
 The car radio playing the newest hit, family members talking around the dinner 
table, rain hitting the roof and the shot of a gun. What do these all have in common? 
Sound. Sound plays a number of roles in your daily life: it connects you to family members and friends 
through conversation, it brings you enjoyment through music and any variety of pleasant sounds with-
in your envrionment at any given time, and it warns you of oncoming danger. Sound is collected thanks 
to the passive sensory organ that is located in the temporal bone of your head: commonly known as 
the ear. The ear is a collection of many systems, working together to transmit the sound, or message, 
to the brain. The sound is collected from the outside world, sent through the ear and processed in the 
brain, utilizing an amazingly complex system. It is composed of three different parts: the outer, middle 
and inner ear. These three portions of the ear work together to transform acoustical energy, conduct-
ed through the air, into electrical energy, so the information can be sent through nerves in the brain. 

 
Sound originates from vibrations in the air. A force sets the surrounding air molecules into vibration 
and produces pressure waves that find their way into the ear and to the eardrum. The source can vary 
from someone speaking to music playing out of an iPod to a glass being dropped onto the ground. 
In all of these examples, there is a force setting nearby air molecules into vibration. These waves can 
move quickly or slowly. The frequency of their vibration is what 
affects the pitch of a sound. A high frequency, or high 
pitch, sound means the air pressure waves are closely 
spaced. Birds, women’s voices or the high keys on a 
piano are high frequency sounds. A sound with a low frequency, or pitch, has pressure waves that are 
spaced further apart. Low frequency sounds include the low keys on the piano, most men’s voices or 
a large truck’s horn. The pitch of a sound is labeled based on number of cycles or vibrations per sec-
ond. Humans can detect 20 to 20,000 Hertz (measurement of frequency) but most speech is usually 
between 500 and 2000 Hz. Another feature of sound that changes is the intensity or loudness of the  
        input. A loud sound, like a gun firing, has large  
        waves and is the result of a higher initial force 
        that sets air molecules into motion. A soft sound, 
        such as when someone whispers, has signficantly  
smaller vibrations. Sound is encoded in decibels. Normal conversation occurs between 40 and 60 dB. 
Normal hearing is hearing at or better than 25 dB.
 Now that you know the basics of sound production (vibration of air molecules) and could 
identify the two main features (frequency/pitch and intensity/loudness), it is important to understand 
the  anatomy and function of the three parts of the ear, evaluate common causes for hearing loss, and 
discuss treatment options and their limitations.

all about ears

Images: http://www.howmusicworks.org/103/Sound-and-Music/Amplitude-and-Frequency

what is sound?
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outer ear

 The outer, external ear has three main anatomical aspects: the pinna, the external 
auditory canal and the tympanic membrane. The pinna, also called the auricle, is the part 
of the hearing system we all recognize as the ear. It sits on the side of the head and can 
vary in size and shape. The external auditory canal, or ear canal, is a hollow tube that 
collects sound from the outside and sends it further into the auditory system. This 
canal is about 2.5 cm long in adults and a portion of it can be viewed by the naked eye. 
Ear bud style headphones come into contact with the ear canal. Sitting on the border 
between the outer and middle ear is the tympanic membrane, or eardrum. This is a 
membranous circle that separates the external 
auditory canal from the rest of the auditory 
structures. A healthy tympanic membrane is a 
pearly gray color. Through otoscopic evaluation, 
where the doctor uses a tool with a flashlight 
to look in your ears, you can see many features 
of the tympanic membrane including the pars 
tensaand pars flaccida, which characterize a 
loose and a tight region of the membrane, a 
part of a middle ear bone and a cone of light (which is created by the reflection of the 
light the doctor shines into the ear canal). 

