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Abstract The amplitude of otoacoustic emissions (OAE) is

known to decrease with increasing age, but it is still unclear

whether this is due to aging alone or to age-related hearing

loss. This study describes the exploration of a large database

(5,142 patients from 0.4 to 89.8 years) collected in a routine

clinical testing. Reliable pure tone audiograms, transitory

evoked otoacoustic emissions (TEOAE) and distortion

product otoacoustic emissions (DPOAE) recordings were

available from 5,424 ears without conductive loss, acute

sudden deafness or retrocochlear disorder. From this data-

base, group 1 with behavioral thresholds of 10 dB HL or

better at all frequencies from 1 to 4 kHz and group 2 with age-

accordant thresholds after ISO 7029 were formed. In both

groups, the OAE amplitude decreased with increasing age,

but in group 1, the effect was significant only for DPOAE

recorded at 3 and 4 kHz. In group 2, the loss of amplitude was

steeper and highly significant for TEOAE as well as DPOAE

at all frequencies, but most pronounced at high frequencies.

These findings support the hypothesis that the reduction of

OAE amplitude with increasing age is primarily caused by

age-linked hearing loss and not by aging alone.

Keywords Otoacoustic emissions � TEOAE � DPOAE �
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Introduction

It is well known that the amplitude of transitory evoked

otoacoustic emissions (TEOAE) and distortion product

otoacoustic emissions (DPOAE) decreases with age. Nev-

ertheless, the question whether this loss of OAE (otoa-

coustic emission) amplitude is caused by aging alone or by

age-related hearing impairment remains unanswered. The

literature reports dedicated to this topic are not consistent.

Bonfils et al. [6] examined 151 ears of subjects of age 2–

88 years and found that the incidence and amplitude of

TEOAE decreased with increasing age, while the response

threshold increased. Similarly, Collet et al. [9] reported

that the presence of TEOAE decreased with increasing age,

and their frequency peak was shifted to lower values. The

first study related to the distortion products revealed that

also the DPOAE magnitude decreased steadily with age,

particularly at higher frequencies, and that the response

threshold increased as a function of age [23]. This obser-

vation has been confirmed later by Castor et al. [7], who

tested 60 subjects between ‘‘young’’ and 88 years and

inferred that ‘‘the alterations found in TEOAE and DPOAE

seem to be essentially related to age-linked hearing loss’’.

In another study on 115 ears of 142 subjects from 15 to

89 years, the DPOAE level was found to be weakly cor-

related with the age of the subject [18]. According to

Bertoli and Probst [5], who analyzed the TEOAE of 201

subjects from 60 to 97 years, there was no apparent influ-

ence on TEOAE level due to aging alone. The benchmark

data of these and further publications, which consistently

report an influence of age on OAE parameters, are sum-

marized in Table 1. The only statements with reference to

the question whether aging alone or age-related hearing

loss is responsible for the alteration of OAE are found in

the studies of Stover and Norton [36], Prieve and Falter

[29], He and Schmiedt [14] and Dorn et al. [11]. While the

first and second assert that ‘‘age alone does not account for

a significant portion of the variability in the data’’ and ‘‘age

does not significantly reduce TEOAE level nor increase
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TEOAE threshold’’, the latter two concede that ‘‘the dif-

ferences in the pure tone thresholds … do not fully explain

the differences in the … responses’’ and ‘‘there may be

processes intrinsic to aging alone that act on DPOAE

generation’’.

In view of this background, it appeared opportune to

perform a cross-sectional study on a large sample of indi-

viduals to separate the effect of the aging cochlear ampli-

fier from that of decreasing hearing sensitivity. The

availability of a large inventory of clinical OAE data

motivated us to elaborate the analysis described in the

present work. This data pool appeared to fulfill the essen-

tial condition, in that it included the elderly with normal

threshold as well as younger subjects with elevated

threshold. Hence, the material should be suitable for a

fruitful enrichment and possibly clarification of the ongo-

ing discussion on whether OAEs anticipate a loss of

hearing sensitivity before it is clinically present.

