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Abstract: Cervical vestibular evoked myogenic potentials (cVEMP) are an established clinical tool for evaluating saccular function 

and the inferior vestibular nerve pathway. Traditionally, cVEMP interpretation is based on parameters such as peak latencies, response 

amplitude, and interaural asymmetry ratio. However, these conventional measures may not always detect early or frequency-specific 

vestibular abnormalities. In recent years, attention has shifted toward the analysis of cVEMP frequency tuning, which reflects the 

frequency-dependent responsiveness of the saccule. In normal individuals, cVEMP amplitudes typically demonstrate a peak response 

around 500 Hz, producing a characteristic bell-shaped tuning curve. Deviations from this pattern have been reported in several 

vestibular disorders, including Meniere’s disease, Superior semicircular canal dehiscence, Vestibular neuritis, and Otosclerosis. 

Frequency tuning assessment offers additional diagnostic insight, improves differentiation between vestibular pathologies, and 

complements routine vestibular test batteries. This narrative review discusses the physiological basis of cVEMP frequency tuning, 

normative tuning characteristics, disorder-specific alterations, and the clinical relevance of incorporating frequency tuning into routine 

vestibular evaluation. 
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1. Introduction 
 

cVEMP is an established objective test that reflects saccular 

function and the integrity of the inferior vestibular nerve. It 

is elicited using high-intensity acoustic stimuli and recorded 

from the sternocleidomastoid muscle. Among various 

stimulus parameters, frequency tuning has emerged as an 

important factor influencing cVEMP amplitude and 

waveform characteristics [1]-[2]. 

 

In normal individuals, cVEMP responses typically show 

optimal amplitude at 500 Hz. However, several vestibular 

disorders demonstrate deviations from this normal tuning 

pattern, suggesting pathological alterations in otolithic 

mechanics or endolymphatic pressure [3] - [4]. Despite 

increasing research, frequency tuning is still underutilized in 

routine clinical interpretation. This review focuses on 

summarizing existing evidence on cVEMP frequency tuning 

and its relevance in vestibular diagnostics. 

 

2. Literature Survey 
 

2.1 Physiological Basis of cVEMP Frequency Tuning 

 

The cervical vestibular evoked myogenic potential (cVEMP) 

is an inhibitory reflex generated primarily from the saccule 

and transmitted via the inferior vestibular nerve. The 

saccule, unlike the semicircular canals, is particularly 

sensitive to acoustic stimulation due to its anatomical 

proximity to the stapes footplate and its otolithic membrane 

characteristics [5]. When high-intensity sound stimuli are 

delivered, saccular hair cells are activated, leading to a 

reflexive response recorded from the ipsilateral 

sternocleidomastoid muscle. 

 

Frequency tuning of cVEMP responses is thought to arise 

from the mechanical and physiological properties of the 

saccular macula. The otolithic membrane exhibits 

frequency-dependent resonance behavior, allowing maximal 

deflection of hair cell stereo cilia at certain stimulus 

frequencies [6]. Experimental and clinical studies have 

consistently shown that the human saccule responds 

optimally to low-frequency stimuli, particularly around 500 

Hz, resulting in the largest cVEMP amplitudes at this 

frequency [7]. 

 

The bell-shaped frequency tuning curve observed in normal 

individuals reflects this resonance phenomenon. At lower 

frequencies, insufficient mechanical stimulation occurs, 

while at higher frequencies, reduced energy transmission 

and altered cochleo-vestibular mechanics limit saccular 

activation [8]. Additionally, neural synchrony of inferior 

vestibular nerve fibers contributes to the frequency-specific 

characteristics of the cVEMP waveform. 

 

Alterations in inner ear mechanics, such as changes in 

endolymphatic pressure, membrane compliance, or third-

window effects, can modify this normal tuning pattern. 

Therefore, frequency tuning analysis provides insight into 

underlying vestibular pathophysiology beyond conventional 

cVEMP parameters such as latency and amplitude alone [9]. 

