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What is Tinnitus?

• Tinnitus is a perception of sound when there is no 
corresponding external sound

• It is often described as a ringing sound, but can also sound 
like whistling, chirping, pulsing, or other kinds of sounds

• Tinnitus is a symptom of an injury to the ear, or a disease 
that damages that the ear

• Many times we do not know what causes a patient’s 
tinnitus, however, one thing is clear – noise exposure can 
cause tinnitus



How Prevalent is Tinnitus?

• Many – if not most – adults experience at least brief tinnitus
• About 10% of the adult population will develop chronic tinnitus
• Approximately 20 million Americans experience chronic tinnitus, with 2 

million people suffering from extreme and debilitating cases 
• National Health and Nutrition Examination Survey (NHANES), conducted by the 

US Centers for Disease Control and Prevention

• Tinnitus is a global health issue with similar rates reported for patients in 
Europe, Africa, Asia, and South America

• Among patients with tinnitus, some 20-40% have noise-induced tinnitus 



Noise-Induced Tinnitus

• Based on NHANES-CDC data, at least 10 million U.S. adults (6 percent) under 
age 70—and perhaps as many as 40 million adults (24 percent)—have hearing 
loss in one or both ears which may have been caused by exposure to loud noise

• Approximately 35% of patients with noise-induced hearing loss (NIHL) also have 
tinnitus

• Like other forms of tinnitus, NIT can be either acute or chronic

• The acute form lasts for relatively short periods, usually seconds or days, although 
in some cases it can persist for several weeks 

• Chronic tinnitus represents the more clinically significant form, lasting from months 
to years



How Noise Damages 
the Ear: Sound is a 

Mechanical Stimulus 
that Causes a 

Mechanical Response

From: Anatomy and Physiology of Hearing for Audiologists. W. W. Clark and K. K. Ohlemiller (2008).

Ear drum

Oval window (Pressure release)

There are multiple 
labs around the 
world testing the 
hypothesis that the 
auditory nerve and 
its connections 
with the IHCS are 
highly vulnerable 
to noise injury, with 
NIT thought to 
result from this 
injury even if NIHL 
does not develop



From: Kaltenbach J.A. & Manz R. 2012. The neurobiology of noise-induced 
tinnitus. In: Noise-Induced Hearing Loss: Scientific Advances, Springer 

Handbook of Auditory Research. New York: Springer Science+Business
Media, LLC, pp. 151-175.

• Damage to the ear changes the 
input to the central auditory 
system (parts of the brain that 
process sound)

• Neurons in the brain become 
more excitable, and they “fire” 
even when there is no external 
sound

• This neural discharge results in 
the perception of sound, even 
though no sound is present



With Higher (8-Hr) Sound Level, More People at Risk for NIHL
Reporting Organization Average Daily 8-hr Noise Exposure (dBA) Excess Risk (%)

ISO

90 (subway, lawnmower) 21

85 (smoke alarm, blender, handsaw) 10

80 (garbage disposal, hair dryer) 0

EPA

90 22

85 12

80 5

NIOSH

90 29

85 15

80 3

Material Hearing Impairment: thresholds at 0.5, 1, and 2 kHz greater than 25 dB HL; Excess Risk: Percent of the 
noise-exposed population meeting Material Hearing Impairment Criteria, in excess of the rate observed in a population 
without noise exposure; From NIOSH 1998 Criteria for a Recommended Standard; DHHS Publication No. 98-126



Duration per day 
(hrs) Sound level, dBA

8 85 (home smoke alarm, blender, 
hand saw)

4 88 (forklift, prop plane cockpit)

2 91 (subway, lawnmower)

1 94 (table saw)

0.5 97 (power drill)

>0.25 100 (bulldozer, motorcycle)

When Sound Gets Louder, Safe Durations are Shorter

From NIOSH 1998 Criteria for a Recommended Standard; 
DHHS Publication No. 98-126

• If 85 dBA for 8 hours is safe for 
*most people 

• And hazard “doubles” every time 
the sound level goes up by 3-dB

• Then the safe exposure time will 
be cut in half as the sound 
exposure level increases about 
85 dBA

• *Most people: recall, some 10-
15% will develop hearing loss 
over their working career with 85 
dBA exposure on a daily basis



How Much Exposure is Safe for Everyone?