Function
 The pinna has many different functions from being the structure on which your 
glasses sit to being the cartilage that many people pierce in order to wear their 
favorite accessories. For the purpose of hearing, the pinna mainly assists with the 
localization of sounds (aka finding out where that sound came from). Working 
together with a structure in the brain called the superior olivary complex, the pinna 
serves as the entry point for sounds. The timing and loudness at which they enter gives 
certain clues to the superior olivary complex, which acts as a detective to help localize 
where the sound originated. These clues are called the interaural (meaning between the 
ears) time difference and the interaural level (loudness) difference. There is also a third 
clue that assists in localization called spectral cues. The spectral composition, or 
pattern, of the sound can differ in frequency (pitch), amplitude (loudness) or timing. 
Your ears use this spectral information to distinguish from where the sound came. The 
pinna (with the help of the brain) helps you hear where an ambulance is coming from 
and going when all you hear is the siren. It helps you decide where you left your ringing 
phone in your house. Humans aren’t the only ones who use localization cues often. 
Animals use localization daily for survival and it helps them to find where their prey is 
hiding. The pinna and the external auditory canal offer physical protection to the rest 
of the ear systems, ensuring that random objects that could hurt the eardrum don’t fall 
into the ear by accident. The external auditory canal, due to its length and diameter, 
amplifies, or increases in loudness, the sound that enters the ear. It directs the sound to 
the tympanic membrane in order for the tympanic membrane to send the sound into 
the middle ear.

Image: http://www.apsconsortium.org/the-anatomy-of-human-ear/definition-of-external-auditory-meatus-2/
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pinna (with the help of the brain) helps you hear where an ambulance is coming from 
and going when all you hear is the siren. It helps you decide where you left your ringing 
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The Tympanic Membrane: Why is it called the eardrum?
 The tympanic membrane is a structure found at the most medial (towards the 
center of your body) end of the ear canal. It not only acts as a separation 
between the outer ear and the middle ear. but also acts as an energy connection 
point. The tympanic membrane acts just like a drum head on a drum set you would 
see in a band! When force is applied to the drum, it is set into vibration. However, 
unlike the drum head set into vibration by the force of the drumstick, the eardrum 
simply needs sound to set it into motion. The air molecules come in contact with 
the eardrum, vibrate the membrane and set the middle ear into motion. 

 
 The middle ear is an air-filled space, sitting just behind the tympanic membrane, 
which houses the three smallest bones in the body: the ossicles. The three ossicles are 
the malleus, the incus and the stapes. The malleus, Latin for “hammer”, rests against 
the tympanic membrane. Occasionally, audiologists or doctors can see a portion of 
the malleus, called the umbo, during visual inspection of the tympanic membrane. The 
incus, called the “anvil”, is the next bone in line followed by the stapes, or “stirrup”. The 
stapes footplate sits on the oval window, the door between the middle and inner ear. 
These bones are suspended in the air-filled space by the tensor tympani and the 
stapedius muscles. The tensor tympani muscle is attached to the malleus and the 
stapedius helps hold up the stapes. When extremely loud sounds enter the ear, these 
muscles act as a reflex to turn down the sound in hopes of preventing damage to your 
auditory system. The middle ear is the bridge between the outer and inner ear, sending 
energy and information towards the brain. It takes an acoustic signal (aka the sound, 
which is energy traveling through vibrating air molecules) and turns it into a 
mechanical energy (structures moving other structures into vibration). 

 There are three main aspects that assist in the transformation and amplification 
of energy: the area transformer, the level transformer and the 
buckling motion. The area transformation (figure a) occurs 
because the tympanic membrane is 10 times bigger than the 
oval window. This results in approximately a 26 dB increase in 
amplitude or loudness at some frequencies. The level 
transformation (figure b) occurs due to the malleus being 
longer than the incus. This creates a level that increases sound 
by around 1 dB.  Lastly is the buckling motion that occurs due 
to the eardrum being conical in shape. The shape and position of the eardrum can add 
around 12 dB of loudness to the sound. The middle ear is a structure that increases the 
loudness of the sound when there is no resistance to movement. The middle ear also 
has another structure that can play a role in someone’s hearing abilities. This is an 
air-filled tube that connects to the pharynx and it is called the Eustachian tube. In 
children, the Eustachian tube is horizontal and as individuals age, the tube becomes 
more diagonal. The Eustachian tube helps equalize pressure on both sides of the 
eardrum.

Image: http://www.ssc.education.ed.ac.uk/courses/deaf/dnov10i.html
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Did you know?
If you didn’t have your ossicles, 

you would have a 60 dB hearing loss!