Patients and methods

The data were selected for evaluation out of 10,284 ears

examined in the time period from November 1992 to May

2005 in the Audiology Unit of the Univ.-HNO-Klinik

Heidelberg, in accordance with the approval by the insti-

tutional review board of the university. In spite of the long

period during which data were acquired, all patients were

tested with the same or equivalent methods and equip-

ments. The age of all patients in the unselected database

ranged from 0.4 to 89.8 years. Patients with conductive

hearing loss, retrocochlear disorders and those during the

acute phase after sudden hearing loss were excluded from

evaluation. Among the remaining cases, patients were

considered only if a reliable pure tone audiogram (PTA)

was available (this restriction includes the limitation to

subjects older than 10 years) and OAE were recorded

under standard conditions (see next paragraph for details).

After this selection, the database contained 5,424 ears for

further analysis. Out of these, one group containing only

normally hearing ears (group 1) and a second group con-

taining ears with a threshold within the normal limits

according to age (group 2) were constituted. The criterion

for inclusion into group 1 was a pure tone threshold lower

than or equal to 10 dB HL at all frequencies between 1 and

4 kHz. It was fulfilled by 499 ears. The criterion for

inclusion into group 2 was a pure tone threshold within the

90 percentile around the median, according to the ISO

7029 standard for otologically normal persons [17] in the

frequency range 1–4 kHz. This criterion was fulfilled by

1,005 ears. Patients belonging to group 1 exhibited normal

hearing thresholds (limit = 10 dB HL) independent of age

and frequency, whereas the thresholds of group 2 patients

were normal at frequencies below 1 kHz and elevated at

higher frequencies, the elevation depending on gender and

age and amounting to more than 40 dB HL at 4 kHz

(Fig. 1).

Pure tone audiometry was conducted in a sound-treated

booth using an Auritec AT 335 audiometer with Beyer DT-

48 supra-aural headphones calibrated according to ISO

standards. OAEs were recorded from both ears using the

ILO92 system (software V5.60) with the patient sitting

Table 1 Chronological synopsis of publications referring to the influence of age on OAE

Authors and year (reference) Number of ears Age range Parameters

Bonfils et al. (1988) [6] 151 2–88 Incidence and amplitude of TEOAE

Collet et al. (1990) [9] 166 6–83 Incidence and frequency peak of TEOAE

Lonsbury-Martin et al. (1991) [23] 60 31–60 DPOAE amplitude

Stover and Norton (1993) [36] 42 20–80 Amplitude and growth function of SOAE, SFOAE,

TEOAE and DPOAE

Castor et al. (1994) [7] 60 B88 TEOAE and DPOAE incidence, amplitude and threshold;

effect of contralateral stimulation

Kimberley et al. (1994) [18] 115 15–89 DPOAE amplitude

Prieve and Falter (1995) [29] 41 19–61 TEOAE and SSOAE

He and Schmiedt (1996) [14] 34 24–81 DPOAE amplitude and fine structure

Bertoli and Probst (1997) [5] 201 60–97 TEOAE amplitude and reproducibility

Dorn et al. (1998) [11] [1,200 5–80 DPOAE amplitude and frequency

Satoh et al. (1998) [31] 251 15–50 TEOAE and DPOAE amplitude

Morant-Ventura et al. (1999) [25] 2,367 3–50 TEOAE amplitude

Kon et al. (2000) [19] 275 0.1–39 DPOAE amplitude

Oeken et al. (2000) [26] 180 14–82 DPOAE amplitude

Stenklev and Laukli (2003) [35] 232 [60 TEOAE incidence, amplitude and reproducibility