 

2.2 Frequency Tuning in Healthy Individuals 
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Figure 1: Bell-Shaped Frequency Tuning Curve of cVEMP in Healthy Adults 

 

In healthy individuals, cVEMP responses demonstrate a 

characteristic frequency-dependent pattern that reflects 

normal saccular function. Numerous studies evaluating tone-

burst stimuli across different frequencies have consistently 

reported maximal cVEMP amplitudes at approximately 500 

Hz [10, 11]. When plotted graphically, these responses form 

a bell-shaped tuning curve, with reduced amplitudes 

observed at both lower and higher frequencies. 

 

This tuning pattern is considered a normative feature of an 

intact otolithic system. The optimal response at 500 Hz is 

attributed to efficient acoustic energy transfer to the saccule 

and optimal mechanical coupling within the otolithic 

membrane at this frequency [12]. Frequencies below 250 Hz 

may not provide sufficient stimulation, while higher 

frequencies above 750- 1000 Hz show diminished responses 

due to reduced saccular sensitivity and increased cochlear 

damping effects. 

 

Several investigators have emphasized the importance of 

establishing normative frequency tuning profiles, as 

conventional cVEMP parameters such as latency and 

interaural amplitude asymmetry may remain within normal 

limits despite subtle vestibular dysfunction [13]. 

Additionally, factors such as age, stimulus intensity, and 

muscle contraction level can influence absolute amplitude 

values; however, the overall tuning pattern and peak 

frequency generally remain stable in healthy populations 

[14]. 

 

The presence of a well-defined bell-shaped frequency tuning 

curve centered around 500 Hz is therefore regarded as an 

indicator of normal saccular integrity. This normative 

pattern serves as a crucial reference for identifying abnormal 

frequency shifts and altered tuning curves observed in 

various vestibular disorders. 

 

2.3 Frequency Tuning in Vestibular Disorders 

 

Alterations in cVEMP frequency tuning patterns have been 

increasingly reported in various vestibular disorders, 

reflecting underlying pathological changes in otolithic 

mechanics and inner ear fluid dynamics. Unlike healthy 

individuals, where the tuning curve typically peaks at 500 

Hz, vestibular pathologies often demonstrate shifts in peak 

frequency, reduced tuning sharpness, or abnormal amplitude 

enhancement [15]. 

 

 
Figure 2: Frequency Tuning Curve of cVEMP in Healthy Individual and Vestibular Disorders 
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Table 1: The characteristic frequency tuning patterns observed in healthy individuals and various vestibular disorders 

Condition 
Typical Peak 

Frequency 
Amplitude Pattern Tuning Curve Shape Clinical Significance 

Normal individuals 500 Hz 
Maximum amplitude at 

500 Hz 

Symmetrical bell-shaped 

curve 

Indicates normal saccular and 

inferior vestibular nerve function 

Meniere’s disease 
Shift toward 750–

1000 Hz 

Reduced or altered 

amplitude 

Flattened or right-shifted 

curve 

Reflects saccular hydrops and 

altered mechanical properties 

Superior semicircular canal 

dehiscence (SSCD) 
500–1000 Hz 

Abnormally increased 

amplitude 

Broadened curve with high 

amplitudes 
Suggests third-window effect 

Vestibular neuritis (inferior 

division) 

Poor or absent 

response 

Markedly reduced 

amplitude 
Distorted or absent curve 

Indicates inferior vestibular nerve 

involvement 

Otosclerosis 
Variable, often 

reduced tuning 
Reduced amplitude 

Poorly defined tuning 

curve 

Suggests conductive damping 

effect 

 

Meniere’s disease 

In Meniere’s disease, cVEMP frequency tuning commonly 

shows a shift of the peak amplitude toward higher 

frequencies, often between 750 and 1000 Hz [16]. This 

upward frequency shift is thought to result from 

endolymphatic hydrops, which alters the stiffness and mass 

characteristics of the saccular membrane. Such changes 

affect the resonance properties of the saccule, leading to 

abnormal frequency sensitivity even when conventional 

cVEMP parameters appear normal. 

