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Safety limit warning levels for the avoidance of excessive sound
amplification to protect against further hearing loss

Earl E. Johnson1,2

1James H. Quillen VA Medical Center, Mountain Home, TN, USA and 2Department of Audiology and Speech-Language Pathology, East
Tennessee State University, Johnson City, TN, USA

Abstract
Objective: To determine safe output sound pressure levels (SPL) for sound amplification devices to preserve hearing sensitivity after usage.

Design: A mathematical model consisting of the Modified Power Law (MPL) (Humes & Jesteadt, 1991) combined with equations for

predicting temporary threshold shift (TTS) and subsequent permanent threshold shift (PTS) (Macrae, 1994b) was used to determine safe

output SPL. Study sample: The study involves no new human subject measurements of loudness tolerance or threshold shifts. PTS was

determined by the MPL model for 234 audiograms and the SPL output recommended by four different validated prescription

recommendations for hearing aids. Results: PTS can, on rare occasion, occur as a result of SPL delivered by hearing aids at modern day

prescription recommendations. The trading relationship of safe output SPL, decibel hearing level (dB HL) threshold, and PTS was captured

with algebraic expressions. Better hearing thresholds lowered the safe output SPL and higher thresholds raised the safe output SPL.

Conclusion: Safe output SPL can consider the magnitude of unaided hearing loss. For devices not set to prescriptive levels, limiting the

output SPL below the safe levels identified should protect against threshold worsening as a result of long-term usage.

Key Words: Hearing aid; safety; threshold shift; prescription; over-the-counter hearing aid; sound

amplifier; hearing conservation; National Academy of Sciences

Introduction

The basic principle of any amplification device is to make hearing

better for a patient and not worse. The scientific evidence for

whether hearing aids cause a worsening of hearing loss has been

controversial (e.g. Markides, 1971). Safe sound pressure levels

(SPLs) at the eardrum to prevent the causation of worsening

hearing sensitivity are the same for adults and children based on

current knowledge in the area of hearing conservation theory,

knowledge, and practice. The similarity between children of at

least 4–5 years of age and adults holds for the perception of

loudness as well (Jesteadt & Leibold, 2011). For the same hearing

loss, children are nonetheless prescribed more audibility than

adults by prescriptions (recommended amounts of amplification)

for hearing aids in order to maximise expected speech recognition.

Justification for more audibility is founded in children having

less speech and language proficiency during acquisition in the first

10 years of life (Ching et al, 2002). Hnath-Chisolm et al, (1998)

concluded that developmental changes in speech perception

capacity is related to cognitive and possibly, to phonological

and linguistic developments rather than sensory capability (i.e.

expressed by measures of hearing sensitivity such as pure tone

thresholds). Adults with hearing impairment also prefer about half

the aided loudness as adults with normal hearing sensitivity when

listening to conversational speech (Smeds, 2006a, 2006b; a series

of study leading to National Acoustic Laboratories’ hearing aid

prescription for non-linear hearing aids, version 2 (NAL-NL2)

prescription development summarised in Dillon et al, 2011 &

Keidser et al, 2011). Children meanwhile prefer and receive more

prescribed loudness from prescriptions than adults having normal

hearing sensitivity to ensure adequate audibility (Scollie et al,

2010; Crukley & Scollie, 2012; Ching et al, 2013a).

Hearing aid regulation in the USA

Regulation of the sale of hearing aids as medical devices in USA is

addressed by the Code of Federal Regulations Title 21 Volume 8,
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21 CFR 801.420. This CFR was first acknowledged 15 February

1977 and last revised 1 April 2016. Subpart H provides the

following two sentences as a portion of information pertaining to

professional and patient labelling of hearing aids:

Special care should be exercised in selecting and fitting a

hearing aid whose maximum sound pressure level exceeds 132

decibels because there may be risk of impairing the remaining

hearing of the hearing aid user. [This provision is required only

for those hearing aids with a maximum sound pressure capability

greater than 132 decibels (dB)].

These sentences are implemented by major manufacturers in

software made available to programme hearing aids as shown in

Figure 1.

The maximum SPL of 132 decibel sound pressure level (dB

SPL) refers to the American National Standards Institute (ANSI)

S3.22 (2014) measure of OSPL90 or maximum output with a

90 dB SPL swept pure tone input completed as part of

electroacoustic analysis of the hearing aid for quality control

purposes. The maximum SPL that a hearing aid is capable of

can be changed, however, through the use of a limiting method

commonly referred to as the maximum power output (MPO).

