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Farzon Danesh, AuD 
• Dr. Farzon Danesh is an audiologist specializing in tinnitus, hearing loss, 

dizziness, and cerumen removal. His career in audiology began at the 
age of sixteen with Labyrinth Audiology, where he first honed his 
expertise. Dr. Danesh earned his Bachelor’s degree in Biotechnology 
from the University of Central Florida and subsequently completed his 
Doctorate in Audiology at Nova Southeastern University.

•

• Following his academic achievements, Dr. Danesh dedicated his 
professional efforts to serving veterans, addressing their hearing and 
balance issues, including those resulting from combat-related 
exposures. This experience provided him with profound insights into the 
complexities of audiological conditions.

•

• Currently, as a valued member of the Labyrinth Audiology team, Dr. 
Danesh is committed to serving his local community—the very 
community where he grew up. In addition to his clinical work, Dr. 
Danesh contributes to the field of audiology through his role as a part-
time instructor, teaching audiology courses to master’s students at 
Florida Atlantic University. His dedication to both his patients and his 
profession underscores his commitment to advancing the field of 
audiology.



Purpose

• The purpose of this presentation is to introduce 
and define bimodal auditory and electrical 
stimulations for tinnitus, analyze recent literature 
discussing the use of bimodal neuromodulation for 
the treatment of tinnitus and understand its 
efficacy and future research recommendations.



What is tinnitus?
• Tinnitus is the perception of sound in 

the absence of an external stimuli and 
is commonly described as “ringing in 
the ears.” (Conlon et al., 2019).

• It is a major health concern that 
affects roughly 10-15% of the 
population (Buechner et al., 2022) and 
approximately 2-3% experience a 
severe form of tinnitus (Langguth, 
2020).



Alessandro Volta (1745-1827)
Inventor of Battery

Electrical Stimulation: 
Where did it all begin?



Application of Electricity for Hearing 

https://entupdates.com/Content/files/sayilar/2/ENTU_20220238_nlm_new_indd.pdf 

The first application 
of the Voltaic battery 
as a cure for 
deafness, described 
by Volta himself.

https://entupdates.com/Content/files/sayilar/2/ENTU_20220238_nlm_new_indd.pdf


What is bimodal neuromodulation?

• Bimodal neuromodulation for tinnitus 
treatment combines auditory stimuli 
with electrical stimulation (Riffle et 
al., 2021).

• It has been tested and supported by 
animal studies demonstrating that it 
can evoke neural plasticity within the 
auditory cortex (Conlon et al., 2022).



Bimodal vs. Unimodal neuromodulation

“Neurons that fire together, wire together.” (Hebb, 1949)

• Bimodal stimulation may be more effective than 
unimodal stimulation in inducing neuroplasticity since 
it can cause long-term potentiation (LTP), (De Ridder et 
al., 2021).

LTP: “a process that strengthens the connection between neurons, which is thought to be a 
cellular basis for learning and memory”.  



IMPORTANCE OF EXPLORING BIMODAL 
NEUROMODULATION

“There is a globally recognized clinical need for new treatments for 
tinnitus because of the lack of effective options for this debilitating 
condition” (Conlon et al., 2020).

Tinnitus has a major impact on the quality of life and those affected often 
suffer from sleep disorders, anxiety, and depression (Spencer et al., 
2022).

As of today, treatment focuses on reducing tinnitus-related annoyances 
and no established treatment with supporting evidence from randomized 
controlled studies for reducing tinnitus loudness exist (Langguth, 2020).



What is the most common electrical 
stimulator in our field? Cochlear Implant!



For tinnitus treatment, where the electrical 
stimulations are applied to?
• Skin (surface epidermal)
• Skin/Transdermal/transcutaneous
• External Auditory Canal/Vagus Nerve
• Lobule/Pinna
• Cochlear Stimulation via Cochlear Implants
• Wrist
• Radial nerve
• Skull
• Dorsal Cochlear Nucleus (DCN)/Neck
• Lateral Neck/ Vagus Nerve
• Tongue/Trigeminal Nerve
• Auditory cortex and subcortical nuclei (invasive); Deep Brain Stimulation for Tinnitus??



Electricity is the Language of the Brain!





Cranial Nerves



Vagus Nerve and its branches



Trigeminal Nerve Branches and Tongue sensory and motor 
innervations (V, VII, IX, X, XII). 



Neuromodulatory Interventions for Tinnitus

De Ridder et al. (2021)

Invasive: 

• Auditory cortex
• Therapeutic effects depend on 

electrode placement and patient-
specific factors. 

• Deep Brain Stimulation
• Targeting the caudate nucleus has 

been found to reduce tinnitus 
severity in some patients.

Non-invasive:

• Transcranial magnetic stimulation 
(TMS)
• Recent studies have shown that 

rTMS may be beneficial for improving 
the suffering, but not the tinnitus 
loudness.