Image: https://kabilansripathy.wikispaces.com/The+Ear

 There are many disorders or situations that can hinder the amount of sound 
entering your ear. You can be born with an abnormality or disformation that reduces the 
amount of sound that enters your ear. You could also acquire an issue due to a 
temporary or permanent medical conditon. These disorders are referred to as types of 
conductive hearing loss.

Outer: In your outer ear, earwax, foreign objects or a malformation of the pinna can 
affect how much sound enters the middle and inner ear. With something obstructing 
the ear canal or reducing the size of the ear canal, the energy of the sound is also ob-
structed or reduced. 

Middle: The middle ear has a variety of things that can go wrong and cause hearing 
loss. Because the ossicles are suspended in the air-filled middle ear cavity, a traumatic 
jolt, such as a car accident, could cause ossicular chain discontinuity. This disorder   
      results in the displacement of the ossicles,   
      causing the amount of sound to the inner ear  
      to be reduced or eliminated.  Another issue   
      commonly seen in children is otitis media. Otitis  
      media is presence of fluid in the normally   
      air-filled middle ear cavity. This condition is 
      commonly seen in pediatric clients due to poor  
      Eustachian tube function, which facilitates 
      ventaliation of the middle ear. Otosclerosis is a  
      disorder of the middle ear that results in   
the stapes bone (the ossicles that has the footplate in the oval window) hardening and 
stiffening. It is more common in women. Cholesteatoma is an abnormal skin growth 
behind the tympanic membrane. This 
usually occurs due to poor Eustachian 
tube dysfunction or repeated infections 
in the middle ear. Cholesteatomas can 
grow and destroy the ossicles.

Conductive hearing loss is a disorder of the outer or middle ear that is preventing 
the proper conduction of sound waves into the ear. This means that there is 

increased resistance to the energy flow due to an increase in mass, stiffness or 
friction. In a test that bypasses the outer and middle ear (called bone conduction 

testing) and sends the sound directly to the inner ear, you would see normal results.

What is conductive hearing loss? 

>>See the treatment page for medical and surgical options<<

Disorders and Loss
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cochlea, the semicircular canals and the auditory nerve. The cochlea, or hearing 
organ, is a spiral shaped structure where sounds are transmitted into electrical 
energy so the brain can process and understand the intended message. The door to 
the cochlea from the middle ear is the oval window. This is the point where the stapes 
footplate is fixed. The cochlea contains three fluid-filled chambers: the scala tympani, 
the scala media and the scala vestibuli. Any vibration of the skull can cause the fluid to 
move, just like shaking a glass of water. Movement of the fluid sends an 
electrical message to the brain. The scala media-the middle chamber-contains the 
basilar membrane, which is the main sensory organ of the cochlea. The basilar 
membrane contains three rows of outer hair cells and one row of inner hair cells. Like 
seaweed in the ocean, the 
outer and inner hair cells 
move when the sound 
energy comes into the inner 
ear. The movement of these 
hair cells starts a traveling 
wave that moves up and down
 the cochlea catalyzing an electrical 
message that is sent up the auditory nerve to the brain. 

 
 The basilar membrane acts as a mini-piano inside your ear. Different sections 
of the membrane respond to different pitches of the sound coming in. This is due to  
the mechanical composition of the membrane. The part closest to the oval window  
               (the base of the basilar membrane)  
                 is narrower, has less mass, and is  
             stiffer. 
          At the apex of the   
         membrane (the top of the 
        cochlea), the membrane is wider,  
        has more mass and is less stiff.    
        Just like guitar strings, the part of  
        the membrane with less mass and  
        more stiffness results in high 
        pitches and the part with more   
        mass and less stiffness causes   
        low pitches. These anatomic 
        differences play a huge role in   
        which part of the membrane   
               responds to which sounds. The 
              organization of pitches on the 
              membrane is called tonotopicity. 

