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AUDIOMETRY

Primary Disciplinary Field(s): Audiology, Otolaryngology, Medical Diagnostics

1. Core Definition and Purpose

Audiometry is defined as the systematic measurement of an individual's hearing ability and

function through the use of standardized electronic instruments, known as audiometers. It

represents a professional field dedicated to the evaluation, diagnosis, and quantification of hearing

loss and auditory pathway disorders. Fundamentally, audiometry provides an objective and

subjective assessment of how well the auditory system--from the outer ear canal to the auditory

nerve and brainstem--is processing sound across various frequencies and intensities. It is often

referred to as diagnostic audiometry when used in a clinical setting to determine the precise

nature of an impairment.

The core purpose of this discipline extends beyond simple identification of impairment; it aims to

characterize the degree (e.g., mild, moderate, profound), the configuration (e.g., high-frequency

sloping loss, flat loss), and the type (conductive, sensorineural, or mixed) of the hearing deficit.

This detailed profile is essential because hearing loss varies significantly between individuals,

requiring highly customized clinical management. Without the quantitative data derived from

audiometry, effective therapeutic intervention--ranging from hearing aid fitting to surgical repair--

would be impossible to administer accurately.

As a diagnostic tool, audiometry serves as the gateway to treatment planning. The audiometric

evaluation provides the quantitative evidence necessary to differentiate between pathologies

originating in the outer or middle ear (conductive losses) and those stemming from the inner ear or

auditory nerve (sensorineural losses). This distinction dictates the appropriate medical pathway,

determining whether the patient requires pharmacological treatment, surgical intervention, or

auditory rehabilitation services.

2. Instrumentation and Methodology

The standard instrument for conducting audiometric tests is the pure-tone audiometer. This

specialized electronic device is capable of generating acoustic signals--pure tones--at specified

frequencies (typically 250 Hz to 8000 Hz, covering the range critical for speech understanding) and

precisely controlled intensities, usually measured in decibels hearing level (dB HL). The accuracy

of these measurements relies on strict adherence to international calibration standards, ensuring

that the defined zero dB HL represents the average threshold of normal-hearing young adults.

The methodology requires the use of specialized transducers to deliver sound stimuli to the patient.

These include supra-aural headphones or insert earphones for testing air conduction, which
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assesses the function of the entire auditory pathway. For evaluating the inner ear directly, a bone

conduction oscillator is placed on the mastoid bone or forehead; vibrations bypass the outer and

middle ear, directly stimulating the cochlea. All diagnostic testing is ideally performed within a

sound-treated booth or chamber to eliminate environmental noise interference that could artificially

elevate hearing thresholds.

The fundamental procedure involves presenting pure tones at decreasing intensities until the

patient signals perception of the sound 50% of the time, establishing the hearing threshold for that

specific frequency. Because standard pure-tone audiometry relies on the patient's active response,

it is classified as a subjective test. This necessitates careful instruction and monitoring of the

patient to ensure reliable results, often cross-referenced with objective measures where available,

particularly when testing children or individuals who may be malingering.

3. Types of Audiometric Testing

Audiometry encompasses a suite of tests designed to evaluate different functional aspects of the

ear and central auditory processing system. The core component remains Pure-Tone Audiometry

(PTA), which establishes the quantitative thresholds for air and bone conduction across the key

speech frequencies. The results of PTA are graphically plotted on the audiogram, providing a

visual map of the patient's hearing ability.

A second critical component is Speech Audiometry, which assesses the patient's ability to hear

and understand verbal communication. This includes measuring the Speech Recognition

Threshold (SRT)--the softest level at which a patient can correctly repeat 50% of spoken words

(usually two-syllable spondees)--and the Word Recognition Score (WRS), which evaluates clarity

by measuring the percentage of single-syllable words correctly identified when presented at a

comfortable listening level. The WRS is crucial as it determines the potential benefit a patient might

derive from amplification.

A third major category involves Immittance Audiometry, which provides objective data about the

functional status of the middle ear system. This category includes tympanometry, which measures

eardrum mobility and middle ear pressure by varying air pressure in the ear canal, and acoustic

reflex testing, which measures the involuntary muscle contraction in the middle ear in response to

loud sounds. These objective tests are vital for identifying pathologies like middle ear fluid,

ossicular chain discontinuity, or Eustachian tube dysfunction without requiring a conscious

response from the patient.

