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Acoustic Immittance Measures in Clinical Audiology: A Primer

When a patient comes in for a hearing evaluation, the audiologist’s toolbox extends far beyond the classic
audiogram. One of the most informative yet often overlooked components of a comprehensive ear assessment is
acoustic immittance testing. By measuring how sound waves travel through and are reflected by the ear canal
and middle ear, clinicians can detect subtle abnormalities that might otherwise go unnoticed. This primer delves
into the science, technique, and clinical value of acoustic immittance measures, offering a clear roadmap for
practitioners and students alike.

Historical Perspective: From Earphones to Advanced Sensors

Acoustic immittance testing has its roots in the early 20th century, when researchers began to systematically study
the mechanical properties of the middle ear. The first commercially available tympanometers appeared in the
1970s, and since then the field has evolved from simple pressure—volume curves to sophisticated wideband
analyses that capture a full spectrum of acoustic interactions. Understanding this evolution helps clinicians
appreciate why modern immittance techniques are both reliable and indispensable.

What Is Acoustic Immittance?

Acoustic immittance is a composite term that describes how the ear responds to sound energy. It encompasses
two primary measurements:

¢ Impedance — the opposition to sound wave propagation, expressed as a complex quantity combining
resistance (real part) and reactance (imaginary part).
« Admittance — the reciprocal of impedance, representing how easily sound energy enters the ear.

In clinical practice, we usually refer to the measurable outputs of these concepts: tympanometry for impedance,
and acoustic reflex thresholds for admittance. These tests reveal the functional status of the middle ear and the
auditory nerve, offering clues to conditions such as otitis media, Eustachian tube dysfunction, and even
retrocochlear pathology.

Key Components of Acoustic Immittance Testing

Tympanometry

Tympanometry evaluates the compliance of the tympanic membrane and ossicular chain by measuring how the ear
canal volume changes with varying air pressure. The classic test uses a 226 Hz probe tone, but modern devices
also incorporate higher frequencies to assess stiffer middle ears.

Acoustic Reflex Testing

The acoustic reflex is a protective contraction of the stapedius muscle in response to loud sounds. By measuring
the threshold at which this reflex occurs, clinicians can infer the integrity of the auditory nerve and brainstem



pathways.

Frequency-Specific Immittance Audiometry

Unlike standard tympanometry, frequency-specific immittance audiometry measures impedance or admittance
across a wide range of frequencies (typically 0.5-8 kHz). This approach provides a detailed spectral profile of
middle ear function, useful in complex cases such as otosclerosis or cholesteatoma.

Wideband Acoustic Immittance (WAI)

WAI captures the ear’s response to broadband noise or chirp stimuli, offering a comprehensive picture of middle
ear transmission across the entire audible spectrum. It is particularly valuable in pediatric populations where patient
cooperation can be variable.

Equipment Essentials

Probe Tips and Calibration

Accurate immittance measurements hinge on a well-fitted probe tip that seals the ear canal. Calibration is
performed daily using a reference ear simulator to ensure that the probe tone or broadband stimulus is delivered at
the correct intensity and frequency.

Signal Frequency Selection

e 226 Hz — standard for adult tympanometry.
¢ 1000-4000 Hz — high frequency tympanometry for stiff middle ears.
* Broadband (0.5-8 kHz) — WAI and frequency specific audiometry.

Software and Data Interpretation

Modern audiometers integrate advanced algorithms that automatically classify tympanogram types and calculate
reflex thresholds. However, clinicians must still review raw data to account for artifacts such as probe leakage or
patient movement.

Step by Step Test Procedure

1. Patient Preparation

Explain the test and its purpose.
2. Remove earwax or debris that may interfere with probe placement.
3. Ensure the patient is seated comfortably and can keep their head still.

¢ Select the appropriate probe tip size based on ear canal dimensions.
« Insert the probe until a tight seal is achieved, confirming no air leakage.

« Generate the 226 Hz probe tone and sweep the pressure from —200 to +200 daPa.
* Record the peak compliance and corresponding pressure.

¢ Present a broadband or tone burst stimulus at increasing intensities.
» Detect the onset of stapedius contraction via changes in tympanogram peak.
e Log the threshold and reflex amplitude.

« Present probe tones at successive frequencies (e.g., 0.5, 1, 2, 4, 8 kHz).
e Measure impedance or admittance at each frequency.

e Deliver a broadband chirp stimulus.