• Recent reviews by Rick Neitzel and Brian Fligor discuss prevention of 
NIHL in adults and children; these results suggest:

• an exposure limit of 80 dB-A LEX (LEX: the 8-hour equivalent continuous 
average sound pressure level) would protect all but the most vulnerable 
individuals against NIHL

• 75 dB-A LEX limits would be necessary if the goal were to protect even the 
most vulnerable individuals 

• We do not have data that specifically address whether risk for NIT begins at the 
same exposure levels as NIHL, and 

• We do not yet have any way to identify who the most vulnerable individuals are,
• So - how can individuals make good decisions to protect themselves against 

NIHL and NIT?



Safe Listening Decisions in the “Real World”
• If you have to shout to be heard by someone standing at arms length, it is 

probably around 90 dBA; if you have to shout at less than arms length, the levels 
are higher.

• Take quiet breaks, limit your listening time, or wear hearing protection
• If your ears are ringing, or feel full, your ears are being damaged.  

• Limit continued exposure, or insert hearing protection.
• Repeating these exposures can result in permanent damage.  

• Sound level meter “apps” can provide information
• The NIOSH SLM app is not meant to replace a professional sound level meter but it 

has been reasonably accurate in several studies
• https://blogs.cdc.gov/niosh-science-blog/2017/01/17/slm-app/
• If your phone microphone has been damaged, your data may be less accurate.  If 

your ears are full or you hear ringing, limit your exposure time, or wear hearing 
protection.

https://blogs.cdc.gov/niosh-science-blog/2017/01/17/slm-app/


Many Apps Out There Helpful Information Various Sound Data

• Total run time: Total run time 
for the current measurement

• Instantaneous level: Current 
sound level 

• LAeq: Average sound level
• Max level: Highest level
• LCpeak: Peak C-weighted 

level
• TWA: if all energy is spread 

over 8-hours, what sound 
level would be present

• Dose: Percent of the allowable 
daily noise dose. >100% 
exposure is hazardous

• Projected Dose: Based on the 
current noise dose, what your 
8-hour dose will be if you stay 
in that environment for 8 hours

https://www.cdc.gov/niosh/topics/noise/pdfs/NIOSH-Sound-Level-
Meter-Application-app-English.pdf

https://www.cdc.gov/niosh/topics/noise/pdfs/NIOSH-Sound-Level-Meter-Application-app-English.pdf


To Prevent NIHL and NIT, Wear Hearing Protection

Foam roll-
down ear 

plugs
Premolded 
ear plugs

Custom 
ear plugs

High 
Fidelity ear 

plugs
Ear muffs Electronic 

ear muffs



Strategies for Preventing NIHL and NIT

• Reduce Noise at it’s Source 
• Reduce Exposure to the Source (decrease exposure time)
• Choose the Right Hearing Protection Device (HPD)

• High-fidelity HPDs for music listening
• Electronic HPDs for hunting

• Learn How to Correctly Use HPD
• Decrease Metabolic Stress That Induces Cell Death in the 

Inner Ear – Drugs or Dietary Supplements – MAYBE. There 
are NO FDA-approved agents at this time.



"Can't I Just Take a Pill for That?”

No Clinical 
Testing on 

any of these 
agents; No 

products are 
approved by 
the FDA for 
NIHL or NIT 
prevention

http://www.vitalmaxvitamins.com/images/products/accu-hear.jpg
http://thehearingfix.com/
http://t-gone.com/order-hr-fp.htm
http://www.evitamins.com/images/products/1400/11122010_8.jpg


• Clinical development is 

ongoing for multiple drugs 

and it is possible one or 

more will be successful

• A recent review by Anne 

Schilder and her team 

identified 43 companies that 

are developing drugs for 

prevention or treatment of 

hearing loss or tinnitus

• 12 companies have 

commercial programs 

related to reduction of 

tinnitus

Study ID Study Title Intervention Sponsor Status
NCT01444846 Otoprotection With SPI-1005 for 