 

Superior Semicircular Canal Dehiscence 

Patients with superior semicircular canal dehiscence (SSCD) 

frequently demonstrate enhanced cVEMP amplitudes across 

multiple frequencies, with a broadened tuning curve [17]. 

This phenomenon is attributed to the presence of a third-

window effect, which increases vestibular sensitivity to 

acoustic stimuli. In these cases, frequency tuning analysis 

can support diagnosis when combined with clinical findings 

and imaging. 

 

Vestibular Neuritis 

In vestibular neuritis involving the inferior vestibular nerve, 

cVEMP responses may be reduced or absent across all tested 

frequencies [18]. When responses are present, the tuning 

curve often appears flattened, indicating impaired neural 

transmission rather than isolated mechanical dysfunction. 

 

Otosclerosis 

In Otosclerosis, cVEMP frequency tuning may show 

reduced amplitudes, particularly at lower frequencies, due to 

conductive hearing loss and impaired sound transmission to 

the vestibule [19]. However, the overall tuning pattern may 

remain relatively preserved, which can help differentiate 

Otosclerosis from primary vestibular pathologies. 

 

Collectively, these disorder-specific frequency tuning 

patterns highlight the diagnostic value of cVEMP frequency 

analysis in differentiating vestibular diseases and 

complementing conventional vestibular test batteries. 

 

2.4 Clinical Implications of cVEMP Frequency Tuning 

 

The incorporation of frequency tuning analysis into routine 

cVEMP testing offers significant clinical advantages. 

Conventional interpretation of cVEMP primarily relies on 

latency, peak-to-peak amplitude, and interaural amplitude 

asymmetry. However, these parameters may remain within 

normal limits in early-stage or compensated vestibular 

disorders, thereby limiting diagnostic sensitivity [18]. 

 

Frequency tuning analysis provides additional information 

regarding the mechanical and functional status of the 

saccule. Shifts in the peak response frequency or distortion 

of the normal bell-shaped tuning curve can help differentiate 

between various vestibular pathologies. For example, an 

upward shift of peak frequency toward higher values has 

been commonly reported in Meniere’s disease, while 

enhanced or broadened responses may suggest third-window 

lesions such as superior semicircular canal dehiscence [19, 

20]. 

 

From a clinical perspective, frequency tuning assists in 

improving diagnostic confidence, especially in cases where 

audiological and vestibular findings appear inconclusive. It 

also serves as a useful adjunct in longitudinal monitoring, 

allowing clinicians to assess disease progression or response 

to treatment [21]. Importantly, frequency tuning does not 

require additional testing time or complex equipment, as it 

can be performed using standard cVEMP protocols with 

varied stimulus frequencies. 

 

Despite its advantages, frequency tuning analysis is still 

underutilized in routine practice. Wider clinical adoption 

may enhance the overall diagnostic yield of vestibular 

testing and support more targeted patient management 

strategies. 

 

3. Problem Definition 
 

Cervical vestibular evoked myogenic potential testing is 

routinely used in clinical practice to evaluate saccular and 

inferior vestibular nerve function. Interpretation of cVEMP 

responses commonly focuses on parameters such as latency, 

peak-to-peak amplitude, and interaural amplitude 

asymmetry. While these measures are useful, they may not 

reliably detect early, subtle, or compensated vestibular 

dysfunction. 

 

Several vestibular disorders have been shown to alter the 

frequency-dependent behavior of the saccule without 

producing significant changes in conventional cVEMP 

parameters. Despite growing evidence supporting the 

diagnostic value of frequency tuning analysis, it remains 

underutilized in routine clinical assessment. The absence of 

standardized protocols and limited awareness among 

clinicians contribute to this gap in vestibular evaluation. 

 

As a result, potentially valuable diagnostic information may 

be overlooked, leading to challenges in differentiating 
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specific vestibular pathologies. There is a need to emphasize 

the clinical relevance of cVEMP frequency tuning and to 

integrate this parameter into standard vestibular testing 

frameworks. 

