Hearing – examination and measurement
Table 2.13.2  Audiometric symbols for hearing threshold levels and non-response
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Note:
To make valid comparisons between two audiograms for a given test subject where one audiogram was determined using a manual audiometer and the other using an automatic or computerised instrument, 3 dB should be added to the hearing threshold levels determined with the automatic or computerised audiometer.

Hearing ‑ examination and measurement
Taken from: 
“Diseases of the Nose, Throat & Ear” by Hall, I & Colman, BH – p 268 - 274
The middle‑ear mechanism

For successful stimulation of the cochlea via the middle ear it is essential for a sound pressure differential to be present between the oval and round windows. In the normal ear this is obtained by the preferential transmission of vibration through the drum and the ossicular chain. Comparatively little sound travels direct to the round window; indeed, the presence of the drum itself provides for its sound protect . on.

Although the ossicular chain provides certain acoustic advantages and is a highly efficient part of the sound transformer mechanism of the middle ear, a simple columella is compatible with comparatively good hearing. This is the principle in certain types of tympanoplasty.

Good hearing can indeed be obtained without an ossicular chain as long as there are two mobile windows and sound protection for one is provided e.g. by the remains of the drum. Some tympanoplasty and fenestration operations depend on this mechanism.

Interruption of the ossicular chain or total loss of the drum result in severe hearing loss largely because there is no difference in the pressure of sound reaching the two windows.

Reference has already been made to the action of the middle‑ear muscles (p. 258).

The cochlear mechanism

The cochlea can be stimulated directly by bone conduction as well as by sound passing through the middle ear. It is generally agreed that sound waves are analysed in the cochlea and that each frequency has its own place on the basilar membrane. There is ample evidence to support the place theories, with the higher frequencies being represented in the basal part of

the cochlea and the lower frequencies in the apex. Helmholtz looked upon the basilar membrane as a simple resonator, but it has long been recognized that the mechanism is far more complicated than this.

Complex mechanical experiments as well as observation of the basilar membrane in action by the Nobel prize‑winner von Bekesy resulted in his travelling‑wave theory. He was able to show that vibration introduced into the oval window of his models resulted in a wave travelling up the basilar membrane, increasing in amplitude as it moved, and finally dying away. The point of maximum amplitude was determined by the frequency introduced, and occurred at a corresponding distance along the basilar membrane.

The coding mechanism by which the complex pattern of sound energy of speech, for example, is transformed in the organ of Corti into electrical energy suitable for transmission by the neural pathways remains almost totally obscure in spite of increasing knowledge concerning cochlear function and the electrophysiology of the auditory system known concerning function at high levels in the auditory system. Even less is known concerning function at high levels in the auditory system and virtually nothing of the decoding mechanism at cortical level.

There has recently been substantial interest in the introduction of microelectrodes onto or into the cochlea in patients with total hearing loss of cochlear type, but while our understanding of cochlear coding mechanisms remains so inadequate the value of such implants must remain extremely limited. (See also p. 380.)

Examination of hearing

There are two chief classes of hearing loss, and the first step is to determine which is present or whether the hearing loss is of mixed type.

The terminology is somewhat confusing. The classes are:

1. Conductive hearing loss. (also known as obstructive or middle‑ear deafness), This results from any interruption to the passage of sound up to and including the stapedo‑vestibular joint.

2. Sensori‑neural hearing loss. Terms such as 'nerve deafness' and 'perceptive deafness' are outdated. Various components of the sensorineural system are recognized, but special tests are necessary to identify lesions of individual parts. A sensory hearing loss arises when the lesion is in the cochlea. A neural lesion is one in which a lesion affects the eighth nerve. Sometimes the terms cochlear and retro‑cochlear loss are used instead. It is important to recognize that lesions may also affect the higher auditory pathways including the auditory cortex. Furthermore, one sometimes has to consider lesions of the 'perceptual' part of the central nervous system, i.e. the area of the auditory pathway close to the cortex. This has not yet been anatomically identified, but is concerned with the organization of auditory information, and when deranged may cause language impairment and communication difficulties without any hearing defect as such that can at present be recognized by conventional audiometric testing, Noncommunicating children, language‑impaired children, and patients with sensori‑aphasias, probably suffer from disorders of this area of the sensorineural hearing system.

Mixed hearing loss. In many instances both types of hearing loss are present. For example many patients suffering from chronic otitis media or otosclerosis have some degree of cochlear damage as well. In patients with mixed hearing loss the impairment of the sensori‑neural reserve clearly places a limit on what the surgeon can do to improve the hearing in any reconstructive procedure such as tympanoplasty or stapedectomy. If the sensori‑neural reserve is seriously affected, any attempt to improve the coexisting conductive hearing loss surgically may accordingly be contraindicated.