Prevention of Temporary Auditory 
Threshold Shift

Ebselen SPI-1005, Sound 
Pharmaceuticals Inc

Completed, has 
results

NCT00808470 Micronutrients to Prevent Noise-
induced Hearing Loss

beta-carotene, 
vitamins C and E, 
magnesium

University of Michigan Completed, has 
results

NCT00552786 Antioxidation Medication for Noise-
induced Hearing Loss

N-acetylcysteine 
(NAC) 

National Taiwan 
University Hospital

Completed, has 
results

NCT02259595 Study to Determine the Safety, 
Tolerability, and Pharmacokinetic 
Profile of HPN-07 and HPN-07 Plus 
NAC

HPN-07 and NAC Otologic 
Pharmaceutics, Inc.

Completed

NCT02257983 Protective Effects of EPI-743 on 
Noise-Induced Hearing Loss

VincerinoneTM

EPI-743

Edison 
Pharmaceuticals, Inc.

Completed

NCT00802425 Efficacy of AM-111 in Patients With 
Acute Sensorineural Hearing Loss

AM-111 Auris Medical AG Completed

NCT02903355 Phase 3 Clinical Trial: D-methionine 
to Reduce Noise-Induced Hearing 
Loss (NIHL)

D-methionine Southern Illinois 
University

Terminated

NCT02049073 Prevention of Noise-induced 
Hearing Loss

Zonisamide and 
Methylprednisolone

Washington University 
School of Medicine

Withdrawn

NCT01727492 Prevention of Noise-induced 
Damage by Use of Antioxidants

NAC and magnesium University Hospital, 
Antwerp

Unknown

NCT02779192 A Phase 2b Study of SPI-1005 to 
Prevent Acute Noise Induced 
Hearing Loss (PANIHL)

Ebselen SPI-1005, Sound 
Pharmaceuticals, Inc

Not yet 
recruiting

Le Prell C.G. 2019. Otoprotectants: From 
research to clinical application. Semin. 
Hearing, 40, 162-176.



• Within the lower noise population (filled 
circles), a healthier diet has little relationship 
with hearing (about 1 dB)

• Within the higher noise population (open 
triangles), a healthier diet is associated with 
better hearing (about 5 dB)

• This means that the effect of noise on hearing 
(more noise vs less noise) is much worse in 
those with poor diets (bottom 40%) than 
those with better diets (top 60%)

• In addition to the relationships between noise, 
diet, and hearing, the rate of persistent 
tinnitus is significantly lower in those with 
better diets.

• Spankovich, Bishop, Johnson, Elkins, Su, Lobarinas & Le 
Prell (2017) Relationship between dietary quality, tinnitus 
and hearing level: data from the national health and 
nutrition examination survey, 1999–2002, International 
Journal of Audiology, 56:10, 716-722.

Spankovich and Le Prell, 2014. Associations between dietary quality, noise, 
and hearing: data from the National Health and Nutrition Examination 
Survey, 1999-2002. International Journal of Audiology, 53(11):796-809 .

Many of the pharmaceuticals being developed now target free radicals via 
“antioxidant” actions.  Consuming “healthy” diets with lots of fruits and 

vegetables provides dietary antioxidants.  



Summary

• Noise exposure is a major cause of hearing loss and tinnitus
• NIHL and NIT are preventable

• When sounds are loud enough that you have to shout, 
decrease listening time or wear hearing protection

• Be sure to wear the “right” HPD
• Someday, there may be pharmaceuticals that prevent NIHL and 

NIT but nothing has been approved by the FDA at this time
• Healthy eating has many health benefits, and this may help 

support healthier hearing as well
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Questions and Discussion



Callier Center for Communication Disorders, with
locations in Dallas (Center for Advanced Hearing
Research shown) and Richardson (home of the
the Callier Center for Clinical Research)

The University of Texas at Dallas


