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Abstract

Background: Whilst otoacoustic emission (OAE) testing has proved to be valuable in revealing information about cochlear outer hair cell integrity, it does not provide insight into the afferent and efferent pathways once the stimulus has reached neural receptors. This information can be obtained objectively through contralateral acoustic stimulation (CAS) suppression. However, obtaining normative data is essential in the implementation of such tests.

Objectives: The primary aim was to undertake a small pilot study to collect the CAS suppression across a predefined frequency range in order to provide a preliminary normative data set to be used with the newly developed transient evoked otoacoustic emission (TEOAE)-CAS module (PATH MEDICAL, Germering, Germany). Secondary aims included the analysis of the relationships between left and right CAS suppression, between male and female CAS suppression and between TEOAE signal-to-noise ratio (SNR) and CAS suppression.

Methods: The purpose of this study was to determine preliminary normative data for contralateral TEOAE suppression from 40 normal ears of 20 healthy young adults (10 males and 10 females). Subjects were recruited using purposive sampling. The CAS suppression responses were obtained automatically by means of the data-collection protocol on the device used. From the data obtained, correlations between TEOAE SNR and CAS suppression were made using Pearson’s correlation coefficient.

Results: The data were statistically processed to form a normative database which possesses the potential of serving as a basis for further research aimed at determining the utility of CAS suppression testing when evaluating ear pathology. A mean CAS suppression of 0.8 decibels (dB) (0.61 SD) was obtained. There was no statistically significant relationship between TEOAE SNR and CAS suppression. There was no significant suppression difference in terms of laterality of ears or gender.

Conclusion: Normative values for CAS suppression of TEOAEs in a group of normal-hearing individuals were obtained using the newly developed TEOAE-CAS module (PATH MEDICAL, Germering, Germany). The availability of normative data for contralateral TEOAE suppression using the studied module allows for it to become commercially available, which will enable researchers and audiologists to perform this measurement in different populations in the evaluation of ear pathology.

Keywords: contralateral suppression; transient evoked otoacoustic emission; normative data; otoacoustic emissions; efferent system; medial olivocochlear bundle.

*Corresponding author: Simone Zevenster, audio@amtronix.co.za
How to cite this article: Zevenster, S., & Naudé, A. (2022). Contralateral suppression of transient evoked otoacoustic emissions in adults: A normative study. South African Journal of Communication Disorders, 69(1), a929. https://doi.org/10.4102/sajcd.v69i1.929

Copyright: © 2022. The Authors. Licensee: AOSIS. This work is licensed under the Creative Commons Attribution License.


Received: 11 February 2022; Accepted: 26 May 2022; Published: 08 December 2022

Introduction

Early pioneering research led to two audiological discoveries which have initiated a greater understanding and prompted further studies of how the auditory system functions. The first is that of the efferent auditory pathway between the cochlea and the brain (Rasmussen, 1946). Years later, the discovery of the otoacoustic emission (OAE) by David Kemp allowed clinicians to obtain a better understanding of cochlear functioning (Kemp, Bray, Alexander, & Brown, 1986). The coalescence of these findings, combined with recent hearing research, has resulted in further understanding of how the peripheral and central hearing systems function together.

Otoacoustic emissions are generally understood to be acoustic sounds that originate secondary to movement of outer hair cells (OHCs) (Robinette, Cevette, & Probst, 2007). Unlike other sensory receptor systems, the cochlea generates signals of the same type as that which it is designed to receive (Siegel, 2008). During the process of sensory transmission and transduction, both an afferent signal to the auditory nerve and an efferent signal travelling back through the middle ear to the outer ear canal are elicited (Siegel, 2008). It is here that an OAE can be measured (McFadden, Pasanen, Raper, Lange, & Wallen, 2006). A present OAE suggests normal pre-neural OHC functioning and middle-ear status (Nobili, Vetešnik., Turicchia, & Mammano, 2003). Not only can an OAE test be used to objectively determine whether the cochlea is responding to sound, but studies are showing that an OAE response can also change with sound presented to the opposite ear (Garinis, Glattke, & Cone-Wesson, 2008; Geven, De Kleine, Free, & Van Dijk, 2011). Contralateral noise presented during a recording has been shown to result in a reduction of the OAE amplitude in normal-hearing individuals, also referred to as the suppression of OAEs (Joseph, Suman, Jayasree, & Prabhu, 2019).