SOAE spontaneous OAE, SSOAE synchronized SOAE, SFOAE stimulus frequency OAE
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comfortably in a sound-treated booth and separated spa-

tially from the PC and examiner. Nonlinear TEOAE mode

with standard parameters (20 ms repetition rate, 260

averages) was applied with stimulus levels adjusted in the

individual ear canal to 80 dB SPL pe with ±5 dB toler-

ance. Data with a residual noise level exceeding the limit

of 5 dB SPL were excluded from the analysis. DPOAE

were elicited by two primary tones with frequencies f1 and

f2 = 1.2 9 f1. A DP-gram was recorded for f2 = 1, 1.5, 2,

3 and 4 kHz at L1 = L2 = 70 dB SPL with ±3 dB toler-

ance. The high levels of stimuli are not especially suitable

for the extraction of frequency-specific responses, but

most common in clinical routine testing because they are

known to elicit stable responses in the majority of ears

with less than 50 dB hearing loss [15]. Responses were

regarded present if the true amplitude of pure OAE (cor-

rected for residual noise assuming a linear superposition

of the corresponding variances) exceeded the estimated

background noise by at least one standard deviation. All

data that did not fulfill this condition were excluded

from further analysis. This ensures that only reliable

OAE amplitudes are considered, although it produces a

bias with respect to the OAE capability of detecting

hearing loss.

After selection of data, true (corrected) OAE amplitudes

were classified in groups according to age and hearing loss

and analyzed in terms of scatter plots, linear regression and

correlation, frequency distributions, mean values, standard

deviation and standard errors. The significance of correla-

tions was tested by an analysis of variance according to

Student’s F distribution.

Results

Whenever OAE amplitudes of different individuals are

compared and analyzed numerically, the most impressive

feature is their large variability. This holds true even in ears

with normal hearing threshold (hearing loss between 0 and

10 dB HL, group 1) and within restricted age limits. As can

be seen in Fig. 2, the OAE amplitudes observed in group 1

are extremely variable but in the average they decrease

with increasing age. This is illustrated by the linear

regression, which shows a negative slope for click-evoked

TEOAE as well as for DPOAE measured at five different

stimulus frequencies. The absolute value of the slope ran-

ges from 0.019 to 0.089 dB/year (Table 2). This decay of

amplitude corresponds to a loss of 6 dB (bisection of

amplitude) in 67–324 years (‘‘half-life period’’).

The relation between age and OAE amplitude can be

described quantitatively by the correlation coefficients,

which are derived from the linear regression. Within the

normal hearing group 1, all coefficients are small, the

correlation between age and OAE amplitude being signif-

icant for DPOAE at 3 kHz and highly significant for

DPOAE at 4 kHz (Table 2). This means that elderly sub-

jects exhibit significantly reduced OAE amplitudes at high

frequencies, though their hearing thresholds lie at or below

10 dB HL for all frequencies in the range of 1–4 kHz.

Mean values and standard deviations of OAE levels

have been calculated for each decade of age. In Fig. 3,

these mean values and corresponding standard errors are

shown for group 1.

The analysis of ears with age-appropriate hearing loss

(group 2) yields results, which exhibit some similarities to

those of the normal hearing group (Figs. 4, 5). Since the

reference values in ISO 7029 are gender specific, the

results for male and female subjects are presented sepa-

rately (Fig. 4a–f, g–l). The common feature of all scatter

plots is the large variability of the amplitude data and the

negative slope of the linear regression. Systematic differ-

ences can be seen in the absolute values, which are slightly

larger in females than in males for TEOAE and for DPOAE

measured at high frequencies.
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In contrast to Fig. 2 (group 1), the inclination of the

lines fitted to the data is not independent of emission

type and stimulus frequency. This holds true especially

in male subjects, where a steep gradient is found for

DPOAE measured at high stimulus frequencies (Fig. 4g–l).