The MPO is adjustable in some hearing aids using a potenti-

ometer tone control or, more commonly now, by programming

software. A clear interpretation of the warning about 132 dB is

that the MPO is partly responsible for the risk of impairing the

remaining hearing of the hearing aid user.

Macrae (1985) indicated a reduction in MPO was a less effective

way to prevent permanent threshold shift (PTS) than reducing gain.

Since the Macrae (1985) publication, prescriptions for hearing aids

have already lowered the amount of recommended gain. The reason

was not for preventing PTS but rather reasoned theory of

amplification acceptance based on loudness preference data from

listeners with hearing impairment. The reduction in gain for adults

occurs by constraining loudness to less than that of the person with

normal hearing sensitivity (Johnson & Dillon, 2011).

To the point of limiting output, the purpose of this study was to

identify the output SPL expected to pose risk for deleterious effects

on the auditory system as a result of longer term exposure to high

amplitude level sounds. The chief deleterious effect is that of

worsening hearing sensitivity (i.e. PTS). Minimizing, and if

possible eliminating, PTS makes for a safe hearing aid as defined

in this study.

Purposes for MPO limiting

MPO levels have two basic uses. One use is to limit the amount of

intermittent, short duration sounds to levels below those that are

uncomfortable for the wearer. The other purpose is to limit the

amount of amplification to higher level inputs occurring more

consistently over a longer duration (e.g. �8 hours). This second use

was the perspective taken by this study. The MPO places a point on

the input–output function to begin reducing SPL at a rate/ratio

higher than the usual compression ratios of 1:1 to 3:1. Compression

ratios for the MPO are often 10:1 and can be far in excess of that

such as 100:1, 1000:1, or anywhere in between.

Generally, MPO levels may need to be high to avoid the

clipping of music or other short duration signals in order to

preserve sound quality. The intention of hearing aids is most often,

however, to amplify speech and there are no speech recognition

performance benefits of additional amplitude levels beyond that

recommended by modern day hearing aid prescriptions (Scollie,

2008; Ching et al, 2013a). Maximizing expected speech recogni-

tion through models such as those based on speech intelligibility

index metrics derived from measurements of speech recognition

abilities have been at the core of prescriptions for hearing aids

spanning the last 50 years.

Safe output SPL is important for the primary programme/

memory of hearing aids usually designed and programmed for

amplifying speech. Modern hearing aids generally have a nor-

mal automatic mode of operation in the primary programme/

memory and also allow for a change to other memory/programme

settings such as for music listening, etc. This change can be quite

useful when higher MPO limits are desired over a short period of

time.

Purpose of the study undertaken

Based on reason and some evidence that the safe output SPL of

hearing aid amplification should relate to safety (as expressed by a

change in hearing thresholds following hearing aid usage: PTS), the

impetus for the study was to determine expected safe output SPL.

The author hypothesised that safe output SPL would relate to

unaided thresholds of hearing sensitivity. As such, instead of a

singular level of 132 dB SPL for pure tone input signals at 90 dB

SPL, safe output SPL could be expressed along a continuum of

unaided hearing sensitivity thresholds for broadband input, like

speech, that are of a high level (e.g. shouted or raised).

Warning limits could then consider safe output SPL in addition

or in place of the current level of 132 dB SPL. In much the same

way that hearing conservation standards operate, an implementa-

tion could even average the output levels over a period of time

(e.g. time-weighted average) and engage safe output SPL via MPO

limit controls when an overall or aggregated amount of output

occurs.

Abbreviations

ANSI American National Standards Institute;

ATS asymptotic threshold shift;

dB HL decibel hearing level;

dB SPL decibel sound pressure level;

CFR Code of Federal Regulations;

DSL Desired Sensation Level;

LOCHI Longitudinal Outcomes of Children with Hearing

Impairment study;

MPO maximum power/possible output;

MPL Modified Power Law;

NAL National Acoustic Laboratories;

NAL-NL1 National Acoustic Laboratories’ revised for non-

linear hearing aids, version 1;

NAL-NL2 National Acoustic Laboratories’ hearing aid pre-

scription for non-linear hearing aids, version 2;

REAG real-ear aided gain;

REAR real-ear aided response;

RECD real-ear-to-coupler difference;

RMS root mean square;

PTS permanent threshold shift;

TTS temporary threshold shift.
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Figure 1. 2017 year screenshot of the warning to fitting professionals that the hearing aid is capable of exceeding 132 dB SPL. The top

panel screenshot of software from Phonak, LLC of Warrenville, IL, a subsidiary of Sonova in Stafa, Switzerland and the bottom panel from