There are several types of OAEs, namely spontaneous, distortion product and transient evoked OAEs (TEOAEs). Transient evoked OAEs, the focus of this study, are evoked by a brief sound stimulus (usually a click) that has a wide (broadband) range of frequencies (Vasconcelos, Serra, & De Farias Aragão, 2008). Using a nonlinear click train protocol ensures that the stimulus artefacts of a linear nature are removed from the recording, allowing for maximum reliability of the TEOAE recording (Hatzopoulos, Petrucell, Morkt, & Martini, 2003; Von Specht, Ganz, Pethe, Leuschner, & Pytel, 2001). This article specifically focuses on the amount of contralateral TEOAE suppression, from here on referred to as contralateral acoustic stimulation (CAS) suppression, that is found in a group of normal-hearing adults.

Whilst OAE testing has proved to be valuable in revealing information about OHC integrity, it does not provide insight into the afferent and efferent pathways once the stimulus has reached neural receptors. The effect of contralateral noise on OAE amplitude has been reported to be caused by the reduction in gain from the cochlear amplifier which is modulated by efferent pathways (Guinan, 2006). Efferent pathways originate from the superior olivary complex (SOC), and these descending fibre bundles provide direct, bilateral input to the cochlea via two efferent divisions, namely lateral and medial (Kumar, Grover, Publius, Sanju, & Sinha, 2016). The medial efferent division is known as the medial olivocochlear bundle (MOCB) and innervates and modulates the OHCs of the cochlea (Kumar et al., 2016). It is therefore assumed that stimulation of the MOCB will result in an alteration of OHC motility and hence affect OAEs. The main effect of contralateral stimulation on TEOAEs is the reduction of ipsilateral TEOAE amplitude of about 1 dB – 4 dB (Berlin et al., 1993; Berlin, Hood, Hurley, & Wen, 1994; Collet et al., 1990; Collet, Veuillet, Bene, & Morgan, 1992; Ryan, Kemp, & Hinchcliffe, 1991; Veuillet, Collet, & Duclaux, 1991). Therefore, the TEOAE amplitude is thought to be suppressed by contralateral stimulation by up to 4 dB (Berlin et al., 1993, 1994; Collet et al., 1990, 1992; Ryan et al., 1991; Veuillet et al., 1991).

The amount of suppression (CAS response) is dependent on the type of stimulus used. White noise, which consists of energy from 20 Hz to 20 000 Hz, stimulates the whole contralateral cochlear portion and activates the largest number of MOCB efferents, thus making it an effective stimulus in suppressing TEOAEs (Kalaiah, Nanchirakal, Kharmawphlang, & Noronah, 2017). Further stimulus parameters can change the CAS suppression. In a study conducted on the appropriate click and noise levels for testing CAS suppression, it was found that lower OAE intensity level clicks yielded greater amplitude suppression when the intensity of the contralateral noise was approximately 60 dB sound pressure level (SPL) (Hood, Berlin, Hurley, Cecola, & Bell, 1996a). Furthermore, Hood et al. (1996a) suggested using 55 dB or 60 dB peak equivalent (p.e.) SPL for ipsilateral OAE testing with the overall intensity level of the contralateral noise set at, or 5 dB higher than, the ipsilateral OAE click intensity. It is important to avoid using higher OAE click intensities, such as 70 dB SPL, to reduce the risk of middle-ear muscle reflex participation (acoustic reflex) (Guinan, 2006; Velenovsky & Glattke, 2002).

Contralateral acoustic stimulation suppression testing is not yet routinely performed in clinical practice and not considered part of the basic test battery (Hall, 2017). The reason for this might be because acoustic reflex threshold (ART) testing is used in the test battery to assess for the site of lesion of the efferent pathway (Kung & Willcox, 2007). However, more information about the functioning of the MOCB can be obtained from the presence, absence and amount of suppression (Muchnik et al., 2004).

Although limited, research holds promise for the usefulness of CAS suppression tests in the diagnosis of pontine lesions, either extrinsic (e.g. acoustic neuromas) or intrinsic (e.g. multiple sclerosis) (Prasher, Ryan, & Luxon 1994). Measures of CAS suppression can therefore indicate the status of the functioning of these olivocochlear bundle (OCB) efferent nerve fibres (Kumar et al., 2016). Furthermore, CAS suppression can provide information about the interaction between afferent and efferent pathways and the interaction between peripheral and central hearing loss, thereby aiding in differential diagnosis (Hood, Berlin, Hurley, & Wen, 1996b). In a study done by Hood et al. (1996b), it was recommended that TEOAE suppression be used in patients with auditory neuropathy as a differential measure of auditory function.

