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Physiology of Hearing 

External and Middle ears 

The auricle collects the sound waves to some extent, & they pass along the external 

acoustic meatus to the tympanic membrane which is set in motion. The vibrations of the 

tympanic membrane are transmitted to the malleus, incus & stapes. The malleus & incus 

rotate around a common fulcrum & transmit vibrations to the stapes in the oval window, 

causing vibrations to be set up in the endolymphatic & perilymphatic compartments of 

the inner ear. The conversion of the sound from air into fluid is accomplished by the 

middle-ear structures. To some extent the lever system of the malleus & incus helps, but 

the main effect comes from the tympanic membrane. The ratio of the functioning area of 

the tympanic membrane to the area of the footplate is 14:1, & this is combined with an 

ossicular lever ratio of 1.3:1. This system increases the sound pressure at the footplate to 

18 times which causes the fluids of the inner ear to vibrate. The stapes moves in a rocking 

rather than a piston motion &, as fluids cannot be compressed, these vibrations are 

transmitted to the round window membrane. This reciprocal action of the oval & round 

windows is essential. In the normal ear the presence of the tympanic membrane & an air-

containing middle ear prevents the sound-pressure waves from the reaching the round 

window & opposing the outward movement of the round window membrane. This 

protection of the round window is lost where there is a large perforation of the tympanic 

membrane, & this is one of the factors which may produce deafness. 

The tympanic membrane is at its most efficient when the air pressure in the external 

acoustic canal & the middle ear is equal. This achieved by the Eustachian tube which 

normally opens during each of swallowing. In this way the air pressure on both sides of 

the tympanic membrane can be kept equal. The stapedius & tensor tympani muscles seem 

to have a protective function, loud sound causes a reflex contraction of the muscles & 

serves to stiffen up the conduction mechanism & possibly to protect the inner ear from 

damage. 

Internal Ear 
The vibrations, transmitted by the stapes, produces displacement of the basilar membrane 

& shearing movements between the hair cells & the tectorial membrane of the organ of 

Corti which initiates nerve impulses in the fibers of the auditory nerve. The greater the 

degree of the displacement the more hair cells & hence the more nerve fibers are 

stimulated. It has been found that the basal portion of the cochlear duct responds to high-

frequency sounds while the apex responds maximally to low frequency stimuli. There is a 

gradation in response from the basal turn to the apex. The nerve fibers supplying each 

area of the cochlea, therefore, are stimulated by different frequencies. These fibers then 

transmit impulses to the auditory nuclei in the brainstem, & from there the fibers pass 

through the mid-brain to the auditory cortex where the impulses are perceived as sound. 

The nerve impulses in response to sound are generated by the hair cells of the organ of 

Corti. The exact mechanism is uncertain. The electrical potentials which are set up , 

however, follow accurately the wave form & changes in intensity of the stimulating 

source. These are known as cochlear microphonics. 
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Physiology of Balance 

The semicircular canals are at right angles to each other & detect changes in angular 

acceleration . The maculae in the utricle & saccule are positioned to detect ILiear 

acceleration. 

The nerve impulses from the labyrinth go to the vestibular nuclei in the brain stem. Here 

they are integrated with two other inputs that enable us to balance. The tow other inputs 

are vision & proprioception, from the joints, skin, & muscle receptors. The neck & ankles 

are the most important proprioceptive inputs. Approximately 70% of balance is due to 

visual input, 15% from proprioception & 15% from the vestibular system. The brain stem 

computerizes these three inputs & with the help of the cerebellum maintains the balance 

& co-ordination of the head & body. 

Clinical Assessment of Hearing 

Voice tests & tuning fork tests are the two main methods. Clinical tests can be used to: 

1.   Identify a hearing impairment. 

2.   Determine the nature of a hearing loss (conductive or sensorineural).  

3.   Grade the severity of deafness. 

4.   Detect feigning or a non-organic hearing loss. 

Masking 

Masking is an important in clinical testing as it is in audiometric testing. The ear should 

always be masked when clinically testing by air conduction, & in theory always when 

performing tuning fork tests, though this is not always practicable. There are two 

techniques in common use. 