The outer hair cells serve as motors in the 
inner ear. They expand and contract, chang-

ing their length to amplify sound and respond 
to frequency specific information. There are 

three rows of outer hair cells that run the 
length of the piano basilar membrane. The 

inner hair cells serve as the messengers to the 
brain. There is only one row of inner hair cells. 
These also run the length of the cochlea. The 
outer and inner cells get their name from the 
hair-like projections on top of the structure 

called the stereocilia.

Why are my ears hairy?
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Image: http://img04.deviantart.net/17fd/i/2012/166/8/8/piano_png_by_dontcallmeeve-d53jzan.png



 The basilar membrane responds to many different features of the sound 
beyond frequency or pitch. The intensity, or loudness, of a sound generates a 
different response on the membrane. Soft sounds are automatically turned up and 
very loud sounds are turned down. This automatic volume dial, which changes based 
on the features and characteristics of the sound is called nonlinearity. Nonlinearity is 
a measure of a healthy cochlea. Nonlinear responses are possible due to the cochlear 
amplifier. This motor powering the outer hair cells can act as a protective measure, 
turning down the response at loud levels, or be the  volume amplifier when someone 
whispers. There is a special test used by audiologists to determine whether someone  
has a nonlinear inner ear, in other words whether their ear is healthy. This test is called 
the otoacoustic emissions test. Used across the nation with newborn hearing 
screenings, the test involves putting inserts in a baby’s ears and playing two tones 
into the ear. A healthy, nonlinear ear (or an ear with no hearing loss) will automatically 
create a third tone. If the microphone sitting in the ear canal does not record a third 
tone, it is likely the individual has a hearing loss. 

 
 The semicircular canals are considered the body’s balance organ, allowing 
you to be able to read something 
on a moving bus or shake your 
head yes while fixating on a 
certain object without becoming 
dizzy. The semicircular canals are 
three fluid-filled tubes that 
correspond with three different 
types of head movements: 
   the up and down motion 
(shaking your head yes)
   the side-to-side motion
(shaking your head no)
   the tilting motion
(ear to shoulder)
 The auditory nerve is a bundle of fibers that acts as the connecting point 
between the ear and the next structure in the auditory pathway, passing along the 
message to the brain. It contains a vestibular and auditory section. There are over 
30,000 nerve fibers. These fibers maintain the tonotopic, or frequency, information 
as well as other features of the sound. These features help our brain distinguish the 
difference between someone yelling and someone whispering, a man’s voice versus 
a woman’s, a bus coming towards us versus going away from us, and much more!

inner ear

Image: http://hyperphysics.phy-astr.gsu.edu/hbase/sound/imgsou/eari.gif

the ear can do more than hear
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loss. The type of loss with disorder or damage to the inner ear is sensorineural 
hearing loss. Over 80% of hearing loss is outer hair cell based. This is because the 
motor (cochlear amplifier) of the inner ear causes the outer hair cells to expand 
and contract in order to amplify the sound and provide frequency specific 
information (this helps our ability to understand speech in a noisy restaurant). 

 Here are some common types of sensorineural hearing loss, as well as other 
disorders of the inner ear structures:

   Presbycusis, otherwise known as the age-related hearing loss, is due to a combi-
nation of inner and outer hair cell damage. A reduction of the 
cochlear amplifier, or motor, can cause the need for increased loudness of sounds. 
It also can make listening to a conversation in noisy environments more difficult. 
   Noise-induced hearing loss is caused by one-time or gradual exposure to dan-
gerous decibels of noise. Just one instance of an extremely loud sound (such as 
a gun shot) can cause extensive damage to the hair cells. A gradual exposure to 
these dangerous levels can significantly accelerate the natural loss due to age.
   Ototoxicity is a hearing loss caused by the consumption of a prescription 
medication. For example, even a common antibiotic (kanamycin) can have 
significant and detrimental effects on the outer hair cells. This reduces the 
response to individual frequencies (making it harder to distinguish between two 
speech sounds or to listen in noise) and causes an overall loss in the ability to hear 
very soft sounds. 
   Vestibular disorders can be associated with hearing loss due to the close  
proximity of the hearing and balance organs. Otoxicity is a condition that is often 
accompanied by a vestibular or balance issue.
   Tumors can occur on the auditory nerve resulting in hearing loss or balance dis-
orders. The placement of these tumors can result in a distortion or inability of the 
information to travel up the auditory pathway to the brain.
 