GNReSound of Glenview, IL, a part of GN Store Nord in Ballerup, Denmark.
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Methods

This study involved no new human subject measurements of

loudness tolerance or threshold shifts of changes in hearing

sensitivity. This study used the same audiometric data from the

better ear of 234 shown in Figure 2 who participated in the

Longitudinal Outcomes of Children with Hearing Impairment

(LOCHI) study (Ching et al, 2013b). For each audiogram, the real-

ear-aided gain (REAG) targets were obtained from standalone

software of the respective prescriptions and added to real-ear-to-

coupler difference (RECD) values. The target aided gains were

added to an input speech spectrum to yield real-ear-aided response

(REAR) values in dB SPL at the eardrum (ANSI, 2013).

The input speech spectrum for 80 dB SPL (shouted/elevated

speech) was that reported in Scollie et al (2005). Some subgroups of

the adult population and certain children are more likely to

experience ongoing input levels in the range of 80 dB SPL than

others. For example, music levels in a car on a road trip or noise

levels at eating establishments like bars and restaurants are often in

the 80 dB SPL range and can last for several hours. In Ching et al

(2013c), the median Leq for 3 to 5-year olds was 83.8 dBA

(interquartile range: 82.4–87.7) and consistent with those reported

previously by Macrae (1995). Infants and toddlers in close

proximity such as a day-care setting may also experience high

input levels on an ongoing basis (e.g. when around playing, tantrum

screaming, or crying).

Even though prescriptive recommendations from a sample of

prescriptions for children at a young age wearing hearing aids were

used, the results arising from these methods should be relevant,

however, to adults at an old age as well. The sample included

recommendations from four different prescriptions [i.e. Desired

Sensation Level (DSL) 4.1, DSL 5.0, National Acoustic

Laboratories’ revised for non-linear hearing aids, version 1 (NAL-

NL1), and NAL-NL2]. Safe output SPL determined by this study

though were not tied to specific recommendations because a gen-

eralised model of examining hearing threshold shifts due to sound

exposures was utilised. This generalisation was accomplished with

the use of the Modified Power Law (MPL) (Humes & Jesteadt, 1991).

The MPL has a series of application to safety when hearing aids

are worn (Macrae, 1985, 1990, 1991, 1993, 1994a, 1994b, 1995)

and focuses its attention to absolute SPL in decibels and the

causation of further hearing loss. The study needed for some output

levels arising from the prescriptions to cause PTS and for other

levels to not cause PTS because then safe output SPL could be

determined as the point at which PTS began to occur. The MPL is a

generalisation then apart from age or prescription. Generalization is

important for two reasons.

First, despite the best clinical practice guidelines for verifying

hearing aids at prescriptive settings, hearing aids are sometimes not

fit with validated prescriptive recommendations in both developed

and less developed countries for a variety of causes for both

children and adults. Hearing aids may also be set in excess of

prescriptive recommendations for causes related to smaller than

typical residual ear canal volumes, wearer request for more volume

based on desire to please the provider or parents (e.g. child

acquiescence), software programming variability across manufac-

turers in data transforms (e.g. generic or manufacturer-generated,

proprietary prescriptive recommendations, manikin responses, real-

ear to coupler responses, etc.), or random error.

Secondly, there has been a recent push for more availability of

electronic sound amplifiers as a way to garner affordable and

accessible provision of products in order to meet the needs of a

large swath of persons, particularly aging adults, with hearing loss.

These electronic sound amplifiers are available as over-the-counter

wearable hearing devices or personal sound amplification products

[e.g. Food and Drug Administration (FDA), 2009; President’s

Council of Advisors on Science and Technology (PCAST), 2015].

The 2016 recommendations from the National Academy of

Sciences entitled ‘‘Hearing healthcare for adults: Priorities for

improving access and affordability’’ included as the seventh

recommendation the need for defining safe output SPL for sound

amplifiers as determined in conjunction with national experts in

hearing conservation. Presumably then, the concern for amplitude

levels in the ear of a hearing aid wearer is really then the same type

of concern that is often expressed for workers exposed to

occupational noise hazards, that of too much amplitude level over

a period of time (e.g. ISO, 1999, 1990; OSHA, 29 CFR 1910.95;

NIOSH, 1996; 1998).
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Figure 2. The top panel displays the diverse sample of 234

audiograms of the better ear of children who participated in the

LOCHI study. The bottom panel is of the average audiogram in the

sample with one standard deviation error bars.
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Dependent variable

Expected PTS for hearing-impaired individuals can be predicted by

the MPL (Humes & Jesteadt, 1991).

