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AIR-CONDUCTION TESTING

Primary Disciplinary Field(s): Audiology, Otolaryngology, Clinical Medicine

1. Core Definition

Air-conduction testing is a fundamental and essential auditory diagnostic procedure used to

precisely measure an individual's hearing sensitivity across the spectrum of audible frequencies.

The objective of this assessment is to determine the absolute minimum sound intensity, known as

the hearing threshold, that a person can perceive when sound travels through the typical

pathway: the external auditory canal, middle ear, and inner ear. This process involves the

controlled presentation of calibrated pure tones at specific, discrete wavelengths (frequencies) to

each ear independently, typically utilizing specialized headphones or insert earphones. The

resulting data, plotted on an audiogram, provides the foundational evidence required to diagnose

the presence, quantify the severity, and ultimately categorize the type of hearing impairment. It

serves as the initial, non-invasive step in characterizing the overall function and integrity of the

peripheral auditory system.

The test systematically gauges the patient's tolerance level for these clear, pure tones, defining the

decibel level at which sound transitions from being inaudible to barely audible. Historically, the

process has been standardized globally to ensure consistency in diagnosis and management

planning. Unlike other methods, air-conduction testing assesses the entire mechanical and neural

chain of hearing, from the point the sound wave enters the ear canal until the signal reaches the

cochlea and beyond.

2. Clinical Procedure and Methodology

The clinical execution of air-conduction testing demands strict adherence to standardized protocols

and equipment calibration to ensure reliable and repeatable results. The patient is typically seated

within a sound-attenuating booth, which is critical for minimizing ambient noise contamination

that could artificially elevate measured thresholds, particularly at the low-intensity limits of hearing.

The audiologist uses a calibrated audiometer to generate and control the frequency (Hz) and

intensity (dB HL) of the stimuli.

Testing usually begins at a mid-frequency (such as 1000 Hz) where human hearing is often most

sensitive, and then proceeds to test octave and inter-octave frequencies ranging from 250 Hz to

8000 Hz, which are the frequencies most crucial for understanding human speech. The technique

employed is typically a modified variation of the Hughson-Westlake procedure, often referred to as

the descending-ascending technique. In this method, the audiologist presents the tone above the

expected threshold and systematically decreases the intensity in 10 dB steps until the patient fails

to respond. The intensity is then increased in 5 dB steps until the patient responds reliably, usually
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defined as responding to at least two out of three presentations at the lowest level.

This rigorous methodology ensures that the measured threshold is the true lowest intensity at

which the patient can consistently perceive the stimulus. The patient's role is entirely behavioral;

they must signal, via a hand raise or button press, whenever they hear the tone, regardless of how

faint it may be. The precision of the threshold determination is paramount as it dictates subsequent

clinical recommendations, including the precise parameters required for hearing aid fitting.

3. Physiological Basis of Air Conduction

Sound transmission via air conduction relies on the sequential and efficient functioning of the three

primary divisions of the ear: the outer, middle, and inner ear. The process initiates when sound

waves are gathered by the pinna and travel down the external auditory canal, causing the

tympanic membrane (eardrum) to vibrate. This acoustic energy is then converted into mechanical

energy.

The middle ear functions as an impedance matching transformer; the three tiny ossicles--the

malleus, incus, and stapes--amplify and transfer the mechanical vibrations across the air-filled

space to the oval window. The final ossicle, the stapes, imparts this energy onto the fluid within the

cochlea of the inner ear. This fluid displacement stimulates the delicate hair cells located in the

Organ of Corti, which convert the hydraulic energy into electrochemical signals. These signals are

then transmitted via the auditory nerve to the brain for interpretation.

Because air-conduction testing utilizes this natural, complete pathway, an elevated threshold

(indicating hearing loss) measured during this test can signify a disruption at any point in the chain-

-whether it be blockage in the outer ear (e.g., cerumen), structural damage in the middle ear (e.g.,

fluid or ossicular discontinuity), or damage to the sensory receptor cells in the inner ear (e.g.,

noise-induced damage or aging).

4. Interpretation of Results: Air-Bone Gap

While air-conduction thresholds provide the magnitude of hearing loss, they cannot definitively

specify the etiology or location of the pathology. For comprehensive diagnosis, air-conduction

results must be compared against the results obtained from bone-conduction testing. Bone

conduction involves transmitting vibrations directly to the skull, bypassing the outer and middle ear

and stimulating the cochlea directly.