1.  The tragal rub. Occlusion of the auditory canal by putting finger pressure on the tragus 

with a rubbing motion is the easiest method. Using this technique speech will be 

attenuated by approximately 50dB. 

2.  Barany noise box. This box produces a broad-band noise with an intensity of 90dB 

from a clockwork-driven source. This level is sufficient to mask the non-test ear in all 

practical circumstances. 

Voice Tests 

The easiest & best method of performing monaural free-field voice testing is by using a 

whispered voice, conversational voice & then the loud voice at 60cm & then 15cm. The 

non-test ear is masked by a tragal rub unless a loud voice is required(use the Barany noise 

box). 

If the patient can hear a whispered voice 60cm away from the ear, the pure tone 

thresholds are likely to be less than 30dB (normal hearing). Patients who can hear a 

whisper at 15cm or a conversational voice at 60cm or 15cm are likely to have thresholds 

in the range of 30-70dB hearing loss (mild to moderate impairment). Those patients who 

can only hear a loud voice are likely to have thresholds greater than 70dB hearing loss 

(severe/profound impairment). 
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Tuning Fork Tests 

Forks of 256Hz & 512Hz are the more commonly used. 

 Rhine Test 
The patient is usually asked to say whether the vibrating fork seems louder by air 

conduction(AC) close to the meatus, or by bone conduction(BC) with the base of the fork 

on the mastoid bone. 

Normal subjects . AC better than BC(Rinne positive). Conductive deafness.BC better 

thanAC(Rinne negative). 

Sensori-neural deafness.AC better than BC(Rinne positive).Often the BC is not heard. 

False negative Rinne.In severe unilateral sensori-neural deafness BC may be heard 

apparently better than AC as the sound is transmitted through the skull to the better 

hearing ear. This may cause considerable confusion, if not suspected in all cases of 

unilateral deafness & if masking(e.g. with a Barany box) is not applied to the good ear. 

Weber Test 
A bone conduction test, useful only in cases of unilateral deafness or where a marked 

difference exists between the two ears. The base of the vibrating tuning fork is placed 

on the middle of the skull(usually the forehead). 

Normal subject & patients with bilateral equal deafness, the sound is heard in the 

midline, in both ears or in the head generally. 

Conductive deafness. The sound is usually heard in or towards the deafened ear. 

Sensorineural deafness. The sound is usually heard in or towards the better hearing 

ear. Occasionally it is not lateralized, especially in longstanding cases. 

Absolute Bone Conduction(ABC) Test 
Bone conduction is made absolute for clinical purposes by excluding airborne sound. 

This is done by pressing the tragus inwards & so occluding the external acoustic 

meatus. The ABC of the patient is compared with that of the examiner(assuming the 

examiner to have normal hearing). 

Sensorineural deafness. ABC is reduced(i.e. less than that of the examiner) 

Conductive deafness. ABC is longer(i.e. more than that of the examiner) 

In normal person: ABC is normal(i.e. the same as that of the examiner) 

Stenger Test 

A test for non-organic hearing loss. If two identical tuning forks are used & one is 

presented to each ear of normal subject, he can only perceive the nearer of the two forks. 

If the examiner holds the two forks behind the blind folded patient & places one fork 

about 25cm from the good ear, the patient will say he hears the sound. Next the other fork 

is brought to about 8 cm from the ear under test. A patieni with true deafness will still 

hear the fork placed 25cm from his good ear, but the patient with non-organic deafness 

will deny that he hears any sound at all. 

Chimani-Moos Test 

A modification of the Weber test, to detect non-organic hearing loss. If a tuning fork is 

placed on the forehead, the malingerer starts that he hears the sound in his good 

ear(simulating a Sensorineural deafness). If the meatus of the good ear is occluded, the 

truly deaf patient still hears the sound in the occluded ear, but the malingerer may deny 

that he hears the tuning fork at all. 