The absolute value of the slopes ranges from 0.073 to
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Fig. 2 Scatter plots showing the individual TEOAE and DPOAE amplitudes as a function of age in group 1 (normal hearing ears). The solid
lines represent the linear regression

Table 2 Results of linear

regression and significance

analysis according to Student’s

F distribution in group 1

(normal hearing ears)

The term ‘‘half-life period’’

denotes the time interval for

6 dB amplitude loss

TEOAE DPOAE

Click 1 kHz 1.5 kHz 2 kHz 3 kHz 4 kHz

Number of ears 476 465 479 483 485 485

Offset at age = 0 (dB SPL) 10.9 5.3 9.4 8.6 7.1 10.9

Slope (dB per year) -0.039 -0.019 -0.044 -0.051 -0.066 -0.089

Half-life period (years) 154 324 136 118 91 67

Correlation coefficient -0.092 -0.030 -0.074 -0.091 -0.121 -0.166

t0 parameter 2.01 0.65 1.62 2.00 2.68 3.70

P value B0.025 [0.05 [0.05 B0.025 B0.005 B0.001
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0.185 dB/year for female ears (Table 3a) and from 0.055 to

0.196 dB/year for male subjects (Table 3b). This decay of

amplitude corresponds to half-life periods (50% amplitude

reduction) between 32 (31) and 82 (109) years for female

(male) subjects. All correlation coefficients describing

the relation between age and DPOAE amplitude are larger

than in group 1. As can be seen from the test parameter t0,

all correlations are highly significant and larger than in

group 1.

Regarding the mean values and standard errors, the age-

dependent amplitude loss of OAE in group 2 (persons with

age-accordant threshold, Fig. 5) is very similar to that

observed in group 1 (persons with normal threshold,

Fig. 2). As in the scatter plots, significant differences

between the groups occur only at high frequencies (f2 = 3

and 4 kHz) and mainly for male subjects. This is not sur-

prising since according to ISO 7029, substantial hearing

loss is encountered only at high frequencies, especially in

males (see Fig. 1). The amplitude of DPOAE evoked by

tone stimuli of low frequency (f2 = 1 and 1.5 kHz), as well

as the amplitude of TEOAE, shows the same behavior in

normal hearing ears and in ears with age-accordant hearing

loss. This can be explained by the fact that low-frequency

threshold is only marginally affected by aging. Click-

evoked TEOAE are fed by low as well as high-frequency

stimulus components and therefore less sensitive to high-

frequency hearing loss.

It is the central purpose of the present investigation to

explore the effect of hearing loss and age on OAE ampli-

tude and to separate both effects. The results presented so

far originated from the analysis of defined groups consti-

tuted from the pool of available data, which suggest that

the largest portion of amplitude loss can be explained by

the threshold shift caused by aging and not by aging alone.
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Fig. 3 Mean values and standard errors of TEOAE and DPOAE amplitudes as a function of age in group 1
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The analysis of all data without any selection shows a

substantial influence of age on both hearing loss and OAE

amplitude (Fig. 6). All correlations r are highly significant

as has been evidenced by considering the test quantity t0 ¼
r
ffiffiffiffiffiffiffiffi

n�2
1�r2

q

(n = number of data pairs), which follows the F

distribution of Student. The similarity of the graphs

showing the age dependence of hearing loss (Fig. 6a) and

of OAE amplitude (Fig. 6b) support the finding that the

loss of OAE amplitude with increasing age is mediated by

the shift in age-related threshold.