 Individuals with one of these disorders can have associated symptoms that 
accompany the loss including tinnitus and recruitment. Tinnitus is a sensation of 
ringing or buzzing in the ears that is not the result of an external sound. Therefore 
even in a perfectly quiet room, an individual with hearing loss may hear ringing or 
buzzing. Recruitment is the sensitivity to loud sounds. The sound of a door closing 
may be normal to a person with normal hearing sensitivity but unbearable to an 
individual with hearing loss. This sensitivity to loud sounds is due to a loss of com-
pression in the impaired auditory system. Compression is a feature of a healthy, 
nonlinear system. Compression is the ability of the system to naturally turn up soft 
sounds and dampen or reduce loud sounds. An impaired system doesn’t have this 
natural control. Therefore, the sensation of loudness grows much faster in hearing 
impaired individuals than in individuals with normal hearing.

Function Disorders and Loss
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Hearing Loss: What can you do about it?

 Hearing loss is a detrimental condition that can result in isolation, depression, 
cognitive decline, social anxiety and more. Hearing loss is treatable in some cases 
but in other cases, there are limitations. Many things seen in a clinic can either be 
treated by medical intervation or through amplification.

amplification

medical 
intervention
-Earwax can be removed by using a mini 
vaccum, a removal tool or a liquid 
flushing system. An audiologist or 
physician can assist you in removing 
earwax. It is likely they will have you use 
over-the-counter wax softening drops a 
few days before removal.
-A foreign object may have more 
implications in removal than earwax. A 
consultation with an ENT (ear, nose, throat 
doctor), audiologist or physician is a 
necessity. The removal may require 
surgery in order to properly remove 
without damage.
-A genetic abnormality, such as the 
malformation or the absence of the 
pinna may require surgery in order to 
ensure the ear canal is able to accept and 
trasnmit sounds to the inner ear. If the 
abnormality is not causing an issue, it is 
likely that nothing with be done. An 
external malformation could indicate 
issues in the middle or inner ear which 
would require additional intervention.
-An ossicular chain discontinuity or 
disruption, caused by an automobile 
accident or by a cholesteatoma, can be 
repaired with ossicular chain 
reconstruction surgery done by an ENT.
-Otosclerosis is typically resolved with a
special surgery of the middle ear called a 
stapendectomy, which inserts a prosthetic 

device in the place of the abnormal bone. 
If the otosclerosis is mild, amplification 
may be a better option for treatment.
-Otitis media, or fluid in the middle ear, 
is treated by antibiotics or can sometimes 
resolve without medication. Repetitive 
cases of otitis media may encourage the 
audiologist or physician to insert pressure 
equalization tubes into the ear.

-Permanent conductive hearing loss that 
is not able to be treated medically can  
benefit from amplification from assistive 
listening devices or hearing aids. 
Assistive listening devices simply 
amplify or increase sound at all levels with 
no frequency specific changes.
-For permanent sensorineural hearing 
loss, such as presbycusis, noise-induced 
hearing loss or ototoxicity, amplification 
is usually the recommended treatment. 
Hearing aids can be programmed to 
amplify loud sounds and 
turn down soft sounds, 
simulating a normal 
cochlea. 
-For individuals with 
profound hearing loss, many choose 
cochlear implant surgery. This surgery 
inserts a line of electrodes into the 
hearing organ in order to be able to 
electrically stimulate the basiliar 
membrane.

http://www.hearingaidsbytricialeagjeld.com/wp-content/uploads/2013/04/BTEBehind-the-Ear-Slim-tube.png
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 There is a lot still unknown about the auditory system. Although 
there have been many studies about the cochlea and its nonlinear
properities, there is still uncertainty on major structures, like the inner 
hair cells. Until the system is fully understood, it is likely the limitations 
to equipment and technology will remain.