Furthermore, advanced objective tests are often utilized, particularly in pediatric audiology or

neurology. These include Otoacoustic Emissions (OAEs), which measure sound produced by

the healthy outer hair cells of the cochlea, and the Auditory Brainstem Response (ABR), an

electrophysiological test that measures the electrical activity generated by the auditory nerve and
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brainstem in response to sound stimuli. These tests allow for accurate hearing assessment in

infants or adults who cannot reliably participate in subjective behavioral testing.

4. Interpretation of the Audiogram

The primary output of pure-tone audiometry is the audiogram, a standardized chart that serves as

the blueprint for auditory diagnosis. The audiogram plots intensity in dB HL on the vertical axis (y-

axis, where zero is at the top) against frequency in Hertz (Hz) on the horizontal axis (x-axis). Air

conduction thresholds are typically marked with 'O' (right ear) and 'X' (left ear), while bone

conduction thresholds are marked with '' symbols.

Interpretation focuses heavily on the relationship between air conduction (AC) and bone

conduction (BC) thresholds. A sensorineural hearing loss is characterized by AC and BC

thresholds being approximately equal (within 10 dB), indicating damage located in the cochlea or

the auditory nerve. Conversely, a conductive hearing loss is diagnosed when the BC thresholds

are significantly better (more sensitive) than the AC thresholds, resulting in an Air-Bone Gap

(ABG), which signifies a problem in the transmission pathway (outer or middle ear).

A mixed hearing loss occurs when both components are present: poor BC thresholds (inner ear

damage) combined with an even greater AC loss (outer/middle ear transmission barrier), thus

demonstrating a significant ABG. The audiogram's configuration--flat, sloping (high frequencies are

worse), or reverse-sloping (low frequencies are worse)--further informs the likely etiology and

prognosis of the hearing impairment, guiding the audiologist in providing the necessary clinical

counseling and treatment recommendations.

5. Clinical Applications and Intervention Planning

Audiometry is indispensable in the clinical setting, providing the empirical foundation for virtually all

hearing healthcare decisions. Its application is crucial for the timely diagnosis of hearing

impairment in all populations, from newborn screening facilitated by OAEs and ABR to detecting

age-related hearing loss (presbycusis) in the elderly. Early and accurate diagnosis, established

through comprehensive audiometry, prevents developmental delays in children and mitigates the

cognitive and social withdrawal associated with untreated hearing loss in adults.

The data derived from audiometric testing directly guides therapeutic planning, particularly in the

realm of aural habilitation (training for congenital hearing loss) and aural rehabilitation (training

for acquired hearing loss). The precise thresholds identified determine the required gain, frequency

response, and output limits necessary for the proper fitting of hearing aids. The audiologist uses

the individual's hearing loss configuration to program the device, ensuring sounds are amplified

sufficiently to be audible without becoming uncomfortably loud.
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Furthermore, audiometric results are critical in determining candidacy for surgical interventions,

such as the placement of ventilation tubes, stapedectomy for otosclerosis, or, most significantly,

the implantation of a cochlear implant. Severe to profound sensorineural hearing loss confirmed

through audiometric testing is a prerequisite for cochlear implantation, and the WRS provides

prognostic information about potential post-operative speech understanding outcomes. Thus,

audiometry provides the quantitative justification for complex and often costly medical procedures.

6. Ethical Considerations and Limitations

Ethical practice in audiometry centers heavily on achieving and maintaining accuracy and

reliability. Since patient care pathways are determined by the test results, misdiagnosis due to

faulty equipment calibration or poor technique can have serious consequences. Therefore, routine

calibration of all audiometers according to national and ISO standards is a non-negotiable ethical

requirement, ensuring the stimuli presented are consistent and valid across different clinical

settings.

A primary inherent limitation of standard pure-tone audiometry is its subjectivity. As the test relies

on the voluntary response of the patient, the results can be influenced by attention, motivation,

cognitive status, and emotional factors. In cases where the behavioral results seem inconsistent or

poorer than expected--potentially indicating non-organic hearing loss (malingering)--the

audiologist must employ objective measures, such as ABR or acoustic reflex testing, to corroborate

the findings and avoid prescribing inappropriate and unnecessary interventions.

Another limitation is that traditional audiometry assesses hearing sensitivity for pure tones in quiet,

controlled environments. This does not fully reflect real-world hearing ability, where communication

often occurs in the presence of competing background noise. While speech-in-noise testing

addresses this partially, the complexity of central auditory processing disorders (CAPD) and other

higher-level processing issues may not be fully captured by standard audiometric battery, requiring

specialized diagnostic procedures beyond the scope of routine audiometry.

Further Reading
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