The critical diagnostic metric derived from this comparison is the air-bone gap (ABG). The ABG is

calculated as the difference between the air-conduction threshold and the bone-conduction

threshold at a given frequency. The interpretation of the results falls into three primary categories

based on this relationship:
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Sensorineural Hearing Loss (SNHL): The air-conduction thresholds and the bone-conduction

thresholds are approximately equal (ABG is 10 dB or less), and both are worse than normal. This

indicates the pathology resides in the inner ear (cochlea) or the auditory nerve.

Conductive Hearing Loss (CHL): Bone-conduction thresholds are normal, but air-conduction

thresholds are elevated, resulting in a significant ABG (greater than 10 dB). This signifies an

obstruction or dysfunction in the outer or middle ear structures, preventing sound energy from

efficiently reaching the cochlea.

Mixed Hearing Loss (MHL): Both air- and bone-conduction thresholds are elevated (worse than

normal), and a significant ABG exists. This indicates dual pathology, involving both a sensorineural

component in the inner ear and a conductive component in the outer or middle ear.

5. Key Applications and Diagnostic Utility

Air-conduction testing holds unparalleled significance as the foundational clinical tool in audiology

and otolaryngology. Its primary application is the initial screening and subsequent detailed

diagnosis of hearing impairments across all age groups, from pediatrics to geriatrics. The

audiogram generated by this procedure is the standard visual tool used by clinicians worldwide to

communicate a patient's auditory status.

Beyond simple diagnosis, accurate air-conduction data is indispensable for the rehabilitative

process. Specifically, these thresholds determine the required gain settings, output limiting, and

prescriptive fitting formulas necessary for programming sophisticated amplification devices,

including conventional hearing aids and cochlear implants. Without precise air-conduction

thresholds, effective individualized treatment is impossible. Furthermore, air-conduction testing is

crucial in:

Monitoring the progression of degenerative hearing conditions, such as presbycusis.

Assessing the potential ototoxic effects of medications (e.g., certain chemotherapy drugs or

aminoglycoside antibiotics) by tracking high-frequency air-conduction thresholds over time.

Evaluating the success of surgical interventions, such as tympanoplasty or stapedectomy, by

measuring post-operative improvement in conductive thresholds.

Determining fitness for certain occupations (e.g., military service or aviation) that require specific

hearing standards.

6. Limitations and Patient Factors

As a behavioral test, air-conduction audiometry is inherently subjective and relies entirely upon

the patient's reliable signaling of sound perception. This subjectivity introduces potential limitations

and artifacts that must be managed by the clinician. Common issues include "false positive"
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responses, where the patient anticipates the tone and responds prematurely, or "false negative"

responses, where the patient fails to respond to an audible tone, often due to fatigue, motivational

issues, or non-organic hearing loss.

A significant technical limitation arises in cases of asymmetrical hearing loss (a substantial

difference in hearing between the two ears). When the tone presented to the poorer ear is intense

enough, the sound may cross the head via bone conduction and be perceived by the better ear.

This phenomenon, known as crossover hearing, necessitates the use of masking. Masking

involves introducing a calibrated level of broadband or narrow-band noise into the non-test ear to

keep it occupied and prevent it from responding to the stimulus intended for the test ear. Failure to

properly mask can lead to erroneous thresholds and misdiagnosis.

7. Debates and Standardization

While the fundamental principles of air-conduction testing are universally accepted, standardization

remains an ongoing area of focus, especially concerning the calibration of equipment and the

establishment of normative data. International organizations, notably the International Organization

for Standardization (ISO) and the American National Standards Institute (ANSI), publish stringent

specifications regarding audiometric equipment performance and reference equivalent threshold

sound pressure levels (RETSPLs).

Debates often focus on the optimal transducer type. Supra-aural headphones (resting on the ear)

were historically standard but can suffer from collapsing ear canals in certain patients, potentially

creating an artifactual conductive loss. Insert earphones (inserted directly into the ear canal)

provide superior acoustic isolation, better interaural attenuation, and reduce the likelihood of

collapsing canals, but they require careful placement and may be uncomfortable for some patients.

The continuous evolution of diagnostic technology, including automated audiometry and high-

frequency testing (above 8000 Hz), challenges clinicians to maintain up-to-date procedural rigor

and consistently apply the principles governing accurate air-conduction threshold determination.

Further Reading

Bone Conduction Testing (Wikipedia)

Audiogram Overview (American Speech-Language-Hearing Association - ASHA)

Hearing Aids and Amplification (National Institute on Deafness and Other Communication

Disorders - NIDCD)

The Modified Hughson-Westlake Procedure in Audiometry (NCBI/PMC)
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