 

4. Methodology 
 

This article is based on a narrative review of previously 

published literature related to cervical vestibular evoked 

myogenic potential (cVEMP) frequency tuning. Relevant 

studies were identified through a literature search of 

electronic databases including PubMed, Google Scholar, and 

Scopus. The search was conducted using key terms such as 

“cervical VEMP,” “frequency tuning,” “saccular function,” 

and “vestibular disorders.” 

 

Original research articles, review papers, and clinical studies 

published in English were considered for inclusion. Studies 

focusing on cVEMP frequency responses in healthy 

individuals as well as those reporting frequency tuning 

alterations in vestibular disorders were reviewed. No 

restrictions were placed on study design due to the narrative 

nature of the review. 

 

The collected literature was analyzed qualitatively to 

identify consistent findings related to normative frequency 

tuning patterns and disorder-specific deviations. The 

emphasis was placed on clinical relevance rather than 

quantitative meta-analysis. 

 

5. Results and Discussion 
 

The reviewed literature indicates that cVEMP frequency 

tuning provides valuable diagnostic information beyond 

conventional cVEMP parameters. In healthy individuals, a 

consistent bell-shaped tuning curve with maximal amplitude 

at approximately 500 Hz is observed, reflecting normal 

saccular resonance properties. This pattern serves as an 

important baseline for identifying pathological deviations. 

 

Across various vestibular disorders, distinct alterations in 

frequency tuning have been reported. Meniere’s disease is 

commonly associated with an upward shift in peak 

frequency, likely due to endolymphatic hydrops affecting 

saccular mechanics. In contrast, superior semicircular canal 

dehiscence demonstrates enhanced cVEMP responses across 

frequencies, consistent with a third-window effect. 

Vestibular neuritis involving the inferior vestibular nerve 

often results in reduced or absent responses, producing a 

flattened or non-recordable tuning curve. 

 

These findings suggest that frequency tuning analysis 

enhances the sensitivity of cVEMP testing, particularly in 

cases where latency and amplitude values remain within 

normal limits. Incorporating frequency tuning may improve 

differential diagnosis and aid in distinguishing between 

mechanical and neural vestibular pathologies. Furthermore, 

graphical representation of tuning curves and summary 

tables facilitates clinical interpretation and comparison 

across disorders. 

 

Despite its diagnostic potential, frequency tuning analysis is 

not routinely implemented in clinical settings. Variability in 

testing protocols and lack of standardized normative data 

remain key challenges. Nonetheless, the existing evidence 

supports the integration of frequency tuning as a 

complementary parameter in vestibular assessment. 

 

6. Conclusion 
 

Frequency tuning analysis of cervical vestibular evoked 

myogenic potentials offers meaningful insight into saccular 

function that extends beyond conventional cVEMP 

parameters. The presence of a characteristic bell-shaped 

tuning curve with a peak around 500 Hz represents normal 

vestibular physiology, while deviations from this pattern are 

associated with various vestibular disorders. Evidence from 

the reviewed literature suggests that frequency tuning can 

aid in differential diagnosis, improve diagnostic sensitivity, 

and enhance clinical interpretation of cVEMP findings. 

 

Although frequency tuning is not routinely included in 

standard vestibular assessment protocols, its incorporation 

does not require additional equipment or complex testing 

procedures. Integrating frequency tuning analysis into 

routine cVEMP evaluation may contribute to more 

comprehensive vestibular assessment and improved patient 

management. 

 

7. Future Scope 
 

Future research on cVEMP frequency tuning should focus 

on the standardization of testing protocols, including 

stimulus parameters, recording techniques, and analysis 

methods. Establishing large normative databases across 

different age groups will help define reliable reference 

values and improve clinical applicability. 

 

Further studies are required to evaluate the role of frequency 

tuning in early detection of vestibular disorders and in 

monitoring disease progression. Integration of frequency 

tuning analysis with other vestibular tests may enhance 

diagnostic accuracy. Additionally, automated and software-

based analysis tools could simplify interpretation and 

promote wider clinical adoption. 
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