¢ Record reflection and transmission coefficients across the spectrum.

 Inspect graphs for anomalies such as flat lines or sudden spikes.
e Cross reference findings with patient history and audiogram results.

Interpreting Tympanogram Types

« Type A — Normal compliance and middle ear pressure (peak at O daPa).

* Type As — Reduced compliance, often seen in otosclerosis or ossicular fixation.

Type Ad — Elevated compliance, typical of hypermobile tympanic membranes.

Type B — Flat tympanogram, indicating fluid, perforation, or severe ossicular chain disruption.

e Type C — Negative middle ear pressure (peak

e Type C2 — A variant with a negative peak but higher compliance, often reflecting a middle ear effusion.

Acoustic Reflex Thresholds: What They Reveal

Typical acoustic reflex thresholds for adults range from 70 to 90 dB SPL. Elevated thresholds or absent reflexes
may indicate:

* Retrocochlear pathology such as vestibular schwannoma.
¢ Neurologic disorders affecting the facial nerve.
« Middle ear dysfunction that impedes sound transmission to the stapedius muscle.

Clinical Applications of Acoustic Immittance Testing

Diagnosing Middle Ear Disorders

Acoustic immittance measures are the frontline diagnostic tool for conditions such as otitis media with effusion,
chronic otitis media, and cholesteatoma. Tympanograms can pinpoint fluid presence, while high frequency
tympanometry can detect subtle ossicular stiffness.

Evaluating Eustachian Tube Function

Negative pressure peaks in Type C tympanograms flag Eustachian tube dysfunction. Repeated measurements can
track the efficacy of interventions like nasal steroids or balloon dilation.

Screening for Retrocochlear Pathology

Absent or markedly elevated acoustic reflex thresholds raise suspicion for retrocochlear lesions. In such cases,
further imaging (MRI) or vestibular testing is warranted.

Assessing Cochlear Implant Candidates

Wideband acoustic immittance can help determine whether a patient’'s middle ear is suitable for cochlear implant
surgery, ensuring optimal postoperative outcomes.

Pediatric Audiology

Because children often struggle with conventional audiometry, WAI offers a robust, non behavioral assessment of
middle ear function. It is especially useful in infants and toddlers who cannot reliably respond to tone burst stimuli.

Advanced Techniques and Emerging Trends

Wideband Acoustic Immittance (WAI)

WAI provides a frequency resolved view of ear canal and middle ear transmission. Its sensitivity to subtle changes



makes it ideal for detecting early ototoxicity or monitoring postoperative healing.

Frequency Specific Immittance Audiometry

By mapping impedance across frequencies, clinicians can localize ossicular chain defects and differentiate
between conductive and sensorineural components of hearing loss.

Artificial Intelligence Integration

Machine learning algorithms are being trained to automatically classify tympanograms and predict pathology with
higher accuracy than human interpretation alone. These tools promise faster, more consistent diagnostics,
particularly in high volume settings.

Tele Audiology Applications

Remote immittance testing platforms enable clinicians to conduct preliminary screenings in underserved areas.
While probe placement remains a challenge, wireless probe designs and automated calibration are making
tele audiology increasingly viable.

Common Pitfalls and How to Avoid Them

Probe Leakage

Even a small gap can distort pressure readings. Always verify seal integrity before beginning the test and re check
after any patient movement.

Patient Movement

Head or jaw movement can introduce artifacts. Use gentle restraints or instruct the patient to remain still. For
pediatric patients, consider distraction techniques or play audiometry.

Ear Canal Debris

Wax or foreign bodies can alter acoustic transmission. Conduct a thorough ear cleaning before testing, and use a
probe tip that matches the canal size.

Calibration Drift

Regular calibration checks are essential. Follow the manufacturer's recommended schedule and document each
calibration session.

Putting It All Together: A Practical Workflow

Gather patient history and perform a baseline audiogram.

Conduct acoustic immittance testing, following the step by step procedure.

Interpret results in the context of the patient’s clinical picture.

If abnormalities are detected, recommend appropriate imaging, referrals, or therapeutic interventions.
Schedule follow up immittance testing to monitor progress or response to treatment.
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Conclusion

Acoustic immittance measures are a cornerstone of modern clinical audi
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