorrhea or acute otitis media 
have been reported. 

Recently, mass loading of the tympanic membrane using tym-
panic membrane paper patching has been reported with the suc-
cess rate of PET symptom control up to 76.2% [39]. Patients respond-
ing to the paper patching of tympanic membrane can be treated 
with permanent augmentation of the tympanic membrane with 
cartilage tympanoplasty to alleviate PET symptoms [40]. Patients 
who exhibit a flaccid tympanic membrane segment with the symp-
tom of PET and are good responders to paper patching are more 
appropriate for cartilage tympanoplasty.

3) Eustatian tube plugging, injection, and cautery 

To prevent the movement of air through an abnormally open 
ET, transtympanic, transnasal or transoral occlusion of the ET open-
ing has been attempted. Different techniques such as ET plugging, 
cautery of the ET orifice, or injection of bulking substance at the 
ET orifice have been introduced with variable therapeutic results 
[41-44]. Plugging of the ET via transtympanic or transnasal ap-
proaches has been reported and the devices used include transve-
nous angiocatheter or silicone plug [42-44]. Eustachian tube injec-
tion was frequently applied to PET patients as a method of occlu-
sion of ET orifice. Injectable materials included Teflon, silicone, 
gelatin sponge, a polytef paste, fat and cartilage [45-47]. Cautery of 
the ET orifice to promote scarring using silver nitrate, diathermy 
or KTP laser has been introduced to relieve PET symptoms with 
mixed results. Serous otitis media were reported as a complication 
with the ET cautery procedure [48-50]. 

To date, there has been no simple and single satisfactory solu-
tion for patients with PET. However, with the proper diagnosis of 
PET, patients suffering from their aural fullness and autophony 
can be managed successfully with various types of therapeutic 
modalities. 

CONCLUSION

Objective tinnitus can be a very distressing, but mostly curable 
symptom. Clinical history and physical examination are most im-
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portant in establishing the correct diagnosis. Audiometric, labora-
tory and imaging studies appropriately selected for the patient can 
aid or confirm diagnosis. Treatment of objective tinnitus should 
be based on a comprehensive diagnosis of the etiologic and con-
comitant aspects of an individual’s tinnitus. A large variety of ther-
apeutic interventions are available for each type of objective tinni-
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early, proper diagnostic approaches and selection of the most effi-
cient therapeutic modality should be applied to each patient as a 
customized method. 
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