In the interpretation of data, there are some special

aspects of the data acquisition methods that deserve par-

ticular attention. For clinical purposes, TEOAE are con-

ventionally recorded in the nonlinear mode, which

eliminates all signal components that grow linearly with

increasing stimulus. The conclusions drawn from the

TEOAE data are therefore somewhat limited in that they

are blind to the effects that are determined by the linear

operation of the cochlea. Some effects of aging may

therefore be invisible, particularly since cochlear nonlin-

earities are supposed to be only marginally affected by age

[14]. Another restriction results from the fact that nonlinear

TEOAE recording operates in the range of saturated

responses. Therefore, the nonlinear mode may be less

suitable than the linear mode to reflect subtle changes in

cochlear performance [16]. Similarly, the inclusion of

spontaneous OAE (SOAE) and synchronized SOAE

(SSOAE) could have augmented the amount of information

since their incidence and amplitude are known to depend

on age [29]. With respect to the exploration of DPOAE, a

resolution of two frequencies per octave was selected. With

this default setting, the observation of DPOAE fine
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Fig. 4 Scatter plots showing the individual TEOAE and DPOAE amplitudes as a function of age in group 2 (age-accordant hearing loss) for

female (a–f) and male (g–l) subjects. The solid lines represent the linear regression
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structure, the age dependence of which has been described

elsewhere [14], is not possible. All these restrictions are

necessary to combine the collection of experimental data

with the demands of practicability in a clinical

environment.

Discussion

The objective assessment of auditory function is one of the

most important challenges in current audiology. In the

context of early intervention and prevention, the reliable

detection of hearing loss has special importance in new-

borns and in the elderly. Otoacoustic emissions (OAE) are

particularly suitable for the detection of inner ear dys-

functions and are increasingly applied in clinical and

practical audiology. Unfortunately, the results obtained

from OAE measurements are of limited use because of

their large variability. Age could be one of the factors

accounting for this variability. Its influence on OAE

amplitude is subject matter of the present work. The

question of interest is whether age is an independent factor

influencing the properties of OAE or whether the well-

known age dependence of OAE amplitude is a conse-

quence of age-linked hearing loss.

The data presented in this cross-sectional analysis con-

firm the observation that OAE amplitude decreases with

increasing age and strongly support the hypothesis that this

amplitude loss is primarily an effect of age-related hearing

impairment. The effect only of aging was separated from

that of hearing loss due to aging by selecting patients with

normal or near normal hearing (maximum hearing loss

10 dB HL within the frequency range of 1–4 kHz) out of

the largest sample of clinical data, which has ever been
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described in this context. Our data show a moderate loss of

TEOAE and DPOAE amplitude in the group of normal

hearing persons and a much more pronounced age depen-

dence in the group of persons with age-accordant (worse)

hearing threshold within the limits defined by ISO 7029.

In the literature synopsis given in ‘‘Introduction’’, the

inconsistency of statements concerning the interrelation

between OAE and aging becomes obvious. Various

authors [1, 2, 10, 13, 20, 22, 24, 27, 28, 30, 34] articulate

their conviction that OAE parameters may generally be

able to indicate a beginning hearing loss caused by age,

noise or ototoxic agents before it is measurable with pure

tone threshold, while others [4, 8, 21] accentuate that this

might well be possible, but may not yet be regarded as

proven. Considering this survey, it must be kept in mind

that the changes in cochlear functionality caused by

aging are different from those resulting from noise

exposure or ototoxicity. Nevertheless, the general capa-

bility of OAE to anticipate age-related cochlear damage

remains controversial.

Our data show a consistent and significant amplitude

loss of TEOAE and DPOAE with increasing age in subjects

exhibiting a cochlear hearing loss typical for their age

according to ISO 7029 (Table 3), but no significant loss of

OAE amplitude (exception: DPOAE recorded at f2 = 3 and

4 kHz) in the group of normal hearing subjects (Table 2).

In practical audiology, the age dependence of OAEs in ears

with threshold according to ISO 7029 is associated with an

amplitude loss of 0.6 dB per decade of age (for TEOAE

and DPOAE recorded at low frequencies) to 2.0 dB per

decade (for DPOAE recorded at high frequencies).