 When someone has poor vision, the solution is simple: put on a pair of 
eyeglasses or put in contacts. In an instant, the vision has been corrected to original 
ability. Unfortunately, loss of hearing ability is a bit more complicated to treat. 
Permanent hearing loss usually results in a reduction of the cochlear amplifier, or 
motor, in the inner ear that turns up or down the volume of the sound as well as a 
loss of frequency selectivity. Frequency selectivity is the ability of the cochlea to 
add more sound to some pitches while reducing sound to others. This selectivity is a 
feature of healthy ears that makes it easier to understand the person you’re talking to 
in the presence of noise. Imagine a healthy cochlea as a piano, playing a familiar song 
such as, “Twinkle Twinkle Little Star.” With an impaired cochlea, the song becomes 
significantly softer, making you have to strain to hear it. Also, the player starts hitting 
5 piano keys for each note causing the melody to be impossible to distinguish in the 
mush of sound. This illustration is an example of the difficulty individuals with hearing 
loss face each and everyday. 

 A plausible first step is to try out an assistive listening device. This would make 
the song louder so you could hear the piano player. Unfortunately, an assistive 
listening device turns up that mushy noise on the entire piano. The player is still hitting 
5 notes for every one he should be hitting. An assistive listening device may help in 
some situations but makes it still hard to clearly hear the melody. This issue may be 
more appropriate for trial of a hearing aid. A hearing aid can be programmed to fit an 
individual’s hearing loss. If there is someone with a high frequency loss, a hearing aid 
can turn up the sounds at high pitches and leave the low pitches alone. However, the 
mechanics of the cochlea have inherent limitations that a hearing aid cannot 
overcome. The traveling wave on the cochlea, which is stimulated from sound 
entering the inner ear, is like a domino effect on the cochlea. Imagine that each key 
that our piano player touches causes the 10 below it and 10 above it to automatically 
play. Even as we increase the sound to that one melody note, we are hearing a 
response at many other keys on the piano. This is the issue when we are just trying to 
hear ONE melody note. Imagine speech, a complex signal which contains many 
different frequencies at the same time, as a huge chord that requires all ten fingers in 
order to play. The loss of frequency selectivity, in combination with the overall 
reduction of sound with the mechanics of the traveling wave, makes it impossible 
to increase the sound at important keys and reduce the sound at unimportant keys.
Therefore a hearing aid is not a fix-all solution. It may increase sound in certain 
environments but it is not likely to make clarity of speech perfect.

so what can we do about this?
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For more information on the auditory system and how it works, visit these resources:

General information on the field of audiology:
The American Speech, Language and Hearing Association: 
 http://www.asha.org/ 
The American Academy of Audiologists: 
 http://www.audiology.org/
National Institute on Deafness and Other Communication Disorders: 
 http://www.nidcd.nih.gov/Pages/default.aspx

Information on nonlinearity and the normal auditory system:
Rhode, William S. “Observations of the Vibration of the Basilar Membrane in Squirrel 
Monkeys Using the Mossbauer Technique.” The Journal of the Acoustical Society of 
America J. Acoust. Soc. Am. 49.4B (1971): 1218. Web.
Ruggero, Mario A. “Basilar-membrane Responses to Tones at the Base of the 
Chinchilla Cochlea.” The Journal of the Acoustical Society of America J. Acoust. Soc. 
Am. 101.4 (1997): 2151. 

Information on noise-induced hearing loss: 
Kujawa, S. G., and M. C. Liberman. “Adding Insult to Injury: Cochlear Nerve 
Degeneration after “Temporary” Noise-Induced Hearing Loss.” Journal of 
Neuroscience. 29.45 (2009): 14077-4085. 

Information on age-related hearing loss:
Dubno, Judy R., Mark A. Eckert, Fu-Shing Lee, Lois J. Matthews, and Richard A. 
Schmiedt. “Classifying Human Audiometric Phenotypes of Age-Related Hearing Loss 
from Animal Models.” JARO Journal of the Association for Research in 
Otolaryngology 14.5 (2013): 687-701. 

An audiogram is a graphical representation of hearing abilities. Hearing is 
characterized by type (conductive, sensorineural or mixed/combination), degree 
(mild, moderate, severe, etc), and configuration (overall shape: sloping, flat, etc).

Image: http://www.terracehearing.com/wp-content/uploads/2014/08/audiogram_levels.gif