Tuning‑fork tests

The diagnosis between the chief types of hearing loss is made by means of tuning forks. These forks are of various types; the most useful type for this examination is one of 512 Hz. A 256 tuning fork has no place in the testing of hearing, although it is useful neurologically to assess vibration sensation.

Rinne's test. This is the most important of the tuning fork tests. Normally hearing by air conduction is better than by bone conduction. It is what one might reasonably expect; it indicates a normal soundconducting mechanism up to and across the middle ear and is known as Rinne positive. Air conduction is better than bone conduction not only in normal patients but also in patients with hearing loss of sensori‑neural type.

The opposite situation, i.e. hearing better by bone conduction than by air conduction is known as Rinne negative, and is found in patients with conductive type hearing loss (although in patients with extremely mild conductive loss the normal response may still be obtained).

The Rinne test is carried out as follows: a tuning fork is sounded and held in front of the ear with a point close to and in line to the external meatus. The patient is asked frequently whether the tuning fork is still heard, and as soon as the patient ceases to hear the tuning fork it is trans. ferred to the mastoid process. If the tuning fork is not heard the Rinne is positive, but if sound is heard again the Rinne is negative, and a conductive‑type hearing loss is to be suspected. The situation can be double‑checked by reversing the procedure, i.e. by placing the tuning fork first on the mastoid process and then at the external meatus.

A quicker method of carrying out the test, especially in adults, is to present the tuning fork alternatively at the external meatus and firmly on the mastoid process and ask which is heard the louder.

Warning must be given concerning the false negative Rinne. In this situation the patient will say that he hears the tuning fork better by bone conduction than by air conduction when in fact he has a 'dead' ear on the side being examined. This error arises because when the tuning fork test is placed on the mastoid process the patient unknowingly hears it in the opposite ear (because of the ease with which sound energy is transferred through solid bone of the base of the skull to the functioning cochlea on the intact side). The possibility of a false negative Rinne should always be borne in mind in any patient with an apparently severe unilateral conductive loss, any patient with apparently bilateral conductive hearing loss, and any patient in whom the Weber test is contradictory. A false negative Rinne is unlikely to be missed if the opposite ear is masked with a Barany noise box. It will then be found that the patient is unable to hear the tuning fork by either air or bone conduction, nor can he even hear shouted numbers presented at contact in the side being tested.

Weber's test. The tuning fork is sounded and placed upon the vertex, and the patient is asked in which ear the sound is best heard. In a conductive hearing loss of one ear the patient can be expected to point to the ear in which there is conductive hearing loss as the ear in which the sound seems loudest. If both ears are affected by conductive hearing loss, the tuning fork will be heard in that which is the more affected.

In sensori‑neural hearing loss the situation is reversed. In ears which have sensori‑neural hearing loss, presuming that the middle ear is normal, the sound being conveyed to the ear entirely by bone conduction will then be heard more loudly by the ear with the better functioning nerve and cochlea.

Schwabach's test. The test is carried out as follows: the tuning fork is sounded and is placed upon the mastoid process of the patient. Whenever the patient ceases to hear the tuning fork, it is transferred to the mastoid process of the examiner, and if the examiner can hear the tuning fork the Schwabach test on the patient is said to be shortened. This test presupposes perfect hearing on the part of the examiner. The accuracy of the Schwabach test can be improved by gently occluding the meatus of the patient and also that of the examiner to minimize the effect of outside noise.

In patients with sensori‑neural hearing loss, hearing by bone conduction is often significantly shortened when compared to the normal examiner.

Measurement of hearing loss

The simplest method is to ascertain at what distance the patient can hear conversation voice or whisper in one ear, the other ear being covered. With practice an examiner who is constantly testing patients will use a voice of approximately equal loudness each time. This provides a useful clinical guide, but is of‑course not of scientific accuracy. Alternatively a watch can be used.

The usual way of recording hearing is by the audiometer, of which there are two types: pure‑tone and speech.

The pure‑tone audiometer gives a range of pure tones, the intensity of which can be adjusted in 5‑decibel steps. Air conduction thresholds are usually measured between 250 and 8000 cycles per second (250‑8000 Hz), although the normal human range for hearing extends considerably above this frequency in the healthy young person. Bone conduction thresholds are measured between 250 and 4000 Hz.
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Fig. 34.1 Normal pure‑tone audiogram. The signs used relate to the right ear. (a) Air conduction, (b) Bone conduction. Decibels of hearing loss are shown on the left. The frequencies are shown across in cycles per second or hertz.