The importance of measures that are efficient and effective in forming part of the audiological test battery is well known. Hall (2017) discusses the importance of using tests that are not only sensitive but also specific. One aspect of this speaks to the reliability of a measure. In a study done on the reliability of CAS suppression, it was found that the suppression measures were reliable across test sessions of 1–2 days, and it concluded that CAS suppression provides a good test of the MOCB system over time (Stuart & Cobb, 2015).

Normative data on CAS suppression in literature are limited. Norms for the manual recording of TEOAEs before and after contralateral stimulation have been done using middle-ear analysers from Grason-Stadler and Otodynamics to record the TEOAE and audiometers from Natus and Grason-Stadler to present the contralateral noise (Garinis et al., 2008; Geven et al., 2011; Van Zyl, Swanepoel, & Hall, 2009). One study used the ILO292 from Otodynamics to record the TEOAE response in the ipsilateral ear with probe 1 and presented the contralateral white noise with probe 2 (Abdollahi & Lotfi, 2011). However, the device did not calculate the suppression automatically, and the researchers were required to perform manual calculations.

The primary aim of the current study was to undertake a small pilot study to collect the CAS suppression across a predefined frequency range in order to provide an appropriate normative data set to be used with the newly developed TEOAE-CAS module (PATH MEDICAL, Germering, Germany) which is not yet commercially available, making this the first study on this specific module. One must consider that each device used for audiological assessment (and the protocols selected within that device), each clinical test environment and each patient is unique. Therefore, it is particularly important to have normative data gathered from the specific device used (Campbell, 2013). Secondary aims of the current study included the analysis of the relationships between left and right CAS suppression, between male and female CAS suppression and between TEOAE signal-to-noise ratio (SNR) and CAS suppression.

Normative data would allow researchers to gain a better understanding of the relationships between the efferent pathway and other audiological tests such as ART, pure tone audiometry (PTA) and speech audiometry testing. Furthermore, it will provide the opportunity to compare results with other tests of auditory nerve functioning, such as auditory evoked potentials. Establishing norms allows for further research and increases the potential for CAS suppression to be used as a clinical audiological investigation tool in the evaluation of tinnitus, learning difficulties, acoustic trauma and hyperacusis (Garinis et al., 2008; Urnau & Tochetto, 2012).

Methods

A nonexperimental analytical quantitative research design was used to obtain normative data, because this design does not require the manipulation of an independent variable (Edmonds & Kennedy, 2017). Normative data describes values that are usual in a reference group and allows for comparison to subsequent values (Campbell, 2013).

Subjects

Purposive sampling was used to obtain subjects with normal bilateral auditory sensitivity. Normal auditory sensitivity was defined as air conduction PTA ≤ 20 dB hearing level (HL) for test frequencies at octave intervals from 1000 Hz to 4000 Hz. Normal middle-ear function indicated by type A tympanograms and present ipsilateral and contralateral acoustic reflexes were required. All subjects included in the study had no noticeable abnormalities according to the otoscopic examination, present and normal TEOAE responses at 80 dB p.e. SPL bilaterally and no history of ototoxic drug treatment, chronic middle-ear disease, or family history of hereditary deafness. Data were obtained from 40 ears, 10 females and 10 males, with an age range of 18–25 years. A summary of subjects’ ages is shown in Table 1. Written consent was obtained from each subject.
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Data collection

General protocol

The general protocol included case history as well as audiometric, immittance and TEOAE testing in a sound-insulated booth to identify those participants complying with the inclusion criteria. Continuation of the protocol was dependent on the results of the tests noted above. Figure 1 denotes the protocol used to determine if participants met the selection criteria.
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All 40 ears were required to present with normal auditory sensitivity and middle ear functioning as summarised in Table 2. When normal auditory sensitivity was indicated, CAS suppression was recorded by means of two OAE probes: one to record the response in the ipsilateral ear and the other to present the contralateral stimulus.
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Transient evoked otoacoustic emission testing

The Sentiero Advanced TEOAE module (PATH MEDICAL, Germering, Germany) was used to record TEOAE responses using an 80 dB p.e. SPL nonlinear click train. A TEOAE was considered present and normal if a response spectral peak was apparent at 9 dB above the noise floor in all third-octave bands from 1000 to 4000 Hz (Mishra & Lutman, 2013; Stuart & Cobb, 2015).