The weak age dependence of OAE amplitude observed

in normal hearing ears is significant only at high frequen-

cies, where it might be attributed to a possible hearing loss

at frequencies beyond the frequency range considered here

(1–4 kHz). If the criterion for inclusion in the normal

hearing group is extended to higher frequencies, the

number of data falls below the limit of a meaningful sta-

tistical evaluation. On the other hand, if normal threshold is

claimed only for one frequency (e.g., threshold at 1 kHz for

DPOAE measured with f2 = 1 kHz), a strong negative

correlation between age and OAE amplitude is observed,

which in reality is caused by threshold elevations at adja-

cent frequencies. In fact, the amplitude of DPOAE corre-

lates dominantly with the hearing loss at the stimulus

frequency, but the influence of neighboring frequency

regions is considerable (Fig. 7). The correlation between

TEOAE amplitude and pure tone hearing loss is most

pronounced at high audiometric frequencies (Fig. 7). This

means that small TEOAE amplitudes indicate a hearing

loss at high frequencies, even higher than those represented

in the TEOAE spectrum.

In view of these results, the statement ‘‘… intrinsic

aging of the cochlear amplifier affects sensitivity and

OAEs differentially’’ [36] appears in a new light. Altera-

tions of the properties of OAEs without affection of the

sensitivity of hearing as it is mirrored in pure tone

threshold cannot be ruled out definitely, but they may be

Table 3 Results of linear regression and significance analysis according to Student’s F distribution in group 2 (age-accordant hearing loss) for

female (a) and male (b) subjects

TEOAE DPOAE

Click 1 kHz 1.5 kHz 2 kHz 3 kHz 4 kHz

(a) Female subjects

Number of ears 483 474 496 503 500 503

Offset at age = 0 (dB SPL) 12.8 8.0 10.7 9.8 9.6 13.4

Slope (dB per year) -0.073 0.113 -0.086 -0.088 -0.146 -0.185

Half-life period (years) 82 53. 70 68 41 32

Correlation coefficient -0.261 -0.278 -0.213 -0.224 -0.357 -0.427

t0 parameter 5.93 6.29 4.85 5.14 8.53 10.57

P value B0.001 B0.001 B0.001 B0.001 B0.001 B0.001

(b) Male subjects

Number of ears 450 460 486 492 489 489

Offset at age = 0 (dB SPL) 10.0 8.9 9.2 8.2 8.5 12.6

Slope (dB per year) -0.059 0.118 -0.055 -0.071 -0.145 -0.196

Half-life period (years) 102 51 109 85 41 31

Correlation coefficient -0.215 -0.265 -0.131 -0.176 -0.331 -0.420

t0 parameter 4.66 5.88 2.91 3.96 7,74 10.21

P value B0.001 B0.001 B0.005 B0.001 B0.001 B0.001

The term ‘‘half-life period’’ denotes the time interval for 6 dB amplitude loss
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present, if ever, only to a very small extent. Hypothetically,

a decrement of OAE amplitude in normal hearing ears

could be ascribed to the growth of the external ear canal.

This effect can be ruled out in our results since the data

analysis has been confined to subjects older than 10 years.

Alternatively, a loss of cochlear sensitivity may well be

present in ears, which exhibit a normal threshold in the

range of frequencies between 1 and 4 kHz. Correlations

between OAE magnitude and the ‘‘ultra-high-frequency

hearing threshold’’ (8–16 kHz) have been described in

humans [3, 33] and earlier in guinea pigs [2]. According to

these observations, the OAE could reflect a cochlear

damage located in cochlear regions, which are tuned to

frequencies higher than the OAE frequencies. This coin-

cides with the observation that the hearing threshold in the

extended high-frequency range is a sensitive early indicator

of noise-induced hearing loss [28], although other reports

are contradictory [32]. Apart from the impact of noise,

there is evidence for a tight relation between the amplitude

of TEOAE and DPOAE and a better hearing sensitivity in

the extended high-frequency region [33]. On the other

hand, even for frequencies within the standard audiometric

range, the loss of hearing acuity induced by aging has been

reported to be more pronounced than the alteration of some

OAE parameters, suggesting that presbycusis is related

rather to a dysfunction of the stria vascularis than to a

functional loss of hair cells [12]. Irrespective of these

implications, which remain to be investigated, the findings

presented in this work do not support the hypothesis that

otoacoustic emissions may be suitable for early detection
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Fig. 5 Mean values and standard errors of TEOAE and DPOAE amplitudes as a function of age in group 2 (age-accordant hearing loss) for