The latter as a rule gives a fairly accurate indication of sensori‑neural function and is an essential part of the test when an operation for improvement of hearing is being considered (Figs. 34.1 and 34.2).

A graph can be charted showing the hearing loss for a particular patient and a record kept for future reference. Such an audiogram is also valuable in the prescription of a hearing aid to meet the precise needs of the patient (Fig. 34.3).

The speech audiometer consists essentially of a receiver, a high fidelity amplifier and a source of speech. This may be tape or occasionally live monitored speech. Phonetically balanced lists of words are delivered in calibrated volume and the result recorded on chart as the percentage of words correctly heard and repeated for each intensity employed (Fig. 34.4),

The intensity at which 50 per cent of the words are correctly heard is known as the speech reception threshold (SRT) and the subject's deviation from normal is recorded as so many decibels.

By increasing the intensity another 20 dB, a person with normal hearing or a conductive hearing loss will hear 100 per cent of the words correctly. But in sensori‑neural hearing loss, and especially in neural hearing loss, the maximum discrimination score falls markedly and the patient becomes confused by the extra volume.
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[image: image3.png]Fig. 34.4 Speech audiogram: ~— Normal curve, ———— Left ear, —-—~ Right ear.

(A) Unbroken line shows average normal hearing; broken lines show typical curves for a
patient with hearing within normal limits. (B) Curve shows typical conductive hearing loss
of an approximately 33 decibel shift. (C) Curve shows sensori-neural hearing loss of 45
decibels. Note that the discrimination score falls with increasing intensity.




Tympanometry is of great value in the screening and examination of young children suspected of having 'glue ear' (p. 315), or fluctuant hearing, as a result of middle‑ear ventilation problems secondary to Eustachian tube insufficiency. No special co‑operation is necessary from the child apart from an ability to sit still for a few minutes whilst the special probe is in the external meatus. In children with glue car a characteristically 'flat' recording will be obtained. In children with Eustachian tube problems an exact measurement can be made of the middle‑ear air pressure which will often be found to minus 200 ml of water or even worse,

Inability to elicit the stapedius muscle reflex (p. 258) is an important step in the diagnosis of stapes fixation (otosclerosis). The stapedius muscle contracts reflexly when a stimulus of 70 decibels above threshold is inserted into the ear. This produces an immediate stiffening of the ossicular mechanism, which can be identified. If the stapes bone is already fixed by disease, no reflex will be demonstrated.

Tympanometry also provides a method of differentiating between sensory and neural lesions, again by utilizing the stapedius reflex. In patients who have a cochlear type of hearing loss the stapedius reflex will be elicited with sound intensity much less than the normal 70 decibels above threshold. By contrast, in patients with a neural lesion such as acoustic neuroma (p. 389) the reflex decays very rapidly. The test is a particularly useful one because it is entirely objective in nature. Other methods of differentiating cochlear from neural lesions will be discussed later.
Understanding Your Audiogram

By Dr. Allan S. Mehr, FAAA

http://www.audiology.org/consumer/guides/uya.php
	
	Degree of hearing loss

The degree of hearing loss depends on the hearing level. There are many different classifications, and apparently none of those is perfect. We present a classification by Parving and Newton (1995). The degree of hearing loss is calculated according to the pure tone average over the frequencies 0.5, 1, 2, 4 kHz of the better hearing ear. 

Degree of hearing loss

Pure tone average 
calculated over the frequencies 
0.5, 1, 2, 4 kHz

Normal hearing

< 20 dB

Mild hearing loss

> 20 dB and < 40 dB

Moderate hearing loss

> 40 dB and < 70 dB

Severe hearing loss

> 70 dB and < 95 dB

Profound hearing loss

> 95 dB



	 





Normal hearing (left ear)
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	Measurement of hearing

Pure-tone audiogram

Pure-tone audiogram is a detailed record of the patient's hearing at both ears. 

The patient listens to a series of pure tones under headphones. Tones range from 250 Hz through 8000 Hz (frequencies most relevant to hearing everyday environmental and speech sounds). The patient indicates by pressing a response button, as the sound was heard. The sounds decrease in intensity so that the examiner may determine the patient's threshold of hearing. Air conduction and bone conduction thresholds are recorded on the audiogram with frequency, intensity and ear specific information in dB HL (with corrections from dB SPL).