The MPL is given by:

T0 ¼ 10log 10T=10
� �P

þ 10TTSn=10
� �P

�1
� �1=P
" #

ð1Þ

where T0 is the TTS-affected threshold of the impaired ear, T is the

initial hearing threshold, TTSn is the TTS that would be produced

by noise exposure in normal ears, and P is 0.2 (Macrae, 1994a). The

predicted TTS in the impaired ear is the difference, in dB, between

the TTS-affected threshold (T0) and the initial threshold (T).

On average, any TTS will have reached an asymptotic threshold

shift (ATS) after 7–8 hours of hearing aid use, even if the noise

exposure is fluctuating in level (Mills, 1982). The maximum ATS

caused by exposure to an octave band of noise occurs about half an

octave above the centre frequency of the band (Mills et al, 1979),

and is given by the equation:

ATS ¼ 1:7 10log10 Ie þ Icð Þ=Ic½ �; ð2Þ

where Ie is intensity of the octave band of noise and Ic is intensity of

a critical level. As these critical band levels were determined in the

diffuse sound field, Macrae (1994b) noted that estimates of

exposure level in hearing aid use need to be specified at the

eardrum by adding the diffuse field to eardrum transfer function

(Bentler & Pavlovic, 1992) to the critical levels.

The REAR SPL values for a 80 dB SPL speech input were

converted to intensity by the transform of 10(dB SPL/10) and summed

within an octave band for the creation of Ie for the calculation of

ATS. The octave band in-ear critical dB SPL levels of Mills et al

(1979) were likewise converted to intensity (Ic). Frequency-specific

ATS values were then referenced in the calculation of T0 by

applying Equations (1) and (2).

Independent variables

The first independent variable was output SPL arising from the

prescriptive recommendations. The overall dB SPL was calculated

by converting the dB SPLs of one-third octave band REAR

prescriptive levels into intensity levels and then summed across all

bands before converting back to an overall dB SPL.

The second independent variable was unaided hearing sensitivity

averaged across frequencies. The four-frequency average (4FA) of

the pure tone hearing loss thresholds were taken at 500, 1000, 2000,

and 4000 Hz.

Results

Overall dB SPL to PTS

Multivariate regression modelling with first the independent

variable of overall dB SPL indicated a moderate relationship with

the dependent variable of PTS. The relationship is shown in

Equation 3 with an analysis of variance (ANOVA) statistic of

F(1,232)¼ 159.77, p50.001, R¼ 0.639, R2¼0.408. Correlation of

PTS with overall dB SPL (Equation 3):

PTS ¼ � 8:824þOverall dB SPL � 0:109

Overall dB SPL and 4FA decibel hearing level threshold to

PTS

Multivariate regression modelling then added the 4FA hearing loss

thresholds and results showed a strengthening of the relationship to

PTS. The correlation was high with each variable contributing to the

explanation of unique variance far exceeding p5.001 significance.

The relationship is given by Equation 4 and an ANOVA statistic of

F(2, 231)¼ 289.62, p5.001, R¼ 0.846, R2¼0.715. Correlation of

PTS with overall dB SPL and 4FA decibel hearing level thresholds

(Equation 4):

PTS ¼ � 16:316þOverall dB SPL � 0:221

þ 4FA dB HL � � 0:085

For a given PTS and 4FA decibel hearing level, the safe

output dB SPL can then be specified

Serving the purpose of the study, an algebraic restatement of the

regressions equations was completed in order to express safe output

SPL as function of 4FA decibel hearing level (dB HL) for a constant

expected PTS. An expected PTS of 3.5 dB HL was chosen and the

results are listed in Table 1. For an individual with normal hearing

sensitivity at 0 dB HL, the safe output SPL was determined by

calculation as 90 dB SPL.

Comparing safe output dB SPL to current prescriptive

recommendation levels

A safety concern for hearing aids fit to prescriptive recommenda-

tions appears minimal until the hearing loss magnitude approaches

the severe-to-profound degree. This finding was reflected in Figures

4 and 5 of Ching et al (2013c), but is again demonstrated in this

study with results shown in Table 2. Table 2 is the result of an

additional regression analysis between the 4FA dB HL and the SPL

output recommended by the prescriptions included in this study

sample. The relationship is given by Equation 5 and an ANOVA

statistic of F(1, 232)¼ 322.28, p5.001, R¼ 0.763, R2¼ 0.581.