Contralateral acoustic stimulation suppression responses

The Sentiero Advanced TEOAE-CAS module (PATH MEDICAL, Germering, Germany) was used to measure CAS suppression responses. Contrary to other manufacturers, this module comprises a proprietary algorithm which uses the TEOAE click stimulus rather than white noise as the contralateral suppressor stimulus for the other ear. The method employs a stimulus sequence that records TEOAE unsuppressed and TEOAE suppressed for both ears simultaneously by alternating between ears. The method uses two averaging buffers per ear, collecting unsuppressed and suppressed TEOAE separately. Suppression effect was detected by calculating the difference trace between these buffers and performing a signal statistical evaluation on the difference trace, which is done automatically on the device. Figure 2 shows a graphical representation of the calculation of the suppression effect. Two consecutive trials of the CAS suppression recordings were done, with subjects instructed to remain quiet and motionless to avoid displacement of the probe tip.
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Statistical analysis

The data were analysed quantitatively and captured electronically and were analysed using the data analysis function in Microsoft Excel 365, version 2104. Additionally, descriptive statistics were employed to describe and summarise the data. The data were described in terms of the mean CAS suppression and standard deviation and further correlated with TEOAE SNR. The data were then correlated for gender and laterality differences, using Pearson’s correlation coefficient.

Ethical considerations

Ethics approval was obtained from the Research Ethics Committee of the University of Pretoria, South Africa, (reference number: 04348664 [HUM030/0519]).

Results

Test-retest reliability of contralateral acoustic stimulation suppression

Test-retest reliability of CAS suppression within the same session was analysed by computing the correlation between the CAS suppression responses from the first and second measurement using Pearson’s correlation coefficient. Test-retest reliability was confirmed by a strong correlation for CAS suppression, r = 0.806 (p = < 0.001) in conditions of not more than 5 min between recordings. Van Zyl et al. (2009) also showed that a stable TEOAE suppressive effect over 5-min intervals was obtainable. This means that the MOCB can recover from a suppression effect on OHCs within 5 min.

Transient evoked otoacoustic emission signal-to-noise ratio

All 40 ears showed clear TEOAE responses for SNR of ≥ 9 dB at 1000 Hz – 4000 Hz bilaterally using an 80 dB p.e. SPL nonlinear click stimulus. Table 3 shows the data obtained for TEOAE SNR for each frequency. The TEOAE total overall SNR ranged between 9 dB and 29.7 dB with a mean of 15.91 dB (SD 5.53). Although the TEOAE SNR for right ears seemed lower than that of left ears, there was no statistically significant difference (p = > 0.05).
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Contralateral transient evoked otoacoustic emission’s suppression

The mean CAS suppression responses were determined with the main aim of the study in mind. Table 4 shows the data collected for CAS suppression bilaterally. The mean CAS suppression determined for this study sample was 0.8 dB. The data were calculated into percentiles, which are depicted in Table 5. Data indicated suppression of 1.1 dB (for example) in the 70th percentile. This means that 70% of suppression values from the sample were 1.1 dB or lower. A CAS suppression value of 0.5 dB was found at the 30th percentile. Therefore, 30% of the suppression values were 0.5 dB or lower, and 70% were higher than 0.5 dB. Thus, the mean CAS suppression obtained in this study falls between the 50th and 60th percentile. The suppression for the lower limit (5th percentile) was 0.0 dB, and the suppression for the upper limit (95th percentile) was 1.8 dB.
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Comparison between transient evoked otoacoustic emission’s signal-to-noise ratio and contralateral acoustic stimulation suppression

To determine the degree to which suppression was a function of TEOAE SNR, TEOAE SNR and CAS suppression were correlated using Pearson’s correlation coefficient. As indicated by the p value, no statistically significant relationship, r(18) = 0.06, p = > α (α = 0.05) was found between TEOAE SNR and CAS suppression. These results are represented graphically in Figure 3. The correlation coefficient depicted by a scatterplot cluster around the regression line confirms that these two variables are not related to one another.
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Contralateral acoustic stimulation responses in right and left ears

Contralateral acoustic stimulation suppression for the right and left ears are summarised in Table 6. Using a two-sample t-test, the difference between mean right and left values was not statistically significant (p = > 0.05), suggesting that the efferent pathways reacted similarly to sound presented bilaterally in this group of subjects.
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Contralateral acoustic stimulation suppression in women and men