· Air conduction is defined as a normal conduction of sound to the inner ear through external auditory meatus and middle ear. In measuring air conduction threshold, sound is given through earphones 

· Bone conduction threshold is determined by placing a special vibrator behind the ear (on the mastoid process). As sound is also conducted through the bones of the skull, in case of conductive hearing loss (lesion in the outer or middle ear), bone conduction threshold is better than air conduction threshold, producing an air-bone gap 

	
	Speech audiogram

This is an assessment of the patients ability to understand speech. The patient is played a tape of a series of words at varying intensities. The percentage of words correctly repeated is plotted against the intensity to produce a speech audiogram. Phonetically balanced words should be used.

Outcomes:

· normal hearing - all words are understood if played at a suitable intensity 

· conductive deafness - all words are again understood but only when played at a much higher intensity 

· sensorineural deficits - patient may fail to understand all the words despite a higher intensity. Speech discrimination is poor due to loudness recruitment - a condition associated with cochlea disease in which soft sounds are not heard but loud sounds are heard at their normal or higher intensities

A threshold in dB HL is determined at which 50% of the words are correctly heard (speech reception threshold). 

By increasing the intensity by another 20 dB, a person with normal hearing will hear 100% of the words. In sensorineural hearing loss the maximum discrimination score falls markedly and the patient becomes confused by extra volume. 

	



Conductive hearing loss (left ear)

Click on the thumbnail
to view the picture
(Size: 46 KB) 
	Types of hearing loss

Conductive hearing loss

A hearing loss is conductive when the lesion is located in the external or middle ear. This type of loss is usually temporary and can be reversed through medical intervention in the form of surgery or oral or topical medication. Most conductive hearing losses occur in children as a result of recurrent ear infections, objects inserted into the ear, or injuries affecting the ear. 

	



Sensorineural hearing loss (right ear)
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	Sensorineural hearing loss

A hearing loss is sensorineural when the dysfunction in the cochlea or the auditory nervous system. Sensorineural losses of hearing not only reduce the loudness of sounds reaching the brain, but also tend to distort sounds so they do not reach the ear as clearly. If the nerve and brainstem portions are also involved, then greater distortions impair the clarity or intelligibility of the speech sounds reaching the brain. This type of hearing loss is usually permanent and depending on the severity, can be helped by a hearing instrument. 

	



Mixed hearing loss (right ear)
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	Mixed hearing loss

A hearing loss is mixed when there is a combination of a conductive and a sensorineural hearing losses. Mixed losses may also benefit from a hearing instrument. 


	An audiogram is a picture of your hearing. The results of your hearing test are recorded on an audiogram. The audiogram to the right demonstrates different sounds and where they would be represented on an audiogram. The yellow, banana-shaped figure represents all the sounds that make up the human voice when speaking at normal conversational levels.
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	The vertical lines on an audiogram represent pitch or frequency. The 125 Hertz (Hz) vertical line on the left side of the audiogram represents a very low pitch sound and each vertical line to the right represents a higher pitch sound. Moving from left to right on the audiogram would be consistent with moving from left to right on a piano keyboard. The most important pitches for speech are 500-3000 Hz.
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	The horizontal lines represent loudness or intensity. The 0 decibel (dB) line near the top of the audiogram represents an extremely soft sound. Each horizontal line below represents a louder sound. Moving from the top to the bottom would be consistent with hitting the piano key harder or turning up the volume control on your stereo.
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	Therefore, every point on an audiogram represents a different sound. For example, point A on the audiogram to the right represents a soft low-pitch sound and point B represents a soft high-pitch sound. Point C represents a loud mid-pitch sound.
	[image: image11.png]Frequency in Heriz (Hz)

5050

200000000

o0

15

SCRRRGRIRRG BE
(@p) s12a9p u Ansuanul





	The softest sound you are able to hear at each pitch is recorded on the audiogram. The softest sound you are able to hear is called your threshold. Thresholds of 0-25 dB are considered normal (for adults). The audiogram on the right demonstrates the different degrees of hearing loss.
	[image: image12.png]Frequency in Hertz (Hz)
155 %0 S0 100, 900, 4000500

19 1+ am

o

ol RYAL HEARING

in decibels (dB)






	The audiogram on the right represents the hearing of an individual with normal hearing in the low frequencies (pitch) sloping to a severe high frequency hearing loss in the left ear and a moderate to severe hearing loss in the right ear. The blue Xs indicate the thresholds for the left ear and the red Os indicate the thresholds for the right ear.
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	If we now superimpose the normal speech area on the audiogram, we can obtain some information regarding this individual's ability to hear speech. The listener is able to hear all the low and mid speech sounds but is not able to hear the high pitch speech sounds (ie. F, S, TH) in the left ear (blue X's). The listener is not able to hear any of the normal speech sounds in the right ear. This person would rely on the left ear for speech understanding and would probably experience difficulty hearing in noisy environments.
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