Table 2 reflects that, even if speech of a high input level (or other

sounds of similar intensity) having prolonged duration throughout

the time a device is worn by user, the root mean square (RMS) level

does not reach the maximum safe output SPL until a severe degree

of hearing loss (denoted by grey shading). Correlation of 4FA dB

HL and safe output SPL (Equation 5):

SPL output recommended by prescriptions

¼ 83:098þ 4FA dB HL � 0:443

Discussion

The observation that maximum safe output SPL was not reached

until unaided hearing loss reach a severe-to-profound degree means

that PTS due to hearing aid use rarely occurs. Macrae (1985) had

indicated concern for safety was on the order of 1 out of 100 for

individuals wearing hearing aids. The overall R-values (multiple

correlation coefficients) were of a high magnitude for all reported

equations in this study (i.e. 40.5) (Cohen, 1988). The high

magnitude of correlation suggests that the MPL model of behav-

ioural threshold shifts in pure tone hearing sensitivity was strongly

related to the overall output SPL and unaided hearing loss

Limiting sound output to safe levels 833



thresholds. This relationship was expected but, prior to this study,

unquantified for amplitude levels recommended by prescriptions for

hearing aids. Furthermore, the nature in which the correlations were

made in this study—collapsed across the recommendations of each

separate prescription—allow for application of safe output SPL to

all hearing devices capable of providing acoustic amplification.

The availability to limit MPO in hearing aid and sound

amplification products and the warning to professionals fitting

hearing aids of improved safe output SPL serve to protect residual

hearing sensitivity. Implementation of Table 1 safe output SPL

could replace or compliment the current limit of 132 dB SPL

acknowledging that the limit is really just a simple warning

anyway. That is, the current limit of 132 dB SPL can be exceeded in

any real hearing aid fitting by just continuing to increase the MPO

level.

The Table 1 safe output SPL warning limits could serve as

output SPLs from which concomitant maximum gain levels could

be derived, such as for personal sound amplification products or

over-the-counter wearable hearing devices. An example implemen-

tation is provided in Figure 3 for a hearing loss of 65 dB HL at

2 kHz and recommended output using the half-gain rule for an

average conversational speech input level of 65 dB SPL. Evidenced

is the trading relationship of input to output as a result of applied

gain. The activation threshold of MPO occurs at 115 dB SPL to

protect against further hearing loss based on the safe output SPL for

a 65 dB HL threshold as presented in Table 1. As a note, in this

example the MPO is set by input limiting and the input limiting

threshold would needed to be readjusted when the amount of gain is

changed.

The safe output SPL in Table 1 are RMS levels so that peak

levels 15 dB higher could be allowed to preserve the sound quality

of incoming speech inputs so as not to clip the speech and perhaps

allow higher peak levels for other inputs like music. In sophisticated

implementations, in much the same way that dosimeter-type

calculations are made, a cumulative calculation of the RMS and

peak output could be made as a means of activating the safe RMS

SPLs in Table 1.

Table 2. The relationship between 4FA dB HL threshold and the
safe output SPL output expected from hearing aids fit to prescriptive
settings alongside safe output SPL.

4FA dB HL

threshold

Output SPL (RMS level) for an

80 dB input level for compressive

hearing aid amplification at

prescription recommendations

Safe output SPL

(RMS level)

for 3.5 dB HL PTS for an

exposure of at least 8 hours

0 83 90

5 85 92

10 88 94

15 90 95

20 92 97

25 94 99

30 96 101

35 99 103

40 101 105

45 103 107

50 105 109

55 107 111

60 110 113

65 112 115

70 114 117

75 116 119

80 119 120

85 121 122

90 123 124

95 125 126

100 127 128

105 130 130

110 132 132

115 134 134

120 136 136

Table 1. An algebraic restatement of the regression
equations holding expected PTS constant at 3.5 dB HL
to show safe output SPL as a function of hearing loss.

4FAdB HL threshold Safe output SPL (overall dB)

0 90

5 92

10 94

15 95

20 97

25 99

30 101

35 103

40 105

45 107

50 109

55 111

60 113

65 115

70 117

75 119

80 120

85 122

90 124

95 126

100 128

105 130

110 132

115 134

120 136
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Figure 3. A representation of how compression can control the

amplitude level parameters to provide sufficient gain for audibility

and comfortable listening while also ensuring protection against

further hearing loss.
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The unweighted dB SPL values reported in this study can be

converted to dBA by applying an A-weighting to the frequency

response of the output. An A-weighting was not used in this study

because the 21 CFR 801.420 had used a flat dB SPL originally.