Mean female and male CAS suppression were analysed using a two-sample t-test assuming equal variance. Contralateral acoustic stimulation suppression for female and male subjects are summarised in Table 7. The gender differences were shown not to be statistically significant (p = > 0.05), suggesting that normative data obtained could be used across both genders.
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Discussion

This study was primarily intended to determine the CAS suppression elicited in a group of normal-hearing young adults to construct normative data. Analysis of the results showed clearly measurable suppression for all 40 ears. This study correlated with other studies that showed the suppression of TEOAEs using a nonlinear click train with the introduction of a contralateral TEOAE stimulus (Abdollahi & Lotfi, 2011; De Ceulaer et al., 2001; Garinis et al., 2008; Geven et al., 2011).

Results indicated a range of −0.1 dB (minimum suppression value) and 2.5 dB (maximum suppression value), with a mean value of 0.8 dB. One-third of suppression values were 0.5 dB or less, which implies that 70% of the suppression values obtained were higher than 0.5 dB. This finding correlates with a previous study reporting normal suppression values to be 0.5 dB – 1 dB (Collet et al., 1992). This agreement suggests that automated calculation of CAS suppression is a valuable addition to the test battery, increasing the efficacy of the procedure. A study performed by De Ceulaer et al. (2001) reported normative suppression values as low as −0.35 dB and as high as 3.89 dB. They found that optimal suppression was obtained using a click level of 12 dB above each individual’s TEOAE response threshold and a contralateral white noise at 40 dB SL. These minor differences emphasise that normative values from each study should be evaluated in accordance with the specific stimulus parameters employed in the study and that different equipment used to measure CAS suppression may result in different normative data. This information highlights the importance of the aim of this study to obtain equipment-specific normative data.

There was no statistically significant relationship between TEOAE SNR and CAS suppression. For the use as a differential test, these results are expected to provide insight into how CAS suppression tests could be used to identify cochlear dysfunction in patients with normal-hearing sensitivity and suppression but with abnormal TEOAE responses or, conversely, identifying MOCB dysfunction by the presence of TEOAEs and absence of suppression. Such a study was conducted by Sarathy and Jaya (2017), where subjects with tinnitus and normal hearing sensitivity were evaluated in terms of TEOAE responses and CAS suppression. The findings from this study showed that abnormal TEOAE in patients with tinnitus having normal hearing sensitivity indicated cochlear dysfunction, with the absence of suppression indicating MOCB dysfunction (Sarathy & Jaya, 2017).

Findings related to TEOAE SNR and CAS suppression of the left and right ears agree with other studies of TEOAE responses, suppression and laterality (Muchnik et al., 2004; Sanches & Carvallo, 2006). However, asymmetries in auditory function have been reported at different levels of the auditory nervous system (Garinis et al., 2008). In the study by Garinis et al. (2008), a notable difference in the amount of suppression occurred in the right-ear control group (normal hearing). A significant difference in laterality would indicate the need for separate normative data for left and right ears. The current study, however, found no statistically significant difference between left and right ears and therefore the normative range could be applied binaurally.

Similarly, no statistically significant gender difference was observed related to CAS suppression. Other studies have, however, reported gender differences (Abdollahi & Lotfi, 2011; Cassidy & Ditty, 2001). Mean suppression values from 60 normal-hearing participants, using a similar parameter setup to that of the current study, were found to be 2.07 dB in males and 1.54 dB in females, which was statistically significant (Abdollahi & Lotfi, 2011). Durante and Carvallo (2006) also found larger suppression values in neonate males than females. One potential reason for the current finding being in contrast with these studies might be related to their larger sample sizes. Researchers do not know the exact reason for gender differences in suppression, but there are some hormonal and structural explanations for these findings (Abdollahi & Lotfi, 2011).

Research has shown that larger suppression amplitude for emissions can be obtained with clicks with a lower intensity level when the intensity of the contralateral noise was at or near 60 dB SPL (Hood et al., 1996a). This study, however, was in accordance with the results from Hood et al. (1996b) stating that contralateral intensity levels set at, or 5 dB higher than, the ipsilateral click intensity, indicated positive CAS suppression. Therefore, this data can be used for further studies on the TEOAE-CAS module using differing stimulus parameters.