female and male subjects
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of cochlear dysfunctions, which have no counterpart in

routine pure tone audiometry. The largest share of age-

related decay of OAE amplitude can be attributed to the

age-linked elevation of pure tone threshold, especially at

high frequencies.

Conclusion

The observations described in the present paper corrobo-

rate the hypothesis that the reduction of OAE amplitude

with increasing age is primarily caused by age-related

hearing loss and not by aging alone. Only a small amount

of amplitude loss at high frequencies was observed in ears

with normal thresholds (maximum hearing loss 10 dB in

the frequency range from 1 to 4 kHz). Even this OAE

amplitude loss may be related rather to hearing loss at

higher frequencies than to pure effects of aging alone.
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verzögerte otoakustische Emissionen (TEOAE) und Distor-

sionsprodukte (DPOAE) (The influence of inner ear hearing loss

on transitory evoked and distortion product otoacoustic emis-

sions). Laryngol Rhinol Otol 75:709–718

16. Hoth S, Polzer M, Neumann K, Plinkert P (2007) TEOAE

amplitude growth, detectability, and response threshold in linear

and nonlinear mode and in different time windows. Int J Audiol

46:407–418

17. ISO 7029 (2001) Acoustics: statistical distribution of hearing

thresholds as a function of age. German version EN 7029:2000.

Beuth, Berlin

18. Kimberley BP, Hernadi I, Lee AM, Brown DK (1994) Predicting

pure tone thresholds in normal and hearing-impaired ears with

distortion product emission and age. Ear Hear 15:199–209

19. Kon K, Inagaki M, Kaga M (2000) Developmental changes of

distortion product and transient evoked emissions in different age

groups. Brain Dev 22(1):41–46

20. Konopka W, Pawlaczyk-Lusczynska M, Sliwinska-Kowalska M,

Grzanka A, Zalewski P (2005) Effects of impulse noise on

transiently evoked otoacoustic emission in soldiers. Int J Audiol

44:3–7

21. Lapsley Miller JA, Marshall L, Heller LM (2004) A longitudinal

study of changes in evoked otoacoustic emissions and pure-tone

thresholds as measured in a hearing conservation program. Int J

Audiol 43:307–322

22. Lapsley Miller JA, Marshall L, Heller LM, Hughes LM

(2006) Low-level otoacoustic emissions may predict suscepti-

bility to noise-induced hearing loss. J Acoust Soc Am 120(1):

280–296

23. Lonsbury-Martin BL, Cutler WM, Martin GK (1991) Evidence

for the influence of aging on distortion-product otoacoustic

emissions in humans. J Acoust Soc Am 89(4):1749–1759

24. Lucertini M, Moleti A, Sisto R (2002) On the detection of early

cochlear damage by otoacoustic emission analysis. J Acoust Soc

Am 111(2):972–978

25. Morant-Ventura A, Marco Algarra J, Sequi Canet J, Caballero

Mallea A, Mir Planas B (1999) Modifications of evoked otoa-

coustic emissions: study of age groups. Acta Otorrinolaringol Esp

50(5):355–358

26. Oeken J, Lenk A, Bootz F (2000) Influence of age and presby-

acusis on DPOAE. Acta Otolaryngol 120:396–403

27. Plinkert PK, Hemmert W, Wagner W, Just K, Zenner HP

(1999) Monitoring noise susceptibility: sensitivity of otoa-

coustic emissions and subjective audiometry. Br J Audiol 33:

367–382

28. Plinkert PK, Hemmert W, Zenner HP (1995) Methodenvergleich
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