Not using A-weighting is common for applications with hearing

aids, particularly that of speech intelligibility index modelling

[ANSI, 1997; S3.5-1997-R2007] and loudness modelling (Moore &

Glasberg, 2004), which also use a flat, unweighted scale.

The safe output SPL of Table 1 should not be viewed as

absolutes because of variability in susceptibility to hearing loss

caused by the same exposure to loud sounds for people of the

same audiometric thresholds (e.g. Temkin, 1933; Ward, 1965,

1968, 1973, 1995). Instead, the safe output SPL provide the

fitting professional with more accurate information about the

potential for noise-induced hearing loss and is viewed as an

improvement to the current warning at 132 dB SPL. Similarly,

safe output SPL might also be used to warn consumers who wear

non-prescriptive, over-the-counter hearing aids or other sound

amplification devices.

TTSs can reduce speech recognition ability of the individual

person, and regular occurrences of TTSs are likely to result in a

PTS (Kryter, 1985; Macrae, 1995). With each increase in

threshold is an increase in gain and a likely increase in noise

exposure over the lifetime of hearing aid use when diagnosed

with hearing loss early in life. The recommendation of monitor-

ing TTS should be studiously observed if excessive amplification

is suspected. Typically, TTS can be checked by measuring

unaided hearing thresholds after �12 h and then after 8 h of

hearing aid use. Gains for high input levels need to be reduced if

TTS occurs.

A defense of safe output SPL as an overall level rather than

frequency-specific level

The MPL implements current knowledge that some frequencies are

more susceptible to noise exposure than others by varying in-ear

critical levels across frequency. Concomitantly, the expected

amount of eventual PTS is based on the initial magnitude of

hearing loss in the MPL implementation. That is, more asymptotic

and TTS is allowed when the hearing loss thresholds are better

before PTS occurs.

With retention of accuracy and relevance and in the spirit of

simplification, rather than recommend frequency-specific values

of safe output SPL, the approach of this study was to sum output

levels across frequency bands to calculate an overall level of the

safe output SPL. This simplification is at odds with some past

conclusions on this issue (e.g. Dolan & Maurer, 1996), but the

intention was to create similarity with other hearing conservation

standards as suggested by the National Academy of Sciences.

Consistent with other studies (e.g. Bruel, 1975), a study dealing

with hearing aids and noise exposure has shown that higher

frequencies are more affected by noise exposure than lower

frequencies (Humes & Bess, 1981). For this reason, Humes &

Bess (1981) calculated a safe output limit for amplification devices

at 20 dB lower for 4000 Hz than 500 Hz. The use of an appropriate

gain–frequency response, however, for amplification in close

approximation to that of prescriptive recommendations should not

unduly influence a calculation of overall SPL output because of

excessive amplification in any particular frequency range. In the

case of good product design and engineering then and, preferably,

some measure of at least unaided hearing threshold sensitivity, the

use of an overall dB SPL rather than frequency-specific SPLs

should be practical to use as a warning limit for excessive

amplification.

Modern-day considerations on the use of amplification

devices

Hearing aids as medical devices with prescribed amplification

settings often achieve better outcomes than non-prescriptive fittings

such as over-the-counter wearable hearing devices and personal

sound amplifier products (e.g. Kochkin, 2010). The better outcomes

are a byproduct of maximising utility (e.g. ensuring speech

recognition performance and controlling loudness across listening

environments) and involving the wearer in a personalised rehabili-

tation plan to meet their specific needs (e.g. Abrams et al, 2012).

Concomitantly, there are only a few advantages of an advanced

hearing aid over a basic hearing aid of medical device quality when

both have been fit using prescribed settings (Cox et al, 2014).

The cost and accessibility of hearing aids fit to prescriptive

recommendations, however, has been less than desired by some

entities. As such, alternative devices like over-the-counter hearing

aids and personal sound amplification products, which are both non-

prescriptive, have emerged to fill the void of unmet need of persons

with hearing loss without amplification. The void, however, may

not be as large as anticipated when data from countries where

prescribed hearing aids are freely offered through socialised

healthcare systems are considered. That is, the use/adoption/

ownership rate of no cost (to the patient) medical device quality

hearing aids are not in excess of 40% (Bisgaard, 2014). Regardless

of the device and the delivery system in place, by adhering to safe

output SPL all sound amplification devices can be worn safely to

protect against further hearing loss and not further induced by the

devices themselves.
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