Conclusion

Contralateral acoustic stimulation suppression is a relatively underused area of research in the field of audiology, with a potential future in applications of objective diagnosis of pathologies of the MOCB. Having normative data on CAS suppression that are specific to a device to maximally interpret the data acquired on an individual can allow for further research on pathologies of the efferent system. Observations on suppression in patients with tinnitus, auditory processing, hyperacusis and auditory neuropathy, as well as other intrinsic or extrinsic lesions, can be clinically and objectively evaluated and interpreted using specific normative data obtained on a larger group of subjects. Furthermore, the evaluation of CAS suppression can also be further studied with regard to differences between apparatus used.
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TEOAE SNR, transient evoked otoacoustic emission’s signal-to-noise ratio.

FIGURE 3: Linear regression graph of transient evoked otoacoustic emission’s
signal-to-noise ratio and contralateral acoustic stimulation suppression.
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FIGURE 1: Protocol for testing whether subjects met the selection criteria.
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FIGURE 2: Graphical representation of the suppression calculation. (a)
Unsuppressed, (b) suppressed and (c) difference.
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TABLE 3: Right and left transient evoked otoacoustic emission’s signal-to-noise
ratio (dB) from normal ears (n = 40).

Frequency (Hz) Right ear Left ear

SNR sD SNR SD
1000 12.44 3.50 13.00 4.49
1500 17.55 5.14 18.74 553
2000 18.97 438 19.69 475
3000 18.12 3.85 19.17 4.86
4000 10.27 2385 11.17 338
p value - 0.73 - -

SD, standard deviation; SNR, signal-to-noise ratio.
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TABLE 4: Contralateral acoustic stimulation suppression (dB) from normal ears
(n = 40).

Variable Value
Mean 0.8d8
Standard deviation (SD) 061
Mean -1 5D 0.19
Mean -2 SD 0.42
Mode 0.70
Median 0.70

Range min (dB

max (dB) 0.1t025
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TABLE 1: Summary of subjects’ ages.

Variables Group Female Male
Mean 21.00 20.70 21.20
Standard deviation (SD) 231 250 220
Median 20.50 20.50 20.50
Range 18-25 18-25
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TABLE 2: Results of acoustic reflex threshold and pure tone audiometry from
normal ears (1 = 40).

Variable ART (dB HL) PTA PTA
Ipsilateral Contralateral ("r;:t") ("Fef':”
Right Left Right Left

Subject 1 75 80 70 95 0 3
Subject 2 70 85 100 85 4 5
Subject 3 % 85 %0 85 7 4
Subject 4 % 85 EY 100

Subject 5 % 85 85 85 8 4
Subject 6 85 85 85 85 5 1
Subject 7 70 70 85 80 3 6
Subject 8 % 85 95 80 -4 2
Subject 9 75 80 70 80 6 3
Subject 10 75 80 80 E 6 2
Subject 11 75 80 EY 85 11 4
Subject 12 %0 95 95 95 2 2
Subject 13 85 80 95 80 0 3
Subject 14 %0 85 100 100 6 9
Subject 15 85 20 85 % 5 0
Subject 16 85 90 85 %0 7 6
Subject 17 75 100 80 85 1 5
Subject 18 80 95 85 85 6 6
Subject 19 70 95 100 95 8 4
Subject 20 %0 90 85 95 3 3
Mean 82 86 88 88 2 1

ART, acoustic reflex threshold; PTA, pure tone audiometry; HL, hearing level.
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TABLE 7: Contralateral transient evoked otoacoustic emission’s suppression data
for females and males (n = 40).

Variable Females Males
Mean 0.8400 0.8000
Variance 0.1824 0.3020
Observations 10.0000 10.0000

Note: Pooled variance = 0.2422; hypothesised mean difference
18.0000; T'stat = 0.1727; P(t < 1) one-tail = 0.4324; T critical one-tail

0000; degrees of freedom =
.7341.
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TABLE 5: Normative data for the percentile values of suppression level for a
transient evoked otoacoustic emission’s click.

Percentile (%) Suppression level dB
1 0.1
5 00
10 01
20 04
30 05
40 07
50 07
60 09
70 11
80 13
%0 17
%5 18

99 243)
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TABLE 6: Contralateral acoustic stimulation suppression for right and left ears
(n = 40).

Variable Right ear Left ear
Mean 0.8800 0.7900
Variance 0.3283 0.4241
Observations 20.0000 20.0000

Note: Pooled variance = 0.3762; hypothesised mean difference
38.0000; T'stat = 0.4382; P(t < 1) one-tail = 0.3318; T critical one-tail

0000; degrees of freedom =
.6860.