“Tinnitus and Brain Stimulation”
De Ridder et al. (2021)

Sound + tES of the C2 nerve

• Modulate activity in the central auditory 
system by inhibiting activity in the dorsal 
cochlear nucleus. 

• This treatment can improve tinnitus 
loudness and distress, but its effects 
were found to be short-lasting.

Sound + tES of the trigeminal 
nerve

• Provide stimulation over the 
somatosensory system to compensate 
the auditory deafferentation that is 
thought to cause tinnitus.

• Electrical stimulation via the tongue 
paired with sound, was found to deliver 
positive long-lasting effects on tinnitus 
distress.

Bimodal (Somatosensory and auditory) stimulation 
approaches:



tDCS           vs              direct cortical stimulation

Auditory Cortex Electrical Stimulation Suppresses Tinnitus in Rats

https://link.springer.com/article/10.1007/s10162-010-0246-z


Where the electrical stimulations are applied to? 
The use of electrodes on TM!
• The tympanic membrane is that closest place in the 

head, to which noninvasive electric stimulation can be 
applied.

• Tympanic membrane electrode is four times more 
efficient than ear canal electrode and 10 times more 
than scalp electrodes in terms of electrically evoked 
auditory responses.

• Tympanic membrane electric stimulation is more 
effective in tinnitus suppression than ear canal and 
scalp-based electric stimulation.

Source: Electric hearing and tinnitus suppression by 
noninvasive ear stimulation (Sue et al., 2021) 
https://www.sciencedirect.com/science/article/pii/S0
378595522000028 

https://www.sciencedirect.com/topics/medicine-and-dentistry/tympanic-membrane
https://www.sciencedirect.com/topics/medicine-and-dentistry/electrostimulation
https://www.sciencedirect.com/topics/medicine-and-dentistry/scalp
https://www.sciencedirect.com/topics/medicine-and-dentistry/auditory-evoked-potential
https://www.sciencedirect.com/topics/medicine-and-dentistry/auditory-evoked-potential
https://www.sciencedirect.com/science/article/pii/S0378595522000028
https://www.sciencedirect.com/science/article/pii/S0378595522000028
https://www.sciencedirect.com/science/article/pii/S0378595522000028


“Auditory-somatosensory bimodal stimulation desynchronizes brain circuitry to reduce tinnitus in guinea pigs and 
humans”

Marks et al. (2018)

i. OBJECTIVE:
i. This study aimed to explore auditory-somatosensory bimodal stimulation to induce long-

term depression in fusiform cells of the dorsal nuclear complex (DNC) to alleviate tinnitus 
first in animals and then translate it to human subjects.  

i. METHODOLOGY:
i. Guinea pigs: 

i. Auditory-somatosensory stimulation 30 minutes daily for 25 days.
ii.Human subjects:

i. 20 participants participated in a double-blinded, sham-controlled, 
cross-over study and weekly self-reported questionnaires were 
obtained.

Bimodal neuromodulation study



“Auditory-somatosensory bimodal stimulation desynchronizes brain circuitry to reduce tinnitus in guinea pigs and 
humans”

i. FINDINGS:
i. In human subjects' bimodal stimulation produced a statistically significant decrease in 

tinnitus loudness after 28 days. 50% of subjects had a clinically significant reduction in 
TFI scores.

ii. In guinea pigs' bimodal stimulation reduced physiological and behavioral evidence of 
tinnitus after 25 days was observed.

iii. Bimodal stimulation demonstrated to be more beneficial than unimodal stimulation 

Bimodal neuromodulation study
Marks et al. (2018)



Bimodal Stimulation for tinnitus using Neuromod















Lenire in Action!



Danesh Model of Tinnitus Management: Got a SEC!
Sensation: includes 
sound therapy, 
electrical stimulation 
or both to alleviate 
impact of tinnitus.

Emotion: consists of 
extensive counseling, 
relaxation techniques 
and mindfulness and it 
reduces reaction to 
tinnitus by controlling 
ANS response.

Cognition: utilizes 
direct cognitive 
behavioral therapy or 
internet-based CBT to 
deal with negative 
thoughts in general.



Take away  
• Research is consistent in that non-invasive auditory-somatosensory 

electrical stimulation has shown to be an effective method to 
improve tinnitus severity and loudness. 

• Non-invasive bimodal auditory-vagus nerve stimulation needs to be 
further explored and authors recommend more research in large 
scales with control groups are crucial to validate the efficacy. 

• A consistent guideline to evaluate and treat patients with bimodal 
hearing configuration should be investigated further. 

• Overall, after extensive review, it is evident that bimodal 
neuromodulation yields better results in reducing tinnitus effects 
than unimodal neuromodulation, but additional analysis is required 
to make it a routine protocol.

• Remember to address the factors of sensation, emotion and 
cognition in the management of tinnitus. 
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